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FIGURE 1A 

Figure 1: Host transcnptomlcs data during EGS infections of human 1-tfF, MM6 or NSC cells. Dnferent!al gene expression analysis of human ffbrob!asts Infected with T. gondii EGS strain after 2 hs, 1 a hs, 
and 48 hs, monomac &cells infected with T. gondii EGS for 18 hs or neuronal stem cells infected with T. gondii EGS strain for 18 hs. 

ENSGGCGD0:004846 -0.15 -4 24 

ENSGGDOOOl966i6 -0.27 -5 58 

:c: :c: ::: :: :: ::: :: :: ::: 

::::::::::::::::::::::::: 

_10_36 #N!A #NIA .b..TP-bir.-ding Cilssette, suh-fam~y B 
· · · {MDRIT .A.P], member 5 

_ 12_93 #NiA #NlA akonc: ~ehydrogenase 1B (class lJ, beta 
polypeptide 

ENSGCDCOOi69607 0.88 4.90 5.69 #NIA #N/A cytoskeleton associated protein 2-like 

ENSGOCG0008S685 0.19 2.98 3.78 #N!P.. #N/A bacu:o,'U"ai 1AP n~pea:: oontaimng 5 

ENSGCDCOOt:\1747 0.64 4.G? 4.31 #NIA #N/A top:oisomerase-{DNA_! !! alpha 1?0kDa 

ENSGGOC:00~01057 -0.06 3.84 3.D4 
#NIA #N/A v-rI:yb a,..+~n myeiob!ast,)sis vira! orcogere 

homo!og-hke 2 

ENSGOOOOOit:8773 O 70 4.04 4.33 #N!A #NlA ma.ker of proliferation K•-67 

ENSGCV000170458 -OS:4 -3.04 -5.04 2.t5 #NtA CD14rnolecu!e 

ENSGGCG00138347 1.33 3.91 3.54 #Mf:l.. #N!A myopaUadm 

ENSGG00:00i38 l80 0.87 3.79: 4.54 #N!A #N!A cen:rosoma! prctein 55k0a 

ENSGGOCD007840i 1.16 -2.53 -3.32 #NIA #NIA endothe!in 1 

ENSGOCGOO~ 54839 0.78 4.73 

ENSGG0000068489 061 

ENSGCGC00123358 2.02 -4.40 

ENSGGOCOO~ 45386 0.51 4 28 

ENSGG0000072571 067 4.37 

4.72 

4.36 

~4.52 

494 

4.79 

#N!ft.. #N/A spindl~ aM k!r.etochcre oissociated comp:ex 
suturnt 1 

1.138 #N!A prolifle 1i<-h 11 

#NiA #NtA nuclear receptor subtam;iy 4, group A, 
member 1 

#NiA #N/A cyciin /1.2 

#WA #WA hyo!uronan-mediated mot•!•ty receptor 
. ' . iRHAMM) 

ENSGOD000092853 0.39 3.85 3.52 #-NIA #N.'A claspm 

ENSGGC000093009 0.12 4.32 3.54 

ENSGGV0001l2945 0.27 3.50 4.13 

ENSGCOGD016%79 0.24 410 4 82 

ENSGGOGOOi i 1206 0 25 vs 3.52 

ENSGOD000109805 0:lv 4 51 4.61 

ENSGGOG00088325 0 04 2.SS 3.84 

ENSGCOCOO~ 17724 0.46 3.94 4.54 

ENSGGOC00~01447 i.24 3.43 4.52 

ENSGGOGDG168fl78 0 72 4 74 

ENSGG0000'!61888 -0.25 3.20 3.54 

#f'.:!ft.. #N!A ce:1 ,.fr.1ision cyde 45 

#N!A #N!A hiresm family member 2C 

#WA #NIA ~UB1 mltok": :::hec:-:point serinetthreonine 
kinase 

#N!A #N!A forkheod box MI 

#N!A #N.'A non-SMC wn<lersin ! ~omprex, subunit G 

#N!I->. #NIA TPX2. rn1crvtubu!e-asscciated 

#NIA #N.'A wntromere prvtein F, 35Df400Y.Da 

#NIA #N/A family witn sequence simi!aniy 83. member D 

#W1.\ #N/A PDZ binding kir.ase 

#N!A #N!A SPC:24, NDCSO kirelo<-h,xe comptex 
ccmpor,er.t 

ENSGOV000237649 0.72 3 39 3 39 #NIA #WA kinesm fam;!y member C1 

ENSGGCGOO~ 11665 0.23 3.06 3.69 #N!ft.. #N/A ce:l di~1ision cyde associated 3 

ENSGG0000'!38778 0 68 3.81 3.89 #N!A #N!A e&!Hromere protein C, 312K0a 

ENSGGOC00196611 0.45 4.45 4.97 #NiA. #N/A m;"ltrix metailcpeptkfase 1 

ENSGG00001MX-70 0 67 3.86 3.37 #N!A #WA ce:! dtviS•Cn cyc!n associated 5 

ENSGCOCDG~ 9890'! 0.27 281 3 41 #NIA #NIA protein regu1ator cf cytol<"inesis 1 

ENSGOCG00186871 -1.06 4.1 i 4.13 #f\:.1.A. #N/A ::~::◊r. repair cross-ccmpiemeniafam gro~.1p 

ENSGOCOOQ090889 0 1? 3.53 3.88 #N.1A #N!A kir.esin famity member 4A 

ENSGOD000112742 -0.24 4_17 4.79 #NIA #-N.'A TTKoroteinl<"inase 

ENSGGOCD0165480 0.58 4.30 

3.73 

4.54 

4.53 

#NIA. #NiA sp'.rd!~ and l<ir.etochcre clSSociate.d comp:ex 
Sllt:U:1!t3 

#MA #N!A MAD2 mfok; arrest def:dent-li~e i freasi) 

ENSGCVC00076382 -0 05 3 24 3.58 #NIA #NtA sperm associated an~gen 5 

ENSGGOCOO~ "!95C8 i.48 -3.24 -4.25 #NIA. #NIA nuc:eilr receptor subfarn!iy 4, group A, 
member3 

ENSG0000:01006-44 #N/A #N/A #N!P.. 1_07 #WA hypc;:la !nduciblefactor 1, £1lpha subuntt 
· ' {basic he!1x-lcop-hefo: transclipton factor) 

ENSGOOOGD173486 #NIA #NIA #N!A i .07 2.60 FK506 blnc!ir.g prctein 2, 13k0a 

ENSGOOOCG169926 #N.1A #N_!A #NIA i.07 #NiA Kruppe!-llke factor 13 

ENSGOOOOCG1G404 #NlA #N!A #N!.A. 1.07 #N/A iduronote 2-su!fatase 

ENSGOOOC'u15.3i32 #N.1A #N!A #NIA 1.06 #N.IA ca:megin 

ENSGOOOG02B2230 #NIA #N!A #Ni.A. 1.06 #N!A ADAM metJiiopepk!ase domain 9 

ENSG00000079739 #NIA #NfA #N!A 1 .06 #N/A phosphog!uccmulase l 

ENSGOOOCV143198 #N/A #N!A #NIA i 06 ~ 23 microsornalgll1tathioneS-fransferose3 

ENSGOOOG014345S #NlA #NlA #N!fa.. 1.06 #N!A GA binding protein trar.scr:ption fader, beta 
subun;t2 

ENSGOOOG0173221 #NIA. #NiA. #N!A i.06 2.42 glubtedox!n (thio!tmnsferasef 

ENSGOODG0153048 #NIA #N!A #NIA i 06 #N!A ~:;: reg~:ated heat siable protein 1, 

ENSGOOOGC101.363 #NlA #NfA #N!P.. 1.06 !.05 manrmsidaw, beto1 A, ~jsosomal-Hke 

CNSGOOOQV12D727 #NIA. #NfA. #N!A 1.06 #NfA pol~·(A) bmdir,g protcln lnteract;ng prcte1r: 2 

ENSGOOOCG103335 #N/A #N!A #-NIA 1 _05 #N/A pfezv-type mecl1anosensifare ion ctianne! 
compor,er,t 1 

ENSGOOOGOi 12773 #NIA #N!A #Ni.A 1 OS #N!A family 'ii.~th sequence s:mi!aiity 46, merr:Mr A 

ENSGOOOG0121067 #NIA #NlA #N!A 1.05 #WA speclc!e-type POZ prote;r, 

ENSGOOOOD142002 #N.IA #N!A #NIA 1.05 #N.IA dfl)eptidyl-peptklase9 

ENSGOOOOC178567 #NlA #N:A #Ni.A. 1.05 #N.'A EPM2A (lafotin} interacting protein 1 

CNSGOOOQ0103G71 #NIA #Ni.A. #N!A 1.05 #N/A 1.hyroi<::i hormone- re-ceptcr interactor 4 

ENSGOODG0247556 #NIA #N/A #NIA 105 #N.'A OiP5 antJsense RNA 1 

ENSGOOOGC256235 #N/A #NIA #N!A 1.05 #N/A smal! infegwl membrane prote•n 3 

ENSGOOOCV119844 #N/A #NiA #NIA 105 #NIA af!iphmn 

ENSG00000119471 #N/A #WA #N!A i.04 #N/A hydrnxysterok:dehydrogenoselike2 

ENSGOOOC0102910 #NlA #N!A #NIA HM #N.IA !on :WPtiC:ase 2, perox:somal 

ENSGOOOG0106261 ~NIA #N!A #Ni.A 1 04 #N!A zinc fmger w!ih KRA8 and SCAN domsi:ns 1 

ENSGOOOG013MOS #N/A #NIA #Ni/.\ 104 #N.'A aU-t.ansmtinoicacid-induceddifferen:j.;fivn 
factor 

ENSGOOOQ0102goa #NIA #NfA. #NIA i.04 #NIA nucte-x :ador of activated T-cel!s 5, ionioly
msponstVe 

ENSGOOOCV161955 #N/A #N:A #NIA i 04 #N/A ~:~~:~~3osis factor i!igar.d) s1Jpeliami!y 

ENSGOOOGC1S9343 #WA #N!A #N!ft.. 1.04 #N/A ribosomal prcte!n 32 pseudog:ene 46 

ENSGOOOG0148908 #N!A #N!A. #N!A ·1 .04 1.21 regulator of G..protem s1gnoi:1ng 10 

ENSGOOOGD135090 #NIA #N/A #NIA 1.D4 #N!A TAO kioase3 

ENSG000001651·13 #NIA #N!A. #N!A 1.04 #N/A cf'\romosome 9 oper readlr,gframe 64 

ENSGOOOC0157193 #NIA #N!A #NIA 1 03 #NlA v-crk avian sarcoma virus CT10 oncogene 
homotog 

ENSGOOOGC172830 #WA #N.'A "#N!A 1.03 #N!A slmgshot prctem phosphatase 3 

ENSGOOOGC165927 #NIA #NfA #NlA 1.03 #NIA ::::::rts::ianntng 4-dommns, subfarr.ily A 

ENSGOOOC'u12.3975 #'N.IA #Ni A #NIA 1.0J 1.87 CDC28 protein kinase regulatory subunit 2 

ENSGOOOG0107819 #NIA #N!A #Ni/\ 1.03 #NIA sirleroflexin 3 

ENSGOOOG:.1143369 #NIA #NfA #N!A 1.03 #NIA exka~Ualar mai:lix prctem i 

ENSGOOOCV0332~9 #N/A #N/A #N:'A 1 _02 #N/A ~:irtafa:m of chromo,:-.,crnes in cell d:vision 1 

ENSGOOOG0127507 #NIA #N!A #Ni.A. 1.02 #NIA adhesi,)n G protein-<0>1pled receptor E2 



U.S. Patent 

FIGURE 1B 

ENSGGOC00·143476 0.29 3.85 3.54 

ENSGODG0010796B t8B -i.74 -1 01 

ENSGG00:00i98826 0.20 3.21 4.14 

ENSGG00000i38 fO -0.03 3 02 308 

Aug. 16, 2022 

#NiA #N/fi dent1cleless E3 ub~urtin protein •tgase 
homo!og (Drosophila/ 

#N!A #N!A Rho GTPase ilcl:ivating prote-in 11A 

#NIA #NIA trans'.orming. addle coi!ed-coi: co11ta.ining 
protem3 

ENSGGCG00172548 0.61 -•t93 -4.60 #N!P.. #N!A N!PA-llk~domaincontaining4 

ENSG0000013733·! 218 -2.15 -2.31 #N!A #N!A immediate oar!y response 3 

ENSGGOOOG02t.526 0:!4 4 26 5 66 -1.12 #NIA DEP domaincontillning 1 

ENSGOC0001l2984 064 3.00 4.41 #NlA #NlA kir,esinfamitymember20A. 

ENSGOVC00166592 i .27 -5.02 -3:14 #NiA #N.'A Ras-related ussociated w•th d;abetes 

ENSGGOG00158402 --0.76 3.SS 4.21 #N!li. #N.IA G(':! d!',iis.on cycte 25C 

ENSGOGCOOto8342 6.25 2.52 8.62 #NIA #N.1A cc!Ony stimu!at:ng factor 3 (grarn.1!ocyte_i 

ENSGGOCD0~71241 0.64 3.95 4.06 #N1A. #N!A SHC SH2-dom::i:n bmc:1n9 prcteln 1 

ENSGQDOOOi.22952 -O.i5 3.44 3:!8 #NlA ~ 03 ZW10 ,nterc1ctlngk;nefochore proteITT 

ENSGCV000163874 2.83 -2.49 -"l.21 #NIA #N.'A zir.dinger CCCl-1-type cor,tainmg ":2A 

ENSGOCGOQ~31153 0.82 3.78 3.0$ #N!/>. #N/A G!NS complex sub:.mit 2 (Psf2 homo!og_i 

ENSGG0000167900 0.10 2.57 

ENSGGOCD0143228 0.11 422 

ENSGGCG0014996& 0.49 2.82 

ENSGG00002t.1644 -0.77 -3.BO 

3.19 

4 72 

3.64 

-4.78 

#NIA #NIA NlJF2, NDC80 kinetochore complex 
oompor.ent 

#N!/.1. #N.IA matrix metaik,peptictase 3 

#N!A #N!A rndo!ethylamine N-methyltrnnsferase 

ENSGCOCD0117399 -0.15 312 385 #NIA #NIA ce!!divislonc:rc!e20 

ENSGGOGC0:175063 t 38 4.46 4.61 #N!P. 1 74 ubiquil.;n-wnJugating enzyme E2C 

ENSGOOCD013469(1 -0.42 3.65 3.?3 #N!A #WA ce:J diV!SiCJ1 c.yctc associated 3 

ENSGGOCD0154027 0.45 3 28 2 92 #NIA #NIA adenyk:ite kir.ose S 

ENSGGOG00122877 1 33 -6 24 -6 GO #WP. #NiA early growth response 2 

ENSGOD000183656 _0 17 3_03 3.39 #NIA #N,'A ~O motif contmrnng GTPase actvat:ng proteil1 

ENSGCOC00205835 -0.09 -2.62 -7.23 #-NIA #NfA gem;n;n coi:ed--cc•i domain confalning 

ENSGGOOOOO 11426 0 40 3.53 4.15 #N.tA #N/A anm1n, actrn bmd!ng protein 

ENSGODC00071539 0.62 3.37 3.86 #NIA #N/A thyn::id hoimone receptor internctDr 13 

ENSGCOCD0080986 -0 06 3 45 3 76 

ENSGGC000090339 1.49: -2.27 -1.20 

ENSG00000087494 0 3C -3.14 -5.48 

ENSGCG00011819:3 0.7G 418 511 

ENSGGCGOG179388 1.29 -7 45 -606 

ENSGGOOOOi37·!93 1 29 -2.09 

ENSGGOC00163535 0.27 2 63 3 84 

ENSGGCG00075?02 1.30 4.35 4.16 

ENSGGG000151725 0 29 3.71 3.38 

#NIA #N.fA NDC80 kinetcchore complex component 

1.35 #N:'A interwllu!ar adhesion molec:.He 1 

#N!A #N!A parathyroid hcrmone-!i~.e ho1mone 

#NIA #NlA kir.esin tam;!y m€mber 14 

#M/>. #N/A eady growth response 3 

#N!A #N!A P_;m-1 proto-cncoger,e, senne!threornne 
hir.ase 

#NfA #NIA sbugoshin-!!ke 2 \S, pombe/ 

-1.33 #N:'A \,.'VD repeat domain 62 

#N!A #N!A rnflir◊mere. pr:::tein U 

ENSGCOOD0163808 -0 26 3 65 3 69 #NfA #NIA kir.esin fam•iy member 15 

ENSGGOGOGi3i'310 0 62 3.71 

ENSGODC00065328 0.49 4.?5 

ENSGCG0001S6185 0.82 466 

ENSGGOCOO~ 22966 0.01 3.37 

3.13 

4.19 

4.16 

3.77 

#N.1/l. #NiA franscript:cn factor 19 

#NIA #N.'A m1fl1chrcmosome ma:fl!{l11ai.ce comp!e:< 
wmpor.ent 10 

#WA #N.'A kir.esin family member 138 

ENSG00000161800 0 23 3.00 3.46 #N!A #NlA Rae GTP.Jse activatir1g pmteITT 1 

ENSGCOC00037586 0.05 3 07 4 40 #NIA #NIA Ollfor;;; kim:ise A 

ENSGOD000162063 -0.09 2.39 2.97 #NlA #N,iA cycHn F 

ENSGCG0001S2667 -0 13 4 36 4.03 #NIA #N/A neuroinm!n 

Sheet 2 of 147 US 11,414,385 B2 

ENSGOOOG01139?·1 #NIA #N!A #Ni.A. i.02 #N!A nephro:Nphth:sts 3 (adolescent) 

ENSG0000-0182179 #NlA #N!A #N!/i. 1.02 #N/A ubiquitin-!Jke rnvdifier actiwling enzyme 7 

ENSGOOOG0124357 #NIA. #NfA #N!A i.02 i.42. N-acetylg!ucosamine kinc1se 

ENSGOODC0114423 #N/A #N!A #NIA 1 02 #N!A ?bl proto-oncogene 8, E3 ub;qiJt.jn protei;, 
hgo1se 

ENSGOOOG0135441 #N/A #NfA #N!,A. 1.02 #N.'A ~~!:::~st'tysosomaJcrgane!les-evmp!ex-

ENSGOOOG0129292 #Nl/.1. #N!A #NfA ·1 .02 #N/A PHD fingc,r protein 20-liko 1 

ENSGOODG0024B62 #NIA #N!A #NIA 1 02 #N!A cciled-coi! d❖mam containing 28A 

ENSG00000102893 #NIA #NfA #N.'A i .02 #NIA phosphory:asc Kinase, beta 

ENSGOOOCGOgsa6o #N.'A #N!A #NIA 1.02 #N/A gmwth arrest .ancl DNA-domage-,nducib1e, 
beta 

ENSG00000124226 #N/A #NiA #N!.A. 1.02 !.05 rmg fir.gcf prote.r. 114 

ENSG00000133639 #N.1A #NlA #NIA i.02 #N/A B-csll l.ranslocation gene 1, anti-proliferative 

ENSGOOOGCr!52222 #N/A #N!A #Ni.A. 1.02 ~.13 tetratncopept:dempcatdoma:n9C 

ENSGOOOGC131403 #NIA #NfA #N!A 1.02 #NIA ::~~:.:~ptorsubfamiiy i. group H. 

ENSGOOOCD117407 #N!A #N!A #NIA 1.01 #N!A artem,n 

ENSGOOOOCLSZ031 #NlA #N!A #N!fa.. 1_01 1.59 :ansmembrar.eB.A.Xinhibitorm◊i!fccniaining 

ENSGOOOG0170it.5 #NIA. #Ni.A. #N!A i.Oi #N/A so:t-lnducible kinase 2 

ENSGOODC0179152 #NIA #NiA #NIA 1 Q·f #NIA T ce!l .scfut-atior: inhibitor, mitochondria! 

ENSG0000.0122257 #NlA #N!A #N!A. 1.01 #N/A retinob!astoma bir.dir.g protein 6 

ENSGOOOG0107798 #NIA. #NfA #N/A i.Oi #WA !ipase A \yscsomal acid, chc!estero! estero:se 

ENSGOODOD1 D67SO #NIA #N!A #NIA 1 GI #N!A mu:tiple EGF-ti~e-domains 9 

ENSG00000104976 #NIA #NIA #NII'. 1.01 #NIA 
srna!! fludear RNA activating corr.p:ex, 
potr1Jeotide 2. 45kDa 

ENSGOOD00175550 #N.IA #NIA. #NfA 1.01 1.44 
DR1-ass,xieted pmte,n 1 (negative ccfodor 2 
alpha} 

ENSG00000152244 #NIA #NiA #NIA 1 GI #NIA nbosorna: prctoin L29 

ENSGOQOG0161202 #N/A #N/A #NIA 100 #NIA dishevelled segment pofar;~i protein 3 

ENSGOOOCD125629 1fN1A #N!A #NIA i.00 #N.IA insu:1r. induced gene 2 

ENSGOODCOCQ8513 #NIA #N!A #NIA 1 00 1.GS ST3 beta-galactoside a:pha-2.3-
sialyitransferase i 

ENSG00000206190 #N/A #N!A #N!A 1.00 #NIA ATPas!). class 1/, t~'Pe 1DA 

ENSG0000:0035141 #N.IA #N!A #NIA -"l.OO #N/A :,mdy wit:-; sequen<.e similarity 1.36, member 

ENSGOOOCOi4040J #NIA #N/A #N/A -': .OG #NlA DnaJ (Hsp40} bcmolog, subfamily A, mc111ter 

" 
ENSGOOOOC107104 #NlA #NIA #Nift.. 

ENSGOOOG0114867 #NIA #Ni.A. #N!A 

ENSGOOOCD108883 #N/A #NiA #NIA 

ENSGOGOGD102900 #NlA #NfA #N!P.. 

ENSGOODC--0168936 #NIA #NIA #N!A 

ENSGOOOCD163389 #NiA #NiA #NIA 

ENSGOOOGC213639 #NlA #NIA #N!A. 

ENSGOOOC,0057663 #NIA #NIA #NIA 

ENSGOODCD109736 #NIA #N!A #NIA 

ENSGOOOGCG25156 #N/A #WA #N.1A 

-1.0C #N/A KN motif and ar.kynn repeat doma!M 1 

-~ .OG #NIA eub,yotic translation 1r.it1aticn factor 4 
gamma, i 

-tOG #N/A ekl~g~1._100 factor Tu GTP bir.dtflg domain 
coma1nmg 2 

-1 00 #N!A nucleoporin S3kDa 

-~ .OG #NIA trems~e_mbrar,e protein 129, E3 ubiqvmn 
pf◊tem t1gase 

-1.0G #NiA pmt.ein O-g!ucos~1transferase 1 

_ 1 01 #N!A ~rotem cinosphatase i, catai:ytJc subunit. Mt.n 
!SOZ'/P.le 

-~.0-1 #NIA autophc1gy related 5 

-i.0 1 #N'A map;_f~c;!itator supertaml:y domain 
· · ccntaW<mg iO 

-1 01 #N.'A heatshocktrar.swptionfactor2 

ENSGOOOOG138018 1fN1A #N!A #NIA -1.01 #N.IA etha11o!amir.ephosphotransferase 1 

ENSGOOOCD156557 #NIA #N/A #N!A -1.01 

ENSGOOOG018534t. #NIA #N!A #NiA. -i.01 

#N/A trans~embr.ano, emp24 pmte•n transport 
doma1n C>)nta;nmg 3 

#N!A ATPa~e. H+ !ranspoitmg, !ysosomal VO 
subun1ta2 

ENSGOOOOD160803 #NIA #NfA #N!A -i 01 #NIA ubiqumn 4 

ENSG00000087365 #NIA #N!A #-NI.A -i.01 #N!A sp:icing factor 3b, subunit 2, 145kDa 

ENSGOOOOD188971 #NIA #NiA #N!A -i Oi #NIA RP11-427H3 3 

ENSGOOOCD25S984 #NIA #NiA #NIA -1.01 #N!A U8E2F-SCL Y ceadtorough (N,!,D cand,da!e) 
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FIGURE 1C 

ENSGGDC00~71848 0.58 4.37 3.90 #NiA. i.32 1ibonudeotk!e redudase M2 

ENSGGCOOG~ 66396 1.78 4.16 5,43 #ktft. #NIA serpin peptidaw inhibitor, ciade B 
· {cva!bumm). member 7 

ENSG00:100136928 O JS 3JM 1.7g #N.1/l. #N:'A ~amma-arr,incb:.ityric aCld (GABA} B rsceptor. 

ENSGCD000178999 ..0.69 3.44 3.23 #NIA #N.'A alH'c-ra kinase 8 

ENSGC0000~ 26737 '! .32 422 

ENSGGC00007521B O 49 3.75 

ENSGCDC00100297 -0.09 2.00 

5U1 

4.04 

2.08 

#NIA #NIA dtscs'. large (Dros,)phHa) h•xr,ctcg-assocmted 
protein 5 

#N.1P. #NlA G-2 and S-phase expressed 1 

#NIA #N!A mift1chrcmo:ome ma:ftlB11ance comp!e:< 
compor.eRt ::i 

ENSGCOCD0138182 0.15 283 353 #NIA #NIA kir.esintam•iym€mber20B 

ENSGGOC0009t.804 0.36 3.73 2.48 #Ni.A. U1 c£-:lcl!visioncyc.:e6 

ENSGGCOOOi13368 013 3.46 3.48 -1.30 #NlA !am:J181 

ENSGCOCD0170312 -0.09 3 99 4 30 #NIA #NIA cyclin-dependent kina5€ 1 

ENSGGCOOOi84557 1 62 -0 87 -0 62 4 68 i 34 suppressor of cytokme stgnaHng 3 

ENSGCOCD0~:34057 0.66 2 53 3 88 #NIA #NIA cyclin 81 

ENSGGCG00104?38 -0.02 2.88 2.46 

ENSGG00:00166825 0.16 i.90 2.26 

#N!Jl.. #NlA min!chmmo~cme maintenal"!ffi compi<::iY. 
oc-mpor.ent4 

#N!A #N/A afanyi (membrane) aminopeptidase 

ENSGGOC:00137955 -0.61 -1.71 -4.96 #NIA #NIA oo!!agen. type XIV, alpha 1 

ENSGG00:00:~19969 0.17 3.62 2.99 #NIA #N!A he!k:ase, !ymphoid-speofic 

ENSGCOOQ0198554 -0_ 12 2 80 2 38 #NIA #NIA '•ND ~pe;;t and HMG-bcx DNA bir.dir.g 
profcm 1 

ENSGGDGOG056558 t .63 -2.76 -2.64 2.34 #N!A TNF receptor-9:ssc-ciated factor 1 

ENSGQOO:OO:i85215 ~ .70 -t55 -0.76 #N!A #N!A tumor n€'cros:s factor, Elipha-induced p.oteir. 2 

ENSGCOOQ0260549 LC1 4 18 4 77 #NIA #NIA meh.l!otllfonein 1L (ge:1eipseudog:er.e/ 

ENSGGC000166803 0 16 3.47 3.72 1 69 2 2·J KlAA0101 

ENSGCOCD016685i 0.23 2 92 3 93 #NIA #NIA poki-!ike !<inase 1 

ENSGGOOOOi63710 -0.97 -2 19 -4 49 #N!/:>. #N!A pr.x.oUagen C-er.dopeptidsse enhrmcer 2 

ENSGOG000163507 0.33 2.95 3.63 

ENSGCOCD0105011 0.41 322 267 

ENSGGOG00~37804 0 33 3.32 

ENSGCG000124875 2.87 4 34 7.68 

ENSGGOCOO~ 44554 -0.26 2.88 2.7"! 

ENSGGOGOG085999 0 GI 3.49 2.56 

ENSGCGCOOtt.0525 OJJ2 3.1..1 3.13 

ENSGGOGOG041982 0.99 4.02 3.66 

ENSG000001646i·! 0 OC 2.28 3.42 

ENSGCGOD0125740 1.12 -6.58 -5.90 

ENSGGOCOO~ 12312 O:!S 2.89 2.87 

ENSGQ00001846£i 0.98 4.37 4.56 

ENSGGOCOO~ "!7650 1.02 4.19 5.34 

ENSGOCOOOi57456 0 32 2.54 3.65 

ENSGCGOD0103489 0.96 2 97 3.GO 

#NIA '#N.'A K!AA1524 

1.06 #NIA an Ii-silencing function 18 hist one chaperone 

#-NIA #NtA cliemo!un-0 (C-X-C mchf) ligand 6 

#Ni.A. #NIA Fanccni anemia, complcmenlo1tion group D2 

-1.23 #NiA RAD54-!ike (S. cerevistae} 

#NIA #N/A Fanccn! anemia, ccmplernentation g;oup l 

#N!ft.. 2 22 tenasc:n C 

#NIA #N/A pftuitary tumor-trar:sforw!fig 1 

#-NIA #N./A FBJ murine osteosmevma v1ra: oncogene 
homo!og B 

#NfA i .56 gem!n!n, DNA rep-1ic:at!m1 inhibitor 

#N!A #WA ce!! divis!cn cycie ussoc;ated 2 

#NIA #N.IA N!MA-n.:lated kmasi.: 2 

#NlA #WA cyc!1n 82 

#NIA #N..'A xy!osy:transfarase ! 

ENSGGDG00187?41 -0 . ..17 2.61 2.16 #N!ft.. #NJA Fanccrn anemia. ccrnplemeni-at!On group t,, 

ENSGOOOD0i23485 -O.C4 3.68 3.36 #N!A #N/A Holliday junctio11 rewgnition prctein 

ENSGCOODOt'.34222 -0.49 2 04 2 62 #NIA #NIA prol;r.e.1senne-no'i coiled-wit 'l 

ENSGGC0002t:2265 0 30 3.02 4.24 #N!A #NlA patema!iy expressed 10 

ENSGCGCOO~ 9:8355 1.28 -2.29 #NIA #N/A Pim-3 pr0to-cncogene, serir.e,'threomne 
kir.sse 

ENSGGOC00101412 -0.25 2.76 2.08 #NIA #NIA E2F trnnscription fudor 1 

ENSGQOOD0:it.69i8 0.23 2.81 2.91 #N!A #N!A non-SMC conder.sin !: complex, subur.!t G2 

ENSGGOCOOl 138·10 0.29 2.03 2.69 136 #NfA stn.:dura! mafntsnance ,)f chromosomes 4 

ENSGOGGOG166508 -0.12 2.12 2.01 #N.IA #N!A mlnk:hrcmosome malntensnce complex 
ccrnporert 7 
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ENSGOOOGD"!754G? #NIA #N!A #NIA -t01 #N!A squamouS£e!! cardncm,.; ant1gen rnwgn!Zed 
byT ceYs i 

ENSGOOOOC17'!497 #N/A #N!A #Ni.&. -t01 #N.'A pepM;r!prcly!isomemscD 

ENSGOOOGC163444 #NIA #NIA #N!A -i 01 #NIA transmembrane protein 183A 

ENSGOOOC:0112249 #N.IA #N.1A #NIA -'LOi #N/A actfla~illgsignalcointegrator1 compl€x 
SUti-U\1!t3 

ENSGOOOCD17GB54 #NIA #N!A #NIA -1_01 #N!A MYC fndL1ced m.1dear <mligen 

ENSGOOOG0172053 #N/A #N.1A #N!A -1 01 #N/A gtutaminy:-tRN.Asynttietase 

ENSGOOOC'D204M6 #N.1./l, #NiA #NIA -1.01 ;ttN/A zincfingerfami~;memb£-r78.3 

ENSGOOOC0159045 #NIA #N!A #NIA 

ENSGOODG0·!98799 #NIA #N!A #NIA 

ENSGOOOGC105676 #NIA #NIA #NIA 

ENSGOOOC0043514 #NIA #N!A #NIA 

ENSGOOOQG169689 #NiA #NIA #N!A 

ENSGOOQCQ230257 #NIA #NIA #NIA 

_
1 

O" #N'A heterogeneous nuc!earribcnttcleoproteir, H1 
. ; " iH) 

-i _
02 

#N!A teuc1r.:nch repeats and immuncg:obt1:!n-iike 
domains 2 

-i 02 #NIA mmadi!h repeat rnntaining 6 

-':.02. #NiA tRNA iso;:::e:iteriy!trcmsferase 1 

-i 02 #NIA stlmu:at£-d by rektoic acid 13 

-':.02 #NiA nuciec:irtactor,erythroid4 

ENSGOOCGC134136 #NlA #N/A #N!P.. -1.02 #N!A pre-mRNA processing factor 388 

ENSGOOOGC1619% #NIA #NiA #N!A -U:2 #N/A WOrepeatdomain~O 

ENSGOOOG0132819 #NIA #N!A #NIA -1.02 #N!A RNAb;ndirigmotifprote,n38 

ENSGOOOG0273.562 #NIA. #NfA #N/A -~ .02 #N/A nucieosome assembly· protein i-Hke 4 

ENSGOODC0141522 #NIA #N!A #NIA -1.02 #NlA Rfio GDP dissociation irihib1!vr {GO:) alpha 

ENSG0000-0111144 #NlA #N/A #N!.A. -102 #N/A teukotrieneA4hydrolose 

ENSGOOOG0111667 #NIA. #N!A #N!A -~ .02 #NIA ubtquiHn specific peptidase 5 (isopeptidase T_l 

ENSGOOOC01D314B #NIA #N!A #NIA -':.02 #N!A NPR3-like. GATOR1 cornptex subunit 

ENSGOOOGC085289 #NIA #NfA #N.'A -i 02 #NIA ependymir, re!sted ·1 

ENSGOODC0150949 #NIA #N!A #NIA -L02 #NlA kmsoku-like,DNAreps•rprote;r. 

ENSGOOOG0146463 #N/A #N/A #N!A -1 02 #N/A zinc finger, MYM-type 4 

ENSGOOOOG13/.2Si3 #N.1A #N!A #NIA ~'LOL #N.IA ubiquin~l-cytochrome c reduclase complex 
assemtny factor 2 

ENSGOODC0175634 #NIA #N!A #NIA -L03 #NlA nbosom~: prctein S6 krnase. 70kDa. 
polypep:ide 2 

ENSGOOOGOG953-19 #N/A #NiA #N!A -1 03 #N./A nucleoporin WSkDa 

ENSGOOOCG00':427 #N/A #N!A #-NfA ~i.03 #N/A LAS1-llke, rlbosome blogerH?S!S factor 

ENSGOOOGCi"! 13048 #N!A #N!A #Ni.A. -1.03 #NIA mitocMndr!JI ribosomal protein S27 

ENSGOOOG010%28 #N/A #NIA #N!t>. 

ENSGOOOCG165792 #N.1A #N.1A #NIA 

ENSGOOOG0118900 #N/A #NfA #N!.A. 

ENSGOOOGD0084' 1 #NI.A #NIA #NIA 

ENSGOOOCG1626-13 #N.IA #N/A #-NIA 

ENSGOOOC0128309 #NIA #N!A #Ni.A 

ENSGOODG0166987 #NI.A. #NIA #NfA 

ENSGOOOG0153439 #NIA #N!A #NIA 

ENSGOOOGC132323 #NIA #NIA #NIA 

ENSG00000069280 #N.tA #N/A #NIA 

ENSGOOOG018650·! #NIA #NfA #N!.A. 

ENSGOGOGD160131 #NI.A. #NIA #N!A 

ENSG000001656&l #NIA #N!A #NIA 

ENSGOOOGD1633'!9 #NIA #NfA #N!A 

_ 1 03 #N/A po!ymer,:ise (DN~ dlrected), de-ita 2. 
accessory sttbunrt 

-'l.03 #N/A methyitransfsrase like. 17 

-1 03 #N.1A ulmuc!c!n 1 

_ 1 _03 #NlA m1cte3'. ~dor f.lX {~CAAT-bmdirg 
transcnpt:on factor1 

-i .03 #N!A mcrcaptopyruvate sulfortransfernse 

-~.04 #N/A methy!-CpG binding domain prdein 5 

-i.04 #N!A str12ss-induced phospl-toprotein 1 

_ 1 04 
#NIA integrifl-linked k1nase-assoC1atod 

se:-if1e/fhreorw1e phosphatase 

-i.04 #NIA F:JS RNA bmding profain 

-~ .04 #N/A lransmer:ibrane protein 222 

_1 _04 #N.IA VMA~~- vacuctar H+-./l,TPasc homotog (S. 
~rev1s:aeJ 

-':.04 #WA peptidase irnitoc:hondnal processing) alpha 

-1.04 #NIA homeodomain !f:terGctir.g protein kinase 1 

ENSGOOOCG15.3.574 #N.1A #NIA #NIA -1.04 #N/A nbose 5-phosphate isomerase A 

ENSGOOOG026i739 #NIA #N!A #NIA. -1.04 #N!A gotglnA8fami!y,nwmberS 

ENSGOOOG0008.B53 #NIA. #N!A #N!A -~ .04 #N/A Rho-te!ated BTB domain contElining 2 

ENSGOOOGOC13306 #NIA #N!A #NIA. -i.04 #N!A sc:ute .:a11ier fami!y 25. member 39 

ENSGOOOGC169914 #NIA #NfA #N!A -i 04 #NIA 01U deubiquitir.ase 3 
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FIGURE 1D 

ENSGGOCOG16&.283 1.64 6.4C 7.66 #Ni.A. #N!A endothe!ta! cel:-specmc mo!ec, • .ue 1 

ENSGG00:00115·!63 -0.38 3.06 3.71 #N!A #N:'A ce:ntromere- prc!ein A 

ENSGOOC00143333 1.02 -2.95 -4.51 i.97 #NIA regu:ator ot G-pr.)tem signal•r.g 16 

ENSGGD000187479 1 7S -4 03 -4 59 #N.1A #N.'A chromcsomo 11 open readlng frame 96 

ENSGCOOD01325 IO i .26 -2.92 -2.40 #NIA #NIA !ys,:ie {K}-specif1c demeti.ylase 68 

ENSGG00001TT084 0 02 2.23 2:!9 #NlA #N.'A po!ym~rase (DNA ::kected}, e;::si!on, c,-:;talyi:ic 
subun:\ 

ENSGOOOOOi.36982 0.99 4.4€ 4.19 #NIA #N/A ::::i~!ion and sister chrcmaM 

ENSGCOCD017132G -0.07 4 76 

ENSGOCGOG16990& 1.13 .3.57 

ENSG00000156970 t 76 5.01 

4.58 

5.06 

5.31 

1
.
04 

#NIA estabHs.hme-nt cf sfster chmmatid cohes:On N
ace!yl!rar.sferase- 2 

#NtA. #N/A t-ansmembrane 4 L six fam1!y member 1 

#NlA #N!A ~U81 m•totlc checiq,olnt seiineifureonine 
kir;ase B 

ENSGCOCD0165244 -0 04 2 80 2.23 #:NfA #NJA zir.c finger protein 367 

ENSGGCGOG167306 -0.97 -2 67 -4 75 #NiA #N/A myosir: VB 

ENSGODOD013816D 0.05 3.23 3.66 #NIA #N,'A kir.esin fam;!ymember 11 

ENSGODCD0139057 -0.19 3_88 3_37 i.31 #NfA :rrn!y witn sequence similarity 111, member 

ENSGOOOOGi.35451 -0,09 3.31 3.97 #N!A #N!A tn)phi11in ,1ssociatEd protein 

ENSGCGOD0276043 0.07 269 2.23 #NIA #N/A ub!qu'.fo-1-!1ke with PHO and rmg finger 
domains 1 

ENSGODC.00167670 0.01 2.4i 2.16 #Ni.A. #N/A crromatin assembly factor 1, subunit A (p15Q) 

ENSGQC000"156802 0 33 3.25 2.89 #NlA #N!A ATPas,J- family, AAA domain conta:mng 2 

ENSGCGCDOD51341 0.53 4 21 

ENSGODG00100006 1.67 -037 

ENSGQC000'137831 0 QC 2.30 

CNSGCGOD01i/ti32 -OG1 1 C1 

ENSGGOGOOi62772 l 53 

ENSGQOODOit.7883 1 36 -1.47 

ENSGC.0000176907 1.20 -1.14 

4.11 

-0.23 

1.72 

26( 

~3 59 

-2.87 

-2.47 

#Nt.b. #N!'A rnJc!Bar factor of ~appa. li~ht po:ypcpt1dc gene 
enhar.cer ;:i B-ce:1s ,r.:nitttor, a:pna 

#N!A #N!A uvea: aut~ant•gen with coi!ed-coil dcmains 
and ankyrm repeats 

#NfA #N/A stathm!ll l 

#N!A #N!A cyc_h~-dependent kinase inhibrtcr 28 \p15, 
111h>brts CDK4) 

#NIA #NIA crromosome 8 oper; reading frame 4 

ENSGOC000107964 -0.16 2.07 1.52 #NlA : 6S dK.kkop-f WN.1 signaling psthwoy Jr,h,b;tor 1 

ENSGCOOOOt10031 -0 32 185 3.30 

ENSGGOCDG~06462 0.62 3.33 

#N/A #WA !eupax!n 

#Ni.A. #NIA enhancer of zest~ 2 poly<-emb repress;ve 
comp!ex 2 subun:t 

ENSGG0000165304 -0.38 2.37 2.36 #NlA #NlA maternal embryonic :cucir,e zipper knase 

ENSGCvODOi63545 1.42 -1.57 -1.39 #NIA #N,'A NlJAKfarndy, SNF1-i;ke :,;inase. 2 

ENSGGC00013816e 1 24 -1 95 -2 01 #N!/:>, #N/A dual spec!flcity phosphatase 5 

ENSGCOCD0139frt8 -0.03 3 58 3 66 #NIA #NIA breastcan,:er 2, e-ar:y cnse! 

ENSGQ0000092.170 -0.09 3.01 2.74 #N!A #N!A \/\IDrepeatd,xnair:76 

ENSGCG000073i11 -0 GS 2 29 1.86 #NIA #N.'A mimchromosome maintenance comp!ex 
compor.er.t2 

ENSGGOCDG085840 -0.02 4.14 3.64 #Ni.A. #NIA ongrn rocogninon c.cmplex, suburnt 1 

ENSGQ0000i37033 0.95 4.43 2.76 #N!A #N:'A int<?rteukir: 33 

ENSGCOC000i2048 0.13 2 48 #NIA #NIA breastcanC€r !,ear:ycnset 

ENSGGOGC0269289 -0.64 -6 83 -3 25 #N!P. #NlA CTB-92J24.3 

ENSGCGOD0176890 -0 07 2 76 2 67 #NfA #N/A t'iyrnidyIDte s~'!lthetase 

ENSGGCG00~378i2 0.01 4.03 4.66 #MA. #N:'A cancer susceptibi!Jty candrdafa 5 

ENSGQVOOOi83763 -0.0·1 3.19 2.94 

ENSGOOODOt12i18 -0 26 2 24 1.67 

#N!A #N!A TRA.F fntemding prote;n 

#NIA #WA m1rnchromos0me maintenance comp!ex 
componer:t3 

ENSGGCGOOH1223 i.12 -3.19 -2 49 #N!A. #N/A jun 8 proto-om:ogen{! 

ENSGOGC00077152 --0.51 2.30 2.47 1.06 #N.1A ublquit!n-cor1ugafing enzyme E2T 

ENSGC.0000168685 1.73 353 4 66 #NIA #NIA interleu!-"ir, 7 receptor 
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ENSG000002B0937 #NIA #N!A #NiA. -1.04 #NIA matnr. 3 

ENSGOOOG0007080 #NIA. #NfA #NlA -1.04 #NIA coiled-c.oi! domain ccntaining 124 

ENSGOOOGOC04455 #NIA #N/A #N>'A. -1.05 #N!A adenyiatE• t<ir,ase 2 

ENSGOOOGC2419-i:5 #NIA #NiA #N!A -~ 05 #NIA PWP2 period•ctryotophan pro!ein homoicg 
(yeast) 

5-ammoim:dazole-4-wrboxamide 
ENSGOOOCD138363 #N/A #NiA #NIA -1.05 #N!A ribonudeoMe-formyltransfemsei!MP 

cydot.ydrolase 

ENSGOOOOG234495 #N_1A #N_IA #NIA -1.05 #N:'A t;-ipart:te motrfw:1tairnng 27 

ENSGOOGCD170085 #NIA #NiA #WA -'l.05 #NIA SUMO-tnter.J:cl:ngmot.fsc.cniainlng i 

ENSGOOOOC178952 #NIA #NfA #N!.b. -1.05 #N.1A Tu: lronslabor: a!ongation factor, mitochondrial 

ENSGOOOQ0163875 #NIA #NIA #N.'A -1 05 #NIA MYSTJEsa·J-asso,;iatedfactor6 

ENSGOOOC0146223 #NiA #N!A #NiA -1.05 #N/A nbosoma: protein l7-!ike 1 

ENSGOOOGC1344t!O #N/A #NfA #N!A -1 05 #N/A asparaginyl-tRNA synthetase 

ENSGODGOD110721 #N,A #NIA #NIA -1.05 #N!A choiaeo kir.ase alpha 

ENSGOOOOD090l46 #NIA #N/A #Ni.A. -tOS #N/A ~;:;;geneousnuclearrfilcflucleoproteinH3 

ENSGOOOG0198301 #N.!A #NIA #NJA -~ 05 #NIA SDAi dom3in c,)nla;n,ng 'i 

ENSGOOOCG171 612 #N/A #NiA #NIA _1 os:; #WA so:u.te carrierfarm:y 25 (pyrimidine nucleotide 
·, ... · earner), member 33 

ENSGOOOGD154024 #NIA #N!A #Ni.A. -t05 #NIA rriethioryl cminopeptidase 1 

ENSG00000261221 #NIA #NfA #N!A -1 05 #NIA zinc finger pmtein 855 

ENSGOOGCG189306 #WA #N!A #NIA -t05 #NlA tibosorr.a: RNA processlr,g 7 homo!og A 

ENSGOOOGC196700 #WA #N!A #Nt/J.. -105 #N.1A zincfingerproteffl5126 

ENSGOOOQ0118&:0 #NIA #NfA #NlA -~ 06 #NIA vesk:le-asscciafed membrane prv.tein 5 

!:N!:iGOOUCG2{613/ #N/A #N!A #NIA -"l.Oti #N/A !:kmembrane-assvciatedRNAdegradatior. 

ENSGOOOGOG71626 #N/A #NfA #N!A -1 06 #NfA OAZ associated protein 1 

ENSGOOOQ02·1~460 #NIA #Ni.A #N!A -~.06 #NIA translITT 

ENSGOOOC.0025796 #NIA #N!A #NIA -~.06 #N!A SEC53 hDflloiog {S. cersvisiae) 

ENSGOOOQ0115306 #NIA #NIA #NlA -i 06 #NIA spectrm, beta. non-erythrocylic 1 

ENSGOODC0169lSO #N/A #N!A #N!A -~ 06 #WA ras-re:ated C3 botu!inum tox:n s~1bst_rafa 3 
·· · irtio fam•ly. smal! GTP bmding protem Rac3) 

ENSGQOOOO·! 18508 #NIA #N!A #Ni.A. -1.06 #N!A RA832. rr:Emlx,r RAS onc.cgene family 

ENSGOOOGC090376 #NIA #NIA #N!A -1 07 #NIA interloukin-1 receptor-.3ssoc~tc,:Hmase 3 

ENSGOOOCV105472 #N/A #N!A #NIA -"l.07 #N/A C-type lectin doir,am family-)1, member A 

ENSGOOOGC0351 l5 #N/A #NfA #N!A -1 07 #N./A SH3 and SYLF domain contair:ir:g 1 
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FIGURE 1F 
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ENSG00000079134 #NI.A #Nff.\ #WA -U2 #WA THO comp!e>: 1 

ENSG00000157778 #NIA #N!A 

ENSGOOOG0141456 #NIA #N/A 

ENSG00000234032 #NIA #N!A 

ENSGOOOG0149115 #NI.A #NfA 

ENSGOOOCDOD6652 #N.rt,, #N!A 
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#Ni~. 

#NIA 

#Ni/.. 
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ENSGOOOG0187051 #NIA #N!A #Ni.A -'!.13 #NtA tibosoma:proteinS19blndingproteini 

ENSGOOOG0213465 #NIA #NfA #N!/1-, -~ 13 #N/A ADP-nbosy!aticn factor-Hl,;e 2 

ENSGOODOGC35415 #NiA #NIA #NIA -U3 #N/A SEk1-l!Ke niJcleoponn 
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ENSGOOOG0184164 #NIA #NfA #NiA -~ 13 #N./A cysteine-nch with EGF-hke ctcrna!r,s 2 

ENSGOOOG0176058 #NIA #NIA #NiA _, 13 #NfA taperin 

ENSGOOOCG065060 #N/A #N!A #N!A -1.13 #WA UHRF 1 binding profeITT 1 
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ENSGOOOCiJ163257 #N.lf.. #NiA #NIA -1.13 #N!A D081 and CUL4 associated factor 16 

ENSGOOOOC275176 #NtA #N.1A #N!P.. -1.13 #N.1A awty1-G0Acarbox:,~ase alpha 
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FIGURE 1G 
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ENSGCOC00!36824 -0 01 2 ns 2 29 #NIA #NIA stn..:c!ura: maintenance of chromosomes 2 
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ENSGOOGGD107262 #NIA #N!A #Ni.A. -i .13 #NlA BCL2-associafed athanogene 
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ENSGOOOOD187954 #NIA #NIA #N.IA -i 14 #WA cysteineihistid<r:e-nch 1 
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-1.14 #N!A expo,~r.4 
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ENSGOOOOi!166986 

ENSGOOOOD112640 
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ENSGOOOG014670 I 
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#N/A #NIA #NY>. 

#NIA #NIA #N!A 
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-1.14 #NIA methior.y1-tR.NAsyntMtase 

-l .14- #N/A ::~:in Phosphatase 2, rngu!atvry subunit B', 

-i.15 #N/A TARDNAbindingprote•n 

_,, 
1

i:; :itN'A m~:ate deh:~droger,ase 2, N~.D 
• · ~ · · (Mtl:ochondr!Z:) 

-1 15 #NfA peter pan hcmolog (Drosophila} 

_,: .
15 

#NlA pr~tein phosphatase 1, regulatory (inhibitor) 
su:::~nit 16.B 

ENSGOODCD182l62 #N.tA #N/A #NiA -U5 #N/A p,mnerg1c re-ceptcr P2Y, G-protem coL1p!ed, 8 

ENSGOOOGDG0883S #WA #N!A #Ni.A. -1.15 #N!A m~d:ator <::-0mplex subunit 24 

ENSGOOOCG100029 #N.IA #N!A #NIA -?.15 #N.IA pescadiUofiboscma!b:ogonesisfactor1 

ENSGOOOG0162852 #-Ni'A #N!A #N!.A. -1.15 #N!A ccnsortin, ccnneYin sorting proiein 

ENSG000001697·i8 #NIA #N!Ji.. #N!A _q5 #N/A dihydrowidme synthase 1-li~.e 

ENSGOOGG0116898 #NIA #N!A #Ni.A. -U5 #N!A mitoe-i1ondna! ribosomal protein S15 

ENSG00000083750 #NI.A #NI.A. #N!A _q5 #NIA Ras-rE-iated GTP blnct,:1g B 

ENSGOOOC014S907 #NIA #NIA #NIA -U5 #N!A ~TP_a.s-e sciw.afo1g prctein (SH3 dotT<ain) 
bmding protein 1 

ENSG00000153539 #N/A #N!A #N!.A. -1.15 #N.'A cytcptnBmic :1r.ker associated prote;:1 2 

ENSGOOOQ0104164 #NIA #Nf.A. #NIA -~ 15 #N/A biog~nesis of!ys_o~maforgane!!escomplex-
. 1. su:JLmit 6, pal!id1n 

ENSG00000156411 #NlA #NfA #Ni.A. -1.15 #N.'A isc,:::irmte- dehydrcge11ase- 3 (NAO-..) alpha 

ENSGOOOGV12Bi91 #NIA #N!A #NEA -~.16 #NIA DGCRBmicrcprocessorcomplexsubur,it 

ENSGOOOCD125247 #N/A #N!A #NfA -1.16 #N!A tra~s~~braneand tefralriccpeptice repe-.at 
conrnmmg 4 

heterogeneous n~1ck;or nbvmicleoprcte!f! D 
ENSGOOOG0138668 #N/A #N/A #'N!A -1 16 #N.'A (AU-nch e!etT<2nt R.NA blr.dir.g protein 1, 

37kDal 

ENSGOOOC:0177830 #NIA #N!A #NIA -'L16 #N!A cMinasedomain conl""li:1;:-ig ·! 

ENSGOOOGC129351 #NiA #NfA #N!fl. -1 16 #NIA interleukin enhare>x b1r-it:!mg fador 3, WkDa 

ENSGOOOC0100410 #'N/A #N!A #NIA -U6 #N!A FHDfingerpmtein5A 

ENSG00000138442 #NIA #N!A #Ni A. -1. "16 #N!A \ND rep(.)at d,)main 12 

ENSGOOOG0124i8i #NIA #NIA #N!P. -1 16 #NfA phospho!ipase C, gamma 1 

ENSGOODCD105063 #N.IA #NIA 

ENSGOOGCDC34090 #NIA #NIA 

ENSGOOOG0150768 #NIA #NfA 

ENSGOOGOG152694 #N/A #NIA 

ENSGOOOGOG.37474 #NlA #NIA 

#NIA 

#NIA 

#N!A 

#NiA 

#Nift. 

-? .16 #N/A protein phosphatase 6, regu!tltory subun:t 1 

-':.1G #NIA Si.A.~:~lated lipid transfer (START) domain 
ccma1nmg 7 

-1 16 #NlA dihydro!tpoam•de S-acefyi!ronsferase 

-"l. 16 #NIA excstcsin-lil<e glycosy!transferase 2 

_ 1. 16 #N.'A NOP2/Sun RNA methyltmnsferase fom;ly, 
member2 
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ENSGG0000158050 241 -2 . .56 -2.01 #N!A #N!A dualspedfic;t,phosphatase2 
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ENSG00000095906 #NlA #N!A #N/A -1.27 #N.1A mici<?Ctide binding prote;n 2 

ENSG000000283~0 #NlA #Ni.A. #N!A -~.27 #N/A bromodomain :::ontairnn,J 9 

ENSGOOOCu243725 #WP, #N!A #NiA -127 #N/A tetrotncopepfalerepeatdomain4 

ENSGOOOD0156697 

ENSGQ-0000115232 

#WA #N!A #N.1.A _127 #N.'A UTP·J4_ U3sma!lr,ucleolarnbonuc:eoprolefn. 
homo!og A {yeast) 

ENSGOOOCD087087 #N!P.. #N!A #NIA -1.27 #N.IA serrate,RNA.;:ffedormo!ec,J!e 

ENSGOOOCQC86200 #NIA #N/A #NIA -"!.27 #N!A impc.tir, li 

£NSGOOOG01S8352 #WA #NIA #N.'A -1 27 #NIA focadhesn1 

ENSGOOOOD164813 #-Ni.A. #N!A #NIA -1.27 #N/A dymm, axon-smal, as.scmbfy factor5 

ENSGOOOOCB4748 #NiA #N!A #N/A -1 27 #N.1A pre-mRNA processing factor 38A 

ENSGOOOOD13SOW #NiP.. #N!A #WA -1.27 -#N/A ce:I gmwtl1 regulator with EF-hand domain 1 

ENSG00000255537 #NIA #N:A #N!A -1 28 #N:A RAB44. member RAS onc.cgene fami:y 

ENSG00000145725 #NIA #NIA #N.IA -128 #NIA d!phosphoinosito!pentakisphc,sphate k:nsse 2 

ENSGOOOC'V198824 #N!P.. #NiA #NIA _1.28 #N/A chrorn;some ~ligr.ment mamint'Hflg 
phospnoprote1n i 

ENSGOOCOG152520 #Ni A #N/A #NiA -i.25 #N/A P.A.N3 poly(A} specific ribonuc:ease subufl:t 



U.S. Patent Aug. 16, 2022 

FIGURE 1K 

ENSGOD00002063J #NIA #NfA #NiA 3]9 #N:'A runt-re:-ated tianscripkm factor 3 

ENSGGOOOO'l25?26 #N/A #NIA #NiA 3 i7 #N.'A CD70 imlecu!e 

ENSGCGC00243004 #NfA #N!A #Nit>, 3.71 2.92 AC0050622 

ENSGGDGOG~ i4268 #N!A #N:A #NIA 3.70 #NIA 6~phosphofructo-2-kinaseffmctose-2,6-
. · brphosphatase 4 

ENSG00000~85507 #N!A #NIA #NiA 367 #N.'A inte-rf.emnregu!atoryfactc•7 

ENSGCGC00153815 #N!A #N!A 

EN5GGOC002(J.:t 103 #N.tA #N!A #NIA 

ENSGCOG00163633 #NiA #NiA #NIA 

ENSGG0000102524 #NfA #N/A 

3.63 #N/A c-Maf mducing protein 

359 #N/A v-maf avian !W..iscu!oapcne,Jrot:c 
f;bmsarcoma cnc.ogBne homotog B 

3 .58 #N/A chrorr,csome 4 oper. rwdrn.g frame 36 

J.5"? #N.'A tumor necr~sis fader (ligar.d) s•Jperfomily, 
member13b 

ENSGGDCD0196739 #N!A #NIA #N!A 3.57 #NIA co:!ag0n, type XXVH, alpt.a 1 

ENSGGOG00259112 #NIA #NiA 

EN3GCVC00088826 #NiA #N.IA 

ENSGOOC0018S313 #N/A #N/A 

ENSGOOG00134326 #NIA #NiA 

ENSG00000186918 #NIA #NiA 

ENSGOD000~58769 #N/A #NIA 

ENSGGC000124?62 #NIA #NIA 

ENSGCV00004932.3 #N.!A #N!A 

#N/A 3.-56 #N/A NDUFC2-KCTD14 readthrough 

3.55 #N.'A 5perm1r.e ox:dase 

#NIA 3.~,4 #N/A phospho~pid scrarnbk,se 1 

3.5.3: #NIA cytk:lr.c mcnophosphata (UMP-CMP) kinase 
· 2, rnitochondiial 

#NIA. J.49 1 _og zinc finger prote.ITT 395 

#NIA 3.47 #N!A F1 i receptor 

#NJA 347 

3.47 

#N'A cyclin-dependent k>nase ;nhtbitm 1A {p21, 
' ' Cip1} 

#N.1A !aten~ transformmg growth factor beta bindmg 
protem 1 

ENSGCDCD0138640 #NfA #N!A #NIA 3.46 #NIA fami!yw1thsequence s•mi!anty 13. member A 

ENSGOD000275565 #NIA #NfA #NiA 3.45 #N/A arachidonate 5-i:rrcxygenaS,;; 

ENSGCV000213741 #NJA #N.1A #N1P.. 3.42 2.02 ribosomal protrnn 529 

ENSGODOOQ1304-02 #NIA #N.1A #NiA 3.42 1 60 adinin, alpha 4 

ENSGGOOOD251l74 #NIA #N!A 

ENSGCD00017741Q #N!A #NIA 3.37 t?4 ZNFX1 antiser.sc RNA 1 

EN5GGOCOOi38433 #N(A #N!A #NiA 3.32 2.18 cc,:-epr0ssc,r interacting witti RBPJ, t 

ENSGGCG00267855 #NIA #NIA #NIA 

ENSGOC000115165 #NIA #N!A 

ENSGGOC:00109107 #NIA #N!A #NIA 

ENSG00000072f.82 #NIA #N!A 

ENSGCDODOi38496 #NIA #N!A 

ENSGOC0001i·1674 #NIA #N!A #NIA 

ENSGOC000165029 #NIA #N!A 

328 
'"I QA NADH dehydrngenase (ub1quinone} 1 a1pM 

,_ " subcomptex, 7, 14.SkDa 

J.28- #N!A cyh.1hesin 1 interacting protein 

3.25 #N/A afdo!ase C, fructc:;e-bispho$pha\9 

J.21 #N!A pmly! 4-hydrcxy~else. alpha polypeptide :1 

3.17 #NJA enolase 2 {gamma, neuror.at) 

J. t? #N!A ATP-bir.ding uissette, 5Ub~iamfly A (ABC1 ), 
mcff<ber1 

ENSGOGOOG101745 #NfA #N!A #N!/l, 3.17 2.19 ankynn repeat domain 12 

ENSGGOG00:259529 #NlA #NIA #NIA 3.t5 #N:'A Uncnaracterized protein 

ENSGGOCD0~63823 #N!A #N!A #NIA 3.15 #NIA ct.emok;ne (C-C motif) reooptor 1 

ENSGODG0(.1160593 #NIA #N.1A #NIA 

ENSGQC000i66012 #NIA #WA #NJA 

EN3GCDC00119547 #N!A #N.IA 

}. t.J #N/A adhes1cn mo!ecu:<:. interacts with GXADR 
ant;g;m 1 

310 217 
TATAboxb•ndingpro!eir.iTBP;-assocU,ted 
factcr, RN4p,)iymerase L D.41kDa 

3.06 #Ni A one cut h0meob0x 2 

ENSGGDC00160932 #N/A #N!A #NIA 3.06 #N!A !ymphoqil.z antigen 6 comp:e-x, lows E 

ENSGGCGOG:87837 #N!A #N,'A #NIA 3.iJ5 #N:'A h!Stone cluster 1, H1c 

ENSGOV000186660 #N;"A #N!A #N1ft. 3.04 #N.'A ZFP91 zinc finger protein 

ENSGGCOOG'171858 #NIA #N.1A #NiA 3.03 ~ 93 tibosomai protein $21 
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ENSGOOOG0206053 #NIA #N!A #NiA -1.28 #NIA ~::ato:cgica! ;;md r1evrotogi,;o! •)>:pr•)ssed 1-

ENSGOOOOC007376 #WA #WA 

ENSGOOOG0150401 #NIA #NfA 

ENSGOODQVC87425 #'N.IA #NIA 

ENSGOOOCOG99S99 #WA #NiA 

ENSG000GD16':036 #NiA #NfA 

ENSGOOOOD197006 #N/A #NIA 

#N'A. 

#N!A 

#NIA 

#Ni/>. 

#NJA 

#NIA 

-l 28 #N/A RNA ~s_eudound)~ate synthase domam 
w:1tairnng 1 

_ 1 28 #NIA DCN~, defective ln w::ir. neddy!ation 1 
domain confainirig 2 

-i .28 #N/A phosphatose and oc\Jr, reguiator 3 

_ 1 _28 
#N/A tRNA methy1U"amferase 2 homo!og A {S. 

wre:./4s;ae} 

_ i 
28 

#NIA !eucir.e-rich repeats Gr:d VVD rnpBat do.112•n 
containing 1 

-1.28 #NIA methy!transferase like 9 

ENSGOOOG014286-1 #NIA #N!A #Ni.A -i .28 #N!A SERPlNE1 mRNA binding prctein 1 

ENSGOQOG018?7% #N/A #NIA #N!A _129 #NIA ~spaserecruitmentdomalnfami!y, member 

ENSGOOOG0169957 #NIA #Nf.A. #NIA -1.29 #NIA zincfingerprctetn768 

ENSGOOOGD198648 #NIA #NiA #NIA -':.29 #NlA ser1ne-thr<-c11ine km-cisc 39 

ENSGOQOGo167700 #N/A #NIA #N!A _1 29 #N.'A majvr_faci:iiatvrsuperfam:lyctomoir. 
contatning 3 

ENSGOOOCV134684 #N.IA #N.IA #NIA -?.29 #N/A tyrosyl-tRNA synth€-tase 

ENSGOOOODC07923 #NIA #NIA #Ni A. -1.29 #NlA ~~aJ {~sp40} r~molog:, subfamdy C, member 

ENSGOOOOD183137 :#NlA #N!A #Ni.A. -1.29 #N/A wntr0soma!p1c!ein57kDa-like 1 

ENSGOOOG0153.'395 #NIA #Nf.A #N!A -1.29 #NIA !ysophosphatidyicho!lneacy!trnnsferase 1 

ENSG00000151247 #NIA #N!A #Ni A. -1.30 #N!A eukaryoHc trans!atbn ir:tiatlOn fa:d,x 4E 

ENSGOOOQC136379 #NIA #NIA #NlA -1 30 #NIA abhydrolase domain containing 17G 

ENSGOOOCG092320 #N.1A #N!A #NIA -1.30 #N.IA eznn 

ENSGOOOCD15"1835 #NIA #NiA #NIA -t30 #N!A sacsir.rnclecularchaoerone 

ENSGOQOGD048162 #NlA #NfA #N!.A. -1 30 tO? NOP16 nucloolar protein 

ENSGOOOC'-0162402 #N.1A #N!A #NIA -?.30 #N.IA ubiquibnspecificpept!dasc24 

ENSGOOOGD086475 #WA #NfA #N!.A. -1.30 #N!A se!e!lcphosphate synthetase 1 

ENSG000001689-7G #NIA. #Ni.A #NIA 

ENSGOODCG167722 #N/A #N!A #N!A 

-~ _30 #N/A NOC2-'.il::e nucle-olar assod3;i0d 
tran5cnp!;onal repr,essoi 

_1.30 #N/A NADH de~ydro~enose (ub1quinone/ 
f.avoprotem i, :i11'Da 

ENSGOOOC01048&1 #NIA #N!A #Ni.A. -i .30 #N!A ~xc~ior, re-p&lr cro~s-c,)rr,p:cmentat1or grcup 

ENSGOOOGC230903 #WA #NfA #N!.A. -1.30 #N/A RPL9P8 

ENSG00000100890 #NIA #NIA #NIA -1.30 #NIA KiM0391 

ENSGOOOG01884-52 #NIA #N!A #NI.A. -1.31 #N!A cerJmide kinase-:llm 

ENSGOOOG00762t.8 #NIA #N!A #N/A -~_Ji #N/A ura::::liDNAg!)'C.Osy\35e 

ENSGOOOOCd65661 #NIA #N!A #NIA -i.31 #N!A quiesdn 06 suifhy"dry: oxidase 2 

ENSGOOOGC250067 #NlA #N!A #N!.A. -1 31 #N!A Yj-eF N-termina! dvmam wr.taining 3 

ENSGOOOG0131323 #NIA #Ni.A #N/A -~_J·J #N/A TNF receptor-associated fador3 

ENSGOOOCuC?GlS5 #N/A #N!A #NiA -i.31 #N/A euk,a;)'O!lc trans!.s.tion initiation factor 23, 
subunit :.1 gomma. 58kDa 

PlTH {C-tennmal pwteasome-in!erect'.r.g 
ENSGOQOGOG57757 #N/A #NfA #N!A -~ 31 #N/A domairH,fthioredoxin-like)domoir,cmtaining 

1 

ENSGOOOGD135316 #NIA #NiA #NIA -':.31 #NiA ~yriapt~!ogmin bind;ng. cytopiasrnic RNA 
interacting prote,n 

ENSGOOOGC122965 #WA #N!A #N!.A. -1.31 #N!A RN.A.b;nd:ngmot!fprotein 19 

ENSGOOOGC18i472 #NIA #NfA #N.1A -~ 31 #NIA zincfingerandSTBclcmalr,cor.ta!ning2 

ENSGOOOOD125485 t;N_1A #N.IA #NIA -? .31 #N/A DEAD {Asp-G!u-A:a-Asp} box polypept~e 31 

ENSGOOOGD135596 #NIA #NIA #Ni.A. _ 1 12 #NlA microtubufe as!:cciated :nonooxy~enase, 
'·'" calponinand UM doma:n ccmalrnng 1 

ENSGOOOGG135763 #N/A #N.'A #N!A _1 32 #N/A URB2 dbosome biogenesi.~ 2 hornolog {S. 
ce;evis>aei 

ENSGOOOOD22S253 #N.1A #N!A #NIA -1.32 1.36 MT-ATPS 

ENSGOOOGC139842 #Ni'A #N/A #N!.A. -1 32 #N/A cu!lin 4A 
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FIGURE 1L 

ENSGGOCD0~69715 #N!A #N/A #NIA 3.01 t39 motal10Vlion0in iE 

ENSGOCGOOi38642 #NIA #NfA 

ENSGGC000197555 #N!A #WA 

ENSGCVCOO 177 409 #NIA #N!A 

ENSGGCOD0178726 #N!A #NIA 

ENSGCOCOOi33059 #N/A #NiA 

ENSGGOC00095066 #NIA #N!A 

ENSGGCOD0176171 #N!A #NIA 

ENSGGOOOOi70412 #NfA #NfA 

ENSGCDCD0141905 #N!A #NIA 

ENSGGDOOG134597 #NIA #N!A 

ENSGCG0001816S'{l #NIA #N!A 

ENSGCOCD0147872 #NIA #N!A 

ENSGGCG00267121 #N!A #NIA 

ENSGCG000~34955 #N!A #N!A 

ENSGOD000173821 #N!A #N!A 

ENSG00000153006 #NfA #N!A 

ENSGCOC00184678 #NIA #N!A 

ENSGOOG00203875 #N!A #NIA 

ENSGGOOD0131944 #NfA #NiA 

#NiA 

#NiA 

#NIA 

#NIA 

3_01 #NIA HEC~ a11d Rl~ C:omain GQ~!mrnng E3 
· · ubiquil.in pre.tern !;gase family member 6 

3 
,JO #NlA sigm:ii->nduced proiifera:tion-assc,ciated 1 :;ke 

1 

2.97 #N/A sterile alpha motf domain cor>tair,ir,g 9-lil<e 

2.95 311 tnrombomod;.1!1n 

2_% #N.'A dual s0nr.eitnroonme and tyros1r.0 protein 
kir.ase 

2.94 i.30 hook micro!llbuk--tefa~rlng prot~!n 2 

2.92 #N/A 8CL~sdenm11rus E1B 1SkDa mteraci:!ng 
prctetn3 

2
.
92 

#N!A G pmte!n-coupied rnceptor. class C, group 5. 
mcn,berC 

2_92 2.13 m1ch;•a'.f~ctor!IC (CCAAT-binding 
transcnption factor.: 

#NIA 2.91 2.28 RNA b:nd!ng. mot:f prote:n, X-tir.ked 2 

#N.IA. 2.89 #N/A pfeiomorphic .a<lencma gene 1 

#NIA 2.87 #N1A CTD-2020K171 

2.37 #W~ sclute earner fami!y 37 (g:ucose-6-pnosphste 
,,... transpvrts:;r}, member 2 

#NiA 2.136 #N/A ,ing finger prot.eir. 213 

#NJ.A. 2.35 2.34 SREK1-irteractmg prcteu, i 

#NIA 2.85 #NfA histone duster 2, H2be 

#N/A 2.84 1 98 sm:a!! r,:..icleo!ar RNA host gene 5 

2_34 #N/A Fan~-;! anemia core complex associated 
prctem 24 

ENSGCDCD0t22884 #N!A #N!A #NIA 2.34 #NIA prolyi 4-hydroxy:ase, aipha polypeptide : 

ENSGOCQ00055332 #N!A #NIA #NIA 

ENSGG0000270316 #NfA #N!A 

L.B4 #NlA eukaryctic translation ir.itiation factor 2-a!ph~ 
· kir.ase2 

2_32 #N!A C1D~rf32-:SMT 1u<1dthro11gh (NMD 
candidate, 

ENSGCDC:00197013 #NJA #N!A #NIA 2.Si #NIA zincfingerprotein429 

ENSGGCGOQ.165071 #NIA #NfA #NiA 2.79 #N.IA tansmembrane protein ?i 

ENSGGC000270862 #N!A #N/A 

ENSGOVOOO t 77954 #NIA #N!A 

ENSGG00001t6192 #N!A #N!A 

ENSGCVCD0067082 #NIA #NiA 

ENSGODC00143315 #NIA #N!A 

ENSG00000280?55 #N!A #NIA 

ENSGCDCDO 171766 #NIA #NIA 

ENSGGOC00132274 #NIA #WA 

ENSGG00001~8515 #N/A #NIA 

ENSGOVOD0140941 #NIA #NiA 

ENSGODC001629~,9 #NIA #N!A 

ENSGGOiJOOi 69403 #N!A #NiA 

ENSGODC00205413 #NIA #NiA 

ENSGGOG00008952 #NIA #NIA 

ENSGCDODOOS8888 #NIA #N!A 

ENSGGDGOQl 39626 #NIA #N!A 

ENSGG0000100592 #NiA #NIA 

ENSGCvC00:97358 #NIA #N!A 

ENSGGDCOO--: :31.10 #N/A #N!A 

ENSGG0000~04765 #N:'A #NIA 

#NiA 2 78 #N!A hfstone cluster 2. H4c'l 

#N.tt>. 2.77 1.96 rjbosomol protein 527 

#NIA 

#Nit>. 

#NlA 

2.76 #N/A FYVE. RhoGEF and PH domain containing 2 

2.75 'l.37 K!Uppe!-like factor 6 

2.74 #NfA p~osphaM.y!inoslto! g!ycar. anc."lor 
b1osynthesis, dass M 

2
.7

3 
#NlA gly~i~e amidinotransferase (l-arginini:rg:ycm.s 

am:d:notrsnsferase) 

#NIA 2.73 #N!A tripattlte motrf contalnlng 22 

#NiA 

#NIA 

2 73 #NlA seriJm/glucocortk:cid regu:ated kinase 1 

2.72 #NtA microtubu!e-ossociated protein 1 light chain 3 
beta 

2.70 #NIA mediator of eel! motility 1 

#NiA L 67 #NlA pfate:et-actNat;r.g factor recep\Or 

#N!~. 2.57 #N.'A stenle aloha mohf domain ccnt;ining 9 

#N!A 2 66 2 15 SEC62 homolog {S. cerevlsiae} 

#N!t>. 2.65 'l. i 9 m;tocnondna! antiv!raf signaling ::-rote in 

#NIA 2.-65 #N/A int;grin. beta 7 

2.64 

2.62 

#NIA 2.61 

#NIA 2.58 

#N:'A d1sheve!fed ::1s_sof ated m::th,atcr cf 
mcrphogenesis , 

#NlA BCL~iadenovims E1B 19:<:Ds int;mcting 
protem 3 pseudoger,e 1 

#N/A socretOO p~toln, addk. GystSiflO-{!d'! 
(ostecnectm) 

#NlA BC:..2,'adenovirus E18 19kDa interacting 
· protein 3-hke 

ENSGCG000135916 #N!A #N!A #N!P.. 2.55 #N/A mtegm! membrar.e protein 2C 
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ENSGOOGGDC330'! 1 #NIA #N/A #Ni.A. _ 1 _32 #NIA ALG~, ch!lobiosyldiphosphod•Jl!chol beta-
mannosyltr::msferase 

ENSGOOOOC237550 #WA #NfA #N!.A. -1 32 #N!A RPL9P9 

ENSGOOOGC1465t:O #NiA #NfA #N!A -1.33 #NIA c!'lromosome 7 oper, reading frame SO 

ENSGOOGODC99901 #N.IA #N!A #NIA -'l.33 #N/A RAN binding protein l 

ENSGOOOGC107S15 #N/A #NIA #N!A -1.33 #N.'A chromvsome 10openreadingtame2 

ENSGOOOC'V101220 #N.1./l, #N_!A #WA -1.33 ;ttN.IA chromosome 20 open readmg frame 27 

ENSGOOOC0112787 #NIA #N!A #NIA -i.33 #N!A f;brosln-Hk~ i 

ENSGOOOGC122566 #N/A #N!A #N!A --: 33 #N/A 1;~~~geneo-tts nuclearnbo-nucieoproteir. 

ENSGOOOG0072274 #NIA. #NfA #NIA -1.33 #WA transfenlnrecepior 

ENSGOOOCD14S300 #N/t,, #N!A #NfA -'l.33 #N/A REX4 homo!og, 3'-5' exonuctease 

ENSGOOOGDG99949 #N/A #N!A #N!P.. -1.33 #N.1A :eucir.o?-ztpper-like transctipt:o:i regu!atcr 1 

ENSGOOOCG174744 #N.IA #N!A #NIA -1.33 #N/A bresstcancermetastasissuppressor 1 

ENSGOOOG0154163 #NIA #N!A #NIA -':.33 #N!A :::~:;~~tgc.a3Sette, sub-fom~y E (OABP), 

ENSGOQOGC1"H)042 #N/A #NIA #N!A -1 33 #N/A dettex4, E3 ubiquit•nligase 

ENSGOOOC'V13807 4 #NIA #N!A 

ENSGOOOG015572< #NIA #N!A 

ENSG00000135713 #NI.A #NIA. 

ENSG00000197498 #NIA #NIA 

ENSGOQOGC154277 #NIA #N/A 

#NIA 

#NIA 

#NIA 

#NIA 

#N!A 

-t33 #N/A so:ute carrierfarm:y 5 \S~iumf':1u!lilf!te:min 
and 1od1de cotmnsprnfarJ, memoer 6 

-1 .34 #N/A !MP4, U3 srnJ!l rucleolar ribom,c!coprot>}:n 

-'l.34 #N!A ribc,s,:m-,e producfi,)n factor 2 hcinolog 

_1 34 #N/A ubJ~mt:n c..~,:ix,x)/4-terrrnna! esternse l 1 
(ub1qwtin thiolesterase} 

ENSGOOOOV172232 #NIA #NtA. #N!A -1.34 #N/A azurocidin 1 

ENSGOOOCDi77225 #NIA #NiA #NIA -i.34 #NiA Parkinson d•wase 7 doma•n conta1r.1ng 1 

ENSGOQOOOi259tO #N/A #N/A #N!A -1.34 #N.'A sphi.'lgosine-1-phospMterncepkir4 

ENSGOOOC'-D162408 #NI.A. #N!A. #N!A -1 34 #NIA nucleoi,x prots,n 9 

ENSGOOOCD117450 #NIA #NIA #NIP. -i.34 #NiA peroxlredoxin 1 

ENSG00000142875 #NIA #N/A #N.1A -~ 34 #NIA protein kITTase, c.AMP-cteper;c:!>}n!, cata!ytic. 
beta 

ENSGOODOD133422 #N/A #N!A #WA -1.34 #N/A MORC family CW-type zinc finger 2 

ENSGOOOG0065978 #N/A #N!A #N!A -134 #N/A Yboxbir:dingpmtein'l 

ENSGOOGC\1163066 #N/A #N/A #NIA -'l.34 #N:'A sp:ic1ng factor 1 

ENSGOOGODC48052 #NIA #N/A #NIA -i.34 #N/A histone deacety~ase 9 

ENSG00000142409 #NIA #NtA #N!A -~ 35 #NIA zinc finger protein ?B7 

ENSGOODCD14S334 #NiA #NIA #N!A -t35 #NiA prcstog:and1:1: E synthase 2 

ENSGOOOGOi53291 #NIA #N!A #Ni.A. _ 1 _35 #NIA ri;ugest;n and adipoQ rec.eptor farr,ily member 

ENSG00000155393 #NIA #NIA #NIA -i 35 #NIA HEAT repeat conta•n•ng 3 

ENSG-OOGOV1DS106 #N/A #N!A #NfA -i.35 #N/A ubiqur!.a1-ccn1ugnting enzyme E2S 

ENSGOOOG0174547 #NIA #WA #Ni.A. -1.35 #NIA m:toc..'londnaf .ibosomal prote;n L 11 

ENSG0000014486i #NIA #NiA #N!A -1 35 #NJA sigra: rec•)gnition pariic:e receptor. B sub~mit 

ENSG0000\1184207 #N/A #N!A #NIA -i.35 #NiA phosphoglyco!ate phosphatase 

ENSGOOOGC:130638 #N/A #NIA #N.IA -1 35 #N/A ataxin 10 

ENSGOOOCDOD'lOS-4 #N/A #N!A #-NIA -'l .35 #NiA glutsmstc-qstelne ligase. cati:yfa; suburnl 

ENSGOOOGD228875 #WA #NfA #N!P.. -1.35 #N!A wsein Kinase 2, beta polypeptide 

ENSGOOOG01043t-1 #NIA. #NIA #N/A -1.35 #N/A !ysosoma!prote;ntransmembrane4beta 

ENSGOODCD117419 #NiA #N!A #N!A -1.35 #N/A ER:1 exoribonuclessefamifymember3 

ENSGOOOG01B4231 #NIA #N!A #NIA. -i _35 #NIA tumor suppressing subtransfHab!e candidate 
4 

ENSGOQOG0173145 #NIA #N!A #N!A -1 36 #NlA NOC3-:iY.eDNArep!.cakmregu!ator 

ENSGOOQC0073.060 #N.IA #N!A #NIA -!.36 #N!A scavenge1· receptor c!ass 8, member 1 
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FIGURE 1M 

ENSGGOC00'1714?5 #NIA #N!A 

ENSGGCG00:274233 #NIA #N!A 

ENSGODOOO~ 63565 #N!A #NfA 

ENSGCGC00:155926 #NfA #N!A 

ENSGGOGOG138172 #N!A #NIA 

ENSGCGC00171724 #NfA #NIA 

ENSGGOCOO~ 97063 #NIA #N!A 

#NIA 2.55 #N/A chemokine (C-C motif} :igar.d 5 

#NiA 2 54 #N!A inte:iernn. gamma-indudble protein i6 

#N!/l. 2.54 #NJA Src-i•k&-8doptor 

#NIA 2.53 #N/A ca:c1t.tm homeostasis rno<lulator 2 

#N!!}. 2.53 #NtA v.esicie amine transport i-like 

253 
i _

54 
v-maf □vfan musc;..iloapcne,xot;c 
f;bros£'!rc:oma oncogene hcimotog G 

ENSGOD00017i860 #N/A #N!A #N.1/1,, 2.52 #N/A complement a:mponent 3a receptor 1 

ENSGGOOOOi08771 #N!A #NIA 

ENSGOD0001.37815 #NiA #NIA 

ENSGGDG00103111 #NIA #N/A 

ENSGOOQ00217555 #NlA #NIA 

ENSGOOOD0139060 #NIA #N/A 

ENSGG0000165233 #N!A #NIA 

ENSGQ0000278550 #NfA #N!A 

#NIA 

#NiA 

2.52 #N/A DEXH iAsp-G!v-X-His) tcx polypeptide 58 

2
_
52 1

.
82 

RTF1 homo!cs, Pafi/RNA polymerase i! 
ccmp!ex componen! 

2 5·! #N!A chemokine-!lke fac!cr 

#NIA 2.49 ':.05 Hi hist,:me family, member D 

#NIA 2.48 ~ 71 chrorr.csome 9 aper. readITTg frame 89 

2
_
48 

#WA sc:ute ,;arrier family 43 {arr-iro <Kid system L 
tmnspcrte.rj, member 2 

ENSGGOCD0076053 #NtA #Ni A #NJA 2.47 #NIA RNA bindong mollf o•oteln 7 

ENSGGOGOG138646 #N!A #NIA #N!A 2.47 
#WA H~CT o.nd RLD domain cor.laining: E3 

· ubiquihn protein !•gase 5 

ENSGGDQOG234545 #N.!A #NIA #NiA 2 44 2 26 :mi!y witti sequence s:rrn!arity 133. m,;mber 

ENSGCGCD0135318 #N/A -#N:'A #N.tP. 2.44 #N1A 5'-nudeof.dase, ectc, (CD73} 

ENSGOGOOOi.41027 #NIA #NIA #NIA 2.44 #N/A 11uci,:,3r receptor compressor ! 

ENSGCGCD0104081 #NfA #N!A #N!P. 2.43 #NIA Bd2 moc:if:,.ting facto:-

ENSGGCGD0139289 #NIA #N!A #NiA 2
.
42 

#N/A p~kstrill Mmolcgy~Jike <:icmain, fam;ly A 
member 1 

ENSGGCQOG270898 #N!A #NIA #NIA 2 42 ~ 57 GPR75-ASB3 readthrough 

ENSGQ0000B806·! #NIA #N!A 

ENSGGOG00007944 #NIA #N!A 

ENSGODC00~6785i #N:A #N!A 

2.42 3..33 cyt.ochm:11e P45D, fam!!y 1, subfam!:y B, 
po~jpeptide 1 

#NIA L.4i #N/A myos'.r. rng:Jlatory light cha!i\ interacting 
prctetn 

#N!P.. 2.41 #N.1A CD30Da molecul;a 

ENSGOOOD0173193 #NfA #N!A #NIA 2.4i #NIA ;:!y{ADP-ribose) po~;mer;;,se family, member 

ENSGGOOOOi07201 #N!A #NIA 

ENSGODOD00009JS #N/A #NIA 

ENSGOOOD01256?6 #NIA #N!A 

ENSGGOGOO~ 23384 #N!A #NIA 

ENSGODCD01.32530 #N!A #N.!A 

ENSG00000142089: #NIA #N!A 

ENSGODQOOi 58373 #N!A #NIA 

ENSGCDCD0111424 #NfA #NiA 

ENSGODC00138177 #NIA #N!A 

ENSGOD00G196968 #N!A #NIA 

#NIA 2.40 #N/A DEAD tAsµ-G!;s..Aia-AspJ box polypeptide 5B 

2.3g #WA FGR ;::roto-0nc.cgene, Srcfami!ytyrosine 
k!f)3Se 

#NIA 2.39 1.80 THO compiex 2 

#NIA 

#N!A 

#NIA 

#NIA 

#NIA 

2 38 
#N/A !ow d~ns1ty hpoprolein reC€ptor-.e!ated 

prdetn1 

2.38 #N/A .X!AP associated factor i 

2 36 #N!A hfsfone cluster 1, H2bd 

2
_
36 

#N/A vitamin D (1,25-dihydroxy,'llarnm D3) 
receptor 

2.35 #N.IA zinc finger CCCH-type containing 6 

2 34 itWA fucosyttra11sfercs>1 i1 (.a:pha (1,3) 
· · fucosyltransferns>1) 

ENSGOD000139168 #NfA #N/A #N!A. 2.33 1_71 ~me finger CCHC-type and RNA bincting motif 

ENSGOD000272886 #N!A #NIA #NIA 2.33 #NIA deciJppi11g mRNA iA 

ENSGQ0000258472 if.NIA #NiA #NJ.A. 2.33 #N/A Unctiarac.tHized protein 

ENSGODCD017!9S2 #NfA #N!A #NIA 2.33 #NIA synaptcpodin 

ENSGG0000~62599 #NJA #NIA #NIA 2.33 #N/A nuc!€'3•factor !!A 

protein ~,rnsme phosphatase. receptor type, f 
ENSGGOOD0143847 #N/A #N/A #N!A 2.33 #NIA po~,;pep:Jde (PTPRF;, intef3ct•ng protein 

(lipnr.), alpha 4 
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ENSGOOOOC272J25 

ENSGOOOGD096384 

#NlA #N!A #N!P.. _ t _36 #N/A nudix \n..id~°!icte dlphosphate linked moiety 
X)-type mchi o 

ENSGO0Q0G2697i3 #N.tA #NIA #NiA -'l.36 #NIA neurob!astoma breakpoint family, memter 9 

ENSGOOOG0213339 #N/A #NIA #N!A -1 36 #NlA queuine tRN/l.-ribosyttransferase 1 

ENSGOOOCD145220 #N.tA #N!A #NfA -1.37 #NIA Ly1 anl1bodyreadlve 

ENSGOOOGOC0674-1 :ft.NIA #N!A #NiA. -i.37 #N!A elaCrlbonuc!easeZ2 

!ntsgnn, atpha L {antigsfl CD11A (p180), 
ENSGOOOOD005~4 t:N.iA #N!A #NIA -1.37 #N:'A !ymphoqite funchon-as.wc1ated antigen 1: 

alpha po!ypeptide/ 

ENSGOOOGOG50393 #NIA #NIA 

ENSGOODOD1651.38 #N'A #N.tA 

ENSGOOOGD105447 #NIA #N/A 

ENSGOOGGG185198 #NIA #NIA 

ENSG00000135002 #NIA #N/A 

#N!A 

#NIA 

#Ni.A 

#N!A 

#NIA 

-1 3? #NfA m•tochondrial calcium umporter regu!.stor 1 

_
1
.37 #N:'A ankyr~_repe.at and steri!e alpha motif <lcmain 

oc-ntmnmg6 

-1 .37 #NIA gltitarnate-rich WD repeat contmrnr.g 1 

-1 38 #NIA protease, seN1e. 57 

-':.38 #N!A ribc,f!avin kinase 

ENSGOOOGOG68383 #NIA #NIA #N!A -~ 38 #N/A inositol polyphosphate-5-p!.osphatase, 4G-i:a 

ENSGOOOOo149557 #NIA. #NfA #N!A -~.38 #NIA fu3dcu!atior. and e!,Jngat:on protein zeta i 
(zygin :) 

ENSGOOOG0235569 #NIA #NIA #NIA -':.36 #N!A mutSncmologS 

ENSGOOOGG124587 #N/A #NIA #N!A .1 38 #NIA peroxlsoma! b;ogenesis factor 6 

ENSGOOOG0005379 #NIA #NIA #N!A -1 38 #NIA 
benzodiazep!ne receptor {peiiphera!) 
a~sodated protein 1 

ENSG00000144381 #N.IA #NIA #NIA -L38 #N!A heat shock fiDkDa protein 1 {chaperonin) 

ENSGOOOG011G619 #N/A #N!A #N!A -1 38 #NIA cys!em:MRNA synthetase 

ENSG00000146433 #N.IA #N!A #NIA -'!.39 #N!A t:ansmembrane protein 131 

ENSGOQOGCG74071 #NlA #N!A #N!.A. -139 #N.1A m:toc..-.ondna!nbosomalproteinS3..1 

ENSGOOOGC124S62 #NIA #NIA #N.1A -~ 39 #NIA sma!!nucieanibor.udeoproieinoo!ypepttdeG 

ENSG00000100401 #NI.A. #N!A #N!A -~.39 #NIA Ran GT?ase activating protein i 

ribosomal RN.I\ proc.ess;ng 9_ small ;,uburlt 
ENSGOOOGC114767 #NlA #N/A #N!.A. -139 #WA (SSU_iprocessomecomponent,homolog 

(yeast,i 

ENSGOOOOD155229 #NiA #N!A #NIA -1.39 #N.IA MMS19,nomo1og., cytoso:ic iron-s~.!lfur 
assemn:y component 

ENSG00000228300 #NIA #N!A #NIA -'l.39 #N:'A chn)m:::3ome 19 open readi11g frame 24 

ENSGOOOG0122025 #NlA #NIA #N!A -1 39 #NfA frns-related ~;msir.e kinase 3 

ENSGOOOOD140750 "#WA #N.1A #NIA -1.39 #N:'A Rho GTPase activaling prctefn i7 

ENSGOOD00047188 #NIA #NiA #NIA -'l.39 #NiA YTH domain containing 2 

ENSGOOOG0176022 #N/A #NIA #WA -1 39 #N/A UDP-Gol:beiaGalbeta 1,3-
galactosyttransfemse pctypept1de 6 

ENSGOODOD164i64 #N1A #N.!A #NIA -t40 #N/A OTU deubiquitinase4 

ENSGOOOG012i7i6 #NIA #N!A #NIA -1 .40 #N!A pmre<l iml"nunog:cbln-!ike type 2 receptor beta 

ENSGOOOOD11i666 #NiA #NIA #N!A -140 #NIA chclir,ephosphotransferase 1 

ENSGOOGCG113013 #N.'A #N!A #-NiA -'l .40 #N/A heat shock 70kDa pmtein 9 \morta!m] 

ENSGOOOG0"!.36261 #NIA #N!A #NIA, -1 .40 #N!A basic !euclne zipper and '././2 domair.s 2 

ENSGOOOOD1062-11 #NJA #NIA #N.IA -140 #NIA heatshock27;{0aprot.::ini 

ENSGOOQOD160208 #N.IA #N/A #NIA -1.40 #N.IA ribosomal RNA processing i8 

ENSGOOOGD204839 #NIA #NIA #NIA -t4Q #N!A maestro heat.J,;ke repeal foml!y memb,;;r 6 

ENSGOOOC:0179051 #N!A #Ni.A. #N!A -~ .4G #N.fA regu:.Stor oi crirom,)some cood0r.satior. 2 

ENSG00000163B11 #NIA #N!A #NIA -1.40 #NIA V\!Drepe.:.:tdorr,air.43 

ENSGOQOG007?232 #N/A #NIA #N!A _1 40 #N/A ~;aJ (Hsp40] hvmolog, subfarr.i1y C, member 

ENSGOOOG0163362 #NIA #N!A #NIA -':.41 #N!A chromosome 1 aper. reodmg frame 106 
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FIGURE 1N 

ENSGGOC00216490 #NfA #N!A #NIA 2.32 1.20 inteffer,)n, gar!'lrr.a-lnducib!e protein 30 

ENSGGC:000147894 #NiA #NfA #NfA 2.32 #N/A chrorncsome 9 open reeding frame 72 

ENSGODOOOi16017 #NfA #N!A #N!fi. 2.31 #N/A AT rich interactive domain 3A {BR:GHT-liM} 

ENSGGOG00145247 #N/A #N/A #NIA 

ENSGOOGOG151461 #N!A #N/A #NIA 

ENSGGD0001t5012 #N!A #NIA #NiA 

ENSGOD00023?727 #N/A #N!A 

2
_
30 

#NIA p[cckstrin homc:cgy doma.r. interacting 
protein 

230 
" i:;o UPF2 reguia:or of nonsense transcripts 
' ~v homo!og (yeast) 

2 29 #N.1A UM don.13~ co:1tr.:1r.ir.g preferred lr<e>ns!ocatmn 
partner H1 :ipcrna 

2.29 #N/A altograft inftammatcry factor 1 

ENSGC0000180573 #NfA #N!A #N!fl. 2.28 1.48 hist.one duster 1, H2s,:. 

ENSGGCGOG~86825 #N!A #NiA #NiA 2.28 #Ni A !ong :ntmqenic non~proteir. codir.Q RNA 910 

ENSGGOOOOit.3546 #NfA #N!A #Ni.A. 2.28 #N/A SiOG calcium binding protein A'S 

ENSGCGC00101384 #N!A #N!A 

ENSGGCG00271605 #N/A :#N!A 

ENSG00000127920 #NfA #N!A 

ENSGCDCDOt83486 #N!A #NIA 

ENSGOD000135185 #N!A #NIA 

ENSG00000130208 #N/A #N!A 

ENSGODC00'72831 #NIA #NiA 

ENSGC<:0001591'10 #NIA #NfA 

ENSGCIJCDO~ 97323 #NIA #N!A 

ENSGODODG~ 33354 #NIA #N/A 

ENSGGOQOO~t.5592 #N!A #NIA 

ENSGCOCDO~ 56603 #NIA #NIA 

ENSGQCGOG16!¾39 #N!A #NIA 

ENSGCGCDO 16580i #N!A #N'A 

#NIA 

#NtP. 

"ff.NIA 

#NlA. 

#NIA 

#NIA. 

#N!A 

2.28 #NJA jagged 1 

2.28 #N.IA m~st rnli immuncglobui!n-!ik~ receptcr 1 

227 
#N!A guan'.110 nuc.ieo!ide bindmg prote;n {G 

protemf, g£lmmfl 11 

2.27 #NIA MX dyr,amlfl-like GTPase 2 

2.26 1.53 t:-ansmembrane protein 243, mitoc.:-10:idr!al 

2.26 #N!A apoHpoprote-in C-! 

2.26 #N/A carb,)xy!esterase 2 

2.25 #N!A SON DNA binding prote;n 

2.24 ':.91 tripartite rnvtif containing 33 

,NIA 2.22 #NIA KIA!\2026 

#NJA 2 22 #N:'A ribos-)rr,al prctei11 L37 

#NJA 2.22 ': .55 med1a!or c,)mplex subllmt 19 

#NIA 2 2·! #N!A syndecsn 2 

2_21 #N'A Rho guarnne nuclwtide exchange factor 
' (GEF)40 

ENSGOOOD0t39266 #N/A #NIA #N!fl. 2.20 #N!A membrarie-associa:.edringfinger(C3HC4)9 

ENSGGOOOG'1:82B99 #NJA #NlA #NIA 2.20 ~ 64 nbosornsl protein L3Sa 

ENSGOOODOi47443 #N!A #N!A #N.1fa.. 2.20 #N/A docting p:-ote!n 2, 56KDs 

ENSGCOCD010 !966 #N/A #N!A #NIA 2.19 
~ 71 X-hrtked inhibitor cf apoptosis, E3 ub1qu1tir; 
• · • protein l!gase 

ENSGG0000168209 #N!A #NIA #NiA 2.19 #N/A DNA-damage-:ndudble transcript 4 

ENSGCDOOO 126759 #NIA #N!A #N/P.. 2.18 #N/A wmplernent factor properd:ri 

ENSGGCGOG196199 #NIA #N/A #NIA 2.18 1.60 M-phase phosphoprotein S 

ENSGOOOD01640% #N/A #N!A #N!A. 2.18 #N/A chmmv-sorne 4 oper. reading frame 3 

ENSGOD000165355 #N.'A #N!A #NIA 2.17 #NIA F--box prctein 33 

ENSG00000166482 #NIA #NiA #NlA. 2.17 #N!A microfibriftar-~ssociatedproteln4 

ENSGGOG00188157 #NIA #N/A 

ENSGOOQOG204130 #N!A #NIA 

ENSGCOCD017895 i #NIA #N!A 

ENSGGCG00058272 #N!A #NIA 

ENSGOV000275342 #NfA #NiA 

ENSGGDC00205758 #NIA #N/A 

ENSGGOG0009933? #N!A #NIA 

ENSGOC00Gi60602 #N/A #NIA 

ENSCOVOOO 174938 #NtA #N!A 

ENSGGOGDCVi044i9 #N!A #N/A 

ENSGCDC00229314 #N!A #N_!A 

#N/A 2.16 #NIA agiin 

#NJA 2 16 #N!A RUN ard FYVE domain :::onta!nin>J 2 

#NJ/l. 2.15 L24 zinc finger and 8TB domain COfitaining ?A 

#N!A 2_15 -#N/A ~;~€tn phosphatase 1, regulatory suburnt 

#Nrfo. 2.15 1.14 Tyrosine-protBir. kir.ase SgK223 

#NIA 2.14 #N!A crystalhn, zeta (qlilrione 1U-Oucbse;-::~e ~ 

#NIA 2.14 
, 

6
,.. poiass;um char.ri~t, twc pore domarn 

' .., subfamily K, rnemtier 5 

#NiA 2 13 #NlA Nif>/lA-re:sted k!fiasc 8 

#N!P., 2. 13 #NIA seirnre related 6 homotog (rncuse.J-lii,;:e 2 

#N!A 2.13 #Nill. N-myc downstmom regulated 1 

2.13 #N.1A orcsomucoJd 1 
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ENSGOOOG{:-184110 #NIA #NIA #NIA -t41 #NIA eu\(aryot~transk,tioni!"litiat:onfador3. 
subunit C 

ENSGOQOGG170i.t!4 #N/A #NfA #N!/l. •• 4'! #N.'A heterogcneousnuclearnbvnucleoproteir:A3 

ENSGOOGCD169714 #N.IA #N!A #-NIA -1.41 #N/A CCH?-type :dr.c finger, r.:udcfc acid binding 
protem 

ENSGOOOC0159683 #NIA #N/A #NIA -':A 1 #N!A f>}llcine ridi rep>}at wnta!Pir,g 45 

ENSGOOOG0188807 #WA #N/A #N!.A. -1 41 #N!A transmernbrar.e protein 201 

ENSGOOOGC181666 #NIA #NfA #N!A .1 41 #NIA HKRJ, GU-K;upp€! zinc f1ngerfam!!y m~mber 

ENSGOOG00105281 #NiA #N.!A #NIA _1.41 #N:'A so:ute carrierfami:11 {fiB•Jtra: ammo actd 
t.ansporte<}, rnemte:- 5 

ENSGOOOCIJ184220 #NIA #NIA #NIA •1.41 #N!A ~ms1 ribosomal small subunit hcrno!og 
i,yeJSt) 

ENSGOOOGCi-48362 #NJA #NiA #N!P.. -1 41 #N.'A chmmosome 9 open reaclmg frmrw 142 

ENSGOOOG019878Q #NIA #N!A #N!A _1 42 #N/A mitochonchially encoded NADH 
· dehyd1ugenase 5 

ENSGOOOCD14S824 #N.IA #N!A #NfA -L42 #N/A mltochondriai ribosome-associated GTPase 1 

ENSGOOOG0152620 #NIA #N!A #NiA. -1.42 #N.'A NAD i<fnas.::: 2_ mitochond1ial 

ENSGOOOOOi?SeS! #NIA #NfJ:.. #N!A _1 .42 #N/A GRB2-bindirg udaptor protein. 
t:-ansmembrane 

ENSGOOOCD131?/B #N/A #N!A #NlA _1.42 #N/A ~::;:r:cdomam heHcase DNAbiMir.g protein 

ENSGOOOOIJ158715 #NIA #N!A #NfA -~.43 #N!A sc!ute car.ier fami!y45, member 3 

ENSG00000140691 #NIA #N!A. #N!A .1.44 #N/A armadi!torepeatcomalning5 

ENSGOOOGD058654 #NIA #NIA #NiA. -i.44 #NlA polyrnerase\RNA}lpo!ypeptideA 194kDa 

ENSGOOOQ018~029 #N.!A #Nf,',.. #N!A -~_/4,t #N/A traffkkirig pr,)tG:r, part1C!-G c:::mplex 5 

ENSGOOOCIJC7 4582 #NIA #N!A #NIA .':_44 #N!A BC1 (u~1q~inoh;yto;;hrcme c reductase/ 
synthesis-!:ke 

ENSGOOOOD120053 #NIA #N!A #NIA -i.44 #N!A glui:am!c-oxabolcet!ctmnsaminase 1_ soid::!e 

ENSGOOOGC10~255 #NIA #WA #NiA -1 45 #NIA tribb!es pseud,)kinase 3 

ENSGOOOC01D8963 #NIA #N!A #NIA -1.45 #N!A d1phtharn1debiosynthes1s1 

ENSGOOOOC198868 #NIA #NIA #N!A _, 45 #NIA MT-ND4 

ENSGOOGCD101444 #N.IA #N!A #WA -'!.45 #NlA adenos:i,~hcmocysteiM$t-

ENSGOOOC0140743 #NIA #NIA #NIA -':.45 #NlA ~~;6:!!ardegener~iion-retated prctem 2. 

ENSGOOOG0142686 #N/A #NIA #N!A -~ 45 #N/A chromosome 1 oper, reading frame 216 

ENSG0000021 4753 #N.iA #N.!A #NIA -t45 #N/A ::1e~ogens:J0us nuG!em fib<.Jnuci:eopw!ein U-

ENSGOOOC01D4B35 #NIA #N/A #NIA -i.45 #N!A ser>1-tRNAsynthetase2,rnitochondrla! 

ENSGOOOGC:167685 #N/A #N/A #N/A -145 #N/A zincfingerprotein444 

ENSG-OOOOD19S945 #N/A #N/A #WA -1.45 #N/A !{3)mbt-!lke 3 {Omsoplli!a_: 

ENSGOOOOCi.30713 #NIA #NiA #N!P.. -1.46 #N.'A ex0some comy◊nent2 

ENSGOOOOD0098.30 #N?A #N!A #NIA -L46 #N/A protein-O-msnr.0syltrar.sferase 2 

ENSGOOOOD149iSO #NIA #N!A #Ni A. . i,46 #N!A s.c:ute ,)ar.-iBr fami!y 43 {arr.ire ad<l system L 
transporler), member 1 

ENSGOOOOG084774 #NIA #N!J:.. #N!A _1_46 #NIA carbilmc)'l-phosphate ~y:thetase 2. asprbte 
U"at1s:::ilrbamy.ase, am:: dd1ydroorolase 

ENSGOOOG0270629 #NlA #N!A #N!A. -1 46 #N!A neurobbsfoma breaiqx,int fami!y, member 14 

ENSGOOOQC205560 #NIA #NlA #N.'A -~ 46 #NIA cami:1ne pahwtoylfrnr.sferase 1B {11msde:: 

ENSGOOGC0148843 #NIA #N!A #NJ.A -'l.46 #N!A programmed ,:;:elt d>::ath 1'! 

ENSGOOOGC178718 #N/A #N/A #N!A ~1 46 #N/A ribonuc!eas~ P/MRP25kDa subunit 

ENSGOOOCD130826 #N.IA #N!A #NIA -'l.46 #NiA dyskeratcsis cong.:::n:!a 1, dyskenn 

ENSGOOOGD132361 "ff.NIA #NIA #Ni.A. -1.46 #N!A clusterodmitochondrial_duAfGLU'li!-iorr:o:og 

ENSGOOOG02·14160 #N/A #N/A #N!A -1 46 #N/A ALG3. alpha--l,3- mannosyitr.msferase 

ENSGOOOOC128973 #NIA #WA #N!A -~ 47 #NIA ~:~:~:lipofuscinosis, nBuror,al 6, !ate infJ:1ti!e, 

ENSGOOOOV214706 #N/A #N!A #NIA -1.47 #N/A interieron-reiateddeveiopmenta!regulat:::r2. 

ENSGOOOGC137168 #N/A #N/A #N!A -1 47 #N.'A pepMy!proly! isomerase fcyc:cph1!•n~-~ke i 

ENSGOOOOD125257 #N.1A #N.JA #NIA -LA"? #N:'A ~-TP•bi~ding c::issette. sub-family C 
tCFTR,MRP). member 4 
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2.12 #NH, solute carr!cdam!'.y 2 {faditaled g!ucos<:• 
transporter). memce, 3 

ENSGG0000~39278 #N:'A #N!A #NIA 2.11 #NlA GU pathOgenes•s-re:ated J 

ENSGCG000~5?350 #N!A #N!A 

ENSGGOC:00~462:'8 #NtA #N/A #NIA 

ENSGGCOOO~ 19004 #N!A #NIA #NiA 

2_ 10 #N.1A ST3 beta-galactos1de a!pha-2_3-
sialy:transforase 2 

2.10 #NIA prol~1e-rich nudear receptor coact•vator ·! 

2 10 *NIA cytxhmme ?450, farni:y 20. subfarni:y A, 
· ' po~pepiidc 1 

ENSGODCD0l21281 #NfA #N!A #N!P. 2.09 #N..'A adeny:a:e cyclase 7 

ENSGGDG00245209 #NIA #N/A #NIA 2.0B #N!A P.P0010D7.1 

ENSGG0000204054 #NfA #NiA #NJ.A. 2.08 3.38 tong intergernc non-protein codir.g RNA 963 

ENSGCDC00166595 #NfA #N!A #N!P. 2.08 1.08 famH:.;withsequence s>ml!anty 96. merr.bGr S 

ENSGGDG00~606i3 #N/A #NiA #NIA 2.07 #N.IA pmpmt<?m c.cnvertase sutiti!is;r./kextn t-;pe 7 

ENSGG0000103-248 #NfA #N!A #Ni.A. 2_,J7 #N/A rneth~~y!tetrahydrntotate synthetase ctc1r.a1r· 
CCf!lmnmg 

ENSGCGC00162645 #N.!A #N!A #N!P. 2.06 #N/A f~::~~~:e binding protein 2, ir.terteror.-

ENSGGOC00135218 #NfA #N!A #NIA 2.05 #NIA CD36 molecule (thrombosp:::ndin rn:ceptor) 

ENSGOOC00120688 #NfA #N.1A #NJ.A. 2.05 2.08 WW dom:lm bmcmg protein 4 

ENSGGOC00059728 #N!A #N!A #N!A 2.05 #NIA M.AX <lime1izatior. prntefn 1 

ENSGOOOOOi%227 #N!A #NfA #NIA 205 #NlA :mi!ywitnsequences:mdanty217,mcmber 

ENSGCD000198863 #N/A #NIA #N!f.. 2.05 #N!A RUN domah1 containing 1 

ENSGCDOD0-136826 #N!A #N!A #N!A 2.05 #NIA Kmppe!-like foclor ~ (gut) 

ENSG00000233927 #N/A #1-lfA #NIA 2,}4 #NlA ribc,s,Jrr,al protein S28 

ENSGOGC00179085 #N!A #N!A #N!P. 2.04 2.39 
do!tcf;yl-phosphate mannosyttransferose 

po~r-peptide 3 

ENSGGDG00065989 #N!A #N!A #N/A 2.04 #N.IA phosphodiesterase 4 . .rl,, cAMP-spe.clfic 

ENSGQ0000129667 #N/A #N!A #Nl.A. 2.03 #N!A rhcmbo!d-5 hcrnolog 2 {OrcsophHa_) 

ENSGGDC00115977 #N,'A #N!A #NIA 2.03 #NIA !ectin, galactos.de-binding, so!ub!e. 8 

ENSGGOGOG242711 #NIA #N!A -#N/A 

ENSGOOQOQ13563? #N!A #NIA #NIA 

ENSGOD000~86162 #NiA #NiA #NIP.. 

ENSGGDC00197956 #NIA #NIA #NIA 

ENSG00000273686 #N!A #N!A #NJA. 

ENSGCDOOO~ 63536 #NIA #N!A #NIA 

ENSGGDGOG1 rn667 #NIA #NiA #NIA 

ENSGODC0016322i #NIA #NIA #N.iP.. 

ENSGGOCD0235309 #NIA #NIA #NIA 

ENSGGCOOG163644 #NIA #NiA #NIA 

ENSGG0000101336 #NfA #N!A 

2.02 #NIA pmteasome {pwsorne, macro.pain) subunit, 
· betai;'f)e, 9 

2 1ll 2 03 cci!ed-coi! dorna,r: contairnng 142 

2.01 

2.00 

200 

2.00 

2.00 

2.00 

1.99 

1.99 

#N.'A ¼l! death-inducing DFFA-!ike effector c 
pseudogene 

i .50 S100 cal.;ium bir,d;r:g prctmn A6 

~ .53 beta-2-m1Cr0>J!obutin 

'N" seom peot!dase lr.hibttcr, c!acte I 
# ,p. {r:eur.)serpin}, merr,be:-- ·! 

#N/A chromosome 1 oper. rwdmg frame 2i 

#NiA S10Gcalc:iurn bmd<ng protem A12 

#N!A ma:jor histocompatibility complex, class !, J 
(pseudogene) 

1 18 
~;tctn phosphatase, Mg2+/Mn2+ cteprmdent, 

1_
98 

#N!A ~CKproto-0nc.cgene, Srcfarni!~·tyrns1ne 
ktnasc 

ENSGCGCD0130813 #NfA #N!A #N!P. 1.98 #N.'A chmmvsome 19 open reading frame 66 

ENSGGCGOG140948 #N/A #NfA #N/A 

ENSG00000172809 #NIA #N!A 

ENSGCDOD0167207 ti-NfA #NiA 

ENSGGOGOG131503 #NIA #N!A #NIA 

1.98 #N.IA zinc fingBr, CCHC domain containing 14 

1.97 ~.54 ribosomal prctein L38 

1.97 #NIA nucte~~de-b•nding cligcmerizatior. domaif1 
con!arnmg 2 

1.97 #N/A onkyrin repeat ami KH domain cc-ntain!flg 1 

ENSGCD000136770 #NfA #N/A #Nifo.. 1_97 t-43 ~naJ\Hsp4GJ hcmolog, subfamily C, member 

ENSGCDCD0167604 ti-NtA #NiA .1 .97 #N.fA mic:ear fa~tor of ~a~o_a _:ight ooi~ep!ide g.:me 
enhancer in 8-ce:ls a•nc,!or, de:ra 

ENSGGCG00170801 #N/A #N!A #NiA 1.96 #N.IA HtrAserinepeptidose3 

ENSG00000131067 #NfA #NiA #NJ.A. 1.96 #N/A gammo-glutamy!transferase 7 

ENSGGDC00~1 !981 #WA #N/A #NJA 1.95 #NIA UL1fi binding protem 1 

ENSGOC000196576 #N!A #NJ.A #NIA 1 94 #N!A p~.".<!!1 B2 
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ENSGOOOGOCB2516 :#NIA #N!A #NiA -i .47 #N!A gem (11ud~ar org-::m~::-Hc) asscda!ed pro!e!l'I 5 

ENSGOOOGG13G726 #N/A #NIA #N!/.1. -1 4! #NfA tnpaftlte motif ccntalnlng 28 

ENSG0000012.35E.S #N.1A #N!A #WA -~ 48 #NIA NADH dehydrogenase (ub1qutnone} ccmplex 
·· · !, assernb!yfactor 4 

ENSGOOOG013552·1 #NIA #N/A #NIA. -i .48 #N!A L TVi ribosome biogenesis factor 

ENSGOOOQ02150l1 #NIA #NfA #N!A -i 48 #NIA neurol<zed E3 ubiqurt◄ r. protein !1gow 4 

ENSGOOOCDC65150 #N.'A #NIA 

ENSGOOOG0143"43 i/N/A #NlA 

ENSG00000134905 #NIA #Nil> 

ENSGOOOCD185504 #N.'A #NIA 

ENSGOOOGC11009-0 #N/A #NiA 

#N.fA 

#Ni/>. 

#N!A 

#NIA 

#N!P.. 

-'l.48 #N/A imy,xtir. 5 

-1 48 #N!A tetr:1tricapepfa::le repeat domawt 13 

-~.48 #NlA ~y5teinyl~tRNA synthetase 2, mitochondria: 
tPl!tatveJ 

~'L4B #N/A Fan~m aMmia core ccmp!ex a55ociated 
prctem 100 

-1.49 #N.'A camffine pa!m:to~ltransferase 1A \:iver; 

ENSG00000196535 #NIA. #N!A #N!A -~.49 #N/A myos;nXW/A 

ENSGOODOD144136 #'N.IA #NIA #NIA 

ENSGOOOGOi2454i #NIA #N!A #Ni.A 

ENSGOOOC:0075407 #NIA #N!A. #N!A 

ENSG00000241978 #NIA #N!A #Ni.A 

ENSGOOOQ0142185 #NIA #NfA #N.IA 

ENSG000002736•5 #N,A #NIA #NIA 

ENSGOOD00100219 #NIA #N!A #NIA 

ENSGOOOQC112159 #NiA #NiA #N!A 

-'!.4
9 1 19 

so:ute carrier family 20 (;Jhosphate 
transpcrter), member 1 

-i-49 #N!A ribosomal RN.£\ prOCBssing 36 

-~ .49 #N!A zinc finger prote~1 37.A. 

-i .49 #N/A A kir:cise {PRK4} and1.or prote;n 2 

_1 49 
#NIA transier:treceptor potential cation channel, 

subfaM1!y t,'L member 2 

_150 #WA kekh_r~peatandBTBtPOZ)<lomafn 
· · · · contammg "i 1 

-1.50 #NlA X-box binding protem 1 

-i 50 #NIA m•dasin AAA. ATPase ·f 

ENSGOOOCG17S921 #N.'A #N!A #NfA -'l.50 -#N/A phosphoribosy!fo•m:;1g!ycinarr:v.J.ne syntnase 

ENSGOOOG0108179 #N/A #N!A #Nt/J.. -~ .50 #N.'A peptidy!prciy! isomBffiS8 F 

ENSG0000019715Q #NIA #N.!A. #N!A -1 5G #N/A .A.TP-bir:ding Cciss~tte. svb-famtly 8 
(MDRiTAP,i, memoer 8 

ENSGOOOCD106105 #NIA #N!A #NIA -':.50 #NlA g~/C'>~-tRNAsynthetase 

ENSGOOOG0185238 #N/A #N!A #Nt/J.. -t5-0 #N.'A proleinnrgintnemethyltrar.sferaseJ 

ENSGOODOOQ85511 #NIA #NIA #NIA _1 51 #NIA !~•toge-n-aclivated protem l@cise kinase 
kinase 4 

ENSG-OOGCD163393 #N.IA #N!A #NIA -'L5i #N/A sc-:ute carrierfamily 22. member 15 

ENSGOOOG0149136 #NIA #N!A #Ni.A. -1.51 #N/A struc!urn speclfic recogniUon protein 1 

ENSGOOOQ0112578 #N./A #N!A #N!A _,:_5·1 #NIA bys.tir-i;Ke 

ENSGOOOCD2740tg #NIA #NiA #NIA -':.52 #N!A :::nr,atoger,ssts and centnote associated 1-

ENSGOOOGDi.32305 #NIA #NfA #Ni/J.. -1.52 #N/A innermernbraMprot;!n, rnitochcr.drial 

ENSG-OOOC'D116922 #'N.IA #N/A #NIA -! .52 #N/A chromosome 1 oper. readmg frame 109 

ENSGOOGOD154934 #NIA #N!A #Ni/I.. -i.52 #NlA 0081 and CUL.-! asscdafed factor i3 

ENSGOOOGC071655 #N/A #N.1A #N!A -1 52 #N/A m~tny:-CpG binding domair. protein 3 

ENSGOOOG0165209 #NIA. #N!A #N!A -1.52 #N/A spermi:iiidpeiinudearRNAbindtt'igprotein 

ENSGOODCD157962 #NIA #N!A #NIA -':.53 #N!A ztndinger protem 598 

ENSGOOOG0179271 #N/A #NfA #N!.A. _ 1 _53 #N.'A growth ~rrest a~d DNA-Gamage-inducible, 
gamma int;ractmg pmte:n 1 

ENSGOOOG0268000 #NIA. #N!A. #NfA -i.53 #N!A PTOV1 ;:1ntlsem,e RNA 1 

ENSGOOOCD185760 #NIA #NiA #NIA -':.54 #NlA pot~ss•~'.rn char,nei, voftage gated KOT-like 
subramH)' Q, member 5 

ENSGOOOG0230606 #NIA #NiA #NiA -1 54 #N!A AC159540.1 

ENSGOOOOD247077 #N.iA #N!A #NIA -t54 #N/A phosp.hog!,cerate mutase fomHy member 5 

ENSGOOQC0197728 #NIA #N!A #N/A -':.54 #NiA nbosoma: protein S26 

ENSGOOOODi40263 #N/A #N!A #Nt/J.. -1.54 #N.'A scrbitol dehydrogenase 

ENSG0000017~262 #NIA #NiA. #N!A -i.55 #NIA famdy wit'l sequence s;mi!arity93. membe; B 

ENSGOOOC0277804 #NIA #N/A #N/A -':.55 #NlA prcteinase 3 

ENSGOOOOD198727 #NIA #NlA #N.1A -i 55 #NIA m•tocl'!of1driallyencoded01ochro!Tleb 
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FIGURE 1P 

ENSGGOCOG0/355'14 tiNfA #WA 

ENSGGC000! 14023 #N!A #NfA 

ENSGGC000197903 #NIA #NiA 

ENSGGOCOG053254 #N!A #N!A 

ENSGGC000106L179 #NfA #N!A 

ENSGGDODOn!469 #N!A #N!A 

ENSGGOC00-t4818G #N/A #N!A 

ENSGG0000"176?8e #NJA #NfA 

ENSGG00:00i 12343 #NIA #N!A 

ENSGGOCD023474i #NIA #N!A 

ENSGGOGCOi 25657 #NiA #NIA 

ENSGOD000051523 #NIA #N!A 

ENSGGOC:00197879 #NIA #N!A 

ENSGGD000257529 #NJA #NiA 

#NIA i.93 
#Nft\ paired im:m.ir,ogiob;n-~~e iypl} 2 receptor 

atpha 

#NiA 1.93 #N:'A zml!y With sequence simi!arit,i 162, member 

#NIA 

1.92 1.45 htStonecluster1,H2bk 

·1.92 #NIA fcrkhec:i::I bc,x N3 

1.92 #N;'A zir,c finger prntefn 862 

i.92 !.75 ritosom;;,i prvtem L27 

i .92 #N!A ge!sc!in 

i 
91 1 39 

brair: _abundant, membrane attached signai 
prctetn 1 

#NIA. 1.9i #N!A tripartite mchfoon!:ail1ing 38 

#NIA 1.91 #NIA growth mrest-speciftc. 5 {non-protein coding) 

#N!f.. 1.90 #N/A cytcchrcme b-245. alpha polypeptide 

#Nt'A ·!.90 #N/A myosir. !C 

#NiA 1 89 #WA RPL36A-HNRNPH2 res,:it!1rough 

ENSGOD000110628 #N!A #N!A #N!f.. 1.39 #N/A solute ca1,1er fami!y 22. member 18 

ENSGGOCD0130303 #N!A #N!A #N!/l. 1.89 #NIA bon£- n;arrow stromal cell antigen 2 

ENSGGCGOGi 96369 #NIA #NfA -#NiA i.SB #N!A ~~!T-ROBO Rho GTPase activating protein 

ENSGC'V0:001561182 #NJA #N!A #NIA. i.38 1.43 ribosomal prctein L30 

ENSGG000007 l082 #NfA #N!A #NIA i .38 #NIA nbosomal protein U1 

ENSGG0000089335 #N!A #NIA #NIA 1 87 #NIA zircfinger prnteITT 302 

ENSGGOOD0060339 #N/A #NIA #NIA i.37 ':.65 ee!! dr;ision q1c!e and apoptosis re-guia!or I 

ENSGGOGOG115415 #N!A #NIA #NIA i _87 #N/A signal ~.-ansducer and activator of 
transcnpt•on i, S1:.£•s 

ENSGCD000122694 #N/A #N.IA #N!P.. 1.87 #NiA GU pathogenes1s-relaIBd 2 

ENSGGDCD0090863 #NfA #N!A #Ntti, 1.87 #NIA go!gi gfyccprote;n 1 

ENSGGOGCOi 15267 #N!A #NIA #NIA i .86 #N/A interferon w:duced wfih he!icase C domsir, 1 

ENSGCGCD0160445 #N!A #N!A #N!/l. 1.86 #N.'A zyg-ii re!sfed. oo!: cycle regulator 

ENSGGOGC0"196209 #N:'A #NIA #N!A i .86 #N/A signa!-regu!atoty protein beta 2 

ENSGCGCD0l25733 #NIA #N!A 

ENSGGOC00166913 #N!A #NIA #NiA 

ENSGGCGOG204164 #NIA #NIA #NIA 

ENSGG00:00114.d.80 #NfA #N!A 

1.85 "l.21 thyroid hormone receptor !nteracior ·io 

i.S5 #NIA t)'!Ustne 3-monooJ<y~en~se/trypt~phan 5-
monooxygenase aGll/at!Or. pmtcm. beta 

1.55 #NiA BMS1P5 

1.35 #N!A gfucan (1,4-a:pha-,l, branching enzyme 1 

ENSGCOC:00169925 #N!A #N!A #Ntfl. 1.34 #NIA bromodornain conta1n,ng 3 

ENSGGCDC0i52256 #NIA #NIA #NiA 1 84 #N!A py,1svate det"lydrogenase k•nase, !sozyme ~ 

ENSGGDCDO-t00918 #N!A #NfA #NIA i.84 #N/A RECS meiotic r-ecomb!nation protein 

ENSGG00:00130775 #NIA #NfA 1 _34 #N:'A thymocy~ selection associated famdy 
men<bert. 

ENSGCDC:00106404 #NfA #N!A #NIA 1.34 #NIA clzudir.15 

ENSGGOOOOi6846i #NJA #N/A #NiA i 63: #N:'A RA831, member RAS onccgene family 

ENSGG00:001.d.1506 #NIA #N!A 

ENSGCDC:00034713 #NIA #N!A 

ENSGGDQOQ002549 #N!A #NfA 

ENSGCVOD0120594 #N!A #N!A 

ENSGOCGOG"174?20 #N!A #N/A 

ENSGG00:00i39·!82 #NIA #N!A 

ENSGGOC:00068697 #NIA #N/A 

ENSGGOQOQ183401 #N!A #NfA 

#NI.A. 1_
83 

#N!A ~bosph,)inositide-3-kinase. regu!zt,xy subunit , 
#N!fl. 1.33 #NIA GABA(Mreceptor-associatedproielnHke2 

#NiA 1 83 #WA !euc.r.e am•nopeptidase 3 

#NtP., 1.83 #N/A pfexir, domain conta•:mg 2 

#NIA tS.3 i.74 ~a ribonuci.:oprote,n dcmain family, member 

#NIA 1.32 #NlA ca:syr,tenin 3 

#NIA 1.82 ~.21 !ysosoma! pmte,n lransmembrnfle 4 alpha 

#NJA 182 #N!A cci!ed-coi! d+)n;a1r. oontah1!ng ~59 
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ENSGOOOG01D99'!7 #NIA #N!A #Ni.A. -1.55 #NIA ZPR-t z;nG ~ngH 

ENSGOOOOC007392 #NlA #NfA #N!.A. -1.56 #N/A UJC7-!>ke 

ENSG00000130725 #NIA #NIA 

ENSGOOOGD·!12651 #N/A #N!A 

ENSGOOOGC165i97 #NIA. #NIA 

ENSG0000010856 I #NIA #N!A 

ENSGOOOG01D3876 #N/A #NIA 

#N!A 

#Ni.A. 

#WA 

#NIA 

#NIA. 

-1.56 #NIA ubiqui!.:n-ccnjuga:il1g enzyme E2M 

-1.56 #N/A rritoc.h,)ndnal fibosvmal profo:rt l2 

-1.56 #NIA m1cieoi;;}randcoi:ed-hody·phosphoprotem 1 

-': _515 #N:'A ~m~!ement ~mpcr,ent i. q subccrnpcr,ent 
bmdmg protein 

-i.SG #NlA '.umaryR:l:C8toacetaie hydrc!ase 
i,f>lmary!acetc:acetase) 

ENSGOOOG01736D5 #N/A #NfA #N.IA -156 #N/A G1Pbtfldingprote;n6{putathre) 

ENSGOOOG0162i29 #NIA. #NiA #N!A -~.56 #N.IA ClpB hcn:ok1g, mitochond1i::ii P..AA ATPase 
chapemrnn 

ENSGOOOGD224078 #NIA #NiA #NIA -'L57 #N!A sma!!nudeo!arRNAhostgere 14 

ENSGOQOG02C4316 #N/A #NIA #N.IA -1 57 #N/A m;tocnondriat ribosorrwJ protein L38 

ENSGOOOOD1468.30 #N.IA #N!A #NIA -L57 #N/A GRB10 ir:teractr.g GYF protein 1 

ENSGOOOG0255302 #NIA #N/A #NiA -1.57 #N!A EP300 !ntemctmg :r.h!bitor of differentiaticn 1 

ENSGOOOGC225950 #NIA #NfA #N!A .157 #NIA drrfererl!iak:11.antagorizingnor.-prc,tefn 
cod•ng RNA 

ENSGOOOOD14Sl03 #NiA #N!A #NIA -1.58 #N:'A ~Q motif contair,ir.9 GTPase activating protein 

ENSGOOOG0244165 #NIA #N:'A #NIA -1.58 #NIA ~~nnerg1c: receptcr P2Y. G-prote!n coupled, 

ENSGOOOOC132382 #NIA #NfA #N!P.. -1.59 #N.1A MYB binding protein (P160) '!a 

ENSGOOOG00:96063 #NIA #Nf.A. #N!A -1.59 #NIA SRSF protein kinase 1 

ENSGOOGGOi61547 #NIA #N!A #NIA -':.59 #NIA senne/arginln,rr1:::h sp!1,:mg fo:::tcr 2. 

ENSGOOOGC131828 #NIA #NfA #N!A -~.59 #NIA pymvatedehydrogenase{lipoamide)a!pha "! 

ENSGOOGG0142102 #NIA #NiA #NIA -':.59 #NIA ATH1, acid treh-a!ase-l•ke 1 (yeasiJ 

ENSGOOOG0196510 #NlA #NIA #N!A -1 59 #NlA anaphase promoting com~x subumt7 

ENSGOOOOC140006 #N.IA #N.1A 

ENSG00000155526 #NIA #N!A 

ENSGOOOG0184575 #NIA #NIA 

ENSG00000153010 #N.tA #NIA 

ENSGOOOG0117174 #NIA #NIA 

#NiA 

#NIA 

#N!A 

#NIA 

#N!A 

-! .59 #N:'A WO repeat domain 89 

-LE;G #NIA RN.~ ~~eudouridylale syr,fhase domain 
ccmairimg 4 

-1 60 #NIA e,oort,n, iRNA 

-"l.60 #N:'A py,roHne-5-carboxyia!e reductase 1 

-1 60 #N/A zindinger, Hff-type wntairnng 6 

ENSGOOOOD143.0S3 #N.IA #N!A #NIA -L61 #N/A shiafa-t interacting proteffl 1 

ENSGOOOC-0155846 #N.'A #N!A 

ENSG00000133095 #NIA #N!A 

ENSGOOOG0133265 #N/A #NIA 

ENSGOOOGC223705 #NIA #NIA 

ENSGOOOOO·l 26602 #NIA #NIA 

ENSGOOOG0123064 #NIA #NfA 

ENSGOOOOOC70061 #NIA #NIA 

#NfA 

#NIA 

#N!A 

#N!A 

#NIA 

#N!A 

#NiA. 

-"l .BL #N:'A peroxiscme pr~ITerstcr-acilvated receptor 
gamma, coactivator 1 beta 

-i _62 #N!A teucir..~rich pentatnoopeptide repeat 
ccmamrng 

_1 62 #N.'A HSPA (heat shock 70kDa; binding protein, 
cytop:asmlc cochaperone 1 

-~_63 #NIA NOP2!Sun dommn fami!'}, members 
pse•Jdogene 1 

-'! .63 #NIA TNF receptor-asscciated protelr, l 

-1 64 #NIA DEAD (Asp-Gkt-Aia--AspJ box polypeptide 54 

inhibitor of l(appa light polypeptide gene 
-1.64 #N/A enhar.cer i:i B-ce!ls. kir.ase corn.p!ex

associated piutein 

ENSGOOOGC197785 #N.IA #Nifa. #N!A -~ .64 #NIA .b.TPase family, .A.AA domJin conta:nlng 3A 

ENSG00000106344 #NIA #NiA 

ENSGOOOG0254370 #N/A #N/A 

ENSGOOOOC118513 #NIA #NIA 

ENSGOODGD171163 #NIA #NiA 

ENSGOOOGC13i368 #NIA #NiA 

ENSG00000154232 #N/A #N!A 

#NIA 

#N!A 

#N!A 

#NIA 

#N!A 

#NIA 

-i.65 #N!A RNA binding motif pmte;n 28 

_1 65 
#N/A ATP6V"lG2-DDX39B madthrougt: (NMD 

candidate; 

-~ _
65 

#N.IA v-myb .avian myelob!astosis vira! oncogere 
homo!og 

-'L65 #N!A zincfinger protern 692 

-1 65 #NIA m•toctiondria! ribosomal profe•n S25 

-1.66 #N/A oufatfirsthorno:cg 

ENSGOOOGCG17483 #N/A #N!A #N!A. -1.66 #N/A sc:ute car.1er farm!y 38. member 5 

ENSGOOOG0125901 #NIA. #NfA. #N/A -~ .67 #N!A twtoci-iondrial fibo$cmal protein S26 

ENSGOOOG014004-1 #N/A #N!A #NiA. -i .67 #N!A ~lu11 dimeiization protein 2 

ENSGOOOQC184787 #NIA #NIA #NiA -~ 6? #NIA ubiqurt:fi-ccnjugafo1g enzyme E2G 2 
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FIGURE 1Q 

ENSGGOC00069329 #N!A #N!A #NIA i.8i #N/A VPS35 retron.er compiex component 

ENSGGOOOOi21858 #N!A 

ENSGOD000281400 #N/A #N/A 

ENSGGDC00066933 #N!A #N/A 

ENSGOOOD0:137628 #NIA #N!A 

ENSG00000-t05939 #NJA #N/A 

ENSGGOOOOi213iO #N/A #NfA 

ENSGOOOil0085117 #NIA #N!A 

ENSGG00001t 1096 #NiA #NfA 

ENSGCDCD0142156 #NIA #N!A 

ENSGGOG00197756 #NiA #NIA 

ENSGCGCOOt60352 #NIA #N!A 

ENSGGOGOG20413e #NiA #NIA 

ENSGCD0001.36819 #NIA #NIA 

ENSGCGCD0153029 #NIA #N!A 

ENSGCOC00149187 #N!A #N!A 

ENSGGOGOG166868 #NiA #NIA 

ENSGCOCD0214176 #NIA #N!A 

ENSG0000017506·1 #NiA #NfA 

ENSGC0000170525 #NIA #N!A 

ENSGGOGOGi21289 #NiA #NIA 

ENSGCG000077380 -#N!A #NlA 

ENSGOOCOO~ 33112 #NIA #N/A 

ENSGGOGOG178695 #NiA #NIA 

ENSGCDOOOi.31669 #NIA #NiA 

ENSGG0000143771 #NIA #NIA 

ENSGGOG00158270 #NiA #NIA 

ENSGODOOO: 093~0 #N/A #NiA 

ENSGCOOiJ027670i #NfA #NIA 

ENSGOCGOGi05639 #NIA #N!A 

ENSGC0000185-132 #NIA #N.fA 

#NiA 

#NiA 

1 80 #NlA tumor ne-crosis tac.tor iligard) s•1perfomily, 
member 10 

1 _30 
#N/A csp:cua !ranscriptior.a: repressor pseudcgene 

14 

i.79 #N/A myosir. !XA 

#NIA 1.?9 #NIA zir:c-finger CCC1;-type, ar.tivkai 1 

#NIA 1 79 #N!A enoy: CoA ~ydratase domain conlaining 2 

#NIA 1.?B #NIA CD82 molecule 

#NIA 1 78 #N!A dipeptidase 3 

#N/P., 1.78 #WA oo!!agen, type V!, ;;1:prra 1 

#NIA 1.77 -#N/A nbosoma: protom L37a 

#N/P., 1.77 #N./A zir.cfingerprotetfl 714 

#NIA i .76 ~ 16 phosphatase and actir. regu!ator 4 

#NI.A. 1. 76 ~ .55 chmmosome 9 open reading frame 78 

#NIA 

#NIA 

#NIA 

#NIA 

#N!A 

#NIA 

#N!A 

i.75 #N/A GUGBP, Elav-!i~efamdy member 1 

i 7 4 -#N/A signo! t:ansdu:::er and a~i;:a!or of 
tr.anscnpk:n 6, mterleukm-4 induced 

1.? 4 #NIA pfec~strin homc:cg~ doma.r. containing.' family 
M (w:th RUN domain) member 1 pseoaogone 

1.74 #N/A LRRC75Ac:mtisense:RNA 1 

1.?
3 

#NIA 6-phosphofrudo-2-kinoseifructose-2,6-
btj)hospliatase 3 

1.73 #N/A renhvsoma: prctem 89kDa 

1.73 #N.1A dy!lein, cytoplasmic 1. mteimediate chain 2 

·!.73 #N/A t;.imorprctein, trar.s:atlor.al!y-<,cf\tro:!ed 1 

i .72 #N/A pot~s~i~m er., ,ar.!lef letramer!Zaticn domain 
comammg .2 

1.72 #N/A ninjmiri 1 

i.l
2 1 Qk comichor.fami!~· AMP.A receptcrauxmmy 

·-~" protein4 

#NIA i .72 #N/A co:!ectir, sub-fomily member ·!2 

1.72 
~ n NADH dchydrogenase (ubiq:..m1one} 1, 
··"' subcompiex t.mknvwn. 1, 6kDa 

i .!i #NIA macrcphag1;; n:ig~.:i!~n inh,b,tory factor 
(gly,:osylak::n-inhibitmg factor} 

i.71 #N.IA Janus :dnase 3 

1.7"! #N!A methyiisansfarase like 7A 

ENSGGOOOOi28524 #N!A #N/A #WA t70 1 96 ~:~::~:,~~;transporting, iysoscmal 14kDa. 

ENSGGOGOOi i0002 #NIA #NIA #-NIA 1.70 #N/A vcn V\.'lBebrond factor .6.. domain c.ootolrir.g 5A, 

ENSGGD00016317·! #NIA #N!A 1 US #N1A C_D~42 effector prolc!n (Rho GTPase 
' brnding) 3 

ENSGOIJG00143891 #NfA #N!A #NIA 1.68 #NIA galactose mut;;irota<5e \aklose 1-ep:!merase} 

ENSGGD000008968 #N/A, #NiA #NiA 1 68 1 26 t1bosorr,3l protein S2G 

ENSGGOC:001627-35 #NfA #N/A #N!A 1.68 #NIA per::n::isoma! b•cgeoosis factor i9 

ENSGGGGDGi 02921 #NJA #NIA #NIA i .68 #N/A NED04 bioctmg prole•n 1 

ENSGCUC:00212338 #N!A #N!A #N.IP. i.66 #N/A Small mtdeo!ar RNA SNOR.Afi7 

ENSGGGGOG'l 35046 #Ni A #N/A #NiA 

ENSGODOD0070190 #N/A #N.IA 

ENSGGDC00083444 #N!A #N/A 

1.08 -#N/A anr:exm A'l 

1_.68 #N/A dual ru:lci~k:r_cf phosphotyrosme and .3-
phospt101nos1t1des 

i.f.7 #NIA proco!lagen-lysrne, 2-oxog!utaratc 5-
dio;,ygenase 1 

ENSGGC000-232388 #N/A #NfA #Ni A 1.67 1.34 iong :nterggr;ic non-protein coding RNA493 

ENSGOD000103066 #-NfA #N.1A #N!P.. 1.66 #N/A phospholipase P..2. group XV 

ENSGGOCDO~ 12715 #N!A #N!A #NIA i.66 tG2. vascular endcthe!ial growth factor A 

ENSGGCOOOi01040 #WA. #NIA #NJA 1 f56 #N!A zir,ciioger, MYND-type contair.r.g 8 
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ENSGOOOG0175502 #NIA #N!A #NI.A. -1.67 #N!A cciled-ool!domair:containing858 

ENSGOOOGD139514 #NIA #NIA #NIA _1 68 #NIA soiute camerfam!iy 7 {cat:o:1ic arrrn~o adc 
transporter. y+ systew ). member 1 

ENSGOOOOD128272 #N.1A #N!A #NIA -t69 #N:'A actr,;atu,g transcnptior. factof 4 

ENSGOOGG0272752 #NIA #N!A #Ni.A -1.70 #N!A STAG3lSP-PVR!G2P-P!lRB :-eadthfOi.lgt. 

ENSG00000107937 #NIA #Nf.A. #N!A -~.70 #N/A GTPb~1dingproto,n4 

ENSGOOD00180730 #NIA #N!A #NIA -':.70 #N!A shiSafumllymerriber2 

ENSGOOOGD065183 #NIA #NfA #N.'A -i 70 #NJA WO repent domuin 3 

ENSGOODG0177192 #NIA #N!A #NlA -·L?Q #N!A pseudouridyl.a!e syn:hase 1 

ENSGOOOGD09iJ273 #NIA #NfA #NIA -i 70 #NIA nudC mictear distnbutic-r, prc-tein 

ENSGOOOC0115053 #NIA #N!A #NIA -1.71 #N!A nucieo:ir, 

ENSGOOOGC167635 #NIA #NIA #N!A -1 7·J #N/A zinc finger prC'tcfn ·!46 

ENSG-OOOOU2276S6 #NiA #N!A #NIA -1.71 #N/A v::1:yl-tRNAsynt'letrlse 

ENSGOOOG0115652 #NIA #NiA #N!A -1 72 #N/A UOP-giucuror.ste decartioxy1ase i 

ENSGOOOC.'D1046J5 #N.IA #N!A #NIA -~.TL #N/A :~~::;r~erfamiiy 39 (zinc:transporter.L 

ENSG-OOOCU135972 #N.IA #N:A #NIA -'!.72 #N/A mitochondrial ribosomal protein S9 

ENSGOOD00150256 

ENSGOOOGC167i 14 #N/A #NIA #N!A _1 72 #N/A so!ute carnertam!i)' 27 (fatty sad tnmsporter;, 
me:r.ber4 

ENSGOOOG026i236 #NIA #NIA #NIA -i.72 #N!A bW vf pro!iferaticr 1 

ENSGOOOG0182168 #NIA. #NIA #NIA -1.73 #N/A unc-5netrif\re~ptcrC 

ENSGOOOG0183889 #NIA #N!A #NIA -1.73 #N!A Protein LOC1C2724993 

ENSGOOOG0171793 #N/A #NIA #N!A -173 #N/A CTPsynthase 1 

ENSGOOOC'D05.3372 #N.1A #N!A #NIA -"i.73 ;ti:N.IA MRT4t:cmo!og,ritosomematurat;or;faclor 

ENSGOOOG014028,1 #NIA #N!A #NiA. -i _73 #N!A 50;ute carrier fami!y 27 {fatty ac1d trar.spo1ter}. 
r;iember? 

ENSGOQOGOG80608 #NJA #NIA #N!A -1 73 #WA K!AA0020 

ENSGOOOOD091 i27 #N.1A #N!A #NIA -1 ]3 #N/A pseudoutidy!ate sy:il.ha:se 7 \putative) 

ENSGOOOG0136444 #NIA #N!A #Ni.A -i _74 #N!A rcdic~l ~adenosy: metl1iorlr;e domain 
ccntaimrig 1 

ENSGOQOG0165689 #NlA #NIA #N!A -1 75 #WA serologiw!ty defined colon ,::.ar.:cer antigei: 3 

ENSGOOOOD10S578 #N1A #N!A #NIA -1.75 #N/A bleomyc,n hydrolase 

ENSGOODG0117528 #NIA #N!A #NIA -':.76 #NlA :::~:~d:9 ca1Ssetle, sub-family D (ALO). 
ENSG00000188933 #Ni'A #N!A #Ni.A. -1.78 #N/A ubiquitin specif:c peptidase 32 pseu<loger.e 1 

ENSGOOOC0160214 #N/A #Ni.A. #NIA -1.78 #N/A 1ibosomc.1l RNA proce-ssir:g ·f 

ENSGOOOGD·!10104 #NIA #NiA #NiA -i.78 #N!A co<!e::!-coi!doma;r:contammg8:6 

ENSGOOOOOOO?S20 #N:i'A #N/A #N!P.. _ 1 78 #N/A TSR.3.' 20S rRNA aa:um:.ilafior:, homo!og {S. 
cern:.'ls:3:e) 

ENSGOOOGC125459 #N/A #NIA #N!A , ,..9 #N'A m•safo ·!, mttc-chondn3ldistribution al1d 
- ' ' ' ' morphology regiJ!ator 

ENSGOOOG0169007 #Ni A #Ni.A #WA -~ .79 #N!A adenosn1€ deammase, tRNA-specffic 2 

ENSGOOOODC:53241 #NIA #N/A #NIA -1.79 #N!A isochoiismatasedomainconta:nlng2 

ENSGOOOGD1790l1 #NIA #NIA #N.1A -i BG '!.20 rlbosomBblOgenesisrcgula.torhomolog 

ENSGOOOOD169230 #NIA #N/A #NiA -'!.80 #N!A FREU domain containITTg 1 

ENSGOOOG0180900 #N/A #N.'A #N!A -1 82 #N/A scribbled p!anar eel! po!anty prot;:;1n 

ENSG-00000213066 #NiA #N!A #NIA -'!.82 #NIA FGFR-t cncogene partner 

ENSGOOOG01526'!2 #N/A #N/A #N!A -~ 82 #NfA g!yccrol-3•phospMte dehydrogen::1w l~W,;e 

ENSGOOGOD134987 #N.IA #NIA #-NIA -1.82 #N/A WDrepeatdomain36 

ENSGOOOCD167965 #NIA #NiA #NIA -1.82. #N!A MTOR associated protem, LST8 hc-molog 

ENSGOOOGC115758 #NIA #NfA #N!P.. -1.82 #N/A omithinedecarboXyfase 1 

ENSGOOOOD071994 #N.IA #N.IA #NIA -L82 #NiA programmed eel! death 2 

ENSGOOOG01D042! #NIA #N/A #NIA. _ 1 8,., #N'A rnega!encephc!iic :e;.ikoenc:,:i,pha!opat~y with 
'· L · subcort!ca! cysts ! 

ENSGOOOGC182676 #NIA #NIA #NiA -~ 83 #NIA protein p~osphotase 1, regu!atory sub:.mit27 
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FIGURE 1R 

ENSGGOCOO~ '!3811 #N!A #N/A #N!A ·L~6 i.90 seienoprotein K 

ENSGGOOOG~85068 #NIA #N!A #NIA i.65 2 29 GTF2H5 

ENSGGDOOOi86468 #N!A #NIA #NiA 1 £5 #WA ribc,s,Jrr,al prctein S23 

EN3GOG0001647J3 #N!A #N!A #N!.A. 1.54 #N/A catheps,n B 

ENSGGOG00:223960 #NIA #N!A #NiA 

ENSG00000105647 #NIA #N!A #NiA 

ENSGCVCD0162902 #N!A #NIA 

ENSGGOCDC<64687 #N!A #NIA #NJA 

ENSGGD000254635 #NIA #NIA #NIA 

ENSGOv000198918 #N!A #NIA 

ENSGOOG0017&.42B #NIA #N!A 

ENSGCG000172530 #N!A #N!A 

ENSGGDC:00137145 #NIA #NIA #NIA 

ENSGOOOOO'i 00439 #NIA #N!A #NiA 

ENSGG0000132256 #N/A #NIA 

ENSGGDC00265972 #N!A #N!A #NIA 

ENSGG00002,15g10 #NIA #NIA 

ENSGG0000067066 #NtA #N!A 

ENSGGCGOOi666S1 #NiA #NIA #WA 

i.64 #N!A .A.C00994B.5 

1 54 
itN'A phosp~oinosifide-3-tnase, regulatory subunit 
' ' 2(befa) 

1.64 #WA ca!p3:n 2, \m!JiJ large subumt 

i .03 #N/A fatly a?id biOOing protein 5 {pscdasis
assoc.mted} 

1 B3 #N!A WAC iJntisense RNA 1 cbead to head! 

1.63 #WA ribosomal protein L39 

1.63 #N.1A BTG3 asSOGated nuclear proteITT 

i.63 #NfA DENNIMADD domain c,)11ta,11,11g 4C 

i.6-3 #NJA abhydrolase domam containmg 4 

1.63 #N!A tripartite mctif containing 5 

1.•32 ~.53 small ri~icieo!ar RNA host gerie 6 

·L62 #NIA SP10G nurn-,ar ant1ger. 

1 _62 #N/A nerve gro•Ni.11 foc_tor receptor (TNFRSF16) 
associated prote:n 1 

ENSGCV000117475 #N!A #N.1A #N1P.. 1:51 #N.'A bas:c leucine z1ppernucl&ar factor 1 

ENSGG0000~25691 #NIA #N/A #NlA i.61 1.27 tibosoma: protein L23 

ENSGCV000168172 #NJA #N.1A #Nrft.. 1.51 UV hook micrctubt:lo-tethenng protcm 3 

ENSGGOCOG010278 #N!A #WA #Ntfi. 1.61 #NIA CD9 1mi,:;cu1e 

ENSGGCOOOi.73214 #NJA #NIA #NIA 1.61 #N/A KlAA1919 

ENSGCV000126860 #NfA #N.IA #N!P.. 1:50 #N.1A erotmpic viral integrator, site 2.1\ 

ENSGGDC001674"19 #NfA #N/A #N!A 1.60 #NIA !actoperoxidass 

ENSGOOOC0i18263 #N/A #NIA #NlA 1£0 #N!A Kruppe!-likefactor7(•1biquitcus} 

ENSGGOG00235823 #N!A #N!A #NIA 

ENSGGOG00111859 #NiA #N/A #N!A 

ENSG0000008904·! #NIA #NfA #NJ.A. 

i.l30 #N.IA otigodendrncyio rn<l!uration~<lssociatcd !orig 
mtergernc llQll-COdlng RNA 

160 

1.00 

#NlA neura: precursor eel! expressed, 
· dovelopmer.tan,, do!hn-rogulated g 

#N!A punnerglc receptor P2X., tigand gated ;cq 

ch,:mnel 7 

ENSGCGOD0125810 #N!A #N!A #N!ll. 1.60 #N.'A CD93 rnolecli!e 

ENSGGCGOO~ 13494 #N/A #NfA #NiA 1.59 #N.IA pmlactrn: receptvr 

ENSG00000163993 #NIA #N!A #NJ.A. i.59 #N/A SiOGadclum bindirg protem P 

ENSGGOC00~ 2483 i #N!A #N!A #NIA 1.59 #NIA ~eudr,e rich repeat (ir, FU!) in!eracktg protein 

ENSGGC000170581 #NIA #NfA #NiA i . .59 #NIA signa! t_ransd:.ioor and activator of 
· franscnpt;cn 2, 1 i3kDn 

ENSGGDD00-056972 4N:'A #N!A #NI.A. 1.59 #N!A TRAF3 inle:acting proh;,:1 2 

ENSGGDOD0218739 #NtA #NIA #NIA 1.59 3. i7 CEBPZ oppcsite strand 

ENSGOOOC0204272 #N!A #NtA #NJA 1 58 #N!A RPi1-622K12. ! 

ENSGCVOD0176845 #N!A #N!A #N,tP. 1.58 #N./A meteonn, gliai cell drrferentiation regutato•-!i~.e 

ENSGGD000185880 #NIA #NfA #NiA i.58 #N/A tripart:temotifc.cntaining69 

ENSGG000015658? #N!A #NIA #NJA 1 58 #N!A ubiqufo-COr.Jugating enzywe E2L 6 

ENSGCVOD0101347 #N!A #N!A #N,t/l. 1.58 #N/A SAM domain and HD dcrnair, 1 

ENSGGCOOG~59792 #NIA #NIA i .58 #N/A protein serine !1.Jr.ase Hi 
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ENSGOOOG0253729 :rt-NIA #N!A 

ENSGOOOOC106133 #N/A #NIA 

ENSGOOOG0232169 #NIA #NfA 

ENSGOOOG008883 I #N'A #N.IA 

ENSG00000158924 #NIA #N!A 

ENSGOODGC152676 #WA #N!A 

ENSGOOOGOl96449 #NIA #NfA 

ENSGOOOCV170571 #N/A #NiA 

#NiA 

#Ni/.. 

#NIA 

#NIA 

#NIA 

#Ni/.. 

#NIA 

#-N!A 

-i _83 #N!A protein :.::_tnase. DNA-activated, cata:ytJc 
po~;peptide 

_ 1 
84 

#N/A NOP2JSun domain family, member 5 
pseudogenc 2 

_
1 84 

#NIA ATP-binding cilssette. sub-fam~y F (GCN20;, 
me:r.ber ·! 

_
1
.
84 

#N/A RAS guany! releasing protein 2 (caiC!utn aru::l 
DAG-regulated) 

_1.84 #N!A !~ticir:e- zipper-EF-han.d cor.taining 
t,.cmsmembrane- protein i 

_ 1 85 #N.1A grcwt!1 factor ITTdependent 1 trilnsrnpucr. 
repressor 

-~ 
85 

#NIA yrctG ~(6:i-:hreonylcarbomoitrar.sferase 
dom.11n containing 

-1.85 #NiA embigi;i 

ENSGOOOGDCD4478 #NIA #NIA #NiA. -1.85 #NlA FK505 binding protein 4, 59kDa 

ENSG00000141569 #NIA #NfA #NlA -1 86 #NIA tripartite mottf c.ontaining 65 

ENSGOOOOD1SB:?06 tNlA #N!A #Ni.A -1 8f. #N!A HNRNPU anti,;,e0se RNA 1 

ENSGOOOCV12.3213 #N.1A #N!A #WA -!.87 #N/A neuro:ysir. {metai:o-peptidase M-3 family} 

ENSGOOOGDC5o932 #NIA #N/A #Ni.A. _187 :ttN'A brarchedd1wr.amITTc-addtrans1Jminase1, 
'· ,. ' cytcsolic 

ENSGOOOGOl20254 #WA #N!A 

ENSGOOOG0196105 #NIA. #NIA 

ENSGOOOGD·!D3253 #NIA #N!A 

ENSG00000171791 #NIA. #NIA 

ENSGOOOGD105677 #NIA #N!A 

#N'/.. 

#NlA 

#Ni.A. 

#N!A 

#NfA 

_ 1 87 #N!A m&thy:enetetrahydmfo!a,te dehydrcgenase 
{NADP+ dD-per1dent) 1-li~e 

-~ .69 #NIA i50!eucy!-tRNA synthetase 

-1.89 #N!A hydroxyacylgi•1tathione nydroiase-M,;,} 

-~.69 #NIA B-ceH Cll/iymp:homa 2 

-':.90 #NfA trtmsmembrane prctein ·147 

ENSGOOOOC178105 #N/A #NIA #N!A -1 9G #N.'A DEAD \Asp-G!u-Aia-Asp) box polypeptide 10 

ENSGOOOC'D132768 #N.IA #N!A #NIA 

ENSGOODG0133706 #N!A #N!A #Ni.A. 

ENSGOOOC:0116640 #N.IA #N.1A #NIA 

ENSGOOOGD17'l492 #NIA #N!A #NI.A 

ENSGOOOGOl20438 #NJA #NIA #WA 

ENSGOOGCG183426 #WA #N.1A #NIA 

ENSGOOOCDi 72366 #NIA #N!A #NJ.A 

-1.91 #NIA DPH2 hOmo;og 

-1.91 #N!A teucyt-tRNAsyntnelolse 

-! .92 #N/A spcrm1ct1r.e synthase 

-'l.92 #N!A !~licir.e rich repe-at <.onta!fiir,g 8 fart1iiy, 
!TlemterD 

-1 92 #N/A t-comp!ex 1 

_1.94 #N/A nuc~ar pcre complex interacting prntcir, 
fami!y, member A 1 

-'l _95 #N!A zmi!y wlth sequencs: slmilarlty 195, member 

ENSGOOCG0183Q.4S #NIA #NlA #NlA -~ 96 #NIA s~•iute carrierfamiiy 25 (mitochor.driJ:! cc1mer; 
dtc-?rbox-ylate tram,porter_l. me-rriber 10 

ENSGOOOG0144435 #NIA #N!A #NfA -~ .97 #N!A hes family bHLH transcription f2ctm 6 

ENSGOQOGC282283 #NIA #NIA #N!A -1 97 #NiA lPPR3 

ENSGOOOQ0083.097 #NIA #NfA. #N!A -~.97 #N/A dopeyfamilymember1 

ENSGOOOCG146457 #N/A #N/A #-NiA -t97 #NIA 1/vi!ms tumor~ associated pwtein 

ENSGOODGC132780 #N/A #N!A #Ni.A. , 08 #l't'' nuc:earautwntigenicspermprotein(histone-
-' .• . • ,A binding) 

ENSG00000198744 #N.IA. #N!J,.. #N!A -1.98 #N/A MT-C03 

ENSGOOOGDi 14631 #NIA #N!A #Ni.A -i.98 #N!A podocalyxin-!ike 2 

ENSGOOOOC196497 #WA #NfA #Ni.A. -1 99 #N!A impcrtin t. 

ENSGOOOC'V172i79 #WA #NIA #-N!A -2.0 I #NIA prola:::tiri 

ENSGOOOGD'!02241 #NIA #N!A #NIA -2.03 #NlA H!V-1 Tatspecif,ctactori 

ENSGOOOG0175416 #NIA #NIA #NIA -203 #NIA clathrin,hghlchain8 

ENSGOOGCVC700S 1 #N.IA #N:'A #NIA -2.03 #N/A nuciecbindin 2 

ENSGOODGDi98520 :#NlA #NfA #Ni.A. -2.05 #N/A chrom:::some 1 oper: reading frame 228 

ENSGOOOG0113575 #NiA #NIA #NIA -2 08 #NIA protci~ ;::t-tos~,ha!ase 2, catalytic subunit 
alpha !sozyme 

ENSGOOOCG135069 #N.IA #N!A #N!A -2.08 #N!A phosphosenne amlnot.-ansferc1se 1 

ENSGOODGC124802 #NlA #N!A #Ni.A. _'J 09 #N/A eukaryotrc translation elongation facto: 1 
-· · epsi!vn 1 
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FIGURE 1S 

ENSGOOC002267"!0 #N!A #N!A #N!A t57 i_67 chromosome 61)per, re-2ding frame 48 

ENSGDOG000257G8 #N/A #NiA #N!A i 57 #N!A thym•d•ne phosphory!ase 

ENSGCOC00115548 #N!A #NIA #N/t;.. 1.57 #NIA ~Jswie (K}--specITic riemethy!ase 3A 

ENSG00:000070214 #NIA #N.1A 

ENSGDGDOD188243 #N!A #NIA 

ENSGC0C001-32024 #N!A #N!A 

ENSGOC,CD0<68056 #N!A #N!A 

ENSGGOG00125482 #N!A #NIA 

ENSGOVD00109®9 #NIA #WA 

ENSGDCG00130066 #NIA #NIA 

ENSGOOOOOi71617 #NIA #NFA 

ENSGCGC00138814 #NfA #N!A 

ENSGOGCiJ0148660 #WA #N!A 

#NiA 

#WA 

#NIA 

#NIA 

1.S'T #N!A so:ute c:.mricrfami:y 44 (chol~1e rranspcrter), 
member 1 

1 56 #NiA COMM dornam conl:a;mng 6 

1.56 #NIA wilctHod and C2 domaJn cor,fmnmg 1A 

LS
6 

#NfA !afan~ tra(tsfonning gro1,vl:i1 factor beta binding 
protein3 

i.SB #N:'A lianscnpt;cn termi1x'ltkir. factor. RN.ls 
po!ymerase ! 

1.56 2.11 peripheral m1e:ir. prctein 22 

#-NiA 1.55 1.38 spenn1ctir:efspetm:ne N1-acety!transferase 1 

#NIA 

1.55 #N!A ectoderrnal-ne•xa! cortex 1 (with 8TB dom:.):n} 

1
.
55 

~ 
4

... protein imosphatase 3, cata:ytlc subunit, 
: · v afpha ;sozyme 

1 
_
54 

#NfA c.:,ici•1m!c.a:modu!in-deµendent pr,)!E-!f°• kir,ase 
!!gamma 

ENSGG0000168528 #N/A #WA #NIA i.54 #N!A serine mcorporator 2 

ENSGDU000t38398 #N.'A #N/A #N/f.l., 1.54 1.39 pepM)!proiy! isornerase G \cyclophi!ln GI 

ENSGG0000111596 #N/A #N/A #WA 1.53 1 45 CCR4-NOTtranso.iptior, complex, subunit 2 

ENSGDGC00135686 #N.'A #N/A #Wf.l.. 1.53 #N!A halch-lik.e fam»y merr.bzr 36 

ENSGD0:0000811&:! #NIA #WA #N/A 1.53 #N!A myocyte enhoncer facto, 2C 

ENSGCG0001s4419 #NfA #N/A #-Ni.&. 1.53 #NfA ribosomal prctein 5150 

ENSGOCDOD089159 #N/A #N!A #NiA 1.52 #N!A pax!:ijn 

ENSGDDC00~4t012 #N.'A #N/A #N.IP.. 1.52 #N!A ga!actosa:nir.e (N-acety!}-6-su!fatase 

ENSGOC-000104998 #N/A #N!A #NIA 1.52 #NIA interleu!-ir, 27 recsptor, a:pha 

ENSGGCG00164609 #NIA #NfA #N/A t52 #WA SLU7 sp[1cing fack,f hnmolog 1.S. C€ri.::.~s:ael 

ENSGC00002t:3749 #NIA #NlA #NJ.A. t5·! #N!A ZMYM6 r.elghbm 

ENSGOOCOQ-t/37243 #N/A #N!A #NIA t5i #NfA mei,xwma antigen farni:y 048 

ENSGOV00014<5425 #NIA #NlA #Nl/.1 1 5'l 1.56 dyne,r,, i;gl)t &.am, Tckx-tyjX' -t 

ENSGCHC0010312i #N/A #N!A #NJP. 1.51 '!.81 C-x(9)-C :r.otlf cor.tain!flg 2 

ENSGGC000134·l38 #N!A #NIA #NIA t 50 #N!A Mz;s hQIT<eobox 2 

ENSGCOC00265i48 #N!A #N/A #N!f.l.. 1.50 #NIA BZRAP1 m1tis-ense RNA 1 

ENSGOOC00~65030 :#NIA #N!A #N/A 1.t.9 #N!A nudea:-fac.!or, ,r.ter:eukin 3 regulated 

ENSGGOQ00121060 #N!A #NIA #NIA 

ENSGD0000103018 #N!A #NIA 

1.49 #N!A tnpart.!e mc-tIT wntaining 25 

149 
#N!A cytochrorri~ b5 type B (outer mifocf)ondlia! 

men,bra11e1 

ENSGCGC0016384G #N.'A #N/A #Wf.l.. 1.49 #NIA deltex 3 like. E3 ubiquiUn Hgase 

ENSGOCG00151366 #NIA #N.1A #NiA 
1_

49 
'"I ~o NADl-l dehydrogenase (ub1quinone/ 1, 
'"·y"' sutcomp1ex unknown, 2, i4,5kDa 

ENSGOOOOOi32432 #NIA #NiA #-NIA. 1 49 2.10 Se:::61 gamma subunit 

ENSGDCC00106771 :#N!A #N!A #N!A 1..19 #N!A transmembrane prniein 245 

ENSGG0000i60691 #N!A #NIA #NIA 

ENSGOOC000999?7 #NfA #NJA 

1 48 
#N!A SHC (Src.homo!v~y 2 dcmain cor,laining/ 

transforming protem 1 

1 .48 1.09 0-dcpachrome tnutornerase 

ENSGCDC00181523 #N!A #NIA #N!f.l.. 1.48 #NIA N-su!fog!vcosarnine sulfohydrofase 

ENSGD0000011422 #NIA #NfA #N/A 1.4B #N!A ptasminoger: acfotstor, urokmose receptor 

ENSGOOOOOi00055 #N:'A #NIA #NIA. 1 48 #N/A cytchssin 4 

ENSGCGOOo164125 #N.fA #N/A #N!f.l.. 1.48 #NIA :mil>;v,/4th sequence s:mfanty 198, memter 

ENSGOOC00039523 #N/A #NIA #N!A iA8 #N!A farni!y with sequence s•m~arity 65. member A 

ENSGGO,J00142534 #N!A #NIA #NIA 148 #N/A ribosomal protein S11 

ENSGCOD0018B021 #N!A #N.IA #NI.A. 1.4-8 #N!A ubiqu~in 2 

ENSGCHC0013i446 #N/A #N!A 

ENSGGOGOOi34825 #N/A #N/A #NIA 

i.4-B #NfA nHnnosyi (a:pt}a-'..3-;-gi>'<cprofrnnbeta-1,2-
N-acety!g!ucosarn:ny!transfernse 

1 47 2 06 transmembrane protein 258 
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ENSGOOOCOC9962t:. #NIA #N!t\ #NIA 

ENSGOOOG0087269 #N/A #N!A #N!A 

ENSGOODCG165163 #N<A #NIA #NIA 

ENSGOOOGC22!823 #N/A #NIA #N!/l, 

ENSGOOOG0155380 #NIA #NIA #N/A 

ENSGOOGCG235: 73 #N/~. #NiA #NtA 

ENSGOOG00198763 #NIA #N!A #NIA 

ENSGOOOG0103266 #NIA #N!A #N!A 

ENSGOOOGG282367 #N,A #NJA #WA 

ENSG00000116455 #NlA #N/A #NIP., 

ENSGOOOGG1791362 #NIA #N!A #WA 

ENSGOOOCG139675 #NiA #N/A #NIA 

ENSGOOOOG243716 #NIA #N!A #NIA 

ENSGOC-000183751 #N/A #NlA #N.'A 

ENSGOOOCG114446 #N/A #N!A #NIA 

ENSGOOOG0183605 #N/A #NfA #N!A 

ENSGOOOCG103342 #N.'A #NIA #N/A 

ENSGOOOG0198899 #NlA #N!A #N!P.. 

ENSGOOOGG120738 #N.IA #N!A #NIA 

ENSGOOOOOGOT264 #NlA #N!A #NIA 

ENSG000002269'6 #N.IA #NIA #NIA 

ENSGOOOOG17 4669 #NIA #N!A #NIA 

ENSG00000183668 #NIA #NIA #N!A 

ENSGD00001i6352 #NIA #NI.A #N!A 

ENSGOOGOOC74935 ~NIA #N!A #NIA 

ENSGOOOG0160072 #N.IA #NIA #N!A 

ENSGOOOOG224877 #NIA #N!A #NfA 

ENSGOOOG0110600 #NIA #N!A #NIA 

_2_o9 #N!A ATP syr:thas.:i. H+ transi~rtlng, mltOchordnal 
Fi comp:ex, delta suburnt 

-2 09 #N./A NOP14 nucieolar protoin 

-2.10 #N/A DEAD (Asp-G!u-Aia-AspJ box po!~peptid2 5·f 

_2 10 #N.1A pi
1
uhtein pnosphatase 3, regu!atc1)' subun!t B, 

ap a 

_2 1.1 #NIA soiutc ~mer fam>i)' "16 (rr.onocarbvxylato 
transpone:-_i, m~mber i 

-2.11 #N!A HGH1 hornolO\I 

_2_.11 #WA mitoc..-'l•)ndria!lyenccdedNAOH 
· dehydrogenase 2 

_2 ii #N/A STlP! homo!ogy ar,d U-box conta1rnng 
protem 1, E3 ubiqumn protein l•gase 

-2.12 #NJA phosphat1dyiserine synthase 2 

-2 i2 #N.1A WO repeat domain 77 

_
2 15 

#N!' Cbp!p30~-;:'teractii'g transa,;tiv_at,x, with-
. A G!u/As-p-n<,l1 carbox:,r-tennimit ctoma1r., 4 

_2.17 #NlA ~:;e;ogeneous nuclear rlbonuc!eoprctein .b.1-

_
218 

#NIA nudear ;::ore complex inl:erading prote-ifl 
· ' · fom!ly, member BS 

-2 19 #N/A transdudn (beta)-lik2 3 

-2.20 #N/A intratlaget!srtrar,sport 57 

-2 21 #N/A s1d-eroflex1n 4 

-2.26 #N/A G l to S phase transition 1 

-2 26 #N:A m•tocnoridna!!y encoded P, TP synthase 6 

-2.28 #NiA emiy growth rcsponso 1 

-2 29 #N/A megakciryocyte-associated fy'1tnine ktnose 

-2.33 #N/A WD fef.)eat domain 46 

_2 3, #WA sc:ute G~1Tier farni!y 29 {equilibrathte 
· ~ · · nudecside ironsporter), member 2 

_
2 36 

#NfA :mi~; Y,~th sequence s:milanty 101, memt:er 

-2.36 #WA kin0sin famiiy nwmber 218 

-2.45 #N!A ch•orr,csome ·17 open readirg frame 8:9 

-2 45 #NIA soiute car11erfamiiy 35, mernber F2 

ENSGOOQCOCi 1052 #NiA #N/A #NtA -2-45 #NIA NMEtNM23 nudeoside diphosphate kinase 2 

ENSGOOOCOC70669 ~NIA #N:'A #NIA -2.45 #N!A asparag!ne sy:itt:etase {giutam:ie
hydro!yzi:igf 

ENSGD-0000277957 #N/A #N!A #N.'A _2 46 #N/A SEN~3-E\F4A 1 madth:rough iNMD 
evnd:date) 

ENSG00000105070 #NIA #N!A #N!A -2.46 #NIA growih foctcr re.;eptor-bound prote;n 10 

ENSGOOOC0262814 #N/A #N/A #NtA -2.54 #N/A mitochondria! ribosomal protein l 12 

ENSGOOOGCi75445 #N/A #N.1A #N.1/l, -2.6C #N.1A !ipoprotem llpose 

ENSG000001608-t8 #NIA #NfA #NIA -2.67 #N.IA G pc.!tch C<:mam conta1rnng 4 

ENSGOOOGOi64284 #NIA #N!A #NiA ~2.72 #NIA GrpE..Jike 2. mitochondrio:Ji (E. coi;} 

ENSGOGOG0052749 #NIA #NIA #N/A -2 74 #NJA ritosoma! RNA process<r.g ·12 homoiog 

ENSGOOOGG106588 #N.IA #N.IA #NIA _2.77 #N/A pr<:ieascme (prcsome, macrcpa!n) subur.it, 
alpha !ype, 2 

ENSGOOGCGi09245 #N/A #NlA #N/A _318 #N-'A nuclear ;::ore complex •nteracting profoir, 
· · fami!y, member 83 

ENSGOOOGC159136 #NlA #N/A #N!P., -3.29 #N:A activoting transcription facto; 5 

ENSGOOOOG1?00?l3 #NIA #NIA #NIA _., 41 #Ni' potasslum cl"mr.nc!. IJ~ltagegated st:bfamiiy E 
.... A regulatory beta subun1t 5 

ENSGOOGOG239672 #NiA #N/A #N/A -4.0G #N/A NMEfNM23 nudeos!de diphc-sphate k>nase 1 

ENSGOOOOOi23965 #WA #N!A #NiA -4.85 #NIA Ch2C glutatr<ior.e-spedfic gamma
g!utamy:c~dotransferase 1 

ENSGOOOG0263006 #N/A #N/A #'N/A #NtA ?.14 Rho-associated. coi!ed-coi!containingµrotem 
kinase 1 pseudoger.G l 

ENSGOO-OC0240i84 #N1A #NJA #WA #N!A 5.51 protomdheriri gamma subfo.rrniy C_ 3 

ENSGOOOCG099t39 #NIA #N!A #NJA #NlA 4 94 prcprote,n conve1iase subtllismfkexin type 5 

ENSGOOOG0230453 #N/A #N!A #N!A #NtA 4.79 ankynr. rapestdomsin 188 
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FIGURE 1T 

ENSGGOC:00"106948 PNfA #N/A #NIA !.47 #N//1 .A.T•hoo!t transrnption factor 

ENSG00000187098 #N!A #N!A #NiA 1 47 #N.'A f1'lkrc,pMhalmia-assoC.:ated {ra!lscrfptivn fa~t,x 

ENSGCVOD0257923 #NfA #N!A #N!P., 1.47 #NiA cut-ti!it~ homoobox 1 

ENSGGOG00118t81 #NlA #NIA #NIA i 47 1 10 nbosom('ll protein S25 

ENSGODC00228474 #N/A #N!A 

ENSGCIJOQ01047.3i #NfA #N!A #NIA 

ENSGG000017796i #N/A #NIA #NJA 

1.47 
, _ 1 oligosaccharyttransferase compkix subunit 4 
! _.j~ (nor.:-C8ta~;tic) 

1/,7 #NIA keich dom2m ,;or.taining 4 

1 47 #N!A ankylin r€'pezt ar'tct SOCS box contmn,ng 8 

ENSGCD000067057 #NfA #N!A #NIA 1.46 #NIA phosphofructokir.ase, platelet 

ENSGGC000~18267 #N!A #NfA #NJA 146 ~ 30 ZNF27! 

ENSGCV000143226 #N!A #N!A i.4S #N/A Fcfragm<;'fltof lgG, :cw-affinity :la. i"Bceptor 
(CD32i 

FNSGGIJOQG~72936 #N!A #N!A #Niti. 145 #NIA mye-kiid d,fforE-nkt!fon primary resp<mse 88 

ENSGGOG00069966 #NIA #NIA #NIA i.4S #N/A guanine nuc;.s0tide binding ;:;rote-in (G 
· prcto!n), beta 5 

ENSGOC000014914 #NIA #NiA 1.45 #N!A m:,rotubutarin mlated protein 11 

ENSGGOC:00078124 #N!A #N!A #NIA ! .44 1.52 afk;;iitt1e cer-amida'..B 3 

ENSGODOOOi32823 #NIA #NfA 1 A4 #N:'A oxdcltNe str('ss resp,x1s1ve sefine-nch 1 

ENSGCV000t2336D #N!A #N!A 1.-44 #WA phosol1odiesterase 18, cal:z;cduiir,-deper,dent 

ENSGOOC000276S7 #N!A #N!A i.44 #NfA ITTtsffurongJ:mmareccptor1 

ENSGGOG00119&)1 #NiA #N/A #NIA i 44 #N/A yippee-like 5 

ENSGG0000134107 #NfA #NiA #Ni.A. 1.44 1.27 basic helix-loop-he!;.( fami!y, memb€1· c40 

ENSGOG0001G4921 #N!A #N!A 

ENSGGDC0002S137 #NIA #NIA 

i.44 #N/A Fcfrag:m.sritoflgE, low affinity!!, mecptor for 
(CD23i 

i .4
3 

#NIA tvnor nec.ros,s factor receptor supeiiam,!y. 
member 18 

ENSG00000~05355 #NiA #NIA #NlA 143 #N!A pentipm 3 

ENSGCG000109475 #N!A #N!A #N.t/l, 1.43 #N.'A ribosomal prvtein L34 

ENSGC0000255439 tif'{tA #N!A #NIA 1.43 #NIA Uncharac>ter,200 proteir1 

ENSGGC000'137575 #N!A. #NtA #NIA i.43: -#N/A syndecanblr.dmgprctein{syntenln/ 

ENSGCG000t68273 #N!A #N:'A #NiP. 1.43 #N.'A small ir.tegro: me:r.brane protein 4 

ENSGOCG00086065 #NIA #NfA #NIA 1.4J #N/A charged mu!tives:cu!ar body protein 5 

ENSGC0000205542 #NIA #N!A #NJP. 1.43 #N!A thymvsin beta.1, X-lin!,:00 

ENSGCD000105193 #N!A #NIA 1 .42 #NIA ribosomal protein S16 

ENSGOCOOG163220 #NIA #NfA #NiA i.42 #N!A S100 calcium b:nctir.g prctei11 A9 

ENSGCV000:166404 #NiA #N!A #NJ.A. 1.42 #NiA m:xed !meage kinase domam-Hke 

ENSGGDC00085719 #NIA #NiA #NIA 1.42 #NIA copir.e Ill 

ENSGGCOD0157895 #NJA. #NtA 

ENSGQC0001<0199 #NiA #NIA 

ENSGGD000137818 #NIA #N:A 

#NIA i41 114 ch:omosome.12oper.roadir.gframe43 

1.
41 

#N!A sc•ute carrier family 12 {potassiurnichtonde 
transpcrt.::r), member 5 

1.41 #NIA ribosomal protein, large, ?1 

ENSGGC000272657 #NiA #N!A #NIA 1.41 #N/A APDOG320.7 

ENSGCV000t64587 #N!A #N!A #N!/:>. 1.-41. #N/A ribosomal prvtein 314 

ENSGOC000131981 #NIA #NfA #NlA i.41 #N/A !ectin, galactos!de-bk1ding, so!L1ble. 3 

ENSGGG000254995 #N/A #NfA #NJA 

ENSGCGC0009595i #NfA #WA 

ENSGC0000133816 #NIA #NiA #N!A 

ENSGGDG00270106 #NIA #N/A #NIA 

141 
::tNiA STXl6-NPEPL1 readthr,xigtqNMD 

< • cand;daie} 

1.41 

1.41 

#N/A human i1mnun~eficten.c.y virus t:i,µe: 
enhancer b1ndmg profom 1 

#N/A m•cretubu!e associated monoox.yger.9se. 
c;:iipon:11 and UM ,foma;n con'tairnng 2 

1 . .&0 #NIA TSN.A.X-D!SC1 readthrough (NMD cai1dtdate,i 

ENSGOOOOOi96123 #N!A #NIA #NJA 1 40 #WA KIP.A0895-!ike 

ENSGCGOD0115561 #N!A #N!A #N!/l, 1.40 #N/A charged mu!t1ves:cular body proteln 3 

ENSGGCOOG2667i4 #NIA #N!A #Nt'A 1.40 #N.IA myosir. Xv'B 

ENSG00CG01011J2 #N!A #N!A #N.1.A. 1.-tO t29 pmfotdinsuburnt4 
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ENSGOODG0159251 #NIA #N!A #NiA #N!A 4.02 achn, a!pha, can::izc muscle 1 

ENSG00000124212 #NiA #N!A #N!A #NiA 3.55 prostagkmdil'i 12 (prostacyclifl} syn!haso 

ENSGOOOCu1834S3 #N.IA #N!A #NiA #N!/:>, 3 43 immediate early response 5-H!ie 

ENSGOOOG0100292 #N/A #N!A #N!A -#NiA 3.33 heme oxygenase 1 

ENSGOOOC'V! 15380 #NiA #N!A #NIA #Ni.A. 3_ ... ') EGF cc-r.taomg t1bv!m~t;ke C.(t!'clcelki!ar matr,t 
...... protein 1 

ENSGOOGCIJC69011 #NIA #N/A #NIA #NlA 3 14 palred-i;ke tlomecdomair, 1 

ENSGOOOGC130513 #NIA #NfA #NIA #NIA 2.72 growth d!fferH:tia!:o:i fa,;tor i5 

ENSGOOGCIJ115541 #NIA #NiA #NI.A #N!A 268 heat shock 1DkDaprote!n 1 

ENSGOOOGD115461 #NIA #NfA #NIA #NIA 2.53 insui1rH!V.eg;ow1h factor bmdmg pro1em S 

ENSGOODCV102802 #N/A #N:'A #N!A #N!/l. 2 53 mesenfotic es!rc-gen-<leper.dent ad~enesis 

FNSGOOG0f!139:34..1 #NIA #N1A #fl!f.A #NIA ?5? smaUnudearnbom.1ck>oprcteinpo!ype,ptk1eF 

ENSGOOOGC197182 #NlA #N/A #N!A. #NIA 2.49 M!RLET7B host gene 

ENSGOOOGC104168 #NIA. #NiA #N!A #NIA. 2.45 ptasminogen activator, tissue 

ENSGOOG002399-27 #NIA #N!A #NIA #N!A 2.43 ribomideasB P/MRP 2'!kDa subunit 

ENSGOOOQ0111057 #NIA. #NIA #N!A #NiP. 2.3e keratir, 18, type t 

ENSGOODCV145lOB #N/A #N!A #N!A #N!/:>, 2 36 cortlc_otrcpi>i rei.?casing hormone b1ndir1g 
protein 

ENSGOOOOOCB18.?0 #NIA #N/A #NIA. #NIA 2.36 ~~at shock protein fomi!y B tsmal:), member 

ENSGOOOGOi 75768 #N/A #NIA #N!A #NIA 2.36 lranslocaSB of outer mitochvndrta! membmr.e 
5 liornolog (yeast) 

ENSG00000182004 #NIA. #Ni.A #N!A #Ni.A. 2.25 sma!i nudear ribonudeoprotein po!ypcpfa.le E 

ENSG0000014S671 #N.IA #N!A #NIA #N!/l. 2 22 adip-0genesfS regulatory factor 

ENSGOODGDC?SB26 #NIA #N!A #Ni.A. #N!A 2.22 SEC3i homotog 8, COP!! coating compiex 
ccmpor.er.t 

ENSGOOOG0106S9i #NIA #NIA #NiA #NIA 2.13 m•tocliondrial riboscmal protein L32 

ENSGOOGCG143977 #N/A #N!A #N/A #N!/l, 210 smaUnuclearribonudeopmtein polypeptrde G 

ENSGOOC-0{}164182 #NIA #N!A #NIA #N!A 209 NADHdehydrogenase{ubiquinone}c.cmplf'x 
i, asserr.b!y factor 2 

ENSGOOOGCG08394 #N/A #N.'A #N!A #NIA 2.05 m•crosomai g!lltaihlone S-lransferase 1 

ENSGOOGOG152518 #N/A #N!A #NIA #N!/l. 2 03 ZFP3£ ring finger prote,r.-like 2 

ENSGOOOOC252771 

ENSG00000142196 #NIP, #NfA #N!A #NIP. i.95 endogenous retrovirus grollp K3, member 1 

ENSGOODGD152385 #NIA #NIA #NI.A #N.'A , 08 mago homolog, exon junckm compl&X core 
' ,.. ccmpor,er,f 

ENSGOOOOC235385 #NlA #NfA #Ni.A. #NIA U:5 GSi-600G8.5 

ENSGOOOCV179958 #WA #N!A #NIA #N!.A. i 94 dCTP pyrophosphalase 1 

ENSGOODGD168D03 #NIA #N!A #NIA. #N!A 1.94 sc:ute .:arr_ler family 3. (amino acid !ransporter 
hea\fy cham), member 2 

ENSGOOOG0173436 #N/A #NtA #N!A #N!A 'l.91 mitocMndrial >finer membrane orgarnzing 
system 1 

ENSGOOOQ0163.i56 #NIA. #NiA #N!A #Ni.A i .91 sorkFn ,;hsnr:el m,::,difier 1 

ENSGOODCV143256 #N/A #N!A #N!A #N!~. 1 91 prefu!din .=.mblmit 2 

ENSGOOOG0112769 #N/A #NfA #N!A #NIA L91 !am•n•n, a:pM 4 

ENSGOOGCG082515 #'N/A #N!A #N/A #N!/:>, 1 69 mitochondria! dbosvmal protein l22 

ENSGOOOGC127922 #WA #NfA #N!A. #NIA L88 sp;it hand/foot ma!formation tectrodacty!y} 
type 1 

ENSG00000198211 #NIA #NIA #N!A #NIA '!.88 ~Jbuiln,beta3ciassl!i 

ENSGOOOOGC90263 #N1A #WA #NIA #Ni.A. 1 87 mitochoncl!ial riboscmal protein S33 

ENSGOOOCV2 17930 #N/A #N!A #NIA #N!/l. 1 67 pmsequer.cetrar,slo~se-assoc,ated rnctor 
16 ~omolog (S. cereviSia9) 

ENSGOODGD104825 

ENSGOOOOC229S33 #NIA #NiA #WA #NIA 1.86 PET100 homolog 

ENSGOOOCG123353 #N.'A #NIA #NIA #N!/l. 186 ORMDLsphlngvl!pidbiosynthesisregu:ator2 

ENSGOOOGC157779 #N/A #N!A #N!.A. #NIA ~.86 insuHn-i!ke gmwih factor binding protein 5 

ENSGOOOC\1147862 #N.IA #N!A #NIA #N!.A. 1 85 nuCIB;;i; factor 1/8 
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FIGURE 1U 

ENSGODC00124370 #N/A #N!A #NIA i.40 #N/A methylma!or.y!CoAepim;;:mse. 

ENSGOC:100156052 #N/A #N/A #NJA 1 40 #N!A guan~n:' nudectide .binding protem (G 
protein), q polyp,)ptkle 

ENSGCVC00119950 #NJA #NIA #Nlf.l.. 1.39 #N.'A MAX ir.ternctor 1, d;menzatior, protein 

ENSGODC00~63319 #N!A #N/A #NIA i.39 2.47 m,tocl'iondnal fiboscmal protein S18C 

ENSGG00:00161970 #NIA #NiA #NlA 1.39 #N!A ribc,s,:>rr,al prctei11 L26 

ENSGGD000197747 #NfA #NiA #NIA 1.39 #NIA S10G calcium bind<r,g prctem A 10 

ENSGOCOOG~86318 #N!A #WA #NIA t39: #N/A beta-site AP?-cieav:!1g enzyme 1 

ENSGG0000204364 #NfA #NiA 1.39 #N!A ccmp!ement(..Cmponeflt2 

ENSGCD000158006 #N!A #N!A 

ENSGOC00008S970 #NIA #WA #NiA 1.39 #N/A k1zuna rontroscma! protein 

ENSGCDC00114737 #-N!A #N.1A #Ni.A. 1.38 #WA cytckine inducible SH2-ccntaining protein 

ENSGGDOOOi 15738 #NfA #N!A 1 .3B #NIA inh~bitcr of DNA bi~d!ng 2, dominant negatf';s 
hekx-!cop-~!!X protein 

ENSGGOGOG257341 #NJA #N.1A #N!A i 38 #NiA cysteine-rich protein ·1 (intestinaH 

ENSGCVC0016071G #NfA #NiA #N!/1-, 1..38 #N/A ader.osme d€arnmsse. RNA-specific 

ENSGOCGOG142347 #N!A #N/A 

ENSGG0000121552 #NIA #NfA 

ENSGCDGDOi98258 #N!A #NIA 

ENSGOOGOG'36816 #NIA #NIA #NIA 

ENSGCGC00243147 #N!A #N.1A #N!.A. 

ENSGGOCOO~ "!9720 #NtA #N/A #NIA 

ENSGOOGOOi 15866 #N!A #NIA #NIA 

1.38 #N!A m;osin IF 

1.38 #NIA cystatir. A. {stefin A} 

1.38 1.92 ubiquitin-!1ke 5 

i.38 #N.IA k,rsir. fomi!y 1. membHB {torsln B) 

1.37 2.14 mitocMndrla! ribosomal protein L33 

.137 #NIA NRDE-2. riec~~S&ryforRN.Airiterie-rerice 
domani contnimng 

i .37 #NiA aspa:;ty!-tR.NA synthetase 

ENSGQ0000276276 #NfA #N!A #-NJ.A. 1.37 #N.'A ADP-r!bosy!atcn facl:or-lik,) "!78 

ENSGCVCD0224152 #N!A #N!A 1..36 #N.,'A AC009S00.1 

EN5GOOC00143553 #N/A #N!A #NIA i..36 i.15 SNAP-as.$0cimed protein 

ENSGGOOOGi24·J72 #N.IA #NIA #NJA 1 36 1 47 
ATP Sfr:~ase. H.+ transpo1~tng, miiochm1dnal 
Fi comp:ex, eps::cn suburn! 

ENSGCDDD0!053?4 #N!A #N!A #N!P. 1.36 #NJA na!ura! killer c:eU granule protein 7 

ENSGOCOOG186174 #NIA #N!A #NIA i.36 #N/A 8-ce!l GLU:ymphom:i 9-:ike 

ENSGG0000169860 #N!A #NIA #NJA 1 36 #N!A punnerg1c receptor P2Y. G-protem col1pled, 1 

ENSGCGC00:1593ft9 #N:'A #N.1A #Ni.A. 1.36 #N.1A hexckinase 2 

ENSGCOCD0122026 #N/A #N!A #NIA 1.36 1.09 ribosomal proteln L2~ 

ENSGGC000189043 #NJA #NfA #NIA i.36 1 46 NDUFA4,m!tcchondna:c0mp!exassodated 

ENSGCDC00143382 #N;"A #N.1A #N!.A. 1.36 #N.1A ADAMTS~!:ke 4 

ENSGOC000~67461 #NIA #N/A #NIA i.36 #N.IA RA88A. member RAS oncogene fo:ni~j 

ENSGCDC00214022 #NfA #N!A #Ni.A. 1.36 ?.82 replicatior. initiator 1 

ENSGCOC00135722 #NtA #N!A #N!A 1.36 #NIA ankyrn1 repsat and FYVE domain ooniaining 1 

ENSGGCOOG166147 #NJA #N.'A #NiA 1 .35 #N/A f;br;f:Jr, ! 

ENSGCD0001 F523 #NfA #N!A 

ENSGGD000169756 #NtA #NiA 

ENSGOCGOG177917 #N!A #N/A #NIA 

1.35 #N.'A prollr.e-rict. w<!od-co!l 2C 

i .SS #NIA ~!~1 and senescent ce!l sntigen-like domains 

i.3S #N/A .A.DP-~bosy!ation factor-like 6 intemdir'!g 
prote1n6 

ENSG000001£.3545 ff.Nil\ ttNi,'\ #Ni!\ 1.3S #NlA Rl\813, rne-mber RAS onccgcnc fam!iy 

ENSGGDOOOi00097 #NfA #N!A #N!A ·us #NIA !ectin, galados,de-blndmg, sokib!e-. 1 

ENSGGOGC0237945 #N/A #NIA #NiA i 35 #N:'A !orig >ntergemc non-prote~ cc,d<r.g RNA 649 

ENSGGOOD0111640 #NfA #NiA #NI.A. 1.35 #N/A gfycem!dehyde-3-phosphate dehydrogeriase 

ENSGGDOOO-t86812 #NfA #NiA #NIA 1.34 #NIA zinc: finger protein 397 

ENSGOOG00065518 #N!A #NIA 

EN3GCOCOOi68275 #NiA #NIA 

i .34- 1 55 
NADH dehydr~ase (ub1quinone} 1 beta 
subcomptex, 4, 15kDa 

1.S4 #N/A eyf.ochrome cctidase assemtxyfactor 6 
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ENSGOOOGDi77426 #NIA #N!A #NIA #N!A 1.55 TGFB-ir.duce-c facto, hcm€-obcx 1 

ENSGOOOQC080823 #NIA #NtA #N!A #NIA 1.85 MO:< protein kirrase 

ENSGOOOCD1S4?23 #N.1A #NIA #WA #Nt.A. ; _81 .0.TP syr!thase, H+ trsmsportlng, mitochomlnal 
' Fo .::omp!ax. su:::iunit F6 

ENSGOOOGD11 ~832 #NIA #N/A #NiA. #-N!A ~ .79 RWD d:omaITT conta,:mg ·J 

ENSGOOOQ0176731 #NIA #NiA #N!A #Ni.A. t75 cr:-omosome a oper, reading fr~me 59 

ENSGOOOC0198498 #NIA #Ni A #NIA #Ni A 1 78 ~ranslatio.n .macllinery associated 16 homc:cg 
i,S. ce,-evis:-)e) 

ENSGOOOOC1749H #NlA #NfA #N!P.. #NIA t75 chromvsorne 1S open reading tam~ 70 

ENSG00000154582 

ENSG-00000171303 

#NIA. #NiA #N!A #Ni.A. ,, 74 transcnp?one1ongntionfo:::t~rB\S!ll), 
'·' polypeptide 1 {15kDa. etongm C) 

#N/A #N!A #-N!A #N!/1-, • 7? potass•wn char.nei, two pore domain 
' '" subfamily X:, rnemMr 3 

ENSGOOOOC171246 #N/A #WA #N!/1-. #NIA 1.72 neurona! peNrnxin I 

ENSGOOOCD105185 #NH~ #NIA #NIA #Ni.A. 1.72 programmed cs!! death 5 

ENSGOOOCD14868B #NIA #N!A #NIA #N.'A -: 7'I ribc,m.!dea~s PfMRP 3GkDa suburnt 

ENSGOOOG0130770 #N/A #WA #N!A #-N!A 1.71 ATPase inhibitory factor 1 

ENSGOOGCV161011 #N/A #N/A #NIA #N!/1-, 1 70 sequestosome 1 

ENSGOOOOCi46066 #N/A #WA #N!.A. #NIA ~ 6,., H!Gi hypoxia inducib~ domc1in fomi!y, 
! · ,:: member 2A 

ENSGOOOG0165189 #NIA. #NIA #N!A #Ni/.1. i.68 seri11e palrrn!cyttransferase, smal! ?ubun1! A 

ENSGOODGD203BOS #NIA #Ni A #NIA #NlA ~ €? phos~hafo:iic add phosphatase type 2 domain 
ccniainir+g iA 

ENSGOOOOC163827 #NlA #N!A #N!.A. #NIA 1.66 !eucine rich repeat contair.ir.g 2 

ENSGOOOC'V13.3169 #N.1A #NIA #NIA #Ni.A. 1.65 brain expressed, X-!inked 1 

ENSGOOOGO·! 1478-1 #NIA #N/A #Ni.A. #N!A ~ .65 eukaryo!tc frans!at~)n iritiaf,on fact,x iB 

ENSGOQOG0196352 #NlA #NIA #N!A #-N!A ~ er:; CD55 molecule, decay accelerating fac;or for 
•• ¥ complement {Cromer blood group} 

ENSGOOOG0147669 #NIA #N!A #N!A #Ni/.1. 1.64 polJmer~se (RNAJ :J {DNA directed) 
polypepMe K, 7.0l<Dc1 

ENSG-00000100902 #N/A #NIA #N!A #N_tP. 1 64 proteasvme (prcsorne. rnacropain) subur.it, 
alpha tyoe. 6 

ENSGOOOO(d05825 #NIA #N!A #NIA #N!A ~.63 lissuefactorpaU:w:iy:nnibitor2 

ENSGOOOG0185i12 #NiA #NIA #NIA #NIA i.63 famdy with sequenrn s,mi!an!y t.:.3, membi:r A 

ENSGOOGCD214046 #N.IA #N!A #N!A #N!P. 1 62 sma!! <ntegra: membrane prot€ln 7 

ENSGOOOOC125743 #N/A #N!A #N!.f!.. #NIA 

ENSGOOOQ0119705 #NIA #NIA #N.'A #NJA 

, 
6

,., srna!f nuclear nbonudeoprctom D2 
i. L po~;peptide 16.5:<;0s 

i.$
1 

SRA :tem-ioop i!1teroc-llng RNA binding 
protein 

ENSGOOGCG14S6SO #N.1A #N!A #NIA #N!.A. '61 t.agde sii:e, folK. acid type, mre, frai_1C)(q23.3J 
' or fra(1Q)(q24.2} candidate 1 

ENSGOOOC0145354 #NIA #N!A #NIA #N!A -: 61 CDGSH iroo sulfur d,):Nt!n 2 

ENSGOOOGC104763 #N/A #NfA #N!A #NfA "l.G1 N-sq,isphingosine amidohydro[ase (add 
ceramdase) 1 

ENSGOOGCD160799 #N.1A #N.1A #NIA #N!.A. 1.61 co<led-coi! domain evntmrnng 12 

ENSGOOOOC227051 #NlA #N!A #N!P.. #NIA 1.61 chrorncsome 14 open readir.g tame 132 

ENSGOOGOD17?453 #N.1A #N!A #NIA #N!.A. 1.61 polymemse {RNA,1; polypeptide C. 3GkDa 

ENSGOODCD14?S3S #NIA #NIA #NlA #N!A 1 61 phospho1fo::frc acid phosphata~e type 2 domai11 
containing iB 

ENSGOOOGC136S97 #N/A #NfA #N!Jl.. #NIA i.60 m•tochondnal •iboscmal protein LSD 

ENSGOOGOD130332 #N.IA #N!A #NIA #N!.A. 

ENSGOOOGD173113 #NIA #N!A #NIA #NiA 

, .Q" LSM7 homo:Og, U6 smaH r.udear RNA a~d 
' " mRNA degradah~n as.soc:atec: 

i 
60 

tRNA.~ethy!transfernse 1'1-2 hvmo1og (S 

cerevisae) 

ENSGOOOOC273397 #N/A #N!A #N!P.. #NIA , t::." NADH de-hydrogenase (ubiqumon{!} 1 a!pi1a 
!.,.,,:: subcompiex, 6, 14¥.Da 

ENSGOOOG0143.i58 #N.J/1 ttN!/1. #Nii\ #NJ,\ i.57 1wtoc1'011dnal pyn.ivatc c-:m1er 2 

ENSGOODCOH.i6347 #NIA #N!A #NIA #NiA 1 57 cytc.:.hmme b5 type A {microsoma!) 

ENSGOOOGC161980 #N/A #NIA #N!A ffN!A ~ c:. polymerase (RNA) :H (DNA directed) 
•·'-'' polypeptide K. 12 3 kOa 

ENSGOOOOC16la63 #NIA. #Ni.A. #NIA #Ni.A. 'LS! /ffP synthase, H+ ~:ansportITTg_ mitochondrial 
Fo comp1et. suourn: d 

ENSGOODCD101361 #NIP. #NiA #NIA #Nill. ~ 57 NOP56 ribonuC:eoprotein 

ENSGOOOG0120963 #NIA #NIA #N!A #-N/A 1.56 zrncfingerprotetn 706 

ENSGOOOOOC60762 #N/A #N.IA #NIA #N!fa.. 1 55 mitochondnal P)lf'Jvate earner 1 
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FIGURE 1V 

ENSGGCGOO'l44791 #NJA #NiA #NIA 1.34 #N/A UM doma1ns containir>g 1 

ENSGCGCD0206573 #N!A #NiA #N.t/l. 1.-34 #N!A 1HUMPD3 ant!Sense RNA ·J 

ENSGGCG00240344 #NiA #NiA #NIA 1.33 #N/A pept:dy!pm:yl isome;ase (cyclvpti::in)-!lk~ 3 

ENSGCDOD0188559 #N!A #N/A 

FNSGGDG0017548/ #N/A #N!A 

ENSGCD0001.34970 #NiA #N!A 

ENSGGOGOGs31507 #NIA #NIA 

ENSGGGOD0231500 #NIA #N!A 

i.3
3 

#N/A Ral GTP~se activating protein, alpha sub;;n:t 
2 {wtaJyhc) 

#:NIA i 3:i #NIA po!ymemse tDNA-d1rocted,i de!ta 4 
accessory suburnt 

#NIA 

1.33 #N.'A lrans1:1embrn~~ emp24 p,oie.ir. transp.o;t 
domain conta1mng 7 

i.33 #NIA Nedct4 fc}mi!y interac.tmg prote1!l 1 

1.33 #N!A rJbc,sorr,a: prctein S18 

ENSGGCGOG187210 #N!A #N!A #NlA i33 #NlA gluccsarn!ny! fN-acety!}irc}nsfemse 1, corn 2 

ENSGG0000180964 #NIA #N!A #NlA 1.33 #N!A transcnpt!cn elongation factor A {Sl!)-lihe 8 

ENSGGOC001 i8260 #N!A #N!A 

ENSGGC000105829 #N!A #NIA 

ENSGCGOOOt63975 #N.!A #N!A 

ENSGGC000169032 #NiA #NIA 

ENSGG0000196683 #NfA #N!A 

#NIA 

#NIA 

1.32 #N.IA cAMP resporish1e etementbinding protein 1 

i .
32 

~ 
29 

Bcti go!gi vesicular me-rnbrar.e trafficKing 
prctetn 

#N!P. 1_32 #Ni A antigen p97 (me!anoma asscciated} identmOO 
by monoctona: anf;bodies "133.2 .ar.:d 96.5 

i .32 #N/A mitoger,-ad1vated protein kir,sse kinase i 

i .J2 ~ _ 15 tf anslocase of outer mitochcndrfa! membrane 
7 nomolog i_yeas(i 

ENSGCGOD0070814 #-N!A #N!A #Ni/.>. 1.32 2.22 1reeicher Comns-Francesc!,etti syndrome'! 

ENSGCOCOO·ii1275 "#N/A #N/A #NIA 132 #Nl' aldehyde <!~!iydrogenase 2 family 
A (m!iochondna:) 

ENSGGC000182534 #N!A #NfA #NiA 1 32 #NlA matrix-remode!!mg associated 7 

ENSGCGC002":4413 #N.fA #N!A #WP. 1.32 "l .69 BBSom0 interacting protein 1 

ENSGODCOO~ 36448 #NIA #NIA 

ENSG0000015099·! #NiA #NIA 

ENSGGOCDG~ 19878 #NIA #N!A 

ENSGOOOOOi97256 #NIA #NfA 

ENSGOGC00230828 #NIA #N!A 

ENSGGOGOG2624i8 #NiA #NlA 

ENSGOG000120709 #NiA #N!A 

ENSGCDC00106560 #NIA #N/A 

ENSGGCODGi77?38 #NiA #NfA 

ENSGCIJC:00~558?6 #NIA #N!A 

ENSGOOOOO"l i 9820 #NiA #NIA 

ENSGCD000136238 #NiA #NIA 

#N!A i.32 #N!A N--<nyfls!oyl!ransteraoo 1 

#NJ.A. 1.31 #N!A ubiqufo C 

#N!A !.31 1.58 cysteme~r;ch PDZ-bindmg protein 

#NIA 1.31 #N:'A KNmot+fc1m1ar:kyrlnrepeatdomains2 

#NIA 

#NIA 131 #N:'A rtein tyrosir.e phosphatsse, receptor type. 

#Ni.A 1.31 #NIA farrn!ywith sequence s:mdanty 53, member C 

#N!A 1.31 #NIA GTPase, IMAPfami!ymember2 

#NJA 1 Jl #NlA CTD-220':E18 3 

#N!A 1.30 #NIA Ras-related GTP binding A 

#NIA 1 .30 #N/A Yip1 dommn family. member 4 

1.30 ~ _ 13 r~s-rela~ C3 bctu!inu~ t~xir. subst_rate 1 
{me family_ smaf!GTPbmmng protein Raci) 

ENSGCDC00124201 #NtA #N/A #N!fi. 1.30 #NIA zmc finger, NFX"l-~1pe containing 1 

ENSGGOOD0124614 #NJA #N/A #NIA 1.30 #N/A nbosorr:a: protein S1C 

ENSGODC00141526 #N/A #N!A 130 #N.1A w!Ute camer farm!y 16 (monocarbcxylate 
tmnspcr!:e-r), membar 3 

ENSGCDCOo198604 #N/A #NiA #NIA i.30 #NIA ~;mooomam adJacentto zincf1nge•doma1n, 

ENSGCOC00~0&-814 "#N!A #N!A #NIA i .3G #N!A n:itogen~activated protein kinolse kinase 
kir:ase kinase 1 

ENSGG0000110700 #N/A #NfA #NiA 1 30 #NlA ribc,s,xr,a: prctein S13 

ENSGOG000198682 #N!A #N!A 

ENSGC:0000167850 #N!A #N!A #NIA 

1 .3G #N.'A 3'-phcsphoadenosine 5'-phosphosu:fate 
synthase 2 

i.29 #N!A CD3CO;; mc,!ec,1ie-
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ENSGOOGGD1B9403 #NIA #N!A #Ni,\ #N!A 1.55 highmc,bi!itygrotipboxi 

ENSGOOOGC185043 #N/A #N!A #NiA #-NIA 'l.55 w:ci..sm and :ntegnn bir.dlr.g 1 {eo!my:in} 

ENSGOOOCG133398 #N.tA #N!A #NIA #N!P.. 1 54 media!orcompl€-Xsubunit 1G 

ENSGOOOGC104332 #N/A #NfA #N!A #NIA 'l.54 sccrctedfnzzled-reklted protein 'l 

ENSGOOOG'D186577 #N.IA #N!A #NIA #N!A. 1.54 chromosome 6 oper. rea<lir.g t.ame 1 

nuclear factor of acthr:Jted T-<..€!:s 
FNSGOOOGD17fy.:!53 :#N/A #N!A i.NJ.A #NIA ~ 54 cytcpkismic, c.;:i:cinewir.-dependf'r:t) 

interacting p;ot0in 

ENSGOOOCD16.3i70 #N.IA #N!A #NIA #N!P.. 1.53 bolA farni!y member 3 

ENSGOOOGD180992 #NIA #NfA #NIA. #N!A 1.53 m;toc..'1ondnat ribosomal prote1!1 L 14 

ENSGOOOG0120875 #N/A #NIA #N!A #Ni.A. 1.52 dualspecific;t,;phosphatase4 

ENSGOOC-CD116473 #NIA #N/A #NiA #NiA 152 RAP1A,rnembe•cfRASoflcogenefam,!y 

ENSGOOOGC205981 #NlA #N!A #N!.A. #NIA 1.52 ~;aJ \Hsp4G} hcmolog, subfamiiy C, member 

NADH dehydrogenase (Ubl(juinone) ·! alpha 
subcomp1e~:. 3, 9kDa, isofcrn; CRA_e: 

ENSG00000275?24 #NIA. #NIA #WA #NIA. i _51 NDUFA.3 protein; cDNA FU75508. highly 
similar to Homo sapiens NADH 
dehydi-ogenase {ubiquinone} 1 a!pha 
sut;complex, 3, 9KDo (NDtlFA3). mRNA 

ENSGOOOG0172336 #NIA #N!A #Ni.A. #N!A 1_51 POP7 homolog, nb-Orn.tc!ease P!MRP st.!b•1nit 

ENSG0000Ci39233 #NIA #NIA #N!A #NIA 1.S1 LLP homo!og, long-term synaptic faalltaticr. 
(ApfJS'a) 

NADk dehydrogensse (ub1q_uinone} Fe-S 
ENSGOOOCG164258 #N.IA #N!A #N.!A #N!/J.. 1 50 protein 4, 18k0a (NADH-roenzyme Q 

reductase) 

ENSGOOOGC141S37 #N.lA #NIA #N!A #NfA 'l.SV w:CiiJm channel. vo!t~f.Xlependent P/Q 
type, .alpha lA subuntt 

ENSGOOOG0120533 #NIA #N!A #N!A #NiA i .49 enhancer of yellow 2 Mmdcg {Droscpnl:a.1 

ENSG-OOQCG1D0l42 #N/A #N!A #NIA #N!f.i-. 1 48 polyme~se (RNA) !l (DNA d•rected) 
potypep!idc F 

ENSGOOOCOi22641 #NIA #N/A #Ni.A. #N!A ~.48 inhfb!n, beta .t.. 

ENSGOOOGC197070 #NiA #NIA #N.'A #NIA '!.48 arrestin domain coritammg ·J 

ENSGOOOCG1253s6 #N.IA #N!A #NIA #N!P. 1 47 NADk dehydrogensse (ub1q_uinone/ 1 alpha 
subcomplex, 1, 7 5kDa 

ENSGOOOOD2557H #NIA #N!A #Ni.A. #N!A ~.47 5ma!!nuc!eo!arRN.t..nostger.e 1 

ENSG00000225921 #NIA #NfA #N!A #NIA 1.45 nucieoic.i:- i:,mtz!n ?, 27kDa 

ENSGOOOCD·!71735 #NIA #N!A #Ni.A. #N!A ~.45 ca:moduhn bindmg !mnscrlption activator 1 

ENSGOOOC,0124882 #NJA #N!A #NlA #NIA i .44 epir€'g<J!tr: 

ENSGOODGD·!75606 #NIA #N!A #Ni.A. #N!A ~.43 transmembraiw prctein 70 

ENSGOOOG01S7772 #NIA #NIA #N!/.l-. #N!A 1.43 angiopoietin-like-4 

ENSG00000164i~4 #NIA #N!A #N!A #NIA i.42 micmtubule-associafad prctein 9 

ENSGOOOGIJ100836 #NIA #N/A #NIA #N.IA -: 42 poly{A) bindij1g protein, nuc!ear 1 

ENSG00000055044 #NIA #NfA #N.1A #NiA i.42 NOP58nbonuciecprote•n 

ENSGOOOCQ235162 #NIA #N!A #NIA #N!A ~ 42 chromcsome 12 open reading frame ?5 

ENSGOOOG0163463 #N/A #NfA #N!A #NIA 'l.39 keratmccie sssccialed protein 2 

ENSGOOOC.'D170088 #N/A #NiA #NIA #N!fa.. 1.38 tmnsmembrane protein 192 

ENSGOOOC0178127 #NIA #N/A #NIA #N.IA -: 38 NADH dehydrogt>nase (ub1quirione) 
t:avopro!eITT 2, 241<:Da 

ENSGOOOG01D6S03 #N/A #N.1A #N!A #NIA 'l.38 Sec6i beta subumt 

ENSGOOOCD17S896 #N!A #WA #NIA #N!/1. i .3B ex.::::some compc!!ent ,1 

ENSGOOOGDC71462 #NIA #N/A #NIA. #N!A A 17 Wi!!iams Beuren syndrome chromosome 
' .... , regicr 22 

ENSGOOOG0183726 #NIA #NfA #N!A #NIA '!.37 transmembrn.r,e protein 50A 

ENSGOOOCG11'l237 #N/A #N!A #NfA #N!P. ~ 37 VPS29retromercomp:eY.component 

ENSGOOOGD154405 #NIA #N!A #Ni.A. #N!A A 17 ~ibiquifi.ol-cy!oc.hr.)rric c redu,:t,Jse, c,)rrip:ex rn 
' .... , subu!lit V!!, 9.5kDa 
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FIGURE 1W 

ENSGGOC:00~98265 #N!A #N!A #N!A i.29 #N/A he!icasc with zincfogor 

ENSG00000i13108 #N/A #NIA #NiA 1 29 #NlA am~!oid bet.a (M) precursor pmte,r:-bindfng 
farrn!y B. member 3 

ENSGCGOD0186470 #WA #NIA #Ntf., 1.28 #N/A bL1tyroph.l!n, subfamily 3, member A2 

ENSGGOG00~09046 #N!A #N/A #NIA i.28 #N/A \!VD repeat ;;md SOCS box containing 1 

ENSGODOOOi85308 #N!A #NIA #NiA 1 28 
:itN1A p~osphotidy!•noslto! g!ycar. ancilc; 
· · b!OSynthesis, da~s P 

ENSGCGCD0159055 #NfA #N!A #N!f,, 1.26 #N/A MtS1S kinet0chore protein A 

ENSGG0000-164054 #N!A #N!A #NIA i.2& #N/A sh,sa family member S 

ENSGCGC00168961 #N!A #NlA #N!ft.. 1.26 #N.1A !ectin. galactos:de-blnding, soluble. 9 

ENSGG0000'102265 #NIA #N!A #NIA i.2B #N/A T:MPrnetallopeptidaseinhibitor 1 

ENSGG00:0019895·! #N!A #N!A 

ENSGOOOD0147439 #NIA #N!A 

ENSGOOG00085224 #NIA #N/A 

ENSGGD000124067 #N!A #NfA 

ENSGCGCD0129810 #WA #N!A 

ENSGG0000145743 #N!A #NIA 

ENSGCG00015?349 #NIA #N.IA 

ENSGCOOD0281794 #NIA #N!A 

ENSGOOGOG253230 #NIA #NIA 

ENSGCGOOOt00599 #N!A #N!A 

ENSGGOGOG!05372. #N/A #NIA 

ENSGG0000068137 #N!A #NfA 

ENSGCVOD0248092 #NiA #N!A 

ENSGG0000132963 #N!A #NIA 

ENSGCG000130164 #NIA #N!A 

#NIA 

#NiA 

1.28 #WA N-:x::ety!ga!actosaminicfose. alpha-

1.27 #NIA bridgir,g fntegrator 3 

i.27 #NIA alpha tt:a!ass~miaimenta! retardatior. 
· · syndrome x.:mked 

1 27 
#NfA sc:ute ,;anier fami!y 12 {potassiumichlorn:i€ 

transporter), member 4 

#N!P. 1.27 #N/A shugoshln-!!ke i iS. pombc/ 

#NIA 1 27 #N/A F-box and teucir.e-rich repeat protein 17 

#N!ft.. 1.27 #N/A DEAD \Asp-Gtu-A!a-Asp} box polypeptide: 1!:B 

#NIA i .26 #NIA !ong :ntergeruc non-profolr, ceding RN . .; 969 

#NiA 

#NlA 

1.26 #N/A !ong ;ntergenic non-protein codir.g RNA 599 

1.26 #NIA RasancRabit1teraclor3 

1.26 #N/A nbosoma: protein 519 

126 
#WA pte~sirin homology dom;:ijr, <.cntaining, fam,ly 

H (with MyTH4 domain) member 3 

i .26 #N/A NNT antisense RN,.; '1 

#N!A i .26 2 08 pmteasome m,3turation protein 

#Ni{}, i .26 #N.'A low denstly hpoprotein receptor 

ENSGGOC00144034 #NIA #NIA #NIA i.25 2 52 TP53RK binding protein 

ENSGGCOOOW2977 #N!A #NfA #NJA 1 25 #NfA admnocortica: dysplasia homolog {mcuse) 

ENSGCGCD0128016 #N!A #N!A 

ENSGOOC:00~ 17394 #NtA #N/A #NIA 

ENSGGOG00163125 #N!A #NIA #NIA 

1.25 #NtA ZFP36 ting flr.ger proteir. 

.1.25 #NIA soa.1te carrierfomiiy 2 {fac:!ltated glucose 
t:-am,porter1. member i 

1.25 1 52 reg~l~t~n cf nuclear pre-rnRNA domain 
comairnng 2 

ENSGCGC00229117 #N!A #NIA #N1ft.. 1.24 #N/A ribosomal pivtein L4 l 

p~ckstnn Mmvlvgy domair. conta!n!ng, fam>ly 
ENSGOOOOQ169499 #NJA #NIA #N.!A i 24 #N/A A (phosphoir.c-sitide binding specifsc) member 

2 

ENSGGOC00117614 #N/A #N!A ff.NIA i.24 i.50 SYF2 pre-mRNA-sp!i,;mg factor 

ENSGGD000082074 #N!A #NIA #NIA 124 #NfA FYNblndmg prcte~l 

ENSGODCD0090013 #NIA #N!A #N!P. 1.24 #NJA b~h:erdin reductase B 

ENSGODC00'135974 #N/A #N!A ff.NjA i.24 #NIA chromosome 2 open reading tame 49 

ENSGG00:00132950 #NiA #NIA #N/A 1.24 #N/A zir.c finger, MYM-lype 5 

ENSGOGOD0205423 #N!A #N!A #N/P. 1.23 #N/A CTD rmclcor e,nv~kipe phosphatase 1 
regu:atory suburnl I 

ENSGGDOOO'l.<!3353 #N!A #NfA #NJA 1 23 #NlA !ysophospl'iolipaso-l+ko i 

ENSGCGOD0172725 #N!A #N!A 

ENSGCVC00254992 #N!A #N!A 

ENSG00000175?27 #NIA #NIA 

ENSGG0000221983 #N!A #NfA 

ENSGGOOD0143507 #NiA #N,A 

ENSGGD000239382 #NlA #NfA 

ENSGODODOl 18985 #NIA #N!A 

#NIA 

1.23 #N!A cc.ronin, actin binding protem, 1B 

1 
_
23 

,: i::o BR!CX:1, SCAR)WAVE actin-nudealing 
··'-'~ complex subunit 

1.23 1 32 MLX intemding protein 

123 1 41 
ub~u!tin A-52 residue ribosoma! protein 

. ftlSKl!l producti 

#NIA 122 #NIA dlmlspec.ficdyphosphat;;se10 

#NiA 1 22 #NfA aJkB hcmolog 6 

#N!P. i.22 #NIA e[ongstion factor, RNA polymerase H. 2 
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ENSGOOOG0115363 #NIA #N!A #NiA. 

ENSG0000010D889 #NIA #NiA #N!A 

ENSGOOOOu104823 #N.lf., #N!A #NiA 

ENSGOOOG0100028 #NlA #NIA #Ni/>. 

ENSG0OO0C1·I2667 #NIA #NIA #N.IA 

#NIA 

#NIA 

#NiA 

#NIA 

#NIA 

~.37 eva-1 nomolog A (C. otegans) 

'! .37 ph~sphoen~!~ynN;;ite carbc.<yiina$e 2 
(rrn:ochondn;;i:) 

~ 35 enoyl CoA hydratase 1, pero)"1somal 

~ 'li:_ sma!f J1t1c!earribor.ucte.oprcte!n 03 
.. .,,. po~;peotlde-18kDa 

i.
35 

~'-dwxynucleoside 5'-ot'fosphate N-hydro!ose 

ENSGOOOCG1463S6 #N.tA #N!A #NfA #N!P. 1 34 P.8RA C-term;nal !ikB 

ENSGOOOG0131586 #NIA #NIA #NIA. #NIA 1.34 MRPL20 

ENSGOOGC,01718-13 #N.1A #N!A #WA #Nift.. 1.34 PWWPdomam~onta:rnng2B 

ENSG00000111231 #NlA #N/A #N!A. #NIA L33 GPN-!oopGTPase3 

ENSGOOOG0136213 #WA. #N!A #N!A #Ni.A. t 33 ~~rbohydrate (chondrcltfn 4) stdfotran=.,ferase 

ENSGOODG0171204 #NIA #NiA #NIA #N!A 1 32 transmembrar:e prctein 1268 

ENSG00000138175 #WA #NlA #N!A. #NIA 1.32 ADP-ribosy!afa:;n factor-like 3 

ENSGOOOGG134Q.<9 #NiA #NIA #N!A #NIA '!.32 imm~diate ec1rly resp,Jns€ 3 interack;g 
protein 1 

ENSGOOGCu1055i8 #N.'A #NIA #NIA #N!P, ~ 31 transmembrar:o prctein 205 

ENSG00000172465 #NlA #NIA #N!A #NIA 1.31 lranscriptionelor.gationfacto,A(Sli)-!ike l 

ENSGOOOCG108010 #N1A #N!A #NIA #Ntft.. 1 .31 g!utxedox!n 3 

ENSGOOOCD272835 #NIA #N!A #NIA #N.IA 1 3.1 sing:e-pass membrane protein w;fh aspartate
tic!-i tJi! ·i 

ENSG000G0162520 #N/A #NiA #N!/.>. #NIA 1.31 synwi!ln, intennedmta filament protein 

ENSGOOGCG1368-10 #N1A #N,IA #NIA #Ni.A. 1.31 tnivredox;n 

ENSGOOOOC206408 #N/A #N/A #N!A. #NIA 1.31 Gpatch dcmam and anKy!in repeats 1 

ENSGOOOG0165502 #NIA. #N!A. #N!A #Ni.A. i.30 1ibosornc1l protein U6a-!ike 

ENSGOODCV111364 #N.IA #N!A #N.iA #N!P, 130 DEADfAsp-G!u-A:a-Asp)boxpolyoeptide55 

ENSGOOOGC:197019 #N/A #NIA #N!A #NIA t3G SERTA.Oomain containing 1 

ENSGOOGCV167747 #N/A #N!A #NIA #N:'{}, 130 chromosome19openreadir.gfmme48 

ENSG000G0i?3915 #WA #NIA #N!.A. #NIA ~ 'l:1 up-regu!clteddur:ogskeleta!musdegrnwth5 
··"~ homo!og {mouse) 

ENSGOOOGD143i06 #NIA #NfA #N!A #NIA ~.3G proteascme iprcsome. macrcpa.n) subur,lt, 
alpha l:ype, 5 

ENSGOOOCD172977 #'N.tA #NIA #N.fA #N.1P, 1 29 K{lys:ne} acet>t!transferase 5 

ENSG00000108175 #NIA #NIA #Ni.A. #N!A ~ .29 zinc finger, M!Z-fype conta;n?ng 1 

ENSGOQOGOl /2586 

ENSGOOGCG165782 #N1A #N!A #NIA #N!.A. 1.28. tansmembrane prctein 558 

ENSGOQOG0070010 #NiA #NIA #N!A #N!A 1.26 ufoqmtin fusior. degradation 1 hke i\reast; 

ENSGOOD00150551 ff.NIA #NIA #NIA. 

ENSGOOOGG162300 #NIA #NIA #N!A 

ENSGOOOCDC90266 #N.tA #N!A #NIA 

ENSGOOD00005075 ff.NIA #N!A #NIA 

ENSGOQOG0183527 #NIA #NIA #N!A 

ENSGOOOOG163653 #N.tA #N!A #NIA 

ENSGOOOGD170791 #NIA #NIA #N!A 

ENSGOOOC'D101182 #N.1A #N.!A #WA 

ENSG00000115350 #N/A #N!A #NfA 

ENSGOOOGD171202 #NlA #NIA #Ni/>. 

#N!A 

#NIA 

#N.1P, 

#NIA 

#NIA 

"#N!P. 

#NIA 

#Nrft.. 

#N!/>. 

#NIA 

~ .28 L Y6/PLA.UR domolr cc11iaining 1 

1.28 zinc fingerprctell1~like 1 

, -s NADH dehydrogern:;se fob1quinone) ! befo 
' L subromplex, 2, 8V.D,; 

.. ,,
8 

po~;merase {RNA) :1 (DNA directed} 
'.L potypeptide J, 1.3.3k0a 

i.Z? proteascme (prcsome. macropa:nf assembly 
ct.aperone i 

NADl-l dehydrogensse (ubiquinone} Fe-S 
1 27 pmtein 5, i5k0a (NADH-ccenzyme Q 

reductase} 

~ ?-r ooi!ecl-c::oil-heihc-cc•led-wil-he!•x domain 
• ... 

1 containing 7 

, "<': pr◊teascmc (prosome. macrcpain) subur.it, 
'.Lv alphu !ypc. 7 

1 26 
polymera:,,e {DNA-directed), epsilon 4, 
accessmy s;1bun!t 

1.20 trnnsmernbmne prvtem 126A 

ENSGOOOG0148834 #NIA. #Ni.A. #N!A #Ni.A. i.25 glubthkme S-transferasecmega 1 

ENSGOOG00164032 #NIA #NfA #NIA #NlA 1 2.5 H2A histvne farni!y, member Z 

ENSGOOOGD2617.<!0 #NIA #NfA #N!A #NIA i.25 Uncharacter.ze<l protein 

ENSG-00000143387 #N/A #N!A #NIA #N!{}. ~ 25 cathepsin K 
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FIGURE 1X 

ENSGG0000178802 #NIA #N!A #NIA 1.22 #NIA m,1rmose phosphate isomerase 

ENSGGCG00~35452 #NJA #NIA #NIA i.22 #N!A tetrospanin 31 

ENSGCGC0022?669 #N!A #N.IA 

ENSGOOOD0106617 #NfA #NiA 

ENSGGCG001 H697 #N/A #NfA #NiA 

ENSGGCOOGi68255 #N/A #NIA #NIA 

1.22 #N.'A majcr histvcornoattbi!ity complex, class!. H 
(pseudoger.e) 

i.2.2 #NIA pmte!~ i-:Jn~se, -~MP-acttw;ted. gomma 2 non
Cf)fa!~11c sunun-1: 

1.22 

121 

125 
NSL 1. M1S12 kinetochore cc mp lex 
ccmpor.er.t 

#WA po!yme~se tRNA) !l {DNA directed} 
· · po~pept1dc J3 

ENSGCDC00166128 #NJA #Ni A #NIA 1.21 #NIA RAB8B. merr,ber RAS oncog0ne f-):nlly 

ENSGG00:00i2%96 #NfA #NIA 

ENSGCVC00141971 #NIA #NiA 

ENSGGC:000145247 #NiA #N!A 

ENSGCVCOOt66341 #NIA #NIA 

ENSGGCGOO! 86010 #NIA #N/A 

ENSGGC00G125971 #NiA #NIA 

#N!A 1.21 #N!A TEL02 if1te:-acting protein 2 

#N!P.. 1.2i #N.'A mv:ti•Iesiculo:r bcOy subunit i2A 

#NIA 1.21 1 50 OC!A domain conta,n<ng 2 

#N/P.. 1.2i #N,'A <lachsous cadherir.-related 1 

#NIA 
i.

20 1 62 
NADH dehy.::lrogenase (ublquinone} 1 :l:pna 
sut,complex, 13 

ENSGG00:00160223 #NfA #N!A #NIA 1 20 #N:'A m<lucib:e T-ceil cc-stimuiator ligand 

ENSGCVOOOt65264 #NIA #NiA #N!f>. 

ENSGGOG00163131 #NIA #N!A #NIA 

ENSGGOOOOt5B869 #NIA #N!A #NJA 

ENSGGOC001i4439 #NIA #NiA #NIA 

ENSGGD000114062 #N!A #NfA #NiA 

ENSGCDC00162704 #NfA #N!A #Ni.&. 

ENSGGOCOG~02316 #NIA #N!A #NIA 

ENSGOC000005238 #N/A #NIA #NiA 

1.20 

1.20 

1.20 

1.20 

120 

1.19 

1.19 

119 

~ 
14 

NADH dehydrogenase (ubiquinone_t 1 beta 
·· subwmp!ex, 6, ih:Ds 

#N!A cathepsin S 

#N!A Fe fragment ,)f :~E, high affinity l, receptcr fer; 
gamma pc1!~peptide 

#NIA bobby sox hom::::cg (Drosophila) 

#NlA ubiquit.n protein !•gase E3A 

#N!A twJ::lnoma ant:gen fam1!y D2 

#NlA :mi!y with sequence similarity 214. member 

serp1n pvotldnse inhibitor, ciade H {heat 
ENSGGOG00149257 #NfA #N/A #NIA 1.19 #NIA st.eek prctein 47), Member 1, (cc:!agen 

binding proteln 1) 

ENSGOG000084676 #N!A #N.1A #N!.A. 1.18 #N/A nuc.:earree€ptorcc-ac!ivatm 1 

ENSGGOCDG~24766 #N!A #N/A #NIA !.18 #N/A SRy· (sex determining region Y_i-bcx 4 

ENSGCDCOOli4391 #WA #N!A #N!P.. 1.18 #N/A ribosomal prctein L2t 

ENSGGD000-'!59882 #N/A #NfA 

ENSGCDC00141428 #NfA #NIA 

ENSGGDOOO~ 42687 #N/A #N!A #NIA 

ENSGG0000127540 #NiA #N/A #N:A 

ENSGG0000"!60753 #NfA #N!A 

ENSGCOCD0114796 #NJA #N/A #NI/>. 

1 18 #NlA zirc Tinger prntefn 230 

1.18 #N.'A chmmosome 18open reading frame 2·1 

1.18 #N!A KlAA0319-!ike 

1
.
18 1 82 

ubiqu~ol-cytochmrne c reductase, complex:!] 

subun1tX! 

1.18 #N/A Rl.JN ar.d SH3 dommr: conlairnng 1 

1.17 #NIA keich-likefomi!ymerr,ber24 

ENSGGCGOG196154 #NIA #NfA #NIA i.17 #N.IA S100 calcium bir.ctir.g prvtein .ll.4 

ENSGG0000177576 #NfA #N!A #NJA. 1.17 #N.'A chrorr,c'}ome·JBopenreadirgframe32 

ENSGGDC00164167 #NJA #N/A 

ENSGGDG00278461 #NIA #N/A 

ENSGQ0000096996 #NiA #NIA 

ENSGCVC00137800 #N!A #N!A 

ENSGGCG00175305 #NIA #N/A 

ENSGG00:00185088 #NfA #NIA 

ENSGCDCOOt04812 #NIA #N!A 

ENSGGOC00~60049 #N!A #N!A 

#N!A 1 _17 #NIA LSM6 homolog .. U6 srna!! '.°~d~ar RNA ond 
mR.NA. degradation assoc:..:nec 

#N/A i.t7 150 mitochondiia!flboscmalprote!nS36 

#NIA 

#NIA 

1.17 #N!A inter!eukir.12 receptor, be!a 1 

!.tG 
1
.27 NADH deh)·drogenase (ubiqumone_) complex 

:, assembly factor 1 

i.16 #N.IA cyciin E2 

1 16 ~ .76 ribos,)rr,a: prctein S27-i•k.e 

1.16 #N.'A gfywgen synthase 1 (muscle} 

i .
16 1 

_
27 

DNA fra~mer,tation faf)t,)r. 45kDa. alpha 
po!ypepljde 
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ENSG000G01D2007 #NIA #N!A #Ni.A, #NfA 1_24 prc~!!ptdpro!e•n2fcoio:iicepi:helmm
ennched.l 

ENSGOOOGC:078668 #NlA #NIA #N!A #NfA t23 voltage-dependent onfr::.r, channel 3 

ENSGOOOOG17.3i63 #N,1A #N!A #NIA #N!.A. 
, ...,~ cc-ppermetabclism (Murr1/ domain 
'.L-., c,:,ntair.ing 1 

ENSGOOOOD1D63S5 #NIA #N!A #NIA #NiA 1 23 LSM5 homo!og, _U6 sman r.uc!ear RNA ar,d 
mRNA d0graclakm assoc;ated 

ENSGOOOOC1S3291 #N/A #NfA #Ni.A. #WA 1.23 15 kCa ssisflcprotein 

ENSGOOOOC144681 #NIA #NIA #N.IA #NIA 1.22 SH3 and C)'steine lich domain 

serpin pBptid.ase inhibitor, ciade E {nex;r., 
ENSGOOOC01359!9 #NIA #Ni A #NIA #NIA 1 22 plasminogE<r: activator inhibitor type 1), 

mernber 2 

ENSGOOOGC090581 #NIA #Nf P.. #N!A #NIA. ~ --~ N-acetylg!ucosamifle-i-ph,)spt.ate 
: .,:.L transferase, gamma subunit 

ENSGOOOC0135047 #N!A #NiA #NIA #N!/>, 1 22 cathepsio l 

ENSGOOOGC2B024 #N/A #N.'A #N!A #NIA "l.22 nuC:cooonn 62kDa 

ENSGOODCV154719 #NiA #N!A #NIA #N!P.. 1 21 mitochondrial ribosvmal protein l39 

ENSGOOOOCG78!40 #WA #N!A #N!.A. #NIA 1.21 ubtqufo-oonjugating enzyme E2K 

ENSGOOOGD1song #NIA #NIA #N!A #NIA ,;.21 translocaseofinrierrnitoc.hondnalmembrane 
8 homolog B {yeast.: 

ENSGOOOG0155i~5 #NIA #N!A #N!A #NIA i.21 gen~ra! transwpUon factor ll!C, po!yp0pMe 
6 alpha 35kDa 

ENSGOOGCV1D2103 #NiA #N!A #N.!A #N!f>. 1 21 polyg!utam!:ie bir,d•ng prctein "1 

ENSGOOOOC206283 #NlA #N!A #N!f.\. #NIA L20 prefo!din subunit 6 

ENSGOOOG01034% #NIA #N!A #NIA #NIA. i.20 syntaxin 4 

ENSGOOOGOi65996 #NIA #Ni A #NIA #Ni A 1 1S 3-hydroxyac:.yl-CoA dehydratase i 

ENSGOOOGC187514 #NiA #NIA #N!A #NIA -U9 prothymos•n, alpha 

ENSGOOOCG104i31 t;N_1A #N!A #WA #N!ft.. i .19' euka;~vtk: tmnslstkm ir.itiatiGn factor 3, 
subt.JrntJ 

ENSGOOOG0·!33997 #NIA #N!A #Ni.A. #N!A ~.19 mcd:atorcomplcxsubunit6 

ENSGOOOOC131876 #NiA #NfA #N!A #NIA '!. i9 sma!! nuclear iibonudeoprotcir+ p,)lypepHde A' 

ENSGOOQC0256591 #N/A #N/A #NIA #NiA 1 19 Urcharaderized protein 

ENSGOOOOG107404 #N.iA #N.1A #NIA #N!ft.. 1.19 disheve!ted segment polarity protein 1 

ENSGOOOG01031-52 #NIA #N;'A #Ni.A. #N!A ~.19 N-metnylpur:neDNAglycos~:ase 

ENSGOOGCD120656 #N.IA #N!A #NIA #N!~. 119 TAF12RNApotymerascH, TATAboxbinding 
pmtein {TBPJ-asscciated factor, 20kDa 

ENSGOOOGC136003 #NIA #NfA #N!A #NIA 'l.18 iror:-'.mlfurdusterassembi1enzyme 

ENSGOOGCD273841 #N/A #NIA #NIA #N!P.. 1 18 TAF9 RNA po!ymemse !J, TATA box btnding 
pmtein {TBPJ-asscciated factor, 32kDa 

ENSGOOOOD1 1 i7?S #NIA #N!A #NIA #N!A 1 .1S ;cctuume c o.<ldase s:.dxmi! V1a polypeptide 

ENSGOOOGC182154 #N/A #NfA #N!A #NIA i.18 m;tocMndrial ribosomal pmt01:1 L41 

ENSGOOOG0090674 #NIA #N/A #N!A #Ni.A. 1.18 mumlipin 1 

ENSGOOOCOi4?eSt #NIA #NlA #NIA #N!/l. 1 17 NADH Mhydrogenase {,1biquinone) 1 beta 
subcomplex, 9, 22kDa 

ENSGOOOGCG92o2o #NIA #NfA #N!ft.. #NIA U? proteinpMsphatase2, regu!atorysub:.mitB~, 
gamma 

ENSG00000140307 #NIA #N!A. #N!A #Ni.A. i.i7 genera:transcnptionfactorllA..2. i2k0a 

ENSGOOOC015~2S 1 #NIA #NIA #NIA #NlA i 1? cytxhmme c oxidase sttbunil \fl!a 
µolypep!idE- 1 {rr,usde) 

ENSGOOOOD176340 #WA #N!A :#N!ft.. #NIA U7 cyt~chmme coxidase su:bunit \IH:A 
{ub1qwtous) 

ENSG00000155034 #NIA #N!A #N!A #Ni.A. i.16 F-box ar.d leuc;ne-ricl-i repeat proteH1 i8 

ENSG000Cv13H32 #N/A #N!A #WA :#N!P. 1 16 zincfinger, CCHC domain containing 9 

ENSG0000:0131462 #N/A #N!A #N!.A. #NIA U6 tub~liin, gamma 1 

ENSGOOOG0228907 #NiA #N.fA #N!A #NiA. i.15 f~ng finger pmteir. 5. E3 ubiqu.tin prole!n 
hgase 
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FIGURE 1Y 
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FIGURE 1Z 
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FIGURE 2A 

Figure 2: Host mi RNA transcriptomics data during EGS infections of MM6 or NSC cells. Differential expression analysis of human miRNA genes 
from MM6 or NSC cells infected with T. gondii EGS strain for 18 hours. 
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hsa-mir-32-5p -5.48 #NIA ENST00000363657 -2.50 #NiA 
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hsa-mir-1 Ob-Sp -5.43 -2.77 ENST00000411366 208 -2.72 

hsa-mir-455-5p -3.82 -103 ENST00000383919 2.03 #NIA 

hsa-mir-21-3p -3.49 #NIA ENST00000459329 2.14 #NIA 

hsa-mir-199a-5p -4.21 1.41 ENST00000408454 1.87 2.15 

ENST00000384148 3.83 #NIA hsa-mir-1273h-5p 2,08 #NiA 

hsa-mir-132-3p -3.23 #NiA ENST00000364273 -2.23 #NIA 

hsa-mir-142-Sp -3.27 -3.39 ENST00000363894 2.14 #NIA 

ENST00000500340 -4.55 -10.64 hsa-mir-92a-5p 1.99 #NIA 

ENST00000487032 -4.88 -6.20 ENST00000501184 -3.02 #NIA 

hsa-mir-381-3p -4.26 #NIA ENST00000365197 2.56 #NIA 

hsa-mir-374a-3p -3.87 #NIA ENST00000363640 202 #NIA 

hsa-mir-212-Sp -4.29 #NIA ENST00000486682 -2.38 -7.19 

hsa-mir-19b-3p -2.65 -1.53 ENST00000365068 1.99 #NIA 

:cc 

:: :cc :cc :: 

/ / :: :cc, :: :cc 

:: :,, 
"'' :cc,: :c: :cc 

:cc: :::: ,,, 
:::: :: ::: 
:: :cc: ::: :cc 

ENST00000410312 1.93 

ENST00000461378 -1.57 

hsa-mir-1307-3p 1.45 

ENST00000458797 -1.36 

ENST00000500188 -177 

ENST00000362765 1.49 

ENST00000364829 1.74 

ENST00000492060 #NiA 

ENST00000461045 #NIA 

ENST00000501999 #N!A 

ENST00000501119 #NiA 

hsa-mir-155-5p #NIA 

ENST00000501823 #NIA 

hsa-mir-95-3p #NiA 

ENST00000493956 #NIA 

ENST00000463737 #NIA 

ENST00000480364 #NIA 

ENST00000498894 #NIA 

hsa-mir-7974-3p #NIA 

ENST00000501120 #NiA 

ENST00000500692 #NIA 

ENST00000500159 #NIA 

ENST00000499784 #NIA 

ENST00000491379 #NIA 

ENST00000500638 #NiA 

ENST00000479524 #NiA 

hsa-mir-486-Sp #NIA 

ENST00000458546 #NiA 

ENST00000500895 #NIA 

ENST00000468873 #NIA 

ENST00000468972 #NiA 

ENST00000491707 #NIA 

hsa-mir-1268a-5p #NIA 

ENST00000501850 #NiA 

ENST00000489722 #NIA 

hsa-mir-181 b-5p #NIA 

,,,, 

:c: 

:c: 

#NIA 

#NIA 

#NiA 

#NIA 

#NIA 

-1.54 

#NIA 

-4.44 

-300 

-5.48 

-5.04 

3.53 

-5.54 

-408 

-190 

-1.84 

-2.93 

-4 31 

2.69 

-4.02 

2.78 

-2.59 

-3.99 

-1.85 

-4.24 

-1.51 

-323 

2.69 

2.29 

4.77 

-2.69 

-2.21 

2.87 

-7.62 

-2.07 

1.41 

:c: ::: :c: l:C: 

:::: Cc 

} :cc ,,, ::::: ,:: 
/ / 

:::: :cc: 

/ :cc ''" : 
:cc: :cc: :,:,: l:C: ~ 

ENST00000363130 #NIA -1.04 

ENST0000036527 4 #NIA -1.11 

hsa-mir-410-3p #NIA 1.07 

ENST00000364699 #NIA -1.12 

hsa-mir-7976-5p #N/A 1.47 

ENST00000384335 #NiA -1.21 

ENST00000502222 #NIA 2.25 

ENST00000364685 #N/A -118 

ENST00000401362 #NIA 1.91 

ENST00000385578 #NIA 1.17 
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FIGURE 2B 

hsa-mir-3179-3p 3.39 #N/A ENST00000362915 3.36 #NIA ENST00000502135 #N/A -3.51 

ENST00000363443 -4.61 #NiA ENST00000363651 1.99 #NIA hsa-mir-30a-3p #NIA 1.42 

ENST00000499746 -4.64 -9.78 ENST00000384504 1.94 #NIA hsa-rnir-30c-3p #NIA 1.70 

hsa-mir-424-5p -3.01 #NIA hsa-mir-124-3p -2.05 #NIA ENST00000458878 #NIA -2 06 

ENST00000364915 4.86 #NiA ENST00000384312 3.77 #NIA ENST00000470405 #NIA -4.22 

ENST00000410796 -3.51 -4.69 ENST00000474558 -5.43 #NIA ENST00000499710 #NIA -2.31 

ENST00000471237 1.78 1.28 ENST00000498916 3.80 #NIA ENST00000488123 #NIA -1.31 

ENST00000489413 5.42 #NiA ENST00000499645 -2.06 #NIA ENST00000478633 #NIA -1.91 

hsa-mir-362-3p -4.94 #N!A ENST0000036367 4 2.04 -2.38 ENST00000410413 #NIA 1.92 

ENST00000364931 3.72 3.90 hsa-rnir-152-5p -2.07 #NIA ENST00000501562 #NIA -3.53 

ENST00000363549 4.96 #NiA hsa-rnir-1299-3p -3.51 #NIA hsa-mir-574-Sp #NIA 1.49 

hsa-mir-4488-Sp -3.98 -3.11 ENST00000384254 2.62 #NIA ENST00000498924 #NIA -7.09 

ENST00000500066 -4.75 #NIA ENST00000499152 1.88 #NIA ENST00000364315 #N/A 1.29 

ENST00000500656 3.30 #N/A ENST00000363985 1.92 -1.32 ENST00000363473 #NIA 1.25 

hsa-mir-151a-5p -4.30 -1.88 ENST00000500276 -2.45 #NIA ENST00000365651 #NIA 1.24 

hsa-mir-30a-5p -2.87 #NIA ENST00000500380 -2.84 #NIA ENST00000362400 #NIA 1.25 

ENST00000500845 -4.48 #NiA ENST00000365487 2.30 #NIA ENS T00000364485 #NIA 1.24 

ENST00000499817 -3.61 #NIA hsa-mir-1273h-3p 1.87 #NIA ENST00000496486 #NiA -1.53 

ENST00000363367 2.99 #NIA ENST00000363248 204 #NIA ENST00000365387 #N/A 1.24 

hsa-111ir-140-3p -3.07 1.73 ENST00000475825 -2.00 -1.77 ENST00000501284 #NIA -4.74 

ENST00000501386 -4.68 -6.83 hsa-mir-183-5p 1.81 -1.77 ENST00000365055 #NIA 1.23 

ENST00000498132 2.95 #N/A ENST00000499376 -5.79 #NIA ENST00000363500 #NIA 1.24 

hsa-mir-37 4a-5p -2.73 #NIA ENS T00000487 435 -2.38 #NIA ENST00000363511 #NIA 1.24 

hsa-mir-20a-5p -1.72 #NIA ENST00000384248 2.25 #NIA ENST00000362482 #NIA 1.24 

hsa-mir-379-5p -3.92 #N/A ENST00000383994 209 #NIA ENST00000365656 #NIA 1.25 

hsa-mir-148a-3p -2.11 #NIA ENST00000499568 -2.94 -7.55 ENST00000491757 #NIA -4.79 

ENST00000499637 2.82 #N/A hsa-mir-660-5p -1.94 #NIA ENST00000410545 #NiA 1.79 

hsa-mir-3065-5p -3.45 #NIA ENST00000384677 1.85 #NIA ENST00000363040 #NIA 1.24 

hsa-mir-301a-3p -3.39 #NIA ENST00000500705 -2.62 #NIA ENST00000364718 #NIA 1.24 

hsa-mir-370-3p -4.31 1.80 ENST00000365046 2.74 #NIA ENST00000362464 #NIA 1.23 

hsa-mir-590-3p -2.63 #NIA ENST00000500169 2.74 #NIA ENST00000363439 #NIA -1.96 

ENST00000458848 2.94 #NiA ENST00000362412 2.38 #NIA ENS T00000363962 #NIA -2.46 

ENST00000411281 -4.29 #N/A ENST00000465104 -1.89 #NIA ENST00000410396 #NIA 1.26 

hsa-mir-30e-5p -2.60 #NiA hsa-mir-494-3p -2.78 #NIA ENST00000362526 #NIA 1.22 

ENST00000481863 -3.29 #NIA ENST00000384376 2.59 #NIA ENST00000500227 #NIA -3.53 

ENST00000502220 2.83 #NIA ENST00000384762 2.44 #NIA ENST00000362467 #NIA 1.23 

ENST00000480442 -2.58 #NIA ENST00000487797 -1.74 #NIA ENST00000363754 #NIA 1.22 

hsa-mir-100-5p -3.22 #NIA ENST00000501255 -2.32 #NIA ENST00000500354 #NIA -3.66 

ENST00000365477 -3.17 #NIA ENST00000364805 2 04 #NIA hsa-mir-93-5p #NIA 1.22 

hsa-mir-184-3p -3.71 -1.45 ENST00000362918 203 #NIA hsa-mir-148b-3p #NIA 1.16 

ENST00000470561 2.84 1.31 ENST00000384686 2.49 #NIA ENST00000468070 #NIA -3.51 

hsa-mir-199b-5p -2.79 #NIA ENST000004844 73 -3.21 #NIA ENST00000385582 #NIA 1.24 

ENST00000408139 -2.57 #NIA ENST00000499929 -3.27 #NIA ENST00000363194 #NIA -1.86 

ENST00000459424 2.71 #N!A ENST00000384373 2.13 #NIA ENST00000483476 #NIA -1.07 

ENST00000408564 2.78 #NIA ENST00000384068 2.50 #NIA hsa-mir-3152-5p #NIA 3.37 
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FIGURE 2C 

ENST00000500754 -3.39 #N/A ENST00000364407 2 02 #NIA hsa-mir-4485-3p #NIA -2.69 

ENST00000473313 -2.37 #NiA ENST00000458898 205 #NIA hsa-mir-222-3p #NIA 1.16 

hsa-mir-20a-3p -2.55 #NIA ENST00000500772 -2.10 #NIA ENST00000489326 #NIA -1.66 

ENST00000489202 -270 -2.04 ENST000004 70693 1.94 #NIA ENST00000364768 #N/A -1.78 

hsa-mir-30b-5p -276 #NiA ENST00000390872 1.95 #NIA ENST00000410569 #NIA -6.76 

hsa-mir-1307-Sp -2.59 #NIA ENST00000501958 -2.27 #N/A ENST00000365559 #NiA -6.80 

hsa-mir-29c-3p -3.22 #NIA ENST00000363389 1.84 #N/A ENST00000500404 #N/A 1.85 

ENST0000036557 4 2.88 2.02 ENST00000490522 -1.70 #NIA hsa-mir-15b-3p #NIA 1.95 

ENST00000384314 2.96 #NIA ENST00000363880 1.92 #N/A ENST00000363792 #NiA -1.81 

ENST00000500611 -3.82 -3.52 ENST00000501780 -2.66 #N/A hsa-mir-1246-5p #N/A -1.38 

ENST00000364572 3.27 #NIA ENST00000499816 -3.21 -340 ENST00000499345 #N/A -3.03 

ENST00000485443 -2.74 -1.38 ENST00000502117 -1.94 #N/A ENST00000362455 #NiA -6.76 

hsa-mir-34a-5p -3 03 #NIA hsa-mir-191-3p 1.68 #N/A ENST00000363450 #N/A 1.61 

ENST00000384273 3.21 #N/A ENST00000384627 2.16 #NIA hsa-mir-99b-3p #NIA 1.46 

ENST00000391230 -3.72 -5.34 ENST00000410868 1.82 #N/A hsa-mir-548o-3p #NiA 1.54 

hsa-mir-493-3p -3.70 #N/A hsa-mir-20b-5p -1.72 #N/A ENST00000493731 #N/A -1.64 

ENST00000501131 5.23 #NIA ENST00000384268 1.96 -1.66 ENST00000481041 #NIA -2.54 

ENST00000499694 -3.29 #NIA ENST00000501629 -1.82 #NiA ENST00000465317 #NiA 2.21 

ENST00000499716 -3.34 #NIA ENST00000362512 2.63 #N/A ENST00000500146 #NIA -2.62 

hsa-mir-1304-Sp 2.62 #N/A ENST00000410494 1.79 #NIA ENST00000499533 #NIA -3.94 

ENST00000500755 -342 -2.84 ENST00000384753 1.94 #NIA ENST00000362704 #NiA 1.62 

ENST00000365467 2.57 #NIA ENST00000501143 -3.31 #NIA ENST00000365659 #N/A 1.55 

ENST00000463508 1.59 1.35 ENST00000384087 1.79 #NIA ENST00000494556 #NIA -1.85 

ENST00000384084 2.72 #NIA ENST000004 72430 -2.56 -2.83 ENST00000463081 #NiA -1.15 

ENST00000364784 2.55 #NIA ENST00000476501 -2.56 #NIA ENST00000410731 #NIA -6.71 

ENST00000384106 3.24 #NIA ENST00000499786 -2.27 #N/A ENST00000364361 #NiA -6.71 

ENST00000493557 -2.78 #NIA ENST00000363963 1.78 #N/A ENST00000486381 #NiA -4.22 

ENST00000362808 3.01 #NIA ENST00000384708 1.86 #NIA ENST00000498581 #NIA -1.11 

ENST00000362881 3.14 #NIA ENST00000483314 3.27 #N/A ENST00000362344 #NIA -1.81 

ENST00000363299 2.58 2.16 ENST00000384398 3.11 #N/A ENST00000364588 #NIA -402 

ENST00000383873 2.84 #NIA ENST00000365370 2.73 #NIA ENST00000500497 #NIA -3.11 

ENST00000363250 3.36 #NIA ENST00000363100 -5.71 #NIA ENST00000492114 #NIA -1.69 

ENST00000384741 2.98 #N/A ENST00000362692 1.94 #NIA ENST00000482200 #NIA -175 

ENST00000384743 2.92 #NIA ENST00000461728 3.29 #NIA hsa-mir-30b-3p #NIA 348 

ENST00000364542 2.73 #N/A ENST00000458930 1.80 #NIA ENS T00000365328 #NIA 144 

hsa-mir-4301-Sp 3.54 #NIA ENST00000384586 2.64 #N/A hsa-mir-345-5p #N/A 1.46 

hsa-mir-29c-5p -3.39 #NIA ENST00000363872 1.98 #NIA hsa-mir-484-5p #NIA 1.16 

ENST00000365439 2.70 #NIA ENST00000408082 1.82 #N/A ENST00000410216 #NiA -1.80 

ENST00000384650 2.72 #NIA ENST00000499877 -1.87 #NIA ENST00000498986 #NIA -4.29 

ENST00000384547 3.00 1.63 ENST00000364018 1.83 #NIA ENST00000481141 #NIA 1.58 

hsa-mir-134-5p -4.20 #NIA ENST00000458932 1.93 #N/A ENST00000501686 #NiA -3.37 

ENST00000501210 -2.79 #NIA ENST00000363840 -1.60 #N/A ENST00000495906 #NIA -1.98 

ENST00000362507 2.88 5.45 ENST00000390904 3.45 #NIA ENST00000501339 #N/A -3.39 

ENST00000384413 270 1.18 ENST00000431050 -5.33 #N/A ENST00000362928 #NiA -1.68 

ENST00000491051 -2.69 #NIA ENST00000501637 -5.33 #N/A ENST00000498933 #NIA -3.58 
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FIGURE 2D 

hsa-mir-493-5p -3.37 1.10 hsa-mir-224-5p -5.43 #NIA ENST00000501370 #NIA -2.90 

hsa-mir-942-Sp 2.48 2.00 hsa-mir-4284-5p -5.43 #NIA hsa-rnir-151 b-3p #NIA -1.88 

ENST00000470848 -2.71 #NiA ENST00000364632 -5.43 #NIA ENST00000472187 #NIA -1.14 

ENST00000410183 -2.52 #NIA hsa-mir-338-3p -5.43 #NIA ENST000004 76122 #NIA -1.43 

ENST00000362423 2.25 #NiA ENST00000499616 -3.40 #NIA ENST00000498896 #NIA -2.46 

hsa-mir-33a-3p -4.35 #NIA ENST00000384416 1.69 #NIA ENST00000363251 #NIA -1.61 

ENST00000490401 -3.11 #NIA ENST00000478115 -1.97 -3.57 ENST00000499098 #NIA -4.38 

ENST00000499204 -6.41 #NiA ENST00000363836 207 #NIA hsa-mir-618-5p #NIA 1.42 

hsa-mir-21-Sp -1.46 #NIA hsa-mir-4791-5p -1.94 #N/A ENST00000364533 #NIA 1.47 

ENST00000500894 2.54 #NIA ENST00000363171 1.93 #NIA ENST00000410801 #NIA -1.67 

ENST00000499768 -6.36 #NiA ENST00000384078 1.98 #NIA ENST00000500582 #NIA -6.05 

ENST00000499304 -2.84 #NIA ENST00000384737 2.39 #N/A ENST00000410597 #NIA -1.70 

ENST00000384172 2.79 #NiA ENST00000484776 2.17 #NIA ENST00000363766 #NIA -305 

ENST00000476850 302 #NIA ENST00000468731 2.40 #NIA ENST00000500818 #NIA -6.37 

ENST00000501145 -2.90 #NIA ENST00000391033 1.73 #NIA ENST00000410533 #NIA 1.42 

ENST00000364310 6.40 #NIA ENST00000471029 2.01 #NIA ENST00000491227 #NIA -1.54 

hsa-mir-106b-5p -2.59 #NiA ENST00000384297 1.86 #NIA hsa-rnir-503-5p #NIA 1.64 

ENST00000501334 -308 #NIA ENST00000501443 -2.80 #NIA ENST00000502035 #NIA -3.55 

ENST00000362477 2.74 2.10 ENST00000364879 1.71 #NIA ENST0000036444 7 #NIA -3.20 

ENST00000384585 3.45 #NIA ENST00000487144 -1.82 #NIA hsa-mir-1301-3p #NIA 1.42 

ENST00000500576 -6.69 #NIA ENST00000384653 1.89 #NIA hsa-mir-541-5p #NIA 3.11 

ENST00000458981 3.08 #NiA ENST00000362452 2.16 #NIA ENST00000364 77 4 #N/A -1.53 

ENST00000408749 2.41 3.03 ENST00000383874 2.41 #NIA ENST00000486026 #NIA -3.74 

ENST00000384007 2.81 #NIA ENST00000365399 -1.88 #NIA ENST00000469345 #NIA 2.06 

ENST00000387943 2.38 2.74 ENST00000363331 2.14 -1.85 ENST00000478479 #NIA -1.50 

ENST00000495608 -2.64 #NIA hsa-mir-1537-3p -5.77 #NIA ENS T00000364469 #NIA -1.48 

ENST00000364234 2.39 #NIA ENST000003847 49 2.15 #N/A hsa-mir-23a-5p #NIA 1.71 

hsa-mir-124-5p -2.48 #NiA ENST00000480363 2.28 #NIA ENST00000499059 #NIA 1.73 

ENST00000365537 3.18 #NIA ENST00000501540 -2.26 #NIA hsa-mir-1468-5p #NIA 1.63 

hsa-mir-193a-3p -3.42 #NIA ENST00000384067 1.68 1.25 hsa-mir-584-5p #NIA 1.70 

ENST00000363696 2.36 #NIA ENST00000501105 -1.93 #NIA ENST00000500977 #NIA -2.52 

ENST00000458922 -3.37 #NIA ENST00000384090 2.03 #NIA ENST00000499115 #NIA -2.06 

ENST00000502038 -3.15 #NIA hsa-mir-659-5p -2.55 #NIA hsa-mir-324-3p #NIA 1.36 

hsa-mir-654-3p -3.05 #NIA ENST00000362721 202 #NIA hsa-mir-485-5p #NIA -1.27 

ENST00000365037 -6.31 #NIA ENST00000363810 -2.17 #NIA ENS T00000364009 #NIA 1.50 

ENST00000479561 -2.60 -5.15 hsa-mir-67 47-3p 1.66 #NIA ENST00000463796 #NIA 1.03 

ENST00000365606 3.07 #NiA ENST00000461956 -3.20 #NIA ENST00000363301 #NIA -1.39 

ENST00000365312 3.38 #NIA ENST00000384097 1.88 #NIA ENST00000488256 #NIA -1.63 

ENST00000384637 2.86 #NIA ENST00000384136 1.75 #NIA ENST000004 78663 #NIA 1.39 

ENST00000365666 3.03 #NiA ENST00000383990 1.88 -1.81 ENST00000459543 #NIA 2.60 

ENST00000384178 2.34 #NIA ENST00000411192 1.82 #NIA ENST00000385575 #NIA 1.29 

ENST00000485528 2.82 #NIA ENST00000383978 1.88 #NIA ENST00000471568 #NIA -160 

ENST00000362698 2.30 1.92 ENST00000458975 1.80 #NIA ENST00000410292 #NIA -5.91 

ENST00000384245 2.57 #NIA ENST00000410344 1.96 #NIA ENST00000502160 #NiA -5.91 

ENST00000363444 2.65 1.52 ENST00000501171 -2.60 #NIA hsa-rnir-193b-5p #NIA -1.67 
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FIGURE 2E 

ENST00000363462 2.66 #NIA ENST00000384210 2.41 #NIA hsa-mir-4473-3p #N/A 1.28 

ENST00000499246 -3.20 -4.41 ENST00000500508 -2.50 #NIA hsa-mir-887-3p #NIA 3.11 

ENST00000502018 -2.65 #N/A ENST00000476674 -1.80 -1.76 ENS T00000408376 #NIA 1.81 

hsa-rnir-210-3p -2.49 #NIA ENST00000474075 -1.97 -2.96 ENST00000502206 #NIA -2.96 

ENST00000384205 2.59 #NiA hsa-rnir-369-3p -2.71 #NIA ENST00000362487 #NIA -1.56 

ENST00000501900 -2.87 -3.69 hsa-mir-548f-5p -2.11 #NIA ENST00000362779 #NIA 1.38 

ENST00000463853 -3.34 #NIA ENST00000491516 -1.66 -1.97 hsa-mir-197-3p #NIA -1.31 

ENST00000499762 2.79 #NiA ENST00000363750 2.33 #NIA ENST00000364393 #NIA -1.81 

ENST00000459194 2.52 #NIA ENST00000384419 1.95 #NIA ENST00000390997 #NIA 1.75 

ENST00000383948 2.63 #NIA ENST00000384656 1.84 #NIA ENST00000408563 #N/A -1.34 

ENST00000364628 2.67 #NIA ENST00000384187 1.86 #NIA hsa-mir-3662-3p #NIA 2.73 

ENST00000384604 2.89 #NIA hsa-mir-152-3p -1.93 #NIA ENST00000501149 #NIA -2.63 

ENST00000384302 2.97 #NIA ENST000004 75628 1.83 #NIA ENST00000468500 #N/A -1.26 

ENST00000491230 -2.55 #N/A ENST00000419895 2.06 #NIA ENST00000500970 #NIA 2.56 

ENST00000364358 2.72 #NIA ENST00000365571 1.36 #NIA ENST00000363046 #NIA 1.00 

ENST00000501607 -2.39 #NIA hsa-mir-27b-5p -1.96 #NIA ENST00000363220 #NIA -135 

hsa-mir -153-3p -2.95 #NIA ENST00000499014 -1.85 #NIA ENST00000499220 #NIA 3.74 

E NST00000365484 2.58 #NIA ENST00000499438 -2.64 #NIA ENST00000363257 #NiA -1.42 

ENST00000501173 2.59 #NIA ENST00000501856 -2.32 #NIA ENST00000499917 #N/A 1.52 

hsa-mir-99a-3p -3.27 #NIA ENST00000459135 -2.00 #NIA ENST00000365617 #NIA -1.38 

ENST00000384619 2.32 1.50 ENST00000462879 -3.34 -5.22 hsa-mir-375-3p #NiA 1.58 

hsa-mir-19b-5p -2.71 #NiA ENST00000363548 1.86 #NIA ENST00000472473 #NIA -3.52 

hsa-mir-502-Sp -3.99 #N/A ENST00000363094 1.85 #NIA hsa-mir-3182-Sp #NIA -1.55 

ENST00000469579 -2.23 #NIA ENST00000502161 -3.50 -4.95 ENST00000467798 #NiA -1.41 

ENST00000384530 3.09 #NiA ENST00000499095 -2.16 #NIA ENST00000499978 #NIA -2.19 

ENST00000481391 2.67 #NIA hsa-mir-27 a-3p -1.49 #NIA ENS T00000500358 #NIA -2.52 

ENST00000363977 309 #NIA ENST00000500893 -2.21 -5.22 ENST00000487309 #NiA 1.92 

ENST00000501074 5.20 #NiA ENST00000363925 2.23 -1.34 ENST000004 73668 #NIA 1.87 

ENST00000365153 -3.03 #NIA ENST00000364208 -5.71 #NIA ENST00000363120 #NIA 1.26 

ENST00000488304 -3.18 #NIA ENST00000384119 1.82 -1.68 ENST00000501042 #NIA 1.61 

ENST00000501998 3.08 #NIA ENST00000384600 2.15 #NIA ENST0000041134 7 #NIA -4.04 

ENST00000365599 2.93 #NIA ENST00000391196 1.71 #NIA ENST00000410669 #NIA -1.34 

ENST00000475810 3.68 #NIA ENST00000501934 -2.08 #NIA ENST00000465779 #NIA -2.16 

ENST00000466170 -2.19 #NIA ENST00000501587 -2.08 #NIA ENST00000365172 #NIA 1.21 

hsa-mir-3173-5p 2.67 #NIA ENST00000500518 -1.76 #NIA ENS T00000364377 #NIA -1.54 

hsa-rnir-190a-5p -3.62 #NIA ENST00000365672 1.53 #NIA ENST00000485927 #NIA -1.23 

ENST00000384026 2.70 #NIA ENST00000364916 1.68 -1.61 hsa-mir-3613-5p #NIA -1.55 

ENST00000384385 2.46 #NIA ENST00000493125 1.83 #NIA ENST00000365254 #NIA -2.94 

ENST00000411404 2.64 #NIA ENST00000502192 1.72 #NIA ENST00000363593 #NIA 1.31 

ENST00000364696 3.17 #NiA ENST00000364535 1.75 #NIA ENST00000462216 #NIA -1.95 

ENST00000482377 -3.21 #NIA ENST00000363660 1.56 #NIA ENST00000363849 #NIA -5.65 

hsa-mir-151a-3p -2.41 #NIA ENST00000363068 1.56 #NIA ENST00000501275 #NIA -2.99 

hsa-mir-146b-5p 2.01 #NIA ENST00000501338 2.54 #NIA ENST00000461333 #NIA -1.47 

ENST00000500516 -2.63 #NIA ENST00000365063 1.63 #NIA ENST00000501646 #NIA -2.42 

ENST00000384577 2.97 #NiA ENST00000384344 2.21 #NIA ENST00000408481 #NIA 1.73 



U.S. Patent Aug. 16, 2022 Sheet 32 of 147 US 11,414,385 B2 

FIGURE 2F 

ENST00000363723 -3.62 #N/A ENST00000499426 -5.21 #NIA ENST00000364948 #N/A -108 

ENST00000469253 -2.32 #NiA ENST00000501219 -5.21 #NIA ENST00000501116 #NIA -2.39 

hsa-mir-409-3p -3.50 #NIA hsa-mir-889-3p -5.21 #NIA ENST00000475601 #NIA -1.47 

hsa-mir-1254-5p 2.22 #NIA hsa-mir-6847-Sp 341 #NIA hsa-mir-511-Sp #N/A -275 

hsa-mir-15a-5p -2.13 #NIA ENST00000470833 542 #NIA ENST00000489070 #NIA 1.21 

ENST00000410462 2.41 #NIA hsa-mir-505-Sp 5.42 #N/A ENST00000363915 #N/A -1.49 

ENST00000384161 2.31 #NIA ENST00000365030 1.56 #NIA hsa-mir-107-3p #NIA 1.17 

ENST00000492745 -2.14 #NIA ENST00000384567 161 #NIA ENST00000501853 #NIA -3.57 

ENST00000383898 2.46 #NIA ENST00000459367 1.83 #N/A hsa-mir-431-3p #NIA 1.35 

ENST00000363435 2.44 #NIA ENST00000362695 2.27 #NIA ENST00000362607 #NIA 1.25 

ENST00000500207 -2.96 -4.36 ENST00000364251 1.62 #NIA ENST00000475473 #NIA 2.54 

ENST00000363286 2.14 1.02 ENST00000410290 1.57 #N/A hsa-mir-215-5p #NIA -1.84 

ENST00000501174 -270 #NIA ENST00000384010 1.57 1.14 ENST00000499222 #NIA -2.06 

ENST00000482497 3.89 -108 ENST00000491152 2.35 #NIA ENST00000363044 #NIA -1.49 

ENST00000365604 2.82 2.51 ENST00000452527 -3.06 #N/A ENST00000501427 #N/A -2.29 

ENST00000362591 2.21 #NIA ENST00000410694 1.88 #NIA ENST00000401297 #NIA 1.69 

hsa-mir-651-Sp -2.18 #NIA ENST00000384782 1.57 1.16 ENS T00000459083 #NIA 1.26 

hsa-mir-31-5p -6.76 #NJA ENST00000383886 2.28 #NiA hsa-mir-1185-3p #NiA 1.29 

ENST00000471133 6.06 #NIA ENST00000383861 1.56 1.13 ENST00000434673 #NIA -2.16 

ENST00000501075 -3.27 -2,95 ENST00000458811 1.82 1.67 ENST00000501348 #NIA -2.74 

ENST00000383895 5.35 #NIA ENST00000383925 1.57 1.13 hsa-mir-5701-Sp #NIA -1.19 

ENST00000365341 2.54 #N/A ENST00000364228 1.40 #NIA hsa-mir-664a-3p #NIA -1.47 

hsa-mir-17-3p -2.36 #NIA ENST00000485447 -2.38 #NIA ENST00000499712 #NIA -2.29 

ENST00000365532 2.51 #NIA ENST00000501894 -170 #NIA ENST00000364259 #NIA 1.67 

ENST00000387069 2.28 2.88 ENST00000483592 1.84 #NIA ENST000004 78832 #NIA -1.23 

ENST00000499572 -2.57 -6,22 hsa-mir-548aj-5p -2.13 #N/A ENST00000364819 #NIA -1.28 

ENST00000410793 -241 #NIA ENST00000365208 1.66 #NIA ENST00000390833 #NIA 1.16 

ENST00000362352 2.27 #NIA ENST00000384278 1.56 1.16 ENST00000485828 #NIA -1.51 

hsa-mir-411-5p -3,16 #NIA ENST00000501814 -1.82 -4,77 ENST00000466944 #NIA -1.94 

ENST00000364102 2.41 1.38 ENST00000362421 1.72 #NIA hsa-mir-451a-5p #N/A -2.74 

ENST00000384606 3.07 #NiA ENST00000390910 1.79 #NIA ENST00000486576 #NIA -2.65 

ENST00000471114 -2.28 -2.95 ENST00000363421 1.60 #NIA ENST00000473410 #NIA -1.18 

ENST00000384633 2.71 #N/A ENST00000364558 -1.76 #N/A ENST00000385607 #N/A 1.24 

ENST00000384630 2.71 #NIA ENST00000383869 1.55 1.15 hsa-mir-16-3p #NIA 108 

hsa-mir-455-3p -2.29 #NIA ENST00000363271 1.68 #NIA ENS T00000500979 #NIA -2.22 

ENST00000500702 -246 -1.88 ENST00000410557 1.60 #NIA hsa-mir-485-3p #NIA -115 

hsa-mir-127-3p -2.61 #NIA ENST00000384659 1.55 1.11 ENST00000365138 #NIA -1.59 

ENST00000384563 2.65 #NIA ENST00000384135 1.62 #NIA ENST00000410482 #NIA 1.07 

ENST00000499656 -3 07 #NIA ENST00000499695 -1.69 -4.65 ENST00000408061 #N/A 1.10 

ENST00000363636 2.17 #NIA ENST00000411009 242 #NIA hsa-mir-3620-Sp #NIA 5.55 

ENST00000362353 2.17 #NIA ENST00000364348 1.67 #NIA ENST00000499775 #NIA -5.34 

ENST00000362562 2.16 #NIA ENST00000459508 1.72 #NIA ENST00000501399 #NIA -5.34 

ENST00000487060 2.35 #NIA ENST00000410794 178 #NIA hsa-mir-30d-3p #NIA 2.00 

ENST00000363624 2.11 #NIA ENST00000383860 2.04 #N/A hsa-mir-3591-3p #N/A -2.26 

ENST00000384323 2.02 2.16 ENST00000500662 -2.64 -4.95 ENST00000501304 #NIA -3.13 
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FIGURE 2G 

ENST00000411187 2.82 #NIA ENST00000363858 2.61 #NIA hsa-mir-425-3p #NIA 1.05 

ENST00000499932 -3.00 #NiA ENST00000362931 1.55 #N/A ENST00000410856 #NIA 1.27 

ENST00000493141 -3.03 -2.58 ENST00000501144 2.90 #NIA ENST00000500809 #NIA -2.58 

ENST00000384589 2.61 #NIA ENST00000391084 2.07 #NIA ENST00000499055 #NIA 1.24 

ENST00000365085 2.20 #NiA ENST00000364308 147 #N/A hsa-mir-625-3p #NIA -1.39 

ENST00000364164 244 #N!A ENST00000363552 1.87 #NIA hsa-mir-87 4-3p #NiA 1.03 

hsa-mir-146b-3p 2.32 #NIA ENST00000384436 1.56 #NIA ENST00000384110 #NIA -1.35 

ENST00000384781 280 #NiA ENST00000364113 1.50 #N!A ENST00000362911 #NIA -1.24 

ENST00000501615 -2.78 #NIA ENST00000390895 1.57 #NIA ENST00000411012 #NiA 1.10 

ENST00000500663 -2.61 -6.37 ENST00000383890 1.49 #NIA ENST00000363091 #NIA -1.23 

ENST00000363190 2.86 #NiA ENST00000502138 -2.01 #NIA ENST00000496134 #NIA 170 

ENST00000384744 2.04 #NIA ENST00000408209 1.94 #NIA hsa-mir-1287-Sp #N/A 1.22 

ENST00000384776 2.49 #NIA ENST00000485481 1.54 #NIA ENST00000500202 #NIA -2.26 

hsa-mir-301b-3p -2.98 #NIA ENST00000384138 1.73 -1.65 ENST00000496828 #NIA -1.78 

ENST00000391154 2.11 #NIA hsa-mir-4746-5p 1.54 #NIA ENST00000458893 #NiA 1.13 

ENST00000491579 -2.31 #NIA ENST00000365096 -1.67 -1.24 ENST00000463779 #NIA -2.71 

ENST00000362862 2.23 #NIA ENST00000384462 -1.63 #NIA hsa-mir-431-5p #NIA 1.24 

ENST00000500553 -2.39 #NIA ENST00000384541 1.49 #NIA hsa-mir-1255a-5p #NIA 1.62 

ENST00000391172 2.23 #NIA ENST00000363358 -2.69 #NIA ENST00000363656 #NIA -1.12 

ENST00000383975 -2.28 #NIA ENST00000424643 -2.29 #NIA ENS T00000365668 #NIA -1.55 

ENST00000365160 2.64 1.80 ENST00000365099 -2.29 #NIA ENST00000365202 #NIA -1.09 

ENST00000459189 2.04 #N/A hsa-mir-543-3p -2.20 #NIA ENST00000410717 #NIA -1.22 

ENST00000497848 1.92 #NIA hsa-mir-145-5p -1.67 #NIA ENS T00000499483 #NIA 1.45 

ENST00000384527 2.48 #NIA ENST00000362963 -201 #N/A ENST00000500023 #NIA -2.53 

ENST00000499508 1.98 1.12 hsa-mir-744-5p 1.46 1.08 ENST00000480526 #NIA 1.41 

ENST00000499850 -2.34 #NIA hsa-mir-3912-3p -160 #N/A hsa-mir-584-3p #NIA 2.78 

ENST00000496399 170 #NIA ENST00000364128 1.69 #NIA ENST00000486970 #NIA -3 04 

hsa-mir-33a-5p -3.67 #N/A ENST00000384626 1.82 #NIA ENST00000366303 #NIA 2.23 

ENST00000362912 -2.49 #NIA ENST00000500637 -1.66 #N/A hsa-mir-671-3p #NIA -1.01 

ENST00000498971 -3.72 #NIA ENST00000411315 1.62 1.36 ENST00000386847 #NIA 1.06 

ENST00000501356 -6.07 #NIA ENST00000481967 1.56 #NIA ENST00000460738 #NIA 1.51 

hsa-mir-4690-3p -6.07 #NIA ENST00000364960 2.96 #NiA ENST00000500043 #N/A -2.87 

ENST00000384281 2.15 #NIA ENST00000474109 2.44 #NIA ENST00000365598 #NIA -5.22 

ENST00000499378 -2.69 -5.46 hsa-mir-130a-3p -5.53 #NIA ENST00000408548 #NIA 2.03 

hsa-mir-27b-3p -1.84 #NIA ENST00000499796 -5.53 #NIA ENST00000363341 #NIA -1.06 

ENST00000364641 2.38 #NIA hsa-mir-590-Sp -5.53 #NIA ENST00000363964 #NIA -1.37 

hsa-mir-582-Sp -2.75 #NiA ENST00000495498 1.74 #N!A ENST00000364648 #NIA -2.11 

ENST00000384727 3.50 #NIA ENST00000444141 1.56 #NIA ENST00000478019 #NiA -1.20 

ENST00000384534 2.34 #NIA hsa-mir-29a-3p -1.49 #NIA ENST00000363738 #NIA -1.20 

hsa-mir-582-3p -2.27 #NiA hsa-mir-323a-3p -5.53 #NIA ENST00000401270 #NIA 1.40 

ENST00000501902 -2.25 -4.80 ENST00000502175 -5.53 #NIA hsa-mir-7704-5p #NiA -1.27 

hsa-mir-382-Sp -3.50 #N/A hsa-mir-182-Sp 1.53 #NIA hsa-mir-671-5p #NIA 1.11 

ENST00000383934 2.58 #NiA hsa-mir-449c-5p -2.55 #NIA ENST00000500738 #NIA -2.64 

ENST00000489347 -2.53 #NIA ENST00000362680 1.62 #NIA ENST00000362645 #NiA -1.08 

ENST00000362710 2.40 -1.20 hsa-mir-16-Sp -1.48 #N/A ENST00000364914 #N/A 1.25 
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FIGURE 2H 

ENST00000363455 2.11 #N/A ENST00000362667 -1.91 #NIA ENST00000362750 #NIA 1.22 

ENST00000384793 2.24 2.07 ENST00000500049 -1.60 #NIA hsa-mir-1262-Sp #NIA 1.29 

ENST00000467195 -2.39 -3.18 ENST00000501843 -1.78 #NIA ENST00000484912 #NIA -1.01 

ENST00000459096 -2.15 #NJA ENST00000497631 1.71 #NIA ENST00000499698 #NIA 2.70 

ENST00000501034 -2.70 #NiA ENST00000363186 1.60 #NIA ENST00000410980 #NIA -2.34 

ENST00000501134 -2.43 #NIA ENST00000459124 1.41 #N/A hsa-mir-130b-3p #NiA 1.16 

ENST00000363899 2.14 #NIA ENST00000499566 2.03 #NIA ENST00000499543 #NIA -1.44 

ENST00000383924 1.91 #NiA ENST00000498910 -1.47 #NIA ENST00000500134 #NIA -1.93 

ENST00000362354 2.22 -309 hsa-mir-296-3p 1.40 2.08 hsa-mir-1268b-5p #NiA 2.61 

ENST00000365075 2.18 #NIA ENST00000499061 -1.59 #NIA ENST00000384033 #NIA 1.48 

ENST00000499473 -2.86 #NiA ENST00000410129 1.49 #NIA ENST00000501159 #NIA -2.84 

ENST00000364654 -2.86 #NIA ENST00000364419 -1.64 #N/A ENST00000501903 #NiA -2.84 

ENST00000384001 2.22 #NIA ENST00000496990 1.63 2.17 ENST00000410818 #NIA -2.95 

ENST00000499305 -2.34 #N/A ENST00000386062 1.62 #NIA ENST00000498954 #NIA -2.95 

ENST00000384127 2.63 #NIA hsa-mir-33b-3p 1.49 #N/A ENST00000501206 #NiA -1.79 

ENST00000410624 2.16 #N/A hsa-mir-542-3p -2.13 #NIA ENST00000466665 #NIA -106 

ENST00000364337 2.57 #NiA ENST00000362540 1.50 -1.41 ENST00000363788 #NIA -2.10 

ENST00000411164 2.03 #N!A ENST00000459577 1.55 2.83 hsa-mir-219a-3p #NiA 1.68 

ENST00000384716 2.18 #NIA ENST00000459229 1.61 #NIA hsa-m ir-1180-3p #NIA 1.06 

ENST00000383913 2.74 #N/A ENST00000498878 1.50 #NIA hsa-mir-214-Sp #NIA 1.06 

ENST00000364432 3.07 #N!A ENST00000500846 -1.66 #NIA ENST00000481252 #NiA -1.04 

ENST00000459107 2.22 #N/A ENST00000364938 1.52 #NIA hsa-mir-548j-5p #NIA 1.40 

hsa-mir-548x-5p -2.59 #N/A ENST00000487367 2.35 #NIA ENS T00000410798 #NIA -1.07 

ENST00000500112 204 #NIA ENST00000502133 -2.91 #N/A ENST00000502153 #NiA 5.20 

hsa-rnir-6516-3p -2.92 #N/A ENST00000447991 -2.91 #NIA hsa-mir-6720-Sp #NIA 5.20 

ENST00000384341 2.05 #N/A ENST00000501462 -2.99 #NIA ENST00000499262 #NIA -5.08 

ENST00000363372 2.21 #NIA ENST00000500114 -2.99 #N/A ENST00000499793 #NiA -5.08 

ENST00000471506 2.17 #N/A hsa-mir-450a-5p -1.86 #NIA ENST00000364448 #NIA -1.53 

hsa-mir-194-Sp -1.93 #N/A ENS T00000459041 1.54 #NIA hsa-mir-410-5p #NIA 1.92 

ENST00000364937 3.92 #NIA ENST00000501043 2.98 #NIA ENST00000499894 #NIA -103 

ENST00000501249 -2.33 #NIA ENST00000496481 -1.50 #NIA hsa-mir-3687-3p #NIA 1.66 

ENST00000362697 2.12 #N/A ENST00000501125 -1.74 #NIA hsa-mir-3129-5p #NIA 164 

ENST00000499758 -2.13 -2.44 ENST00000500444 -2.24 #NIA hsa-mir-937-3p #NIA -2.27 

ENST00000476606 -2.33 -3.13 ENST00000499480 -2.31 #NIA ENST00000408778 #NIA 2.00 

hsa-mir-4521-5p 209 #N/A ENST00000501658 -1.69 #NIA ENST00000499388 #NIA 1.18 

ENST00000499909 -2.32 #NIA ENST00000484771 1.90 #N/A ENST00000501058 #NIA -2.26 

ENST00000499925 -2.37 #NiA ENST00000501592 -2.99 #NIA ENST00000499580 #NIA 1.87 

ENST00000384750 2.11 #NIA ENST00000499665 -1.84 #NIA ENST000004877 40 #NiA -1.47 

ENST00000486830 2.68 #NIA ENST00000502181 -1.71 #NIA ENST00000501092 #NIA -1.63 

ENST00000384378 3.29 #NiA ENST00000475606 -5.09 #NIA hsa-mir-454-5p #NIA 1.22 

hsa-mir-4420-3p 1.97 #N!A ENST00000480177 -509 #NIA hsa-mir-489-3p #NiA -2.86 

ENST00000365498 2.16 -1.88 ENST00000499640 -5.09 #N/A ENST00000444772 #NIA -2.18 

hsa-mir-450b-5p -2.32 #NiA ENST00000410205 1.59 #NIA hsa-mir-122-5p #NIA -1.15 

ENST00000501091 -2.24 #N!A ENST00000462564 -1.61 1.38 ENST0000038427 4 #NiA -1.28 

ENST00000363141 3.52 #N/A ENST00000362438 2.17 #N/A ENST00000410718 #NIA -102 
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FIGURE 3A 

Figure 3: EGS transcriptomics data during MM& infections. Differencial expression analysis of T. gondii genes from MM6 cells infected with T. gondii EGS 
strain for 18 hours compared to T. gondii gene expression from MM6 cells infected with GT1, ME49 or VEG strains for 18 hours. 
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TGME49_232955 8.01 8.68 6.65 hypothetical protein TGME49_319860 -1.01 #NIA #NIA DNA polymerase family B protein 

TGME49_323400 744 8.28 8.19 
cytochrome c oxidase subun,t i;i 
sublam;ly protein 

TGME49_216750 -1.10 -1.10 #NIA 
Paf1/RNA polymerase II complex 
component LEO1 

TGME49_322200 7.72 8.34 8.72 apocytochrorne b, putative TGME49_202510 1.65 #NIA #NIA multi-pass transmembrane protein 

TGME49_206550 4.89 2.98 6.27 hypothetical protein TGME49_261720 -0.98 -1.16 -0.99 
metal ca1ion transpcrter, ZIP family 
protein 

TGME49_330000 8.23 9.02 7.63 cytochrome b TGME49_262860 -1.51 -163 -2.20 
ADP-ribosylation factor family protein 
1. putative 

TGME49_237130 8.00 8.26 7.60 cytochrome b, putative TGME49_207990 0.97 #NIA #N/A 
ribosomal RNA large subunit 
methyltransferase J protein 

TGME49_255060 6.97 7.47 7.02 
cytochrome b(N-terminal)lb6/petB 
subfamily protein 

TGME49_320650 -1.52 -1.43 #NIA ankynn repeat-containing protein 

TGME49_252065 3.93 4.28 3.49 KRUF family protein TGME49_221160 1.68 #NIA #NIA 
acetyltransferase, GNAT family 
protein 

TGME49_305460 2.60 2.65 190 
methionine aminopeptidase 2, 
putative 

TGME49_309090 -1.20 -108 #NIA hypothetical protein 

TGME49_301222 2.58 2.86 2.73 
DNA repair protein Rad4 domain-
containing protein 

TGME49_237550 1.76 1.49 #N/A hypothetical protein 

TGME49_252220 2.24 #NIA 1.54 
letratricopeptide repeal domain 
containing protein 

TGME49_244680 1.39 #NIA #NIA hypothetical protein 

TGME49_250670 3.64 #NIA 106 hypothetical protein TGME49_231870 -174 -1.89 -186 
telratricopeptide repeat-containing 
protein 

TGME49_302055 8.07 10 62 8.51 ribosomal protein RPS 12 TGME49_308020 -0.87 #NIA #N/A SAG-related sequence SRS57 

TGME49_279340 2.25 2.37 1.48 hypothetical protein TGME49_251470 -1.01 #NIA #NIA hypothetical protein 

oxidoreductase, short cha,n 
TGME49_252070 3.61 3.75 6.63 KRUF family protein TGME49_253960 1.10 202 185 dehydrogenase/reductase family 

protein 

TGME49 _225555 1.93 1.82 1.58 hypolhet;cal protein TGME49_232750 0.95 #NIA #NIA 
23S rRNA (adenine(1618)-N(6i)-
methyltransferase, putative 

TGME49 _275860 2.23 2.29 2.17 hypothetical protein TGME49_254000 0.92 1.26 1.63 hypothetical protein 

TGME49_217530 3.58 3.78 2.37 hypothetical protein TGME49_237190 143 #NiA #NIA hypothetical protein 

TGME49_254030 1.93 2.07 2.13 
zinc finger CDGSH-type doma,n-
containing protein 

TGME49_269730 -0.92 #NiA #NIA myosin-light-chain kinase 

TGME49_253790 2.72 #NIA 
#N/A zinc finger (CCCH type) motif-

contaIrnng prote,n 
TGME49_202430 -1.36 #NIA -138 hypothetical protein 

TGME49_249230 3.23 #NIA #N/A hypothetical protein TGME49_225080 1.55 #NIA 1.56 ribosomal protein RPS18 

TGME49 _260250 -2.90 -2.61 
_ 1 _

90 
cyclm domain protein, cyclin H family 
prote,n 

TGME49_231200 1.47 #NIA #NIA hypothetical protein 

TGME49_294400 -3.34 -2.54 -3.73 hypothetical protein TGME49_262690 2.92 #NiA 3.11 ribosomal protein RPL27 

TGME49_226310 -2.88 -3.64 
_
2
_
13 

zinc finger (CCCH type) motif-
contairnng prote,n 

TGME49_272910 0.85 #NIA #NIA T-complex protein 1 delta subunit 

TGME49_233925 10.75 10.32 10.59 hypothetical protein TGME49_311625 -137 -1.42 -1.49 
WD domain, G-beta repeat-contain mg 
protein 
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FIGURE 3B 

TGME49_223660 191 2.65 2.39 50S ribosomal protein L4, putative TGME49_231180 -2.31 -2.97 -3.51 hypothetical protein 

TGME49_235630 1.82 1.28 1.89 hypothetical protein TGME49_259570 -1.51 #NIA #NIA 
CMPldCMP deam,nase, zinc-binding, 

putative 

TGME49_286928 -3.71 -3.10 -3.90 hypothetical protein TGME49_212310 096 104 0.97 vacuolar ATP syntt:etase 

TGME49_294980 4.14 148 #NIA hypothetical protein TGME49_237280 -0.92 #NIA #NiA TLD protein 

TGME49_273870 -206 -1.83 -1.97 SWl2/SNF2 ISWl-like {AT hook) TGME49_276220 0.97 1.35 #N/A hypothetical protein 

TGME49_260430 3.50 2.69 4.09 hypothetical protein TGME49_268680 0.90 #N/A #N/A hypothetical protein 

TGME49_251180 2.60 3.13 2.36 KRUF family protein TGME49_275420 -114 -1.19 #NIA 
histone lysine-specific demethylase 
LSD11BHC110/KDMA1A 

TGME49_301250 7.47 8.53 8.01 hypothetical protein TGME49_235140 -0.88 #N/A -0.86 hypothetical protein 

TGME49 _299030 1.91 2.12 179 RNA recognition motif 2 protein TGME49_2l9750 0.84 #NIA #NIA cytochrome c, putat,ve 

TGME49_285710 2.51 1.31 1.39 hypothetical protein TGME49_227830 -1.02 #NIA #NIA mitochondrial inner membrane 
translocase TIM44, putative 

TGME49_290150 -2.45 -2.18 -1.42 hypothetical protein TGME49_3I8650 0.85 0.90 1.08 transhydrogenase 

TGME49 _260480 2.83 2.05 #N!A leucIne rich repeat-containing protein TGME49_291620 -0.92 #NIA #NIA hypothetical protein 

TGME49_277270 2.73 304 1.95 NTPase II TGME49_227570 0.90 108 #NIA 
transmembrane amino acid 
transporter protein 

TGME49_322000 -2.57 -2.38 -3.55 myosin-l1ght-chain ktnase TGME49_316660 -110 #NIA -1.20 cullin family prote,n 

TGME49_258390 2.65 1.39 #NIA DnaJ protein, putative TGME49_207665 -2.56 #NIA #N/A 
kinesin motor domain-containing 
protein 

TGME49_266740 3.44 #NIA #NIA 
RNA recogrntion moiif-containing 
protein 

TGME49_207120 -1.46 #NIA #NIA Sad1/UNC family protein 

TGME49_3000..0 -4.97 -4.45 -4.50 hypothet,cal protein TGME49_273595 150 #NIA #NIA hypothetical protein 

TGME49_242240 -3.22 -2.54 -3.68 I11optry kinase family protein ROP19A TGME49_210360 1.17 1.08 #NIA 
DEAD (Asp-Glu-Ala-Asp) box 
polypeptide 41 lam,ly protein 

TGME49_207430 -2.44 -1.84 -2.11 
ATP-dependent RNA helicase DDX1, 
putative 

TGME49_311160 -0.88 #NIA #N/A PW! domain-containing protein 

TGME49_253900 2.85 1.57 1.38 
parasite porphobilinogen synthase 
PBGS 

TGME49_286560 0.92 #NIA #NIA hypothetical protein 

regulator of chromosome 
TGME49_212940 -8.20 -10.97 -7.44 hypothetical protein TGME49_280770 1.02 #NIA #NIA condensation (RCC1) repeat-

containing protein 

TGME49_315885 5.95 5.94 6.02 glycosyltransferese, putative TGME49_217820 -0.96 -0.93 #NIA PCI domain-containing protein 

TGME49_251170 242 2.24 1.98 KRUF family protein TGME49_226020 0.95 '125 #NIA 
transporter, major facilitator family 

protein 

TGME49_234460 2.14 2.80 #NiA hypothetical protein TGME49_2l6230 -0.92 #NiA #NIA hypothetical protein 

TGME49_259950 203 0.86 #N/A 
carbonate dehydratase. eukaryolic-
type domain-containing protein 

TGME49_253410 0.98 #NiA #NIA hypothetical protein 

TGME49_213067 1.80 1.98 #N!A hypothetical protein TGME49_255660 -1.12 -1.26 #NIA EF hand domain-containing protein 

TGME49_221320 2.55 2.37 1.65 acetyl-CoA carboxylase ACC ·1 TGME49_270120 -1.15 #NIA #NIA thioredoxin-like protein TLP1 

TGME49_257350 1.55 1.40 105 
eukaryote translation initiation factor, 
putative 

TGM E4 9 _205130 -0.83 #N/A #NIA hypothetical protein 

TGME49_313100 -3.03 -2.51 -2.94 
signal recognition particle SRP54 
protein 

TGME49_249410 107 #NiA #NIA hypothetical protein 

TGME49_241155 3.09 1.88 #NIA hypothetical protein TGME49_209090 -116 -1.32 -1.65 
proteasome maturation factor ump1 
protein 

TGME49_215430 4.78 4.60 4.46 hypothetical protein TGME49_277760 -0.91 #NIA #N/A adenylosuccinate lyase, putative 

TGME49_200310 1.68 1.64 1.55 hypothetical protein TGME49_211630 -0.80 #NIA #NIA hypothetical protein 

TGME49_236270 -3.59 -3.34 -2.80 hypothetical protein TGME49_310950 -0.80 #NIA #NIA 
AP2 domain transcription factor 
AP2Xl-3 
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FIGURE JC 

TGME49_275640 179 1.61 1.67 hypothetical protein TGME49_225240 0 91 1.15 #NIA 50S ribosomal protein L 13, putative 

TGME49_299080 1.66 1.84 1.66 VTC domain-containing protein TGME49_213010 -119 -2.88 #NIA hypothetical protein 

TGME49_232600 2.23 1.57 #NIA phospholipase, patatin family protein TGME49_204060 -1.35 -1.44 #N/A SNARE domain-containing protein 

TGME49_312140 -4 04 -4.67 #NIA hypothetical protein TGME49_227780 1.46 1.55 #N/A hypothetical protein 

TGME49_215930 -8.19 -7.79 -6.94 mediator complex subunit MED21 TGME49_238230 0.96 0.85 #NIA Serffhr phosphatase family protem 

TGME49_299000 2.45 #NIA #NIA hypothetical protein TGME49_211030 -0.85 -1.10 #NIA hypothetical protein 

TGME49_254710 1.72 1.44 1.05 serine esterase (DUF676) protem TGME49_228330 -1.61 #NIA #NIA 
NLI interacting factor family 
phosphatase 

TGME49_247410 1.50 1.28 1.36 hypothet,cal protein TGME49_310802 -1.21 #NIA #NIA 
CRAL!TRIO domain-containing 
protein 

TGME49_233130 3.15 206 #N!A nucleoside transporter protein TGME49_219590 -1.13 #NIA #NIA RuvB family 1 protein 

TGME49 _267020 -2.38 -4.42 #N!A hypothetical protein TGME49_319600 -1.15 #NIA #NIA 
alpha-tubulin N-acetyltransferase, 
putative 

3'5'-cyclic nucleotide 
TGME49_253750 1.73 1.65 1.53 PLU-1 family protein TGME49_280410 -0.91 #NIA #N/A phosphodiesterase domain-

containing protein 

TGME49_227810 1.57 1.65 #NIA 
rhoptry kinase family protem ROP11 
(incomplete catalyiic triad) 

TGME49_301170 -607 -9.48 -7 08 SAG-related sequence SRS19D 

TGME49_207960 -2.40 -2.30 -2.73 hypothetical protein TGME49_235560 1 73 #NiA #NIA hypothetical protein 

phosphoglucooate dehydrogenase 
TGME49_272410 3.57 3.54 3.71 (decamoxylat1ng), NAD binding TGME49_280750 -0.98 #NIA #NIA rudimentary enhancer, putative 

domain-containing protem 

TGME49_215940 -2.46 -2.34 -1.97 
Acetyl-coenzyme A transporter, 
putative 

TGME49_254380 -1.33 #NiA #NIA ribosomal prctein L 11, putative 

TGME49_233870 1.95 1.82 0.98 hypothetical protein TGME49_252280 108 #NiA 1.54 hypothetical protein 

TGME49_254690 1.57 1.25 #NIA phospho!ipaseicarboxylesterase TGME49_230850 -0.86 #NIA #N/A hypothetical protein 

TGME49_217555 135 138 0.89 hypothetical protein TGME49_248690 -1.36 -1.32 #NIA hypothetical protein 

TGME49_240700 -2.10 -1.71 -1.63 ub;quitin family protein TGME49_278205 -0.80 #NIA #NIA hypothetical protein 

TGME49_260310 2.97 1.84 1.52 
ATP-binding cassette transporter 
ABC.81 

TGME49_215640 -099 -1.04 #NIA 
zinc finger. C3HC4 type {RING finger) 
domain-containing protein 

TGME49_258720 1.64 1.93 1.99 Ubiquit;n family protein, putative TGME49_202390 -0.93 #NIA #NIA S15 sporozoite-expressed protein 

TGME49_301280 -303 -2.29 #NIA hypothetical protein TGME49_257685 0.90 #NIA #NIA hypothetical protein 

TGME49_254660 1.60 1.43 1.25 ankyrin repeat-containing protein TGME49_228010 -1.60 -170 #NIA hypothetical protein 

TGME49_247930 -3.26 -2.87 -2.90 SNARE domain-coniai ning protein TGME49_278060 -1.66 -305 -1.76 
Mre 11 DNA-binding domain-
containing protein 

TGME49_268225 -8.90 -9.99 -9.10 hypothetical protein TGME49_313200 -1.67 -1.66 -2.23 leucine rich repeat-containing protein 

TGME49_206695 3.11 1.95 #N!A hypothetical protein TGME49_257300 -0.97 #NIA #NIA hypothetical protein 

TGME49_231370 2.43 1.26 #NIA phospholipase, patatin family protein TGME49_219190 -1.06 #NIA #NIA 
nuclear movement protein domain 
containing protein 

TGME49_214380 -2.49 -1.99 #NIA hypothetical protein TGME49_246178 -1.17 #NIA #NIA hypothetical protem 

TGME49_259010 -1.97 -1.82 -1.66 
vacuolar ATP synthase suburnt d, 
putative 

TGME49_248870 -0.98 #NIA #NIA SNARE associated Golgi protein 

TGME49_306020 2.0i 1.21 1.32 hypothetical protein TGME49_213930 -148 #NIA #NIA 
3' exoribonuclease family, domain 1 
domain-containing protein 

TGME49_254080 1.47 1.48 1.13 
metal cation transporter. ZIP family 
protein 

TGME49_287515 -1.69 #NiA #NIA hypothetical protein 

TGME49_240250 -1.53 -1.40 -1.39 macro domain-containing protein TGME49_297720 -102 -1.24 -1.14 trehalose-phosphatase 

TGME49_283790 3.32 #NIA #NIA protein kinase, putative TGME49_251730 -116 -140 #NIA hypothetical protein 

TGME49_293820 -1.59 -1.22 -1.01 
calpain fam,ly cysteine protease 
domain-containing protein 

TGME49_205200 0.92 1.04 115 hypothetical protein 
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FIGURE 3D 

TGME49 _258 790 -1.72 -203 -135 
zinc finger. C3HC4 type (RING finger) 
domain-containing protein 

TGME49_213388 -146 -1.41 #NIA hypothetical protein 

TGME49_220240 1.59 202 1.45 hypothetical protein TGME49_254480 1.45 #N/A 1.42 
WD domain, G-beta repeat-containing 
protein 

TGME49_295935 1.50 1.37 1.08 KRUF family protein TGME49_238180 -0.95 #NiA #NIA 
26s proteasome regulatory complex 
suburnt, putative 

TGME49_246490 -1.55 -102 -0.91 hypothet;cal protein TGME49_220470 -1.04 #NiA #NIA hypothetical protein 

TGME49_225930 1.29 1.14 0.78 triose--phosphate Isomerase TPl-I TGME49_218740 1.54 #NIA #NIA membrane protein. putat;ve 

TGME49 _297 495 -7.98 -9.14 #N/A hypothetical protein TGME49_222110 -1.24 #NiA #NIA PUB domain-containing protein 

regulator of chromosome 
TGME49_240510 2.77 1.44 #N/A hypothet;cal protein TGME49_236250 -1.28 #NiA #N/A condensation (RCC1) repeat-

containing protein 

TGME49_299210 1.86 1.80 #NIA CTP synthase TGME49_310230 -1.14 -1.13 #NIA hypothetical protein 

TGME49_306895 1.69 1.61 1.38 hypothet,cal protein TGME49_256060 -1.00 -1.24 #NIA 
nucleosome assembly protein (nap) 
protein 

TGME49_321540 -1.74 -1.49 -118 hypothetical protein TGME49_205250 0 96 1.32 7.91 rhoptry protein ROP18 

TGME49_254770 145 1.66 1.67 Ser/Thr phosphatase family protein TGME49_240570 1.00 #N/A #NIA hypothetical protein 

TGME49_290580 -2.49 -3.63 -2.61 
ATP-binding cassette G family 
transporter ABCG89 

TGME49_312160 0.89 1.26 #NIA hypothetical protein 

TGME49_234640 -1.84 -1.52 -'L24 hypothetical protein TGME49_315280 -130 -1.86 #NIA hypothetical protein 

TGME49_208440 133 146 159 hypothet;cal protein TGME49_256760 -093 #NiA #NIA pyruvate kinase PyK 1 

TGME49_252310 1.63 #NIA 102 hypothetical protein TGME49_217400 151 -1.37 -1.32 hypothetical protein 

TGME49_252360 1.57 105 1.78 
rhoptry kinase family protein ROP24 
(incomplete catalytic triad) 

TGME49_254470 0.87 102 0.95 hypothetical protein 

TGME49_254620 189 1.10 1.56 ribosomal protein RPL39 TGME49_217770 0.82 1.14 #NIA hypothetical protein 

TGME49_243410 -2.01 -1.79 -1.36 
tetratricopep!ide repeat-containing 
protein 

TGME49_252210 1.25 #NIA #NIA 
pentatlicopeptide repeat domain-
containing protein 

TGME49 _279350 2.28 2.79 1.20 hypothet;cal protein TGME49_306610 -156 -1.45 #NIA 
3' exoribonuclease family, domain 1 
domain-containing protein 

TGME49_293280 2.37 #NIA #NIA cychn protein TGME49_308093 0.79 #N!A 1.75 
rnoptry kinase family protein 
(incomplete catalytic triad) 

TGME49_224220 ·1.94 -1.73 -1.35 
serine/threonine-protein phosphatase 
PP2A catalytic subunit 

TGME49_261460 -101 -1.01 #NIA 
transcriptional elongation factor 
FACT80 

TGME49_253470 1.39 148 1.02 
alveolin domain containing 
intermediate filament IMC13 

TGME49_240910 -1.09 #NIA -1.21 hypothetical protein 

TGME49_239270 -1.71 -2.30 -"1.67 hypothetical protein TGME49_294180 -1.26 #NIA #NIA 
tRNA -methyltransferase fam;ly 
protein 

TGME49_203540 1.80 1.51 #NIA RNA binding protein, putative TGME49_234900 -0.85 -0.99 #NIA PHD-finger domain-containing protein 

TGME49_293430 138 1.33 1.13 hypothetical protein TGME49_214470 -1.19 #NIA #N/A 
Ulp 1 protease familv. C-terminal 
catalytic domain-containing protein 

TGME49_244370 6.17 6.57 6.32 TDC I, putative TGME49_224070 -128 -1.32 #NIA hypothetical protein 

TGME49_219520 -1.51 -1.34 -138 
h,stone arginine methyltransferase 
PRMT1 

TGME49_221670 -0.81 #NIA #NIA 
transcriptional elongation factor 
FACT140 

TGME49_261750 -1.75 -1.87 -1.64 rhopt;y neck protein RON10 TGME49_242010 1.26 #NiA #NIA 
glucose inhibited division protein A 
subfamily protein 

TGME49_242340 1.66 #NIA 0.96 ribosomal protein RPS29 TGME49_254090 109 0.96 #NIA hypothetical protein 

TGME49 _285190 -1.73 -1.76 -168 
zinc finger. C3HC4 type (RING finger) 
domain-containing protein 

TGME49_216910 -1.01 #NiA #NIA hypothetical protein 

TGME49_319540 -2.36 -2.49 -1.62 hypothet;cal protein TGME49_269438 109 #NiA #NIA hypothetical protein 

TGME49 _278050 -1.45 -!03 #N/A 
proteasome subunit alpha type 1. 
putative 

TGME49_279430 100 #NiA #NIA 
cwf18 pre-mRNA splicing factor 
protein 
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FIGURE 3E 

TGME49_247340 2.08 #NIA 4.66 hypothetical protein TGME49_275650 1.13 #NIA 1.27 hypothetical protein 

TGME49_320005 -2.72 -2.78 -2.39 hypothetical protem TGME49_225170 -1.22 #N/A #NiA hypothetical protem 

TGME49_305160 3.60 3.04 2.59 hlstone H2Ba TGME49_286790 -1.12 -1.22 #NIA nuclear factor NF2 

TGME49_289050 2.13 175 #NIA F!KK kinase, putative TGME49_295960 -1.27 #NIA #NiA hypothetical protein 

TGME49 _252290 1.69 #NIA 1.16 importin alpha, putative TGME49_233430 1.41 #N/A #NIA hypothetical protein 

TGME49_262010 174 1.18 #NIA calmodulin CAM2 TGME49_253070 136 #NIA #NIA hydrolase, TatD family protein 

TGME49_249770 2.68 1.95 #NIA Nmda 1 protein TGME49_249900 1.17 #NIA #NIA 
adenine nucleotide translocator, 
putative 

TGME49_228750 2.50 #NIA #NIA 
TGME49_228750 CAM kinase, RAD 
family 

TGME49_273140 -1.37 -145 #NIA 
radical SAM methyllhiotransferase, 
MiaBIRimO family protein 

TGME49_277700 2.31 139 #NIA 
ribosomal protein S 14 precursor, 
putative 

TGME49_231480 0.94 #NIA #NiA GCN1, putative 

TGME49_233500 1.50 #NIA 0.89 triose-phosphate Isomerase TPl-II TGME49_321650 -0.82 -0.79 #NIA hypothetical protein 

TGME49_311440 1.65 1.24 1.31 SAG-related sequence SRS50 TGME49_319740 -1.41 -1.51 #NiA 
transporter, major facilitator family 
protein 

TGME49_308840 1.66 #NIA 1.87 SAG-related sequence SRS51 TGME49_201880 0.73 072 0.87 hypothetical protein 

TGME49_277710 -181 -181 -1.61 hypothetical protein TGME49_204040 1.61 #NIA #NIA hypothetical protein 

TGME49_215390 2.51 1.69 2.46 T!M10 family protein, putative TGME49_266750 0.85 #N/A #NIA 
transporter/permease protein. 
pulalive 

TGME49_215895 1.71 0.96 0.98 AP2 domain-contairnng protein TGME49_227150 0.87 #N/A 1.22 glutaredoxin, putative 

TGME49_260520 1.96 1.94 #NIA hypothetical protein TGME49_291120 -1.11 1." #NIA 
trafficking protein mon 1 subfamily 

- '' protein 

TGME49_278510 -1.51 -1.43 -'162 
protein phosphatase 2C domain-
containing protein 

TGME49_285950 -1.50 #NIA #NiA hypothetical protein 

TGME49_252390 1.30 073 1.81 hypothetical protein TGME49_239680 0.97 #NIA #NIA hypothetical protein 

TGME49_312310 -2.52 -2.41 -2.24 ATPase, AM family protein TGME49_2l3790 -109 -109 -1.10 hypothetical protein 

TGME49_254050 1.39 1.59 130 optic atrophy 3 protein (opa3) protein TGME49_3I8690 1.29 1.35 1.49 
RNA recognition motif-containing 
protein 

TGME49_213280 1.45 2.31 1.97 SAG-related sequence SRS25 TGME49_254290 1.08 1.01 #NIA hypothetical protein 

TGME49_260210 -2.94 -2.82 -2.52 DnaJ domain-conlaining protein TGME49_280570 #NIA 5.19 507 SAG-related sequence SRS35A 

TGME49_246978 -2 87 -2.84 -2.90 hypothetical protein TGME49_291040 #NIA 5.96 4 68 lactate ctehydrogenase LDH2 

TGME49_279450 -7.76 -8.01 -7.66 
adenylosuccmate synthetase, 
putative 

TGME49_259020 #NIA 5.33 6.15 bradyzoite antigen BAG 1 

TGME49_233030 -1.36 -103 -120 gliding-associated protem GAP70 TGME49_216140 #NIA 3.66 1.19 
tetratrIcopep!ide repeat-containing 
protein 

TGME49 _270530 -1.63 -1.14 -1.26 
ubiqu1tin fusion degradation protein 
UFD1CY 

TGME49_299010 #NIA 4.46 #NIA hypothetical protein 

TGME49_308090 2.51 #NIA 2.58 rhopt;y protein ROP5 TGME49_202970 #NIA -5.95 #NIA hypothetical protein 

TGME49_205680 1.65 1.88 1.48 hypothetical protein TGME49_264240 #NIA -10.43 -6.12 hypothetical protein 

TGME49_268570 -1.42 -1.14 #NIA 
zinc finger (CCCH type) motif-
conta111ing protein 

TGME49_312905 #NIA -309 #NIA hypothetical protein 

TGME49_263270 -1.53 #NIA #NIA 
glycerophosphodiester 
phosphodiesterase family protein 

TGME49_244700 #NIA -2.91 #NIA 
NAD{+)/NADH kinase domain-
containing protein 

TGME49_262910 2.83 1.44 #NIA 
NADH-cytochrome b5 reductase i. 

putative 
TGME49_280400 #NIA -3.11 #NIA hypothetical protein 

TGME49_219832 -270 -2.64 -2.42 
cyclin-dependent kinase regulato;y 
subunit protein 

TGME49_233000 #NIA -2.52 #NIA KOW motif domain-containing protein 

TGME49_2170W -1.86 -1.53 -1.33 hypothetical protein TGME49_266950 #NIA -2.61 #NIA protein kinase, putat,ve 

TGME49_312600 1.17 1.81 1.23 heat shock protein HSP2·; TGME49_203720 #NIA 205 1.19 
vitamin k epoxide 1educlase fmnily 
protein 
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FIGURE 3F 

TGME49_249860 -163 -142 -i 57 hypothetical protein TGME49_235680 #NIA -2 63 #NIA 
peptidase M16 inactive domain-
conta;rnng protein 

TGME49_223040 1.52 148 0.97 hypothetical protein TGME49_289350 #NIA -3.12 #N/A 
ATP-binding cassette G family 
transporter ABCG84 

TGME49_275320 -1.56 -1.34 -1.50 penicillin amidase TGME49_307770 #N/A -2.38 #NIA fumble protein 

TGME49_255650 -1.54 #NIA -118 
DHHC zinc finger domain-containing 
protein 

TGME49_207210 #NIA 3.26 4.66 hypothe!ical protein 

TGME49_242110 -2.88 #NIA -3.56 rhoptry kinase family pro!em ROP38 TGME49_311460 #N/A -2.95 #NIA hypothe!ical protein 

TGME49 _254520 1.33 1.57 145 mediator complex subunit MEDI ·t TGME49_209940 #NIA -2.26 #NIA transporterlpermease protein 

TGME49_266100 148 1.33 1.51 rtioptry kinase family protein ROP41 TGME49_283540 #N/A 1.98 1.10 hypothetical protein 

TGME49_247770 1.21 109 #NIA hypothetical protein TGME49_210210 #NIA -9.04 #N/A hypothetical protein 

TGME49_215540 -8.74 -8.70 #NIA hypothetical protein TGME49_213255 #NIA -2.66 #NIA hypothetical protein 

TGME49_254910 2.11 #NIA #NIA hypothetical protein TGME49_264260 #NIA -4.82 #NIA hypoihe!ical protein 

TGME49_287470 2.41 2.95 #NIA hypothetical protein TGME49_280490 #NIA -1.99 #NIA U-box domain-containing protein 

TGME49_252250 2.15 #NIA 1.30 ATPase, AAA family protein TGME49_221840 #N/A 3.66 4.30 hypothetical protein 

TGME49_240520 221 #N/A #NIA hypothetical protein TGME49_306688 #NIA -3.91 #NIA hypothetical protein 

TGME49_220400 2.00 170 1.45 ac!in depclymerizing factor ADF TGME49_238140 #N/A -2.18 -115 hypothetical protein 

TGME49_262500 -1.75 -1.50 -1.13 hypothetical protein TGME49_263820 #N/A -2.10 #NIA 
DEAD/DEAH box helicase domain-
conta;ning protein 

TGME49_207630 -3.63 -3.31 -3.45 
pep!idyl-tRNA hydrolase doma;n-
containing prote;n 

TGME49_240220 #NIA -2.27 #NIA hypothetical protein 

TGME49_210430 -1.34 -1.23 -0.93 DnaJ domain-con!aining protein TGME49_216680 #NIA -2.19 #NIA ankyrin repeat-containing protein 

TGME49_290600 6.12 6.38 6.31 succinyl-CoA-synthetase alpha SCSA TGME49_214410 #NIA 167 1.11 hypothetical protein 

TGME49_211220 -1.89 -1.98 #NIA hypothetical protein TGME49_253690 #NIA ·1.66 1.79 hypothetical protein 

TGME49_286140 -1.99 -1.63 -140 hypothetical protein TGME49_306338 #NIA -2.76 #NIA 
dyne;n gamma cham, flagellar outer 
arm, putative 

TGME49_268730 202 1.22 #NIA glularedoxin-related protein TGME49_297840 #NIA -1.92 #NIA DNA primase, large subunit 

TGME49_311210 -1.66 -1.38 -1.53 hypothetical protein TGME49_204050 #NIA 2.64 #NIA subtilisin SUB1 

TGME49_284190 1.69 #NIA #NIA pyruvale carboxylase TGME49_298060 #NIA -2.83 #N/A Toxoplasma gondii family C protein 

TGME49 _200595 -9.05 -7.22 #NIA hypothet,cal protein TGME49_202020 #NIA 2.74 2.69 DnAK-TPR 

TGME49_271935 1.72 209 2.02 hypothetical protein TGME49_275460 #N/A 2.53 1.38 hypothetical protein 

TGME49_261000 -1.86 -1.73 #NIA 
MutS domain V domain-containing 
protein 

TGME49_240880 #N/A -2.58 #NIA hypothetical protein 

TGME49_280518 -1.51 -1.09 #NIA hypothetical protein TGME49_2052l0 #N/A -5.32 #NIA hypothetical protein 

TGME49_320110 2.87 2.51 3.01 
proliferating cell nuclear antigen 
PCNA2 

TGME49_251540 #NIA 1.64 #NIA dense granule prote;n GRA9 

TGME49_209755 -1.64 3.95 3.84 hypothetical protein TGME49_236670 #N/A 2.12 2.81 hypothetical protein 

TGME49_286720 1.48 0.86 #NIA heat shock prote,n HSP28 TGME49_316470 #NIA -2.66 #NIA hypothetical protein 

TGME49_321360 118 1.69 1.55 clustered-asparagine-rich protein TGME49_217020 #N/A -2.26 #NIA ATPase, AFG1 family protein 

3'5'-cyclic nucleotide 
TGME49_202540 -1.37 -0.98 #NIA phosphodiesterase domain- TGME49_218750 #N/A -2.82 #NIA hypothetical protein 

containing protein 

TGME49_230490 -1.72 -1.20 -1.58 
phosphatidylinositol-4-phosphate 5-
kinase 

TGME49_312520 #NIA -2.75 #NIA !RNA dimethylallyltransferase 

TGME49_297 420 -207 -1.75 -1.64 beta-tubulin cofactor D, putative TGME49_234530 #NIA 1.69 1.33 hypothetical protein 

TGME49_253290 120 1.29 1.10 valyl-tRNA synthetase TGME49_316250 #NIA i.44 100 hypothetical protein 

TGME49_217951 -1.96 -2.00 4.96 hypothetical protein TGME49_315130 #NIA 1.51 0.93 
L-isoaspartyl protein carboxyl 
methyltransferase family protein 
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FIGURE 3G 

TGME49_259530 -1.67 -1.62 -1.69 Ga!Nac TGME49_240650 #NIA -1.59 -1.13 
coatomer protein complex, subunit 
alpha, putative 

TGME49_268620 -308 -2.80 -2.80 
blood stage antigen 41-3 precursor. 
putative 

TGME49_297910 #NIA -3.38 #NIA hypothetical protein 

TGME49_223150 -2.63 -2.38 -2.36 ST ART domain-containing protein TGME49_262050 #N/A 2.31 1.98 rhoptry kinase family prote;n ROP39 

TGME49_223840 1.73 #N/A #N/A ATP-citrate lyase, putative TGME49_239250 #NIA -1.47 #NIA diacylglycerol kinase, putative 

TGME49_201790 -160 -1.12 #NiA FHA domain-containing protein TGME49_268860 #N/A 4.31 4.11 enolase 1 

TGME49_237195 -2.18 -1.66 #NIA hypothetical protein TGME49_240840 #N/A -2.01 #NIA 
histone lysine demelhylase JmjC 
NO66 

TGME49_252270 1.93 #NIA #NIA L 1 P family of libosomal protein TGME49_202780 #N/A 1.32 104 rhoptry kinase family protein ROP25 

TGME49_253990 1.44 1.02 0.91 hypothetical protein TGME49_262590 #NIA -3.61 #N/A hypotlm!ical protein 

TGME49_293550 -138 -109 #NiA hypothetical protein TGME49_3I2330 #NIA 1.73 #NIA hypothetical protein 

TGME49_254610 1 75 1.37 #NIA 
Tim 1 0IDDP family zinc finger 
superfam1ly protein 

TGME49_301160 #NIA -3.93 #NIA SAG-related sequence SRS19C 

TGME49_254900 1.33 0.89 #NIA 
proteasome subunit beta type 2, 
putative 

TGME49_293740 #NIA 1.33 0.99 hypothetical protein 

TGME49_306730 -3.20 #NIA -2.45 hypothetical protein TGME49_244120 #NIA -2.11 -1.84 hypothetical protein 

TGME49_248630 -1.60 -1.11 #NIA actin-related protein ARP1 TGME49_288860 #NIA -1.61 #NIA RuvB family 2 protein 

TGME49_252500 1.20 1.38 1.53 polo kinase TGME49_292975 #NIA -1.81 #NIA hypothetical protein 

TGME49_238073 -2.22 #N/A #N/A hypothetical protein TGME49_253180 #NIA 2.53 2.00 hypothetical protein 

TGME49_227330 171 1.13 #NIA hypothetical protein TGME49_297492 #N/A -4.59 -3.43 hypothetical protein 

TGME49_222900 1.37 #NIA #NIA phosphoserine phosphatase TGME49_277510 #NIA -170 -1 09 
cytoplasmic dynein intermediate 
chain 

TGME49_205510 -1.20 #N/A #NIA nucleolar protein 5, putative TGME49_246200 #NIA -2.81 -2.46 
zinc finger (CCCH type) motif-
containing protein 

TGME49 _255635 -470 -3.83 -5.53 hypothetical protein TGME49_258230 #NIA 2.52 #NIA rhoptry kmase family protein ROP20 

TGME49_204110 -2.91 -2.23 #NIA elF2 kinase !F2K-C TGME49_217420 #N/A -2.47 -1.59 hypothetical protein 

TGME49_259115 -2.00 -5.11 -1.48 ABC 1 family protein TGME49_215700 #NIA -1.84 #NIA phosphatidylinositol 3- and 4-kinase 

TGME49_321550 1.54 1.11 #N1A hypothetical protein TGME49_225290 #NIA 2.97 #NIA 
GDA11CD39 (nucleos,de 
phosphatase) family protein 

TGME49_213800 -1.29 -0.89 #NIA 
protein phosphatase 2b regulatory 
subunit. putative 

TGME49_307650 #N/A -18! #NIA uracil-DNA glycosylase 

TGME49 _258030 -2.43 -270 #N/A DNA polymerase TGME49_263730 #NIA -1.66 #NIA 
FAD-dependent glycerol-3-phosphate 
dehydrogenase 

TGME49_252190 2.13 2.25 141 KRUF family protein TGME49_263100 #NIA -2.14 #NIA hypothetical protein 

TGME49 _292200 -1.23 -0.93 #N/A 
RNA recognition motif-containing 
protein 

TGME49_248990 #NIA 1.22 #NIA hypothetical protein 

TGME49_247530 1.25 1.99 1.67 hypothetical protein TGME49_269690 #NIA 1.16 #NIA hypothetical protein 

TGME49_298990 1.50 0.89 #N/A 
ferredoxin NADP+ oxidoreductase 
FNR 

TGME49_310970 #NIA -1.43 #NIA hypothetical protein 

TGME49_229440 -1.85 -1.88 -2.19 
zinc finger, C3HC4 type (RING finger; 
domain-containing protein 

TGME49_323100 #N/A 1.64 #NIA hypothetical protein 

TGME49_293480 1.93 #NIA 2.09 
Moe A N-terminal region ( domain I 
and II) domain-containing protein 

TGME49_316710 #NIA 1.24 #NIA hypothetical protein 

TGME49_239410 -1.36 -1.12 #NIA hypothetical protein TGME49_290700 #NIA 1.27 #NIA hypothetical protein 

TGME49_237410 -1.64 -1.14 -1.13 
protein phosphatase 2C domain-
containing protein 

TGME49_239810 #NIA mo #NIA hypothetical protein 

TGME49_257180 -198 -2.08 -1.89 
RecFIRecN/SMC N terminal domain-
containing protem 

TGME49_269180 #NIA -1.20 -1.22 MIF4G domain-conta1n1ng protein 

TGME49_217350 -2.50 -2.31 -2.26 methyltransferase MTA70, putative TGME49_285870 #N/A 1.32 #N/A SAG-related sequence SRS20A 
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FIGURE 3H 

TGME49_230140 2.10 #N/A #N/A 
vacuolar sorting protein 9 {vps9) 
domain-contain,ng protein 

TGME49_289540 #NIA 1.20 #NIA hypothetical protein 

TGME49_319580 -2.55 -2.72 -2.59 hypothetical protein TGME49_246130 #N/A 127 #N/A 
serpin (serine proteinase inhibitor} 
superfamily protein 

TGME49_281450 -1.99 -1.50 #N/A 
cell-cycle-associated protein kinase, 
putative 

TGME49_263740 #NIA -1.88 #NIA 
ABC transporter transmembrane 
region domain-containing protein 

TGME49_203390 -139 -1.16 #N/A 
CRALITRIO domain-contairnng 
protem 

TGME49_260190 #NIA -1.57 #NiA microneme protein M IC13 

TGME49_295950 1.65 2.39 1.36 KRUF family protein TGME49_276920 #N/A -1.63 -1.73 
protein phosphatase 2C domain-
conta:ning protein 

TGME49 _270580 2.21 #N/A 3.82 
HECT-domain (ubiquitin-transferase) 
domain-containing protein 

TGME49_253700 #NIA L05 #NIA 
transporter. major facilitator family 
protein 

TGME49_243465 3.08 #N/A #N!A hypothet,cal protein TGME49_254150 #NIA 1.91 1.62 hypothetical protein 

TGME49_253860 132 1.25 1 04 Tyrosine kinase-like (TKL) protein TGME49_237015 #N/A 137 0.96 hypothetical protein 

TGME49_251460 -1.84 -1.36 -1.56 hypothel!cal protein TGME49_264870 #N/A 1.39 1.20 
Soctium:neurotransmitter symporter 
family protein 

TGME49_253100 1.15 1.26 115 hypothel!cal protein TGME49_226580 #N/A 1.12 #N/A hypothetical protein 

TGME49_222040 -270 -2.83 -3.28 Ran-interacting Mog1 protein TGME49_202620 #NIA 118 #NIA hypothetical protein 

TGME49_289310 -1.53 -1.26 -111 cullin family protein TGME49_213680 #N/A -2.26 -2.37 MmgEIPrpD family protein 

TGME49_228360 139 0.88 1.31 
peptidyl-prolyl isomerase FKBP12, 
putative 

TGME49_245530 #N/A 3.38 #NIA hypothetical protein 

TGME49_201260 -1.25 -1.14 -127 sugar transporter ST3 TGME49_296015 #N/A 1.22 1.16 hypothetical protein 

TGME49_228630 -1.29 -109 #NIA hypothetical protein TGME49_272600 #N/A -129 #NIA 
adaptin c-terminal domain-conta,ning 
protein 

TGME49_232960 -1.48 -1.21 -132 
oxidoreductase, 2OG-Fe(II) 
oxygenase family protein 

TGME49_285830 #NIA -1.60 -1.21 hypothetical protein 

TGME49_262825 2.05 1.47 #NIA peptidase family c50 protein TGME49_226260 #NIA 123 #NIA hypothetical protein 

TGME49 _263060 1.64 1.13 #N/A 
Proteasomelcyclosome repeat-
containing protein 

TGME49_310210 #NIA L73 #NIA hypothetical protein 

TGME49_240950 -3.19 -3.14 -2.61 hypothetical protein TGME49_255960 #NIA -1.75 -1.38 hypothetical protein 

TGME49_240440 1.45 1.19 1.01 hypothetical protein TGME49_240580 #N/A -194 #NIA hypothetical protein 

TGME49_316270 143 1.40 1.61 
Rab geranylgeranyl transferase type 
II beta subunit, putative 

TGME49_297180 #N/A -125 #NIA hypothetical protein 

TGME49_289720 -172 -1.60 #NIA hypothetical protein TGME49_311660 #NIA -1.65 #NIA 
histone lysine methyltransferase, 
SET, putative 

TGME49_273400 -2.22 -1.55 #NIA hypothet:cal protein TGME49_253490 #NIA 138 1.22 hypothetical protein 

TGME49_288580 2.50 1.40 #NIA RNA methylase, putative TGME49_257910 #NIA 4.40 #NIA hypothetical protein 

TGME49_287160 -1.25 -1.19 #NIA intema! kinesin motor domain protein TGME49_269930 #N/A -2.18 #NIA 
calcium binding egf domain-
conta,ning proiein 

TGME49_213635 2.50 2.45 #NiA hypothetical protein TGME49_201380 #N/A 1.04 #NIA chorismate synthase, putative 

TGME49_298610 -115 -1.02 #N/A GYF domain-containing protein TGME49_253170 #NIA 1.97 1.79 zinc carboxypeptidase, putative 

TGME49_203730 -2 06 -2.40 -2.44 hypothetical protein TGME49_307570 #NIA -1.64 .1.35 
glycero!-3-phosphate dehyctrogenase 
(gpdh), putative 

TGME49_313230 2.39 2.44 2.45 
eukaryotic initiation factor-2, alpha 
suburnt 

TGME49_310100 #N/A -201 #NIA mannosyliransferase (pig-m) protein 

3'5'-cyclic nucleotide 
TGME49_226755 1.53 1.60 1.13 phosphodiesterase domain- TGME49_299060 #NIA 1.37 #NIA sodium/hydrogen exchanger NHE2 

containing prote,n 

TGME49_253600 1.77 2.31 1.45 hypothet,cal protein TGME49_203290 #NIA rn1 #NIA hypothetical protein 

TGME49_254630 1.34 108 #NIA CMGCkinase TGME49_247250 #N/A -1.28 #NIA RbAp46 
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FIGURE 3i 

TGME49_309070 -2.16 -193 -1.67 hypothet;cal protein TGME49_264780 #NIA -1.66 #N/A 
UTP-glucose-1-phosphate 
uridylyltransferase subfamily protein 

TGME49 _233680 -2.80 -2.92 -2.65 nuclear movement family protein TGME49_268790 #NIA 1.04 #N/A hypothetical protein 

TGME49_229470 -1.47 -1.06 -137 hypothetical protein TGME49_259700 #N/A 116 0.83 hypothetical protein 

TGME49_207180 2.21 #NIA #NiA 
indole-3-glycerol phosphate synthase 
domain-containing protein 

TGME49_205150 #NIA -1.81 #NIA 
ACR, YagE family COG1723 domain-
containing protein 

TGME49_290740 -2.43 -2.09 #N/A hypothetical protein TGME49_248830 #NIA -1.43 #NIA 
phosphoinositide phospholipase 
PIPLC 

TGME49_230430 -2.22 -1.88 -2.06 
vesicle-associated membrane protein, 
putative 

TGME49_254580 #NIA 1.29 #N/A 
UDP-galactose transporter family 
protein 

nucleolar protein, structural 
TGME49_294060 1.52 0.97 #N/A hypothetical protein TGME49_278270 #NIA -2.06 -1.58 component of HIACA snoRNPs, 

putalive 

TGME49_300980 2.31 #NIA #NIA hypothetical protein TGME49_264660 #N/A 1.41 #N/A SAG-related sequence SRS44 

TGME49_286510 1.70 127 1.10 hypothetical protein TGME49_229650 #NIA -1.58 -1.29 Josephin protein 

TGME49_248130 -2.53 -2.03 -201 hypothetical protein TGME49_214540 #NIA 1.16 1.33 hypothetical protein 

TGME49_285470 2.15 1.63 #NIA patched family protein TGME49_273030 #N/A -1.68 #NIA 
phosphoglycerate mutase family 
protein 

TGME49_283550 1.34 104 0.97 hypothetical protein TGME49_311780 #NIA -1.47 #NIA Zn-containing alcohol dehydrogenase 

TGME49_300055 -1.16 #NIA #N/A hypothetical protein TGME49_215360 #NIA 1.53 #NIA hypothetical protein 

TGME49_297780 -1 71 -2.60 -1.53 
ATPase/histidine kinase/DNA gyrase 
8/HSP90 doma111-containing protein 

TGME49_262970 #N/A 1.54 #N/A hypothetical protein 

TGME49_293040 -1.91 -1.63 #NIA hypothetical protein TGME49_241140 #NIA -1.88 -1.55 
DEADIDEAH box helicase domain-
conta;ning protein 

TGME49_258590 -2.37 -2.06 -2.53 hypothetical protein TGME49_219610 #N/A 1.77 1.62 hypothetical protein 

TGME49_215785 2.21 1.79 #NIA rhoptry protein ROP2A TGME49_277260 #NIA 2.11 2.43 hypothe!ical protein 

TGME49_214400 1.75 1.71 140 hypothet,cal protein TGME49_315910 #NIA 1.44 #NIA hypothetical protein 

TGME49_237290 -1.50 -134 -1.25 hypothetical protein TGME49_240430 #NIA -2.18 -2.23 glyoxalase family protein 

TGME49_268810 -1.75 -147 -1.52 ck2 beta subunit TGME49_275755 #NIA 2.33 3.42 hypothetical protein 

TGME49 _237830 -1.92 -166 -1.95 
DNA polymerase I domain-containing 
protein 

TGME49_307580 #NIA -123 #NIA CBS domain-containing protein 

TGME49 _226380 118 1.80 1.34 hypothetical protein TGME49_257360 #NIA 1.87 #N/A hypothetical protein 

TGME49_227335 2.40 1.44 #NIA hypothetical protein TGME49_202830 #N/A 1.10 #NIA Elicitor-respons1ve protein, putative 

TGME49_274070 -2 79 -3.35 -2.85 ThiF family protein TGME49_258940 #N/A 1.50 #N/A acylphosphatase family protein 

TGME49_215400 -2.20 -1.61 -1.74 
RNA recognition motif-contaimng 
prote;n 

TGME49_279100 #NIA 108 1.35 hypothetical protein 

TGME49_241300 1.80 #NIA #N/A hypothetical protein TGME49_254880 #NIA 103 #NIA Alpha-galactosidase 

TGME49_253140 1.54 1.52 147 hypothetical protein TGME49_271430 #NIA -203 -1.77 hypothetical protein 

TGME49_305990 3.44 2.44 #N/A hypothetical protein TGME49_257290 #NIA -1.92 #NIA 
RNA 2'-phosphotransferase. 
T pt1/KptA family protein 

TGME49_288400 -1.71 -1.81 -1.67 LETM1 family protein TGME49_253710 #NIA 1.14 #NIA hypothetical protein 

TGME49_273530 -2.31 -1.77 #NIA flagellar associated prote;n TGME49_245980 #NIA 2.76 #N/A hypoihe!ical protein 

TGME49_277540 2.13 1.89 #N/A hypothet;cai protein TGME49_227390 #NIA -1.67 #NIA hypothetical protein 

3'5'-cyclic nucleotide 
TGME49_220500 -1.33 #NIA #N/A UBX domain-contairnng protein TGME49_272650 #NIA -1.50 -117 phosphodiesterase domain-

conta;rnng protein 

TGME49_225440 -4.18 -4.09 -3.61 hypothetical protein TGME49_290970 #N/A 2.67 #NIA 8-amino-7-oxononanoate syn1hase 

TGME49_293840 1.98 #NIA #NiA hypothetical protein TGME49_227430 #NIA -1.65 2.88 
transmembrane amino acid 
transporter protein 

TGME49_212090 1.14 1.15 1.15 hypothetical protein TGME49_258670 #NIA -1.66 #NIA hypothetical protein 
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FIGURE 3J 

TGME49_244230 -2.07 -1.85 #NIA hypothetical protein TGME49_208010 #NIA 118 #NIA hypothetical protein 

TGME49_258410 1.26 1.07 102 
photosensitlzed !NA-labeled protein 
PHIL1 

TGME49_224830 #NIA -2.46 #NIA hypothetical protein 

TGME49_248160 -2.51 -2.29 -2.51 hypothetical protein TGME49_293500 #N/A -2.44 -2.99 hypothetical protein 

TGME49_261660 1.96 1.38 #NIA hypothetical protein TGME49_217640 #NIA 1.39 #NIA hypothetical protein 

TGME49_241610 180 #NIA #N/A hypothetical protein TGME49_295400 #NIA -2.03 -187 hypothetical protein 

TGME49_249390 -1.14 #NIA #NIA 
glutamateileucine/phenylalanine/valin 
e dehydrogenase family protein 

TGME49_267590 #NIA -1.55 -136 hypothetical protein 

TGME49_205330 1.10 1.39 1.01 hypothet,cal protein TGME49_289340 #NIA 1.81 #NIA hypothetical protein 

TGME49_214970 -1.38 -1.28 -1.23 
DNA replication licensing factor, 
putative 

TGME49_323110 #NIA 176 1.47 hypothetical protein 

TGME49_291930 3.85 3.68 3.85 
RNA recognition motif-contaimng 
prote;n 

TGME49_280580 #NIA 1.79 3.89 SAG-related sequence SRS35B 

TGME49_309990 1.26 137 1.54 hypothetical protein TGME49_251520 #N/A 115 #NIA hypolhe!ical protein 

TGME49_210380 -1.30 -1.26 -1.15 hypothetical protein TGME49_247360 #NIA 0.99 1.07 PAP2 superfamily protein 

TGME49_213570 4.50 4.95 4.84 hypothetical protein TGME49_244040 #NIA -1.83 -1.68 HEAT repeat-containing protein 

TGME49_221675 1.12 1.51 #N!A hypothetical protein TGME49_295472 #NIA -150 -1.45 C2 domain-containing protein 

TGME49 _246530 2.25 1.85 #N/A 
phospholipase D active site doma111-
containing protein 

TGME49_318480 #NIA -1.61 #NIA SWl21SNF2-containing protein RAD5 

TGME49_289620 1.19 0.81 #N/A cathepsin CPC1 TGME49_224540 #NIA -1.65 -1.52 hypothetical protein 

TGME49_294890 -1.47 -125 #N/A hypothet;cal protein TGME49_200320 #NIA -1.13 -1.28 
hypoxanthine-xanthine-guanine 
phosphonbosyl transferase HXGPRT 

TGME49_202580 2.00 1.59 #NIA ATPase, AAA family protein TGME49_300030 #NIA -1.19 #NIA hypothetical protein 

TGME49_266860 1.40 #NIA #NiA BTB/POZ domain-containing protein TGME49_203790 #NIA 1.02 0.81 hypothetical protein 

TGME49_312270 116 1.46 1.37 rhoptry protein ROP13 TGME49_206610 #NIA -1.41 #NIA 
pyruvate dehydrogenase complex 
subunit PDH-E2 

TGME49_266280 -1.44 -1.16 #N!A HEAT repeat-containing protein TGME49_209050 #NIA -1.38 -1.37 Tyrosine kinase-like (TKL) protem 

TGME49_218960 1.65 #NIA #N'A 
AP2 domain transcription factor 
AP2Xll-1 

TGME49_236890 #NIA 102 088 hypothetical protein 

TGME49_263860 -2.07 -1.85 #N!A hypothetical protein TGME49_313910 #NIA 157 #NIA RNA recognition motif 2 protein 

TGME49_310130 -1.62 -1.52 -1.58 Spc97 I Spc98 family protein TGME49_254390 #NIA L58 #NIA 
CRALffRIO domain-containing 
protein 

TGME49_316255 1.05 1.20 #NIA hypothetical protein TGME49_277490 #NIA 105 #NIA hypothetical protein 

TGME49_254720 1.69 2.04 144 dense granule protein GRA8 TGME49_261022 #NIA -2.98 #NIA dynein heavy chain family protein 

TGME49_271930 -106 -106 -0.99 hypothet,cal protein TGME49_273950 #NIA -1.88 -1.68 replication factor C subunit 5, putative 

TGME49_225130 -2.67 -3.12 -3.05 hypothet,cal protein TGME49_242570 #NIA -1.04 #NIA hypothetical protein 

TGME49_301130 -2.25 -1.69 #NIA hypothetical protein TGME49_207830 #NIA 1.05 #N/A MORN repeat-containing protein 

TGME49 _248400 1.31 1.09 #N/A glyoxalase I, putative TGME49_212100 #NIA -1.56 #NIA ThiF family protein 

TGME49_270830 120 118 #N/A small nuclear ribonucleoprotein TGME49_253940 #NIA '104 #NIA 
CAM K!nase family, incomplete 
catalytic Iliad 

TGME49_221330 -1.48 -1.02 -117 
DNA gyrasellopoisomerase IV, A 
subunit domain-containing protein 

TGME49_224170 #NIA 1.76 2.34 SAG-related sequence SRS60A 

TGME49_255510 -1.22 -1.31 --:43 ankyrin repeat-conta;ning protein TGME49_220910 #N/A -1.47 -1.62 HEAT repeat-containing prote111 

TGME49_253780 1.32 1.16 #N!A GTP cyclohydrolase I, putative TGME49_249990 #NIA 1.43 #NIA hypothetical proten1 

TGME49_238240 4.88 5.33 5.25 bystin protein TGME49_224020 #NIA 106 106 hypothetical protein 

TGME49 _208910 -1.58 -1.60 -1.53 hypothetical protein TGME49_293470 #NIA -112 -0.93 hypothetical protein 

TGME49_225470 1.44 0.98 #N/A 
peptide methionine sulfoxide 
reductase 

TGME49_208040 #NIA -1.50 #NIA aldo-keto rectuctase 
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FIGURE 3K 

TGME49_310390 1.86 1.34 #NIA hypothetical protein TGME49_212300 #N/A 0.96 #NIA hypothetical protein 

TGME49_279410 1.27 0.99 #NIA hypothetical protein TGME49_286180 #NIA -2.39 #NiA tRNA ligases class I (M) protein 

TGME49_270550 1.65 #N/A #N/A 
gamma-glutamyl phosphate 
reductase, putalive 

TGME49_299015 #NIA 190 #N/A hypothetical protein 

TGME49_247590 1.92 #NIA #NIA 
methyltransferase domain-containing 
protein 

TGME49_237860 #N/A -2.24 #NIA 
protein kinase domain-containing 
protein 

TGME49 _262880 1.76 #NIA #N/A hypothetical protein TGME49_213730 #NIA 0.99 #N/A 
lanth,onine synthetase C family 
protein 

TGME49_293380 -2.19 -2.21 -1.76 histone lysine acetyltransferase HAT1 TGME49_244670 #NIA 0.95 1.34 hypothetical protein 

TGME49_224520 -1.10 -0.76 #N1A 
alveolin domain containing 
intermediate filament IMC8 

TGME49_225480 #NIA -1.79 #NIA hypothetical protein 

TGME49_259240 4.14 3.87 406 ribosomal protein RPS21 TGME49_264970 #NIA -1.82 -1.84 hypothetical protein 

TGME49_319530 -1.18 -0.93 #NIA splicing factor SF2 TGME49_253360 #N/A 0.97 0.86 hypothetical pmtein 

TGME49_312105 -2.30 -1.90 #NIA hypothetical protein TGME49_232780 #NIA -1.39 #N/A hypothetical protein 

TGME49_289940 1.77 #N/A #N/A uroporphyrinogen decarboxylase TGME49_220610 #NIA -1.34 #NIA 
protein phosphatase 2C domain-
containing protein 

TGME49_226240 1.50 1.06 1.60 bud site selection protein, putative TGME49_320610 #NIA -1.67 -1.49 hypothetical protein 

TGME49_244380 2.38 2.30 2.19 cactin TGME49_208370 #N/A 1.17 #NIA myosin heavy cham. putative 

glycine cleavage T-protein 
TGME49_283820 -2.80 -2.68 -2.83 (aminomethyl transferase) domain- TGME49_234180 #N/A 1.08 100 hypothetical protein 

containing protein 

TGME49_241305 1.59 #NIA #NIA hypothel!cal protein TGME49_262600 #NIA -201 #NiA hypothetical protein 

TGME49_296121 1.39 1.48 #N/A hypothetical protein TGME49_207160 #NIA 1.90 2.16 SAG-related sequence SRS49D 

TGME49_288890 1.67 #NIA #NIA hypothetical protein TGME49_206640 #NIA -tn #NIA hypothetical protein 

TGME49_299240 1.61 1.62 1.64 hypothetical prolein TGME49_214220 #NIA 116 #NIA hypothetical protein 

TGME49_255410 -1.45 -1.21 #N/A hypothet,ca! protein TGME49_286440 #NIA 1.01 0.97 mal1c enzyme 

TGME49_288000 1.31 #NIA #N/A hypothetical protein TGME49_294200 #N/A 1.35 #NIA 
glucose-6-phosphate 1-
dehydrogenase 

TGME49_216020 -1.98 -1.83 -1.87 peptidase family c78 protein TGME49_320430 #NIA -1.26 #NIA 
cell-cycle-control prote;n (translation 
regulation), putative 

5'-3' exonuclease, N-terminal 
TGME49_220640 -1.66 #NIA #NIA hypothetical protein TGME49_284010 #NIA -1.68 #NIA resolvase family domain-contairnng 

protein 

TGME49_320050 7.35 707 7.08 ribosomal protein RPL5 TGME49_293330 #NIA 1.37 #NiA hypothetical protein 

TGME49_278800 -1.23 -1.21 #NIA zinc finger protein 36 family 3 protein TGME49_243430 #NIA 1.04 #NIA OTU family cysteme protease 

TGME49_298830 2.52 2.69 #NIA hypothetical protein TGME49_241130 #N/A -2.00 #NIA hypothetical protein 

TGME49_253330 1.55 3.85 1.57 
Rhoptry kinase family protein, 
truncated (incomplete catalytic triad) 

TGME49_261400 #NIA -0.97 #NIA hypothetical protein 

TGME49_265840 -1.35 -1.01 #NIA hypothetical protein TGME49_224210 #N/A -1.35 #NIA hypothetical protein 

TGME49_297730 -1.93 -1.75 -1.86 
transcription elongation factor 1, 
putative 

TGME49_209970 #N/A -138 -1.33 Spc97 I Spc98 family protein 

TGME49_239490 1.17 1.04 #NtA 
dehydmgenase E 1 component family 
protein 

TGME49_213300 #NIA -1.59 #NIA hypothetical protein 

TGME49_226680 -1.19 -123 #N/A hypothetical protein TGME49_297940 #NIA -1.28 #NIA single-strand binding protein 

TGME49_260790 -1.74 -1.54 #NIA RAP domain-contairnng protein TGME49_311770 #N/A -118 #NIA hypothetical protein 

TGME49_283710 -148 -1.50 -1.20 
Longevity-assurance protein (LAG1) 
domain-containing protein 

TGME49_318760 #N/A 1.10 #NIA hypothetical protein 

TGME49_266450 170 #N/A #NIA lysine decarboxylase family protein TGME49_245475 #N/A i.52 #NIA hypothetical protein 

TGME49_306890 2.64 #N/A #NIA hypothetical protein TGME49_260620 #NIA 0.84 #NIA hypothetical protein 
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FIGURE 3L 

TGME49_250100 1.44 1.23 171 hypothet:cai protein TGME49_270510 #NIA -1.37 -1.76 
asparagmyl-tRNA synthetase 
(NOB+tRNA synthase) 

TGME49_263710 -1.52 -1.68 -'i.45 
acyl-CoA:cholesterol acyltransferase 
alpha ACA T 1-alpha 

TGME49_239740 #N/A 1.16 #NIA dense granule protein GRA14 

TGME49_236050 -3.84 -2.92 #NIA 
fruc!ose-bisphosphate aldolase, 
putative 

TGME49_308950 #NIA 1.04 108 
his1idine acid phosphatase 
superfam,ly protein 

TGME49_225250 1.27 0.88 1.03 LSIJ ribosomal protein L 14P, putative TGME49_254270 #NIA 1.10 133 hypothetical protein 

TGME49_311920 -124 -1.12 -117 GRAM domain-containing prote,n TGME49_306190 #NIA 0.96 #N/A hypothetical protein 

TGME49_300240 -1.77 #NIA -1.37 syntaxin 6, n-terminal protein TGME49_225990 #NIA -1.34 #N/A 
acyl transferase domain-containing 
protein 

TGME49_203180 179 #NIA #NIA leucine rich repeat-containing protein TGME49_247485 #NIA -140 #NIA 
zinc finger, C3HC4 type (RING finger) 
domain-containing prote,n 

TGME49_267460 201 2.48 #NIA 
AP2 domain transcript,on fador 
AP21X-1 

TGME49_225790 #NIA L61 #NIA POI fam,ly protein 

TGME49_209985 1.74 #NIA 2.85 cAMP-dependent protein kinase TGME49_226520 #NIA t14 #NIA hypothetical protein 

!GME49 _29b990 116 1.11 100 
ubiqwtin conjugating enzyme E2. 
putative 

1GME49_304/60 #NIA -1.89 #NIA 
zinc finger, C3HC4 type (RING fmger) 
domain-containing protein 

TGME49_252630 1.14 1.10 0.91 hypothetical protein TGME49_295015 #NIA t.45 #NIA patched family protein 

TGME49_209440 171 #NIA #NIA hypothetical protein TGME49_201840 #NIA 1.27 #NIA aspartyl protease ASP1 

TGME49_228160 U4 1.73 1.84 acid phosphatase TGME49_272380 #NIA 0.85 #NIA hypothetical protein 

TGME49_221410 -140 -115 -1.09 adin-like protein ALP 4 TGME49_210370 #NIA 0.86 0.74 hypothetical protein 

TGME49_214270 2.82 2.72 2.98 
translation initiation factor IF-2. 
putative 

TGME49_222100 #NIA 1.0·1 #NIA hypothetical protein 

TGME49_280700 -1.43 #NIA -1.78 arginine decarboxylase TGME49_291150 #NIA -1.79 #NIA hypothetical prote111 

TGME49_204055 -2.14 -1.67 #NIA hypothetical protein TGME49_315600 #NIA -1.37 #NIA MCM2/315 family protein 

TGME49 _290670 1.08 0.99 #NIA leucyl aminopeptidase LAP TGME49_214600 #NIA -1.21 #NIA hypothetical protein 

TGME49_315620 -129 -1.14 -1.02 
vacuolar ATP synthase subunit C, 
putative 

TGME49_205265 #NIA L64 #NIA 
transporter, cat,on channel family 
protein 

TGME49_271270 1.10 0.92 #NIA hypothetical protein TGME49_218920 #NIA 0.86 0.76 
proteasome subunit beta type, 
putative 

TGME49_316230 -1.61 -1.42 -1.65 
SAC1 phosphoinosltide phosphatase, 
putative 

TGME49_201780 #NIA 1.52 #NIA microneme protein MIC2 

TGME49_252430 1.05 1.30 1.46 hypothetical protein TGME49_254070 #NIA 0.92 0.93 hypothetical protein 

TGME49_308010 -1.98 -1.86 #NIA hypothetical protein TGME49_273815 #NIA -1.49 #NIA hypothetical p,utein 

TGME49_295030 -106 #NIA #NIA hypothet,cal protein TGME49_212270 #NIA l.15 #NIA hypothetical protein 

TGME49_289650 103 0.98 0.97 PEP-carboxykinase I TGME49_253640 #NIA 0.95 #NIA hypothetical protein 

TGME49_233160 -1.12 #NIA #NIA hypothetical protein TGME49_316260 #NIA 0.99 0.98 hypothetical protem 

TGME49_208730 0.96 176 105 microneme protein, putative TGME49_316430 #NIA -1.74 -1.77 target of rapamycin (TOR), putative 

TGME49_321410 2.80 2.79 2.86 hypothetical protein TGME49_217520 #NIA 0.98 0.87 hypothetical protein 

TGME49_315300 -1.40 #NIA -1.20 transcription factor 118, putative TGME49_258050 #NIA -1.98 #NIA actin like protem ALP2a 

TGME49_262120 -116 -0.97 #NIA 
IQ calmodulm-b:nding motif domain-
containing prote,n 

TGME49_315580 #NIA -097 #NIA hypothetical protein 

TGME49_289910 1.02 0.80 #NIA hypothet,cal protein TGME49_320190 #NIA -1.69 7.35 SAG-related sequence SRS16B 

TGME49_231960 -1.88 -3.35 -!88 omega secalin, putative TGME49_257800 #NIA -1.81 -1.66 polynucleotide adenylyltransferase 

TGME49_212210 1.36 #NIA #N/A hypothetical protein TGME49_295658 #NIA -1.27 #NIA zinc finger in N-recognin protein 

TGME49_214100 -1.36 #NIA #NIA hypothetical protein TGME49_220950 #NIA 1.49 1.44 hypothetical protein 

TGME49_314790 -176 -1.48 #NIA 
small nuclear ribonucleoprotein G, 
putative 

TGME49_254510 #NIA 1.21 1.11 ankynn repeat-containing protein 

TGME49_293260 1.75 1 38 #NIA 
ATPaselhistidme kinase/DNA gyrase 
BIHSP90 domam-containing protein 

TGME49_242030 #NIA -158 -1.71 hypothetical protein 
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FIGURE 3M 
TGME49_269710 -1.40 -1.47 -1.49 hypothetical protein TGME49_312420 #NIA 0.88 #NIA hypothetical protein 

TGME49_211440 -1.48 -1.86 -134 hypothetical protein TGME49_208420 #NIA 1.49 #NIA 
Sod1um:neurotransrnitter symporter 
family protein 

TGME49_251500 -1.24 -128 -1.23 
eukaryotic initiation factor-3, subunit 
3, putative 

TGME49_313970 #N/A -2.25 -2.61 
Phytanoyl-CoA dioxygenase (PhyH) 
superfam1ly protein 

TGME49_254365 1.08 140 1.07 phosphatidate cytidylyltransferase TGM E4 9 _203050 #NIA 1.29 #NIA 
AP2 domain transcription factor 
AP2Vlla-6 

TGME49_246330 -1.24 -1.15 -1.14 
CRAUTRIO domain-containing 
protein 

TGME49_298070 #N/A -2.10 #NIA hypothetical protein 

TGME49_214090 1.76 1.81 #NIA signal peptidase TGME49_216510 #N/A -1.35 -1.55 1hioredoxin. putative 

TGME49_288040 -1.30 -1.13 -1.09 hypothetical protein TGME49_258826 #N/A -1.97 #NIA hypothetical protein 

TGME49_262935 2.22 #NIA #NIA hypothetical protein TGME49_290160 #N/A -1.03 -1.13 sortilin, putative 

TGME49_239710 -1.71 -1.61 #NIA phosphomannomutase TGME49_250220 #NIA 1.23 #N/A hypothetical protein 

TGME49_267420 099 1.43 0.95 mago nashi family protein 2 putative TGME49_270330 #NIA 1.36 #NIA 
cell-cycle-associated protein kinase, 
putative 

TGME49_304520 -1.27 -0.94 #N1A hypothetical protein TGME49_304955 #NIA 0.93 #NIA 
serine/threonine specific protein 
phosphatase 

TGME49_202770 -1.12 #NIA #NIA 
RNA recogrntion motif-containing 
protein 

TGME49_236870 #NIA 1.69 #NIA hypothetical protein 

TGME49_226710 0.97 #N/A #NIA hypothetical protein TGME49_301290 #NIA -1.43 #NIA hypothetical protein 

TGME49_321630 -1.29 #N/A -102 
RNA recogrntion motif-containing 
protein 

TGME49_266690 #NIA -0.95 #NIA hypothe!ical protein 

TGME49_207060 -1.46 #NIA #NIA 
nbonucleoside-diphosphate 
reductase small subunit 

TGME49_213480 #N/A 209 #NIA hypothetical protein 

TGME49_300285 -1.55 #NIA #NIA hypothetical protein TGME49_272370 #N/A ·L06 #NIA hypothetical protein 

TGME49_235740 -1.65 -1.69 -1.50 hypothetical protein TGME49_214980 #NIA 0.80 077 hypothetical protein 

TGME49_249180 0.99 105 #NIA 
bifunc!ional dihydrofolate reductase-
thymidylate synthase 

TGME49_279420 #N/A 1.17 #NIA hypothetical protein 

TGME49_258490 -1.76 -1.42 #NIA hypothetical protein TGME49_255400 #NIA 1.35 #NIA hypothetical protein 

TGME49_222952 2.17 #NIA #NIA phosphohistidine phosphatase TGME49_318290 #NIA -1.31 #NIA hypothetical protein 

TGME49_285230 -1.63 -1.43 #NIA PRP38 family pro1ein TGME49_259990 #NIA -1.01 #NIA SAC3/GANP family protein 

TGME49_290310 -2.41 #NIA #NiA hypothetical protein TGME49_220230 #NIA -1.27 #NIA leucine rich repeat-containing protein 

TGME49_223600 -1.87 -1.69 #N'A hypothetical protein TGME49_201710 #NIA 123 159 
WD domain, G-be!a repeat-containing 
protein 

TGME49_213820 1.24 0.89 135 hypothetical protein TGME49_310530 #NIA 1 "'' - .0.J #N/A 
SNF2 family N-terminal domain-
containing protein 

TGME49_204270 -1.57 -1.92 -1.63 hypothetical protein TGME49_285290 #NIA 107 #NIA hypothetical protein 

TGME49_225050 108 #NIA 0.85 adenosylhomocysteinase. putative TGME49_232550 #NIA 0.93 #NIA hypothetical protein 

multiprotein bridging !actor type 1 
TGME49_263480 1.83 #NIA #N/A sodium/hydrogen exchanger 3 protein TGME49_278530 #NIA 0.76 #NIA family transcriptional co-activator, 

putative 

TGME49_265450 1.53 #NIA #NIA hexokniase TGME49_210682 #NIA 1.85 #NIA hypothetical protein 

TGME49_275630 112 #NIA #NIA 
HECT-domain (ub1quitin-transferase) 
domain-containing prote111 

TGME49_218930 #NiA 3.26 #NIA BTBiPOZ domain-containing protein 

TGME49_237160 -1.53 -1.22 #NIA hypothetical protein TGME49_247330 #NIA -0.87 #NIA hypothetical protein 

TGME49_262780 -149 -1.80 -1.60 FHA domain-containing protein TGME49_299070 #NIA 0.88 #N/A pyruvate kinase PyKII 

TGME49_244130 1.91 #NIA #NIA hypothet,cal protein TGME49_206680 #NIA 112 #NIA hypothetical protein 

TGME49_265650 -160 -118 #NIA 
prote;n phosphatase 2C domain-
containing protein 

TGME49_240590 #NIA 0.94 #NIA 
DNA-directed RNA polymerase II 
RPB5 
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FIGURE 3N 

TGME49_242640 1.08 1.10 #NIA hypothetical protein TGME49_214810 #NIA 1.18 1.24 hypothetical protein 

TGME49_208590 -1.26 -1.04 -108 
vacuolar ATP synthase subunit 54kD, 
putative 

TGME49_200450 #NIA -167 -1.73 hypothetical protein 

TGME49_305340 -1.03 -0.97 -117 corepressor complex CRC230 TGME49_253130 #NIA 0.85 #NIA 
transporter, major facilttator family 
protein 

TGME49_217780 1.70 1.47 #NIA Sec20 protein TGME49_249670 #NIA 0.96 #NIA cathepsin B 

TGME49_299250 1.42 1.19 106 hypothetical protein TGME49_229930 #NIA 0.93 #NIA p25-alpha family protein 

TGME49_314070 115 1.29 1.14 hypothetical protein TGME49_231120 #NIA 1.02 105 ribosomal protein S 11, putative 

TGME49_258740 -1.51 .135 -1.35 
eukaryote init,ation factor-2A, 
putative 

TGME49_221190 #NIA 132 #NIA 
mma cleavage factor fam,ly protein, 
putative 

TGME49_269425 -1.35 #NIA #NIA hypothetical protein TGME49_273380 #NIA 1.10 #N/A ion channel protein 

TGME49_231140 3.19 2.39 3.09 libosomal protein RPS25 TGME49_218610 #NIA -1.45 #NIA ATPase (DUF699) prote,n 

TGME49_305950 1.63 109 #NIA 
tetratricopeptide repeat-containing 
protein 

TGME49_244570 #NIA -1.74 #NIA hypothetical protein 

TGME49_285170 -311 -2.94 -2.95 methyltransferase small, putative TGME49_221590 #NIA 0.87 #NIA 
dual specificity phosphatase, catalytic 
domain-containing protein 

TGME49_245460 4.21 3.64 4.06 ribosomal protein RPS8 TGME49_233380 #NIA 1.13 #NIA hypothetical protein 

TGME49_320620 1.73 #NIA #NIA queuine tRNA libosyl transferase TGME49_319570 #NIA -0.96 #NIA 
WD doma:n, G-beta repeat-containing 
protein 

TGME49_309580 -1.39 -1.05 #NIA 
transporter, major facilitator family 
protein 

TGME49_269940 #NIA -1.72 #NIA zinc finger motif, C2HC5-type protein 

TGME49_254950 1.60 1.38 #NIA 
RNA cap guamne-N2 
methyltransferase 

TGME49_289600 #NIA 0.79 #NIA heat shock protein HSP29 

TGME49_305080 2.30 #NIA #N1A hypothetical protein TGME49_221440 #NIA -1.36 #NIA RPGR, putative 

TGME49_275990 1.24 1.29 1.26 hypothetical protein TGME49_242380 #NIA -0.94 #NIA fatty acid elongase 

TGME49_268380 2.64 2.05 #NIA 
RNA recogrntion motif-containing 
protein 

TGME49_250690 #NIA -0.83 #NIA 
zinc finger (CCCH type) motif-
conta,ning protein 

TGME49_300060 124 100 1.01 signal peptidase subunit protein TGME49_244530 #NIA 103 #NIA hypothetical protein 

TGME49_246080 -1.16 -095 #NIA 
NAD dependent 
epimeraseidehydratase family protein 

TGME49_315720 #NIA -1.23 #Nil\ Smg-4iUPF3 family protein 

TGME49_275430 -1.69 -2.15 -169 hypothetical protein TGME49_313385 #NIA 1.23 1.64 hypothetical protein 

TGME49_231100 1.16 0.90 #NIA hypothetical protein TGME49_293900 #NIA 1.04 #N/A 
sporozoite protein wtth an altered 
thrombospondin repeat SPA TR 

TGME49_2371'l0 -1.34 -1.22 -116 replication factor C subunit 2. putative TGME49_247370 #NIA -1.52 -1.54 hypothetical protein 

TGME49_289680 116 0.82 #NIA Ras-related protein Rab11 TGME49_216490 #NIA .j 65 #NIA hypothetical protein 

TGME49_249350 -1.19 #NIA #NIA 
esterasellipaseithioesterase domain-
containing protein 

TGME49_308580 #NIA -1.44 -1.64 Lon protease family protein 

TGME49_248900 ·1.98 -2.04 ·1.61 hypothetical protein TGME49_246140 #NIA -1.42 #NIA hypothetical protein 

TGME49_253950 1.35 1.22 #NIA prote,n fam50a, putative TGME49_268220 #NIA 4.47 5.79 hypothetical protein 

TGME49 _224060 0.99 0.94 #NIA thioredoxm, putative TGME49_316700 #NIA 1.40 #NIA uridine kinase 

TGME49_216375 -242 -2.35 #NIA hypothetical protein TGME49_277840 #NIA 0.86 #NIA Ras family protein 

TGME49_318370 204 #NIA #NIA hypothetical protein TGME49_214490 #NIA -137 #NIA 
peptidase M 16 inactive domain-
conta,ning protein 

TGME49_218830 -2.05 -2.05 -183 hypothetical protein TGME49_233450 #NIA 1.51 #NIA SAG-related sequence SRS29A 

TGME49_215010 -1.06 #NIA #NIA hypothetical protein TGME49_227580 #NIA -102 -125 
transrnembrane amino acid 
transporter protein 

TGME49_217360 -1.96 -2.15 -2.11 hypothetical protein TGME49_253320 #NIA 118 #NII\ hypothotical protoin 

TGME49_310360 -115 -1.20 -UO hypothetical protein TGME49_265790 #NIA 0.83 083 hypothetical protein 
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FIGURE 3o 

TGME49_218730 -1.39 #NIA #N/A hypothet;cal protein TGME49_246120 #NIA 0.98 #NIA 
teiratricopeptide repeat-containing 
protein 

TGME49_209945 2.28 #NIA #N/A hypothetical protein TGME49_218570 #NIA 0.92 #NIA 
Nin one binding (NOB1) Zn-ribbon 
family protein 

TGME49_272010 -1.63 -1.23 #N/A 
Gar1 protein RNA binding region 
protein 

TGME49_318525 #NIA -115 -159 hypothetical protein 

TGME49_308060 148 1.36 #NIA hypothet;cal protein TGME49_3·19900 #NIA -1.12 #NIA hypothetical protein 

TGME49_260580 156 #NIA #NIA hypothetical protein TGME49_281910 #NIA 1.21 #N/A hypothetical protein 

TGME49_265440 -1.26 -116 #N/A hypothet;cal protein TGME49_297230 #NIA -1.25 -1.67 Vps53 family, N-terminal protein 

TGME49_235980 -1.64 -1.58 #NIA ARIADNE family protein TGME49_278815 #NIA -0.92 #N/A hypothetical protein 

TGME49_214170 -170 -2.00 -182 hypothetical protein TGME49_306310 #NIA -0.96 #N/A 
RecF/RecNISMC N term;nal domain-
containing protein 

TGME49_309400 -1.56 #NIA #NIA 
RecF/RecNISMC N tenninal domain-
containing prote,n 

TGME49_255900 #NIA 0.75 #NIA Bax inhibitor-1, putative 

TGME49_270140 -1.57 -1.27 #NIA splicnig factor D!M1. putative TGME49_218600 #NIA -1.24 #N/A 
RNA recognition motif-containing 
protein 

TGME49_211250 -1.10 #NIA #NIA hypothetical protein TGME49_309380 #NIA -1.21 #N/A Nu/2 

cylidine and deoxycyMylate 
TGME49_312260 -1.42 -1.13 #NIA hypothetical protein TGME49_200430 #NIA -1.64 #N/A deaminase zinc-binding region 

domain-containing protein 

TGME49_321560 -1.35 -1.47 -129 
zinc knuckle domain-containing 
protein 

TGME49_216435 #NIA -106 #N/A hypothetical protein 

TGME49_321640 -1.69 -203 #NIA cell division protein CDC48AP TGME49_301380 #NIA -1.44 #NIA 
elongation factor Tu GTP binding 
domain-containing protein 

TGME49_268170 -1.89 -1.58 #NIA hypothetical protein TGME49_213900 #NIA -0.88 #N/A 
regulator of chromosome 
condensation RCC 1 

TGME49_254915 3.02 2.78 2.20 hypothetical protein TGME49_308075 #NIA -0.99 #N/A hypothetical protein 

TGME49_255290 -2.99 -3.89 -2.61 hypothet;cal protein TGME49_268210 #NIA -1.35 #NIA AGC kinase 

TGME49_222370 1.40 #NIA #NiA SAG-related sequence SRS13 TGME49_268960 #NIA 0.81 0.80 hypothetical protein 

TGME49_215347 -2.65 #NIA #NIA hypothetical protein TGME49_223540 #NIA -108 #N/A 
;rnportin-beta N-term;nal domam-
containing protein 

TGME49_286480 2.29 2.55 #NIA hypothetical protein TGME49_228960 #NIA -155 -1.66 hypothetical protein 

TGME49_217220 -1.22 #NIA -157 
zinc finger. C3HC4 type (RING finger) 
domain-containing pro!em 

TGME49_235398 #NIA -120 #N/A hypothetical protein 

TGME49_240060 1.23 2.18 0.98 hypothetical protein TGME49_209930 #NIA -1.40 #N/A hypothetical protein 

TGME49_268200 1.63 #NIA #NIA 
RNA recogrntion motif-containing 
protein 

TGME49_236010 #NIA 0.76 #N/A prenylcysteine oxidase 

TGME49_272640 -140 -1.31 #NIA 
eukaryot;c lnit;ation factor-28, epsilon 
subunit putative 

TGME49_236630 #NIA 0.79 #NIA hypothetical protein 

TGME49_321570 111 #NIA #NIA 
beta-hydroxyacyl-acyl earlier protein 
dehydratase (FABZ) 

TGME49_218520 #N/A 139 #N/A microneme protein M IC6 

TGME49_216040 -201 -2.16 #NIA 30S ribosomal protein S15, putative TGME49_275610 #NIA -103 #N/A protein kinase, other 

TGME49_232050 -113 -0.93 #NIA DnaJ domain-containing protein TGME49_278450 #NIA 0.78 #NIA hypothetical protein 

TGME49_228150 1.93 #NIA #N/A hypothetical protein TGME49_222120 #NIA -152 -166 hypothetical protein 

TGME49_250955 1.98 157 1.59 KRUF family protein TGME49_235880 #NIA 0.82 #NIA brain protein 44 family protein 

TGME49_228320 -3.53 -3.92 -4.10 hypothetical protein TGME49_213460 #NIA -105 #NIA hypothetical protein 

TGME49_264820 1.40 #NIA #NIA RbAp48 TGME49_253300 #NIA 1.61 #N/A hypothetical protein 

TGME49_232130 -1.00 -0.77 -0.98 hypothet;cal protein TGME49_250950 #NIA 1.30 #NIA KRUF family protein 

TGME49_290300 103 1.44 1.15 hypothetical protein TGME49_313460 #NIA -2. !9 -2.71 hypothetical protein 

TGME49_255340 -1.52 -1.77 -129 
letratncopeptlde repeat-containing 
protein 

TGME49_285840 #NIA -1.13 #N/A RAP domain-contairnng protein 
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FIGURE 3P 

TGME49 _207230 110 116 0.90 hypothetical protein TGME49_257530 #NIA 1.55 #NIA 
transporter, maJor facilitator family 
protein 

TGME49_240740 -1.49 -1.43 #NIA Sec1 family protein TGME49_232630 #NIA 073 #NIA hypothetical protein 

TGME49_228300 -1.88 -1.74 -169 CCDC25 protein TGME49_285510 #NIA 0.78 #NIA hypothetical protein 

TGME49_215040 -126 -1.33 #NIA HEAT repeat-containing protein TGME49_269410 #NIA 1.18 #NIA hypothetical protein 

TGME49_313590 -170 -1.47 -1.54 hypothetical protein TGME49_231950 #NIA 0.82 #NIA hypothetical protein 

TGME49_294690 -1 04 #NIA #NIA rhomboid protease ROM5 TGME49_205670 #NIA 0.79 #NIA SF-assemblinlbela g1ardin protein 

TGME49_254730 1.74 #NIA #NIA 
POPLD (NUC188) domain-containing 

protem 
TGME49_248570 #NIA -1.51 -1.74 hypothetical protein 

TGME49_289150 -1.30 #NIA #NiA hypothetical protein TGME49_221580 #NIA -0.96 -1.20 
ribosomal RNA large subunit 
methyltransferase J protein 

TGME49_300048 1.09 1.65 0.86 hypothetical protein TGME49_249010 #NIA 0.83 #NIA hypothetical protein 

TGME49_281570 -1.64 -1.42 #NIA hypothetical protein TGME49_237840 #NIA -1.28 #NIA hypothetical protein 

TGME49 _290840 -124 #NIA #NIA serine protease TGME49_239087 #N/A -140 #NIA hypothetical protem 

TGME49_313180 -0.96 -0.87 -1.05 
cell-cycle-associated protein kinase 
PRP4, putative 

TGME49_253740 #NIA -1.12 -1.22 hypothetical protem 

TGME49_289320 -106 #NIA #NIA casein kinase I, putative TGME49_211330 #NIA -1.87 #NIA methionine aminopeptidase 

TGME49 _294 730 -1.44 -1.42 -1.37 hypothetical protein TGME49_233838 #NIA -1.99 #NIA 
PETi 12 family, C terminal region 

domain-containing protein 

TGME49_251640 -1.48 -1.13 --129 
ubiqu1tin-con1ugating enzyme 
subfamily protein 

TGME49_237500 #NIA 0.84 #NIA 
protein phosphatase 2C domain-
containing protein 

TGME49_266990 -105 -1.22 -118 beta-COP TGME49_299270 #NIA 1.01 #NIA hypothetical protein 

TGME49_288360 142 1.28 --L24 
tryptophanyl-tRNA synthetase 
{TrpRS2) 

TGME49_229340 #NIA -1.63 #NIA hypothetical protein 

TGME49_263610 -1.62 -1.39 -1.84 hypothel!cal protein TGME49_258180 #NIA -1.49 #NIA hypothetical protein 

TGME49 _280560 -119 -1.50 -1.12 selernde, water dikinase TGME49_244220 #NIA -1.97 #NIA hypothetical protein 

TGME49_251790 1.23 #NIA #NIA hypothetical protein TGME49_276170 #NIA 073 #NIA phosphatidylinos1tol 3- and 4-kinase 

TGME49_318360 -1.34 #NIA #NIA hypothetical protein TGME49_202420 #NIA '1.43 #NIA hypothetical protein 

TGME49_266900 115 104 1.65 
cyclin, N-term1nal doma1n-containing 
protem 

TGME49_208030 #NIA L24 #NIA microneme protein MIC4 

TGME49_225800 1.18 0.91 #NIA iron-sulfur assembly A TPase TGME49_312500 #NIA -0.98 #NIA hypothetical prolem 

TGME49_261850 202 #NIA #NiA helicase. putative TGME49_273770 #NIA 0.86 #NIA hypothetical protein 

TGME49_288840 1:13 1.26 #NIA hypothetical protein TGME49_242260 #NIA -1.23 -203 hypothetical protein 

TGME49 _253000 1.04 1.22 128 ELMO/CED-12 family protein TGME49_245428 #NIA 1.44 2.67 hypothetical protein 

ATP-dependent Gip endopeptidase, 
TGME49_318320 -1.94 -2.05 -1.92 proteoly1ic suburnt ClpP domain- TGME49_311250 #NIA -111 -1.39 hypothetical protein 

containing protein 

TGME49_201200 -2.28 -1.97 #NIA 
zinc linger (CCCH type) motif-
containing protein 

TGME49_318580 #NIA -0.96 #NIA glucosephosphate-mutase GPM2 

TGME49_288700 -1.75 -1.76 -2.16 
RecFIRecN/SMC N terminal domain-
containing protein 

TGME49_219070 #N/A -0.99 #NIA 
cyclic nucleotide-binding domain-
containing protein 

TGME49_262430 1.49 #NIA #NIA 
4-hydroxy-3-methylbut-2-en-1-yl 
d1phosphate synthase 

TGME49_213600 #NIA '173 #NIA hypothetical protein 

TGME49_244260 -2.77 -3.96 #NIA hypothet,cal protein TGME49_206600 #NIA -1.24 #NIA sigma-70, region 3 protein 

TGME49_254930 0.99 1.37 1.20 hypothetical protein TGME49_266850 #NIA 1.02 1.27 
3-demethylubiquinone-9 3-0-
methyltransferase 

TGME49_214210 -1.23 #NIA #NIA rRNA pseudoundine synthase TGME49_239600 #NIA 1.33 1.75 
rhoptry kmase family protein ROP23 
(incomplete cataly1ic triad) 

TGME49_223950 107 #NIA 0.97 hypothetical protein TGME49_211410 #NIA -1.26 #NIA translation initiation factor sui1 prole1n 

TGME49 _202250 1.21 103 #NIA hypothetical protein TGME49_219820 #NIA 1.02 #NIA polyubiquitin UbC, putative 
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FIGURE 3Q 

TGME49_270650 1.57 #NIA 2.02 deoxynbose-phosphate aldolase TGME49_2I6760 #NIA -138 -1.52 
RNA pseudouridine synthase 
superfamily protein 

TGME49 _2606i0 -2.51 -2.50 -2.15 methyltransferase TGME49_221200 #NIA 0.86 #NIA CW-type Zinc Finger protein 

TGME49_215710 -1.39 -138 -114 hypothetical protein TGME49_206415 #NIA -0.99 #NIA myosin K 

TGME49_318570 2.26 1.98 #NIA SFT2 family protein TGME49_232640 #NIA 117 1.87 
RNA 2'-phosphotransferase, 
Tpt11KptA family protein 

TGME49 _202650 -1.59 -1.66 #N/A hypothetical protein TGME49_243340 #NIA -1.43 #NIA 
atypical MEK-related kinase 
(incomplete catalytic triad) 

TGME49_226830 -1.17 -0.98 #N/A DnaK family protein TGME49_270450 #NIA -1.71 #NIA MCM213/5 family protein 

TGME49_312380 -1.95 -1.92 -2.37 
tetrairicopept,de repeat-con!ain:ng 
protein 

TGME49_236240 #NIA -0.96 #NIA Tyrosine kinase-like (TKL) protein 

TGME49_218200 -2.13 -2.16 -2.74 UDP-sugar pyrophospharylase TGME49_247680 #NIA -1.68 -2.26 hypothetical protein 

TGME49_260390 -1.48 #NIA #NIA hypothetical protein TGME49_313760 #NIA 0.81 #N/A hypothetical protein 

TGME49_267 450 -1.51 -1.25 -1.26 alpha-tubulin suppressor protein TGME49_262740 #N/A -1.64 #NIA hypothetical protein 

TGME49_319930 -1.46 -1.27 #NIA hypothetical protein TGME49_298970 #NIA 0.88 1.21 
LSM3, U6 small nuclear RNA 
associated isoform 2 family protein 

TGME49_253370 1.14 1.27 #NIA hypothetical protein TGME49_313120 #NIA -1.89 #N/A 
DNA-directed RNA polymerase, alpha 
subunit 

TGME49 _298840 1.20 1.36 1.64 hypothetical protein TGME49_229490 #NIA -097 #NIA 
te!ratricopeptide repeat-conta1rnng 
protein 

TGME49_235490 -111 -0.90 -097 hypothetical protein TGME49_219170 #NIA -0.87 #NIA hypothetical protein 

TGME49_300290 -1.47 #NIA #NIA SNARE domain-containing protein TGME49_246090 #N/A -111 #N/A hypothetical protein 

protein phosphatase 28 catalytic 
TGME49_311310 -1 09 -1.08 #NIA subunit, calcineurin family TGME49_278540 #NIA 0.93 #NIA hypothetical protein 

phosphatse superfamily protein 

TGME49_225560 -1.13 -1.03 -'111 hypothetical protein TGME49_307610 #NIA -0.87 #NIA elongation factor TS, putat,ve 

TGME49_269430 -1.63 -1.43 #NIA 
polyprenyl synthetase superfamily 
protein 

TGME49_249810 #NIA -1.68 -1.84 
activating s;gnal cointegrator 1 
complex subunit 3, putative 

TGME49_267620 108 #NIA #NIA multi-pass transrnembrane protein TGME49_299980 #NIA 0.75 #NIA hypothetical protein 

TGME49 _268580 -1.25 -!03 #N/A hypothetical protein TGME49_223590 #NIA 0.69 #NIA proteasome subunit 

TGME49_253560 1.29 0.99 #NIA hypothetical protein TGME49_277770 #NIA -142 #N/A hypothetical protein 

TGME49_319308 -1.95 #N/A -301 hypothetical protein TGME49_215530 #NIA 0.97 #NIA hypothetical protein 

TGME49_252230 1.47 #NIA #NIA hypothetical protein TGME49_230410 #NIA -1.11 #NIA peroxiredoxin PRX3 

TGME49_282170 1.22 #NIA #NIA hypothetical protein TGME49_229620 #NIA -1.21 #NIA hypothetical protein 

TGME49 _294820 118 #NIA #N/A type I fatty acid synthase, putative TGME49_315820 #NIA -1.15 #NIA hypothetical protein 

TGME49_265390 -1.40 -1.28 #NIA hypothetical protein TGME49_209020 #NIA -1.85 -2.11 hypothetical protein 

TGME49_233760 -1.53 -2.58 #N!A hypothetical protein TGME49_216650 #NIA 072 #NIA S15 sporozoIte-expressed protem 

TGME49_309280 -170 #NIA #NIA 
zinc finger, C3HC4 type (RING finger) 
domain-containing protein 

TGME49_207420 #NIA 0.81 #NIA hypothetical protein 

TGME49_229250 1.53 #NIA 1.42 ribosomal protein RPL28 TGME49_305120 #NIA 1.05 #N/A 
transporter, solute:sodium symporter 
(SSS) family protein 

TGME49_313830 -1.30 -1.28 #N!A 
AARP2CN (NUC121) domain-
containing protein 

TGME49_235920 #NIA -100 -114 
dynein, axonemal, heavy chain 2 
family protein 

TGME49_235020 -0.99 -0.87 -0.85 COPI prote,n, putative TGME49_220330 #NIA -1.48 #NIA hypothetical protein 

TGME49_269420 2.18 2.15 #NIA hypothetical protein TGME49_259630 #NIA 0.85 #NIA hypothetical protein 

TGME49_211020 -1.69 #NIA #NIA 
RNA recogn,tion motif-containing 
protein 

TGME49_227060 #NIA -103 #NIA hypothetical protein 

TGME49 _252260 1.73 #NIA 1.92 hypothetical protein TGME49_223410 #NIA 0.85 #NIA 
eukaryotic initiation factor-4E, 
putative 

TGME49_254110 1.55 #NIA #NIA 
tryptophanyl-tRNA synthetase 
(TrpRSi) 

TGME49_298050 #NIA -1.10 #NIA hypothetical protein 
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FIGURE 3R 

TGME49 _264840 -2.19 -2.86 #NIA 
ATP-dependent DNA hehcase, RecQ 
family protein 

TGME49_220510 #NIA 1.22 #NIA hypothetical protein 

TGME49 _263085 -1.79 #NIA #NIA hypothetical protein TGME49_233830 #NIA -1.85 #NIA hypothetical protein 

TGME49_204420 -1.23 #NIA #N/A oocyst wall protein OWP1 TGME49_3l0470 #N/A 0.80 #NIA 
cytochrome C oxidase subunit lib, 
putative 

TGME49_214180 -0.96 #NIA #N/A ENTH domain-containing protein TGME49_233480 #N/A 1.85 #NIA SAG-related sequence SRS29C 

TGME49 _222920 1.22 108 1.31 
mbp-1 interacting protein-2a family 
protein 

TGME49_312670 #N/A -1.43 #NIA hypothetical prote111 

TGME49_212130 -1.33 -!06 -1.20 phospholipase, patatin family protein TGM E4 9 _258480 #NIA -0.96 #NIA hypothetical protein 

TGME49_316140 -1.10 #NIA #NiA hypothetical protein TGME49_212200 #NIA -140 #NIA hypothetical protein 

TGME49_278770 -1.28 -1.27 -120 hypothetical protein TGME49_214840 #NIA 0.81 #NIA 
AP2 domain transcription factor AP2X 
7 

TGME49 _270930 -1.14 -!08 -0.99 hypothetical protein TGME49_214150 #N/A -1.32 #NIA 
mitochondrial inner membrane 
translocase subunit TIM 17, putative 

TGME49_220940 1.41 1.51 1.84 
ribosomal RNA methyltransferase 
(FtsJ ) family protein 

TGME49_207800 #N/A 0.92 #NIA hypothetical protein 

TGME49_253730 1.23 0.96 1.16 
1mportin-beta N-termmal domain-
containing protein 

TGME49_203700 #N/A 0.94 #NIA SFT2 family prote,n 

TGME49_225060 -1.19 -0.95 #NIA nucleoredoxin family protein TGME49_209570 #N/A 0.97 #NIA suppressor of mitotic defects prote:n 

TGME49_234360 -1.04 #N/A #NIA DNA toprnsomerase I_, putative TGME49_225160 #NIA 0.81 0.88 hypothetical protein 

TGME49_249950 -1.55 #NIA #NIA Mak16 protein TGME49_293760 #NIA 0.71 #NIA EF hand domain-containing protein 

TGME49_214530 -1.85 -2.24 #NiA DnaJ domain-containing protein TGME49_270770 #NIA -0.99 #NIA PWI domain-containing protein 

TGME49_267580 2.00 1.62 #NiA cyclin2 related protein TGME49_268280 #NIA -0.76 #NIA 
'chromo' (CHRromatin Organization 
MOd1fier) domain-conta;ning protein 

TGME49_204880 139 #NIA #NIA hypothetical protein TGME49_310870 #NIA -103 #NIA integral membrane protein, putative 

TGME49_311510 0.88 #NIA #NIA elF2 kinase IF2K-B TGME49_320480 #NIA -0.83 #N/A Rab11b 

TGME49_216920 -1.58 -1.49 -1.69 mediator complex subunit MED8 TGME49_241150 #N/A -102 #NIA hypothetical protein 

TGME49_310910 1.39 #NIA #N/A 
WD domain, G-beta repeat-containing 
protein 

TGME49_218260 #N/A '131 #NIA histone H3.3 

TGME49_231210 -1.13 #NIA #NIA sarcalumenin/eps 15 family protein TGME49_240500 #N/A 0.99 #NIA hypothetical protein 

TGME49_314660 -1.21 -0.96 -1.09 TPRX1 protein TGME49_295410 #NIA -0.98 #NIA 
transcription inttiation factor TFIID 
complex suburnt TAF6 

TGME49_224730 -1.53 #NIA #N/A hypothetical protein TGME49_315660 #N/A -1.25 #NIA hypothetical protein 

TGME49_3012'l6 -2.44 -2.44 -2.21 
endonucleaselexonucleaselphosphat 
ase family protein 

TGME49_290330 #N/A -1.39 #NIA 
chloride transporter, chloride channel 
(CIC) family protein 

TGME49_244600 -1_52 -1.44 #N/A hypothetical protein TGME49_269130 #N/A -1.63 #NIA hypothetical protein 

TGME49_212220 0.94 #N/A #NIA hypothetical protein TGME49_310730 #NIA -0.94 -1.22 hypothetical protein 

TGME49_292110 145 1.84 #NIA formate/nilnte transporter protein TGME49_293180 #NIA 077 #NIA 
NADP-specific glutamate 
dehydrogenase 

TGME49_249620 -1.31 -1.53 #NIA h1stone deacetylase HDAC2 TGME49_297710 #NIA -142 #NIA hypothetical protein 

TGME49_207680 -1.13 #N/A #NIA 
suppressor of k:netochore protein 1, 
putative 

TGME49_272400 #NIA -1.45 -1.58 
casein kinase ii regulatory subunit 
protein 

TGME49_289710 1.56 #NIA #NIA 
AP2 domain transcription factor 
AP21X-5 

TGME49_232390 #N/A -1.67 #NIA 
18S rRNA biogenesis protein RCL 1 
protein 

TGME49_312050 -0.96 #NIA #NIA small GTPase Rab2, putative TGME49_267680 #N/A -1.03 -1.21 microneme protein MIC12 

TGME49_220290 -1.77 -1.84 #NIA hypothetical protein TGME49_249560 #NIA -1.17 #NIA 
DNA-directed RNA polymerase alpha 
chain rpoA 

TGME49_313350 -1.35 -1.21 -1.19 hypothetical protein TGME49_253540 #N/A 1.00 #NIA hypothetical protein 

TGME49_261540 1.31 #NIA #NIA 
DNA-directed RNA polymerase I 
RPAC2 

TGME49_220460 #NIA -1.73 -2.59 SNF7 family protein 

TGME49_262980 -1.74 -1.73 -1.55 hypothetical protein TGME49_216460 #N/A 0.89 #NIA hypothetical protein 
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FIGURE 3S 

TGME49_229350 -1.31 #NIA #NIA HEAT repeat-containing protein TGME49_235500 #N/A -148 #NIA hypothetical protein 

TGME49_299780 1.00 #NIA 0.89 hypothetical protein TGME49_294220 #N/A 0.93 #N/A hypothetical protein 

TGME49 _268900 -1.44 -1.22 #NIA dense granular protein GRA 10 TGME49_209080 #NIA 2.34 #NIA 
transport protein particle (trapp) 
component, bet3 protein 

TGME49_280710 -1.25 -1.05 #NIA 
20S proteasome subunit beta 7, 
putative 

TGME49_209200 #N/A 0.83 #NIA hypothetical protein 

TGME49 _237260 -108 #NIA #NIA 
Coiled-coil domain containing 124 
family protein 

TGME49_312950 #NIA 0.82 #NIA hypothetical protein 

TGME49_263595 -1.57 -1.37 #NIA RNA-b,nding protein TGME49_295125 #NIA 1.05 #NIA rhoptry protein ROP4 

TGME49_246800 -124 -104 -1.47 acylaminoacyl-peptidase, putative TGME49_220350 #NIA -105 #NIA 
tRNA ligases class II (D, Kand N) 
domain-containing protein 

TGME49_205700 1.48 1.33 1.58 cycloph11!n precursor TGME49_289780 #N/A 0.98 #NIA 
ATP-dependent hsl protease ATP-
binding subunit hslU, putative 

TGME49_268230 -2.84 -3.64 -3.86 hypothel!cal protein TGME49_289110 #NIA -175 #NIA hypothetical protein 

TGME49_212800 -1.49 -148 #NIA hypothet,cai protein TGME49_223530 #NIA L04 #NIA hypothetical protein 

TGME49_273320 -0.86 #NIA #NIA hypothetical protein TGME49_263130 #N/A 0.88 #NIA citrate synthase, putative 

tRNA ligase class II core domain (G. 
TGME49_231230 -2.42 #NIA #NIA hypothetical protein TGME49_295050 #NIA -0.97 #NIA H, P, Sand T) domain-containing 

protein 

TGME49_214580 -3.68 -507 #N/A 
tetratricopeptide repeat-containing 
protein 

TGME49_224350 #NIA -0.82 #NIA aminopeptidase N, putative 

TGME49_209095 -1.13 #NIA #N/A hypothet,ca! protein TGME49_230220 #NIA -0.92 #NIA hypothetical protein 

TGME49_259600 1.52 #NIA #NIA hypothetical protein TGME49_231750 #NIA -1.19 #NIA hypothetical protein 

TGME49_208820 1.15 1.40 #NIA 
1-deoxy-D-xylulose-5-phosphate 
synthase 

TGME49_291630 #NIA -1.59 #N/A hypothetical protein 

TGME49_224980 -1.23 #NIA #NIA hypothetical protein TGME49_270690 #NIA -0.96 -109 arg1nyl-tRNA synthetase 

TGME49_235610 -UO -173 #NIA ATPase, AAA family protein TGME49_282000 #NIA ;40 #NIA hypothetical protein 

TGME49_294790 0.91 0.85 0.93 hypothetical protein TGME49_236030 #N/A -1.72 #NIA hypothetical protein 

TGME49_248610 1.33 #NIA #NIA hypothel!cal protein TGME49_247960 #NIA "1.49 #NIA hypothetical protein 

TGME49_292610 1.36 1.62 #N/A Toxoplasma gondii family C protein TGME49_260670 #NIA -1.26 #NIA centrin, puta1ive 

TGME49_253310 1.22 1.17 1.20 hypothetical protein TGME49_283860 #NIA -1.48 -1.72 leucine rich repeat-containing protein 

TGME49_275870 1 A1 1.90 270 
tubulin/FtsZ family, GTPase domain-
containing protein 

TGME49_301340 #NIA -0.84 #NIA DnaJ domain-containing protein 

TGME49_292950 110 0.99 #NIA hypothetical protein TGME49_254260 #N/A 1.24 #NIA 
DNA-directed RNA pciymerase Ill 
RPC9 

TGME49_315100 2.60 5.72 #NIA hypothetical protein TGME49_214080 #NIA #NIA 7.75 toxofilir. 

TGME49_200360 1.25 1.62 1.64 hypothel!cal protein TGME49_313440 #NIA #NIA 4 65 hypothetical protein 

TGME49_207900 -1.23 -109 #N/A transcription initiation factor TFIIIB TGME49_245432 #NIA #NiA 270 hypothetical protein 

TGME49_314695 -1.50 #NIA #NIA hypothel!cal protein TGME49_315802 #NIA #N/A -9.71 hypothetical protein 

TGME49_230705 1.26 1.20 !07 hypothetical protein TGME49_320180 #NIA #NiA 4.38 SAG-related sequence SRS 16C 

TGME49_297510 -170 -1.54 -1.52 hypothetical protein TGME49_254840 #NIA #NiA -2.21 
tetratricopeptide repeat-containing 
protein 

3'5'-cyclic nucleotide 
TGME49_228720 -1 65 #NIA #NIA hypothel!cal protein TGME49_241880 #N/A #NIA -1.64 phosphodiesterase domain-

containing protein 

TGME49_226100 -2.58 -3.82 #NIA 
haloacid dehalogenase family 
hydrolase domain-containing protein 

TGME49_221220 #NIA #NIA 3.98 hypothetical protein 

TGME49_270160 -1 39 #NIA #NIA hypothel!cal protein TGME49_218192 #NIA #NIA -2.95 hypothetical protein 
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FIGURE 3T 

TGME49 _278830 -0.99 -144 -119 
glucose-6-phosphate 1-
dehydrogenase 

TGME49_297647 #NIA #NIA 3.99 hypothetical protein 

TGME49_249550 -1.45 -1.52 -UO hypothetical protein TGME49_257750 #NIA #NIA -2.35 
homocysteine s-methyltrans!erase 
domain-containing prote,n 

TGME49_271030 1.84 1.47 #NIA 
Af'2 domain transcription factor 
AP2Vlll-6 

TGME49_212250 #NIA #NIA 1.38 
XPG N-terminal domain-containing 
protein 

TGME49_246050 -2.03 -2.18 #NIA hypothetical protein TGME49J19350 #NIA #NIA -1.82 SAG-related sequence SRS 178 

TGME49_314700 142 #NIA #NIA hypothet,cal protein TGME49_243298 #NIA #NiA -2.67 
ICE family protease (caspase) p20 
domain-containing protem 

TGME49_254800 1.27 205 1.68 hypothetical protein TGME49_223480 #NIA #NIA -2.62 
sushi domain (scr repeat) domain-
containing protein 

TGME49_207065 119 120 1 08 hypothetical protein TGME49_:l10060 #NIA #NIA 191 small nuclease 

TGME49_208740 1.29 217 #N/A microneme protein, putative TGME49_313870 #NIA #NIA -1.40 
zinc finger, C3HC4 type (RING finger) 
domain-containing protein 

TGME49_253820 0.94 1.05 108 hypothetical protein TGME49_236990 #NIA #NiA 2.33 
beta-ketoacyl synthase, N-terminal 
domain-containing protein 

TGME49_267660 -1.04 #NIA #NIA hypothetical protein TGME49_223020 #N/A #NiA -1.62 coproporphyrinogen Ill oxidase 

TGME49_267750 -1.15 -138 -106 hypothetical protein TGME49_323320 #NIA #N/A -2.94 hypothetical protein 

TGME49_224310 -128 -1.12 #N/A 
DHHC zinc finger domain-containing 
protem 

TGME49_229640 #NIA #NIA -1.65 hypothetical protein 

TGME49_223910 -1.14 -1.53 #NIA 
acyltransferase domain-containing 
protein 

ATPase family associated with 
TGME49_230830 #N/A #NIA 206 various cellular activities (AM) 

domain-containing protein 

TGME49_258980 -1.74 #NIA -1.61 hypothetical protein TGME49_267070 #NIA #NIA 112 aquaporin 2 

TGME49_3090i0 -167 #N/A #NIA elongation factor P, putative TGME49_314250 #NIA #NIA 2.07 bradyzoite rhoptry protein BRP1 

TGME49_238170 1.47 1.16 #NIA hypothetical protein TGME49_214575 #N/A #NIA 1.71 hypothetical protein 

TGME49_275450 085 104 1.16 hypothetical protein TGME49_230080 #N/A #NIA -1.72 
DEADIDEAH box helicase domain-
contmning protein 

TGME49 _253650 0.84 1.02 1.12 
DnaJ C terminal region domain-
containing protein 

TGME49_319312 #NIA #NIA -2.01 hypothetical protein 

TGME49_315250 110 1.11 #NIA GAMM 1 protein, putative TGME49_207880 #NIA #NIA -1.59 hypothetical protein 

TGME49_221230 -1.20 #NIA -110 hypothetical protein TGME49_232060 #N/A #NIA 1.73 hypothetical protein 

TGME49_304670 -1.33 #NIA -1.51 leucine lich repeat-containing protein TGME49_282190 #N/A #NIA -115 hydrolase, NUDIX family protein 

TGME49_284660 1.30 1.58 1.34 
mltochondlial ribosomal protein s6-2, 
putative 

TGME49_232270 #NIA #NIA -1.53 
histidine acid phosphatase 
superfamlly protein 

TGME49_249380 -1.03 #NIA #NIA 
DHHC zinc finger domain-containing 
protein 

TGME49_233300 #N/A #NIA -1.71 RhoGAP domain-containing protein 

TGME49_311905 -2.42 -2.49 -2.69 hypothetical protein TGME49_242118 #N/A #NIA -3.74 myosin-light-chain kinase 

TGME49_263840 -119 -1.10 #NIA hypothetical protein TGME49_206430 #NIA #NIA -1.19 formin FRM1 

TGME49_263785 -2.30 -3.00 -2.59 phosphatidate cytidylyltrans!erase TGME49_249730 #N/A #NIA -1.78 hypothetical protein 

TGME49_272030 -1.20 -1.05 #NIA kelch repeat-containing protein TGME49_243560 #N/A #NIA -107 
Hit family protein involved in cell-cycle 
regulation, putative 

TGME49_268690 1.67 #NIA #NIA hypothetical protein TGME49_257340 #N/A #NIA -229 Ras family protein 

TGME49_244870 -1.26 -1.10 #NiA qu1none oxidoreductase, putative TGME49_270595 #N/A #NIA 2.39 UBA/TS-N domain-containing protein 

TGME49_214320 1.13 1.16 #NIA facilitative glucose transporter GT 1 TGME49_312560 #N/A #NIA -126 hypothetical protein 

TGME49_229140 1.35 #NIA #NIA 
MaoC family domain-containing 
protein 

TGME49_277920 #N/A #NIA 1.19 hypothetical protein 

TGME49_255240 -1.71 -1.95 -2.42 hypothetical protein TGME49_315750 #NIA #NIA -1.33 hypothetical protein 

TGME49_247690 -1.07 #NIA -105 
phospholipid-translocatmg P-type 
ATPase, flippase subfamily protein 

TGME49_257120 #N/A #NIA -1.63 sugar transporter ST1 
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FIGURE 3U 

TGME49_214750 -1 02 #NIA -0.97 hypothetical protein TGME49_262630 #NIA #NiA 2.15 hypothetical protein 

TGME49_263510 -1 86 -3.66 -2.31 Spc97 I Spc98 family protein TGME49_221170 #NIA #NIA -1.28 CAAX metallo endopeptidase 

TGME49_306050 -1.10 #NIA #N/A thioredoxin domain-containing protein TGME49_269290 #NIA #NIA -1.82 hypothetical protein 

TGME49_321170 1.39 106 1.75 Toxoplasma gondii family C protein TGME49_213050 #NIA #NIA 1.31 hypothetical protein 

TGME49_222245 -108 #NIA #NIA hypothetical protein TGME49_229690 #NIA #NIA -1.13 
autophagy-related protein 7 atg7, 
putative 

TGME49_256070 -118 -1.50 -1.42 hypothetical protein TGME49_318750 #NIA #NIA 1.30 deoxyribose-phosphate aldolase 

TGME49_289140 0.96 0.87 106 libosomal protein 122/143, putative TGME49_310460 #NIA #NiA -111 Rab6 

TGME49_247460 0.85 #NIA #NiA 
proliferating cell nuclear antigen 
PCNAI 

TGME49_288245 #NIA #NiA 1.31 hypothetical protein 

TGME49_251530 2.11 218 #NIA hypothetical protein TGME49_240710 #NIA #NIA -1.19 
RNA recognition motif-conlaining 
protein 

TGME49_226270 109 0.91 #NIA hypothetical protein TGME49 _314970 #NIA #NiA -105 
root hair defective 3 gtp-binding 
protein (rhd3) protein 

TGME49_204350 2.00 #N/A #N/A hypothetical protein TGME49_204400 #NIA #NIA -097 
ATPase synthase subunit alpha, 
putative 

TGME49_228070 1.56 #N/A #NIA hypothetical protein TGME49_243730 #NIA #NIA 1.29 rhoptry protein ROP9 

TGME49 _280375 2.33 2.90 #N/A hypothetical protein TGME49_298030 #NIA #NIA -1.96 
Ubiquinol-cytochrome c chaperone, 
putative 

TGME49_203080 1.05 1.07 #NIA 
RNA recogn,tion motif-containing 
protein 

TGME49_216810 #NIA #NIA 1.13 
5'-nucleoMase, C-terminal domain-
containing protein 

TGME49_301890 -1.68 -3.19 #N/A Toxoplasma gondii family B protein TGME49_238040 #NIA #NIA -131 
protein disulflde-isomerase doma,n-
containing protein 

TGME49_235540 1.00 0.92 #NIA 
eukaryotic initiation factor-2 beta, 
putative 

TGME49_314780 #NIA #NIA -1.05 myosin G 

TGME49_306260 1.02 117 #NIA hypothetical protein TGME49_306350 #NIA #NIA 1.14 valiable surtace lipoprotein 

TGME49_299180 -1.97 #NIA #NIA prenylated protein, putative TGME49_256090 #NIA #NIA -1.11 hypothetical protein 

TGME49_294310 1.42 #NIA #NIA hypothetical protein TGME49_240450 #N/A #NIA 1.47 Maffamily protein 

TGME49_261670 1.33 #NIA #NIA 
ribonuclease H1/H2 small subunit 
protein 

TGME49_242870 #N/A #NIA -150 
histone lysine methyltransferase, 
SET, putative 

TGME49_208830 117 #N/A 1.16 hypothetical protein TGME49_298980 #NIA #NiA 1.08 
RNA pseudourid:ne synthase 
superfamily protein 

TGME49_245540 -1.08 #N/A #N/A hypothetical protein TGME49_297320 #NIA #NIA -1.30 hypothetical protein 

TGME49_216880 3.06 #NIA 2.88 guanine nucleotide-binding protein TGME49_310300 #NIA #NIA -1.53 hypothetical protein 

TGME49_253615 1.30 1.46 #NIA hypothetical protein TGME49_274160 #NIA #NIA -105 hypothetical protein 

TGME49_295070 117 #N/A #N'A 
heiicase associated domain (ha2) 
protein 

TGME49_290040 #NIA #NIA 097 
macrophage migration inhibitory 
factor, putative 

TGME49 _2281 iO -1.31 -1.12 #NIA hypothetical protein TGME49_329800 #NIA #NIA -1.24 hypothelical protein 

TGME49_285490 -146 -1.37 #N/A 
helix-hairpin-helix motif domain-
containing prote,n 

TGME49_218530 #NIA #NIA -1.09 
proteasome-111teracting th1oredoxin 
domain-conta111ing protein 

TGME49_276930 0.90 144 1.04 hypothetical protein TGME49_255215 #NIA #NIA 1.78 hypothelical protein 

TGME49_214780 -1.54 -1.33 #N/A hydrolase, NUDIX family protein TGME49_203600 #NIA #NiA -116 hypothetical protein 

TGME49_224480 -1.12 -1.03 #NIA 
cell-cycle-associated protein kinase 
CLK, putat;ve 

TGME49_270010 #NIA #NiA -150 hypothetical protein 

TGME49_202280 -190 -3.15 -2.17 
WO domam, G-beta repeat-conta;ning 
prote,n 

TGME49_264760 #NIA #NIA -1.12 Oxysterol-bind:ng protein 

TGME49_210255 0.92 0.81 0.99 hypothetical protein TGME49_297880 #NIA #NiA -1.54 dense granule protein DG32 

TGME49 _2654 ! 0 1.53 1.20 #N/A 
G-protein beta WD-40 repeat 
containing prote,n 

TGME49_262070 #NIA #NIA -0.99 
ribosomal ma assembly protein mis3. 
putative 
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FIGURE 3V 

ct;peptidyl peptidase ,v (dpp iv) n-
TGME49_245500 1.22 #NIA #NIA terminal reg;on domain-containing TGME49_271760 #NIA #NiA -1.67 seryl-tRNA synthetase (SerRS2) 

protein 

TGME49_245480 2.22 2.41 #NIA hypothetical protein TGME49_216770 #N/A #NiA 2.12 hypothetical protein 

TGME49_202980 -1.12 -1.34 -'L02 hypothetical protein TGME49_235515 #NIA #NIA 1.91 MORN repeat-containing protein 

TGME49_209210 -110 -125 #NIA hypothetical protein TGME49_306440 #NIA #NiA -1.34 hypothetical protein 

TGME49_319710 -1.31 -1.20 #NIA 
kinesin motor domain-containing 
protein 

TGME49_306280 #NIA #NiA 0.99 mediator complex subunit MED? 

TGME49_220160 2.33 #NIA #NIA WO domain-containing protein TGME49_259860 #NIA #NIA -1.24 hypothetical protein 

TGME49_263080 0.90 110 1.04 hypothetical protein TGME49_224810 #N/A #NIA -1.98 hypothetical protein 

isoprenylcysteine carboxyl 
TGME49_306470 -1.14 -1.34 -110 methyltransferase (;cmt) family 

protein 
TGME49_251620 #NIA #NIA -1.24 

flap structure-specific endonuclease 
1, putative 

TGME49_313277 -2 03 #NIA #NIA hypothetical protein TGME49_262710 #NIA #NIA 0.96 Ctr copper transporter family protein 

TGME49_285540 -1.59 #NIA #NIA DNA-d;rected DNA polymerase TGME49_216730 #NIA #NiA -0.88 MCM213/5 family protein 

TGME49_201220 -1.50 -1.39 #NIA zinc finger prote;n TGME49_291940 #N/A #NIA -1 03 hypothetical protein 

TGME49_293190 -1.01 -0.97 -118 
endonucleaselexonuclease/phosphat 
ase family protein 

TGME49_248750 #NIA #NIA -1.52 hypothetical protein 

TGME49_319500 -104 #NIA #NIA hypothetical protein TGME49_229790 #N/A #NIA -1.43 hypothetical protein 

TGME49_238110 -1.50 -161 #NIA replication facior a proiein 3 protein TGME49_239010 #NIA #NiA 1.54 hypothetical prote111 

TGME49_246760 -2.21 -2.02 #NiA hypotheticai protein TGME49_223690 #N/A #NIA 1.13 hypothetical protein 

TGME49_313600 -1 33 -1.36 -130 DDHD domain-containing protein TGME49_222400 #NIA #NIA -0.85 hypothetical protein 

TGME49_265520 -0.89 #NIA #NIA hypothetical protein TGME49_222380 #NIA #NIA -0.86 
importin-beta N-terminal domain-
containing protein 

TGME49_203350 1.48 #NIA #NIA hypotheticai protein TGME49_247760 #N/A #NIA -129 
AMP-binding enzyme domain-
conta;ning protein 

TGME49_215060 -1 03 #N/A #NIA 
small GTP-binding protein sar1, 
putative 

TGME49_203170 #NIA #NiA -1.11 
OB-fold nucleic acid binding domain-
containing protein 

TGME49_211660 uo #N/A 1.16 hypothetical protein TGME49_318430 #NIA #NIA -0.91 malate dehydrogenase MOH 

TGME49_312940 0.97 #NIA #NIA hypoihelical protein TGME49_271300 #NIA #NiA 1.38 
DNA-d1rec!ed RNA polymerase II 
RPB7 

TGME49_246970 -1.45 -1.31 #NIA 
3'-5' exonuclease domain-containing 
protein 

TGME49_274150 #NIA #NIA -1.72 hypothetical protein 

TGME49_320000 -1.41 -1.35 #NIA 
SCY kinase (incomplete catalytic 
triad) 

TGME49_223490 #NIA #NiA 1.15 hypothetical protein 

TGME49_294930 -108 -1.37 #NIA leucine rich repeat-containing protein TGME49_271960 #NIA #N/A 0.83 hypothetical protein 

TGME49_219720 1.24 #NIA #NIA Ras-related protein Rab-SC, putative TGME49_232450 #NIA #NiA -121 
SWl2/SNF2-contaming protein 
RAD54 

TGME49_254460 1.01 1.12 1.22 hypothetical protein TGME49_239560 #NIA #NiA -1.46 myosin E 

TGME49_266070 1.33 128 1.31 ribosomal protein RPL31 TGME49_259190 #NIA #NIA -1.93 hypothetical protein 

TGME49_305140 1.08 #NIA #NIA phospholipase, pa!atin family protein TGME49_217600 #NIA #NIA -0.98 
calcium-dependent protein kinase 
CDPK9 

TGME49_293790 1.08 5.43 4.52 hypothetical protein TGME49_217670 #NIA #N/A -1.35 ribosomal protein RPS6 

TGME49_257595 -1.23 #NIA #NIA hypothet,cal protein TGME49_250880 #NIA #NIA -0.81 kinase, pfkB family protein 

TGME49_254120 0.96 1.77 1.66 
autophagy-related protein 8 atg8, 
putative 

TGME49_305900 #NIA #NiA 1.13 hypothetical protein 

TGME49_221390 -1.24 -1.37 #NIA hypoihelical protein TGME49_213030 #NIA #NIA 0.78 hypothetical protein 

TGME49_293220 144 #NIA #NIA 
DHHC zinc finger domain-containing 
protein 

TGME49_290940 #NIA #NiA -0.95 
EMP/nonaspanin domain family 
protein 

TGME49_311890 -0.94 -0.98 -0.86 hypothet;cal protein TGME49_240890 #NIA #NiA -0.94 6-phosphofructokinase 
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FIGURE 3W 

TGME49_278740 -1.25 #N/A #N!A diammopimelate decarboxylase TGME49_297220 #NIA #NiA -1.93 
AMP-binding enzyme domain-
containing protein 

TGME49_253880 0.81 0.86 0.81 GNSHSUR4 family protein TGME49_207400 #NIA #NiA 0.91 hypothetical protein 

TGME49_213910 -1.27 -1.12 #NIA hypothetical protein TGME49_314460 #N/A #NIA -1.55 hypothetical protein 

TGME49_304680 -143 -1.82 -1.73 ubiquitin family protein TGME49_216630 #NIA #NiA -1.53 trigger factor protein, putat:ve 

TGME49_275810 145 #NIA 1.36 libosomal protein RPS1 O TGME49_297150 #NIA #NIA -1.26 MORN repeat-containing prote,n 

TGME49_221510 -1.15 #NIA #NIA hypothetical protein TGME49_281480 #N/A #NIA 1.05 
WD domain, G-beta repeat-containing 
protein 

TGME49_228370 -1.26 -1.53 -1.57 hypothet,cal protein TGME49_215370 #NIA #NIA 103 hypothetical protein 

TGME49_315590 -1.38 -1.24 -'180 macro domain-conta,ning protein TGME49_293780 #NIA #NIA 138 hypothetical protein 

TGME49_263290 1.46 #NIA #NIA rhomboid protease ROM2 TGME49_309752 #NIA #NIA 0.75 
succmate-Coenzyme A lIgase, beta 
subunit, putative 

TGME49_290270 -1.20 #NIA #NIA SPRY domain-containing prote,n TGME49_248950 #NIA #NIA -1.47 camer superfamily protein 

TGME49 _202240 -2.36 -2.25 -2.68 RAP domain-containing protein TGME49_209610 #NIA #NiA 1.07 oocyst wall protein OWP2 

TGME49_248370 1.41 #NIA #NIA prefoldin suburnt 6, putauve TGME49_310560 #NIA #NIA -1.83 hypothetical protein 

TGME49_290720 -0.83 #NIA #NIA 
vacuolar proton transloca!ing ATPase 
subunit, putative 

TGME49_274010 #N/A #NIA -1.62 hypothetical protein 

TGME49_263660 -2.33 -2.43 -2.37 hypothetical protein TGME49_221630 #N/A #NIA -1.23 hypothetical protein 

TGME49_213710 -1.28 -1.86 -1.50 
WO domain, G-beta repeat-containing 
protein 

TGME49_300130 #N/A #NIA 1.58 
apical membrane antigen 1 domain-
containing protein 

TGME49_283585 -1.30 #NIA #NIA hypothetical protein TGME49_243690 #N/A #NIA 0.80 hypothetical protein 

TGME49_237480 -1.55 #NIA #NIA 
BRCA1 C Terminus (BRCT) domain-
containing protein 

TGME49_268000 #N/A #NIA -1.45 hypothetical protein 

TGME49 _220530 -1.64 -191 -1.67 
AP2 domain transcription factor AP2V 
1 

TGME49_319590 #NIA #NiA 1.20 hypothetical protein 

TGME49_263720 -1.87 -2.18 -2.27 
HMG (high mobility group) box 
domain-containing protein 

TGME49_267350 #NIA #NIA 0.91 LSM domain-contairnng protein 

TGME49_249240 1.13 1.22 1.10 calmodul1n, putative TGME49_220140 #NIA #NIA 1.47 EF hand domain-contairnng protein 

TGME49 _225680 -1.74 -200 -1.74 hypothetical protein TGME49_235905 #NIA #NiA -1.99 ribonuclease z, putative 

TGME49_201400 -1.41 -2.11 -201 Sin3-associated polypeptide SAP18 TGME49_249300 #N/A #NiA -0.75 hypothetical protein 

TGME49_306410 -1 76 -2.03 -2.16 hypothetical protein TGME49_314540 #NIA #NIA -1.32 hypothetical protein 

TGME49_249480 107 #N/A #N!A 
tetratricopept,de repeat-con!airnng 
prote,n 

TGME49_313410 #NIA #NIA -0.90 proteasome 26S regulatory subunit 

TGME49_216260 -0.98 #NIA #NIA 
eukaryotic ,nitiation factor-28, gamma 

subunit, putative 
TGME49_306460 #N/A #NIA -1.21 bromodomain-contmning protein 

TGME49_289180 -1.21 -1.13 #N!A 
thioredox,n family redox-active 
protein, putative 

TGME49_311140 #NIA #NIA -1.58 hypothetical protein 

TGME49 _252640 1.57 5.22 5.49 P-type ATPase PMA1 TGME49_237010 #NIA #NiA -0.94 hypothetical protem 

TGME49_290950 -0.86 #NIA #NIA clathrin heavy chain, putative TGME49_221470 #N/A #NIA -0.79 hypothetical protein 

TGME49_262700 -1.61 -1.71 -159 
tetratncopeptide repeat-containing 
protein 

TGME49_307605 #N/A #NIA 108 hypothetical protein 

TGME49_269075 1.68 #NIA #NIA hypothetical protein TGME49_254606 #NIA #NiA 1.31 hypothetical protein 

TGME49_253380 0.83 #NIA 0.81 
AP2 domain transcliplion factor 
AP2llI-2 

TGME49_307830 #N/A #NIA -0.80 hypothetical protein 

TGME49_258105 -2.15 -1.98 #N!A hypothetical protein TGME49_245710 #NIA #NiA -0.95 
phosphatidylinosi!ol-4-phosphaie 5-
kinase, putative 

TGME49_237230 111 1.49 1.16 hypothetical protein TGME49_306330 #NIA #NiA -100 phospholipase 

TGME,19 _202300 -1.29 -1.24 -1.23 
inos,ne tliphosphate 
pyrophosphatase. putative 

TGME49_228690 #NIA #NIA -1.37 phosphatidylmositol 3- and 'I-kinase 

TGME49_215990 -157 -1.45 #NIA helicase, putative TGME49_235700 #NIA #NIA 100 sedoheptulose-1,7-bisphosphatase 
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FIGURE 3X 

TGME49_314840 -1.19 #NIA #NIA ub1qu1tin carooxyl-tenninal hydrolase TGME49_318510 #NIA #NiA -1.07 
N-ethylmaleimide-sensitive fusion 
protein, putative 

TGME49_253440 0.81 117 1.15 
cell-cycle-associated protein kinase 
SRPK, putative 

TGME49_297980 #NIA #N/A -138 h\,polhetical protein 

TGME49_213950 -1.11 #NIA #N/A hypothet,cal protein TGME49_222960 #NIA #NiA -128 
SCY kinase-related protein 
(incomplete catalytic triad) 

TGME49_308040 -1.22 #NIA #NIA 
ZPR1 zinc finger domain-containing 
protem 

TGME49_219860 #NIA #NIA -0.82 replication licensing factor, putat,ve 

TGME49_207970 -306 #NIA #NIA HEAT repeat-containing protein TGME49_239480 #N/A #NIA -1.11 RNB family domam-conta1ning protein 

TGME49_208850 1.56 #NIA 2.52 SAG-related sequence SRS11 TGME49_273060 #NIA #NIA 1.06 ribosomal protein S 17, putative 

TGME49_210408 1.42 1.67 #NIA 
HMG {high mobility group) box 
domain-containing protein 

TGME49_289640 #NIA #NIA 1.30 hypothetical protein 

TGME49_254820 0.97 #NIA #NIA hypothetical protein TGME49_276120 #NIA #NIA 132 
histone lys,ne rnethyltransferase, 
SET, putative 

TGME49_293680 -1.30 -1.47 #NIA hypothetical protein TGME49_259550 #NIA #NIA -0.82 dihydropteroate synlhase 

TGME49_291690 -1.33 -1.27 #NIA hypothetical protein TGME49_209270 #NIA #NIA -1.44 hypothetical protein 

TGME49_260830 -2.20 -2.72 #NIA hypothetical protein TGME49_249740 #NIA #NIA 1.12 
translation machinery associated 
tma7 protein 

TGME49_295420 -0.94 #NIA #NIA hypothetical protein TGME49_232320 #NIA #NIA -170 hypothetical protein 

TGME49_226320 -105 -107 #NIA hypothetical protein TGME49_238880 #NIA #N/A 1.11 hypothetical protein 

TGME49_245730 2.35 #NIA #NIA 
phosphat,dylinositol-4-phosphate 5-
Kinase 

TGME49_313160 #NIA #NIA -1.11 hypothetical protein 

TGME49_262730 0.88 1.38 1.45 rhoptry protein ROP16 TGME49_310930 #NIA #N/A -0.95 hypothetical protein 

TGME49_312210 1.76 1.89 #NIA hypothet,cal protein TGME49_320588 #NIA #NIA -136 glycosyl hydrolases family 35 protein 

TGME49_240600 0.97 #NIA #NIA chaperonin cpn60, putative TGME49_255330 #NIA #NIA -1.84 hypothetical protein 

TGME49_301460 1.63 #NIA #NIA hypothet,cal protein TGME49_297360 #NIA #NIA -1.00 hypothetical protein 

TGME49_297650 -102 #NIA #NIA Ser/Thr phosphatase family protein TGME49_218910 #NIA #NIA 1.76 hypothetical protein 

TGME49_259720 -1.19 -1.18 #NIA hypothetical protein TGME49_209070 #NIA #NIA 0.99 hypothetical protein 

TGME49_305860 -0.87 -1.42 #NIA 
calcium-dependent protein kinase 
CDPK3 

TGME49_233220 #NIA #NIA -083 hypothetical protein 

TGME49_208580 -119 -1.26 -1.58 DNA l1gase 1. putative TGME49_267670 #NIA #NIA -2.57 hypothetical protein 

TGME49_291350 -1.66 #NIA #NIA hypothet,cal protein TGME49_312360 #NIA #NIA -1.69 hypothetical protein 

TGME49_226080 -1.60 #NIA #NIA polyA polymerase TGME49_249840 #NIA #NIA -1.64 dyne1n heavy chain 2, putative 

TGME49_215250 -1.94 -1.94 -2.07 
thiamin pyrophosphokinase, catalytic 
domain-containing protein 
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FIGURE 4A 

Figure 4: EGS expression during NSC infections. Differencial expression analysis ofT. gondii genes from neuronal stem cells infected with T. gondii EGS strain 
for 18 hours compared to T. gondii gene expression from neuronal stem cells infected with either GT1, ME49 or VEG strain for 18 hours. 

TGME49_233925 6.94 7.05 9.00 hypothetical protein 

TGME49_237130 7.84 8.63 10.14 cytochrome b, putative 

TGME49_320050 4.19 4.45 4.35 ribosomal protein RPL5 

TGME49_322200 12.41 10.27 12.41 apocytochrome b, putative 

TGME49_330000 8.50 9.84 10.97 cytochrome b 

TGME49_290600 3.14 3.32 2.50 succinyl-CoA-synthetase alpha SCSA 

TGME49_323400 7
.
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cytochrome c oxidase subunit iii 
· subfamily protein 

TGME49_322800 12.26 12.26 12.26 hypothetical protein 

TGME49_301250 7.82 8.17 8.14 hypothetical protein 
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34 10
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cytochrome b(N-terrninal)ib6/pet8 
subfam,ly protein 

TGME49_321360 3.31 3.10 2.94 clustered-asparagine-rich protein 

TGME49_232955 11.47 11.71 13.87 hypothetical protein 

TGME49_302055 11.93 11.93 11.93 ribosomal protein RPS12 

TGME49_251180 4.23 3.68 2.68 KRUF family protein 

TGME49_262690 1.96 1.87 1.88 ribosomal protein RPL27 

TGME49_261240 7.55 8.23 5.94 histone H3 

TGME49_238240 2.08 2.80 2.64 bystin protein 

TGME49_250710 2.10 1.75 1.13 microneme protein MIC10 

TGME49_244370 3.57 3.61 3-44 TDC1, putative 

TGME49_213280 2.15 2.05 1.16 SAG-related sequence SRS25 

TGME49_218520 1.84 1.97 1.22 microneme protein MIC6 

TGME49_217530 4.13 4,39 4.18 hypothetical protein 

TGME49_211695 4.77 3.87 3.16 hypothetical protein 

TGME49_287040 3.80 2.26 1.45 hypothetical protein 

TGME49_277230 3.85 4.50 3.76 hypothetical protein 

TGME49_311230 1.78 1.55 1.23 hypothetical protein 

TGME49_237230 1.90 1.74 1.26 hypothetical protein 
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-1.44 -1.03 -1.48 prolyl-tRNA synthetase (ProRS) 

1.12 1.57 1.35 hypothe1ical protein 

1.29 #NIA #NIA protein kinase 

-3.35 -3.28 -3.41 peptidase D, putative 

-1.09 -1.00 #N/A 
'chroma' (CHRroma1in Organization 
MOdifier) domain-containing protein 

-2.31 -2.78 -2.96 hypothe1ical protein 

-2.34 -2.98 -2.14 hypothetical protein 

-2.67 ·2.97 -2.91 
U6 snRNA-associated sm family protein 
Lsm2. putative 

-2.67 -2.49 -2.54 hypothetical protein 

-8.03 -8.05 -8.38 hypothetical protein 

-1.62 -1.66 -1.99 amhotransferase, putative 

-3.35 -3.25 -3.12 hypothetical protein 

1.50 1.67 1.21 Ser/Thr phosphatase family protein 

-3.35 -3.23 -3.31 
zinc finger, C3HC4 type (RING finger) 
domsin-contahing protein 

1.08 1.22 1.30 hypo1hetical protein 

-3.35 -3.39 -4.05 
tetratricopeptide repeat-containing 
protein 

1.39 1.38 111 ran b:nding protein 

-2.67 -2.33 -3.20 hypothe1ical protein 

-2.67 -2.79 -2.98 hypothetical protein 

1.69 1.80 208 hypo1he1ical protein 

-2.36 -1.96 -2.41 LSM domain-containing protein 

1.58 1.20 2.24 hypothetical protein 

-2.67 -2.77 -2.62 SNARE domain-containing protein 

-1.16 .1.35 -1.01 
cyclic nucleotide-binding domain-
containing pro1ein 

-1.98 -1.78 -1.52 
elongation factor Tu GTP binding domain 
containing protein 

-1.27 #NIA #NIA 
transporter, major facilitator family 
protein 

-1.65 -1.47 -1.42 hypothetical protein 

-7.99 -7.58 -8.28 BolA family protein 

-7.99 -8.35 -7.94 hypothetical protein 
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FIGURE 4B 

TGME49_293170 -5.98 -5.85 -5.65 hypothetical protein TGME49_202080 -7.99 -8.07 -8.15 hypothetical protein 

TGME49_205680 3.65 2.99 2.15 hypothetical protein TGME49 _203010 -1.15 -1.01 #NiA aurora kinase 

TGME49_271935 2.89 2.66 1.85 hypothetical protein TGME49_216240 -1.77 -1.76 -1.96 hypothetical protein 

TGME49_254710 2.29 2.02 1.52 serine esterase (DUF676) protein TGME49_315590 -2.07 -1.95 -204 macro domain-containing protein 

TGME49_275860 2.82 2.43 2.23 hypothetical protein TGME49_228030 1.87 1.56 204 hypothetical protein 

TGME49_253690 1.70 1.87 1.24 hypothetical protein TGME49_297760 -7.99 -805 -8.91 hypothetical protein 

TGME49_221840 4.60 4.42 6.21 hypothetical protein TGME49_255160 -7.99 -8.88 -8.87 hypothetical protein 

TGME49_251400 3.32 2.83 3.02 hypothetical protein TGME49_260420 -177 -1.62 -1.69 HEC/Ndc80p family protein 

TGME49_240060 2.01 1.66 #NIA hypothetical protein TGME49_235420 -1.16 -1.30 -1.03 hypothetical protein 

TGME49_224760 6.80 3.36 3.19 SAG-related sequence SR S40E TGME49_268910 1.28 1.34 1.66 signal peptidase I prote,n 

TGME49_236910 -4.99 -4.53 -4.60 U2 snRNP auxiliary factor, putative TGME49_215070 1.03 #NIA 1.23 ferodoxin FD 

TGME49_243615 4.37 3.28 3.29 hypothet,cal protein TGME49 _228980 -8.00 -8.20 -8.67 hypothetical protein 

TGME49_225790 2.95 1.70 #NIA POI family protein TGME49_268750 -3.35 -3.38 -3.47 
peptidyl-proiyl cis-trans isomerase E, 
putative 

TGME49_277080 1.51 #NIA #NIA microneme protein MIC5 TGME49 _224810 -3.54 -3.46 -3.76 hypothetical protein 

TGME49_211030 -3.57 -3.84 -3.41 hypothetical protein TGME49 _264420 4.88 2.95 3.44 lipoprotein, putative 

TGME49_259260 -2.69 -2.40 -2.61 membrane protein F1sH1 TGME49_232960 -160 -160 -1.86 
oxidoreductase, 20G-Fe(II) oxygenase 
family protein 

TGME49_261720 -5.75 -5.72 -6.53 
metal cation transporter, ZIP family 
protein 

TGME49_218370 -2.06 -2.02 -2.20 hypothetical protein 

TGME49 _229010 -2.20 -2.17 -2.37 rhoptry neck protein RON4 TGME49_294020 -7.99 -8.74 -8.71 
zinc finger, C3HC4 type (RING finger) 
domain-containing protein 

TGME49_273320 2.17 2.45 1.83 hypothetical protein TGME49_321550 1.09 1.04 #NIA hypothetical protein 

TGME49_233450 1.96 1.48 1.37 SAG-related sequence SRS29A TGME49_249020 -2.07 -2.21 -2.17 kinesin motor domain-containing protein 

TGME49_239790 -10.72 -10.48 -10.51 
BRCA 1 C Terminus (BRCT) domain-
containing protein 

TGME49 _250500 -3.37 -3.58 -3.24 hypothetical prote:n 

TGME49_275640 2.47 2.00 2.21 hypothetical protein TGME49_226090 -3.34 -3.35 -2.55 
DEADIDEAH box heiicase do111ain-
containing protein 

TGME49_290020 2.52 2.52 2.27 cyciin dependent kinase binding protein TGME49 _234300 1.28 #NIA 1.07 hypothetical prote,n 

TGME49_287170 -10.73 -10.57 -10.29 hypothetical protein TGME49_218800 -8.01 -8.20 -7.86 hypothetical prote;n 

TGME49_269330 -10.62 -10.42 -10.60 hypothetical protein TGME49_305920 -3.30 -3.50 -3.62 endonuclease Ill famiiy 1 protein 

TGME49_208370 1.60 175 1.58 myosin heavy chain, putative TGME49_211470 1.56 2.49 2.32 Fcf2 pre-rRNA processing protein 

TGME49_275870 4.13 2.54 4.24 
tubuiin/FtsZ family, GTPase domain-
containing protein 

TGME49_299015 -8.24 -6.90 -8.68 hypothetical protein 

TGME49 _260430 5.02 3.90 4.88 hypothetical protein TGME49_213445 -1.70 -1.43 #NiA hypothetical protein 

TGME49_270700 2.17 t73 1.62 hypothetical protein TGME49_265380 -2.07 -1.96 -1.86 
tetratricopeptide repeat (TPR)-1 U-box 
domain-containing protein 

TGME49_312140 -3.17 -3.53 #NIA hypothetical protein TGME49_319570 -1.68 -1.66 -1.90 
WD domain, G-beta repeat-containing 
prote,n 

TGME49_228160 1.95 2.03 2.44 acid phosphatase TGME49_213590 -1.24 #NIA -1.33 hypothetical protein 

TGME49_214980 1.71 1.82 1.39 hypothetical protein TGME49_289910 -1.33 -102 #NIA hypothetical protein 

TGME49_201170 -2.54 -2.61 -2.77 hypothetical protein TGME49_215520 -1.24 #NIA #NIA hypothetical protein 

TGME49_301222 3.12 3.03 3.48 
DNA repair protein Rad4 domain-
containing protein 

TGME49 _257170 -3.30 -3.23 -2.95 hypotheticai protein 

TGME49_252430 1.96 1.68 2.15 hypothetical protein TGME49_228630 -1.22 -1.14 -1.36 hypothetical protein 
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FIGURE 4C 

TGME49_290700 2.40 2.22 1.76 hypothetical protein TGME49_290640 -1.34 -1.52 -1.13 
DNA mismatch repair protein MSH6-1, 
putative 

TGME49_226310 -4.12 -4.25 -3.47 
zinc finger (CCCH type) motif-containing 
protein 

TGME49_238410 -2.63 -2.83 -3.02 hypothetical protein 

TGME49_251540 1.84 2.03 1.30 dense granule protein GRA9 TGME49_215060 -1.26 ·1.16 -1.54 small GTP-binding protein sar1, putative 

TGME49_293570 -3.09 -3.03 -3.13 translocation protein sec62, putative TGME49_320460 -3.30 -3.51 -3.20 
ABC transporter transmembrane region 
domain-containing protein 

NADiNADP octopine/nopaline 
TGME49_290200 -2.13 -1.63 -2.00 dehydrogenase, alpha-he!ical domain-

containing protein 
TGME49_254200 -7.98 -8.32 -7.85 

anticodon binding domain-containing 
protein 

TGME49_261520 -5.37 -5.22 -5.14 nucleolar GTP-binding protein 1, putative TGME49_203160 1.32 1.09 1.08 hypothetical protein 

TGME49_306670 -3.53 -3.50 -3.72 hypothetical protein TGME49_247680 1.68 #NIA #NIA hypothetical orotem 

TGME49_249990 2.26 2.33 1.69 hypothetical protein TGME49_282130 -2.28 -2.12 -2.19 hypothetical protein 

TGME49_208450 1.90 1.40 #NiA protease inhibitor P 12 TGME49_311150 -3.31 -3.61 -3.92 hypothetical protein 

TGME49_214220 1.64 1.87 1.37 hypothetical protein TGME49_222910 -1.50 -1.34 -138 phosphoglycerate mutase 

TGME49_315885 2.12 2.57 2.61 glycosyltransferase, putative TGME49_285272 -7.99 -8.13 -7.86 hypothetical protein 

TGME49_254620 1.38 #NIA 1.17 ribosomal protein RPL39 TGME49_281900 -1.14 -1.27 #NIA 
SET dornah containing lysine 
methyltransferase KMTox 

TGME49_219520 -2.77 -2.28 -2.64 
histone arginine methyltransferase 
PRMT1 

TGME49_288330 -3.30 -3.47 -3.41 
histone lysine methyltransferase SET, 
putative 

TGME49 269310 4.41 3.54 5.30 hypothetical protein TGME49_247930 -7.98 -7.69 -8.15 SNARE domain-containing protein 

TGME49_239440 -10.43 -10.30 -10.36 protein kinase (incomplete catalytic triad) TGME49_226280 1.72 2.12 1.85 ribosomal protein L28, putative 

TGME49_25412G 2.06 2.28 1.94 autophagy-related protein 8 atg8, putative TGME49_216750 104 #NIA #NIA 
Pafl/RNA polymerase II complex 
component LE01 

TGME49 _214350 -3.27 -2.91 -2.94 GTP-binding protein, putative TGME49 _271930 -1.16 -1.34 -1.52 hypothetical protein 

TGME49_206550 5.36 3.26 7.43 hypothetical protein TGME49_209210 -1.63 -2.20 -1.97 hypothetical protein 

TGME49_245980 4.18 2.90 3.58 hypothetical protein TGME49_301400 1.16 1.14 1.69 hypothetical protein 

TGME49_222380 -2.54 -2.55 -2.57 
importin-beta N-terminal domain-
containing protein 

TGME49_312520 -3.33 -4.02 -2.69 tRNA dlmethyia!lyitransferase 

TGME49_314500 -2.83 -3.17 -3.32 subtilisin SUB2 TGME49_305870 -2.64 -2.29 -2.08 DAD famiiy protein 

TGME49_266050 1.90 2.21 2.37 hypothetical protein TGME49_226270 -2.66 -2.89 -3.07 hypothetical protein 

TGME49_223930 1.66 1.62 1.70 RNA recognition motif-containing protein TGME49_278230 -3.30 -3.04 -3.05 
prenyltransferase end squalene oxidase 
repeat-containing protein 

TGME49_319500 -10.40 -10.71 -10.47 hypothetical protein TGME49_243200 -1.25 -1.43 -1.33 hypothetical protein 

TGME49_217820 -2.95 -2.54 -3.27 PCI domain-containing protein TGME49 _289720 -1.65 -1.42 -1.57 hypothetical protein 

TGME49_298620 -5.25 -5.08 -4.77 hypothetical protein TGME49 _222240 -1.28 -1.20 -1.27 hypothetical protein 

TGME49_265190 -4.42 -4.49 -4.37 
Ulp1 protease famiiy, C-terminal catalytic 
domain-containing protein 

TGME49_294250 -1.87 -1.84 -2.11 
WD domain, G-beta repeal-containing 
protein 

TGME49_245460 1.32 1.09 1.16 ribosomal protein RPS8 TGME49_311625 -2.04 -2.07 -1.97 
WD domain, G-beta repeat-containing 
prote,n 

TGME49_315620 -5.25 -5.11 -5.42 
vacuolar ATP synthase subunit C, 
putative 

TGME49_323110 1.18 1.44 1.42 hypothetical protein 

TGME49 _282070 -2.08 -2.02 -1.87 hypothetical protein TGME49_278160 -3.34 -3.38 -3.39 vesicle transport v-snare protein 

TGME49_300220 -3.34 -3.20 -3.26 hypothetical protein TGME49_305540 -1.56 -1.62 -1.64 hypothetical protein 
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FIGURE 4D 

TGME49 _240650 -2.32 -2.36 -2.44 
coatomer protein complex, subunit alpha. 
putative 

TGME49 _236630 -103 #NIA -1.36 hypothetical protein 

TGME49 _292920 -2.40 -1.88 -2.22 heat shock protein 75, putative TGME49 _285810 -7.92 -8.37 -7.85 MYND finger domain-containing protein 

TGME49_260500 -2.03 -1.98 -2.19 COP! associated protein, putative TGME49_290310 -2.04 -205 -1.79 hypothetical protein 

TGME49_277000 -4.45 -4.39 -4.77 transport protein Sec24, putative TGME49_232680 1.24 #NIA 1.15 hypothetical protein 

TGME49_305160 3.42 3.64 2.96 histone H2Ba TGME49_291590 -7.92 -8.34 -8.12 hypothetical protein 

TGME49_278870 -1.83 -1.62 -1.81 myosin F TGME49_295040 -1.04 #NIA -1.24 HEAT repeat-containing protein 

TGME49_212880 -2.79 -2.89 -2,83 surface antigen repeat-conta1n:ng protein TGME49_251710 1.67 212 1.15 hypothetical prote,n 

TGME49_220930 -3.07 -2.68 -2.83 hypothetical protein TGME49_278250 1.78 1.24 1.10 hypothetical protein 

TGME49_250340 -2.65 -2.25 -2.60 cenlrin 2 TGME49_270190 -273 -2.74 -2.57 
protein phosphatase 2C domain-
containing protein 

TGME49_267460 3.46 3.42 308 hypothetical protein TGME49_246130 1.18 1.26 #NIA 
serpin (serine proteinase inhibitor) 
superfamily protein 

TGME49_209050 -10.21 -10.26 -10.25 Tyrosine kinase-like (TKL) protein TGME49_211230 -1.40 -1.40 -1.32 
eukaryotic initiation factor-2B, alpha 
subunit, putative 

TGME49_261022 -270 -2.86 #NIA dynein heavy chain family protein TGME49 _258450 -1.18 #NIA #NIA hypothetical protein 

TGME49_253170 1.86 1.61 2.14 zinc carboxypeptidase, putative TGME49_249890 1.63 1.64 1.71 hypothetical protein 

TGME49_238895 -3.36 -3.03 -2.84 hypothetical protein TGME49_211640 1.08 #NIA 1.34 hypothetical protein 

TGME49_259240 1.55 1.36 1.03 ribosomal protein RPS21 TGME49_284540 -1.11 -1.03 -131 ATP synthase F1, delta subunit protein 

TGME49_200300 6.27 6.44 3.36 hypothetical protein TGME49_232750 -1.19 #N/A #NiA 
23S rRNA (adenine(1618)-N(6))-
melhyl:ransferase, putative 

TGME49_239260 6.69 3.42 3.08 histone H4 TGME49_254660 1.09 1.21 1.48 ankyrin repeat-containing protein 

TGME49_228690 -5.20 -5.43 -5.44 phosphatidylinositoi 3- and 4-kinase TGME49_311220 -1.93 -2.25 -1.94 hypothetical protein 

TGME49_321530 1.55 1.44 #NIA cathepsin CPL TGME49_216510 -3.26 -3.95 4.30 thioredoxin, putative 

TGME49_244280 -1.60 -1.19 -2.12 hypothetical protein TGME49_212940 -7.92 -10.38 -7.86 hypothetical protein 

TGME49_247530 3.32 3.16 2.40 hypothetical protein TGME49 _201150 -1.56 -2.17 -1.77 
heavy metal translocating P-type 
ATPase subfamily protein 

TGME49_263870 -5.18 -5.03 -5.22 glutamate-tRNA ligase TGME49 _263440 -2.25 -1.71 -1.58 hypothetical protein 

TGME49_270360 -5.16 -5.18 -5.33 hypothetical protein TGME49_260830 -2.63 -3.12 #NIA hypothetical protein 

TGME49_257910 4.73 4.29 #NIA hypothetical protein TGME49_255960 -1.46 -1.45 -1.25 hypothetical protein 

TGME49_251740 -3.48 -3.84 -3.65 AP2 domain transcription factor AP2Xll-9 TGME49_210778 -1.73 -1.95 -1.97 
hemime1hylated DNA binding domain-
containing protein 

TGME49_240280 -2.57 -2.24 -2.45 S1/P1nuc!ease TGME49_313960 -3.31 -2.93 -309 ribosomal protein L 19 protein 

TGME49_210300 -5.16 -5.29 -5.07 hypothetical protein TGME49_208440 1.08 1.14 1.13 hypothetical protein 

TGME49_249350 -10.14 -1009 -10.39 
esterase/lipaselthioesterase domain-
containing protein 

TGME49 _267530 1.84 1.93 1.83 hypothetical protein 

TGME49_242290 -2.55 -2.37 -2.68 proteasome subunit alpha1, putative TGME49_246990 -2.60 -2.22 -2.24 hypothetical protein 

TGME49_286120 -2.44 -2.26 -2.35 pro!yl endopeptidase TGME49_214380 1.51 1.31 1.30 hypothetical protein 

TGME49_244880 -4.25 -4.05 -4.08 DNA-directed RNA polymerase I RPA 1 TGME49_312660 -2.01 -1.51 -208 hypothetical protein 

TGME49_294820 2.77 #NIA #NIA type I fatly acid synthase, putative TGME49_269320 -7.92 -8.53 -8.43 hypothetical protein 

TGME49_289710 -2.76 -2.62 -2.53 AP2 domain transcription factor AP2IX-5 TGME49_232000 1.02 1.15 #NIA hypothetical protein 

TGME49_261070 -4.20 -3.67 -3.15 
apicoplast !iiosephosphate translocator 
APT1 

TGME49_232970 -3.26 -3.14 -2.94 hypo!heticai protein 

TGME49_294640 -1.70 -1.47 -1.55 
ribonucleosicte-diphosphate rectuctase 
large chain 

TGME49 _281980 -1.28 -1.49 -1.12 phosphatidate cytidylyltransferase 
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FIGURE 4E 

TGME49_290270 1.95 2.38 2.17 SPRY domain-containing protein TGME49_227050 -3.26 -3.36 -2.81 
ATPase/histidine kinase/DNA gyrase 
B/HSP90 domain-containing protein 

TGME49_202980 -2.87 -2.59 -2.28 hypothetical protein TGivlE49_320005 -3.26 -3.18 -3.28 hypothetical protein 

TGME49_259010 -5.04 -4.48 -5.10 
vacuolar ATP synthase subunit d. 
putative 

TGME49_297230 -1.72 -1.95 -2.06 Vps53 family, N-terminal protein 

TGME49_237210 -5.01 -4.90 -4.79 Tyrosine kinase-like (TKL) protein TGME49_243790 -1.85 -1.82 -1.57 SAG-related sequence SRS33 

TGME49_228280 2.80 2.37 2.53 hypothetical protein TGME49_269720 1.99 1.63 #NIA hypothetical protein 

TGME49_259550 -2.88 -2.93 -3.33 dihydropteroate synthase TGME49_207230 -1.74 #NIA #NIA hypothetical protein 

TGME49_231410 -2.46 -2.14 -2.50 hypothetical protein TGME49_239700 -2.60 -3.30 -2.87 
regulator of chromosome condensation 
(RCC1) repeat-containing protein 

TGME49 _272370 1.86 #N/A 1.71 hypothetical protein TGME49_219170 -1.55 -1.93 -1.51 hypothetical protein 

TGME49_294610 -1.60 -1.61 -138 
histone lysme methy!transferase, SET, 
putative 

TGivlE49_228170 1.28 1.04 #NiA inner membrane complex protein IMC2A 

TGME49_241830 2.46 2.13 2.35 pepMyl-prolyi cis-trans isomerase TGME49 _266810 -1.31 -1.25 -1.62 hypothetical prote,n 

TGME49_260800 2.39 1.71 1.69 hypothetical protein TGME49_305020 1.21 #NIA #NIA hypothetical protein 

TGME49_232650 2.05 2.25 2.06 hypothetical protein TGME49_309770 1.00 #NIA #NIA hypothetical protein 

TGME49_202420 2.21 2.25 1.97 hypothetical protein TGME49_271800 -1.50 #NIA #NIA serine esterase (DUF676) protein 

TGME49_316280 -5.04 -5.04 -5.19 transporter, major facilitator family protein TGME49_316240 -1.72 -1.51 -1.32 hypothetical protein 

TGME49_214410 2.79 2.96 3.26 hypothet;cal protein TGME49 _202430 1.31 1.19 1.22 hypothetical protein 

TGME49_232560 -304 -2.22 -240 hypothetical protein TGME49_214260 -7.97 -8.13 -7.97 
phosphoadenos1ne phosphosulfate 
reductase family protein 

TGME49_253750 2.24 1.94 2.28 PLU-1 family protein TGME49_289640 1.47 186 2.07 hypothetical protein 

TGME49_214970 -1.94 -1.69 -1.90 DNA replication licensing factor, putative TGME49 _288900 1.61 1.26 1.82 Yos1 family protein 

TGME49_301270 1.53 1.26 1.33 Tyrosine kinase-like (TKLj protein TGME49_270595 -1.69 -3.32 #NIA UBA!TS-N domain-conta,ning protein 

TGME49_274060 -2.24 -1.62 -2.10 2-oxoglutarate/malate translocase OMT TGME49 _203290 1.35 1.50 1.89 hypothetical protein 

TGME49_291690 1.28 1.33 #NIA microneme protein MIC1 TGME49_283800 -1.89 -1.99 -2.23 hypothetical protein 

TGME49 _293480 2.74 #NIA 3.17 
MoeA N-terminal region (domam I and Iii 
domain-containing protein 

TGME49_248550 -3.34 -3.55 -3.59 SPX domain-containing prote:n 

TGME49 _246330 -5.04 -5.33 -5.17 CRAL/TRIO domain-containing protein TGME49 _228060 -3.35 -3.21 -2.94 hypothetical protein 

TGME49_208530 -3.18 -3.01 -3.36 nicotinate phosphoribosyltransferase TGME49 _205050 2.54 #NIA #NiA hypothetical prote,n 

TGME49_313870 2.00 1.67 #N/A 
zinc finger, C3HC4 type (RING finger) 
domain-ccntaining protein 

TGME49_211680 -1.20 -1.12 -171 protein disulfide isomerase 

TGME49_255650 -10.23 -10.24 -10.91 
DHHC zinc finger domain-containing 
protein 

TGME49_275750 -1.65 -1.31 -1.76 
smali nuclear ribonucleoprotein E, 
putative 

TGME49_262380 -3.40 -308 -3.11 elongation factor Tu, putative TGME49_208050 -2.27 -2.54 -2.66 ABC transporter, putative 

TGME49_207460 1.59 2.16 1.67 Rab5B protein TGME49_240900 1.01 #NIA 1.11 AP2 domain transcription factor AP2Vl-2 

TGME49_221470 -2.08 -2.20 -2.15 hypothetical protein TGME49 _204550 -2.60 -2.70 -2.74 hypothetical protein 

TGME49_254080 1.41 1.64 1.59 
metal cation transporter. ZIP family 
protein 

TGME49_288620 1.02 103 #NIA Erv1 / Air famiiy protein 

TGME49_321650 -2.67 -2.64 -2.55 hypothetical protein TGME49 _209880 -1.09 -1.19 #NIA glutamic acid-rcih prote,n, putative 

TGME49_267670 4.04 #NIA 1.90 hypothetical protein TGME49_204410 -1.86 -2.01 -1.68 
endonucleaselexonuclease/phosphatase 
family protein 

TGME49_260440 1.42 1.37 1.21 nuclearfactor NF3 TGME49_254900 -123 #NIA -1.09 proteasome subunit beta type 2, putative 
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FIGURE 4F 

TGME49_294770 -4.96 -4.97 -5.13 
Armadilio/beta-catenin famiiy repeat-
containing protein 

dihydrolipoy!lysine-residue 
TGME49_219550 -1.08 #NIA -1.13 succinyltransferase component of 

oxoglutarate dehydrogenase 

TGME49_218530 -9.93 -9.55 -1001 
proteasome-interacting th;oredoxin 
domain-containing protein 

TGME49 _233000 -1.28 ,1.97 -1.07 KOW motif ctoma;n-containing protein 

TGME49_254720 1.30 1.02 #N/A dense granuie protein GRAS TGME49 _202640 -7.85 ,8.13 -8.04 
RNA pseudouridine synthase superfamily 
protein 

TGME49_316600 1.58 138 #N/A hypothetical protein TGME49_220208 -7.86 -8.29 -7.90 hypothetical protein 

TGME49_219700 -1.98 -1.55 -1.94 
DNA repiication licensing factor MCM4, 
putative 

TGME49_306950 -7.97 -7.84 -8 04 RAP doma,n-containing protein 

TGME49_305590 -4.08 -4.24 -4.21 
ABC transporter transmembrane region 
domain-containing protein 

TGME49_309390 -7.85 -7.64 -8.27 hypothetical protein 

TGME49_213410 -2.26 -2.18 -1.97 
small nuciear ribonucieoprotein f (snmp-
f). putative 

TGME49_277550 -7.86 -8.26 -8.19 
UvrD/REP helicase domain-containing 
protein 

TGME49_323310 4.18 2.03 #N/A hypothetical protein TGME49_246780 -7.85 -8.42 -7.65 hypothetical protein 

TGME49_250820 -2.77 -2.93 -2.94 hypothetical protein TGME49_299150 -7.85 -8.50 -8.75 AP2 domain transcription factor AP2111-3 

TGME49_297530 -9.90 -9.43 -9.68 DNA-directed RNA polymerase I RPA2 TGME49_321640 -1.74 -1.84 #NIA ceil division protein CDC48AP 

TGME49_299780 1.88 1.64 1.14 hypothetical protein TGME49_298050 -1.82 -1.36 #NIA hypothetical protein 

TGME49_226960 -1.42 -1.13 -1.58 phospholructokinase PFKII TGME49_286740 2.43 2.15 3.41 microneme-like protein 

TGME49_228190 -2.01 -1.56 -1.90 
eukaryotic initiation factor-3, subunit 5, 
putative 

TGME49_276990 -3.21 ,3.32 -3.93 
cytochrome b5 family hemeisteroid 
binding domain-containing protein 

TGME49 _207680 -4 07 -3.93 -4.57 
suppressor of kinetochore protein 1, 
putative 

TGME49 _232320 -7.85 -8.04 -8.59 hypothetical protein 

TGME49_310750 -2.08 -1.99 -2.52 emp24igp25Llp24 lamily protein TGME49_216530 -7.86 ,7.84 -8.54 ribosome recycling factor protein 

TGME49_218880 -2.55 -2.02 -2.54 SF-assemblin. putative TGME49_288210 1.38 1.11 1.19 PUL domain-containing protein 

TGME49_253570 2.47 2.76 2.19 hypothetical protein TGME49_215380 -3.24 -3.38 -3.25 hypothetical protein 

TGME49_235130 -3.68 -4.32 -3.97 transmembrane protein TGME49_281675 1.77 1.68 1.83 prote!n kinase, putative 

TGME49_220250 1.74 1,86 1.84 
Nuc!eolide-sens;t;ve chloride 
conductance regulator (ICln) protein 

TGME49_209740 1.57 1.31 1.69 hypothetical protein 

TGME49_243430 2.37 2.08 1.86 OTU family cysteine protease TGME49 _243910 1.61 1.05 #NiA Cof family hydro!ase subfamily protein 

TGME49_217700 -9.90 -9.79 -9.87 AP2 domain transcription factor AP2Xll-2 TGME49_239250 1.05 #NIA #NIA diacylglycerol kinase, putative 

TGME49_254470 1.47 1.48 1.10 hypothetical protein TGME49_235402 -7,86 -8.39 -7.51 CorA family Mg2+ transporter protein 

TGME49_211150 -4.87 -5.27 -4.82 hypothetical protein TGME49_269710 -1.12 #NIA #N/A hypothetical protein 

pyruvate phosphate dikinase, 
TGME49_203300 2.63 2.78 2.96 hypothetical protein TGME49_290960 -1.31 ,1.20 -1.21 pepipyruvate binding domain,containing 

protein 

TGME49_268980 1.73 1,49 1.13 hypothetical protein TGME49_247610 1.57 2.01 1.39 
small nuclear ribonucleoprotein E, 
putative 

TGME49 _278510 -2.53 -2.72 -2.92 
protein phosphatase 2C domain-
containing protein 

TGME49_228000 1.14 #NiA #NiA splicing factor 3A subunit 2, putative 

TGME49_227650 -3.07 -2.52 -2.35 
microtubule-associated protein RP/EB 
family, putative 

TGME49_321170 2.39 2.26 2.76 Toxoplasma gondii fami!y C protein 

TGME49_318310 -2.15 -1.89 -2.07 transketolase TGME49_214190 1.61 #NiA 1.70 SAG-reiated sequence SRS46 

TGME49_239420 1.07 1.11 #NIA protein kinase TGME49_310730 -1.38 ,1.10 -1.36 hypo1he1ical protein 

TGME49 _232500 -9.85 -9.78 -9.93 hypothetical protein TGME49_323100 1.22 1.12 #NIA hypothetical protein 

TGME49_273050 2.18 1.75 1.84 hypothetical protein TGME49_288045 -3.25 -3.53 -3.28 hypo1he1ical protein 

TGME49_228660 -3.57 -3.59 -3.53 Sec7 domain-containing protein TGME49 _224620 1.22 1.54 #NIA hypothetical protein 
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TGME49_250030 2.80 2.66 2.94 hypothetical protein TGME49_297360 -1.55 -1.34 -1.42 hypothetical protein 

TGME49_239410 -2.31 -2.63 -2.59 hypothetical protein TGME49 _280590 -3.28 -2.85 #NiA hypothetical protein 

TGME49_228100 -2.62 -1.89 -1.98 hypothetical protein TGME49 _242110 -7.85 -6.77 -8.92 rhoptry kinase family protein ROP38 

TGME49_204530 1.26 1.30 #NIA microneme protein MIC 11 TGME49_268000 -2.56 -2.24 -2.63 hypothetical protein 

TGME49j06610 -3.63 -3.26 -3.18 
pyruvate dehydrogenase complex subuntt 
PDH-E2 

TGME49_.263130 1.16 1.21 #NiA citrate synthase, putative 

TGME49_306060 -1.39 -1.32 -1.59 rhoptry neck protein RONS TGME49 _284050 -1.53 -175 -1.41 
DEAD/DEAH box heiicase domain-
containing protein 

TGME49_231430 -9.83 -9.75 -9.84 
oligosaccharyl transferase stt3 protein, 
putative 

TGME49_275568 -1.53 -1.39 -1.11 GPI transamidase subunit PIG-U protein 

TGME49_201860 1.08 1.09 #NIA hypothetical protein TGME49_203390 -1.21 -1.15 -141 CRAL/TRIO domain-containing protein 

TGME49_223050 -1.44 -1.25 -1.58 ribosomal protein RPS20 TGiv1E49_260310 1.50 1.61 1.21 
ATP-binding cassette transporter 
ABC.B1 

TGME49_216730 -1.68 -1.23 -1.60 MCM2i3/5 family protein TGME49_244130 -1.50 -1.54 -1.39 hypothetical prote;n 

TGME49_216820 1.42 1.54 #NIA transporter, major faciiftator family protein TGME49_286640 -3.20 -2.84 -2.49 GTPase 

TGME49_249540 1.55 1.86 1.71 hypothetical protein TGME49_218960 -1.52 -1.28 -1.07 AP2 domain transcription factor AP2Xll-1 

TGME49_305180 -9.79 -9.86 -9.93 Na+iH+ exchanger NHE3 TGME49_273500 -2.28 -1.78 #NIA 
0-linked N-acetylglucosamine 
transferase 

TGME49_200360 2.53 2.31 1.90 hypothet;cal protein TGME49 _210380 -1.33 -1.18 -1.26 hypothetical prote;n 

TGME49_255410 -4.81 -4.73 -4.79 hypothetical protein TGME49_266110 1.48 1.30 144 
DEAD/DEAH box helicase domain-
containing protein 

TGME49_316660 -9.79 -9.87 -10.13 cullin family protein TGME49_235700 -1.43 -1.43 -1.05 sedoheptulose-1, 7-bisphosphatase 

TGME49_210682 542 2.68 3.05 hypothetical protein TGME49_204400 -1.08 #NIA -1.50 ATPase synthase subunit alpha, putative 

TGME49 286450 1.08 1.00 #NIA dense granule protein GRA5 TGME49 298020 -1.25 -1.19 -1.33 DEAD-family he!icase 

TGME49_227810 1.36 1.34 #NIA 
rhoptry kinase family protein ROP11 
(;ncomplete catalytic triad) 

TGME49_262120 -1.20 -1.20 -1.51 
IQ calmodulin-binding motif domain-
containing protein 

TGME49_278800 -2.27 -2.53 -1.89 zinc finger protein 36 family 3 protein TGME49_310802 1.17 1.67 1.52 CRAUTRiO domain-conta;ning protein 

TGME49_268225 -5.13 -4.79 -5.03 hypothetical protein TGME49 _233680 -7.78 -849 -8.47 nuclear movement family protein 

TGME49_205580 1.68 1.39 1.37 nuclear factor NF4 TGME49_223125 -1.80 -203 -1.82 ubiquit,n family protein 

TGME49_247460 -1.69 -1.50 -1.81 proliferating cell nuclear antigen PCNA 1 TGME49_241840 1.44 1.36 #NiA hypothetical protein 

TGME49_255180 -9.77 -1008 -9.46 ubiquitin cartloxyl-terminal hydroiase TGME49 _269250 -1.11 #NiA -1.29 Mov34IMPN/PAD-1 family protein 

TGME49_296010 -1.92 -1.76 -1.93 phosphatidylinositol 3- and 4-kinase TGME49_211410 -3.17 -4.13 -3.86 translation initiation factor sui1 protein 

TGME49_293660 -3.96 -3.66 -3.81 hypothetical protein TGME49_301300 -7.78 -8.35 -7.66 hypothetical protein 

TGME49_239540 -9.77 -9.86 -9.89 
LEM3 {ligand-effect modulator 3) famiiy I 
CDC50 family protein 

TGME49_314460 -7.78 -7.58 -8.49 hypothetical protein 

TGME49_294630 -2.17 -2.14 -2.37 hypothetical protein TGME49_278770 -1.17 #NiA -1.25 hypothetical protem 

TGME49_207640 -2.14 -1.63 -2.13 isoleucyl-tRNA synthetase famiiy protein TGME49_307800 1.62 1.81 1.30 
GOA 1 /CD39 (nucleoside phosphatase) 
family protein 

TGME49_318770 -4.78 -4.68 -4.35 aurora kinase(incomplete catalytic triad) TGME49 _218280 -1.01 #NiA -1.18 eukaryotic ponn, putative 

TGME49_314410 -2.66 -2.52 -2.67 aquatius, putauve TGME49_259000 -7.78 -8.10 -8.11 hypothetical protein 

TGME49_257360 2.37 1.80 1.01 hypothetical protein TGME49_237110 -1.57 -1.68 -1.56 replication factor C subunit 2, putative 

TGME49_250840 -9.73 -9.60 -9.48 hypothetical protein TGME49_261940 -7.78 -8.35 -8.16 hydrolase, alpha/beta fold family protein 
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TGME49_293190 -2.94 -2.84 -3.24 
endonuclease/exonucleaselphosphatase 
family protein 

TGME49_263230 -1.19 -1.17 #NIA hypothetical protein 

TGME49_253860 1.48 1.41 1.66 Tyrosine kinase-like (TKL) protein TGME49_223560 -2.58 -2.75 #NIA hypothetical protein 

TGME49_278050 -2.35 -2.32 -2.22 
proteasome subunit alpha type 1, 
putative 

TGME49_263210 -7.78 -8.59 -8.42 
ubiquitin interaction motif domain-
containing prote,n 

TGME49_280490 -2.79 -3.83 -2.50 U-box domain-containing protein TGME49_259650 -3.21 -2.79 #NIA hypothetical protein 

TGME49_246580 -3.90 -3.68 -408 hypothetical protein TGME49_252490 -1.96 -1.77 -2.36 vacuolar protein sorting 29, putative 

TGME49_232280 -9.84 -9.83 -9.89 hypothetical protein TGME49_261780 1.11 108 #NIA microneme protein MIC7 

TGME49_266070 1.16 1.25 #N/A ribosomal protein RPL31 TGME49_254650 1.46 #N/A #N//\ zinc finger protein 

TGME49_271820 -9.72 -9.52 -8.87 
lipoyltransferase and lipoate-protein 
ligase subfamily protein 

TGME49 _256090 -7.77 -7.95 -8.16 
glycerophosphodiester 
phosphodiesterase famiiy protein 

TGME49_321690 -3.97 -3.66 -3.95 hypothetical protein TGME49_228460 -1.69 -1.67 -1.50 hypothetical protein 

TGME49_227952 -2.77 -2.43 -2.49 14-3-3 superfamily protein TGME49_300130 1.76 192 3.11 
apical membrane antigen 1 domain-
containing protein 

TGME49_293410 2.50 2.96 2.64 hypothetical protein TGME49_271430 -3.16 -3.83 -3.18 hypothetical protein 

TGME49_212900 1.48 1.59 1.72 hypothetical protein TGME49 _253800 -3.20 -3.15 -2.89 ribosomal protein L 15, putative 

TGME49_313230 2.03 2.54 2.07 
eukaryotic initiation factor-2, alpha 
subunit 

TGME49_230150 1.31 #NIA #N!A 
ChAPs (Chs5p-Arf1 p-bind,ng proteins) 
protein 

TGME49_250330 -9.69 -9.74 -9.57 hypothetical protein TGME49_277870 -180 -1.69 -2.06 hypothetical prote,n 

TGME49_294870 1.07 100 #N/A urnversal stress family prote111 TGME49 _288930 -1.97 -2.41 -2.33 hypothetical protein 

TGME49_315530 -4.70 -4.61 -4.61 hypothetical protein TGME49_222410 -1.36 -1.35 -1.18 hypothetical protein 

TGME49_267500 1.21 1.01 1.02 hypothetical protein TGME49 _210960 -1.52 -1.20 -1.36 replication factor C subunit 4, putative 

TGME49_205010 -2.30 -2.22 -2.55 
U2 small nuclear ribonucleoprotein family 
protein, putative 

TGME49_225300 -1.58 -1.82 -1.76 hypothetical protein 

TGME49 _229020 -9.67 -9.96 -9.88 
cell-cycle-associated protein kinase CDK, 
putative 

TGME49_207160 -1.95 #NIA 4.41 SAG-related sequence SRS49D 

TGME49_206690 -2.61 -2.42 -2.30 
glideosome-associated protein with 
multiple-membrane spans GAPM2B 

TGME49 _248445 -1.12 #NiA #NiA hypothetical protein 

TGME49_268230 -9.94 -9.74 -10.16 hypothetical protein TGME49_236140 1.78 1.10 1.53 hypothetical protein 

TGME49_319370 -9.68 -9.43 -9.43 hypothetical protein TGME49_290840 -1.41 -1.37 -105 serine protease 

TGME49_293710 -2.10 -1.88 -1.65 
Zn-finger in Ran binding protein and 
others domain-containing protein 

TGME49_230860 -1.96 -2.24 -2.33 hypothetical protein 

TGME49_294690 1.74 1.96 1.64 rhomboid protease ROMS TGME49 _230050 1.49 1.74 1.85 50S ribosomal protein L3, putative 

TGME49_245510 -2.43 -2.58 -2.73 
phospholipid-translocating P-type 
ATPase, flippase subfamiiy protein 

TGME49_2J8400 -1.77 -1.92 -1.92 glyoxalase I, putative 

TGME49 _265390 -9.66 -9.76 -9.23 hypothetical protein TGME49 _254940 101 #NIA #NiA MIF4G domain-containing protein 

TGME49_213920 -3.43 -3.63 -3.03 hypothetical protein TGME49 _269800 -2.16 -1.93 -208 
glutamine-dependent NAD( +) synthetase 
protein, putative 

TGME49_247360 2.42 2.39 2.19 PAP2 superfamily protein TGME49_205720 -7.77 -8.02 -7.98 
Adenosine/AMP deaminase domain-
containing protein 

TGME49_264830 -4.67 -4.61 -4.67 hypothetical protein TGME49 _221905 -1.03 #NIA #NIA hypothe1ical protein 

TGME49_202310 2.07 2.33 1.71 0-sialoglycoprotein endopeptidase TGME49_311380 -3.43 -3.97 #NIA hypothetical protein 

TGME49_234510 1.59 1.90 2.08 ankyrin repeat-containing protein TGME49_218955 1.43 1.39 1.82 hypothetical protein 

kelch repeat domain 
TGME49_290170 -2.49 -2.60 -2.51 containing/Serineithreonine protein TGME49_225910 1.16 1.30 1.48 hypothetical protein 

phosphatase protein 

TGME49_278940 1.78 1.80 1.40 
HECT-domain ( ubiquitin-translerase) 
domain-containing protein 

TGME49 _283830 1.91 1.73 2.46 type I inorganic pyrophosphatase PPase 
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TGME49 _277720 -2.34 -2.24 -2.27 
GDA1ICD39 (nucleoside phosphatase) 
family protein 

TGME49_213370 1.08 1.00 1.33 formin FRM3 

TGME49_265110 -9.66 -9.30 -9.30 ribosome biogenesis protein, putative TGME49_202230 -1.55 #N/A -1.18 histone deacetylase HDAC5 

TGM[49_310030 -2.04 -2.08 -1.89 cyc!ase~associated protein, putative TGM[49_217560 1.08 118 #NIA DNA-directed RNA polymerase II RPD10 

TGME49_315100 4.95 3.08 #N/A hypotheiical protein TGME49_257755 1.96 2.33 #NIA hypothetical protein 

TGME49_254520 1.40 1.63 1.24 mediator complex subunit MED11 TGME49_266320 1.01 #NIA #NIA hypothetical protein 

TGME49_212170 -963 -9.28 -918 
GIY-YIG catalytic domain-containing 
protein 

TGME49_309070 1.76 163 1.55 hypothetical protein 

TGME49_265870 -3.46 -3.49 -3.80 pantoate-beta-alanine ligase TGME49_234470 -1.77 -1.36 -1.48 hypothetical protein 

TGME49_213010 -4.86 -6.45 -4.64 hypothetical protein TGME49_258380 -2.16 -2.01 -1.84 
elongation factor p (ef-p) kow family 
domain-containing protein 

TGME49_286460 3.16 2.96 5.01 hypothetical protein TGME49 _289510 1.23 1.20 1.58 hypothetical prote,n 

TGME49_254410 1.95 1.74 1.12 protein phosphatase 2C, putative TGME49 _202350 -1.77 -1.53 -1.39 50S ribosomai protein L21, putative 

TGME49_230410 -1.96 -2.13 -2.03 peroxiredoxin PRX3 TGME49_253540 1.43 1.51 1.31 hypothetical protein 

TGME49_208020 2.18 3.67 4.25 AP2 domain transcription factor AP21b-1 TGME49_215030 -1.93 -2.16 -170 hypothetical protein 

TGME49_313290 1.71 1.62 1.19 MORN repeat-containing protein TGME49_212800 -1.42 -1.35 -1.48 hypothetical protein 

TGME49_309990 4.23 2.22 3.23 hypothetical protein TGME49_248630 -1.49 -1.39 -1.79 act:n-related prote,n ARP1 

TGME49_ 315780 -3.14 -3.15 -3.31 myosin regulatory light chain. putative TGME49_264450 -1.93 -193 -2.01 DNA topoisomerase Ill beta-1, putative 

TGME49_289370 170 #NiA #NIA hypothetical protein TGME49_217450 1.47 195 2.11 
general transcription factor IIH 
polypeptide 5 GTF2H5 

TGME49 _224880 -3.47 -4.06 -3.34 kinesin motor domain-containmg protein TGME49_213890 -7.79 -8.58 -8.36 
Myb family DNA-bindhg domain• 
containing protein 

TGME49_240870 -2.71 -2.54 -2.88 beta adaptin protein, putative TGME49_293060 -1.68 -1.75 -1.81 SPRY domain-containing protein 

TGME49_277940 -3.85 -4.02 -403 hypothetical protein TGME49_276190 -2.20 -1.91 -2.20 hypothetical protein 

TGME49_252880 -2.57 -2.76 -278 hypothetical protein TGME49 _286180 -7.70 -8.73 -7.84 tRNA iigases class I (Ml protein 

TGME49_254050 1.64 1.81 1.82 optic atrophy 3 protein (opa3) protein TGME49_239300 -1.55 -1.58 -1.69 hypothetical protein 

TGME49_239590 -4.66 -4.32 -4.54 
WD domain, G-beta repeat-containing 
protein 

TGME49_273595 -1.66 -1.64 #NIA hypothetical protein 

TGME49 _237550 2.81 2.61 2.49 hypothetical protein TGME49 _278170 -2.17 -1.69 -1.90 hypothetical protein 

TGME49_258150 -1.92 -1.69 -2.22 
proteasome subunit alpha type 7, 
putative 

TGME49_294360 -1.32 #NIA -1.28 
ubiquttin specific protease 39 isoform 2, 
putative 

TGME49 _2977 45 -4.27 -4.28 -4.07 hypothetical protein TGME49_309920 -3.12 -3.37 -3.29 hypothetical protein 

TGME49_239270 -2.16 -1.73 -1.16 hypothetical protein TGME49_311740 -2.16 -1.98 -1.75 hypothetical protein 

TGME49_281400 -3.21 -2.67 -2.25 
phosphofructokinase domain-containing 
protein 

TGME49_288710 1.43 175 1.81 hypothetical protein 

ATPase family associated with valious 
TGME49_318660 1.26 1.66 1.29 PP2C, putative TGME49_230830 1.48 #NIA 4.39 cellular activities (AAA) domain-

containing protein 

TGME49_305060 1.48 1.38 #NIA CAP-Gly domain-containing protein TGME49_265070 -2.50 -2.53 -2.87 hypothetical protein 

TGME49_262970 1.65 #NIA #NIA hypothetical protein TGME49_227860 -7.70 -8.26 -8.00 hypothetical protein 

TGME49_229690 -9.57 -9.70 -10.43 autophagy-related protein 7 atg7, putative TGME49_248110 1.24 1.41 #NiA hypothetical protein 

TGME49_214575 2.05 1.73 2.55 hypothetical protein TGME49_297690 1.18 1.33 #NIA hypothetical protein 

TGME49_229470 -4.65 -4.34 -4.47 hypothetical protein TGME49_209950 -1.12 #NIA -1.25 thioredoxin, putative 

TGME49_251440 -9.71 -9.06 -8.69 troponin c, isotype gamma, putative TGME49_244570 -7.71 -8.31 -8 04 hypothetical protein 

TGME49_226705 -9.69 -9.73 -10.02 hypothetical protein TGME49_270760 -7.72 -8.29 -7.99 asparagine synthase 
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TGME49_246490 -2.25 -201 -2.68 hypothetical protein TGME49_209120 1.31 135 #NIA hypothetical protein 

TGME49_220880 1.93 2.15 1.87 hypothetical protein TGME49 _ 309880 -1.33 -1.14 -1.04 hypothetical protein 

TGME49_225580 -9.55 -9.25 -9.25 
proleasome (prosome, macropain) 26S 
subunit. non-ATPase, 9, putative 

TGME49_265460 1.09 1.37 1.18 hypothetical protein 

TGME49_209060 -3.78 -3.86 -3.82 
thrombospondin type 1 domain-
containing protein 

TGME49_263505 -3.14 -3.18 -3.14 hypothetical prote111 

TGME49_265790 1.15 1.22 #NIA hypothetical protein TGME49_294060 -1.05 -1.03 #NIA hypothetical protein 

TGME49_215590 -1.91 -178 -2.03 
flavoprotein subunit of succinate 
dehydrogenase 

TGME49_249870 -1.27 #NIA #NIA hypothetical protein 

TGME49_247960 2.06 2.01 1.46 hypothetical protein TGME49_271240 -2.48 -2.26 -1.91 hypothetical protein 

TGME49_214140 1.26 1.33 1.35 hypothetical protein TGME49_271990 1.28 #NIA 1.10 hypothetical protein 

TGME49_218560 -1.88 -1.73 -2.00 acetyl-coA carboxylase ACC2 TGME49_242810 -3.14 -3.25 -3.27 hypothetical protein 

TGME49_214230 1.64 1.80 1.24 
Dopey, N-terminal domain-containing 
protein 

TGME49_280450 -7.69 -8.54 -7.80 hypothetical protein 

TGME49_254370 -1.66 -1.59 -1.54 guanylyl cyclase TGME49 _288860 -2.73 -5.22 -2.93 RuvB family 2 protein 

TGME49_260180 -1.99 -2.09 -2.13 hypothetical protein TGME49 _214990 -1.75 -1.36 #NIA hypothetical protein 

TGME49_203830 -3.79 -3.78 -2.97 FHA domain-containing protein TGME49_221390 -1.75 -178 -1.59 hypothetical protein 

TGME49_265500 -9.53 -9.38 -9.34 
chloride transporter, chloride channel 
(CIC) family protein 

TGME49_305800 -1.75 -1.54 -1.83 6-pyruvoyl tetrahydrobiopte!in synthase 

TGME49_219730 1.55 1.51 1.33 hypothet;cal protein TGME49_294730 -1.50 -1.46 -1.19 hypothe1icai protein 

TGME49_272010 -4.60 -3.93 -4.20 Gar1 protein RNA binding region protein TGME49_263480 -146 #NIA #NIA sod,um/hydrogen exchanger 3 protein 

TGME49_254220 2.33 2.34 2.22 hypothetical protein TGME49_201800 -1.16 -1.08 -1.91 hypothetical protein 

TGME49_237890 -4.58 -4.49 -3.76 
calcium-dependent protein kinase 
CDPK4 

TGME49 _269770 -2.48 -2.73 -2.69 
WD domain, G-beta repeat-containing 
protein 

TGME49_218362 -2.67 -2.55 -2.30 zinc finger protein ZFP1 TGME49_213040 -1.54 -1.55 -1.45 hypothetical protein 

TGME49_209440 -2.15 -2.34 -170 hypothetical protein TGME49_308090 109 #NIA 1.26 rhoptry protein ROPS 

TGME49_232710 -1.08 #NIA -1.01 ribosomal protein RPS3A TGME49_235880 1.02 1.06 #NIA brain protein 44 family protein 

TGME49_222860 -1.58 -1.30 -1.33 
eukeryotic translation imtiation factor, 
putative 

TGME49 _258970 1.01 #NIA #NIA hypothetical prote,n 

TGME49_274190 -4.63 -4.60 -4.96 
eu karyotic initiation factor 2B epsilon 
subunit, putative 

TGME49_286270 -1.54 -2.25 -1.67 hypothetical protein 

TGME49_248260 2.20 2.78 1.66 hypothetical protein TGME49_263190 -3.12 -2.61 -2.46 adenylosuccinate iyase, putative 

TGME49_254030 2.15 2.17 1.86 
zinc finger CDGSH-type domain-
containing protein 

TGME49_227300 1.82 #NIA 1.91 hypothetical protein 

TGME49_295080 -9.53 -9.17 -8.87 hypothetical protein TGME49_304750 -2.13 -2.09 #NiA 
zinc finger, C3HC4 type (RING finger) 
dornain-contaimng protein 

TGME49_267620 -3.12 -2.52 -2.90 mu!ti-pass transmembrane protein TGME49_232630 -1.10 #N!A #NIA hypothetical protein 

TGME49_246570 2.72 2.11 1.56 hypothetical protein TGME49_301170 -7.68 -10.53 -7.53 SAG-related sequence SRS19D 

TGME49_231150 2.64 3.03 2.83 hypothetical protein TGME49_220440 -1.93 -2.04 -2.07 
cyclin-dependent kinase regulatory 
subunit protein 

TGME49_211250 -3.07 -2.84 -3.09 hypothetical protein TGME49 _265650 -3.11 -3.43 -3.16 
protein phosphatase 2C domain-
containing protein 

TGME49_231950 1.86 1.71 #NIA hypothetical protein TGME49_234420 -1.37 #NiA #NIA ATPase, MA fami!y protein 

TGME49_289300 -2.17 -1.85 -2.10 methionyHRNA synthetase TGME49_214400 -2.45 -2.07 -1.96 hypothetical protein 

TGME49_205360 -2.51 -2.34 -2.57 hypothetical protein TGME49_272730 1.81 #NIA 3.75 hypothetical prote;n 

TGME49_251170 2.93 2.39 2.43 KRUF family protein TGME49_245710 -1.15 #NIA -1.51 
phosphatidyl,nositol-4-phosphate 5-
kinase, putative 
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TGME49_276970 -3.33 -3.38 -3.19 hypothetical protein TGME49_208722 -3.11 -3.32 -3.48 hypothetical protein 

TGME49_269660 -2.64 -2.22 -2.16 
TFIIH basal transcription factor complex 
he!icase XPB subunit 

TGME49_217760 1.21 1.31 #NiA GTP-binding protein 

TGME49_252390 1.43 #NIA 1.12 hypothetical protein TGME49_231930 -3.15 -2.67 -2.46 hypothetical protein 

TGME49_266750 -1-78 -1.29 -1.53 transporteripermease protein, putative TGME49_214530 -1.60 -2.02 #NiA DnaJ domain-containing protein 

TGME49_221675 1.34 1.45 1.46 hypothetical protein TGME49_225110 1.03 1.07 #NIA AP2 domain transcription factor AP2X-2 

TGME49_266990 -1.79 -1.44 -1.94 beta-COP TGME49_216580 -1.64 -1.43 -1.57 hypothetical protein 

TGME49_312110 -2.50 -2.43 -2.32 
apicoplast-assoc1ated thioredoxin family 
protein Atrx1 

TGME49_248370 1.14 1.74 1.12 prefoidin subunit 6, putative 

TGME49_268176 -2.82 -2.90 -3.25 hypothetical protein TGME49 _259600 -1.75 -1.56 #NiA hypothe1ical protein 

TGME49_237170 -3.09 #NiA -1.72 hypothetical protein TGME49_254610 1.77 1.73 1.59 
Tim10/DDP family zinc finger supertamiiy 
prote,n 

TGME49_238100 -2.33 -2.04 -2.61 transmembrane protein TGME49 _223480 -7.62 -8.02 -10.14 
sushi domain (scr repeat) domain-
containing protein 

TGME49_254730 1.89 2.31 2.50 
POPLD (NUC188) domain-containing 
protein 

TGME49_319720 -3.13 -3.43 -2,96 hypothetical protein 

TGME49_235020 -1.87 -1.55 -175 COPI protein, putative TGME49_258930 -2.46 #N/A #NiA peptidylproly! isomerase 

TGME49_262150 -9.48 -9.22 -9.42 
kelch repeat and K+ channel 
tetramerisation domain containing protein 

TGME49_316520 -1.37 -1.13 -1.32 1,4-aipha-glucan-branching enzyme 

TGME49_295990 1.50 1.76 1.59 ubiquitin conjugating enzyme E2. putative TGME49_209170 -1.18 #NIA -1.29 hypothetical protein 

TGME49_249530 -1,80 -1.59 -1.77 exportin 1, putative TGME49_329800 -1.37 -1.74 -2.18 hypothetical protein 

TGME49_319880 -4.52 -4.75 -4.00 MORN repeat-containing protein TGME49_270370 -2.18 -2.01 -2.15 clathrin assembly protein AP19. putative 

TGME49_283540 1.64 2.10 1.14 hypothetical protein TGME49_218230 -1.72 #NiA -1.33 
histone lysine methyltransferase, SET. 
putative 

TGME49 _229420 -9.48 -9.23 -9.54 cytochrome c, putative TGME49_220330 -3.14 -4.05 -2.44 hypothetical protein 

TGME49_310460 -2.85 -2.51 -3.13 Rab6 TGME49_212930 1.81 2.47 1.87 NifU family domain-containing protein 

TGME49_204520 2.74 2.76 3.39 hypothetical protein TGME49_291690 -307 -3.21 -309 hypothetical protein 

cytidine and deoxycytidyla:e deaminase 
TGME49_222710 -2.82 -2.47 -2.64 IMP-spec,tic 5'-nucleotidase 1, putative TGME49_200430 -7.63 -8.32 -8.30 zinc-b:nd1ng region domain-containing 

protein 

TGME49_213660 -1.51 -1.12 #NIA 
zinc finger (CCCH type) motif-containing 
protein 

TGME49_208070 -1.14 #NiA #NiA inositol polyphosphate kinase 

TGME49_202470 -9.48 -9.34 -8.80 
rRNA metabolism protein, SBDS family 
protein 

TGME49_301310 1.75 #NIA #N/A hypothetical protein 

TGME49_290980 -2.82 -2.49 -2.32 glycine C-acetyltransferase, putative TGME49_266800 -1.61 -1.65 -1.94 integral membrane protein, putative 

TGME49_263550 1.66 1.82 1.76 
39S ribosomal protein L4 7. mitochondrial 
precursor, putative 

TGME49_224670 -1.87 -2.14 -1.89 DnaJ domain-containing protein 

TGME49 _219080 -9.48 -9.43 -9.29 edge expressed protein, putative TGME49_245650 1.82 2.51 2.08 hypothetical protein 

TGME49_293740 1.80 1.93 1.56 hypothetical protein TGME49_294190 -3.07 -3.66 -2.87 
enoyl-CoA hydratase/isomerase family 
prote,n 

TGME49_263490 2.11 2.29 2.10 ubiquitin conjugating enzyme E2, putative TGME49_225920 -2.09 -2.52 -230 hypothetical protein 

TGME49_219810 1.87 1.50 1.25 hypothetical protein TGME49_232210 -7.62 -8.23 -8.74 hypothetical protein 

TGME49_205040 -1.79 -1.55 -1.73 PGAP1 family protein TGME49_247670 -2.15 #N/A -2.02 
ribulose-phosphate 3 epimerase family 
protein 

TGME49_270770 -4.56 -4.45 -4,53 PW I domain-containing protein TGME49 _263730 -1.72 -2.70 -1,92 
FAD-dependent glycerol-3-phosphate 
dehydrogenase 
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TGME49_213067 1.34 1.18 #NIA hypothetical protein TGME49_232270 -7.62 -9.16 -9.76 
histidine acid phosphatase superfamily 
protein 

TGME49_237015 1.45 1.75 150 hypothetical protein TGME49_315670 -1.18 #NIA -1.26 HEAT repeat-containing protein 

TGME49_280730 -9.46 -9.23 -8.90 
cytosoHc fe-s cluster assembling factor 
nbp35, putative 

TGME49 _262000 -3.11 ·2.84 #NIA 
AP2 doma,n transcription factor AP2Vllb-
2 

TGME49_227420 -9.48 -9.15 -9.24 
4-hydroxy-3-methylbut-2-enyl 
diphosphate reductase 

TGME49_273550 -306 -3.34 -3.42 hypothetical protein 

TGME49_310220 -4.57 -4.80 -4.55 hypothetical protein TGME49 249600 -7.61 -7.86 -8.35 hypothetical protein 

TGME49_318400 -2.00 -1.56 -130 hypothetical protein TGME49 _232530 -2.09 -2.03 -1.66 hypothetical protem 

TGME49_257520 1.53 1.64 1.11 synaptobrevin protein TGME49_309780 -1.87 -1.66 #NIA hypothetical protein 

TGME49_226220 -2.77 -2.58 -2.89 
alveolin domain containing intermediate 
filament IMC9 

TGME49_286010 1.27 1.40 #NIA hypothetical protein 

TGME49_244910 -3.71 -4.10 -4.11 
MIZiSP-RING zinc finger domain-
containing protein 

TGME49 _218830 1.45 #NiA 1.57 hypothetical protein 

TGME49_309380 -3.25 -3.07 -3.21 Nuf2 TGME49_281450 -2.45 -2.60 -2.46 
ceil-cycle-associated protein kinase, 
putative 

TGME49_274110 -9.43 -8.93 -8.80 glycoprotease family protein TGME49_222160 -3.06 -3.52 #NIA aldehyde dehydrogenase 

TGME49_225250 2.04 1.74 1.93 LSU Jibosomal protein L 14P, putative TGME49_233540 -3:16 -3.25 -3.17 
transporter, major facilitator fami!y 
protein 

TGME49_223010 -3.26 -2.84 -3.05 hypothetical protein TGME49 _252400 2.27 206 2.94 HIT zinc finger protein 

TGME49_278720 -9.47 -9.16 -8.84 hypothetical protein TGME49 _221170 -1.08 #NiA -1.40 CAAX metailo endopeptidase 

TGME49_320130 1.97 1.91 2.02 hypothetical protein TGME49_238940 1.86 2.31 1.18 GDP mannose 4.6-dehydratase. puta1ive 

TGME49_267690 -4.49 -4.44 -3.85 hypothetical protein TGME49 _224490 -3.09 -3.25 -2.80 
polyprenyl synthetase superfamiiy 
prote,n 

TGME49_222930 -2.77 -2.69 -2.32 hypothetical protein TGME49_287980 -1.59 -1.59 -1.58 FHA domain-conta1n,ng protein 

TGME49_297800 -3.02 -2.72 -2.56 
RecFiRecN1SMC N terminal domain-
containing protein 

TGME49_251920 1.40 1.67 2.09 hypothetical protein 

TGME49_203730 -9.41 -9.21 -9.23 hypothetical protein TGME49_211650 -130 #NIA #NIA hypothetical protein 

TGME49_226910 -4.49 -4.89 -4.34 Amylo-aipha-1,6-gluoosidase TGME49_251620 1.03 #NIA #NIA 
flap structure-specific endonuclease 1, 
putative 

TGME49 266410 1.84 1.99 1.53 hypothetical protein TGME49_221922 -3.06 -3.47 -3.32 NifU family domain-containing protein 

TGME49 __ 292130 -1.14 -1.30 -1.31 ribosomal protein RPL 13A TGME49 _272550 -1.17 -1.18 #NiA hypothetical protein 

TGME49_289730 -2.34 -2.12 -2.27 Pep3Nps18ideep orange family protein TGME49_271440 -2.41 -2.42 -2.60 NPL4 famiiy protein 

TGME49_201870 -2.79 -2.12 -2.21 tetratncopept,de repeat-containing protein TGME49_272710 1.08 #NIA #NIA 
AP2 domain transcription factor AP2VIII-
4 

TGME49_216020 -9.41 -9.29 -9.61 peptidase famiiy c78 protein TGME49_297330 1.28 1.06 1.08 hypothe1ical protein 

TGME49_313445 2.13 1.67 2.08 hypothetical protein TGME49 _288460 -1.07 -1.02 #NIA hypothetical protein 

TGME49_225990 -3.24 -2.75 -2.62 
acyl transferase domain-containing 
protein 

TGME49_293310 1.04 1.21 #NIA ribosomal protein L20. putative 

TGME49_240860 -3.69 -3.68 -3.67 
acyltransferase domain-containing 
protein 

TGME49 _258650 -2.41 -2.21 -1.90 protoheme ferro-lyase, putative 

TGME49_285140 -9.42 -10.00 -9.49 hypothetical protein TGME49 _252270 1.74 #NIA 1.90 L 1 P family of ribosoma! protein 

TGME49_319580 -9.39 -9.39 -935 hypothetical protein TGME49_314030 1.88 1.86 1.50 hypothetical protein 

TGME49_247580 -9.41 -9.25 -9.15 glutaredoxin domain-containing protein TGME49_206300 -2.41 -2.18 -1.99 hypothetical protein 

TGME49_253470 1.68 1.71 1.58 
alveolin domain ccnlaining inlennediate 
filament IMC13 

TGME49_315360 -1.30 -1.25 -1.35 hypothetical protein 

TGME49_246100 -2.64 -2.24 -2.29 phosducin. putative TGME49 _258990 -2.40 -2.65 -2.61 bromodomain-containing protein 
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TGME49_270930 -302 -3.19 -3.08 hypothetical protein TGME49_249380 1.18 1.58 1.41 
DHHC zinc linger domain-containing 
protein 

TGME49_241240 1.03 #N/A #N/A hypothetical protein TGME49_257990 -1.24 -1.50 -1.53 heat shack protein 101 , putative 

TGME49_294940 1.69 1.57 1.46 hypothetical protein TGME49_269075 -7.64 -8.96 -8.49 hypothetical protein 

TGME49_226500 -4.54 -4.91 -4.82 hypothetical protein TGME49_202730 -2.08 -1.96 -1.71 hypothetical protein 

TGME49_226430 -1.44 -1.36 -1.31 reticulon protein TGME49 _2469 78 -3.01 -3.26 -2.93 hypothetical protein 

TGME49_299250 2.72 2.76 2.79 hypothetical protein TGME49_312220 -302 -3.23 -3.50 
mitochondrial inner membrane 
translocase subunit TIM17, putative 

TGME49_288820 1.59 1.34 1.67 hypothetical protein TGME49_250090 1.08 #NIA 1.00 hypothetical protein 

TGME49_247760 -2.95 -2.70 -3.35 
AMP-binding enzyme domain-containing 
protein 

TGME49_221460 -1.18 #NIA -1.54 phasphoglycerate mutase family protein 

TGME49_311720 -1.01 #NIA -1.30 chaperonin protein BiP TGME49_243390 -2.40 -2.76 -2.56 hypothetical protein 

TGME49_306660 1.31 1.30 1.73 
RNA pseudouridine synthase superfamil) 
protein 

TGME49 _272720 -1.85 -1.84 #NIA 
methyltransferase domain-containing 
protein 

TGME49_254000 1.44 1.26 1.37 hypathet;cal protein TGME49_288010 1.77 3.19 2.59 hypothetical protein 

TGME49 __ 233140 -2.54 -206 -2.48 
deoxyuridine 5'-triphosphate 
nucieotidohydrolase. putative 

TGME49_246040 -1.56 -1.69 -1.87 MIF4G domain-containing protein 

TGME49_280400 -9.41 -12.29 -9.61 hypathet;cal protein TGME49 _240710 -1.49 -1.70 -1.71 RNA recognition motif-containing protein 

TGME49_290160 -1.66 -1.61 -1.68 sortilin, putative TGME49_274000 -206 -2.41 -2.90 hypothetical protein 

TGME49_271470 -4.41 -4.36 -3.99 hypothetical protein TGME49_240800 -1.41 -2.11 -2.22 MORN repeat-containing protein 

TGME49_214960 1.60 1.61 1.13 f>.P2 domain transcription factor AP2X-8 TGME49_264820 1.31 #NIA 1.45 RbAp48 

TGME49_202920 -9.36 -9.54 -9.53 p-aminobenzoic acid synthase TGME49_243350 1.47 #NIA #NIA gamma-glutamyl hydrolase 

TGME49_309590 101 #NIA #NIA rhoptry protein ROP 1 TGME49_276130 1.13 #NIA #NIA cathepsin CPC2 

TGME49_270270 -3.68 -3.76 -4.08 hypothetical protein TGME49_246690 -2.05 -1.83 -1.66 
alpha amylase, cataly1ic domain-
containing protein 

TGME49_271810 -1.62 -1.16 -1.39 lanp, putative TGME49_308940 -7.53 -8.29 -8.39 hypothetical protein 

TGME49_286260 -9.33 -9.40 -8.89 tetratricopeptide repeat-containing protein TGME49 _209140 -1.16 -1.15 -1.18 
anti-siiencing protein, ASF1 family 
prote,n 

TGME49_216770 -4.44 -4.35 -3.45 hypothetical protein TGME49_313300 1.14 1.35 1.28 
YL 1 nuclear protein C-terminal domain-
containing protein 

TGME49_205750 -2.90 -2.41 -2.43 
histane deacetylase complex subunit 
Sin3 

TGME49 _263150 -7.53 -8.28 -8.57 
tetratricopeptide repeat-containing 
protein 

TGME49_201400 -4.43 -4.23 -4.47 Sin3-associated po!ypeptide SAP18 TGME49_227640 -1.39 #NIA #NIA hypothetical protein 

TGME49_273905 -4.39 -3.86 -4.37 hypothetical protein TGME49_231940 -1.43 -1.13 -1.63 ThiF family protein 

TGME49_249360 -2.40 -2.22 -2.24 RED family protein TGME49_300010 -7.54 -8.20 -8.38 hypothetical protein 

TGME49_310450 -2.42 -2.75 -2.34 myasin heavy chain, putative TGME49 _249850 -1.57 -1.52 -1.83 GAP40 protein 

TGME49_248860 2.36 1.77 1.86 hypothetical protein TGME49_266930 1.35 1.45 1.09 
general transcription factor IIH 
polypeptide 3 GTF2H3 

TGME49_222400 1.21 1.64 1.08 hypothetical protein TGME49_253820 1.02 103 #NIA hypothetical protein 

TGME49_313880 -9.36 -8.94 -9.55 nuclear protein-like family protein TGME49 _229720 -2.36 -3.02 #NiA hypothetical protein 

TGME49_247220 1.32 1.11 #NiA 
nudix -type motif 9 isoform a family 
protein 

TGME49 _270330 1.28 1.56 139 
cell-cycle-associated protein kinase, 
putative 

TGME49_246930 -2.21 -2.30 -2.33 calmodulin CAM1 TGME49_312360 -3.00 -2.81 -2.92 hypothetical protein 

TGME49_259710 -2.95 -3.08 -3.61 protein kinase TGME49_311260 -1.07 #NIA #NIA myosm light chain MLC1, putat,ve 

TGME49_313380 -115 -115 -125 hypothetical protein TGME49_277090 2.01 217 209 carrier superfamily protein 



U.S. Patent Aug. 16, 2022 Sheet 72 of 147 US 11,414,385 B2 

FIGURE 4N 

TGME49 _214200 -9.38 -9.55 -9.04 
WD domain, G-beta repeat-containing 
protein 

TGME49_277010 -7.53 -8.00 -8.62 
Fe-S metabolism associated domain-
containing protein 

TGME49_243930 1.38 1.31 #NIA hypothetical protein TGME49 _260840 -300 -3.08 -2.63 hypothetical protein 

TGME49_215420 -9.31 -8.88 -9.16 SNARE protein TGME49 _236580 -1.27 #N/A -1.15 
Prp31-15.5k-U4 Snma Complex famiiy 
protein 

TGME49_311680 -1.89 -1.73 -1.45 FUN14 family protein TGME49_256920 1.51 1.22 #NIA 
phosphatidylinositol-4-phosphate 5-
Kinase 

TGME49 _259200 -4.39 -4.23 -3.90 Na+/H+ exchanger NHE1 TGME49 _241170 -1.12 -1.21 #NIA hypothetical prote:n 

ribosomal RNA (adenine(1779)-
TGME49_268560 -4.42 -3.87 -4.26 hypothetical protein TGME49_248200 1.30 103 #NIA N(6)/adenine( 1780)-N(6) )-

dimethyltransferase, putative 

TGME49_269450 2.62 1.94 2.15 hypothetical protein TGME49 _226420 -1.21 -1.59 -1.98 peptidase fam:ly M3 protein 

TGME49 _266450 1.76 1.31 1.34 lysine decarboxylase family protein TGME49_221870 1.26 1.23 #NIA hypothetical protein 

TGME49_288360 -1.46 -1.31 -3.81 tryptophanyl-tRNA synthetase (TrpRS2) TGME49_202480 -2.96 -3.07 -3.28 hypothetical protein 

TGME49_261480 1.77 1.95 1.76 phosphatidyl serine synthase TGME49_228380 3.13 2.35 2.83 hypothetical protein 

TGME49_210245 -9.40 -9.73 #NIA hypothetical protein TGME49_305190 1.02 #NIA #NIA CorA famiiy Mg2+ transporter protein 

TGME49_288400 -9.31 -9.50 -9.50 LETM1 family protein TGME49_213870 -1.14 -1.13 -1.72 UBA!TS-N domain-conta,ning protein 

TGME49 _226810 -3.20 -3.51 -3.47 histone lysine methyltransferase SET1 TGME49_311750 1.96 #NIA 1.92 mago binding protein 

TGME49_239800 -2.88 -3.25 -3.12 hypothetical protein TGME49 _220160 -2.96 -3.23 -2.94 WD domain-containing protein 

TGME49_270550 -9.37 -905 -9.15 
gamma-glutamyl phosphate reductase, 
putative 

TGME49 _235610 -2.96 -3.11 -3.19 ATPase. AAA family protein 

TGME49_249250 1.28 1.13 1.14 ribosomal protein RPL35A TGME49_280522 -1.16 -1.27 -1.47 hypothetical protein 

TGME49_207880 -9.44 -9.56 -10.92 hypothetical protein TGME49_244860 1.40 1.46 1.42 hypothetical protein 

TGME49_269920 -1.46 -1.18 -1.47 phosphatidylserine decarboxylase TGME49_315640 1.32 1.67 1.35 lipoyl(octanoyl) transferase 

TGME49_278815 -3.62 -3.98 -3.71 hypothetical protein TGME49_294860 -1.54 -1.71 -1.68 hypothetical protein 

TGME49_207690 -4.37 -4.30 -4.73 programmed cell death 5 protein TGME49_215480 -1.81 -1.74 -1.40 
AdenosineiAMP deaminase domain-
containing protein 

TGME49_203720 2.55 3.14 1.89 
vrtamin k epoxide reductase family 
protein 

TGME49 _285880 1.58 1.31 #NiA hypothetical protein 

TGME49_237500 1.34 1.01 #NIA 
protein phosphatase 2C domain-
containing protein 

TGME49_260150 1.60 #N!A 1.15 
tetratricopeptide repeat-containing 
protein 

TGME49_320090 -3.11 -2.61 -2.20 hypothetical protein TGME49_314530 -300 -3.48 -2.77 RPAP1 family, C-termina! protein 

TGME49_286630 -1.68 -1.41 -1.63 redoxin domain~containing protein TGME49_277820 -2.36 -2.43 -2.05 hypothetical protein 

TGME49_257380 1.16 1.09 #NIA hypothetical protein TGME49_310660 -2.96 -3.08 -3.40 
Dullard family phosphatase domain-
containing protein 

TGME49 ... 225050 -178 -1.53 -1.56 adenosylhomacysteinase. putative TGME49 ... 250060 1.45 1.17 #NIA DNA-directed RNA polymerase I RPA12 

TGME49_305980 -2.30 -2.23 -2.14 
pyrJVate dehydrogenase complex subunit 
PDH-E31 

TGME49_306020 -1.44 -1.68 -1.31 hypothetical protein 

TGME49_289600 1.41 #N/A #NIA heat shack protein HSP29 TGME49_319710 -1.38 -1.36 -1.07 k1nesin motor domain-containing protein 

TGME49_223760 -9.25 -9.33 -9.63 hypothetical protein TGME49 _205240 -1.13 -1.20 #NIA 
cleft lip and palate transmembrane 
protein 1 iclptm1) protein 

TGME49_289050 1.24 1.02 #NIA FIKK kinase, putative TGME49_203710 -1.14 -1.16 #NIA 
AP2 domain transcription factor AP2Vlla-
4 

TGME49_213060 1.66 1.34 1.91 
WD domain, G-beta repeat-containing 
protein 

TGME49_285700 -2.99 -2.83 #NIA 
ubiquitin fJsion degradation protein 
UFD1AP 

TGME49_269690 1.26 1.49 #NIA hypothetical protein TGME49_306510 1.91 1.82 3.54 hypo!hetical protein 
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TGME49_228750 -3.59 -3.68 -3.53 
TGME49_228750 CAM kinase, RAD 
family 

TGME49_204100 -1.27 #NIA -1.49 elF2 kinase IF2K-C 

TGME49_315250 -4.35 -3.92 -4.09 GAMM1 protein, putative TGME49_271170 -2.95 -3.53 -3.28 dolichol kinase 

N-acyl-phosphatidylethanolamine-
TGME49_320490 1.85 1.62 2.04 hydrolyzing phospho!ipase D family TGME49_244140 -3.04 -3.04 #NIA hypothetical protein 

protein 

TGME49_312300 -1.87 -1.75 -1.71 Sec7 domain-containing protein TGME49_319930 -1.25 -1.28 #NIA hypothetical protein 

TGME49_260670 -9.26 -906 -955 centrin, putative TGME49_277490 104 126 #NIA hypothetical protein 

TGME49_273815 -9.34 -8.57 -8.62 hypothetical protein TGME49_219750 1.10 #NIA #NIA cytochrome c, putative 

TGME49_299200 1.77 1.45 1.21 Bet3 transport protein, putative TGME49_315190 -1.06 -1.13 #NIA CAM kinase, SNF1 family 

TGME49_236250 2.11 1.47 2.02 
regulator of chromosome condensation 
(RCC1) repeat-containing protein 

TGME49_226060 1.15 1.40 1.29 
transmembrane amino acid transporter 
protein 

TGME49_204310 -1.40 -1.36 -1.56 hypothetical protein TGME49_311390 1.35 2.33 2.33 
tRNA (guanine(9)-N(1))-
methyltransferase 

TGME49_292160 1.77 1.89 1.97 hypothetical protein TGME49_235905 -2.32 -2.10 -200 libonuclease z, putative 

TGME49_234980 1.96 1.83 1.94 hypothetical protein TGME49_319320 -1.38 -1.77 -1.36 hypothetical protein 

TGME49_215390 2.45 2.61 3.43 TIM10 family protein, putative TGME49_270670 1.17 2.08 3.19 hypothetical protein 

TGME49_291940 -4.30 -4.60 -4.65 hypothetical protein TGME49_240430 1.18 1.11 1.39 glyoxalase family protein 

TGME49_)34390 -9.29 -8.59 -845 hypothetical protein TGME49 .. 315920 -2.01 #NIA -1.75 
DNA-directed RNA polymerase II 
RPB11A 

TGME49_289580 -9.23 -9.72 -9.34 strictosidine synthase subfamily protein TGME49_310210 1.03 #NIA 1.01 hypothetical protein 

TGME49_205510 -1.74 -1.43 -1.74 nucleolar protein 5, putative TGME49_203050 1.92 1.88 1.66 
AP2 domain transcription factor AP2Vlla-
6 

TGME49_224540 -9.38 -9.79 -9.10 hypothetical protein TGME49_237195 1.68 #NIA #NIA hypothetical protein 

TGME49_284190 -3.70 -4.12 -3.49 pyruvate ca!boxylase TGME49_320690 -1.64 -1.29 -1.59 
gamma-soluble NSF attachment protein, 
putative 

TGME49_227060 -9.25 -9.07 -9.03 hypothetical protein TGME49 _ 309940 -1.54 -1.30 -1.26 
phospholioase D active site domain-
containing protein 

TGME49_221720 -4.62 -4.67 -4.40 hypothetical protein TGME49_246178 -1.78 -202 -1.91 hypothetical protein 

TGME49_238200 1.96 #NIA #NIA 
alpha/beta hydroiase fold domain-
containing protein 

TGME49_212100 -7.44 -9.12 -7.23 ThiF family protein 

TGME49_304460 -1.70 -1.44 -1.05 
zinc finger C3HC4 type (RING finger) 
domain-containing protein 

TGME49_203480 -2.97 -3.25 -3.09 hypothetical protein 

TGME49_205540 -9.24 -9.08 -8.65 
DEADiDEAH box helicase domain-
containing protein 

TGME49 _295460 107 #NIA #NIA Got1 family prote,n 

TGME49_269650 -1.97 -1.61 -1.46 FFD and TFG box motifs protein TGME49_291350 -2.95 -301 -3 06 hypothetical protein 

TGME49_320588 -9.23 -10.06 -975 glycosyl hydro!ases family 35 protein TGME49_240090 1.51 1.67 #NiA 
rhoptry kinase fami!y protein ROP34, 
putative 

TGME49_320640 -9.26 -9.58 -9.58 
peptidylproiyl isomerase domain-
containing protein 

TGME49_257960 -2.32 -2.82 -303 GDP-D-mannose pyrophosphorylase 

TGME49_265010 -9.20 -8.94 -8.88 
glutamate 5-kinase domain-containing 
protein 

TGME49_315910 1.03 1.65 1.00 hypothetical protem 

TGME49_314540 -9.20 -8.99 -9.02 hypothetical protein TGME49_221518 -1.84 #NIA #NIA hypothetical protein 

TGME49_204420 3.59 3.11 2.28 oocyst wall protein OVVP1 TGME49 _242320 -1.23 -1.15 -1.31 
8-box zinc finger domain-containing 
protein 

TGME49_263630 1.20 1.32 1.13 hypothetical protein TGME49 _295980 -1.65 -1.62 -1.93 hypothetical protein 

TGME49_288945 -2.45 -1.50 -1.45 hypothetical protein TGME49_215940 -1.29 -1.15 -1.37 Acetyl-coenzyme A transporter, putative 
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TGME49_240570 -2.67 -2.74 -2.61 hypothetical protein TGME49_249270 -1.19 #NIA -1.22 
protein disulfide isomerase-re!ated 
protein (provisional), putative 

TGME49 _249590 -1.74 -1.64 -1.85 
proteasome subunit alpha type 5-2, 
putative 

TGME49 _266280 -1.08 #NIA #NiA HEAT repeat-containing protein 

TGME49_216430 -1.75 -1.88 -1.58 TBC domain-containing protein TGME49 _252065 1.65 2.13 1.94 KRUF family protein 

TGME49_282000 1.79 1.99 1.43 hypothetical protein TGME49_271010 1.80 #NIA 3.30 hypothetical protein 

TGME49_242055 -9.20 -9.26 -8.91 
DEADiDEAH box helicase domain-
containing protein 

TGivlE49_226400 -1.41 -1.48 -1.44 iipoic acid synthase LIPA 

TGME49_318210 -9.22 -8.87 -8.65 hypothetical protein TGME49_314890 -2.90 -3.63 -3.65 ThiF family protein 

TGME49_246970 -9.20 -8.84 -8.71 
3'-5' eKOnuclease domain-containing 
protein 

TGME49_222120 -2.90 -3.23 -3.12 hypothetical protein 

TGl\r1E49_280770 -1.52 -1.02 #NiA 
regulator of chromosome condensation 
(RCC 1) repeat-containing protein 

TGME49_294750 -2.90 -2.84 -2.55 hypothetical prote,n 

TGME49_319910 1.82 1.73 1.90 
WD domain, G-be!a repeat-containing 
protein 

TGivlE49_251510 1.45 1.46 1.29 
Ulp1 protease family, C-terminal catalytic 
domain-containing protein 

TGME49_222960 -9.20 -9.40 -9.37 
SCY kinase-related protein (incomplete 
catalytic triad) 

TGME49_313690 -1.22 -1.22 -1.69 Sei1 repeat-containing protein 

TGME49_239740 1.01 #NIA #NIA dense granule protein GRA 14 TGivlE49_267700 -2.92 -3.35 -2.87 hypothetical protein 

TGME49_310930 -3.09 -2.79 -3.22 hypothetical protein TGME49_248340 -1.04 #NIA #N/A GTP-binding nuclear protein ranltc4 

TGME49_278630 -9.17 -9.11 -8.95 tetratricopeptide repeat-containing protein TGME49_227260 -2.31 -2.26 -2.49 RI01 family protein 

TGME49_220950 1.20 1.59 1.57 hypothetical protein TGME49_255300 -1.33 -1.61 -1.56 hypothetical protein 

TGME49_225745 -9.20 -9.66 -9.21 hypothetical protein TGME49_259080 1.89 1.81 #NIA hypothetical protein 

TGME49_207100 -9.17 -9.35 -8.99 hypothetical protein TGME49 _229030 -1.17 -1.13 -1.68 hypothetical protein 

TGME49_271460 2.14 1.54 2.34 protein c14orl29, putative TGME49_233120 -1.37 -1.16 #NIA 
AP2 domain transcription factor AP2VI II-
2 

TGME49_239752 -1.50 -1.15 -1.35 hypothetical protein TGME49 ... 298980 -1.21 #NIA #NIA 
RNA pseudouridine synthase superfamily 
protein 

TGME49_297870 -2.35 -2.13 -2.31 hypothetical protein TGME49_275770 -132 -1.31 -1.15 hypothetical protein 

TGME49_226590 1.50 1.73 1.17 
cytochrome C oxidase subunit Ila. 
putative 

TGME49_267 400 -104 -1.40 -1.28 ribosomal protein RPL32 

TGME49 _236890 1.44 1.05 1.14 hypothetical protein TGME49_286130 1.59 #NIA 1.11 hypothetical protein 

TGME49_241890 -9.17 -8.91 -9.04 hypothetical protein TGME49_316480 1.69 #NIA #NIA 
XRN 5'-3' exonuclease N-terminus 
prote,n 

TGME49_228770 -4.30 -3.81 -4.13 hypothetical protein TGME49_208390 1.29 1.44 1.32 hypothetical protein 

TGME49_222210 -9.17 -8.50 -8.80 SPFH domain ! Band 7 lamiiy protein TGME49_259720 1.14 #NIA #NiA hypothetical protein 

TGME49_271060 -4.26 -4.00 -3.68 Sec1 family protein TGME49 _225420 -2.28 -2.02 -2.04 histidine triad domain-contain,ng protein 

TGME49_253180 2.52 1.98 1.95 hypothetical protein TGME49_281420 -2.28 -2.28 #NIA histone deacetylase HDAC 1 

TGME49_20374() -2.48 -1.93 -2.36 hypothetical protein TGME49 _270530 -2.02 -2.36 -2.87 
ubiquitin fusion degradation protein 
UFD1CY 

TGME49_205280 1.30 1.20 #NIA hypothetical protein TGME49_246630 -1.49 #NiA -1.70 DNA-directed RNA polymerase I RPA43 

TGME49_313400 -2.19 -1.86 -2.09 DnaJ domain-containing protein TGME49_253960 1.52 192 1.17 
oxidoreductase. short chain 
dehydrogenase/reductase family protein 

TGME49_201680 -1.13 #NIA -1.14 
eukaryotic initiation factor-3 subunit 10, 
putative 

TGME49_274150 -2.90 -3.51 -379 hypothetical protein 

TGME49_311070 -3.53 -3.69 -3.50 hypothetical protein TGME49_246010 2.82 #NIA 2.37 hypothetical protein 
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TGME49_205200 1.37 1.28 1.97 hypothetical protein TGME49_297170 1.44 1.43 #NIA 50S ribosomal protein L 17, putative 

TGME49_250670 1.80 1.04 2.24 hypothetical protein TGME49 _290225 -2.90 -3.16 -3.01 hypothetical protein 

TGME49_212270 201 1.79 1.53 hypothetical protein TGME49_279390 -1.25 -1.07 -1.24 
proliferation-associated protein 2G4, 
putative 

TGME49_219860 -138 #NIA -1.53 replication licensing factor, putative TGME49_231040 -2.91 -2.69 -2.71 
3' exoribonuclease family, domain 1 
domain-containing protein 

TGME49_248490 2.15 1.75 #NIA hypothetical protein TGME49_263470 -1.17 #NIA #NIA 
ubiquitin carboxyl-terminai hydrolase 
UCHL3 

TGME49_245730 -9.14 -9.31 -8.95 
phosphatidylinositol-4-phosphate 5-
Kinase 

TGME49 _242625 -1.29 -1.28 #NIA 
ATPase fami!y assodated with various 
ceilular activities (AAA) subfamily pr01ein 

TGME49_203560 -9.21 -9.37 -9.40 hypothetical protein TGME49_267040 -2.28 -2.37 -2.52 hypothetical protein 

TGME49_282150 -9.14 -9.14 -9.37 hypothetical protein TGME49 _254606 1.64 248 2.32 hypothetical protein 

TGME49_239020 -9.22 -10.28 -8.90 
ABC transporter transmembrane region 
domain-containing protein 

TGME49_270975 -1.68 #NIA -1.36 hypothetical protein 

TGME49_306440 -9.14 -9.17 -9.84 hypothetical protein TGME49_284598 -7.35 -9.64 #NIA 
haloacid dehalogenase famHy hydroiase 
domain-containing protein 

TGME49_305860 -1.98 -2.23 -2.36 
caldum-dependent protein kinase 
CDPK3 

TGME49_269705 1.40 218 2.25 hypolhe1ical protein 

TGME49_216070 -9.14 -9.09 -9.10 hypothetical protein TGME49_299030 1.22 106 1.19 RNA recognition motif 2 protein 

TGME49_209730 -9.14 -9.22 -9.53 hypothetical protein TGME49_206415 -1.19 -1.34 -1.42 myosin K 

TGME49_259090 1.54 1.29 #NIA 
ubiquitin-conjugating enzyme subfamily 
protein 

TGME49_237840 -1.61 -1.42 #NIA hypothetical protein 

TGME49_209280 -4.24 -4.39 -408 hypothetical protein TGME49_307260 181 282 #NIA Toxopiasma gondii family C protein 

TGME49_248530 -9.14 -9.02 -9.31 FATC domain-containing protein TGME49_226040 -1.13 -1.12 #NIA EF hand domain-containing protein 

TGME49_258470 1.18 1.46 #NiA hypothetical protein TGME49_286190 -1.20 #NIA #NIA hypothetical prote;n 

TGME49_249650 -9.14 -9.09 -9.59 
apolipoprotein A-I binding protein, 
putative 

TGME49_222870 -1.34 -1.16 -1.41 hypothetical proiein 

TGME49_278975 -2.28 -2.23 -2.23 
ICE family protease (caspase) p20 
domain-containing protein 

TGME49 _277540 -7.34 -8.33 -8.37 hypothetical protein 

TGME49 _204360 2.57 #N/A #NIA subtilisin SUB4 TGME49_254510 1.59 1.19 #NIA ankyrin repeat-contaming protein 

TGME49_202572 -9.14 -893 -8.95 ribophorin i protein TGME49_245770 2.70 #NIA #NIA hypothetical protein 

TGME49_210230 -9.18 -9.59 -9.02 hypothetical protein TGME49_305820 -1.48 -1.53 #NIA SGS domain-containing protein 

TGME49 262040 -2.58 -2.27 -2.75 SAC3/GANP family protein TGME49 305620 -1.52 -1.42 -1.31 hypothetical protein 

TGME49_223855 2.71 2.76 2.84 RNA recognition motif-containing protein TGME49 _278890 -1.97 -1.95 -1.74 hypothetical protein 

TGME49_240520 -9.14 -9.00 -8.80 hypothetical protein TGME49_246050 -7.42 -7.93 -8.34 hypolhetical protein 

TGME49_221350 -4.21 -3.63 -3.51 Ctr copper transporter family protein TGME49_260270 -1.44 -1.44 -1.34 HEAT repeat-containing protein 

TGME49_278700 -3.46 -3.04 -2.60 hypothetical protein TGME49_213020 1.58 1.30 1.68 hypolhetical protein 

TGME49_280390 -2.58 -2.94 -2.68 HEAT repeat-containing protein TGME49 _220530 1.68 1.37 1.44 AP2 domain transcription factor AP2V-1 

TGME49_294270 -9.11 -9.02 -8.83 
histone arginine methyltransferase 
PRMT4/CARM1 

TGME49_209190 -1.16 #NIA -1.05 
ABC transporter transmembrane region 
domain-containing protein 

TGME49_249470 -9.11 -8.94 -9.34 
rhoptry kinase family protein, truncated 
(incomplete catalytic triad) 

TGME49 _277850 -1.88 #NiA -1.63 trypsin domain-containing protein 

TGME49_225800 -3.47 -3.24 -3.04 iron-suliur assembly A TPase TGME49_294350 -1.06 #NIA #NIA 
DEADIDEAH box he!icase domain-
containing protein 

TGME49_282220 1.49 1.53 1.93 
AP2 domain transcription factor AP2\/lla-
9 

TGME49_202520 1.16 123 122 hypothetical protein 



U.S. Patent Aug. 16, 2022 Sheet 76 of 147 US 11,414,385 B2 

FIGURE 4R 

TGME49_264600 -2.40 -2.43 -2.67 hypothetical protein TGME49 _277710 -1.12 -1.08 -1.23 hypothetical protein 

TGME49_2974QO 1.36 1.14 #NIA hypothetical protein TGME49 _206700 -2.89 -2.96 -2.69 hypothetical protein 

TGME49_224960 1.35 1.34 1.40 hypothetical protein TGME49_238070 -2.84 -2.73 -3.39 glutaredoxin domain-containing protein 

TGME49_251410 -2.32 -111 -1.96 tetrau·1copeplide repeat-containing protein TGME49_242830 -1.39 -1.55 -177 
XRN 5'-3' exonuclease N-1erm,nus 
protein 

TGME49_254870 1.36 1.24 1.70 hypothetical protein TGME49_217780 1.28 #NIA #NIA Sec20 protein 

TGME49_200320 -2.28 -2.54 -3.25 
hypoxanth1ne-xanthine-guanine 
phosphoribosyi transferase HXGPRT 

TGME49_306195 2.13 2.36 2.44 hypothetical protein 

TGME49_294550 -1.62 -1.96 -2.09 dynein heavy chain TGME49_221410 -1.07 #NIA -1.11 actin-like protein ALP4 

TGME49_318880 2.77 2.22 2.26 hypothetical protein TGME49_310330 -1.95 -2.05 -1.81 hypothetical protein 

TGME49_305240 -304 -3.22 -3.24 XPA binding protein 2 family protein TGME49_244630 1.49 148 1.36 hypothetical protein 

TGME49_223800 -4.23 -4.26 -3.73 hypothet,cal protein TGME49_215450 2.17 199 1.91 aquaponn 1 

TGME49_286790 -4.19 -4.13 -4.49 nuclear factor NF2 TGME49_261430 -1.58 -2.17 -1.36 hypothe1ical protein 

TGME49_316200 1.65 1.42 1.12 phosphogiycerate mutase family protein TGME49_232090 -1.71 -1.63 -206 
3-hydroxyacyl-CoA dehydrogenase, NAD 
binding domain-containing protein 

TGME49_266730 -9.08 -9.20 -8.85 leucyl-tRNA synthetase (LeuRS2) TGME49 _204080 -1.18 -1.55 -1.68 
histidine acid phosphatase superfamiiy 
prote,n 

TGME49_257700 2.48 3.12 3.22 hypothetical protein TGME49_299060 -1.06 -1.08 -102 sodium/hydrogen exchanger NHE2 

TGME49_234460 1.47 2.22 #NIA hypothetical protein TGME49_312210 -2,23 -2.28 -2.95 hypothetical protein 

TGME49_236670 1.93 2.50 3.04 hypothetical protein TGME49_228070 1.21 #NIA 100 hypothetical protein 

TGME49 _270140 -9.11 -8.77 -8.70 splicing factor DIM 1. putative TGME49 _229160 -2.87 -3.02 -2.82 
DHHC zinc finger domain-containing 
pro1e,n 

TGME49_268760 -1.32 #NIA -1.21 hypothetical protein TGME49_318690 1.15 202 2.72 RNA recognition motif-containing protein 

TGME49_306960 -2.52 -2.15 -2.56 
phenyialanine--tRNA l1gase, beta subunit 
protein 

TGME49_301010 -1.14 -1.13 #NIA 
serine/threonine protein phosphatase, 
putative 

TGME49_272770 -4.19 -3.81 -3.67 hypothetical protein TGME49 _263710 -1.18 -1.06 #NIA 
acyl-CoA:cholesterol acyltransferase 
alpha ACAT1-a!pha 

TGME49_314920 2.44 2.19 2.18 hypothetical protein TGME49_212735 -2.27 -2.65 -1.98 hypothetical protein 

TGME49_251500 -1.41 -1.11 -1.61 
eukaryotic initiation factor-3, subunit 3, 
putative 

TGME49_221850 1.41 #NIA #NIA prohlbitin family protein. putative 

TGME49_244500 -1.77 -2.01 -1.75 T ubulin-tyrosine ligase family protein TGME49_307860 1.05 118 115 hypothetical protein 

TGME49_295658 -3.40 -3.61 -3.34 zinc finger in N-recogn,n protein TGME49_227900 149 #NIA 1.54 AP2 domain transcription factor AP2X-1 

TGME49_294990 -9.08 -9.90 -9.75 hypothetical protein TGME49_285930 -1.79 -1.89 -1.73 hypothetical protein 

TGME49_249460 -9.08 -8.57 -8.46 
WD domain, G-beta repeat-conta1n,ng 
protein 

TGME49_268730 1.15 1.39 1.12 gtutaredoxin-related protein 

TGME49_314700 1.38 #NIA 1.31 hypothetical protein TGME49 _229790 -1.71 -1.61 -1.96 hypothetical protein 

TGME49_236860 -4.25 -4,69 -3.69 
ha!oacid dehaiogenase family hydrolase 
domain-con1aining pro1ein 

TGME49_244010 -1.91 -2.04 -1.83 hypothetical protein 

TGME49_291020 -2.13 -1.63 -206 
myosin head ( motor domain) domain-
containing protein 

TGME49_272000 -1.91 -2.08 -1.96 hypothetical protein 

TGME49_289700 -3.00 -2.49 -2.82 hypothetical protein TGME49 _201770 1.67 #NIA 1.42 cuilin 3, pu1a1ive 

TGME49_200350 2.37 3.12 3.55 subtilisin SUB3 TGME49_228780 1.20 1.11 1.08 Toxopiasma gondii family C protein 

TGME49 __ 257350 1.19 1.35 1.50 
eukaryotic translation initiation factor, 
putative 

TGME49_309400 -1.94 -2.52 -2.53 
RecF/RecNISMC N terminal domain-
containing protein 

TGME49_301380 -4.21 -4.18 -3.92 
elongation factor Tu GTP binding domain-
containing protein 

TGME49_320210 -1.21 #N/A #NIA WD domain, G-be1a repeat domain 
containing protein 

TGME49_310140 -9.05 -8.97 -9.32 hypothetical protein TGME49_292110 1.19 #NIA #NIA formate/nitrite transporter protein 
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TGME49_213325 -908 -9.41 -9.45 TBC domain-containing protein TGME49_234900 -1.02 -1.30 -1.13 PHD-finger domain-containing protein 

TGME49_221270 -1.90 -1.11 -1.47 
oxidoreductase, 2OG-Fe(II) oxygenase 
family protein 

TGME49_313660 1.36 1.32 3.66 hypothetical protein 

TGME49 _227030 -2.15 -1.78 -2.14 hypothetical protein TGME49_299190 115 #NiA 1.52 
B-box zinc finger domain-containing 
protein 

TGME49_215040 -2.38 -2.23 -2.05 HEAT repeat-containing protein TGME49_258080 -1.59 -1.64 -175 hypothetical protein 

TGME49_299970 -1.47 -1.03 #N/A tetratncopeptide repeat-containing protein TGME49_258100 -2.85 -2.95 -2.78 TPR repeat region protein 

TGME49_27 4010 -4.16 -4.10 -4.26 hypothetical protein TGME49_315420 1.07 1.37 1.08 hypothetical protein 

TGME49_305470 -9.05 -9.47 -8.93 hypothetical protein TGME49 _213690 -1.55 -1.28 -1.36 ring box protein 1 family protein 

TGME49_231910 -1.73 -1.42 -1.74 ATP synthase F1 gamma subunit TGME49_204350 -1.55 -1.93 -1.51 hypothetical protein 

TGME49_313830 -2.96 -2.78 -2.96 
AARP2CN (NUC121) domain-containing 
protein 

TGiv1E49_272290 -1.21 -1.07 -101 
pyruvate dehydrogenase complex 
subunit PD-HE1Beta 

TGME49_228730 -9.05 -8.79 -845 hypothetical protein TGME49_245475 1.21 1.46 1.32 hypothetical prote,n 

TGME49_257050 -9 02 -8.85 -9.48 
3-methyl-2-oxobutanoate 
hydroxymethy!transferase 

TGME49_268680 -107 #NIA #NIA hypothetical protein 

TGME49_220430 -9.02 -9.22 -8.87 hypothetical protein TGME49_219530 -2.84 -2.83 -3.40 hypothetical protein 

TGME49_240880 2.26 #NIA 3.30 hypothetical protein TGME49_240910 -1.36 -1.50 -1.84 hypothetical protein 

TGME49_291680 -1.53 -1.47 -2.05 
Sec23/Sec24 trunk domain-containing 
protein 

TGME49 _232380 -1.49 #NIA #NIA 
WD domain. G-beta repeat-containing 
protein 

TGME49_235398 -9.02 -9.26 -9.07 hypothetical protein TGME49_226390 2.45 208 2.47 hypothetical protein 

TGME49_271270 -1.73 -1.54 -1.79 hypothetical protein TGME49_225190 2.72 2.20 2.25 hypothetical protein 

TGME49_248450 -2.96 -270 -2.80 
zinc finger, C3HC4 type (RING finger) 
domain-containing protein 

TGME49_298010 -1.23 -1.28 -1.13 hypothetical protein 

TGME49_225480 -4.14 -4.30 -3.93 hypothetical protein TGiv1E49_230230 1.31 1.08 #NIA hypothetical protein 

TGME49_287270 -2.97 -2.62 -2.49 hypothetical protein TGiv1E49_202030 -1.05 -1.49 -1.60 hypothetical protein 

TGME49_215570 -3.39 -3.51 -3.01 AP2 domain transcription factor AP2X-11 TGME49 _259700 -1.20 #NIA -1.57 hypothetical protein 

TGME49_279340 1.67 1.85 #NIA hypothetical protein TGiv1E49_217000 -1.43 -1.21 -1.36 hypothetical protein 

TGME49_257490 -3.40 -3.88 -3.98 prefoldin subunit superfami!y protein TGME49_243590 -1.72 #NIA -1.45 
endonucleaseiexonucleaseiphosphatase 
family protein 

TGME49_260390 -9.02 -8.88 -8.85 hypothetical protein TGME49 _223040 1.07 1.49 1.13 hypothetical protein 

phosphogluconate dehydrogenase 
TGME49_272410 1.37 1.54 1.63 (decarboxylating), NAD binding domain- TGME49 _208040 -1.68 -1.85 -2.08 aldo-keto reductase 

containing protein 

TGME49_210760 -9.02 -8.72 -8.72 
glutamine amidotransferase-related, 
putative 

TGME49_297840 -1.11 -2.00 #NIA DNA primase, large subunit 

TGME49_264080 -1.51 -1.65 -1.60 acyl carrier protein ACP TGME49 _255340 -1.12 -1.09 -1.08 
tetratricopeptide repeat-containing 
prote,n 

TGME49_269970 1.29 1.73 1.32 hypothetical protein TGME49_314550 -2.19 #NIA -2.38 hypothetical protein 

TGME49_264130 1.96 1.66 1.50 hypothetical protein TGME49 _263840 -1.68 #NIA -206 hypothetical protein 

TGME49_313780 -1.63 -1.52 -1.69 hypothetical protein TGME49_316180 -1.68 #NIA -2.10 hypothetical protein 

TGME49_21475D 1.30 1.14 #NiA hypothetical protein TGME49_313280 1.19 #NiA #NiA 
WD domain. G-beta repeat-containing 
prote,n 

TGME49_253090 1.71 2.14 2.21 
DEADIDEAH box helicase domain-
containing protein 

TGiv1E49_242845 -2.79 -3.08 -3.56 hypothetical protein 

TGME49_306460 -9.02 -8.92 -9.19 bromodomain-containing protein TGME49 _200440 1.38 #NIA 1.32 hypothetical protein 

TGME49_313020 -3.36 -3.63 -4.21 ST AS domain-containing protein TGME49_249702 -1.82 #N/A -2.29 MC family transporter, putative 
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TGME49_218740 3.24 173 1.68 membrane protein, putative TGME49_221450 1.22 #NIA #NIA SPRY domain-containing protein 

TGME49_291050 -1.84 -1.74 -1.43 histone kinase SNF1, putative TGME49_251480 1.55 1.95 1.76 
DEADIDEAH box heiicase domain-
containing protein 

TGME49_219270 -101 #NIA -121 mu!ti-pass transmembrane protein TGME49 _263360 -1.68 -1.96 -1.63 
WO domain, G beta repeat containing 
protein 

TGME49_310530 -4.14 -4.38 -426 
SNF2 fami!y N-termma! domain-
containing protein 

TGME49_238870 1.12 #NIA #NIA hypothetical protein 

TGME49 _227948 -1.31 -1.07 -1.37 
peptidase M16 inactive domain-
containing protein 

TGME49_214470 -1.87 -2.20 -2.19 
Ulp1 protease fam;ly, C-terminal catalytic 
domain-containing protein 

TGME49_306520 1.91 1.87 1.58 tRNA pseudouridine synthase B, putative TGME49_310770 -1.24 -1.15 -1.46 hypothetical prote,n 

TGME49_282040 -4 17 -4.28 -3.95 hypothetical protein TGME49_264890 -2.19 -235 -2.25 hypothetical protein 

TGME49 225770 -8.99 -9.28 -8.97 Tyrosine kinase-like (TKL) protein TGME49_224890 1.01 #NIA #NIA hypothetical protein 

TGME49_205460 -8.99 -8.74 -8.77 ~~~;~mily Zinc finger domain-containing TGME49_255195 1.40 1.92 1.10 hypothetical protein 

TGME49_214580 -4.14 -4.05 #N/A tetratricopeptide repeat-containing protein TGME49_218200 -2.18 -2.17 -2.66 UDP-sugar pyrophosphary!ase 

TGME49_268890 -1.88 -1.69 -1.90 citrate synthase I TGME49_288990 -2.23 -2.21 -2.26 hypothetical protein 

TGME49_253600 2.37 1.71 1.18 hypothetical protein TGME49_205730 -2.18 -2.76 -2.44 hypothetical protein 

TGME49_289750 -1.06 -1.04 -1.30 ribosomal-ubiquitin protein RPL40 TGME49 _214500 1.19 1.12 1.38 ankyrin repeat-containing protein 

TGME49_306310 -2.51 -2.68 -2.25 
RecF/RecN/SMC N termina! domain-
containing protein 

TGME49 _243240 1.56 1.37 1.26 
WD domain, G-beta repeat-containing 
prote!n 

TGME49 _290970 -158 #NIA 2.51 8-amino-7-oxononanoate synthase TGME49 _259230 -2.18 -2.42 -2.45 
site-specific recomblnase, phage 
integrase fami!y protein 

TGME49_320450 -3.41 -3.24 -3.22 
ribosome biogenesis regulatory protein 
(rrs1) protein 

TGME49_267480 1.00 #NIA 1.07 
tRNA (guanine(26)-N(2))-
dimethyttransferase, putative 

TGME49_243210 1.30 103 #NIA DUF862 domain-containing protein TGME49_320610 -2.21 -2.18 -1.92 hypothetical prote,n 

TGME49_243250 -1.48 -1.35 -1.70 myosin H TGME49_235450 1.19 #NIA 1.02 
ubiquitin-conjugating enzyme subfamily 
prote,n 

TGME49 _264220 -8.99 -8.61 -8.96 hypothetical protein TGME49_255440 1.22 1.26 1.29 hypothetical protein 

TGME49_234490 -2.94 -2.81 -2.36 kelch repeat-containing protein TGME49_207950 -1.54 -1.42 -1.58 hypothetical protein 

TGME49_213400 -270 -2.62 -2.32 
zinc finger {CCCH type) motif-containing 
protein 

TGME49 _219832 -1.70 #N/A #N/A 
cyclin-dependent kinase regulatory 
subunit protein 

TGME49_273370 -3.09 -2.91 -2.82 
coatomer gamma 2-subunit protein, 
putative 

TGME49_295590 1.30 1.36 1.89 hypothetical protein 

TGME49_205000 -8.99 -8.94 -8.94 phosphoglycerate mutase famiiy protein TGME49_308930 -1.40 -1.24 -1.52 50S ribosomal protein L33, putative 

TGME49_215430 1.95 1.89 1.72 hypothetical protein TGME49_226620 -1.66 -1.65 #N/A hypothetical protein 

TGME49_306600 -8.99 -9.05 -9.22 RNA recognition motif-containing protein TGME49_202020 1.11 2.49 4.47 DnAK-TPR 

TGME49_216380 -2.76 -2.49 -2.22 
phospholipid-translocating P-type 
ATPase, flippase subfamily protein 

TGME49 _286510 -1.72 -1.62 #NIA hypothetical protein 

TGME49_213600 -8.99 -8.29 -8.28 hypothetical protein TGME49_319740 -1.53 #NiA #NiA 
transporter, major facilitator family 
protein 

TGME49 _203350 -9.03 -901 -9.18 hypothetical protein TGME49_304720 -1.57 -1.79 -1.72 hypothetical protein 

TGME49_312622 -2.19 -2.27 -2.72 DUF803 domain-containing protein TGME49_209090 -1.19 -1.13 -1.90 
proteasome maturation factor ump1 
protein 

TGME49_261750 -2.50 -2.87 -2.65 rhoptry neck protein RON10 TGME49_203280 -2.18 -1.98 -2.28 hypothetical protein 

TGME49_307820 1.88 1.95 1.77 hypothetical protein TGME49_313570 -1.16 -1.31 -1.33 
regu!ator of chromosome condensation 
(RCC1) repeat-containing protein 



U.S. Patent Aug. 16, 2022 Sheet 79 of 147 US 11,414,385 B2 

FIGURE 4U 

TGME49_215460 -1.44 -1.16 -1.56 ribosomal protein RPS24 TGME49_301120 -1.24 #NIA -1.62 acety!-CoA acetyltransferase 

TGME49_221500 -8.98 -8.62 -8.71 
dual specificity phosphatase, catalytic 
domain-containing protein 

TGME49_311160 -1.15 -1.32 -1.53 PWI domain-containing protein 

TGME49_319900 -2.01 -2.15 -1.86 hypothetical protein TGME49 _238040 -1.13 -1.07 -1.90 
protein disulfide-isomerase domain-
containing protein 

TGME49_206600 -8.95 -8.94 -8.37 sigma-70, region 3 protein TGME49_262450 -1.10 -106 -115 hypothetical protein 

TGME49_213635 4.91 2.19 -1.02 hypothetical protein TGiv1E49_290630 1.03 #NIA 1.17 AP2 domain transcription factor AP21X-7 

TGME49_294400 -2.02 -2.37 -2.42 hypothetical protein TGME49_221630 -2.14 -3.28 -3.23 hypothetical protein 

TGME49_262060 -3.32 -2.90 -3.03 hypothetical protein TGME49_215360 1.25 1.97 1.59 hypothetical protein 

TGME49_306895 1.23 #N/A 109 hypothetical protein TGME49_273540 -1.52 #NIA #NIA phosphatidylsenne synthase, putative 

TGME49_245670 -1.30 -1.06 #NIA 
pyruvate dehydrogenase complex subuntt 
PDH-E1Alpha 

TGME49_207720 -130 -1.26 -1.20 hypothetical protein 

TGME49_214370 -8.95 -8.68 -8.91 hypothetical protein TGME49 _207960 -1.51 #NIA -1.98 hypothetical prote,n 

TGME49_316350 -8.98 -8.75 -8.71 hypothetical protein TGME49_288370 1.17 #NIA 1.28 hypothetical protein 

TGME49_297790 -2.45 -1.46 -2.08 hypothetical protein TGME49 _219710 1.08 #NIA #N/A hypothetical protein 

TGME49_213620 2.19 1.68 3.04 ABC 1 lamily protein TGME49_200375 -2.17 #NIA -241 hypothetical protein 

TGME49_277685 -9.05 -8.69 -7.38 hypothetical protein TGME49_292610 -7.12 -7.13 -8.91 Toxoplasma gondii family C protein 

TGME49_217740 -2.10 -1.89 -1.92 
3-ketoacyi-( acyi-carrier-protein) 
reductase 

TGME49_224980 -1.09 #NIA -1.23 hypothetical protein 

TGME49_288290 2.38 1.85 #N/A hypothetical protein TGME49 _249690 -2.78 -2.89 -3.64 hypothetical protein 

TGME49_280800 -1.79 -1.86 -1.91 SWl2/SNF2 SRCAP/lno80 TGME49_273970 -2.72 -3.20 -3.09 CorA fami!y Mg2+ transporter protein 

TGME49_306620 2.54 2.00 3.84 AP2 domain transcription factor AP21X-9 TGME49_265470 1.29 #NIA #NIA hypothetical protein 

TGME49_278850 -1.35 -1.38 -1.26 
DHHC zinc finger domain-containing 
protein 

TGME49_240730 -2.72 -2.99 -3.44 hypothetical protein 

TGME49_292235 -8.95 -9 04 -8.85 hypothetical protein TGME49_293220 1.96 #NIA 1.85 
DHHC zinc finger domain-containing 
protein 

TGME49_271780 -2.90 -3.11 -2.75 F1!am1nlABP280 repeat-containing protein TGME49_305260 -2.72 -2.57 -2.89 hypothetica! prote,n 

TGME49_309110 1.53 1.29 1.83 tRNA methyl transferase TGME49_202800 -7.14 -8.37 -8.15 
cytochrome c oxidase assembly protein 
COX11, putative 

TGME49 219485 1.57 1.26 2.11 hypothetical protein TGME49 _266680 -1.66 #NiA #NIA hypothetical protein 

TGME49_299000 1.46 1.03 #NIA hypothetical protein TGME49_245530 2.61 209 #NIA hypothetical orotein 

TGME49_267330 -2.42 -203 -2.30 fumarate hydratase TGME49_278080 1.37 2.04 7.20 Toxoplasma gondii family A protein 

TGME49_284660 -8.95 -8.32 -8.53 
mitochondria! ribosomal protein s6-2. 
putative 

TGME49_208430 1.29 1.13 #NIA serine proteinase inhibitor Pl-2, putative 

TGME49_205340 1.16 1.26 #NIA ribosomal protein RPS12 TGME49_307575 -2.73 -3.79 -2.70 hypothetical protein 

TGME49_266470 -8.92 -8.81 -9.09 hypothetical protein TGME49 _ 320670 -1.11 -1.24 -1.24 vacuo!ar protein sorting 16, putative 

TGME49_227450 1.21 1.05 1.27 hydrolase, NUDIX family protein TGME49_270350 -1.10 #NIA -1.13 hypothetical protem 

TGME49_286650 -8.92 -9.00 -901 hypothetical protein TGME49_255670 -2.72 -2.82 -3.09 
methyltransferase domain-containing 
protein 

TGME49_290720 -1.63 -1.86 -1.87 
vacuolar proton translocaling A TPase 
subunit putative 

TGME49 _266380 -7.12 -7.15 -9.53 hypothetical protein 

TGME49_278950 209 1.84 1.74 LSM domain-containing protein TGME49_213000 2.03 2.22 #N1A replication factor C, subunit 5. putative 

TGME49_239340 -8.92 -8.79 -9.25 hypothetical protein TGME49_240080 1.26 #NIA #NIA hypothetical protein 

TGME49_262930 -8.92 -9.04 -9.47 hypothetical protein TGME49 _244100 -1.12 #NiA -1.43 
snoRNA binding domain-containing 
prote,n 
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TGME49_239780 -3.35 -3.53 -3.58 hypothetical protein TGME49_272570 1.42 1.57 2.02 dihydroLJrid,ne synthase (dus) protein 

TGME49_309950 -8.92 -8.54 -8.45 NLE (NUC135) domain-containing protein TGME49_247590 -1.83 -175 -1.86 
methyltransferase domain-contairnng 
protein 

TGME49_285180 -1.64 -1.87 #NIA hypothetical protein TGME49_293050 -2.14 -2.81 -2.64 sybindin fam;ly protein 

TGME49_255250 -8.92 -8.70 -8.73 
tRNA (cytosine(34)-C(5))-
methyltransferase. putatve 

TGME49_214130 -1.12 #NIA #NIA hypothetical protein 

TGME49_250100 2.61 2.16 3.11 hypothetical protein TGME49_248750 2.15 #NIA #NIA hypothetical protein 

TGME49_231120 1.56 1.93 1.68 ribosomal protein S 11, putative TGME49_316750 -2.72 -2.93 -2.99 
DEADIDEAH box heiicase domain-
containing protein 

TGME49_235630 1.16 1.36 1.72 hypothetical protein TGME49_276100 -1.66 #N/A -1.58 hypothetical protein 

TGME49_235740 -4.04 -3.29 -3.95 hypothetical protein TGME49 _227820 -122 -1.10 -1.19 hypothetical protein 

TGME49_222192 -8.92 -8.69 -8.27 hypothetical protein TGME49_295430 -1.65 #NIA #NIA hypothetical protein 

TGME49_256880 -8.92 -8.93 -8.89 protein kinase domain-containing protein TGME49 _232060 -1.54 #NIA #NIA hypothetical protein 

TGME49_257720 2.71 #NiA #NiA proton ATPase, putative TGME49_266860 1.15 #N/A #NIA BTB/POZ domain-containing protein 

TGME49_245580 2.05 1.12 1.03 hypothetical protein TGME49_258625 -7.11 -7.88 -8.44 
peptidyl-proiyl c,s-trans isomerase, FKBP 
type domain-containing protein 

TGME49 _233500 1.39 1.19 1.23 triose-phosphate isomerase TPl-11 TGME49_276910 -1.07 -1.45 -1.02 
endoplasmic reticulum lumen protein 
retaining receptor (ERD2 ) family protein 

TGME49_214820 1.55 1.64 1.43 G-patch domain-containing protein TGME49_223900 130 209 1.89 hypothetical protein 

TGME49_288340 -8.89 -8.91 -9.30 UBX domain-containing protein TGME49 _244040 -1.40 #N/A #N/A HEAT repeat-containing protein 

TGME49_254230 2.06 1.91 1.89 hypothetical protein TGME49_216220 -106 -1.21 #NIA AP2 domain transcription factor AP2Xl-5 

TGME49_2859i0 -8.88 -9.02 -8.90 30S ribosomal protein S5, putative TGME49_248660 -1.64 #NIA #NIA hypothetical protein 

TGME49_222020 -2.64 -2.53 -2.29 phosphoglycerate kinase PGKII TGME49_292960 135 #NIA #NIA hypothetical protein 

TGME49_267340 2.10 1.75 2.16 hypothetical protein TGME49 _211480 -1.61 #NIA -1.47 GTP-bmding protein engA, putative 

TGME49_293440 -1.65 -1.84 -1.64 hypothet,cal protein TGME49_207065 -1.61 -1.48 -1.77 hypothetical protein 

TGME49_266890 -1.81 -1.47 -1.43 hypothet;cal protein T GME49 _ 321600 -1.04 -1.13 #NIA hypothetical protein 

TGME49_263540 2.06 2.32 2.39 hypothet;cal protein TGME49 _203362 -2.71 -302 -3.06 hypothetical protein 

TGME49_217688 -8.88 -8.98 -9.21 hypothetical protein TGME49_293700 -1.29 -137 -1.14 
WD domain. G-beta repeat-containing 
protein 

TGME49_293860 -8.88 -8.93 -9.03 hypothetical protein TGME49_218580 -1.61 -1.63 #NIA 
RNA methyltransferase, TrmH fami!y 
prote;n 

TGME49_229380 -8.88 -8.60 -8.73 hypothetical protein TGME49_202190 1.08 1.29 1.15 hypothetical protein 

TGME49 .. 265220 -4.07 -4.04 -3.83 co-chaperone GrpE protein TGME49 __ 213388 1.10 #N/A 1.25 hypothetical protein 

TGME49_209860 -8.89 -8.20 -8.38 
SRP40, C-termina! domain-containing 
protein 

TGME49_263510 -1.16 -1.51 #N/A Spc97 I Spc98 family protein 

TGME49_204280 1.22 1.27 1.28 
cell-cycle-associated protein kinase 
DYRK, putat;ve 

TGME49_314720 1.09 #N!A #N/A 
Sedlin, N-terminal region protein, 
putative 

TGME49_216335 2.20 1.13 3.61 hypothetical protein TGME49_219540 -1.52 #NIA #NIA cytosolic tRNA-Ala synthetase 

TGME49_316680 1.23 1.10 #N/A 
RNA pseudouridine synthase superfamiiy 
protein 

TGME49_269700 1.37 1.67 1.75 NLI interacting factor fami!y phosphatase 

TGME49_251680 -1.35 -1.19 -1.49 histamine-releasing factor, putative TGME49_322000 -1.27 #NIA -2.58 myosin-light-chain kinase 

TGME49_306930 -1.41 #NIA -1.60 
proteasome subunit beta type 7 
precursor. putative 

TGME49 _216055 -1.16 #NIA #NIA hypothetical protein 

TGME49_266400 -8.92 -9.03 -8.79 hypothetical protein TGME49_257980 2.55 2.23 2.38 ribosome recycling factor prote,n 
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TGME49 _246460 -4 03 -4.13 -3.97 hypothetical protein TGME49_224090 -1.61 -1.72 -1.96 
enoyl-CoA nydrataselisomerase family 
protein 

TGME49_290900 -8.89 -9.25 -9.44 hydrolase, NUDIX family protein TGME49_305030 -1.46 -151 -2.10 kinase. pfkB famiiy protein 

TGME49_221180 1.10 1.04 #NIA hypothetical protein TGME49_307605 -100 -1.52 #NIA hypotheticai protein 

TGME49_270620 2.33 2.77 2.90 
DEADiDEAH box helicase domain-
containing protein 

TGME49_315710 1.43 #NiA #NiA hypothetical protein 

TGME49_320740 -1.78 -2.10 -1,72 hypothetical protein TGME49_239310 -2.12 -2.79 -212 ribulose 5-phosphate isomerase 

TGME49_202580 1.81 2.05 #N/A A TPase, AAA family protein TGME49_215250 -1.79 -1.77 -1.72 
thiamin pyrophosphokinase, catalytic 
domain-contahing protein 

TGME49_260620 1.67 1.87 1.54 hypothetical protein TGME49_237160 -1.32 -125 #NIA hypothetical protein 

TGME49_226600 -2.24 -1,86 -1,80 syntaxin 5, putative TGME49_218810 -1.29 #NIA #NIA histidyl-tRNA synthetase 

TGME49_304700 -3.99 -4.04 -3.83 hypothetical protein TGME49 _216960 1.10 104 #NIA 
elongation factor Tu GTP binding domain 
containing protein 

TGME49_310860 -2.59 -2.48 -2.48 U5 snRNP-specific protein TGME49 _238080 1.27 #NiA 1.21 hypothetical protein 

TGME49_221590 101 158 #N/A 
dual specificity phosphatase, catalytic 
domain-containing protein 

TGME49_293600 1.05 #NIA #NIA ribosomal protein RPL27 

TGME49_217730 2.08 1.06 LOO hypothetical protein TGME49_289615 1.86 #NiA #NiA hypothetical protein 

TGME49_268170 -8.95 -841 -8.46 hypothetical protein TGME49_267650 -1.48 -1.36 #N/A hypothetical protein 

TGME49_213900 1.20 #NiA 1.12 
regulator of chromosome condensation 
RCC1 

TGME49_297270 -2.08 -2.35 -2.48 hypothetical protein 

TGME49_230580 -8,85 -8.56 -8.23 hypothetical protein TGME49_239087 -1.78 #NIA #NIA hypothetical protein 

TGME49_304710 -130 #NiA -1.16 
eukaryotic peptide chain release factor, 
putative 

TGME49_246730 103 138 #N/A hypothetical protein 

TGME49_253000 1.29 121 1.17 ELMOICED-12 lamily protein TGME49_243600 -1,04 -1.26 -108 acetyitransferase. GNAT famiiy proten 

TGME49_223450 -1,94 -1.97 -1.66 ubiquitin carboxyl-tenminal hydrolase TGME49_293680 -1.28 -1,52 -1.29 hypothetical protein 

TGME49_291980 -1,59 -1.53 -1.26 
HECT-domain (ubiquitin-transferase) 
domain-containing protein 

TGME49 _264210 1.02 1.37 109 hypothetical protein 

TGME49_212960 -8,89 -8.41 -8,61 hypothetical protein TGME49 _249300 -1.63 #NiA -1.97 hypothetical protein 

TGME49_253100 1.20 #NIA 1.03 hypothetical protein TGME49_249310 -2.65 -2.82 -3.77 hypothetical protein 

TGME49_264730 -8,85 -8,77 -8.53 hypothetical protein TGME49_210478 2.28 -1.44 5.25 hypothetical protein 

TGME49_244530 101 156 #NIA hypothetical protein TGME49_267855 -1.02 #NIA -104 hypothetical protein 

TGME49_231980 -8,85 -9,12 -949 hypothetical protein TGME49_255430 -1.48 #NIA #NIA Rad9 protein 

TGME49_215260 -1,63 -1.22 -1.52 carbamoylphosphate synlhetase TGME49 _234280 -1,08 #NIA #NIA AMP deam:nase 

TGME49_253640 1.34 1.24 1.08 hypothetical protein TGME49_238140 -1.15 -1.89 -1.19 hypothetical protein 

TGME49_268880 -3.23 -3.50 -2.91 hypothetical protein TGME49_203750 -178 -1.89 -1.83 hypothetical protein 

TGME49_292375 3.37 #NIA #NIA KRUF family protein TGME49 _246182 -1.29 #NIA #N/A hypothetical protein 

TGME49_311870 -2,39 -2.50 -2.45 
WD domain, G-beta repeat-containing 
protein 

TGME49_254480 1.43 #NIA 1.36 
WD domain, G-beta repeat-containing 
protein 

TGME49_253360 1.27 1.32 #NIA hypothetical protein TGME49 _262990 -2.67 -3.05 -3.00 hypothetical protein 

TGME49_289150 1.52 1.83 1.12 hypothetical protein TGME49_269417 -2.65 -2.99 #NiA hypothetical protein 

TGME49_267600 -2.83 -3,08 -2.73 FHA domain-containing protein TGME49_258010 -1,62 -1.52 -L6J 
calcium signaling protein kinase RAD53, 
putative 

TGME49_207665 -8.89 -7,99 -8.04 kines1n motor domain-conta1n1ng protein TGME49_211330 -2.18 #NIA #N/A methionine aminopeptidase 

TGME49_308880 -8,85 -8.48 -8.45 lmpB/MucB/SamB family protein TGME49_219510 1.51 1.85 1.66 
GTP binding protein 7 isoform 2 fsmily 
protein, putative 
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TGME49_263500 -4.01 -3.88 -4.19 
vacuolar protein sorting-associated 
protein 26, putative 

TGME49_288560 -1.21 -1.61 -1.87 hypothetical protein 

TGME49_219770 -8.91 -8.87 -8.54 30S ribosomal protein S12, putative TGME49_2A8800 2.35 #NIA #NiA hypothetical protein 

TGME49_310100 -8.85 -8.73 -8.67 mannosyltranslerase (pig-m) protein TGME49_289950 -1.08 -1.16 -1.01 hypothetical protein 

TGME49_211040 -1.31 -1.22 -1.61 Sec61 beta family protein TGME49_316150 -1.32 ·1.76 #NIA ULK kinase 

TGME49_214830 -3.98 -3.85 -3.30 hypothetical protein TGME49_218192 -6.99 na -9.70 hypotheticai protein 

TGME49_285210 -8.90 -8.51 -8.47 hypothetical protein TGME49 _232520 -1.24 #NIA #NIA blix domain-containing protein 

TGME49_313330 -8.99 -9.05 -9.34 rhoptrf kinase family protein ROP27 TGME49_237100 1.27 #N/A 106 RAP domain-conlaining protein 

TGME49_271760 -8.81 -8.98 -9.37 seryl-tRNA synthetase (SerRS2) TGME49 _235660 -1.32 -1.29 #NIA hypothetical protein 

TGME49_309870 -8.81 -9.03 -9.48 hypothetical protein TGME49_311040 -1.12 #N/A #NIA hypothetical protein 

TGME49_207480 -2.36 -2.40 -1.95 
GCC2 and GCC3 domain-containing 
protein 

TGME49_283900 -1.45 #NIA -1.47 ATPase, AAA family protein 

TGME49 _294290 -2.03 -1.98 -2.21 Der1ER1 TGME49 _226520 -1.12 #NIA #NIA hypothetical protein 

TGME49_313760 1.01 #NIA #NIA hypothetical protein TGME49_297980 1.38 #NIA #NIA hypothetical protein 

TGME49_264690 -8.81 -8.55 -8.84 cyciin 4, putative TGME49_287480 1.04 #NIA 1.55 hypothetical protein 

TGME49_272390 -8.82 -8.67 -7.80 hypothetical protein TGME49_204150 1.32 #N/A #NIA hypothetical protein 

TGME49_230190 -1.99 -1.94 -2.17 hypothetical protein TGME49_264752 -2.63 -3.41 -3.52 HEAT repeat-containing protein 

TGME49_209700 -3.96 -3.97 -4.13 hypothetical protein TGME49_203950 -1.04 #NIA #NIA 
Myb family DNA-binding domain-
containing proiein 

TGME49_242800 -1.99 -1.79 -1.67 
ribosome biogenesis protein NSA2, 
putative 

TGME49_220150 -1.74 -1.79 -1.72 50S nbosornai protein L 16, putative 

TGME49_252380 1.97 1.24 1.82 hypothetical protein TGME49_258050 -2.03 -2.05 -2.35 actin !ike protein ALP2a 

TGME49_249610 -2.36 -2.58 -2.92 hypothetical protein TGME49_273885 -2.04 #NIA -2.34 hypothe1ical prote,n 

TGME49_257480 -2.96 -2.42 -2.41 
NADP-dependent succinate-
semialdehyde dehydrogenase 

TGME49_246000 1.33 #NIA 1.66 large subunit nbosomal protein IMG2 

TGME49_259950 2.29 1.96 2.05 
carbonate dehydratase, eukaryotic-type 
domain-containing protein 

TGME49_210310 -1.74 #NIA -1.63 hypothetical protein 

TGME49 ... 250950 2.30 2.04 #NIA KRUF family protein TGME49_.312820 -1.43 #N/A -1.86 hypothetical protein 

TGME49_305090 1.60 1.86 2.15 kinase binding protein cgi-121 protein TGME49_240480 -270 -2.92 #N1A cpw-wpc domain-contain,ng protein 

TGME49_264780 -8.81 -9.08 -8.72 
UTP-g!ucose-1-phosphate 
uridyly!transferase subfamily protein 

TGME49_295090 1.07 1.32 #NIA hypothetical protein 

TGME49_231030 -3.96 -3.65 -3.52 hypothetical protein TGME49_255310 -1.27 -1.51 #NIA 
zinc finger (CCCH type) motif-containing 
protein 

TGME49_221600 -8.81 -8.86 -8.12 hypothetical protein TGME49_257070 -2.03 -2.02 -2.10 hypothetical protein 

TGME49_221200 1.50 1.24 1.15 CW-type Zinc Finger protein TGME49_293490 1.72 178 1.85 hypolhe1ical protein 

TGME49_310130 -8.78 -9.44 -9.82 Spc9 7 I Spc98 family protein TGME49_251590 1.17 131 1.10 hypolhe1ical protein 

TGME49_271200 -1.77 -1.34 -1.43 AP2 domain transcription factor AP2VI 11-5 TGME49_273380 1.42 #N/A #NIA ion channel protein 

TGME49_217770 1.40 1.55 1.34 hypothetical protein TGME49_309960 -1.03 #NIA #NIA hypothetical protein 

TGME49_202120 -1.56 -1.54 -1.59 hypothetical protein TGME49_262933 -1.61 -1.56 #NIA hypothetical protein 

TGME49_289100 -2.15 -1.72 -1.59 hypothetical protein TGME49_209530 1.26 #NIA 1.41 hypothetical protein 

TGME49_261400 -1.51 -2.00 -1.02 hypothetical protein TGME49 _262420 1.18 #N/A #NIA 
AP2 domain transcription factor APVllb-
1/ADA2-B 

TGME49_320550 -2.12 -1.90 -1.82 hypothetical protein TGME49_271370 -1.82 #NIA #N'A hypothetical protein 

TGME49_231215 -8.78 -8.68 -8.75 hypothetical protein TGME49_268640 2.40 #NIA #Ni.A 
BING4CT (NUC141) domain-containing 
prote,n 

TGME49 _205380 -1.48 -1.55 -2.23 fructose-bisphospatase I TGME49_212290 -1.10 #NIA -1.20 ribosomal protein RPS19 
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FIGURE 4Y 

TGME49_220100 -2.45 -2.35 -2.84 phosphoribosy!pyrophosphate synthetase TGME49_260640 -1.54 -2.13 -178 autophagy protein apg9 protein 

TGME49_250690 -1.08 -1.30 #NIA 
zinc finger (CCCH type) motif-containing 
protein 

TGME49_306890 -1.30 -1.42 #NiA hypothetical protein 

TGME49_318330 -8.77 -9.40 -9.40 histone lysine acety!transferase MYST-A TGME49_233770 2.55 #N!A -2.20 
caicium-translocating P-type A TPase, 
PMCA-type protein 

TGME49_227930 1.20 1.43 1.31 hypothetical protein TGME49 _ 310500 -1.12 #NIA -1.17 hypothetical prote,n 

TGME49_321440 -130 -115 -118 SWl2/SNF2 ISWl-like SANT TGME49_313090 -1.74 #NIA -1.77 hypothetical protein 

TGME49_202950 -1.45 -1.27 -107 hypothetical protein TGME49 _278020 -2.58 -3.17 -2.94 hypotheticai protein 

TGME49_300290 -8.80 -8.49 -8.98 SNARE domain-containing protein TGME49_254420 2.12 #NIA #NIA phospholipase, patatin family protein 

TGME49_249030 1.25 #NIA #N/A 
endonucleaselexonuc!easelphosphatase 
family protein 

TGME49_292035 1.30 1.40 #NIA hypothetical protein 

TGME49 _280380 1.22 #NIA #NIA po!y(ADP-nbose) glycohydrolase TGME49_219130 -1.39 ,1.87 -1.55 NADPH-glutath1one reductase 

TGME49_311460 -2.88 -3.71 #NIA hypothetical protein TGME49_261960 1.21 1.52 1.20 hypothetical protein 

TGME49_261620 1.56 2.13 1.94 hypothetical protein TGME49 _262880 -1.15 -1.50 -1.55 hypothetical protein 

TGME49_219070 1.18 #N/A 1.38 
cyclic nucleotide-binding domain-
containing protein 

TGME49_288245 -1.00 #NIA #NIA hypothetical protein 

TGME49_310010 -1.27 -1.42 -1.26 rhoptry neck protein RON 1 TGME49_219100 -1.39 -1.60 -1.28 
cyclin-dependent kinase regulatory 
subunit protein 

TGME49_237830 -8.77 -9.23 -9.48 
DNA polymerase I domain-containing 
protein 

TGME49_240700 -1.29 -1.21 -1.67 ubiquitin family protein 

TGME49_251800 1.68 2.31 2.19 hypothetical protein TGME49_316770 -1.39 -1.34 -1.37 undecaprenyl diphosphate synthase 

TGME49_213790 -2.78 -3.06 -2.78 hypothetical protein TGME49_226350 1.16 #NIA 1.01 hypothetical protein 

TGME49_219310 -1.41 -1.29 -1.31 DnaK family protein TGME49_289790 -2.58 -3.16 -2.92 hypothetical protein 

TGME49_240300 -8.80 -8.47 -8.36 
zinc fmger domain. LSD1 subclass 
domain-con1aining protein 

TGME49_213752 -1.54 #NIA -1.67 herpesviridae ui52/ul70 dna primase 

TGME49_298830 1.64 2.37 1.81 hypothetical protein TGME49 _220460 -6.86 -8.40 -8.72 SNF7 family protein 

TGME49_236570 -1.26 -1.19 -1.58 lysine decarboxylase family pro1ein TGME49_247280 -1.70 -2.16 -2.26 hypothetical protein 

TGME49_289570 1.04 1.27 #N/A phosphatidylinositoi transfer protein TGME49_278030 1.09 #NIA #N/A hypothetical protein 

TGME49_266970 -3.21 -2.77 -3.02 hypothetical protein TGME49_211020 -1.39 -1.46 -1.86 RNA recognition motif-containing protein 

TGME49 _231130 -8.74 -9.12 -9.23 hypothet,cal protein TGME49_255270 1.98 #NIA #NIA hypothetical protein 

TGME49_252340 1.57 #NiA 1.23 hypothet;cal protein TGME49 _226080 1.13 #NIA #NIA polyA polymerase 

TGME49_240540 -2.36 -2.20 -2.03 hypothetical protein TGME49_313630 2.69 #NIA #N/A hypothetical protein 

TGME49_209820 -8.77 -8 54 -8.59 syntaxin protein TGME49_229200 -140 -1.32 #NIA hypothetical protein 

TGME49_318410 -1.38 -1.14 -1.37 TCP-1 chaperonin. putative TGME49_242880 -1.70 -1.61 -1.76 flavoprotein 

TGME49_246800 -1.79 -1.35 -1.73 acylaminoacyi-peptidase, putative TGME49_286610 1.41 #N!A #NIA ribosomal protein RPS14, outative 

TGME49_319640 1.06 1.11 1.26 hypothetical protein TGME49 _285660 -1.55 ·2.12 -1.93 
DEADIDEAH box heiicase domain-
containing protein 

TGME49_263040 -110 #NIA -1.12 ribosomal protein RPS16 TGME49_263560 1.13 1.29 #NIA hypothetical protein 

TGME49_297420 -3.92 -4.00 -3.85 beta-tubuiin cofactor D, putative TGME49 _257060 -1.70 -1.93 -2.12 translation initiation factor sui1 protein 

TGME49_264840 -8.74 -9.06 -8.15 
ATP-dependent DNA helicase. RecQ 
family protein 

TGiv1E49_277260 #N/A 2.05 1.81 hypothetical protein 

TGME49 _237000 -3.90 -4.10 -4.26 
po!yphosphoinosttide binding protein, 
putative 

TGME49 _202970 #J'J/A -12.46 #NIA hypothetical protein 

TGME49_237530 -8.74 -8.94 -8.75 hypothetical protein TGME49_213570 #NIA 1.61 1.39 hypothetical protein 
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FIGURE 4Z 

TGME49_280410 -1.95 -1.82 -1.69 
3'5'-cyclic nucleotide phosphodiesterase 
domain-containing protein 

TGME49_208740 #NIA 1.73 1.85 microneme protein. putative 

TGME49_290940 -1.57 -1.28 -1.48 EMP/nonaspanin domain family protein TGME49_253430 #NIA 125 #NIA asparagine synthetase, putative 

TGME49_250115 1.14 #NIA #NIA hypothetical protein TGME49 _ 301890 #NIA -3.97 #NIA T oxop!asma gondii family B protein 

TGME49_286750 -1.46 -1.50 -1.34 MA3 domain-containing protein TGME49 _236040 #NIA 1.22 #NIA fructose-1,6-bisphosphate a!dolase 

TGME49_270800 -3.97 -4.18 -4.23 GAF domain-containing protein TGME49 _267020 #NIA -4.00 #NIA hypotheiical protein 

TGME49_223690 -8.74 -8.28 -8.14 hypothetical protein TGME49_216140 #NIA 2.28 2.32 
tetratricopeptide repeat-containing 
protein 

TGME49 _253320 -8.74 -805 -809 hypothetical protein TGME49 _295440 #NIA 2.62 1.48 hypothetical protein 

TGME49_217020 -3.37 -4.05 -2.23 ATPase, AFG1 famiiy protein TGME49_210408 #NIA 1.13 #NIA 
HMG (high mobility group) box domain-
containing protein 

TGME49_306470 -2.49 -2.47 -2.66 
isoprenylcysteine carboxyl 
methyitransferase (icmt) family protein 

TGME49 __ 213255 #NIA -5.17 #NIA hypo1heticai protein 

TGME49_314280 2.69 2.21 2.47 AAR2 protein TGME49_286470 #.'JIA 1.35 1.18 AGC kinase 

TGME49_225690 -1.29 -1.43 -1.09 hypothetical protein TGME49_269840 #NIA 1.41 #NIA proteasome regulatory subunit 

TGME49_292950 -1.21 #NIA #NIA hypothetical protein TGME49_242090 #NIA 1.04 #NIA 
zinc finger (CCCH type) motif-containing 
proiein 

TGME49_236550 -1.37 -1.20 -1.54 hypothetical protein TGME49_205265 #NIA 2.34 #NIA iransporter, cation channel family protein 

TGME49_22626() 1.11 1.38 #NIA hypothetical protein TGME49_217520 #NIA 1.29 1.16 hypothetical protein 

TGME49_224600 -3.90 -3.70 -3.49 GTP binding protein TGME49_201390 #NiA 1.07 #N/A hypotheiical prote,n 

TGME49_216410 -8.82 -8.77 -8.55 hypothetical protein TGME49_201785 #NIA 134 #NIA hypothetical prote;n 

TGME49_224310 -8.76 -8.90 -9.06 
DHHC zinc finger domain-containing 
protein 

TGME49_297940 #NIA -2.13 #NIA singie-strand binding protein 

TGME49_275755 2.14 3.25 3.34 hypothetical protein TGME49_205170 #NIA 205 1.23 hypotheiical protein 

TGME49_312330 -1.16 #NIA #N/A hypothetical protein TGME49_217420 #NIA -4.93 -4.14 hypothetical protein 

TGME49_219820 -1.23 #NIA -1.03 poiyubiquitin UbC, putative TGME49_275610 #NIA -1.70 #NIA proie,n kinase, other 

TGME49_231180 1.62 #NIA 1.22 hypothetical protein TGME49 _295360 #NIA 1.14 #NIA hypothetical prote,n 

TGME49_261970 1.26 1.55 1.71 hypothetical protein TGME49_275630 #NIA -2.31 #NIA 
HECT-domain (ubiquitin-tran5ferase) 
domain-containing protein 

TGME49_212140 -4.01 -4.43 -4.21 hypothetical protein TGME49_259115 #NIA -3.62 #NIA ABC1 family protein 

TGME49_314730 -3.90 -3.97 -3.97 
ALG6, ALG8 glycosy!transferase famiiy 
protein 

TGME49_316470 #NIA -3.66 #NIA hypothetical protein 

TGME49_297810 -1.39 -1.31 -1.71 hypothetical protein TGME49_297910 #NIA -4.84 -2.63 hypothetical protein 

TGME49_238950 -1.54 -1.75 -2.83 fatty acyl-CoA desaturase, putative TGME49_217400 #NIA -3.18 -2.97 hypothetical protein 

TGME49_294980 2.12 1.48 1.58 hypothetical protein TGME49_213730 #NIA 1.28 #NIA lanthionine synthetase C fami!y protein 

TGME49_292975 -3.16 -3.56 -2.70 hypothetical protein TGME49_306338 #NIA -2.72 #NIA 
dynein gamma chain, flagel!ar outer arm, 
puiative 

TGME49_ 312860 -3.18 -2.92 -3.01 hypothetical protein TGME49_291040 #.'JIA 4.27 8.36 iactaie dehydrogenase LDH2 

TGME49_268600 -3.13 -2.76 -2.96 
DNA polymerase epsilon subunit B 
protein 

TGME49 _249230 #NiA -4.63 -4.83 hypothetical proiein 

TGME49_264860 -3.88 -3.77 -3.63 
zinc finger, C3HC4 type (RING finger) 
domain-con1aining protein 

TGME49_304740 #NIA 1.11 1.38 rhoptry kinase family protein ROP35 

TGME49 _270900 -3.25 -3.24 -3.05 ATPase, AAA family protein TGME49 _289540 #NIA 1.20 #NIA hypothetical protein 

TGME49_269670 -3.14 -3.25 -2.67 hypothetical protein TGME49_217550 #NIA 1.24 #NIA hypo!heiical protein 
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FIGURE 4AA 

TGME49_219800 -1.19 -105 -1.29 
vacuolar ATP synthase subunit b, 
putative 

TGME49_248820 #NIA -9.38 #NIA hypothetical protein 

TGME49 _235490 -1.71 -1.64 -1.85 hypothetical protein TGME49_244700 #N/A -2.01 1.43 
NAD(+)JNADH kinase domain-containing 
prote,n 

TGME49_312650 2.16 1.35 1.34 hypothetical protein TGME49_311100 #N'A 1.22 1.01 
zinc finger (CCCH type) motif-containing 
protein 

TGME49_244720 -3.87 -3.24 -3.58 hypothetical protein TGME49 _218750 #NIA -3.67 #NIA hypothetical protein 

TGME49_233410 1.71 2.08 1.48 Sof1 family domain-containing protein TGME49_236540 #NIA 1.04 #NIA RNA recognition motif-containing protein 

TGME49_208200 -3.90 -3.86 -3.87 PHO-finger domain-containing protein TGME49 _253930 #N/A -2.02 -1.03 
GCC2 and GCC3 domain-containing 
protein 

TGME49_205558 -1.08 #N/A #NIA NAC domain-containing protein TGME49_307770 #NIA -2.20 #N/A fumble protein 

TGME49_256770 -1.33 -1.30 -1.47 
eukaryotic translation initiation factor 4A, 
isoform 3, putative 

TGME49_254690 #NIA 106 #NIA phospholipase/carboxylesterase 

TGME49_225160 1.17 #NIA #NIA hypothetical protein TGME49 _294970 #NIA 1.33 #NIA hypotheticai protein 

TGME49_216120 -2.30 -2.20 -2.18 hypothetical protein TGME49_245560 #NIA 1.10 135 hypothetical protein 

TGME49_272270 -8.70 -7.90 -7.71 radical SAM domain-containing protein TGME49_293900 #NIA 109 #NIA 
spomzoite protein with an altered 
thrombospondin repeat SPA TR 

TGME49_264140 -1.79 -2.24 -1.45 hypothetical protein TGME49_318650 #NIA 115 #NiA transhydrogenase 

TGME49_207770 -1.45 -1.29 -1.66 PCI domain-containing protein TGME49 _239890 #NIA 1.15 #NIA 
SCP family extracellular subfamily 
protein 

TGME49_202280 -3.93 -440 -2.99 
WO domain. G-beta repeat-containing 
protein 

TGME49_217410 #NiA -9.14 -6.96 hypothetical protein 

TGME49_310850 -8.75 -8.54 -8.68 MYNO finger domain-containing protein TGME49_269930 #NIA -1.97 2.31 
calcium binding egf domain-containing 
protein 

TGME49_223780 -1.90 -1.60 -1.76 hypothetical protein TGME49_285870 #NIA 1.51 #NiA SAG-related sequence SRS20A 

TGME49_275350 -2.29 -1.94 -1.73 TBC domain-containing protein TGME49 _226580 #NIA 1.19 #NiA hypothetical orote1n 

TGME49_270580 -8.69 -10.08 #NIA 
HECT-domain (ubiqurtin-transferase) 
domain-containing protein 

TGME49_209940 #NIA -2.39 #NIA transporter/permease protein 

TGME49_253850 2.01 1.84 2.47 hypothetical protein TGME49 _280500 #NIA -4.11 #NIA 
inorganic arnon transporter, sulfate 
penmease (SulP) famiiy protein 

TGME49_252310 -2.02 -1.80 -1.27 hypothetical protein TGME49 _209985 #NIA -2.18 1.72 cAMP-clependenl protein kinase 

TGME49_289310 -2.17 -2.16 -2.38 cullin famiiy protein TGME49_201780 #NIA 1.32 #NIA microneme protein M IC2 

TGME49 222060 -2.57 #N/A -2.32 hypothetical protein TGME49 214100 #NIA 1.37 #NIA hypothetical protein 

TGME49_310230 -8.70 -9.18 -9.01 hypothetical protein TGME49_293760 #NIA 1.11 #NIA EF hand domain-containing protein 

TGME49_306530 -870 -8.20 -8.15 hypothetical protein TGME49_298070 #NIA -9.23 -7.52 hypothetical protein 

TGME49_276930 1.21 1.54 #NIA hypothetical protein TGME49 _269010 #NIA 1.25 1.36 
AP2 domain transcription factor AP2VIII-
7 

TGME49_259520 -8.69 -8.72 -9.00 hypothetical protein TGME49_252500 #NIA 1.20 1.13 polo kinase 

TGME49_210390 -8.74 -8.25 -8.60 
WO domain, G-beta repeat-containing 
protein 

TGME49_299210 #NiA 103 #NIA CTP synthase 

TGME49_246230 -8.73 -8.45 -8.49 hypothetical protein TGME49_307570 #NIA -1.29 #NIA 
glycerol-3-phosphate dehydrogenase 
(gpdh), putative 

TGME49_307010 2.11 1.66 1.54 
histone lysine demethylase 
JMJC 1/KOM50/JARI01 D 

TGME49_259020 #NIA 5.30 6.07 bradyzoite ant,gen BAG1 

TGME49_258670 -8.78 -9.80 -7.67 hypothetical protein TGME49_301160 #NIA -4.31 #NIA SAG-related sequence SRS19C 

TGME49_294830 -2.83 -3.42 -2.72 
methyitranslerase domain-containing 
protein 

TGME49_280370 #NIA 117 #NiA hypothetical protein 

TGME49_315600 -8.73 -9.28 -8.42 MCM2/3/5 family protein TGME49_288530 #NIA 142 1.62 NOL 1/NOP2/sun family protein 
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FIGURE 48B 

TGME49_315860 -2.13 -2.27 -2.21 EF hand domain-containing protein TGME49_305120 #NIA 1.18 #NIA 
transporter, so!ute:sodium symporter 
(SSS) family protein 

TGME49_260320 -2.72 -2.93 -2.79 Noc2p famiiy protein TGME49_264240 #NIA -9.04 -7.39 hypothetical protein 

TGME49_214770 -1.22 #NIA -1.16 small GTP binding pro1ein rab1 a, putative TGME49 _205700 #NiA 1.01 #NIA cyclophilin precursor 

TGME49_294705 -8.71 -7.95 -8.35 hypothetical protein TGME49_229630 #NIA 102 1.10 
elF2 kinase IF2K-A (incomplete catalytic 
triad) 

TGME49 _211630 1.02 1.20 #NIA hypothetical protein TGME49_278830 #NIA -1.14 -1.79 glucose-6-phosphate 1-dehydrogenase 

pyridine nucleotide-disulfide 
TGME49_255890 -3.11 -2.68 -2.76 oxidoreductase domain-containing TGME49 _207210 #NIA 2.74 6.79 hypothetical protein 

protein 

TGME49_292140 108 1.16 1.46 NIMA-related protein k,nase NIMA 1 TGME49 _295960 #NIA 1.65 1.15 hypothetical prote:n 

TGME49_202620 102 1.00 #NIA hypothetical protein TGME49_301440 #NIA -105 -1.17 
calcium-dependent prote:n kinase 
CDPK1 

TGME49_290580 -3.84 -4.58 -3.90 
ATP-binding cassette G family 
transporter ABCG89 

TGME49 _225000 #NIA -1.48 #NIA hypothetical prote:n 

TGME49_223150 -8.66 -8.53 -8.29 START domain-containing protein TGME49_295030 #,",IA 107 #NIA hypothetical protein 

TGME49_319312 2.20 2.19 #N/A hypothetical protein TGME49_260190 #NIA -1.70 #NIA microneme prote,n M IC13 

TGME49_243580 -2.65 -2.99 -4.10 
Hit famiiy protein involved in cell-cycle 
regulation, putative 

TGME49 _262050 #NiA 1.21 #NiA rhoptry kinase family protein ROP39 

TGME49_201900 -3.84 -3.84 -3.75 hypothetical protein TGME49_307610 #NIA -2.05 -1.42 elongation factor TS, putafive 

TGME49_243960 -104 #N/A -109 
nuclear transport factor 2 {ntf2) domain-
containing protein 

TGME49_264740 #NIA 101 #NIA hypothetical protein 

TGME49_255700 -1.94 -2.36 -2.42 hypothetical protein TGME49 _267 420 #NIA 1.12 #NiA mago nash, family protein 2, putative 

TGME49_207180 -8.69 -8.79 -8.43 
indole-3-glycerol phosphate synthase 
domain-containing protein 

TGME49_263750 #NIA -2.21 -131 hypothetical protein 

TGME49_292330 1.20 #NIA 1.16 hypothetical protein TGME49_298840 #NIA 1.42 1.11 hypothetical protein 

TGME49_208970 -1.83 -1.94 -1.95 RNA recogrntion motif-containing protein TGME49_314070 #NIA 140 1.30 hypothetical protem 

TGME49_264090 -3.12 -3.49 -3.20 hypothetical protein TGME49_247250 #NIA -1.57 #NIA RbAp46 

TGME49_224020 143 1.50 1.43 hypothetical protein TGME49_306300 #NIA -1.64 #NIA hypothetical protein 

TGME49_293380 -8.69 -8.48 -8.83 histone lysine acetyltransferase HAT1 TGME49_300055 #N!A 1.21 #NIA hypothetical protein 

TGME49_216390 -3.08 -3.12 -2.81 
RNA methyltransferase, TnnH family 
protein 

TGME49 _228200 #NIA 1.13 1.16 vacuo!ar (h+ )-atpase g suburnt protein 

TGME49_249410 -2.51 -2.13 -1.73 hypothetical protein TGME49_263100 #NIA -2.77 #NIA hypothetical protein 

TGME49_258230 -3.05 #NIA -270 rhoptry kinase family protein ROP20 TGME49_218910 #NIA 2.04 3.84 hypothetical protein 

TGME49_229370 -3.81 -4.00 -4.19 AP2 domain transcription factor AP2Vlll-1 TGME49_215775 #NiA -1.20 -1.13 rhoptry protein ROP8 

TGME49_278440 -1.90 -2.00 -2.07 SWl2/SNF2 Brahma-like putative TGME49 _230350 #NIA -1.13 -1.27 hypothetical protein 

TGME49_278930 -2.03 -1.48 -1.65 Tubulin-tyrosine ligase family protein TGME49_257945 #NIA 2.51 4.42 
3'5'-cyciic nucleotide phosphodiesterase 
domain-containing protein 

TGME49_313270 -1.48 -1.51 -1.44 hypothetical protein TGME49 _233760 #NIA -2.63 -2.10 hypothetical protein 

TGME49_203358 -3.84 -3.26 -3.49 hypothetical protein TGME49_219738 #NIA -1.76 -115 hypothetical protein 

TGME49_252190 2.27 1.94 1.56 KRUF famiiy protein TGME49_312530 #NIA 1.09 1.08 splicing factor, CC 1 fami!y protein 

TGME49_291140 -1.15 -1.02 -1.02 
CCR4-Not complex component Not1 
protein 

TGME49_223570 #NIA 1.23 #NiA hypothetical protein 
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FIGURE 4CC 

TGME49 _251885 -8.67 -7.96 -8.45 hypothetical protein TGME49_225290 #NIA 209 3.12 
GDA 1 /C039 (nucleoside phosphatase) 
family protein 

TGME49_296015 1.63 1.78 1.78 hypothetical protein TGME49_315470 #NIA -1-22 #NiA hypothetical protein 

TGME49_310910 -8.67 -9.25 -8.88 
WD domain, G·beta repeat-containing 
protein 

TGME49_286090 #NiA 1.21 108 translation initiation factor SUl1, putative 

TGME49_249790 -3.81 -3.89 -4.15 hypothetical protein TGME49_284780 #NIA -1.22 -1.33 hypothetical protein 

TGME49_269150 -8.65 -8.38 -8.45 
DHHC zinc finger domain-containing 
protein 

TGME49_308810 #NIA -1-22 -1.91 rhoptry neck protein RON9 

TGME49_300250 1.02 #NIA #NIA MtN31saliva family protein TGME49_264190 #NIA -2.85 -2.55 hypothetical protein 

TGME49_216630 -8.62 -8-21 -9.05 trigger factor protein, putative TGME49_219260 #NIA -1-30 -1.05 cation-transpcrting ATPase, putative 

TGME49_207800 -8.62 -8.11 -8.93 hypothetical protein TGME49_293780 #NIA 1.19 3.35 hypothetical protein 

TGME49_218240 -1.16 #NIA #NIA hypothetical protein TGME49_280570 #NIA 208 6.96 SAG-related sequence SRS35A 

TGME49_227320 -8.71 -8.68 -8.94 hypothetical protein TGME49_261570 #NIA -1.05 -1.13 ribosomal protein RPL7A 

TGME49_222290 -3.81 -3.78 -4.11 LSM domain-ccntaining protein TGME49_206320 #NIA -1.23 #NIA hypothetical protein 

TGME49_225060 -2.43 -2.45 -2.83 nucleoredoxir, fami!y protein TGME49_255400 #NiA 1.34 1.27 hypothetical protein 

TGME49_221295 -3.81 -4.08 -4.16 hypothetical protein TGME49_252640 #NiA 3.47 5.57 P-type ATPase PMA1 

TGME49_285950 -8.68 -8.19 -8.09 hypothetical protein TGME49_315720 #NiA -2.06 #NIA Smg-4/UPF3 family protein 

TGME49_245590 2.04 1.89 1.27 rhomboid protease ROM6 TGME49_289140 #NiA 1.35 1.10 ribosomal protein 122/143, putative 

TGME49_228130 1.71 1.67 1.68 hypothetical protein TGME49_320750 #NIA 1.34 1.40 hypothetical protein 

TGME49_251850 -1.68 -1.52 -1.73 serine/threonine protein phosphatase TGME49_232640 #NIA 1.84 2.93 
RNA 2'-phosphotransferase, Tpt1 /KptA 
family protein 

TGME49_215660 -8.62 -8.35 -8.11 hypothetical protein TGME49_307650 #NiA -1.55 #NIA uracil-DNA glycosylase 

TGME49_216170 -3.96 -3.81 -3.66 SufS subfamily cysteine desulfurase TGME49_299010 #NiA 2.76 #NIA hypothetical protein 

TGME49_229490 -2.69 -211 -2.83 tetratricopeptide repeat-containing protein TGME49_252280 #NIA -1.75 #NIA hypothetical protein 

TGME49_268900 -8.61 -8.63 -8.21 dense granular protein GRA 10 TGME49_240220 #NIA -1.35 #NIA hypothetical protein 

TGME49_308060 -2.51 -2-21 -3.13 hypothetical protein TGME49 _211720 #NIA -1.07 #NIA AP2 domain transcription factor AP2IV-5 

TGME49_305930 2.60 1.51 1.10 hypothetical protein TGME49_253615 #NIA 1.10 1.20 hypothetical protein 

TGME49_293500 2.16 #NiA 1-06 hypothetical protein TGME49_246020 #NIA -1.71 -1.58 SprT domain-containing protein 

TGME49_310270 -3.88 -4.08 -3.99 hypothetical protein TGME49 _253330 #NiA 226 #NIA 
Rhoptry kinase family protein, truncated 
Qncomplete catalytic triad) 

TGME49_277910 1.20 1.02 1.46 
thrombospcndin type 1 domain-
containing protein 

TGME49_214900 #NIA 1.01 1-39 hypothetical protein 

TGME49_289670 2.63 1.85 2.35 DNA repair meta!lo-beta-lactamase TGME49 _248830 #NIA -1.37 #NIA phosphcinositide phospholipase PIPLC 

TGME49_229500 -3.78 -3.82 -375 hypothetical protein TGME49 _205690 #NIA 101 1.07 hypothetical protein 

TGME49_212840 -8.67 -8.68 -808 HIT zinc finger protein TGME49_318170 #NIA 1.25 1.50 hypothetical prote;n 

TGME49_294812 -3.81 -2.65 -3.12 RNA recognition motif-containing protein TGME49_284645 #NIA -2.12 -1.55 hypothetical protein 

TGME49_227010 -8.72 -8_64 -8.41 rhoptry kinase family protein ROP30 TGME49_218790 #NIA -3.'10 -303 
elongation factor G C-terminus domah-
containing protein 

TGME49_310670 -1.23 -1.17 -1.38 glycogen phosphorylase 1, putative TGME49_293770 #NIA 1.29 #NIA chitinase-!ike protein CLP1 

TGME49_231480 -1.54 -1.68 -1.60 GCN 1, putative TGME49_214520 1/NiA 130 1.79 
general transcription factor IIH 
polypeptide 4 GTF2H4 

TGME49_230950 -8.61 -9.15 -9.09 hypothetical protein TGME49_263820 #NIA -1.71 #N'A 
DEAD/DEAH box helicase domain-
containing protein 
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FIGURE 40D 

TGME49 _243298 -8.61 -8.97 -8.88 
ICE fami!y protease (caspase) p20 
domain-con1aining protein 

TGME49_306390 #NIA -1.05 -1.62 hypothetical protein 

TGME49_234190 -1.19 -1.10 -1.51 
serine hydroxymethyltransferase 2, 
putative 

TGME49_277220 #NiA 1.44 1.36 hypothetical protein 

TGME49_203060 1.16 1.09 #NIA hypothetical protein TGME49_239600 #NIA -2.30 #NIA 
rhoptry kinase famiiy protein ROP23 
(incomplete catalytic triad) 

TGME49 _295420 1.41 1.47 1.39 hypothetical protein TGME49_311080 #NIA -1.92 -1.63 transporter, cation channel family protein 

TGME49_233340 -2.45 -2.04 -2.23 hypothetical protein TGME49_271770 #NIA -2.65 -2.03 hypothetical protein 

TGME49_210980 1.49 1.58 1.67 alternative splicing type 3 ano, putative TGME49_221260 #NiA 1.13 1.36 Class-II DAHP synthetase family protein 

TGME49_270050 1.87 1.81 #NIA hypothetical protein TGME49_209610 #NiA 115 #N/A oocyst wali protein OWP2 

TGME49_226900 1.66 1.23 1.11 hypothetical protein TGME49_311780 #NiA -1.84 #NIA Zn-containing alcohol dehydrogenase 

TGME49_293730 -1.72 -1.95 -2.04 
DHHC zinc finger domain-conta1rnng 
protein 

TGME49_269885 #NIA -1.06 -1.18 rhoptry metalloprotease toxolysin TLN 1 

TGME49_270090 -3.06 -3.16 -326 hypothetical protein TGME49_230080 #NiA -2.25 -2.14 
DEADIDEAH box heiicase domain-
containing protein 

TGME49_318575 -8.61 -8.32 -8.69 hypothetical protein TGME49_320480 #NIA -1.14 #NIA Rab11b 

TGME49 _222940 3.27 1.75 4.65 hypothetical protein TGME49_315760 #NIA -1.17 #NIA AP2 domain transcription factor AP2Xl-4 

TGME49_316900 -1.89 -1.47 -1.67 
Sas10 C-terminal domain-containing 
protein 

TGME49_231380 #NIA 1.20 #NIA DNA-directed RNA polymerase II RPB4 

TGME49_239720 -8.57 -9.11 -8.71 50S ribosomal protein 124. putative TGME49_295610 #NiA -1.14 -1.06 
histone lysine methyltransierase, SET. 
putative 

TGME49_299900 -8.57 -8.72 -8.45 hypothetical protein TGME49_222100 #NIA -1.23 #NIA hypothetical protein 

TGME49_204380 -1.66 -1.72 -1.45 hypothetical protein TGME49 _207830 #NIA 1.11 #NIA MORN repeat-containing protein 

TGME49_263270 -1.32 #NIA #NIA 
glycerophosphodiester 
phosphodiesterase family protein 

TGME49_214940 #NIA 107 #NIA MIC2-associated protein M2AP 

TGME49_290890 -2.41 -2.29 -2.85 carbonyl reductase 1. putative TGME49_232980 #NIA 1.64 1.16 hypothetical prote,n 

TGME49_310570 -8.66 -8.60 -9.12 hypothetical protein TGME49_240890 #NIA -106 -1.27 6-phosphofructokinase 

TGME49_217870 1.24 1.03 #N/A 
DHHC zinc finger domain-containing 
protein 

TGME49_225310 #NIA -1.18 -130 
ARF1-directed GTPase-activating 
protein, putative 

TGME49_306910 -2.21 -1.84 -2.37 hypothetical protein TGME49_320100 #NIA -1.06 #NIA RNA recognition motif-containing protein 

TGME49_290740 -8.60 -8.14 -8.14 hypothetical protein TGME49_262390 #NIA -1.58 -170 TLD protein 

TGME49_309100 2.42 2.16 1.77 hypothetical protein TGME49_202410 #NIA -1.62 -1.34 hypothetical protein 

TGME49_223640 -8.67 -8.89 -7.99 hypothetical protein TGME49_281650 #NIA -1.66 -1.49 hypothetical protein 

TGME49_310300 -306 -2.61 -2.62 hypothetical protein TGME49_258350 #NIA 136 1.50 hypothetical protein 

TGME49_291030 -3.82 -3.57 -3.67 
zinc finger, C3HC4 type (RING finger) 
domain-containing protein 

TGME49_311890 #NIA -1.06 -1.36 hypolhetical protein 

TGME49 _244510 -8.57 -8.46 -7.58 AP2 domain transcription factor AP2Vl-3 TGME49_306540 #NIA 1.22 1.19 
phosphotransferase enzyme family 
protein 

TGME49_310590 1.88 1.36 1.85 hypothetical protein TGME49_309190 #NIA 105 #NIA hypothetical protein 

TGME49_262960 -8.57 -8.46 -8.65 hypothetical protein TGME49 _260520 #NIA 1.24 1.26 hypothetical protein 

TGME49_249950 -3.06 -2.20 -2.28 Mak16 protein TGME49_223668 #NIA 1.55 1.96 LY AR-type C2HC zinc finger protein 

TGME49_219250 1.08 #NIA 1.12 acetyltransferase, GNAT family protein TGME49_236510 #NIA 1.02 1.16 hypothetical protein 

TGME49_275310 -3.06 -307 -307 hypothetical protein TGME49_241180 #NIA -1.11 -1.49 hypothetical protein 

TGME49_285780 -8.61 -8.75 -8.59 hypothetical protein TGME49_236070 #NIA 116 #NIA pyrroiine-5-carboxylate reductase 

TGME49_268430 -380 -3.45 -3.47 hypothetical protein TGME49 _ 306250 #NiA 1.53 1.16 hypothetical protein 
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FIGURE 4EE 

TGME49_300020 -3.75 -3.85 -3.92 
ATP-dependent metal!opeptidase HffB 
subfamily protein 

TGME49_212920 #NIA 127 1.53 hypothetical protein 

TGME49_313350 -3.75 -3.88 -3.92 hypothetical protein TGME49 _229450 #NiA -1.79 -1.76 hypothetical protein 

TGME49_229290 -8.59 -7.86 -7.57 kelch repeat-containing protein TGME49_301410 #NIA -1.28 #NiA hypothetical protein 

TGME49_258480 -1.88 -2.15 -1.89 hypothetical protein TGME49_227270 #NIA 227 1.71 hypothetical protein 

TGME49_310710 -3.75 -3.67 -3.72 small ribosomal subunit Rsm22 protein TGME49_308070 #NIA -1.96 -2.16 hypothetical protein 

TGME49_230000 1.49 #NIA #NIA hypothetical protein TGME49_209070 #NiA 113 1.56 hypothetical protem 

TGME49_295015 1.87 1.43 #NIA patched family protein TGME49_255290 #NIA -2.21 #NIA hypothetical prote;n 

TGME49_272640 -2.08 -1.99 -1.55 
eukaryotic initiation factor-28, epsilon 
subunit, putative 

TGME49_262170 #NIA -2.13 -1.76 hypothetical protein 

TGME49_208820 -3.81 -3.36 -4.32 
1-deoxy-D-xylulose-5-phosphaie 
synthase 

TGME49_240580 #NIA -1.63 #NIA hypothetical protein 

TGME49_222920 -2.21 -1.66 -1.76 
mbp-1 interacting protein-2a family 
protein 

TGME49_251790 #NIA 1.04 1.27 hypothetical protein 

TGME49_232160 1.18 1.17 1.33 
zinc finger, C3HC4 type (RING finger) 
domain-con1aining protein 

TGME49_242790 #NiA -1.35 -1.81 trichohyal,n, putative 

TGME49_245485 1.89 2.07 2.12 microneme protein MIC9 TGME49_312480 #NIA 1.13 1.19 
uracil phosphoribosyltransferase FUR1, 
putative 

TGME49_243490 -8.57 -8.38 -8.22 BCS1 family isoform 9, putative TGME49_226320 #NIA 1.14 1.17 hypothetical protein 

TGME49_249560 -8.58 -8.94 -8.49 
DNA-directed RNA polymerase alpha 
chain rpoA 

TGME49_223130 #NiA 1.41 1.81 hypothetical protein 

TGME49_289290 -1.79 -1.62 -1.92 hypothetical protein TGME49_272520 #NiA -1.18 -1.36 hypothetical protein 

TGME49_244000 -8.57 -8.89 -8.53 
DEADIDEAH box helicase domain-
containing protein 

TGME49_290000 #NIA -7.76 -8.91 hypothetical protein 

TGME49_285990 -3.82 -3.59 -3.77 Filam;n/ABP280 repeat-containing protein TGME49_264970 #NIA -1.26 #NiA hypothetical prote,n 

TGME49_260580 -2.07 -2.25 -2.15 hypothetical protein TGME49_244290 #NIA -1.20 #NIA adapter-related protein 

TGME49_296340 3.34 4.60 3.29 hypothetical protein TGME49_273580 #NIA -2.08 -181 hypothetical protein 

TGME49_256030 -1.17 -1.04 #NIA hypothetical protein TGME49_244250 #NIA -1.02 -108 hypothetical protein 

TGME49_263410 6.14 5.23 4.20 
scavenger receptor cysteine-rich doma,n-
containing protein 

TGME49_265410 #NiA 1.14 #NiA 
G-protein beta WD-40 repeat containing 
prote,n 

TGME49_249698 -8.60 -8.18 -8.20 hypothetical protein TGME49_304490 #NIA 1.05 #NIA hypothetical protein 

TGME49_255740 -3.07 -2.80 -2.80 hypothetical protein TGME49 _209755 #NIA 2.88 6.35 hypothetical protein 

TGME49_235960 -8.56 -7.45 -8.01 hypothetical protein TGME49_316760 #N1A 1.37 1.08 hypothetical protein 

TGME49_248570 -3.80 -3.88 -3.77 hypothetical protein TGME49_318730 #NiA -1.21 -1.30 glycosyl transferase 

TGME49_268220 962 #NIA 6.66 hypothetical protein TGME49 _258700 #NIA -1.09 -1.25 
transporter, major facilitator family 
prote,n 

TGME49_221440 -8.58 -9.14 -8.53 RPGR, putative TGME49_280580 #NIA 1.19 4.14 SAG-reiated sequence SRS35B 

TGME49_259850 -8.53 -8.28 -8,38 hypothetical protein TGME49_267590 #NIA -1.24 -1.10 hypothetical protein 

TGME49_240370 6.91 807 8.58 Toxoplasma gondii family E protein TGME49_266690 #NIA -1.12 -1.12 hypothetical protein 

TGME49_248150 -3.75 -3.61 -3.97 hypothetical protein TGME49_233520 #NiA -1.13 -1.09 ATP-dependent RNA hel!case 

TGME49_243340 -8.53 -8.47 -8.35 
atypical MEK-related kinase (incomplete 
catalytic triad) 

TGME49_309610 #NIA -3.07 -3.05 hypothetical protein 

TGME49 _209130 -8.53 -9.11 -9.35 
regulator of chromosome condensation 
(RCC 1) repeat-containing protein 

TGME49_237870 #NiA -3.04 -3.13 
FYVE zinc finger domain-containing 
protein 

TGME49_239830 -138 #NIA #NIA TBC domain-containing protein TGME49_244412 #NIA -2.38 -1.85 hypothetical prote,n 

TGME49_221585 -8.57 -8.19 -8.53 hypothetical protein TGME49 _254915 #NIA -2.51 #NiA hypothetical protem 
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FIGURE 4FF 

TGME49_242870 -8.53 -8.42 -9.02 
histone lysine methyltransferase, SET, 
putative 

TGME49_300180 #NIA -3.00 -2.69 hypothetical protein 

TGME49_227115 -8.53 -8.32 -8.38 hypothetical protein TGME49_280750 #NIA 106 #NiA rudimentary enhancer, putative 

TGME49_304900 -1.22 #NIA #NIA hypothetical protein TGME49_222245 #NiA 108 #NiA hypothetical protein 

TGME49_269130 -8.53 -7.92 -7.97 hypothetical protein TGME49_293350 #NIA -1.37 -106 mltochondnal carrier superfamily protein 

TGME49_228490 -2.63 -2.73 -2.64 hypothetical protein TGME49_261990 #NIA -1.08 #NIA 
zinc finger, C3HC41ype (RING finger) 
domain-containing protein 

TGME49_261650 -1.52 -1.11 #NiA hypothetical protein TGME49 _278260 #NIA 2.99 -2.82 polynucleotide adenylyltransferase 

TGME49_304470 -300 -2.98 -2.80 oxidoreductase, putative TGME49_231100 #NIA -1.07 -100 hypothetical protein 

TGME49 _283790 -1.57 -1.79 -1.31 protein kinase. putative TGME49_225330 #NIA -1.14 -138 hypothetical protein 

TGME49_280720 -8.53 -7.98 -8.46 hypothetical protein TGME49_220300 #NIA -1.53 #NIA ribosomal protein L 15 protein 

TGME49_212860 1.22 1.11 1.90 hypothetical protein TGME49_232760 #NIA 1.05 #NIA protein phosphatase inhibitor IPP2 

TGME49_240460 -3.00 -2.50 -2.70 AP2 domain transcnption factor AP2Vl-1 TGME49_309010 #NIA 1.77 #NIA elongation factor P, putative 

TGME49_279430 -2.66 -2.90 -2.75 cwf18 pre-mRNA splicing factor protein TGME49 _295950 #NIA 148 1.42 KRUF family protein 

TGME49_281510 -3.01 -3.35 -3.11 ribonuciease H1 large subunit, putative TGME49_267760 #NiA -1.67 -1.87 hypolheticai protein 

TGME49_213460 2.47 #NIA #NIA hypothetical protein TGME49 _249320 #NIA -1.99 -197 flavodoxin domain-conta,ning protein 

TGME49_239560 -8.60 -8.57 -8.96 myosin E TGME49_313790 #NIA 111 #NIA hypothetical prote,n 

TGME49_285260 2.21 2.73 2.87 hypothetical protein TGME49_261490 #NIA -1.03 #NIA hypothetical prote,n 

TGME49_313360 1.44 1.10 1.20 hypothetical protein TGME49_275420 #NIA -137 -1.12 
histone lysine-specific demethylase 
LSD11BHC1101KDMA1A 

TGME49_247300 1.01 1.39 #NiA hypothetical protein TGME49 _262860 #NIA -2.30 -2.77 
ADP-ribosylation factor family prote,n 1, 
putative 

TGME49_256840 -3.72 -3.89 -4.47 hypothetical protein TGME49_221990 #NIA -101 #NIA hypothetical protein 

TGME49_259530 -3.72 -3.93 -4.38 GalNac TGME49_223600 #NIA -199 -2.00 hypothetical protein 

TGME49_311500 -8.58 -8.99 -8.88 ThiF family protein TGME49_262130 #NIA -1.41 -1.55 hypothetical protein 

TGME49_251840 1.29 1.40 1.67 hypothetical protein TGME49_204880 #NIA -1.82 #NIA hypothetical protein 

TGME49_.250220 2.17 2.42 2.46 hypothetical protein TGME4V20720 #NIA -2.34 -2,05 hypothetical protein 

TGME49_216130 -1.94 -1.93 -2.29 ubiquitin conjugating enzyme E2, putative TGME49_223270 #NIA 1.19 1.19 hypothetical protein 

TGME49_278130 -2.14 -1.77 -2.05 hypothetical protein TGME49_236840 #NIA -1.11 -126 
zinc finger (C-x8-C-x5-C-x3-H)-2, 
putative 

TGME49_293460 -3.75 -3.13 -2.94 
ATP-dependent DNA ligase domain-
containing protein 

TGME49_240950 I/NIA -3.00 -2.50 hypothetical protein 

TGME49_308990 -3.72 .3.37 -2.98 
transporter, solute:sodium symporter 
(SSS) family protein 

TGME49_279370 #NIA .1,05 #NIA SNARE associated Golgi protein 

TGME49_248790 2.18 2.11 1.96 hypothetical protein TGME49_247640 #NIA 104 #NIA hypothetical protein 

TGME49_227140 2.65 2.29 300 hypothetical protein TGME49_276120 #NiA -2.46 #NIA 
histone lysine methyltransferase. SET. 
putative 

TGME49_250830 -1.53 -1.24 -1.69 SAC3/GANP family protein TGME49_231920 #NIA 1.38 1.51 oxidoreductase, short chain 
dehydrogenaseireductase family protein 

TGME49_305560 -3.72 -3.83 -4.05 Vps51Nps67 protein TGME49_200250 #NIA -1.00 #NIA microneme protein MIC17A 

I GM!:49_300048 1.07 1.38 #NiA hypothetical protein I GME:49_278780 #NIA -1.37 -1.56 hypothetical prote;n 

TGME49_263290 2.97 2.59 2.69 rhomboid protease ROM2 TGME49_285830 #NIA -104 #NIA hypothetical protein 

TGME49_286560 -8.57 -8.68 -8.93 U6 snRNA-associate<l Sm family protein TGME49_264460 #NIA -2.02 #NIA DNA-directed RNA polymerase Ill RPC5 

TGME49_276900 -3.75 -3.60 -3.11 hypothetical protein TGME49_305230 #NIA -2.30 #NIA hypothetical protein 
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FIGURE 4GG 

TGME49_286800 -8.52 -840 -8.64 hypothetical protein TGME49_208990 #NIA 121 1.48 hypothetical protein 

TGME49_274130 -8.48 -8.65 -8.63 TBC domain-containing protein TGME49_285680 #NIA 1.13 #NIA 
dihydrolipoamide acyitransferase, 
putative 

TGME49_206695 1.84 2.04 2.63 hypothetical protein TGME49_214120 #NIA -2.91 -2.85 hypotheticai protein 

TGME49_227350 -3.09 -3.12 -2.22 hypothetical protein TGME49 _249450 #NIA -2.89 -2.70 hypothetical protein 

TGME49_209270 -8.57 -8.33 -8.29 hypothetical protein TGME49_255245 #NIA 1.40 #NIA hypothetical protein 

TGME49_221710 -2.60 -2.51 -2.21 TBC domain-containing protein TGME49_252250 #NIA -1.61 #NIA ATPase. AAA famiiy protein 

TGME49_202750 -848 -8.29 -8.29 
3' exoribonuclease family, domain 1 
domain-containing protein 

TGME49_230920 #NIA -2.86 -2.89 
adaptor complexes medium subunit 
family protein 

TGME49_320440 -2.35 -2.81 -1.56 hypothetical protein TGME49 _214630 #NIA -1.37 #NIA hypothetical protein 

TGME49_262550 -8.48 -8.21 -7.88 hypothetical protein TGME49_231815 #NIA -1.98 #NIA hypothetical protein 

TGME49_268960 -2.98 -3.24 -3.38 
5'-AMP-activated protein kinase subuni1 
beta-1 family protein, putative 

TGME49_315980 #NIA -1.92 -2.11 EREBP-4 lamily protein 

TGME49_218358 -8.52 -8.28 -8.17 zinc knuckle doma;n-containing protein TGME49_287970 #NIA -1.02 #N!A hypothetical protein 

TGME49_262650 -3.77 -3.55 -3.54 
WD domain, G-beta repeat-containing 
protein 

TGME49_214170 #NIA -1.58 -1.46 hypothetical protein 

TGME49_202010 -2.51 -3.08 -2.20 hypothetical protein TGME49_270170 #NIA -1.56 -144 hypothetical protein 

TGME49_319308 -2.63 -1.88 -4.12 hypothetical protein TGME49_244150 #NIA -1.93 #NIA glycerate kinase 

TGME49_273920 -2.61 -2.42 -2.55 aldose reductase, pu1ative TGME49_201380 #N/A 1.15 #NIA chorismate synthase, putative 

TGME49_249740 1.50 1.72 1.51 
translation machinery associated tma7 
protein 

TGME49 _208360 #NIA 1.14 1.48 hypothetical protein 

TGME49_309130 -8.48 -847 -8.17 hypothetical protein TGME49 _285720 #NIA -2.21 -1.90 ATP binding protein, putative 

TGME49_297900 1.40 1.69 1.37 hypothetical protein TGME49_249160 #NIA -2.22 #NIA UM transporter family protein 

TGME49_312960 1.26 1.72 1.67 hypothetical protein TGME49_267440 #NIA 1.14 #NIA RING zinc finger protein 

TGME49_278240 -8.75 -8.54 #NiA 
Zn-finger in Ran binding protein and 
others domain-containing protein 

TGME49 _260480 #NIA -2.84 -3.42 leucine rich repeat-containing protein 

TGME49_295060 -849 -8.17 -7.75 exanuclease TGME49_227440 #NIA 1.02 1.14 
WO domain, G-beta repeal-containing 
protein 

TGME49_248870 1.36 1.25 #N/A SNARE associated Go!gi protein TGME49_286030 #NIA -1.08 #NIA hypothetical protein 

TGME49_266390 -8.48 -8.00 -8.07 
DNA mismatch repair protein, C-term1na1 
domain-con1aining protein 

TGME49 _278110 #NIA -1.59 #NIA 
1,3-beta-giucan synthase component 
protein 

TGME49_248140 3.21 #NIA #N/A hypothetical protein TGME49_305010 #NIA -1.73 -1.71 
pre-mRNA branch site protein p14, 
putative 

TGME49_270230 -8.48 -8.80 -8.58 hypothetical protein TGME49_230890 #NIA -1.40 #NIA PHD-flnger domain-containing protein 

TGME49_248160 -8.48 -8.80 -9.03 hypothetical protein TGME49 _252230 #NIA -1.16 #NIA hypothetical protein 

TGME49_219660 3.07 #NIA 3.10 hypothetical protein TGME49_222300 #NIA -1.18 #NIA hypothetical protein 

TGME49_279540 -8.54 -7.14 -8.72 hypothetical protein TGME49_234560 #NIA -1.19 -108 hypothetical protein 

TGME49_221280 -1.56 -1.31 -1.03 hypothetical protein TGME49_258940 #NIA 1.34 1.21 acylphosphatase family protein 

TGME49_318260 -3.69 -3.49 -3.67 
transcription initiation factor TFIID subunit 
TAF5 

TGME49_239690 #NIA 1.21 #NIA hypothetical protein 

TGME49 _247700 1.31 1.14 1.32 AP2 domain transc1iption factor AP2Xll-4 TGME49_225120 #NIA 105 #NIA hypothetical protein 

TGME49_253410 2.32 1.99 2.32 hypothetical protein TGME49_314710 #N/A -1.22 -1.20 carrier superfamiiy protein 

TGME49_250680 -2.58 -2.11 -2.09 
TBC domain-containing kinase 
(incomp!ete cataiytic triad) 

TGME49_209870 #NIA -1.84 #NIA HAD hydrolase, family IIA protein 

TGME49_254390 1.06 #NIA #NIA CRAUTRIO domain-containing protein TGME49 _278060 #NIA -1.62 #NIA 
Mre11 DNA-binding domain-containing 
prote,n 
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FIGURE 4HH 

TGME49_220175 2.95 2.52 2.87 hypothetical protein TGME49_275740 #NIA -2.83 -2.66 hypo1hetical protein 

TGME49_227910 -1.23 -106 -1.72 hypothetical protein TGME49 _304650 #NIA -1.23 #NIA 
histidine acid phosphatase supertami!y 
protein 

TGME49 _203760 1.36 1.63 1.68 hypothetical protein TGME49_284040 #NIA -1.33 -1.16 hypothetical protein 

TGME49_297245 -1.46 -1.42 -109 transporter, ma1or facilitator family protein TGME49_313970 #NIA -1.87 -2.25 
Phytanoyl-CoA dioxygenase (PhyH) 
superfamily protein 

TGME49_271625 -8.49 -8.19 -8.07 serine--tRNA ligase TGME49_298060 #NIA -2.00 #NIA Toxop!asma gondii fami!y C protein 

TGME49_205300 1.32 1.24 #NIA hypothetical protein TGME49_249190 #NIA 1.34 1.62 AP2 domain transcription factor AP2Xll-6 

TGME49_226030 -1.07 #NIA -1.35 AGC kinase TGME49 _277895 #NIA -1.39 #NIA ubiquitin carboxyl-terminai hydrolase 

TGME49_309890 -300 -3.19 -278 hypothetical protein TGME49_236130 #NIA 1.74 1.59 
signal recognition particle iSRP9) 
domain-containing protem 

TGME49_260510 -2.95 -2.70 -2.86 
ub;quitin thioesterase otubain-!ike family 
protein 

TGME49 _273310 #NIA -1.30 -1.66 hypothetical protein 

TGME49_300285 -8.57 -8.51 -8.56 hypothetical protein TGME49 _211610 #NIA 100 #NIA hypothetical protein 

TGME49_229930 1.35 #NIA #NIA p25-alpha family protein TGME49_215080 I/NIA -1.29 #NIA hypothetical protein 

ATP-dependent Clp endopeptidase, 
TGME49_248990 1.18 1.70 1.29 hypothetical protein TGME49_318320 #NIA -2.16 -1.88 proteolytic subunit ClpP domain-

containing protein 

TGME49_209240 1.56 1.50 1.25 RNA methyltransferase TGME49_203030 #NIA 110 #NIA 
N-methyl-D-aspartate receptor-
associated protein 

TGME49 _289890 -3.06 -2.45 -2.64 hypothetical protein TGME49_234370 #NIA -2.22 -2.11 SAG-related sequence SRS42 

TGME49_235478 -3.79 -4.09 -4.14 panto1henate kinase TGME49_240490 #NIA -2.20 #NIA hypothetical protein 

TGME49_277840 1.13 #NIA #NIA Ras family protein TGME49_230990 #NIA 1.32 1.09 hypothetical protein 

TGME49_270940 -8.50 -8.13 -8.10 hypothetical protein TGME49_204040 #NIA -2.11 -2.00 hypothetical protein 

TGME49_224580 -1.86 -1.73 -1.95 RNA recognition motif-containing protein TGME49_268010 #NIA -1.26 -1.15 hypothetical protem 

TGME49_242118 -8.44 -8.65 -9.98 myosin-light-chain kinase TGME49_308030 #NIA -1.38 -1.36 hypothetical protein 

TGME49_253510 2.42 2.70 2.46 transporteripermease protein TGME49_263580 #NIA 1.49 1.27 brornodomain-contain:ng protein 

TGME49_220450 -8.43 -8.51 -7.24 ribonuc!ease HI protein TGME49_226980 #NIA 1.29 #NIA hypothetical protein 

TGME49_262030 -6.43 -8.59 -7.63 
ALG6. ALG8 glycosyltransferase family 
protein 

TGME49_268560 #NIA -1.60 #NIA 
XPG N-terminal domain-containing 
prote:n 

TGME49 _208500 -2.35 -2.69 -2.68 
protein phosphatase 2C domain-
containing protein 

TGME49_218610 #NIA -1.64 -1.51 A TPase (DUF699) protein 

TGME49_243530 -6.44 -8.23 -7.39 
pentatricopeptide repeat domain-
containing protein 

TGME49 _265080 #NIA -1.01 #NIA Tubuiin-tyrosine iigase family protein 

TGME49_316300 -6.44 -8.83 -8.15 
ATP-dependent DNA helicase, RecQ 
family protein 

TGME49_301450 #NIA -1.00 #NIA FG-GAP repeat-containing protein 

TGME49_227310 -3.69 -3.45 -3.61 hypothetical protein TGME49 _233300 #NIA -2.07 -2.85 RhoGAP domain-containing protein 

TGME49_230590 -8.44 -8.41 -8.73 
chitobiosyidiphosphodolichol beta-
mannosyitransferase 

TGME49_318720 #N1A 1.15 #NIA 
pyridoxal phosphate enzyme, YggS 
family protein 

TGME49_309580 -2.95 -2.79 -2.64 transporter, major faciittator family protein TGME49 _320470 #NIA 190 1.79 hypothetical protein 

TGME49_213420 -8.43 -7.88 -7.90 RAP domain-conta;ning protein TGME49 _289010 #NIA -1.78 #NIA RNA recognition motif-contain;ng protein 

TGME49_270720 -8.55 -8.74 -8.70 hypothetical protein TGME49_225108 #NIA -1.44 #N/A SNF7 family protein 

TGME49_264870 1.73 1.57 1.55 
Sodium:neurotransmitter symporter 
family protein 

TGME49_257780 #N1A -1.44 -1.56 hypothetical protein 
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FIGURE 4ii 

TGME49_268210 -8.89 -9.53 -8.82 AGC kinase TGME49_232730 #N/A 1.04 #N/A 
acyl-CoA:diacy!glycerol acyitransferase 1 
related enzyme 

TGME49_202180 -170 -1.32 #NIA hypothetical protein TGME49_300330 #NIA 101 1.06 hypothetical protein 

TGME49_318525 -1.80 -2.33 -1.61 hypothetical protein TGME49 _294902 #NIA -1.58 #NiA hypothetical protein 

TGME49_260160 3.22 2.71 2.93 hypothetical protein TGME49_264200 #NiA -1.76 #NiA hypothetical protein 

TGME49_233220 1.38 104 #NIA hypothetical protein TGME49_245435 #NIA 127 #NiA hypothetical protem 

TGME49_285490 -8.43 -9.04 -9.07 
helix-hairpin-helix motif domain-
containing protein 

TGME49_301460 #N/A 1.13 1.27 hypothetical protein 

TGME49_268590 1.07 1.10 i!N/A rhomboid protease ROM4 TGME49_206500 #NiA -2.71 -2.88 hypothetical protein 

TGME49_259210 -8.43 -8.66 -8.38 jmjC domain-containing protein C2orf60 TGME49 _240450 #NIA 1.35 1.81 Maf fam:ly protein 

TGME49_215210 2.40 2.39 2.76 hypothetical protein TGME49_239580 #NIA -704 -9.11 hypothetical protein 

TGME49_234670 1.96 1.80 1.81 acfin-like family protein TGME49_217500 #NIA 201 #NIA 
HMG (high mobility group) box domain-
containing protein 

TGME49_263000 1.16 1.31 1.31 Beige/BEACH domain-containing protein TGME49_257500 #NIA 1.30 1.33 hypothetical protein 

TGME49_229780 -3.65 -3.83 -4.23 
GHMP kinase, N-terminal domain-
containing protein 

TGME49_288640 #N/A 1.19 1.49 radical SAM doma;n-containing protein 

TGME49_316250 1.68 2.06 1.34 hypothetical protein TGME49_220260 i!N/A 1.22 #NIA hypothetical protein 

TGME49_261510 3.43 3.26 307 hypothetical protein TGME49_247240 #NIA -1.21 -1.96 
ubiquitin carbcxyl-terminai hydrolase. 
famiiy 1 protein 

TGME49_289180 -8.44 -8.64 -8.35 
t!iioredoxin family redox-acuve protein, 
putative 

TGME49_242240 #NIA -1.15 -1.32 rhoptry kinase fami!y pro1ein ROP19A 

TGME49_213240 -8.45 -8.63 -8.59 hypothetical protein TGME49 _227920 #NiA -1.40 -1.66 hypothetical protein 

TGME49_278470 -3.77 -3.38 -3.72 hypothetical protein TGME49_256910 #NiA 1.28 #NiA hypothetical protein 

TGME49_254910 -2.58 -2.81 -2.61 hypothetical protein TGME49_238130 #NiA -1.23 -1.24 hypotheticai protein 

TGME49_309250 -1.73 -1.54 -1.53 hypothetical protein TGME49_243310 #N/A 1.37 #NIA hypothetical protein 

TGME49_278920 -2.97 -2.72 -3.20 hypothetical protein TGME49_258550 #NIA -1.36 #NIA SAG-re!ated sequence SRS28 

TGME49_224660 1.13 1.12 1.20 
transcription factors-ii (tfiis), central 
domain-containing protein 

TGME49_247370 #NIA -140 #NIA hypothetical protein 

TGME49_254090 -1.68 -1.39 #NIA hypothetical protein TGME49 _295680 #NIA -1.29 -1.29 
periodic tiyptophan protein PWP2, 
putative 

TGME49_285650 -1.50 -1.41 #N/A hypothetical protein TGME49 _269760 #NiA 1.16 1.29 
'chrome' (CHRromatin Organization 
MOdifier) domain-containing protein 

TGME49_285840 1.67 1.36 1.80 RAP domain-containing protein TGME49_289130 #NIA -2.02 -1.94 hypothetical protein 

TGME49 _206480 1.17 1.40 #NIA hypothetical protein TGME49 _255320 #NIA 1.18 #NIA mRNA turnover 4 (MRT 4) famiiy protein 

TGME49_232020 -1.94 -1.93 -1.92 hypothetical protein TGME49_231625 #NIA -1.76 #NIA hypothetical protein 

TGME49_271870 -8.39 -8.47 -B.96 
zinc carboxypeptidase superfamily 
protein 

TGME49_206470 #NIA 1.11 #NIA 
pyruvate dehydrogenase complex 
subunit PDH-E31I 

TGME49_317705 -2.02 -1.73 -1.59 
enoyl-CoA hydrataseiisomerase family 
protein 

TGME49 _228010 #N/A -1.53 #NIA hypothetical protein 

TGME49_271350 -8.39 -8.50 -9.10 
bifunctional protein FoiC subfamily 
protein 

TGME49 _256820 #NIA -1.52 -1.65 
zinc finger (CCCH type) motif-containing 
prote:n 

TGME49_204050 1.54 3.19 #NIA subtilisin SUB1 TGME49_269630 #NIA 1.13 1.47 hypothetical protein 

TGME49_231600 -2.33 -1.91 -2.49 HEAT repeat-containing protein TGME49_2.!3750 #NIA 2.11 2.44 
tetratricopeptide repeat-containing 
protein 

TGME49 _203450 -2.15 -2.25 -2.19 DUF3228 domain-containing protein TGME49_236990 #NIA 1.16 4.01 
beta-ketoacyl synthase. N-terminal 
domain-containing protein 
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FIGURE 4JJ 

TGME49_272680 -8.39 -8.53 -8.28 hypothetical protein TGME49 _218000 #NIA -1.71 -1.61 hypothetical protein 

TGME49_224150 -8.39 -7.83 -8.15 hypothetical protein TGME49_305460 #N/A 1.60 #NIA methionine aminopeptidase 2, putative 

TGME49_223510 -8.39 -8.72 -8.57 hypothetical protein TGME49_217951 #NIA -1-28 8.04 hypothetical protein 

TGME49_311110 -3.62 -3.95 -4.24 
Ub1quitin-fold modifier 1 precursor family 
protein, putative 

TGME49_267970 #NIA -1.22 #NIA 
DEADiDEAH box heiicase domain-
containing protein 

TGME49_226970 1.16 1.03 #NiA ribosomal protein RPS11 TGME49_215100 #NIA -1.38 #NIA PP-loop family protein 

TGME49_264660 -1.28 #NIA #NiA SAG-related sequence SRS44 TGME49_219218 #NIA -1.31 #NIA hypothetical protein 

Adaptin ear-bIndIng coat-associated 
TGME49_263330 -8.48 -8.17 -8.20 protein 2 (NECAP-2) isofcrm 2 family TGME49_216440 #NIA 2.43 #N/A OTU farni!y cyste,ne protease 

protein 

TGME49_254290 1.41 1.44 1.66 hypothetical protein TGME49_238510 #NIA -1.71 -2.21 hypothetical protein 

TGME49_267560 2.04 1.64 1.89 fatale-binding protein YgfZ protein TGME49_275840 #NIA -1.96 #NIA 
protein phosphatase 2C domain-
containing protein 

TGME49_228320 -8.39 -7.69 -7.90 hypothetical protein TGME49_267460 #NIA -1.97 -2.04 AP2 doma,n transcription factor AP21X-1 

TGME49_246060 -8.46 -8.09 -8.64 DNA-dependent RNA polymerase TGME49_222430 #NIA -1.27 -1.21 
HECT-domain (ubiqu,tin-transferase) 
domain-containing protein 

TGME49_284010 -3.62 -3.91 -301 
5'-3' exonuclease, N-terminal resolvase 
family domain-containing protein 

TGME49 _211730 #NIA -1.55 #NIA histone lysine methy!transferaee SET8 

TGME49_270750 -2.18 -2.27 -1.69 hypothetical protein TGME49_214740 #NiA -1.09 #NIA hypothetical protein 

TGME49_283850 -1.69 -1.75 -1.94 peptidyl-prolyl cis-trans isomerase TGME49 _253070 #NiA -2.03 #NiA hydrolase, TatD family protein 

TGME49_209460 -8.39 -8.00 -7.97 hypothetical protein TGME49 _289340 #NIA 1.80 #NIA hypolheticai protein 

TGME49_240960 2.32 2.00 1.75 AIG2 family protein TGME49 _233245 #NiA -1.96 -2.09 hypotheticai protein 

TGME49_234520 -2.31 -1.54 -2.17 
U2 snRNP auxilliary factor, large subunit 
splicing factor subfamily protein 

TGME49_220480 #NIA -2.53 -2.94 hypothetical protein 

TGME49_216850 -8.38 -7.64 -806 hypothetical protein TGME49_297080 #NIA -1.48 #NiA pyridoxal Kinase 

TGME49_2610QO -1.53 -1.56 -1.53 
MutS domain V domain-containing 
protein 

TGME49 _288700 #NIA -1.11 -1.33 
RecF/RecN/SMC N terminal domain-
containing protein 

TGME49_284170 -8.39 -8.22 -B.25 
DHHC zinc finger domain-containing 
protein 

TGME49_271610 #NIA -1.05 #NIA pyrroiine-5-carboxylate reductase 

TGME49_293840 1.34 1.05 #NiA hypothetical protein TGME49 _226240 #NIA 1.13 #NIA bud site selection protein, putative 

TGME49_221370 -3.61 -3.47 -3.01 hypothetical protein TGME49_231280 #NIA 1.09 #NIA 
\ND domain, G-beta repeal-containing 
protein 

TGME49_228340 -8.39 -8.49 -8,07 hypothetical protein TGME49_267450 #NIA -1-01 -1-07 alpha-tubulin suppressor protein 

TGME49_275670 -1.17 -1.25 #NiA 
alveolin domain containing intermediate 
filament IMC15 

TGME49_268240 #NIA 1.24 1.64 hypothetical protein 

TGME49_318480 -2.29 -2.48 -201 SWl2/SNF2-containing protein RAD5 TGME49_228110 #NIA -1.24 #NIA hypothetical protein 

TGME49_246030 -8.38 -8.35 -8.28 mediator complex subunit MED17 TGME49_226068 #NIA -1.02 #NIA DnaJ don1ain-containing protein 

TGME49_268870 -1.28 -1.11 -108 tetratricopeptide repeat-containing protein TGME49_217900 #NIA -t14 -1.50 hypolheticai protein 

TGME49_281990 1.60 1.70 1.70 Nicotinamidase TGME49 _257390 #NiA -1.97 #NIA 
ribosome biogenesis GTP-binding 
protein YsxC protein 

TGME49_264880 -2.29 -2.19 -2.05 
NEDD8-activating enzyme E1 catalytic 
subunit 

TGME49_248770 #NIA -1.51 #NIA hypothetical protein 

TGME49_288800 3.01 3.24 2.81 
endonuclease/exonuciease/phosphatase 
family protein 

TGME49_216700 #NIA ·2,50 -3-00 hypolhetical protein 

TGME49_246190 -2.53 -2.68 -2.48 hypothetical protein TGME49_273130 #NIA 1.43 1.66 SAG-related sequence SRS30A 

TGME49_312500 -1.52 -1.57 -1.71 hypothetical protein TGME49_273720 #NIA -1.15 #NIA hypothetical protein 
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FIGURE 4KK 

TGME49_208340 -120 #NIA #NIA hypothetical protein TGME49_231220 #NIA -1.93 -2.14 hypothetical protein 

TGME49_262950 1.01 1.23 1.05 hypothetical protein TGME49_218840 #NIA -1.23 #NIA mutS domain proteh1 

TGME49_220870 1.62 1.88 1.59 hypothetical protein TGME49_283585 #NIA 1.23 #NIA hypothetical protein 

TGME49_221610 -2.13 -2.20 -1.91 ubiquitin carboxyl-terminal hydroiase TGME49_249770 #NIA 1.47 #NIA Nmda 1 protein 

TGME49_211600 -2.28 -2.40 -209 hypothetical protein TGME49_229350 #NIA -1.24 -1.98 HEAT repeat-containing protein 

TGME49_268720 -2.91 -2.96 -2.88 Hrf1 family protein TGME49_291120 #NrA -1.23 -1.24 trafficking protein mon1 subfamily protein 

TGME49_312190 -1.68 -1.66 -2.11 hypothetical protein TGME49_239070 #NIA -1.47 -1.63 hypothetical protein 

TGME49_300270 1.12 1.23 #NiA hypothetical protein TGME49_287220 #NIA 1.78 1.87 hypothetical protein 

TGME49_248740 1.35 1.20 #NiA hypothetical protein TGME49_258826 #NIA -1.74 #NIA hypothetical protein 

TGME49_275990 1.20 1.31 1.41 hypothetical protein TGME49_268290 #N!A -2.00 #NIA 
DEAD/DEAH box heiicase domain-
containing protein 

TGME49_217050 1.16 1.06 #NIA 
ADP<2.-A transcriptional co-activator 
SAGA component 

TGME49 _219230 #NIA -1.11 -1.11 
AMP-binding enzyme domain-containing 
protein 

TGME49_221690 -3.61 -3.74 -3.80 hypothetical protein TGME49_255660 #NiA -1.14 -1.64 EF hand domain-containing protein 

TGME49_224950 -1.17 #NIA #NIA 
calcium-dependent protein kinase 
CDPK5 

TGME49 _232310 #NIA -1.63 -1.73 
endonucleaseiexonuclease/phosphatase 
family protein 

TGME49_321590 -1.34 #NIA -1.41 hypothetical protein TGME49_277680 #NIA -1.13 -1.63 hypothetical protein 

TGME49_316230 -2.26 -2.08 -2.47 
SAC1 phosphoinositide phosphatase, 
putative 

TGME49_270070 #NiA 2.20 #NiA synaptobrevin family protein 

TGME49_248640 -1.33 -1.23 -1.50 
regulator of chromosome condensation 
(RCC1) repeat-containing protein 

TGME49_210440 #NIA 1.04 1.04 polynucleotide adenylyltransferase 

TGME49_243290 -2.10 -1.78 -2.13 hypothetical protein TGME49_270300 #NiA 1.54 #NiA hypothetical protein 

TGME49_225470 1.25 1.29 1.35 peptide methionine sulfoxide reductase TGME49_232590 #NIA 1.28 1.37 
glutamate-cysteine ligase, catalytic 
subunit domain-containing protein 

TGME49_275980 -3.58 -3.59 -3.79 
coenzyme q (ubiquinone) biosynthesis 
protein coq4 protein 

TGME49 _230140 #NiA -1.13 #NiA 
vacuoiar sorting protein 9 (vps9) domain-
containing protein 

TGME49_286140 -2.10 -1.35 -1.68 hypothetical protein TGME49_294420 #NIA -1.89 -1.86 
programmed cell death protein 2, c-
terminai domain-containing protein 

TGME49 _294390 -8.33 -8.18 -8.48 myosin light chain MLC4, putative TGME49 _249550 #NiA -1.14 #NiA hypothetical protein 

TGME49_237480 -3.58 -3.84 -3.95 
BRCA 1 C Terminus (BRCT) domain-
containing protein 

TGME49_319600 #NIA -1.17 #NiA 
alpha-tubul,n N-acetyltransferase, 
putative 

TGME49_310520 -3.61 -3.49 #NIA 
3'S--cyclic nucleotide phosphodiesterase 
domain-containing protein 

TGME49_262700 #NIA 1.19 1.22 
tetratricopeptide repeat-containing 
protein 

TGME49_244670 -1.56 -1.63 -1.41 hypothetical protein TGME49_306590 #NIA 1.35 1.47 hypothetical protein 

TGME49_233860 -8.40 -8.46 -7.90 
DALR anticodon binding domain-
containing protein 

TGME49_205550 #NIA -1.43 -1.54 AGC kinase 

TGME49_307020 -1.89 -1.40 -140 hypothetical protein TGME49 _217340 #NIA -1.15 -1.32 hypothetical protein 

TGME49_239620 -3.58 -3.81 -4.01 
5'-nucleotidase, C-terminal domain-
containing protein 

TGME49_200460 #NIA 1.18 1.17 hypothetical protein 

TGME49_310360 -1.39 -1.33 -1.82 hypothetical protein TGME49 _264670 #NiA -1.01 -1.16 DNA polymerase family B protein 

TGME49_278960 -175 -1.71 -1.55 hypothetical protein TGME49_316490 #NIA 1.24 #NIA hypothetical protein 

TGME49_312340 -8.33 -8.15 -8.46 hypothetical protein TGME49_313530 #NIA -1.06 -1.22 transmembrane protein 167, putat,ve 

TGME49_209960 -1.70 -1.69 -2.20 glycosyltransferase TGME49_231870 #NIA -1.60 -1.59 
tetratricopeptide repeat-containing 
protein 

TGME49_310380 -8.34 -8.38 -8.50 brix domain containing protein TGME49 _208850 #NiA -1.13 #NIA SAG-related sequence SRS 11 

TGME49_318590 -8.37 -7.96 -8.02 MRP family domain-containing protein TGME49_314390 #NiA -1.19 -1.37 hypothetical protein 
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FIGURE 4LL 

TGME49_201120 -1.68 -1.57 -1.34 ELMOICED-12 family protein TGME49_205250 #NIA #NIA 11.29 moptry protein ROP18 

TGME49_203840 1.45 1.53 1.84 
DEAD/DEAH box helicase domain-
containing protein 

TGME49_214080 #NIA #NIA 6.66 toxofiiin 

TGME49 264960 -8.34 -8.46 -8.59 hypothetical protein TGME49 319350 #NIA #NIA -1.78 SAG-related sequence SRS17B 

TGME49_218820 -1.40 -1.39 -1.92 alba2 TGME49_226100 #NIA #NIA 6.20 
haloacid dehalogenase family hydrolase 
domain-contaimng protein 

TGME49_239080 -8.34 -8.07 -7.62 earlier superfamily protein TGME49_320190 #NIA #NIA 8.02 SAG-related sequence SRS16B 

TGME49_239710 -8.33 -8.40 -8.73 phosphomannomutase TGME49_270510 #NIA #NIA -1.78 
asparaginyl-tRNA synthetase 
(NOB+tRNA synthase) 

TGME49_244110 -1.27 -1.41 -1.59 
nucleosome assembly protein (nap) 
protein 

TGME49_245432 #NIA #NIA 2.68 hypothetical protein 

TGME49_258680 -2.07 -1.83 -2.11 TATA-box binding protein TBP2 TGME49 _289170 #NIA #NIA 4.85 
adenylate and guanylate cyclase 
catalytic domain-containing protein 

TGME49 _227390 -2.88 -2.55 -2.14 hypothetical protein TGME49_212250 #NIA #NIA 2.42 
XPG N-terminal domain-containing 
protein 

TGME49_240660 -8.35 -8.19 -8.05 hypothetical protein TGME49 _255210 #NIA #NIA 3.10 ATPase, AAA family protein 

TGME49_290340 -2.30 -1.97 -2.42 HEAT repeat-containing protein TGME49_315320 #NIA #NIA -1.69 SAG-reiated sequence SRS52A 

TGME49_259830 1.56 1.66 1.49 
diacylglycerol kinase catalyt!c domain-
containing protein 

TGME49_253790 #N/A #NIA 1.73 
zinc finger (CCCH type) motif-containing 
protein 

TGME49_261600 104 1.15 108 creatinase domain-containing protein TGME49_320180 #NIA #NIA 5.44 SAG~reiated sequence SRS16C 

TGME49_306330 -1.93 -2.15 -2.75 phospholipase TGME49_279100 #NIA #NiA 1.23 hypothetical protem 

TGME49_224900 -1.16 #NIA -1.32 adeny!ate kinase, putative TGME49 _203600 #NIA #NiA -1.53 hypothetical protein 

TGME49_246530 -3.69 -3.12 -3.15 
phospholipase D active site domain-
containing protein 

TGME49_257530 #NIA #NIA -2.22 
transporter, majo1 facilitator famiiy 
protein 

TGME49_230010 -1.93 -1.43 -1.88 hypothetical protein TGME49 _297880 #NIA #NIA -2.17 dense granule protein DG32 

TGME49_203970 -2.86 -2.59 -2.35 
do!ichyi-diphosphooligosaccharide--
protein glycosyltransferase 

alkyl hydroperoxide reductasel Thiol 
TGME49_217890 #NIA #NIA -1.40 specific antioxidanti Mal allergen. 

putative 

TGME49_283810 -3.59 -3.03 -3.72 hypothetical protein TGME49_23?560 #NIA #NIA -1.20 iron-sulfur cluster protein ISCU 

TGME49_297890 1.20 1.72 1.19 hypothetical protein TGME49_307830 #NIA #NIA -1.52 hypothetical protem 

TGME49_300260 -1.04 #NIA -1.11 threonyl-tRNA synthetase family protein TGME49_213050 #NIA #NIA 2.16 hypothetical protein 

TGME49_255940 1.68 1.79 2.44 hypothetical protein TGME49_308950 #N!A #NIA 1.10 
histidine acid phosphatase superfamily 
protein 

TGME49_294720 -2.56 -2.34 -2.11 hypothetical protein TGME49 224460 #NIA #NIA -2.12 aminopeptidase n, putative 

TGME49_260650 -3.58 -3.62 -3.12 
glycosyltransferase, group 2 family 
protein 

TGME49_313440 #NIA #NIA 4.64 hypothetical protein 

TGME49_257290 -8.36 -10.23 -8.16 
RNA 2'-phosphotransferase, Tpt1iKptA 
family protein 

TGME49_254840 #NIA #NIA -332 
tetratricopeptide repeat-containing 
protein 

TGME49_316570 1.04 1.05 #NIA hypothetical protein TGME49_320630 #NIA #NIA -144 
phosphotransferase enzyme family 
protein 

TGME49_238170 1.36 105 1.11 hypothetical protein TGME49 _262630 #NIA #NIA 3.44 hypothetical protein 

TGME49_224235 -8.28 -8.78 -8.25 translation 1nitiatio11 factor IF-3 protein TGME49_257750 #NIA #NIA -2.12 
homocysteine s-methyltransferase 
domain-containing protein 

TGME49_224230 2.04 1.50 1.97 AP2 domain transcription factor AP2X-3 TGME49_323320 #NIA #NIA -3.55 hypothetical protein 

TGME49_242260 1.48 1.15 #NIA hypothetical protein TGME49_315750 #NIA #NIA -1.69 hypothetical protem 

TGME49_299050 1.17 1.05 #NIA ribosomal protein RPL 17 TGME49 _258580 #NIA #NIA -1.04 rhoptry protein ROP17 

TGME49_315500 -1.60 -1.24 -1.57 hypothetical protein TGME49 _253880 #NIA #NIA 1.18 G NS 1 /SUR4 family protein 

TGME49_206390 -8.28 -8.38 -8.25 hypothetical protein TGME49_227380 #NiA #NIA 1.17 hypothetical protein 
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FIGURE 4MM 

TGME49_248880 -1.20 #N/A -1.41 GTPase RAB? TGME49_207370 #NIA #NIA 1.01 hypothetical protein 

TGME49_261710 -1.64 -1.46 -1.75 ankyrin repeat-containing protein TGME49 _201820 #NIA #NIA 1.51 hypothetical protein 

TGME49_294430 -3.54 -3.16 -3.04 hypothetical protein TGME49_229480 #NIA #NIA -102 
calcium binding protein precursor, 
putative 

TGME49_252070 1.65 2.10 10.19 KRUF family protein TGME49_231160 #NIA #NIA -1.01 hypothetical protein 

TGME49_230500 -3.54 -3.42 -3.30 hypothetical protein TGME49 _269980 #NIA #N1A -1.07 preprotein trans!ocase Sec61, putative 

pyridine nucleotide-disulfide 
TGME49_293330 -8.28 -8.34 -8.42 hypothetical protein TGME49_207620 #NIA #NIA -1.28 oxidoreductase domain-containing 

prote,n 

TGME49_217350 -8.29 -8.53 -9.07 methyltrans!erase MTA70, putative TGME49 _241880 #NiA #NiA -1.35 
3'5'-cyciic nucleotide phosphodiesterase 
domain-containing protein 

TGME49 _216500 -3.54 -3.88 -4.05 tRNA synthetase, putative TGME49 _269420 #NIA #NIA 1.21 hypothetical protein 

TGME49_212725 -2.49 -2.24 -1.90 hypothetical protein TGME49 _262640 #NIA #NIA -1.53 Cg8 family protein 

TGME49_238000 -3.58 -3.00 -3.04 peptidyl-prolyl isomerase TGME49_253440 #N!A #NIA 1.08 
ceil-cycie-associated protein kinase 
SRPK, putative 

TGME49_236800 -8.29 -8.28 -8.45 hypothetical protein TGME49_238970 #NiA #NiA -9.70 hypothetical protein 

TGME49_215550 -2.55 -1.97 -2.32 hypothetical protein TGME49_282190 #NIA #NIA -1.51 hydrolase, NUDIX family protein 

TGME49_294050 1.60 1.76 1.52 hypothetical protein TGME49_290660 #NIA #N/A -1.01 RNA recognition motif-containing protein 

TGME49_258180 -8.34 -8.18 -7.91 hypothetical protein TGME49_227580 #N/A #NIA -1.59 
lransmembrane amino acid transporter 
prote,n 

TGME49_246160 2.25 2.31 2.70 hypothetical protein TGME49_285510 #N/A #N/A -1.44 hypothetical protein 

TGME49 _288260 -1.61 -1.37 -1.70 hypothetical protein TGME49_249180 #NIA #NIA -1.22 
bifunctional dihydrofolate reductase-
thymidylate synthase 

TGME49 _254380 -8.29 -8.44 -8.45 ribosomal protein L 11, putative TGME49_268790 #NiA #NIA 1.03 hypothetical protein 

TGME49_221950 -1.47 -1.13 -1.25 splicesome-associated protein, putative TGME49_309930 #NiA #NIA 1.37 melibiase subfamily protein 

TGME49_257370 2.21 1.96 2.16 hypothetical protein TGME49_308010 #N/A #NiA 1.53 hypothetical protein 

TGME49_205160 1.94 1.40 1.90 hypothetical protein TGME49_314400 #NIA #N/A -1.11 
pyruvate dehydrogenase E1 component, 
beta subunit, putative 

TGME49_307980 2.27 1.51 1.94 GTP-binding protein lepA, putative TGME49 _286928 #NiA #NIA -2.53 hypothetical protein 

TGME49_216870 -2.22 -1.78 -178 DNA excision repair helicase TGME49 _260260 #NIA #NIA -1.04 ribosomal protein RPP1 

TGME49 235140 1.74 #NIA #NIA hypothetical protein TGME49_214290 #NiA #NiA -1.17 DJ-1 family protein 

TGME49_216930 -1.60 -1.62 -1.54 cholinephosphate cytidylyltransferase TGME49_313180 #NIA #NIA -1 09 
ceil-cycle-assodated protein kinase 
PRP4, putative 

TGME49_313385 1.96 1.47 1.79 hypothetical protein TGME49_308020 #N/A #NIA -1.24 SAG-related sequence SRS57 

TGME49 _264650 -8.32 -8.61 -7.56 phosphoacetyiglucosamine mutase TGME49 _233030 #N/A #NIA -1.11 gliding-associated protein GAP70 

TGME49_232780 -2.50 -3.16 -2.87 hypothetical protein TGME49 _216620 #NiA #N/A -1.15 EF hand domain-containing protein 

TGME49_297150 -130 -1.07 -1.20 MORN repeat-containing protein TGME49_209260 #NIA #NIA -1.17 cytochrome c oxidase subunit, putat,ve 

TGME49_306030 -1.53 -1.69 -1.89 
glutathione s-!ransferase, n-terminal 
domain containing protein 

TGME49_267070 #NIA #NIA 1.24 aquaporin 2 

TGME49_216920 -2.52 -1.80 -1.94 mediator complex subunit MED8 TGME49 _267680 #NIA #NIA -1.27 microneme protein MIC12 

TGME49_313418 -8.32 -8.06 -8.87 hypothetical protein TGME49_271790 #N/A #NIA 1.67 hypothetical protein 

TGME49_226330 -8.28 -8.33 -7.92 hypothetical protein TGME49_247550 #NIA #NiA -1.0'1 heat shock protein HSP60 

TGME49_233890 -2.25 -1.95 -2.17 hypothetical protein TGME49_215610 #NIA #N/A -1.93 hypothetical protein 

TGME49_312905 1.94 -1.52 2.29 hypothetical protein TGME49_254160 #N/A #NIA -3.79 hypothetical protein 

TGME49_294380 -2.83 -2.19 -2.32 PP-loop domain-containing protein TGME49_278660 #NIA #NIA -1.24 P-type ATPase4, putative 
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FIGURE 4NN 

TGME49_273030 -2.83 -3.34 -2.31 phosphoglycerate mutase family protein TGME49_253160 #NIA #N/A 1.30 hypothetical protein 

TGME49_311090 -1.28 -1.25 -1.64 ubiquitin carboxyl-terminal hydrolase TGME49 _236210 #NIA #N/A -1.08 peptidase M16 family potein, putative 

TGME49_285980 1.02 1.15 #NIA glucosephosphate-mutase GPM1 TGME49_235150 #NIA #NIA -1.01 
transporter, major facilitator family 
protein 

TGME49_271110 -3.54 -3.33 -2.96 hypothetical protein TGME49_310490 #NIA #NiA -1.20 ribosomal protein RPL27A 

TGME49_309800 -1.53 -1.21 -1.6D RNA recognition motif-containing protein TGME49_266900 #NIA #NIA 1.49 
cyclin, N-terminal domain-containing 
protein 

TGME49_264720 -3.51 -3.91 -3.61 hypothetical protein TGME49_305330 #NIA #N/A -1.02 
cyclin, N-terminal domain-containing 
protein 

TGME49_312430 1.36 rn 1.25 hypothetical protein TGME49 _222370 #NIA #NIA 1.49 SAG-related sequence SRS13 

TGME49_277070 1.47 uo 1.37 SWl2/SNF2-containing protein TGME49_209030 #NIA #NIA -103 actinACT1 

TGME49_271860 -8.31 -8.37 -7.92 tRNA (Uracil-5-)-methyltransferase TGME49_226072 #NIA #NIA -1.13 Ser!Thr phosphatase family protein 

TGME49_226740 1.27 1.36 1.06 
zinc finger. C3HC4 type (RING finger) 
domain-containing protein 

TGME49_224935 #NIA #NIA 1.43 hypothetical protein 

TGME49_281570 -3.51 -3.93 -3.77 hypothetical protein TGME49 _269390 #NIA #NIA 1.20 CRAL!TRIO domain-containing protein 

TGME49_203180 -3.51 -4.41 -3.69 leucine rich repeat-containing protein TGME49_311470 #NIA #NIA -1.07 rhoptry neck protein RON5 

TGME49_306410 -3.51 -3.96 -4.00 hypothetical protein TGME49_289680 #NIA #NIA -106 Ras-related protein Rab11 

TGME49_221580 -1.28 -1.57 -1.50 
ribosomal RNA large subunit 
methyltransferase J protein 

TGME49_211340 #NIA #NIA 1.29 hypothetical protein 

TGME49_294740 -1.91 -2.10 -2.06 hypothetical protein TGME49_321410 #NIA #NIA 1.14 hypothetical protein 

TGME49_257340 -8.23 -8.55 -8.65 Ras famiiy protein TGME49_256000 #NIA #NIA -1.01 endoplasmic reticulum retention receptor 

TGME49_305850 -1.04 #NIA -1.10 RNA recogrntion motif-containing protein TGME49_224110 #NIA #NIA -1.33 
adhesion regulating molecule region 
prote,n, putative 

TGME49_211090 -1.51 #NIA -1.06 
aminotransferase, c!ass V superfamily 
protein 

TGME49_308093 #NIA #NIA 1.13 
rhoptry kinase family protein (incomplete 
catalytic triad) 

TGME49_266100 1.08 1.05 1.28 rhoptry kinase family protein ROP41 TGME49_314660 #NIA #NIA -1.38 TPRX 1 protein 

TGME49_306560 -2.91 -2.99 -3.30 hypothetical protein TGME49_213480 #NIA #NIA -2.18 hypothetical protein 

TGME49_217750 -3.51 -3.64 -3.69 hypothetical protein TGME49_208710 #NIA #NIA 1.64 DNA/RNA non-specific endonuclease 

TGME49_301130 -8.23 -8.11 -8.47 hypothetical protein TGME49_250880 #NIA #NIA -1.64 kinase, pfkB famiiy protein 

TGME49_226560 -3.51 -3.45 -3.67 
zinc finger (CCCH type) motif-containing 
protein 

TGME49_231640 #NIA #NIA -1.24 
alveo!in domain containing intermediate 
filamentlMC1 

TGME49_306210 -8.34 -8.28 -8.50 
RNA polymerase II accessory factor 
COC73 

TGME49_233130 #NIA #NIA 1.32 nucleoside transporter protein 

TGME49 _202630 -1.21 -1.16 -1.38 
ATP-dependent metallopeptidase HffB 
subfamily protein 

TGME49_306430 #NIA #NIA -1.32 hypothetical protein 

TGME49_289190 -8.23 -8.32 -7.82 tetran·,copeptide repeat-containing protein TGME49_248700 #NIA #NIA -1.40 
alveoiin domain containing intermediate 
filament IMC12 

TGME49_313140 1.42 1.34 #NIA isocitrate dehydrogenase TGME49_277760 #NIA #NIA -1.28 adenylosuccinate iyase, putative 

TGME49_213115 -8.23 -7.52 -8.68 hypothetical protein TGME49_255635 #NIA #NIA -3.63 hypothetical prote:n 

TGME49_282140 1.28 #NIA #N/A cwf21 protein TGME49_289920 #NIA #NIA 1.18 hypothetical protein 

TGME49_264040 -1.11 #NIA -1.19 hypothetical protein TGME49_209160 #NIA #NIA -1.05 
myristoyl CoA:protein N-
myristoyltransferase 

TGME49_208780 -2.45 -2.72 -3.0D 
ub,quitin-con1ugating enzyme subfamily 
protein 

TGME49_306350 #N'A #NIA 1.06 variable surface lipoprotein 

TGME49 _272670 -8.23 -8.33 -8.28 peptidase family M3 protein TGME49_260400 #NIA #NIA 1.33 hypothetical protein 

TGME49_238180 -110 #NIA -1.04 
26s proteasome regulatory complex 
subunit, putative 

TGME49_249780 #NiA #N/A -1.23 hypothetical protein 
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FIGURE 400 

TGME49_233490 -8.29 -8.54 -8.38 hypothetical protein TGME49 _258060 #NIA #NIA -1.13 myosin heavy chain. putative 

TGME49_233790 -8.22 -8.60 -8.77 
serine/threonine protein kinase AktR. 
putative 

TGME49_240810 #NIA #NIA -107 hypothetical protein 

transporter, smal! conductance 
TGME49 _293280 1.31 #NIA 2.97 cyc!in protein TGME49_234410 #NIA #NIA -1.04 mechanosensitive ion channel (MscS) 

family protein 

TGME49 _286230 1.29 #NIA #NIA hypothetical protein TGME49_212970 #NIA #N1A 3.81 prote,n kinase (incomplete catalytic triad) 

TGME49_310320 -3.51 -3.68 -3.88 calreticulin family protein TGME49_320260 #NIA #NIA 1.68 hypothetical protein 

TGME49_252870 1.95 1.89 2.35 hypothetical protein TGME49_315930 #NIA #NIA -1.08 
integrai membrane protein, DUF56 iamily 
protein, putative 

TGME49_237290 -1.40 -1.58 -1.30 hypothetical protein TGME49_295340 #N!A #NIA -1.12 UV excision repair protein Rad23 protein 

TGME49_268620 -8.23 -8.00 -7.69 
blood stage antigen 41-3 precursor, 
putative 

TGME49 _201220 #NIA #NIA -1.90 zinc finger protein 

TGME49_221640 2.25 1.86 1.56 hypothetical protein TGME49_224170 #NIA #NIA 1.95 SAG-re!ated sequence SRS60A 

TGME49_213880 2.50 2.67 2.68 hypothetical protein TGME49_281500 #NIA #NIA 1.89 hypothetical protein 

TGME49_309160 -2 03 -1.94 -2.28 lgA-specific metalloendopeptidase TGME49_235970 #NIA #NIA -1.02 
eukaryotic irntiation factor-2 gamma, 
putative 

TGME49_260450 -8.23 -8.80 -8.14 
DEAD/DEAH box helicase domain-
containing protein 

TGME49_206640 #NIA #NIA 1.11 hypothetical protein 

TGME49_248850 -8.24 -8.35 -8.91 methionine aminopeptidase TGME49_304670 #NIA #NIA -1.33 leucine rich repeat-containing protein 

TGME49_254800 1.72 1.78 1.43 hypothetical protein TGME49 _258980 #NIA #NIA -2.00 hypothetical protein 

TGME49_300380 -2.80 -2.99 -2.52 
endopiasmic reticulum oxidoreductin, 
putative 

TGME49 _288720 #NIA #NIA -1.43 ribosomal protein RPL 10 

TGME49_276170 1.39 1.53 1.24 phosphatidylinositol 3- and 4-kinase TGME49_209150 #NIA #NIA -1.16 
non-proton pumping type-II NADH 
dehydrogenase I 

TGME49_307040 -1.48 -1.31 -1.59 
shikimate dehydrogenase substrate 
binding domain-containing protein 

TGME49_283820 #NIA #NIA 1.31 
glycine cleavage T-protein (aminomethyl 
transferase) domain-conuming protein 

TGME49_265850 1.90 1.76 1.78 hypothetical protein TGME49 _216910 #NIA #NIA 1.30 hypothetical protein 

TGME49_269290 -2.43 -2.87 -3.04 hypothetical protein TGME49_286480 #NIA #N/A 1.10 hypothetical protein 

TGME49_318610 1.60 1.10 3.56 AP2 domain transcription factor AP2IV-3 TGME49_244440 #NIA #NIA -1.06 nucleoside transporter protein 

TGME49_235460 1.27 1.27 1.19 hypothetical protein TGME49_293650 #NIA #NIA 1.82 hypothetical protein 

TGME49_311250 -2.87 -3.38 -3.17 hypothetical protein TGME49_314295 #i'JIA #NIA -3.23 ribosomal 125 family protein 

TGME49_202680 -1.26 -1.16 -1.56 peptidase M16, alpha subunit, putative TGME49_235730 #NIA #NIA 1.57 hypothetical protein 

TGME49_23422() -1.87 -206 -1.77 hypothetical protein TGME49_281630 #NIA #NIA -1.30 hydroxyacylglutathione hydrol8se 

TGME49_215920 1.79 1.80 1.30 hypothetical protein TGME49 _290990 #NIA #NIA 1.02 HEAT repeat-containing protein 

TGME49_244470 -1.14 -1.10 #NiA hypothetical protein TGME49_212200 #NIA #NIA 1.28 hypothetical protein 

TGME49_244660 -3.51 -3.10 -340 hypothet;cal protein TGME49_275470 #NIA #NIA 1.49 dense granule protein GRA15 

TGME49_252320 -8.22 -8.67 -7.92 Sas101Utp3iC1D family protein TGME49_254890 #NIA #NIA 1.60 hypothetical protein 

TGME49_270060 -2.22 -185 -1.61 hypothetical protein TGME49_226790 #NIA #NIA 1.95 
ABC transporter, ATP-binding domain-
containing protein 

TGME49_252500 -1.42 -1.33 -1.65 hypothetical protein TGME49 _201670 #NIA #NIA 1.33 DnaJ domain-containing pmtein 

TGME49_315700 -2.80 -2.75 -3.13 hypothetical protein TGME49_210840 #NIA #NIA -1.09 arginyl-tRNA synthetase family protein 

TGME49_316540 -115 #NIA #NIA IMC sub-compartment protein ISP3 TGME49_220520 #NIA #NIA 104 hypothetical protein 

TGME49_214870 1.67 1.93 1.97 
ribosomal protein L9, N-terminal domain-
containing protein 

TGME49_281920 #NIA #NIA -1.32 V-type ATPase, D subunit protein 
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FIGURE 4PP 

TGME49_258030 -1.82 -1.31 #NIA DNA polymerase TGME49_218950 #NIA #N/A 1.33 hypothetical protein 

TGME49 _253700 1.04 1.05 #NIA transporter, major faciirtator family protein TGME49_310630 #NIA #NIA -1.27 hypothetical protein 

TGME49_251670 -3.47 -3.69 -3.72 
wemer helicase interacting protein 1, 
putative 

TGME49_226000 #NIA #NIA -1.08 ATP synthase, putative 

TGME49_313860 1.80 1.64 1.64 
regulator of chromosome condensation 
(RCC 1) repeat-containing protein 

TGME49_216260 #NIA #NIA -1.03 
eukaryotic initiation factor-2B, gamma 
subunit, putative 

TGME49_249840 -8.17 -8.94 -8.71 dynein heavy chain 2, putative TGME49_28?470 #NIA #N/A -1.60 hypothetical protein 

TGME49_272320 1.53 1.24 1.74 
DHHC zinc finger domain-containing 
protein 

2-oxo acid dehydrogenases 
TGME49_319920 #NIA #NIA -1.01 acyltransferase (catalyiic domain) 

domain-containing protein 

TGME49_218270 -1.01 #NIA #NIA hypothetical protein TGME49 _254365 #NIA #NIA -1.17 phosphatidate cyiidylyltransferase 

TGME49_263610 -1.59 -1.78 -1.78 hypothetical protein TGME49_255930 #NIA #NIA 1.41 hypothetical protein 

TGME49_202460 -1.77 -1.92 -1.69 
diacylglycerol kinase accessory domain 
(presumed) domain-containing protein 

pyridine nucleotide-d;sulfide 
TGME49_261030 #NIA #NIA -3.23 oxidoreductase domain-containing 

protein 

TGME49_271000 -2.27 -2.15 -1.88 hypothetical protein TGME49_224740 #NIA #NIA 1.13 hypothetical protein 

TGME49_321300 -347 -3.61 -3.13 autophagy-reiated 12 variant 1, putative TGME49_217610 #NIA #NIA -1.83 hypothetical protein 

TGME49_234950 1.64 2.07 1.59 protein kinase (incomplete catalyiic triad) TGME49_239050 #NIA #NIA 1.05 hypothetical protein 

TGME49_220920 -8.17 -804 -8.01 hypothetical protein TGME49_280790 #NIA #NIA 1.23 
phosphatidylinositol n-
acetylglucosaminyltransferase 

TGME49_235560 -8.18 -9.20 -8.05 hypothetical protein TGME49_231590 #NIA #NIA -1.57 SGS domain-containing protein 

TGME49_257595 -2.88 -2.54 -2.65 hypothetical protein TGME49 _230210 #NIA #NIA -1.10 
alveo!in domain con1aining intermediate 
fliament IMC10 

TGME49_305600 -8.17 -8.06 -8.12 hypothetical protein TGME49_208350 #NIA #NIA 1.00 hypothetical protein 

TGME49_223672 1.66 #NIA 1.31 3'(2').5'-bisphosphale nucleotidase TGME49_216800 #NIA #NIA 2.12 flageliar1basal body protein 

TGME49 _229340 -8.17 -7.92 -8.33 hypothetical protein TGME49_318430 #NIA #NIA -1.22 malate dehydrogenase MDH 

TGME49_247380 -8.17 -8.91 -8.78 hypothetical protein TGME49_289120 #NiA #NIA 1.08 hypothetical protein 

TGME49_239610 -3.47 -3.57 -3.56 hypothetical protein TGME49_223020 #NiA #NIA -1.11 coproporphyrinogen Ill oxidase 

TGME49_273850 -2.77 -2.77 -2.95 hypothetical protein TGME49_277970 #NIA #N/A 1.14 
dolichol-phosphate-mannose synthase 
family protein 

TGME49_312380 -8.17 -8.28 -8.34 tetratricopep!ide repeat-containing protein TGME49_240050 #NiA #NIA 1.14 hypothetical protein 

TGME49_230710 -3.53 -3.17 -2.93 cell division protein CDC48 TGME49_321540 #NIA #N/A -1.00 hypothetical protein 

TGME49_316360 -3.53 -3.41 -3.48 hypothetical protein TGME49_243780 #NIA #NIA 1.03 hypothetical protein 

TGME49_229940 -2.40 -2.15 -2.14 cyclophilin, putative TGME49_207450 #NIA #NIA -1.41 
DNA segment, Chr 10, Wayne State 
University 52, expressed famiiy protein 

TGME49_242850 -2.40 -207 -2.81 hypothetical protein TGME49_232035 #NIA #NIA -1.99 hypo!he1ica! protein 

TGME49_216680 -2.15 -4.00 -2.46 ankyrin repeat-containing protein TGME49_288510 #NIA #NIA 2.14 ubiquitin carboxy!-terminal hydrolase 

TGME49_289000 -2.77 -3.04 -2.86 hypothetical protein TGME49_255215 #NIA #NIA 2.48 hypothetical protein 

TGME49_228720 -8.17 -7.93 -7.96 hypothetical protein TGME49_311320 #NIA #NIA -2.37 hypothetical protein 

TGME49_252360 1.02 #NIA #N/A 
rhopby kinase family protein ROP24 
(incomplete catalytic triad) 

TGME49_207120 #NIA #NIA 1.11 Sad1IUNC family protein 

TGME49_312618 -1.89 #NIA #NIA hypothetical protein TGME49_221480 #NIA #NIA -1.20 hypothetical protein 

TGME49_321610 -8.17 -8.43 -7.86 hypothetical protein TGME49_216190 #NIA #NIA 135 hypothetical protem 

TGME49_235750 -8.17 -8.31 -8.43 ULK kmase TGME49 _227630 #,"llA #NIA 2.27 hypothetical protem 
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FIGURE 4QQ 

TGME49_216970 -115 -1.17 -1.81 coronin, putative TGME49_258780 #NIA #NIA 103 OTU family cysteine protease 

TGME49_260370 -1.99 -2.21 -1.97 AtPH1 family protein TGME49 _249425 #NIA #NIA -1.13 hypothetical protein 

TGME49_315690 -3.47 -3.51 -3.70 DnaJ domain-containing protein TGME49 _263070 #NIA #NIA -100 CMGC kinase, CK2 family 

TGME49_270610 1.55 1.83 1.83 hypothetical protein TGME49_257120 #NIA #NIA -1.20 sugar transporter ST1 

TGME49_238110 -2.21 -2.31 -2.69 replication factor a protein 3 protein TGME49_224470 #NIA #NIA 1.05 hypothetical protein 

TGME49_248890 -2.40 -2.11 -2.93 actin-like protein ALP3b TGME49_222270 #N1A #NIA -1.25 hypothetical protein 

TGME49_235680 -1.67 -2.96 -1.51 
peptidase M16 inactive domain-
containing protein 

TGME49 _265780 #NIA #NIA -1.16 fiagel!arlbasal body protein 

TGME49_319940 -8.17 -8.19 -8.17 hypothetical protein TGME49 _223420 #NIA #NIA 1.31 DnaJ domain-containing protein 

TGME49_312310 -2.81 -2.15 -2.50 ATPase, AAA family protein TGME49_320620 #NIA #NIA -194 queuine tRNA ribosyl transferase 

cytidine and deoxycytidylate dearninase 
TGME49_239630 -3.49 -3.10 -3.39 zinc-binding region domain-containing TGME49_286050 #N!A #NIA 1.09 hypothetical protein 

protein 

TGME49_272475 -8.17 -8.78 -8.57 protein kinase domain-containing protein TGME49_258462 #NIA #NIA -1.26 hypothetical protein 

TGME49_212090 1.11 #NiA 1.09 hypothetical protein TGME49_264980 #NIA #NIA 1.18 hypothetical protein 

TGME49_275330 -3.46 -4.05 -3.59 ribosomal protein RPL29 TGME49_219290 //NIA #NIA 1.07 
F-actin-capping protein subunit beta, 
putative 

TGME49_201230 -2.76 -2.62 -270 kinesin motor domain-containing protein TGME49 _260790 #NIA #NIA -1.90 RAP domain-containing protein 

TGME49_252220 -1.36 -2.92 -1.20 
tetratncopep!ide repeat domain 
containing protein 

TGME49_310620 #NIA #NIA -1.02 starch binding domain-containing protein 

TGME49_207940 -347 -3.27 -3.35 ribosomal protein S9, putative TGME49_309370 #NIA #NIA -109 
adaptin n terminal region domain-
containing protein 

TGME49_318460 -1.58 -1.48 -135 
P-type ATPase of unkno~m pump 
specificity (type V) protein 

TGME49_312700 #NIA #NIA 1.71 hypothetical protein 

TGME49_204270 -2.21 -2.35 -1.92 hypothetical protein TGME49_309730 #NIA #NIA -1.23 th1oredoxin reductase 

TGME49 _263590 -2.42 -1.94 -2.38 hypothetical protein TGME49_289780 #N/A #NIA -1.42 
ATP-dependent hs! protease ATP-
binding subunit hslU, putative 

TGME49 _.309220 -1.37 -1.77 -1.98 GTPase activating protein for Arf protein TGME49_245540 #NIA #NIA -1.11 hypothetical orote;n 

TGME49_210360 1.75 1.72 1.47 
DEAD (Asp-G!u-Ala-Asp) box polypeptide 
41 fami!y protein 

TGME49_250040 #NIA #NIA -157 hypothetical protein 

TGME49_310350 -1.78 -1.49 -1.75 PGAP1 famil\' protein TGME49_263240 #NIA #NIA -1,31 hypothetical protein 

TGME49_300990 1.85 #NIA 1.11 Toxoplasma gondii family C protein TGME49 _272210 #NIA #NIA -2.18 hypothetical protein 

TGME49_263530 -1.60 -1.22 -1.36 chaperonin , putative TGME49 _255980 #NIA #NIA -1.31 hypothetical protein 

TGME49_265400 -1.62 -1.73 -1.46 hypothetical protein TGME49_305510 #NIA #NIA -1.13 hypothetical protein 

TGME49_213670 -1.46 -1.10 -1.45 hypothetical protein TGME49_251560 #NIA #NIA -1.03 hypothetical protein 

TGME49_238230 -2.77 -2.62 -3.04 SeriThr phosphatase family protein TGME49_291820 #NIA #NIA 1.27 
RNA helicase (UPF2 interacting domain) 
protein 

TGME49_267390 -1.57 -1.02 -1.31 DNA-directed RNA polymerase I RPAC1 TGME49 _270520 #NIA #NIA -1.26 hypothetical protein 

TGME49 _ 300060 -1.10 #NiA #NIA signal peptidase subun;t protein TGME49 _240500 #NIA #NIA -1.31 hypothetical prote;n 

TGME49_208590 -1.53 -1.79 -2.13 
vacuolar ATP synthase subunit 54kD, 
putative 

TGME49_311140 #NIA #NIA -2.15 hypothetical protein 

TGME49 _232360 -1.60 -1.87 -1.82 exonuclease TGME49_259860 #NIA #NIA -1.21 hypothetical protein 

TGME49_288570 -2.74 -2.66 -3.23 hypothetical protein TGME49_314800 #NIA #NIA -1.12 hypothetical protein 

TGME49_239130 1.45 1.07 1.43 Tyrosine kinase-like (TKL) protein TGME49 _223710 #,'JIA #NIA -1.04 
tetratricopeptide repeat-contairnng 
protein 
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FIGURE 4RR 

TGME49_318750 1.28 170 2.56 deoxyribose-phosphate aldolase TGME49_318360 #NIA #NIA -1.64 hypothetical protein 

TGME49_226660 -1.30 -1.22 -1.34 hypothetical protein TGME49 _285480 #NiA #NIA 1.45 hypothetical protein 

TGME49_247330 -1.75 -2.74 -2.07 hypothetical protein TGME49 _226690 #NIA #NIA -1.20 hypothetical protein 

TGME49_269140 -1.79 -1.56 -1.49 
transport protein partic!e component, 
Bet3 domain-containing protein 

TGME49_267280 #NIA #NIA 1.34 hypothetical protein 

TGME49_219460 -2.74 -2.98 -2.53 hypothetical protein TGME49_309280 #NIA #NIA -2.10 
zinc finger, C3HC4 type (RING finger) 
domain-contaimng protein 

TGME49_270160 -8.11 -8.21 -7.88 hypothetical protein TGME49_307270 #NIA #N!A -137 hypothetical protein 

TGME49_311280 -8.12 -7.86 -7.97 hypothetical protein TGME49_224160 #NIA #NIA 1.03 hypothetical protein 

TGME49_234610 -1.55 -1.14 -1.31 W0-40 repeat protein TGME49 _ 322010 #NIA #N1A -1.61 myosin-light-chain kinase 

TGME49_310810 -1.83 -1.85 -203 apyrase TGME49_233260 #NIA #NIA -1.52 GTP-binding protein putative 

TGME49_214800 -8.11 -8.10 -7.90 hypothetical protein TGME49 _263785 #NIA #NIA 1.23 phosphatidate cylidylyltransferase 

TGME49_301180 2.01 #NiA 3.30 SAG-related sequence SRS19F TGME49_206710 #NiA #NIA 2.02 hypothetical protein 

TGME49_234440 -3.44 -4.26 #NiA aminotransferase, putative TGME49_261370 #NIA #NIA 103 hypothetical protein 

TGME49_240830 -8.11 -8.19 -7.68 hydrolase. alpha/beta foid family protein TGME49_283730 #NIA #NIA -1.10 
endomembrane protein 70 subfamily 
protein 

TGME49_236280 204 1.77 1.75 hypothetical protein TGME49_320070 #NIA #NIA -1.11 
COK-activating kinase assembly factor 
MA T1 protein 

TGME49_252510 1.49 1.41 #NIA hypothetical protein TGME49_262590 #NIA #NiA 1.57 hypothetical protein 

TGME49_297510 -8.12 -8.90 -8.74 hypothetical protein TGME49_267550 #NIA #N!A -1.06 leucine-rich repeat protein LRR1 

TGME49_270650 1.77 1.20 2.01 deoxyribose-phospha!e aldolase TGME49 _206490 #NIA #NiA -1.12 
ICE family protease (caspase) p20 
domain-containing protein 

TGME49_224330 -1.28 -1.03 #NIA 
proteasome activator pa28 beta subunit 
protein 

TGME49_225710 #NIA #N!A -2.09 
mitochondrial inner membrane 
translocase subunit TIM17, putative 

TGME49_310560 -3.42 -3.68 -3.74 hypothetical protein TGME49 _289110 #NIA #NiA 1.52 hypothetical protein 

TGME49_297720 -107 -126 -1.12 trehalose-phosphatase TGME49 _221700 #NIA #NIA -1.11 hypothetical protein 

TGME49_307810 -1.21 #NiA -1.22 hypothetical protein TGME49 _288730 #NIA #NIA 1.41 hypothetical protein 

TGME49_258920 -8.13 -7.87 -8.20 hypothetical protein TGME49_201810 #NIA #NIA 107 hypothetical protein 

TGME49_205570 -2.73 -2.75 -2.49 hypothetical protein TGME49_248180 #NIA #NIA 2.57 hypothetical protein 

TGME49_255170 -3.43 -3.19 -2.43 hypothetical protein TGME49_269050 #NIA #NIA -1.21 hypothetical protein 

2-C-methyi-0-erythntoi 2,4-
TGME49_255690 -2.74 -2.81 -2.46 cyciodiphosphate synthase domain-

containing protein 
TGME49_257560 #NIA #NIA 125 

WO domain. G-beta repeai-containing 
protein 

TGME49_227430 -1.72 -1.89 2.34 
transmembrane amino acid transporter 
protein 

TGME49_300980 #NIA #NIA -1.20 hypothetical protein 

TGME49_257150 -2.73 -2.37 -2.60 NOT2 I NOT3 / NOT5 family protein TGME49_268250 #NIA #NIA -1.39 
WO domain, G-beta repeat-containing 
protein 

TGME49_226840 -2.74 -2.20 -2.45 hypothetical protein TGME49_219620 #NiA #NIA 1.14 hypothetical protein 

TGME49_267120 -2.74 -2.41 -2.50 hypothetical protein TGME49_305040 #NIA #NiA -1.59 HEAT repeat-containing protein 

TGME49_248130 -8.13 -8.09 -7.87 hypothetical protein TGME49_213930 #NIA #NIA -1.72 
3' exoribonuclease family, domain 1 
domain-containing protein 

TGME49_253300 2.29 1.79 2.25 hypothetical protein TGME49_214310 #NIA #NIA 1.60 hypothetical protein 

TGME49_306290 -1.87 -1.91 -2.04 DNA-directed RNA polymerase Ill RPC1 TGME49_223725 #NiA #NIA 208 hypothetical protein 

TGME49_297460 -8.12 -8.18 -8.51 hypothetical protein TGME49_295000 #NIA #NIA -1.23 hypothetical protein 

TGME49_204140 -8.17 -8.24 -7.74 PHO-finger domain-containing protein TGME49_246610 #NIA #NIA -2.04 hypothetical protein 

TGME49_209080 1.29 #NIA #NiA 
transport protein particle (trapp) 
component, bet3 protein 

TGME49_297060 #NIA #NIA -130 phosphoglycerate mu!ase PGMII 
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FIGURE 45S 
TGME49_273840 -2.40 -175 -209 brix domain-containing protein TGME49_216040 #NIA #NIA -1.19 30S ribosomal protein S15, putative 

TGME49_209930 -8.12 -9.20 -8.28 hypothetical protein TGME49 _203860 #NIA #NIA 1.40 hypothetical protein 

TGME49_308580 -2.37 -2.50 -2.51 Lon protease family protein TGME49_263740 #NIA #NIA 1.97 
ABC transporter transmembrane region 
domain-containing protein 

TGME49_313240 -278 -2.92 -307 
ethylene-responsive RNA helicase. 
putative 

TGME49_309420 #NIA #NIA -1.37 fenin family protein 

TGME49 _264440 -1.83 -1.58 -1.69 
signal recognition particle receptor beta 
subunit protein 

TGME49_299040 #NIA #NIA -1.13 
phasphatidyl,nositol n-
acetyiglucosaminyltransferase 

TGME49 _231890 -1.86 -1.41 -1.25 
beta-ketoacyl-acyi carrier protein 
synthase 111. putative 

TGME49_254810 #NIA #NIA 1.22 hypothetical protein 

TGME49_215290 -3.39 -3.84 -4.16 
saccharopine dehydrogenase domain-
containing protein 

TGME49_209290 #NIA #NiA -1.03 ribosomal protein RPS28 

TGME49 _299110 -1.95 -1.81 -2.10 
cleft lip and palate transmembrane 
protein 1 (clptm11 protein 

TGME49_290240 #NIA #N!A 1.41 hypothetical protein 

TGME49_223060 -1.76 -1.63 #NIA MORN repeat-containing protein TGME49_313470 #NIA #NIA 1.15 
hel!x-hairpin.Jieiix motif domain-
containing protein 

TGME49_314840 -1.63 -1.71 -1.49 ublquitin carboxyHerminal hydroiase TGME49_201240 #NIA #NiA 1.15 hypothetical protein 

TGME49_311510 -1.44 -1.14 -1.21 elF2 kinase IF2K-B TGME49_205100 #NIA #NIA -1.46 hypothetical protein 

TGME49_304760 1.05 #NiA 1.04 RNA recognition motif-containing protein TGME49 _248840 #NIA #NIA -1.42 
transporter, major facilitator famiiy 
prote:n 

TGME49_221490 -2.70 -2.37 -2.34 cell cycle regulator protein TGME49_211300 #NIA #NIA -1.66 DUF74 family protein, putative 

TGME49_297780 -2.34 -2.98 -2.36 
ATPaseihistidine kinaseiDNA gyrase 
B/HSP90 domain-containing protein 

TGME49_308590 #NIA #NIA -1.13 Mov34iMPN/PAD-1 family protein 

TGME49_257710 -3.39 -3.55 -3.82 actin-iike protein ALP 5 TGME49_249710 #NIA #NIA -1.46 
Parkinson disease 7 domain containing 1 
family protein 

TGME49_225680 -2.70 -2.84 -2.74 hypothetical protein TGME49_210750 #NIA #NIA 1.78 
Ferredoxin-fold anticodon binding 
domain-containing protein 

TGME49 _227600 -1.12 -1.49 -1.37 ribosomal protein RPL34 TGME49_320700 #NIA #NIA 1.09 AP2 domain transcription factor AP21V-1 

TGME49_224350 -137 -1.10 -1.28 a1rnnopeptidase N. putative TGME49 _249490 #NIA #NIA -1.08 hypothetical orote,n 

TGME49_233820 -805 -7.82 -8.59 
DNA polymerase epsilon subunit 8 
protein 

TGME49_277500 #NIA #NIA -1.47 
26S proteasome regulatory subunit 7, 
putative 

TGME49_255390 -3.39 -3.61 -3.38 HEAT repeat-containing protein TGME49_270130 #NIA #NIA 108 hypothetical protein 

TGME49_217360 -2.70 -2.95 -3.36 hypothetical protein TGME49_298610 #NIA #NIA -1.04 GYF domain-containing protein 

TGME49_273350 1.51 1.74 2.12 
moiybdopterin converting factor. subunit 
2 protein 

TGME49_250955 #NIA #NIA 1.38 KRUF family protein 

TGME49_230430 -805 -8.37 -9.16 
vesicle-associated membrane protein, 
putative 

TGME49 _258800 #NIA #NIA 1.07 rhoptry kinase family protein ROP31 

TGME49_244230 -806 -8.91 -8.73 hypothetical protein TGME49_313070 #NIA #NIA -121 hypothetical protein 

TGME49_242435 -3.39 -3.54 -3.49 hypothetical protein TGME49_265510 #NIA #NIA -101 hypothetical protein 

TGME49_312280 -1.39 -1.31 -1.54 
pre-mRNA-sp!icing factor ATP-dependent 
RNA helicase. putative 

TGME49_320680 #NIA #NIA 1.44 AP2 domain transcription factor AP21V-2 

TGME49 _295450 -1.22 #NIA -1.26 
sjoegren syndrome nuclear autoantigen 1 
family protein 

TGME49_269430 #NIA #NIA 1.14 
polyprenyl synthetase superfamiiy 
protein 

TGME49_212150 -806 -8.74 -8.79 hypothetical protein TGME49_202220 #NIA #NIA 1.47 hypothetical protein 

TGME49_251890 -3.39 -4.36 -3.22 hypothetical protein TGME49_238190 #NIA #NIA -1.01 DNA-directed RNA polymerase II RPB3 

TGME49_318290 -8.05 -8.76 -8.23 hypothetical protein TGME49 _262460 #NIA #NiA -1.19 hypothetical protein 

TGME49_233090 -806 -8.10 -8.51 
XPG N-terminai domain-containing 
protein 

TGME49_239748 #NIA #NIA -1.39 hypothetical protein 
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FIGURE 4TT 

TGME49_320015 -8.05 -8.10 -7.73 hypothetical protein TGME49_262760 #NIA #NIA -1.21 poly(ADP-ribose) giycohydroiase 

TGME49_218250 -2.13 -2.10 -2.35 TAP42 family protein TGME49 _288240 #NIA #NIA 1.21 hypothetical protein 

TGME49_203420 1.97 1.65 1.62 
4'-phosphopantetheinyl transferase 
domain-containing protein 

TGME49_300320 #NIA #NIA 2.19 dimethyladenosine transferase 

TGME49_221360 -2.13 -1.98 -1.89 hypothetical protein TGME49_212770 #NiA #NIA -1.33 hypothetical protein 

TGME49_219140 -1.48 -1.50 -177 
EF-1 guanine nucleotide exchange 
domain-containing protein 

TGME49 _269000 #NIA #NIA -1.62 ABC transporter family protein 

TGME49_312840 -1.82 -1.83 -2.14 hypothetical protein TGME49_219682 #NiA #NIA -1.11 
pyruvate dehydrogenase kinase. 
putative 

TGME49_221830 1.87 3.37 3.34 subtilisin SUB12 TGME49 _285670 #NIA #NIA 1.81 hypothetical protein 

TGME49_285470 1.99 1.28 1.85 patched family protein TGME49_313710 #NIA #NIA -1.22 hypothetical protein 

TGME49_270450 -8.05 -8.04 -7.98 MCM21315 famiiy protein 

TGME49_224190 -1.56 -1.33 -1.15 cation-transporting atpase family protein 

TGME49_223070 -1.12 -1.16 -1.18 hypothetical protein 

TGME49_313150 2.10 1.58 /IN/A DUF89/Fructose bisphosphatase 

TGME49_226940 -3.41 -3.11 -278 ubiquitin carboxyl-terminal hydro!ase 

TGME49_291090 -8.07 -8.87 -8.45 SV\/I2/SNF2-containing protein 

TGME49_297210 1.08 #NiA #NIA hypothetical protein 

TGME49_217880 -8.05 -8.37 -7.75 RNA-binding protein Nova-1, putative 

TGME49_290180 2.38 2.52 2.30 AP2 domain transcription factor AP2IX-6 

TGME49_267140 -8.08 -7.60 -8.43 SAG-related sequence SRS38B 

TGME49_230520 -1.22 -1.04 #NIA cycloph,lin 1, putative 

TGME49_291010 2.02 1.83 2.29 hypothetical protein 

TGME49_301350 -8.10 -8.70 -7.79 SNARE associated protein 

TGME49_285520 -3.38 -3.05 -3.31 RNA cap guanine-N2 methy!1rans!erase 

TGME49_249820 -2,67 -2.97 -3,04 
ATP-binding cassette sub-family B 
member 5 

TGME49_208730 -1.15 #NIA 1.55 microneme protein, putative 

TGME49_314000 1.22 1.47 #N/A 
peptide methionine sulfoxide reductase 
msrB, putative 

TGME49_216760 -8.06 -7.92 -8.19 
RNA pseudouridine synthase superfam1ly 
protein 

TGME49_314970 -1,21 -1.13 -1.54 
root hair defective 3 gtp-binding protein 
(rhd3) protein 

TGME49_258850 -804 -8.13 -8.11 hypothetical protein 

TGME49_220110 1.72 1.56 2.05 hypothetical protein 

TGME49_ 321660 -3.42 -3.15 #NIA mannosyltranslerase, putative 

TGME49_319950 -1.79 #N/A #NIA rRNA-processing protein FCF1, putative 

TGME49_244610 -3.34 -3.73 -3.43 
zinc finger, C3HC4 type (RING finger) 
domain-containing pro1ein 

TGME49_288840 1.74 1.59 1.69 hypothetical protein 

TGME49_205625 -3.38 -3.24 -2.80 hypothetical protein 
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FIGURE SA 

Figure 5: EGS transcriptomics data during HFF infections. Differencia! T. gondii gene expressin analysis of human HFF cells infected with T. gondii EGS 
strain for 2 hs, 18 hs or 48 hs compared to the average T. gondii gene expression of human MM6 and neuronal stem cells infected with either GT1, ME49 or 
VEG strains of T. gondii for 18 hours. 
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TGME49_ 462910 1.31 1208 11.89 large suburnt libosomal RNA TGME49_270800 1.98 #N/A 1.35 GAF domain-conta,r.ing pmte,n 

TGME49_ 457990 1.31 17.05 14.29 28S ribosomal RNA TGME49_220360 2.42 #NIA #NIA FAD binding domain-containing protein 

TGME49_200010 11.5 0 9.86 10.81 hypothetical protein TGME49_315310 1.31 #NiA #NIA hypothetical protein 

TGME49_208370 4.76 1.14 #NiA myosin heavy chain, putative TGME49_254220 108 #NiA #NIA hypothetical protein 

TGME49_280570 1.98 5.30 6.48 SAG-related sequence SRS35A TGME49_280375 1.98 #NIA #NIA hypothetical protein 

TGME49_251180 1.08 #NIA 109 KRUF family protein TGME49_202620 11.50 #NiA #NiA hypothetical protein 

TGME49_275860 1.98 113 107 hypothetical protein TGME49_216770 2.42 #NiA #NIA hypothetical protein 

TGME49_252430 108 #NIA #NiA hypothetical protein TGME49_218910 2.42 #NIA #NiA hypothetical protein 

TGME49_290700 1.98 1.34 1.15 hypothetical protein TGME49_220470 2.42 #NIA #N/A hypothetical protein 

TGME49_205250 11.5 0 3.92 4.15 rhoptry protem ROP 18 TGME49_300020 1.31 #NIA #NIA 
ATP-dependent meta!lopeptidase HfiB 
subfamily protein 

TGME49_321480 1.31 5.25 4.55 SAG-related sequence SRS128 TGME49_278030 1.98 #NIA #NIA hypothetical protein 

TGME49_316250 1.31 #N/A #NIA hypothetical protein TGME49_206460 11.50 #NIA #NIA hypothetical protein 

TGME49_206550 4.76 4.04 3.33 hypothetical protein TGME49_255250 -4.38 #NIA #N/A 
tRNA {cytosme(34)-C(5))-
methyltransferase, putative 

TGME49_293790 1.98 4.41 3.95 hypothetical protein TGME49_251840 1.08 #NIA #NIA hypothetical protein 

TGME49_204050 11.5 0 #NIA #NIA subt11ism SUB 1 TGME49_306630 1.31 #NiA #NIA 
tRNA methyltransferase complex 
GCD14 subunit prote,n 

TGME49_226380 1.56 #NIA #NIA hypothetical protein TGME49_246610 1.08 #NIA #NIA hypothetical protein 

TGME49_214980 2.42 #NIA #NIA hypothetical protein TGME49_282140 1.98 #NiA #NIA cwf21 protein 

TGME49_275460 1.98 #NIA #NIA hyµothetical protein TGME49_300052 1.31 #NIA #NIA hypothetical protein 

TGME49_212300 242 #NIA #NIA hypothetical protein TGME49_234350 1.56 #NIA #NIA hypothetical protein 

TGME49_311100 1.31 1.01 #NIA 
zinc finger (CCCH type) motif-
containing protein 

TGME49_281440 1.98 #NIA #NIA hypothetical protein 

TGME49_214080 242 401 3.46 toxofilin TGME49_222070 1.56 #NIA #N/A 
elongation factor Tu GTP binding 
domain-conta,ning protein 

TGME49_289920 1.98 #N/A #NiA hypothetical protein TGME49_233080 1.56 #NIA #N!A G-patch domain-containing protein 

TGME49_312420 1.31 #NIA #NIA hypothetical protein TGME49_202025 11.50 3.76 2.76 hypothetical protein 

TGME49_270700 1.98 #N/A #NIA hypothetical protein TGME49_269075 1.98 #NiA #NIA hypothetical protein 

TGME49_215960 2.42 #NIA 103 hypothetical protein TGME49_232590 1.56 #NiA #NIA 
glutamate-cysteine ligase, catalytic 
suburn! domain-containing protein 

TGME49_249990 1.08 #NIA #NIA hypothetical protein TGME49_288670 1.98 #NiA #NIA hypothetical protein 

TGME49_205680 11.5 0 #NIA #NIA hyµothetical protein TGME49_275750 1.98 1.29 1.80 
small nuclear ribonucleoprotein E. 
putative 

TGME49_288475 1.98 3.36 3.34 hypothetical protein TGME49_300990 1.31 #NIA !84 Toxoplasrna gondii family C protein 

TGME49_287040 1.98 1.24 1.15 hypothetical protein TGME49_257755 2.35 #NIA #NIA hypothetical protein 

TGME49_301250 1.31 3.87 3.67 hypothetical protein TGME49_320640 1.31 #NiA #NIA 
peptidylprolyl isomerase domain-
containing protein 

TGME49_240060 1.08 #N/A #NIA hypothetical protein TGME49_248660 108 170 #NIA hypothetical protein 

TGME49_208450 4.76 #NIA #NIA protease inh,bitor Pl2 TGME49_236000 1.56 #NIA #NIA ferredoxin, putat,ve 

TGME49_233450 1.56 1.33 #NiA SAG-related sequence SRS29A TGME49_208540 4.76 #NIA #NIA 
DEADiDEAH box helicase domain-
containing prote111 
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FIGURE 5B 

TGME49_213280 242 #NIA #NIA SAG-related sequence SRS25 TGME49_299000 1.31 #NIA #NIA hypothetical protein 

A TPase family associated with various 
TGME49_230830 1.56 1.42 #NIA cellular activities (AAA) domain- TGME49_246010 1.08 #NIA #N/A hypothetical protein 

conta,ni ng prote,n 

TGME49_308020 1.31 #NIA 110 SAG-related sequence SRS57 TGME49_224160 1.56 #N/A #N/A hypothetical protein 

TGME49_207400 4.76 #N/A #NIA hypothetical protein TGME49 _289170 1.98 #NIA #NIA adeny!ate and guanylate cyclase 
catalytic domain-containing protein 

TGME49_220380 2.42 #NIA #NiA hypothetical protein TGME49_221220 2.42 2.68 2.66 hypothetical protein 

TGME49_272370 1.98 1.03 #NIA hypothetical protein TGME49_273500 1.98 #NiA #NIA 
O-linked N-acetylglucosamine 
transferase 

N-acyl-pt,osphatid}1ethanolamine-
TGME49_320490 1.31 #NIA #NIA hydrolyzing phospholipase D family TGME49_313495 1.31 #NIA #NIA hypothetical protein 

prote,n 

TGME49_207210 4.76 4.66 4.91 hypothetical protein TGME49_217610 2.42 #NiA #NIA hypothetical protein 

TGME49_249030 !08 #NIA #NiA 
endonucleaselexonucleaselphosphata 
se family protein 

TGME49_217640 2.42 #NIA #NiA hypothetical protein 

TGME49_275870 1.98 2.37 1.43 
tubuliniFtsZ family, GTPase domain-
conta,ning prote,n 

TGME49_293580 1.98 #NiA #NIA prefoldin subunit protein 

TGME49_289050 1.98 #NIA #NIA FIKK kinase, putative TGME49_269705 1.98 #NIA #NiA hypothetical protein 

TGME49_214410 2.42 #NIA #NIA hypothetical protein TGME49_281910 198 #NIA #NIA hypothetical protein 

TGME49_289600 1.98 #NIA #NiA heat shock protein HSP29 TGME49_245730 108 #NiA #NiA 
phosphatidylinositol-4-phosphate 5-
Kinase 

TGME49 _237230 108 #NIA #NIA hypothetical protein TGME49_305090 131 #NIA #NIA k,nase bmding protein cgi-121 protein 

TGME49_313440 1.31 1.91 1.66 hypothetical protein TGME49_232640 1.56 1.73 1.57 
RNA 2'-pt,osphotransferase, Tpt1iKptA 
fam,ly prote;n 

TGME49_226540 1.56 #N/A #N/A protem kinase TGME49_211695 4.76 -7.00 #N/A hypothetical protein 

TGME49_289630 1.98 #N/A #NiA micronerr.<1 protein MIC16 TGME49_217010 2.42 #N/A #N/A hypothetical protein 

TGME49_206510 11.50 #NIA #NIA toxolysin TLN4 TGME49_258720 2.35 #NiA #NiA Ubiquitin family protein, putative 

TGME49_260310 2.35 1.66 309 
ATP-bind,ng cassette transporter 
ABC.81 

TGME49_262060 2.35 #NIA #NJA hypothetical protein 

TGME49_294200 1.98 #NIA #NiA glucose-6-phosphate 1-dehydrogenase TGME49_268320 1.47 #NiA #NIA hypothetical protein 

TGME49_216820 2.42 #N/A #NIA 
transporter, major facilitator family 
protein 

TGME49_306520 1.31 #NIA #NIA 
tRNA pseudouridine synthase B, 
putative 

TGME49_321530 1.31 #NIA #Ni/\ cathepsin CPL TGME49_2525'i0 108 #NiA #NIA hypothetical protein 

TGME49_252390 1.08 #NIA #NIA hypothetical protein TGME49_262970 2.35 #NIA #NIA h}'P0thetical protein 

TGME49_254460 108 1.68 1.98 hypothetical protein TGME49_219250 2.42 #NIA #NiA acetyltransferase, GNAT family protein 

TGME49_220950 2.42 #NIA #NIA hypothetical protein TGME49_313060 1.31 #NIA #NIA 
eukaryotic translation initiation factor 
2B, putative 

TGME49_217680 2.42 #NIA #NIA hypothetical protein TGME49_314070 131 #NIA #NIA hypothetical protein 

TGME49_201785 11.50 #NIA #N/A hypothetical protein TGME49_255270 2.35 #N/A #N/A hypothetical protein 

TGME49_214575 242 #NIA 1.31 hypothetical protein TGME49_206500 11.50 #NiA #NIA hypothetical protein 

TGME49_283540 1.98 #NIA #NiA hypothetical protein TGME49_271320 198 2.97 3.07 hypothetical protein 

TGME49_323110 1.31 1.23 #NIA hypothetical prote111 TGME49_212090 4.76 #NIA #N/A h}'P0thetical protein 

TGME49_250115 1.08 #N/A #NIA hypothetical protein TGME49_294750 1.98 #N/A #NIA hypothetical protein 

TGME49_243930 108 #NIA #NIA hypothetical protein TGME49_228780 1.56 #NIA #NJA Toxoplasma gondii family C protein 

TGME49_314970 1.31 #NIA #NIA 
root hair defective 3 gtp-binct,ng protein 
(rhd3) prote:n 

TGME49_202780 11.50 #NIA #N/A rhoptry kinase family protein ROP25 

TGME49_218520 242 #NIA #NIA m,croneme protein MIC6 TGME49_222245 1.56 #NIA #N/A hypothetical protein 
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FIGURE 5C 

TGME49 _257380 2.35 #NIA #NiA hypothetical protein TGME49_277150 1.98 #NiA #NIA 
XPG N-terminal domain-contaming 
protein 

TGME49_251170 108 #NIA #NIA KRUF family protein TGME49_232955 156 #NiA -5.63 hypothetical protein 

TGME49_276170 1.98 #NIA #NiA phosphatidylinositol 3- and 4-kinase TGME49_217510 2.42 #NIA #NIA hypothetical protein 

TGME49_219120 2.42 #NIA #NIA 
zinc finger (CCCH type) motif-
conta,ning prote,n 

TGME49_313360 131 #NiA #NIA hypothetical protein 

TGME49_236890 !08 #NIA #NIA hypothetical protein TGME49_234490 1.56 #NIA #NIA kelch repeat-containing protein 

TGME49_277080 198 #NIA #NIA microneme protein MIC5 TGME49_202510 11.50 #NIA #NIA multi-pass transmembrane prote,n 

TGME49_228170 1.56 #NIA #NIA 
mner membrane complex protein 
IMC2A 

TGME49_219240 2.42 #NIA #NIA 
Peptidyl-tRNA hydrolase PTH2 domain 
containing protein 

TGME49_225540 1.56 #NIA #NIA hypothetical protein TGME49_229500 1.56 #NIA U:i4 hypothetical protein 

TGME49_233140 1.56 #NIA #NIA 
deoxyulidine 5'-tliphosphate 
nucleotidohydrolase, putative 

TGME49_259830 2.35 #NIA #N/A 
diacylglycerol kinase catalytrc domain-
containing protein 

TGME49_259950 2.35 #NIA #NIA 
carbonate dehydratase, eukaiyotic-
type domain-containing protein 

TGME49_266940 2.35 #NIA #NIA 
DHHC zinc finger domain-containing 
protein 

TGME49_214940 2.42 #NIA #NIA MIC2-associated protein M2AP TGME49_202450 11.50 #N/A #NIA hypothetical protein 

TGME49_305980 1.31 #NIA #NIA 
pyruvate dehydrogenase complex 
subunit PDH-E31 

TGME49 _300320 131 #N/A #NIA ctimethi,1adenosine trans/erase 

TGME49_243730 108 #NIA #NIA rhoptry protein ROP9 TGME49_215440 2.42 #NIA #NiA \J\PvVE domair.-contai ning protein 

TGME49_286470 1.98 #NIA #NIA AGC kinase TGME49_313110 131 #NIA #NIA hypothetical protein 

TGME49_202020 11.50 3.09 3.30 DnAK-TPR TGME49_264650 2.35 #NIA #NIA phosphoaceiylglucosamine mutase 

TGME49_222130 1.56 #NIA 102 hypothetical protein TGME49_204320 11.50 #NIA #NIA hypothetical protein 

TGME49_321360 1.31 #NIA #NIA cluslered-asparagine-rich protein TGME49_211480 4.76 #NIA #NIA GTP-bindmg protein engA. putative 

TGME49_206610 4.76 #NIA #NIA 
pyruvate dehydrogenase complex 
subunit PDH-E2 

TGME49_264030 2.35 #NIA #NIA aminotransferase, putative 

TGME49_226020 1.56 #NIA #NIA 
transporter, maior facilitator family 
prolein 

TGME49 _208570 4.76 #NIA #N/A 
ubiquitm conjugating enzyme E2, 
putative 

TGME49_212900 2.42 #NIA #NIA hypothetical protein TGME49_231020 1.56 #NIA #NIA hypothetical protein 

TGME49_298980 131 #NIA 158 
RNA pseudouridine synthase 
superfamily protein 

TGME49_215540 2.42 #NIA -6.53 hypothetical protein 

TGME49_307820 1.31 #NIA 1.33 hypothetical protein TGME49_295950 1.31 #NIA #NIA KRUF family protein 

TGME49_270320 1.98 #NIA 1.34 
protein phosphatase 2C domain-
containing protein 

TGME49_262680 2.35 -6.86 #N/A hypothetical protein 

TGME49_252190 1.08 #NIA 1.56 KRUF family protein TGME49_224990 1.56 #NIA #NIA hypothetical protein 

TGME49_246550 1.08 #NIA #NIA aspartyl protease ASP3 TGME49_299780 Ul #NIA #N/A hypothetical protein 

TGME49_289540 198 #NIA #NIA hypothetical protein TGME49_275755 198 2.12 1.72 hypothetical protein 

TGME49_268860 1.98 3.33 5.65 enolase 1 TGME49_248540 108 #NIA #NIA hypothetical protein 

TGME49_2177 40 242 -9.88 #NIA 
3-ketoacyl-(acyl-carrier-protein) 
reductase 

TGME49_239795 1.08 #NIA #NIA hypothetical protein 

TGME49_293260 1.98 1.17 #NIA 
A TPaselhistidine kmaseiDNA gyrase 
BIHSP90 domain-containing protein 

TGME49_271935 1.98 #NIA #NIA hypothetical protein 

TGME49_227100 1.56 3.51 #NIA hypothetical protein TGME49_209680 4.76 #NiA #NIA hypothetical protein 

TGME49_209060 4.76 #NIA #NIA 
thrombospondin type 1 domain-
containing protein 

TGME49_318680 1.31 -709 #NIA hypcthetical protein 

TGME49_221320 2.42 #NIA #NIA acetyl-CoA carboxylase ACC1 TGME49_246160 1.08 #N/A #N/A hypothetical protein 

TGME49_313910 1.31 #NIA #NIA RNA recognitron motif 2 protein TGME49_241 I 75 1.08 1.89 #NiA hypothetical protein 

TGME49_252070 1.08 3.55 4.63 KRUF family protein TGME49_316360 1.31 #NIA #NIA hypothetical protein 

TGME49_203310 11.50 #NIA #NIA dense granule protein GRA 7 TGME49_209490 4.76 117 #NIA hypothetical protein 

TGME49_232670 1.56 #NIA #NIA hypothetical protein TGME49_270605 1.98 #NIA #NIA hypothetical protein 

TGME49_200360 1150 #NIA #NIA hypothetical protein TGME49_213020 242 #NiA #NIA hypothetical protein 
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FIGURE 5D 

TGME49_221590 1.92 #NIA #NIA 
dual specificity phosphatase, catalytic 
domam-con1airnng protein 

TGME49_260220 2.35 #NIA #NIA 
folatelbiopterin transporter subfamil1 
protein 

Sterol-sensing domain of SREBP 
TGME49_277230 1.98 #N/A #NIA hypothetical protein TGME49_295020 1.62 -7.23 #NIA cleavage-activation domain-containing 

protein 

TGME49_212270 4.76 #NIA #NIA hypothetical protein TGME49_248830 108 #NIA #NiA phosphoinos1tide phospholipase PIPLC 

TGME49_254470 1.08 #N/A #NIA hypothetical protein TGME49_258850 2.35 #N/A #NiA hypothetical protein 

TGME49_232000 1.56 #NIA #NIA hypothetical protein TGME49_262600 2.35 #NIA #NIA hypothetical protein 

TGME49 _296340 1.31 2.61 2.84 hypothetical protein TGME49_264730 2.35 #NIA #NIA hypothetical protein 

TGME49_225170 1.56 #NIA #NIA hypothetical protein TGME49_260470 2.35 #NiA #NiA heat shock protein DNAJ pfj4, putat,ve 

TGME49_297400 1.31 #NIA #NIA hypothetical protein TGME49_222940 1.56 309 #NIA hypothetical protein 

TGME49_277260 1.98 136 108 hypothetical protein TGME49_221640 1.56 #NiA #NiA hypothetical protein 

TGME49_304500 1.31 #NIA #NIA hypothetical protein TGME49_224090 1.56 #NIA #NiA 
enoyl-CoA hydratase/isomerase family 
protein 

TGME49_215360 2.42 #NIA #NIA hypothetical protein TGME49_316200 1.31 #NIA #NIA 
phosphoglycerate mutase family 
protein 

TGME49_259020 2.35 4.75 5.87 bradyzoite antigen BAG 1 TGME49_215380 2.42 #NIA #NIA hypothetical protein 

TGME49 _252640 108 6.04 5.81 P-tyf..e A TPase PMA 1 TGME49 _282170 1.98 #NIA #NIA hypothetical protein 

TGME49_269690 1.98 #N/A #NIA hypothetical protein TGME49_263220 2.35 #NiA #NiA rhoptry kinase family protein ROP21 

TGME49_253690 1.08 1.30 #NIA hypothetical protein TGME49_254090 108 #NIA 106 hypothetical protein 

TGME49_247220 1.08 #N/A #NIA 
nudix -type motif 9 isoform a family 
protein 

TGME49_256090 2.35 #NIA #NiA 
glycerophosphodiester 
phosphodiesterase family protein 

TGME49_247360 108 #NIA #NIA PAP2 superfarnily protein TGME49_309410 1.31 #NIA #NiA 
AP2 domain transcription factor AP2XI 
1 

TGME49_262400 2.35 #NIA #NIA l:pase TGME49_219660 2.42 #NIA 2.21 hypothetical protein 

TGME49_254120 108 #N/A #N/A 
autophagy-related protein 8 atg8, 
putative 

TGME49_251450 1.08 #N/A 106 hypothetical protein 

TGME49_280380 1.98 #NIA #NIA poly(ADP-nbose) glycohydrolase TGME49_310390 1.31 #NIA #NIA hypothetical protein 

TGME49_323400 1.31 3.56 4.59 
cytochrome c ox1dase subunit iii 
subfamily protein 

TGME49_301350 1.31 #NiA #NIA SNARE associated protein 

TGME49_263550 2.35 1.57 #NIA 
39S ribosomal protein L 4 7, 
mitochondrial precursor, putafive 

TGME49 _205200 11.50 #NIA #NIA hypothetical protein 

TGME49_287460 1.98 2.09 3.13 hypothetical protein TGME49_254950 108 #NIA #NIA 
RNA cap guarnne-N2 
methyltransferase 

TGME49_246130 108 #NIA #NIA 
serpin ( serine proteinase inhibitor) 
superfamily protein 

TGME49_206340 11.50 #NIA #NIA hypothetical protein 

TGME49_264870 2.35 #N!A #NiA 
Sodiurn:neurotransmitter symporter 
family protein 

TGME49_286430 198 #NiA #NiA hypothetical protein 

TGME49_209100 4.76 #NIA #NIA PUB domain-containing protein TGME49_243680 108 #NiA #NIA dihydrodipicolinate reduc1ase 

TGME49_240090 1.08 #NIA #NIA 
rhoptry kinase family protein ROP34, 
putative 

TGME49_250955 1.08 #NiA #NIA KRUF family protein 

TGME49_304740 1.31 #N/A #N/A rhoptry kinase family protein ROP35 TGME49_251920 108 #NIA #N/A hypothetical protein 

TGME49_204520 11.50 2.00 1.45 hypothetical protein TGME49_277070 1.98 #NIA #NIA SWl2/SNF2-containing protein 

TGME49_201780 11.50 #NiA #N/A micronerr.e protein MIC2 TGME49_280470 1.98 #NIA #NIA 
AP2 domain transcription factor 
AP2Vlla-l 

TGME49_213050 2.42 #NIA #NIA hypothetical protein TGME49_254890 108 #N/A 1.83 hypothetical protein 

TGME49_208020 4.76 #NIA #NiA 
AP2 domain transcription factor AP21b-
1 

TGME49_238970 108 #NiA #NiA hypothetical protein 

TGME49_319640 1.31 #NIA #N/A hyµothetical protein TGME49_254280 108 2.32 #N/A 
DNA-directed RNA polymerase Ill 
RPC9 

TGME49_250710 108 #NIA #NIA micronerne protein MIC10 TGME49 _224890 1.56 #NIA #NIA hypothetical protein 
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FIGURE 5E 

TGME49_232410 1.56 117 114 POI family protein TGME49_218610 2.42 #NiA #NiA A TPase (DUF699) protein 

TGME49_253440 1.08 #NIA #NIA 
cell-cycle-associated protem kinase 
SRPK, putative 

TGME49_214960 2.42 #N/A #N/A 
AP2 domain transcription factor AP2X-
8 

TGME49_214440 2.42 #NIA #NIA 
4'-phosphopantethe1nyl transferase 
superfamily protein 

TGME49_228150 1.56 #NIA #NIA hypothetical protein 

TGME49_313760 1.31 #N/A #NIA hypothetical protein TGME49_242730 108 #N/A #N/A guanylate kinase family protein 

TGME49_3l4430 1.31 #N/A #NIA 
serine~hreonine specific protein 
phosphatase 

TGME49 _233770 1.56 #NIA #N/A 
calciurn-translocating P-type ATPase, 
PMCA-type protein 

cytidine and deoxycytid11ate 
TGME49_291940 1.98 #NIA #NIA hypothetical protein TGME49_215750 242 #NIA 2.18 dearninase zinc-binding region domain-

containing protein 

TGME49_260620 2.35 #N/A #NIA hypothetical protein TGME49_255350 2.35 2.40 #NIA A TPase. putative 

TGME49_297650 1.31 #N/A #NIA Ser/Thr phosphatase family protein TGME49_320700 1.31 1.63 #NIA 
AP2 domain transcription factor AP21V 
1 

TGME49_225790 1.56 #NIA #NiA POI family protein TGME49_225230 1.56 #NiA #NIA hypothetical protein 

TGME49_293252 1.98 3.40 4.86 hypothetical protein TGME49_278080 1.98 4.04 4.54 T oxoplasma gondi1 family A prote;n 

TGME49_231430 1.56 #NIA #NIA 
ol1gosaccharyl transferase sl!3 protein, 
putative 

TGME49_249410 1.08 #NIA #NIA hypothetical protein 

TGME49_233380 1.56 #NIA #NIA hypothetical protein TGME49_211610 4.76 #NIA #NiA hypothetical protein 

TGME49_314700 1.31 #NIA #NIA hypothetical protein TGME49_308965 1.31 #NIA #NIA hypothetical protein 

TGME49_310130 1.31 #NIA #NIA Spc97 I Spc98 family protein TGME49_270595 1.98 #NIA #N/A UBNTS-N domain-containing prote,n 

TGME49_291040 1.98 4.24 5.12 lactate dehydrogenase LDH2 TGME49_220250 2.42 #N/A #NIA 
Nucleotide-sensitive chloride 
conductance regulator (ICln) protein 

TGME49_315910 1.31 #NIA #NiA hypothetical protein TGME49_218740 2.42 -8.05 #NiA membrane protein, putative 

3'5'-cyclic nucleotide 
TGME49_310520 1.31 #NIA 1.52 phosphodiesterase domain-containing TGME49_277090 1.98 #NIA #NiA carrier superfamily protein 

prote;n 

TGME49_209140 4.76 #NIA #N/A 
anti-silencing protein, ASF1 family 
protem 

TGME49_273640 1.98 #N/A #NIA hypothetical protein 

TGME49_220240 242 #NIA #NIA hypothetical protein TGME49_225470 1.56 #NIA 1.32 peptide meth:onine sulfoxide reductase 

TGME49_215895 242 #N/A #NIA AP2 domam-contairnng protein TGME49_288370 1.98 #NIA #N/A hypothetical protein 

TGME49_216680 2.42 #NIA #NIA ankyrin repeat-contairnng protein TGME49 _268840 1.98 -8.64 #NIA 
N6-adenosine-methyltransferase, 
putative 

TGME49_244530 108 #NIA #NIA hypothetical protein TGME49_270890 1.98 #NIA #NiA hypothetical protein 

TGME49_254390 108 1.48 1.21 CRAL/TRIO domain-containing protein TGME49_200385 11.50 #NiA #NIA 
Myb family DNA-binding domain-
containing protein 

TGME49_286460 1.98 #N/A #NIA hypothetical protein TGME49_253510 108 1.81 #NIA transporteripennease protein 

TGME49_253560 1.08 #NIA #NIA hypothetical protein TGME49_289550 1.98 #NIA #NIA 
WO domain, G-bela repeat-containing 
protein 

TGME49_228160 1.56 #N/A #NIA acid phosphatase TGME49_297730 1.31 1.62 #NiA 
transcription elongation factor 1, 
putative 

TGME49_294980 1.98 #NIA 1.32 hypothetical protein TGME49_232960 1.56 #NIA #NiA 
oxidoreductase, 20G-Fe(II) oxygenase 
family protein 

TGME49_222020 1.56 #NIA #NIA phosphoglycerate kinase PGKII TGME49_250940 108 #NIA #NIA hypothetical protein 

TGME'i9_225160 1.56 #NIA #NIA hypothetical protein TGME49_266880 2.35 #NIA #NiA dihydrouridine synthase, putative 

TGME49_276930 1.98 #NIA #NIA hypothetical protein TGME49_217560 2.42 #NIA #NIA 
DNA-d1rected RNA polymerase II 
RPB10 

TGME49_209985 4.76 2.97 1.97 cAMP-dependent protein kinase TGME49_226640 1.56 2.46 #NIA zinc binding protein, putative 

TGME49_229930 156 #NIA #NIA p25-alpha family protein TGME49_319090 1.31 #NIA #NIA lgA-specific serine endopeptidase 

TGME49_247530 108 #NIA #NiA hypothetical protein TGME49_304490 1.31 #NiA #NiA hypothetical protein 

TGME49_218540 2.42 #N/A #NIA peptidase S15, putative TGME49_261590 2,35 #N/A #NIA ankynn, putative 
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FIGURE 5F 

TGME49_309580 1.31 #NIA #NIA 
transporter, major faciiitator family 
protein 

TGME49_237015 108 #NiA #NIA hypothetical protein 

TGME49_266310 2.35 #N/A #NIA 
Alpha-1,3-mannosyl-glycoprotein 2-
beta-N-acetylglucosaminyltransferase 

TGME49_277870 1.98 #NIA #NIA hypothetical protein 

TGME49_293770 1.98 #N/A #NIA chitinase-like protein CLP1 TGME49_252880 108 #NIA !68 hypothetical protein 

TGME49_275640 1.98 1.46 #NIA hypothetical protein TGME49_250500 1.08 -708 #NIA hypothetical protein 

TGME49_239420 108 #N/A #NIA. protein kinase TGME49_222970 1.56 #NIA #NIA 
inositol(myo)-1(or 4 )-
monophosphatase 2, putative 

TGME49_254000 1.08 #NIA 1.21 hypothetical protein TGME49_202310 11.50 #NIA #NIA O-sialoglycoprotein endopeptidase 

TGME49_305460 1.31 2.07 2.50 methionine aminopeptidase 2, putative TGME49_250670 1.08 #NiA #NIA hypothetical protein 

TGME49_250220 108 1.94 1.36 hypothetical protein TGME49_305080 1.31 #NIA #NIA hypothetical protein 

TGME49_323100 1.31 #NIA #NIA hypothetical protein TGME49_217 430 2.42 #NIA #NiA protease inhibttor Pl1 

TGME49_263560 2.35 #N/A #NIA hypothetical protein TGME49_225410 1.56 1.74 #N/A h1stone H3 centromenc CENH3 

TGME49_266760 2.35 #NIA #NIA isocitrate dehydrogenase TGME49_227860 1.56 #NIA #NIA hypothetical protein 

TGME49_210682 4.76 #NIA #NIA hypothetical protein TGME49_261220 2.35 #NIA #NIA transcription elongation factor SPT 4 

TGME49_312160 1.31 2.15 1.57 hypothetical protein TGME49_270300 1.98 #NIA #NIA hypothetical protein 

TGME49_255260 2.35 #N/A #NIA apical membrane antigen /WiA 1 TGME49_270610 1.98 #NIA #NIA hypothetical protein 

TGME49_227390 1.56 #NIA #NIA hypothetical protein TGME49_252870 108 #NIA 132 hypothetical protein 

TGME49_286000 1.98 #NIA #NiA hypothetical protein TGME49_319620 1.31 #NIA #NIA hypothetical protein 

TGME49_316710 1.31 #N/A #NIA. hypothetical protein TGME49_301180 1.31 #NIA #NIA SAG-related sequence SRS 19F 

TGME49_208590 4.76 #NIA 1.30 
vacuolar ATP synthase subunit 54kD, 
putative 

TGME49_268980 198 #NiA #NIA hypothetical protein 

TGME49_288210 1.98 #N/A #NIA PUL domain-containing protein TGME49_218950 242 #NiA #NiA hypothetical protein 

TGME49_306620 131 i.44 #NIA 
AP2 domain transcliption factor AP21X 
9 

TGME49_267970 2.35 -8.22 #NIA 
DEADIDEAH box hel:case domain-
containing protein 

TGME49_275420 1.98 #NIA #NiA 
h,stone lysine-specif;c demethylase 
LSD1IBHC110/KDMA IA 

TGME49_285470 1.98 #NiA 170 patched family protein 

TGME49_209900 4.76 #NIA #NIA hypothetical prote111 TGME49_240300 1.08 #NIA #NIA 
zinc finger domain, LSD 1 subclass 
domam-contammg protein 

TGME49_253470 108 1.07 1.44 
alveolin domain containing 
intermediate f;lament IMC 13 

TGME49_289250 1.98 #NIA #NIA cydophilin, putative 

TGME49_288650 1.98 #N/A #NIA dense granule protein GRA12 TGME49_220208 2.42 #NIA #NIA hypothetical protein 

TGME49_300055 1.31 #NIA #NIA hypothetical protein TGME49_257020 2.35 #NIA #NIA hypothetical protein 

TGME49_217530 2.42 #N/A #NIA hypothetical protein TGME49_230150 1.56 #NIA #N/A 
ChAPs (Chs5p-Arf Ip-binding proteins) 
protein 

TGME49_255180 108 #NIA #NIA ubiquitin carboxyl-terminal hydrolase TGME49 _294990 1.98 #NIA #NIA hypothetical protein 

TGME49_226310 1.56 #NIA #NiA 
zinc fmger (CCCH type) motif-
contrnning prote:n 

TGME49_236670 -4.91 #NiA #NiA hypothetical protein 

TGME49_259880 2.35 #NIA #NIA hypothetical protein TGME49_309190 131 #NiA #NIA hypothetical protein 

TGME49_212250 4.76 1.34 #NIA 
XPG N-term;nal domain-containing 
protein 

TGME49_312280 1.31 #NIA #NIA 
pre-mRNA-splicing factor ATP-
dependent RNA helicase, putative 

TGME49_215550 2.42 #N/A 1.25 hypothetical protein TGME49_208722 4.76 #NIA #NIA hypothetical protein 

TGME49_213635 2.42 2.41 #NIA hypothetical protein TGME49_256880 2.35 -8.61 #NIA 
protein kinase doma,n-contaming 
protein 

TGME49_288840 198 #N/A #NIA. hypothetical protein TGME49_222850 1.56 #NIA #NIA 
stress respons,ve alb barrel domain-
containing protein 

TGME49_222948 1.56 -8.96 #NIA hypothetical protein TGME49_219150 2.42 #NIA #NIA 
zinc finger, u type domain-containing 
prote;n 

TGME49_232750 1.56 #NIA #NIA 
23S rRNA (adenine(1618)-N(6))-
methyltransferase, putative 

TGME49_216030 2.42 #NIA #NiA hypothetical protein 



U.S. Patent Aug. 16, 2022 Sheet 111 of 147 US 11,414,385 B2 

FIGURE 5G 

TGME49_270260 1.98 #NIA 203 hypothetical protein TGME49_222180 1.56 #NIA #NJA hypothetical protein 

TGME49_253750 1.08 #NIA #NIA PL U-1 family protein TGME49_227430 1.56 #N/A 2.76 
transmembrane amino acid transporter 
protein 

TGME49_295420 1.31 #NIA #NIA hypothetical protein TGME49_221500 2.42 #NIA #NIA 
dual specificity phosphatase, catalytic 
domain-conta;ning protein 

TGME49_315680 1.31 #NIA #NIA 
vacuolar protein sortmg-associated 
protein vps4, putative 

TGME49_220260 2.42 #NIA #NiA hypothetical protein 

TGME49_321630 1.31 #NIA #NIA 
RNA recognition motif-containing 
protein 

TGME49_310970 1.31 -4.58 #NIA hypothetical protein 

5'-3' exonuclease, N-terminal 
TGME49_284010 1.98 #N/A #NIA resolvase family domain-containing TGME49_239530 108 -609 #NIA alar.ine-glyoxylate aminotransferase 

protein 

TGME49_269310 1.98 #N/A #NIA hypothetical protein TGME49_207160 4.76 3.72 4.66 SAG-related sequence SRS49D 

TGME49_222240 1.56 #NIA #N/A hypothetical protein TGME49_244700 1.08 -4.99 #N/A 
NAD(+)/NADH kinase domain-
containing protein 

TGME49_217750 2.42 #NIA -4.62 hypothetical protein TGME49_253330 108 2.37 2.64 
Rhoptry kinase family protein, 
truncated (incomplete catalyi;c triad) 

TGME49_288000 1.98 #NIA #NIA hypothetical protein TGME49_249260 1.08 -9.86 #NJA 
cell-cycle-associated protein kinase 
CDK, putative 

TGME49_251540 108 #NIA #NIA dense granule protein GRA9 TGME49_313270 1.31 -4.80 #NIA hypothetical protein 

TGME49_209755 4.76 4.10 5.58 hypothetical protein TGME49_208730 4.76 1.74 1.06 microneme protein, putative 

TGME49_219590 2.42 #N/A #NIA RuvB family 1 protein TGME49 _290970 1.98 2.59 2.50 8-amino-7 -oxononanoate synthase 

TGME49_290190 1.98 #NIA #NIA hypothetical protein TGME49_3l2660 131 -9.00 #NIA hypothetical protein 

TGME49_220440 2.42 #NIA #NIA 
cydin-dependent kinase regulatory 
subunit protein 

TGME49 _209970 4.76 -9.27 #NIA Spc9 7 I Spc98 family protein 

TGME49_260540 2.35 #NIA #NIA 
alveolin domain containing 
intermediate f;lament IMC14 

TGME49_243210 108 -10.07 #NIA DUF862 domain-containing protein 

TGME49_220890 2.42 #NIA #N/A hyµothetical protein TGME49_319730 131 -8.83 #NIA YOU2 family C2C2 z,nc finger protein 

TGME49_232160 1.56 1.08 #NIA 
zinc finger, C3HC4 type (RING finger) 
domam-contairnng protein 

TGME49_310530 1.31 -9 05 #NIA 
SNF2 family N-terminal domain-
contaming protein 

TGME49_216500 2.42 #NIA #NIA tRNA synthetase, putative TGME49_299990 1.31 1.99 1.46 archease family protein 

TGME49_261790 2.35 #NIA #NIA hypothetical protein TGME49 _2087 40 4.76 128 #NIA m1croneme protein, putative 

TGME49_245490 108 #NIA #NIA microneme protein MIC8 TGME49_291810 1.98 -4.40 #NiA thioredoxin doma:n-contaming protein 

TGME49_202580 11.50 #NIA 1.20 A TPase, AAA family protein TGME49_269438 1.98 -9.21 #NIA hypothetical protein 

TGME49_243470 108 4.58 4.67 hypothetical protein TGME49_241305 1.08 -8.92 #NiA hypothetical protein 

TGME49_244450 1.08 #NIA #NIA 
protem phosphatase 2C domain-
containing protein 

TGME49_312430 1.31 -8.70 #NIA hypothetical protein 

TGME49_249230 108 #NIA #NIA hypothetical protein TGME49_209070 4.76 -9.94 #NIA hypothetical protein 

TGME49_268010 2.35 #NIA #NIA hypothetical protein TGME49_228180 1.56 -8.92 #NIA 
cytochrome C oxidase assembly factor 
COX15, putative 

TGME49_299030 1.31 142 1.73 RNA recognition motif 2 protein TGME49_286928 1.98 -8.89 #NIA hypothetical protein 

TGME49_265400 2.35 #NIA #NIA hypothetical protein TGME49_318575 1.31 -8.67 #NIA hypothetical protein 

TGME49_226520 156 #NIA #NIA hypothetical protein TGME49_264670 2.35 -8.85 #NIA DNA polyrr,erase family B protein 

TGME49_293280 1.98 #NIA #NIA cyclin protein TGME49_229200 1.56 -8.72 #NIA hypothetical protein 

TGME49_312105 1.31 -8.91 -5.44 hypothetical protein TGME49_273840 1.98 -8.66 #NIA brix dornai11-contairnng protein 

TGME49 _222050 1.56 #NIA #NIA hypothetical protein TGME49 _298990 1.31 1.79 #NIA 
ferredoxin NADP+ oxidoreductase 
FNR 

TGME49_274150 198 #NIA #NIA hypothetical protein TGME49_312140 1.31 -4.37 #NIA hypothetical protein 

TGME49_254710 1.08 #NIA #NIA serine esterase (DUF676) protein TGME49 _224600 1.56 -8.73 #NIA GTP binding protein 

TGME49_215210 2.42 #NIA #NIA hypothetical protein TGME49_216930 2.42 178 #NiA cholinephosphate cytidylyltransferase 

TGME49_221350 2.42 #N/A #NIA Cir copper transporter family protein TGME49_220370 2.42 -505 #NIA hypothetical protein 
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TGME49_221640 1.56 4.17 4.38 hypothetical protein TGME49_272000 1.98 -8.53 #NJA hypothetical protein 

TGME49_268225 2.35 -9.66 -705 hypothetical protein TGME49_232550 1.56 1.62 1.18 hypothetical protein 

TGME49_265460 2.35 #NIA #NIA hypothetical protein TGME49_245580 1.08 -8.59 JIN/A hypothetical protein 

TGME49_249540 108 #N/A #NIA hypothetical protein TGME49_278500 198 -869 #NiA ribosomal RNA large subunit 
methyltransferase J protein 

3'5'-cyclic nucleotide 
TGME49_266920 2.35 #NIA #NIA phosphod,esteraso domain-containing 

protein 
TGME49_309950 1.3'i -8.44 #NIA 

NLE (NUCB5) domain-containing 
protein 

TGME49_268230 2.35 -9.26 -9.26 hypothetical protein TGME49_221900 1.56 -8.31 #NIA hypothetical protein 

TGME49_226580 1.56 #N/A #NIA hypothetical protein TGME49_249560 1.08 -8.51 #NiA 
DNA-directed RNA polymerase alpha 
chain rpoA 

TGME49_234530 1.56 #NIA #NIA hypothetical protein TGME49_264660 2.35 1.56 1.29 SAG-related sequence SRS44 

TGME49_248110 108 #NIA #NIA hypothetical protein TGME49_238020 108 -856 #NIA hypothetical protein 

TGME49_202572 11.50 #NIA #NIA ribophorin i protein TGME49_240970 108 -8.94 #NIA hypothetical protein 

TGME49_220390 2.42 #NIA #NiA hypothetical protein TGME49_301430 131 -8.67 #NiA septum formation protein maf putative 

TGME49_315440 1.31 #NIA #NIA hypothetical protein TGME49_214340 2.42 -4.76 #N/A hypothetical protein 

TGME49_223750 1.56 #NIA #NIA hypothetical protein TGME49_230000 1.56 -8.74 #NIA hypothetical protein 

TGME49_244300 1.08 #NIA #NIA hypothetical protein TGME49_246060 1.08 -8.27 #NIA DNA-dependent RNA polymerase 

TGME49_258710 2.35 #NIA #N/A 
T-complex protein 10 C-terminus 
protein 

TGME49_263710 2.35 -5.14 #NIA 
acyl-CoA:cholesterol acyltransferase 
alpha ACA T 1-alpha 

TGME49_202770 11.50 #NIA #NIA 
RNA recognition motif-containing 
prote,n 

TGME49_261740 2.35 1.22 1.29 hypothetical protein 

TGME49_232035 1.56 -8.62 -4.53 hypothetical protein TGME49_305050 1.3·1 1.88 #NiA calmoduhn, putative 

TGME49_254690 108 106 1.20 phosphol ipase/carboxylesterase TGME49_246590 108 -8.29 #NJA hypothetical protein 

TGME49_280370 1.98 #N/A #NiA hypothetical protein TGME49_235460 1.56 -8.56 #N/A hypothetical protein 

TGME49_242845 108 -8.83 #NIA hypothetical protein TGME49_266950 2.35 -9.24 #NIA protem kinase, putative 

TGME49_226990 1.56 #NIA #NIA hypothetical protein TGME49_219290 2.42 -8.61 #NIA 
F-ac!1n-capping protein subunit beta, 
putative 

TGME49_207100 4.76 #NIA #NIA hypothetical protein TGME49_203760 11.50 -8.87 #NiA hypothetical protein 

TGME49_219610 242 #NIA #NIA hypothetical protein TGME49_246200 108 -846 #NJA 
zinc finger (CCCH type) motif-
containing protein 

TGME49_280522 1.98 #N/A #NIA hypothetical protein TGME49_313960 1.3'i -802 #NIA ribosomal protein L 19 protein 

TGME49_315950 1.31 #NIA #NIA 
zinc finger, C3HC4 type (RING finger) 
domam-contairnng protein 

TGME49_249480 108 L62 1.21 
tetratricopeptide repeal-conta,ning 
protein 

TGME49_212940 2.42 -8.65 #NIA hypothetical protein TGME49_254080 108 109 1.41 
metal cation transporter, ZIP family 
protein 

TGME49_203060 11.50 #NIA #NIA hypothetical protein TGME49_230110 1.56 -8.60 #NIA hypothetical protein 

TGME49_269130 1.98 #NIA #NiA hypothetical protein TGME49_268770 1.98 -8.36 #NIA 
dual specificity phosphatase, catalytic 
domain-containing protein 

TGME49_258030 2.35 #NIA #NIA DNA polymerase TGME49_240660 108 -8.25 #NiA hypothetical protein 

TGME49_224970 1.56 #NIA #NIA nucleolar protein,nop52 protein TGME49_244160 108 -8.35 #NIA 
transcription initiation factor TFIID 
complex subunit TAF12 

TGME49_221180 2.42 #N/A #NIA hypothetical protein TGME49_271145 1.98 -8.12 #NIA hypothetical protein 

TGME49_311230 1.31 #NIA 1.03 hypothetical protein TGME49_319940 1.31 -8.14 #NJA hypothetical protein 

TGME49_247300 108 #N/A #NIA hypothetical protein TGME49_243298 1.08 -8.28 #NIA 
!CE family protease (caspase) p20 
domain-contaming protein 

TGME49_319590 1.31 #NIA #N/A hypothetical protein TGME49_297320 1.31 -9.10 #NIA hypothetical protein 

TGME49_240780 1.08 #NIA #NIA hypothetical protein TGME49_268170 2.35 -8.39 -4.39 hypothetical protein 

TGME49_208310 4.76 #NIA #NIA hypothetical protein TGME49_221585 2.42 -8.87 #NIA hypothetical protein 

TGME49_254920 108 2.59 2.48 hypothetical protein TGME49_270620 1.98 -8.01 #N!A 
DEAD/DEAH box hel ,case domain-
containing protein 
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FIGURE 5i 

TGME49_221480 2.42 #NIA #NIA hypothetical protein TGME49_278270 1.98 -8.09 #NIA 
nucleolar protein, structural component 
of HiACA snoRNPs, putative 

TGME49_204530 11.50 #N/A #NiA microneme protein MIC11 TGME49_254630 1.08 1.35 1.64 CMGCkinase 

TGME49_213730 2.42 #NIA #NIA lanth1onine synthetase C family protein TGME49_298060 1.31 -8.32 #NiA T oxoplasma gondii !am1 ly C pro lei n 

TGME49_293270 1.98 #NIA #NIA hypothetical protein TGME49_297510 1.31 -8.78 #NIA hypothetical protein 

TGME49_304880 1.31 #N/A #NIA hypothetical protein TGME49_285850 1.98 -8.30 #NIA 
peplidyl-prolyl cis-!rans isomerase, 
FKBP-type domain-containing protein 

TGME49_252420 1.08 2.16 #NIA 
histone argmine methyltransferase 
PRMT3 

TGME49_313480 131 -8.44 #NiA hypothetical protein 

TGME49 _265790 2.35 #NIA #NIA hypothetical protein TGME49 _257290 2.35 -8.13 #NIA 
RNA 2'-phosphotransferase, Tpt1iKptA 
family protein 

TGME49_270865 1.98 #N/A #N/A adenylate cyclase, putative TGME49_313200 1.31 -8.34 #N/A leucine rich repeat-containing protein 

TGME49_269950 1.98 #NIA #N/A hypothetical protein TGME49_252440 1.08 2.33 2.11 peptidase c13 family protein 

TGME49_245630 108 #NIA #NIA hypothetical protein TGME49_254365 1.08 1.24 1.44 phosphatidate cyt,dylyltransferase 

TGME49_220330 2.42 #NIA #N/A hypothetical protein TGME49_238190 108 1.55 #NIA 
DNA-directed RNA polymerase II 
RPB3 

TGME49_215160 2.42 #NIA #NIA hypothetical protein TGME49_267340 2.35 184 #NIA hypothetical protein 

TGME49_231890 1.56 #NIA #NIA 
beta-i\etoacyl-ac\1 carrier protein 
synthase Ill, putative 

TGME49_262050 2.35 1.14 118 rhoptry kinase family protein ROP39 

TGME49_310210 1.31 #NIA #NIA hypothetical protein TGME49_204490 11.50 -7.99 #NIA hypothetical protein 

TGME49_225680 1.56 -8.69 #NiA hypothetical protein TGME49_232510 1.56 -8.65 #NiA hypothetical protein 

TGME49_242640 1.08 #NIA #NiA hypothetical protein TGME49 _283585 1.98 -8.28 #NIA hypothetical protein 

2-C-methyl-D-erythntol 2,4-
TGME49_255690 2.35 #NIA #NIA cyclodiphosphate synthase doma,n-

containing protein 
TGME49_247610 1.08 -8.03 JIN/A 

small nuclear ribonucleoprote,n E, 
putative 

TGME49_253640 108 #NIA #NiA hypothetical protein TGME49_240480 1.08 -8.00 #NiA cpw-wpc domain-containing protein 

TGME49_237500 108 #N/A #NiA 
proto;n phosphatase 2C domain-
containing protein 

2-oxoglutarate dehydrogenase e1 
TGME49_244200 108 1.00 #NiA component, mitochondrial precursor, 

putative 

TGME49_308040 1.31 #NIA #N/A. 
ZPR1 zinc finger domain-containing 
protein 

TGME49_258940 2.35 -7.94 #NIA acylphosphatase family protein 

TGME49_211460 4.76 #N/A #NIA hypothetical protein TGME49_317705 1.31 -5.13 #NIA 
enoyl-GoA hydratasefisomerase family 
protein 

TGME49_300048 1.31 #NIA #NIA hypothetical protein TGME49_280580 1.98 L89 2.66 SAG-related sequence SRS35B 

TGME49_250730 1.08 #N/A #NIA 60S ribosomal protein L7-B, putative TGME49_293500 1.98 -8.17 #NiA hypothetical protein 

TGME49_306040 1.31 #NIA #NIA CHY zinc finger protein TGME49_227115 1.56 -8.32 #NiA hypothetical protein 

TGME49_315 l00 1.31 3.51 3.91 hypothetical protein TGME49_316090 1.31 -7.84 #NiA 
RNAse P Rpr2/Rpp21 subunit domain-
containing protein 

TGME49_250950 108 #NIA #NiA KRUF family protein TGME49_253790 108 1.16 1.53 
ZillC finger (CCCH type) motif-
containing protein 

TGME49_202520 11.50 #NIA #NIA hypothetical protein TGME49_258780 2.35 -8.93 #NiA OTU family cysteme protease 

3'5'-cyclic nucleotide 
TGME49_257080 2.35 #NIA #NIA phosphodiesterase domain-containing TGME49_275780 1.98 -7.96 #NIA hypothetical protein 

protein 

TGME49_205180 11.50 #N/A #NiA 
RNA recognition motif-containing 
protein 

TGME49_220230 2.42 -4 57 #NiA leucine rich repeat-containing protein 

TGME49_266450 2.35 /IN/A #NIA lysine decarboxylase family prote;n TGME49_255215 108 -840 #NIA hypothetical protein 

TGME49_315280 1.31 -8.97 #NIA hypothetical protein TGME49_205010 11.50 1.08 #NIA 
U2 small nuclear ribonucleoprotein 
fam;ly protein, putative 
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FIGURE SJ 
TGME49_330000 1.31 3.95 4.62 cytochrome b TGME49_279540 1.98 -8.17 #NIA hypothetical protein 

TGME49_207065 4.76 #NIA #NIA hypothetical protein TGME49_244645 108 -770 1.38 hypothetical protein 

TGME49 _209095 4.76 #NIA #NIA hypothetical protein TGME49_250900 108 -7.59 #NIA hypothetical protein 

TGME49_238510 1.08 #NIA #NIA hypothetical protein TGME49_301310 1.31 -4.46 #NIA hypothetical protein 

TGME49_232340 1.56 #N/A #N/A 
protein phosphatase 2C domain-
containing protein 

TGME49 _248670 1.08 L02 #NIA 
V-type H(+)-translocating 
pyrophosphalase VP 1 

TGME49_250100 108 #NIA #NIA hypothetical protein TGME49_223150 1.56 -854 #NIA START domain-containing protein 

TGME49_228980 156 -809 -4.97 hypothetical protein TGME49_230080 1.56 -8.52 #NiA 
DEAD/DEAH box helicase domain-
containing protein 

TGME49_321450 1.31 #NIA #NIA 
Myb family DNA-binding domain-
conta;ni ng prote;n 

TGME49 _226700 1.56 -7.84 #NIA nudease. putative 

TGME49_2604W 2.35 #NIA #NIA hypothetical protein TGME49_235478 1.56 -4.89 #NIA pantothenate kinase 

TGME49_225990 1.56 #NIA #NIA 
acyl transferase domain-containing 
protein 

TGME49_248440 108 -8.41 #NIA hypothetical protein 

TGME49_205490 11.50 #NIA #NIA. integral membrane protein, putative TGME49_255930 2.35 -8.12 #N/A hypothetical protein 

TGME49_236800 108 #NIA #NIA hypothetical protein TGME49_226280 1.56 -7.80 #NIA nbosomal protein L28, putative 

TGME49_257350 2.35 #NIA 109 
eukaryotic translation ;nitiat;on factor, 
putative 

TGME49_221370 2.42 -8.41 #N/A hypothetical protein 

TGME49_223660 1.56 #NIA #NIA 50S Ii bosom al protein L 4, putative TGME49_310290 131 -7.56 #NIA 
regulator of chromosome condensation 
(RCCi) repeat-containing protein 

TGME49_306890 1.31 #NIA #N/A hypothetical protein TGME49_264752 2.35 -7.90 #N/A HEAT repeat-containing protein 

TGME49_230180 1.56 #NIA #NIA hypothetical protein TGME49_309390 1.31 2.01 #NIA hypothetical protein 

TGME49_203280 11.50 #NIA #NIA hypothetical protein TGME49_314790 1.31 -5.50 #NIA 
small nuclear ribonucleoprote;n G, 
putative 

TGME49_268680 1.98 #NIA #N/A hypothetical protein TGME49_309080 1.31 -7.56 #NiA hypothetical protein 

activating signal cointegrator 1 
TGME49_223390 1.56 #NIA #NIA complex subunit 3 family 1 ASCC3L 1, TGME49_239087 108 -8.18 #NIA hypothetical protein 

putative 

TGME49_206450 11.50 #NIA #NIA 
autophagy-related cysteine peptidase 
atg4, putative 

TGME49_269430 1.98 -8.29 #N/A 
polyprenyl synlhetase superfamily 
protein 

TGME49_273970 1.98 #NIA #N/A CorA family Mg2+ transporter protein TGME49_289000 1.98 -8.54 #NIA hypothetical protein 

TGME49_277270 1.98 #NIA #NIA NTPase II TGME49_217450 2.42 -8.05 #NIA 
general transcription factor IIH 
polypeptide 5 GTF2H5 

TGME49_263420 2.35 #NIA #NIA ubiqu;tin-specific protease USP4 TGME49_277700 1.98 -7.85 #NiA 
ribosomal protein S14 precursor, 
putative 

TGME49_239710 108 -8.73 #NIA phosphomannomutase TGME49_281950 1.98 -8.54 #N/A membrane protein, putative 

TGME49_286480 1.98 #NIA #NIA hypothetical protein TGME49_209930 4.76 -8.42 #NIA hypothetical protein 

TGME49_278230 1.98 #NIA #N/A 
prenyltransferase and squalene 
oxidase repeat-contaniing prote;n 

TGME49_316470 1.31 -8.45 #NiA hypothetical protein 

TGME49_207930 4.76 #NIA #NIA 
phospt,atictylethanolamine-binding 
protein 

TGME49_323010 1.31 -777 #NiA hypothetical protein 

TGME49_219820 2.42 #NIA #NIA polyubiquitin UbC, putat,ve TGME49_289010 1.98 -8. 16 #NIA 
RNA recognition motif-containing 
protein 

TGME49_258870 2.35 #NIA #NIA hypothetical protein TGME49_243760 108 -8.49 #NIA hypothetical protein 

TGME49_243430 108 #NIA #NIA OTU family cysteine protease TGME49_263215 2.35 7.63 4.51 hypothetical protein 

TGME49_215910 242 #N/A #NIA hypothetical protein TGME49_306338 1.31 -8.39 #NIA 
ctynein gamma chain, fiagellar outer 
arm, putative 

TGME49_259200 2.35 #NIA #NIA Na+/H+ exchanger NHE1 TGME49_254930 108 1.13 #NiA hypothetical protein 

TGME49_225900 1.56 #N/A #NIA hypothetical protein TGME49_293860 1.98 -4.63 #NIA hypothetical protein 

TGME49_251400 1.08 #NIA 1.27 hypothetical protein TGME49_236990 1.08 1.82 1.74 
beta-keloacyl synthase, N-terminal 
domain-containing protein 
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FIGURE 5K 

TGME49_200450 11.50 #NIA #NIA hypothetical protein TGME49_220150 242 -8.31 #NIA 50S ribosomal protein L 16, putative 

TGME49_242810 1.08 #NIA #NIA hypothetical protein TGME49_236130 1.56 -8,58 #NIA 
signal recognition particle (SRP9) 
domain-containing protein 

TGME49_302055 1.31 #NIA #NIA ribosomal protein RPS 12 TGME49_284170 1.98 -7.74 #NIA 
DHHC zinc finger domain-containing 
protein 

TGME49_259040 2.35 #NIA #NIA hypothetical protein TGME49_321170 1.3·; 1.91 2.39 Toxop!asma gondii family C protein 

TGME49_314500 1.31 #NIA #NIA subtilisin SUB2 TGME49_218790 2.42 -7.73 #NIA 
elongation factor G C-terminus domain 
containing protein 

TGME49_295430 1.31 #NIA #NIA hypothetical protein TGME49_310200 1.31 -8.08 #NiA hypothetical protein 

TGME49_250870 !08 #NIA #NIA 
DHHC zinc finger domain-containing 
protein 

TGME49_290240 1.98 -8.41 #NIA hypothetical protein 

TGME49_287515 1.98 -7.54 #NIA hypothetical protein TGME49_288290 1.98 -8.19 #NIA hypcthetical protein 

TGME49_260430 2.35 3.55 241 hypothetical protein TGME49_244680 108 -7.56 #NIA hypothetica! protein 

TGME49_279350 1.98 #NIA #NIA hypothetical protein TGME49_242118 1.08 -8.30 -4.57 myosin-light-chain kinase 

TGME49_248850 1.08 #NIA #NIA methionine aminopeptidase TGME49_224200 1.56 -7.93 #NIA tRNA pseudouridine synthase 

TGME49_285700 1.98 #NIA #NIA 
ubiqu1tin fus:on degradation protein 
UFD1AP 

TGME49 _220480 2.42 -7.77 #NIA hypothetical protein 

TGME49_253950 108 #NIA #NIA protein fam50a. putative TGME49_229290 1.56 -7.60 #NIA kelch repeat-containing protein 

TGME49_318440 1.31 #NIA #NIA 
helicase associated domain (ha2) 
protein 

TGME49_295320 1.31 -8.26 #NIA 
embryo sac development arrest EDA7, 
putative 

cylidine and cteoxycytidylate 
TGME49 _200430 11.50 #NIA #NIA deaminase zinc-binding region domain- TGME49 _243265 1.08 -7.82 #NIA prolamine P1 protein 

containing protein 

TGME49_283702 198 #NIA #NIA FATC domain-containing protein TGME49_229720 1.56 -8.10 #NIA hypothetical protein 

TGME49_262080 2.35 #NIA #NIA hypothetical protein TGME49_220530 2.42 -8.48 #NIA 
AP2 domain transcription factor AP2V-
1 

3'5'-cyclic nucleotide 
TGME49_293000 1.98 #NIA #NIA phosphodiesterase domain-containing 

protein 
TGME49_226090 1.56 -7.82 #NIA 

DEAD/DEAH box helicase domain-
containing protein 

TGME49_261480 2.35 #NIA #NIA phosphatidyl serine synthase TGME49_270050 1.98 195 #NIA hypothetical protein 

TGME49_204360 11.50 #NIA #NIA subtilisin SUB4 TGME49_270960 1.98 -8.11 #NIA hypothetical protein 

TGME49_318170 1.31 #NIA #NIA hypothetical protein TGME49_269830 1.98 2.93 #NIA RAP domain-containing protein 

TGME49_224620 156 #NIA #NIA hypothetical protein TGME49_288845 198 -819 #NIA hypothetical protein 

TGME49_301170 1.31 -7.88 #NIA SAG-related sequence SRS19D TGME49_257160 2.35 116 1.02 hypothetical protein 

TGME49_225550 1.56 #NIA #NIA phosphatidylserine decarboxylase TGME49_243615 1.08 -7.78 #NIA hypcthetical protein 

TGME49_213460 2.42 108 1.36 hypothetical protein TGME49_297460 1.31 -8.44 #NIA hypothetical protein 

TGME49_201710 11.50 #NIA #NIA 
WD domain, G-beta repeat-containing 
protein 

TGME49_254200 1.08 1.84 #NIA 
anticodon binding domain-containing 
protein 

TGME49_291890 1.98 #NIA #NIA m:cronen:e protein MIC 1 TGME49_248800 1.08 -7.78 #NIA hypothetical protein 

TGME49 _253700 1.08 #NIA #NIA 
transporter, major facilitator family 
protein 

TGME49 _205050 11.50 -8.15 -506 hypothetical protein 

TGME49_252065 108 #NIA 1.68 KRUF family protein TGME49_254135 108 -7.46 #NIA hypothetical protein 

TGME49_278940 1.98 #NIA #NIA 
HECT-domain (ubiquitin-transferase) 
domain-containing protein 

TGME49_311790 131 1.99 #N/A hypothetical protein 

TGME49_209770 4.76 #NIA #NIA hel1case, putative TGME49_233838 1.56 -766 #NIA 
PET112 family. C terminal region 
domain-containing protein 

TGME49_285950 1.98 #NIA #NIA hypothetical protein TGME49_227270 1.56 -8.24 #NIA hypothetical protein 

TGME49_217160 242 #NIA 2.35 Derl family protein TGME49_254840 108 -7.96 #NIA 
tetratricopeptide repeat-containing 
protein 

TGME49_286010 1.98 #NIA #NIA hyµothetical protein TGME49_288240 1.98 -7.71 #NIA hypothetical protein 

TGME49_286050 1.98 #NIA #NIA hypothetical protein TGME49_242110 108 -7.95 #NIA rhoptry kinase family protein ROP38 
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FIGURE SL 

TGME49_269010 1.98 #NIA #NIA 
AP2 domain transcription factor 
AP2Vlll-7 

TGME49_285510 1.98 103 1.03 hypothetical protein 

TGME49_248990 1.08 #N/A #N/A hypothetical protein TGME49_204140 11.50 -7.83 #NIA PHO-finger domain-conta;ning protein 

TGME49_217410 2.42 #NIA #NIA hypothetical protein TGME49_269940 1.98 -7.77 #NIA zinc finger motif, C2HC5-type protein 

TGME49_253180 1.08 #NIA 1.08 hypothetical protein TGME49_300130 131 2.35 #NIA 
apical membrane antigen 1 domain-
containing protein 

TGME49_232360 1.56 #NIA #NIA exonuclease TGME49_201180 11.50 -8.19 #NIA hypothetical protein 

TGME49_301400 1.31 #NIA #NIA hypothetical protein TGME49_226670 1.56 -7 51 #NIA hypothetical protein 

TGME49_211330 4.76 #NIA #NIA methionine am1nopeptidase TGME49_316480 1.31 -7.54 #NIA 
XRN 5'-3' exonuclease N-terminus 
protein 

TGME49_205265 11.50 #NIA #NIA 
transporter, cation ohannel family 
protein 

TGME49_314530 1.31 -7.84 #NIA RPAP1 family, C-termlnal protein 

TGME49_277490 1.98 #NIA #NIA hypothetical protein TGME49_300360 131 -8.03 #NIA ADP/ ATP translocase 

TGME49_279100 1.98 #NIA #NIA hypothetical protein TGME49_215400 2.42 -8.32 #NIA 
RNA recognition motif-containing 
protein 

TGME49_216140 2.42 220 2.49 
tetratricopeptide repeat-containing 
protein 

TGME49_210310 4.76 -7.90 #NIA hypothetical protein 

TGME49_263190 2.35 #NIA #NIA adenylosuccinate iyase, putative TGME49_238070 1.08 -8.06 #NIA glutaredoxin domain-containing protein 

TGME49_230820 1.56 #NIA #NIA hypothetical protein TGME49_209460 4.76 -7.93 #NiA hypothetical protein 

TGME49_239748 1.08 #NIA #N/A hypothetical pro lei n TGME49_202240 11.50 -7.95 #NIA RAP domain-containing protem 

TGME49_293650 1.98 #N/A #NiA hypothetical protein TGME49_301280 1.31 -7.38 #NIA hypothetical protein 

TGME49_256840 2.35 #N/A #NiA. hypothetical protein TGME49_207180 4.76 -7.87 #NIA 
indole-3-glycerol phosphate synthase 
domein-contalning protein 

TGME49_305990 1.31 1.86 1.67 hypothetical protein TGME49_224150 1.56 -763 #NIA hypothetical protein 

TGME49_251770 108 #NiA 101 hypothetical protein TGME49_268740 1.98 -7.62 #NIA hypothetical protein 

TGME49_305930 1.31 #NIA #NIA hypothetical protein TGME49_216370 2.42 -7.59 #NIA hypothetical protein 

TGME49_264220 2.35 #N/A #NiA hypothetical protein TGME49_246930 108 1.17 1.29 calmodulin CAM1 

TGME49_217790 2.42 #NIA #NIA 
S 1 RNA binding domain-containing 
protein 

TGME49_2222l0 1.56 -4.48 #NIA SPFH domain I Band 7 family protein 

TGME49_310410 1.31 -7.42 #NIA 
WO domain, G-bela repeat-containing 
protein 

TGME49_309610 1.31 -7.99 #NIA hypothetical protein 

TGME49_266480 2.35 #NIA #NIA hypothetical protein TGME49_251590 108 -4.36 #NIA hypothetical protein 

TGME49_247030 108 #NIA #NIA hypothetical protein TGME49_316490 13! -7.84 #NIA hypothetical protein 

TGME49_216810 2.42 #NIA #NIA 
5'-nucleotidase, C-lerminal domain-
containing protein 

TGME49_221980 1.56 -7.78 #NIA U1 zinc finger protein 

TGME49_312600 1.31 #NIA 1.07 heat shock protein HSP21 TGME49_223530 1.56 1.30 #N/A hypothetical protein 

TGME49_254150 108 #NIA #NIA hypothetical protein TGME49_318380 1.31 -8.30 #NIA hypothetical protein 

TGME49_202730 11.50 #NIA #NIA hypothetical protein TGME49_246690 108 -7.90 #NIA 
alpha amylase, catalytic domain-
containing protein 

TGME49_319580 1.31 #NiA #NIA hypothetical protein TGME49_247290 1.08 -8.11 #N/A hypothetical protein 

TGME49_255980 2.35 #N/A #NIA hypothetical protein TGME49_262000 2.35 -7.73 #NIA 
AP2 domain transc!iption factor 
AP2Vllb-2 

TGME49_213300 2.42 #NIA #NIA hypothetical protein TGME49 _277770 1.98 -8.16 #NIA hypothetical protein 

TGME49_242870 1.08 #NIA #N/A 
h1stone lysine methyltransterase, SET, 
putative 

TGME49_285540 1.98 -7.78 #N/A DNA-directed DNA polymerase 

TGME49_270720 1.98 #NIA #NIA hypothetical protein TGME49_232220 1.56 -7.38 #NIA 
SWIBiMDM2 domain-containing 
protein 

TGME49_274130 198 #NIA #NIA TBC domain-containing protein TGME49_258826 2.35 -8.03 #NIA hypothetical protein 

TGME49_293900 198 #NIA #NIA 
sporozoite protein with an altered 
thrombospondin repeat SPA TR 

TGME49_228040 1.56 -748 #NIA 
PPIC-type PPIASE dommn-containing 
protein 
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FIGURE 5M 

TGME49_211470 4.76 #NIA #NIA Fcf2 pre-rRNA processing protein TGME49_311060 1.31 -7.75 #NIA 
metal-dependent phosphohydrolase 
HD domain-containing protein 

TGME49_301300 1.31 -8 04 #NIA hypothetical protein TGME49_210478 4.76 2.80 #NIA hypothetical protein 

TGME49_291600 198 #NIA #NIA 
gamma interferon inducible lysosomal 
th1ol reductase (GILT) protein 

TGME49_309000 1.31 -7.64 #NiA hypothetical protein 

TGME49_272380 1.98 #NIA #NIA hypothetical protein TGfv1E49_3056 to 1.31 -7.34 #NIA hypothetical protein 

TGME49_242670 108 -7.47 #NIA hypothetical protein TGME49_273530 1.98 -7.78 #NIA flagellar associated protein 

TGME49_207040 4.76 #NIA #NIA hypothetical protein TGME49_246560 1.08 1.01 #NIA 
vacuolar ATP synthase subunit g, 
putative 

TGME49_313340 1.31 #N/A #NIA hypothetical protein TGME49_249450 108 -7.65 #NIA hypothetical protein 

TGME49_236620 2.44 #NIA #NIA 
protein kinase (incomplete catalytic 
tliad) 

TGME49_258820 2.35 1.08 1.48 hypothetical prolein 

TGME49_262590 2.35 -7.98 -5.38 hypothetical protein TGME49_310910 1.31 1.39 #NIA 
WD domain. G-bela repeat-contaming 
protein 

TGME49_226060 1.56 #NIA #NIA 
transmembrane amino acid transporter 
protein 

TGME49_264070 2.35 -7.41 #NIA F5/8 type C doma,n-conlaming protein 

TGME49_273050 1.98 #NIA #NIA hypothetical protein TGME49_310250 1.31 -7.69 #NIA hypothetical protein 

TGME49_308590 1.31 #NIA #NIA Mov34iMPN/PAD-1 family protein TGME49_217470 2.42 -7.70 #NIA hypothetical protein 

TGME49_313418 1.31 #NIA #NIA hypothetical protein TGME49_224170 156 2.43 2.22 SAG-related sequence SRS60A 

TGME49_200590 11.50 #N/A #NIA T oxoplasma goncti, family C prote,n TGME49_219640 2.42 -7.67 #NIA hypothetical protein 

TGME49_237130 108 4.00 4.35 cytochrome b, putative TGME49_271280 1.98 -740 #NIA 
60S ribosome subunit biogenesis 
protein NIP7, putative 

TGME49_273280 1.98 #NIA #NiA hypothetical protein TGME49_262810 2.35 -7.54 #NiA iron donor protein CyaY protein 

TGME49_269700 1.98 #NIA #NIA 
NLI interacting factor family 
phosphatase 

TGME49_305455 131 -7.11 #NiA hypothetical protein 

TGME49_312380 1.31 -8.23 #N/A 
tetratricopeptide repeat-containing 
protein 

N-acetylglucosam1nyl-
TGME49_241860 1.08 -770 #NIA phosphatidylinositol b;osynthetic 

protein P:gA, family GT 4 protein 

TGME49_297900 1.31 #NIA #NIA hypothetical protein TGME49_270940 1.98 -7.74 #NIA hypothetical protein 

TGME49_213480 242 #N/A #NIA hypothetical protein TGME49_232240 1.56 -727 #NIA hypothetical protein 

TGME49_237530 108 #NIA #NIA hypothetical protein TGME49_304640 1.31 -7.64 #NIA hypothetical protein 

TGME49_200350 11.50 #NiA #NiA subt11isrn SUB3 TGME49_255160 108 -775 #NiA hypothetical protein 

TGME49_254380 108 #NIA 1.62 ribosomal protein L 11, putative TGME49_299270 1.31 155 #NIA hypothetical protein 

TGME49_202610 11.50 #N/A #NiA 
protein phosphatase 2C domain-
contatni ng protein 

TGME49_273550 1.98 -807 #NiA hypothetical protein 

TGME49_240240 1.08 #NIA #NIA subtilism SUB5 TGME49_251530 108 -7.49 #NiA hypothetical protein 

TGME49_255060 1.08 3.16 3.30 
cytochrome b(N-terminal)ib6/petB 
subfamily protein 

TGME49_299070 1.31 1.18 1.47 pyruvate kinase PyKII 

TGME49_309600 131 #NIA #NIA hypothetical protein TGME49_205625 11.50 -7.77 #NIA hypothetical protein 

TGME49_271840 1.98 #NIA #NIA hypothetical protein TGME49_283740 1.98 -7.60 #NIA 
RNA recognition motif-containing 
protein 

TGME49_320620 1.31 #NIA #NiA queuine tRNA ribosyl transferase TGME49_262630 2.35 -7 33 #NIA hypothetical protein 

TGME49_289620 1.98 #NIA #N/A cathepsin CPC1 TGME49 _268350 1.98 -7.61 #N/A hypothetical protein 

TGME49_226260 1.56 #N/A #NIA hypothetical protein TGME49_218192 242 -7.59 #NIA hypothetical protein 

TGME49_255190 108 #NIA #NIA myosin C TGME49_297925 1.31 -7.46 #NiA HesB-hke domain-containing prolem 

TGME49_218850 2.42 -7.60 #NIA ribosomal protein RPS9 TGME49_221880 1.56 -8.02 #NIA hypothetical protein 

TGME49_277560 198 -840 #NIA hypothetical protein TGME49_215347 2.42 -7.36 #NIA hypothetical protein 

TGME49_254555 108 #NIA #NIA 
histone lysine ace!yltransferase GCN5-
A 

TGME49_246140 1.08 -8.20 #NIA hypothetical protein 

TGME49_225510 1.56 #NIA #NiA RAP domain-containing protein TGME49_318490 1.31 -778 #NIA hypothetical protein 
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FIGURE 5N 

TGME49 _229020 1.56 #NIA #NiA 
cell-cycle-associated protein kinase 
CDK, putative 

TGME49_241310 1.08 -7.57 #NiA hypothetical protein 

TGME49_221490 242 #NIA #NIA cell cycle regulator protein TGME49_230920 1.56 -770 #N/A 
adaptor complexes medium subunit 
family protein 

oxidoreductase, short chain 
TGME49_253960 1.08 #NIA 1.29 dehydrogenaselreductase family 

protem 
TGME49_242580 1.08 -7.80 #NJA 

iron only hydrogenase large subunit, c-
terminal domain-containing protein 

TGME49_260520 2.35 #NIA 1.01 hypothetical protein TGME49_253530 1.08 -7.47 #NJA hypothetical protein 

TGME49_288800 1.98 #NIA #NIA 
endonucleaselexonucleaselphosphata 
se family protein 

TGME49_314680 1.3'1 -7.00 #N/A hypothetical protein 

TGME49_222370 1.56 1.35 1.97 SAG-related sequence SRS13 TGME49_235640 1.56 -7.65 #NJA 
fonnyt trans/erase domain-containing 
protein 

TGME49_313160 1.31 #NIA #NIA hypothetical protein TGME49_244140 1.08 -7.17 #NIA hypothetical protein 

TGME49_299980 1.31 #NIA 108 hypothetical protein TGME49_243610 108 -7.67 1/N/A 
C-5 cytosine-specific DNA methylase 
superfamily protein 

TGME49_216335 2.42 2.91 1.84 hypothetical protein TGME49_209530 4.76 -7.62 #NiA hypothetical protein 

TGME49_288820 1.98 #NIA 104 hyµothetical protein TGME49_269750 1.98 -7.63 1/N/A CrcB family protein 

TGME49 _244540 108 #NIA #NiA 
mitochondnal carrier superfamily 
protein 

TGME49 _211400 4.76 -7.61 #NiA 
DEADiDEAH box helicase domain-
contaming protein 

TGME49_310310 13'1 #NIA #NIA 
WO domain, G-beta repeal-containing 
protein 

TGME49_222160 1.56 175 #NIA aldehyde dehydrogenase 

TGME49 _227780 1.56 #NIA #NIA hypothetical protein TGME49_314295 1.31 2.11 #NIA ribosomal 125 family protein 

TGME49_234670 1.56 #NIA #NiA actin-llke family protein TGME49_268340 1.98 2.13 #NiA 
glycosyltransferase family 28 C-
terminal domain-containing protein 

TGME49_299240 1.31 #NIA #NiA hypothetical protein TGME49_314920 1.31 -7.87 #NJA hypothetical protein 

TGME49_244510 1.08 -7.66 #NIA 
AP2 domain transcription facior AP2VI 
3 

TGME49_266870 2.35 -7.38 #NIA 
transporter, ma1or facilitator family 
protein 

TGME49_253570 1.08 #NIA #NIA hyµothetical protein TGME49_313273 1.31 -7.84 #NIA hypothetical protein 

TGME49_225500 1.56 #NIA #NiA hypothetical protein TGME49_277050 1.98 -7.26 #NJA hypothetical protein 

TGME49_249698 1.08 #NIA #NiA hypothetical protein TGME49_291010 1.98 -7.55 #NiA hypothetical protein 

TGME49_239290 108 #NIA #NiA hypothetical protein TGME49 _204055 11.50 -7.60 #NIA hypothetical protein 

TGME49_240960 1.08 #N/A #NIA AIG2 family protein TGME49_297 495 1.31 -6.99 #NIA h'l])othetical protein 

TGME49_275980 1.98 #NIA #NIA 
coenzyme q (ubiquinone) biosynthesis 
protein coq4 protein 

TGME49_262510 2.35 -7.33 #NIA GTP-bindmg protein engB, putative 

TGME49_233220 1.56 #NIA #NIA hypothetical protein TGME49_223580 1.56 -7.81 #NiA mediator complex subunit MED4 

TGME49_259650 2.35 #NIA #NIA hyµothetical protein TGME49_249930 108 -7.03 #NIA hypothetical protein 

TGME49_209620 4.76 #NIA #NIA syntaxin protein TGME49_286550 1.98 1.37 #NIA hypothetical protein 

TGME49_206700 4.76 #NIA #NiA hypothetical protein TGME49_261410 2.35 -7.58 #NiA protein-tyrosine-phosphatase 

TGME49 _2867 40 1.98 #NIA #NiA m1croneme-like protein TGME49_301160 131 -7.44 #NIA SAG-related sequence SRS19C 

pyridine nucleotide-disulfide 
TGME49_263580 2.35 #NIA #NIA bromodomain-contairnng protein TGME49_261030 2.35 -7.65 #NiA oxictoreductase domain-containing 

protein 

TGME49_273310 1.98 #NIA #NIA hypothetical protein TGME49_274120 198 107 #NIA hypothetical protein 

TGME49_205190 11.50 #NIA #NIA hypothetical protein TGME49_323320 1.31 -7.24 #NIA hypothetical protein 

TGME49_204130 11.50 #NIA #NIA pertorin-like protein PLP1 TGME49_216840 2.42 -7.25 #NIA hypothetical protein 

TGME49_203050 11.50 #NIA #NIA 
AP2 domain transcription factor 
AP2Vlla-6 

TGME49_257980 2.35 -7.57 #NIA ribosome recycling factor protein 

TGME49_313680 1.31 #NIA #NiA hypothetical protein TGME49_271190 1.98 -7.37 JIN/A bicoid-interacting protein BIN3 

TGME49_201390 11.50 #NIA #NiA hypothetical protein TGME49_291330 1.98 108 #NiA 
RNA recogrntion mot,f-containing 
protein 

TGME49_223480 1.56 #NIA #NiA 
sushi domain (scr repeat) domain-
containing prote,n 

TGME49_258420 2.35 -4.66 #NIA hypothetical protein 
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FIGURE So 

TGME49_245428 1.08 #NIA #NIA hypothetical protein TGME49_270630 1.98 -7.29 #NiA hypothetical protein 

TGME49_265260 2.35 #NIA #NIA hypothetical protein TGME49_219720 2.42 115 #NiA Ras-related protein Rab-5C, putative 

TGME49_316220 1.31 #NIA #NIA mediator complex subunit MED6 TGME49_308930 1.31 1.34 !46 50S ribosomal protein L33, putative 

TGME49_263390 2.35 #N/A 1.37 hypothetical protein TGME49_329100 1.31 '728 #N/A Toxoplasma gondii family C protein 

TGME49_313710 131 #NIA #NIA hypothetical protein TGME49_244580 108 -7.43 #NiA L 1 P family of ribosomal protein 

TGME49_237550 1.08 /iN/A #NIA hypothetical protein TGME49_255870 2.35 7.37 #NIA 
WO domain, G-bela repeat-containing 
protein 

TGME49_285710 1.98 1.37 1.72 hypothetical protein TGME49_216190 2.42 -7.43 #N/A hypothetical protein 

TGME49_208550 4.76 #NIA #NIA hypothetical protein TGME49_254140 108 -6.57 #NIA 
DNA-directed RNA polymerase II 
RPABC4 

TGME49_233830 1.56 -7.61 #NIA hypothetical protein TGME49_313090 1.31 -7.45 #NiA hypothetical protein 

TGME49_260150 2.35 -7.18 1.72 
tetratncopept1de repeat-conta1rnng 
protein 

TGME49_210770 4.76 -7.39 #NiA hypothetical protein 

TGME49_231800 1.56 #N/A #NIA helicase, putative TGME49_271290 1.98 -7.33 #N/A hypothetical protein 

TGME49_269420 1.98 #NIA 115 hypothetical protein TGME49_273540 1.98 -7.60 #NiA phosphatidylserine synthase, putative 

TGME49_262900 2.35 #NIA #NIA hypothetical protein TGME49_320580 1.31 -7 38 #NIA hypothetical protein 

TGME49_207980 4.76 #N/A #NIA. PIG-P protein TGME49_268985 1.98 -7.07 #N/A hypothetical protein 

TGME49 _253600 1.08 #NIA #NIA hypothetical protein TGME49 _262430 2.35 1.19 !17 
4-hydroxy-3,methylbut-2-en-1-yl 
di phosphate synthase 

TGME49_249680 108 #N/A #NIA 
RNA polymerase II associated Paf1 
complex component PAF 1 

TGME49_239310 1.08 1.33 #N/A ribulose 5-phosphate isomerase 

TGME49_212735 2.42 #NIA #NIA hypothetical protein TGME49 _253680 1.08 -7.15 #NIA hypothetical protein 

TGME49_217692 2.42 -7.66 #NIA hypothetical protein TGME49_225360 1.56 -7.78 #N/A hypothetical protein 

TGME49_253940 108 #NIA 1.02 
CAM Kinase family, incomplete 
catalytic triad 

TGME49 _244430 1.08 -7.77 #NIA pseudouridylate synthase, putative 

TGME49_221190 2.42 #NIA #NIA 
mma cleavage factor family protein, 
putative 

TGME49_263323 2.35 '732 #N/A 
tetrat!icopepude repeat protein 11, 
putative 

TGME49_257700 2.35 #NIA #NIA hypothetical protein TGME49_264420 2.35 -7.53 #NIA lipoprotein, putative 

TGME49_218720 2.42 #NIA #NIA 
calcium-dependent protein kinase 
CDPK6 

TGME49_275470 1.98 -7 33 //NIA dense granule protein GRA15 

TGME49_249840 108 #NIA #NIA dyne1n heavy cham 2, putative TGME49_220212 2.42 -7.25 #NIA pseudoundine synthase 

TGME49_318610 1.31 #NIA #NIA 
AP2 domain transcliption factor AP21V 
3 

TGME49_263430 2.35 -7.50 #NIA 3-hydroxyisobutyrate dehydrogenase 

TGME49_235360 1.56 #N/A #NIA hypothetical protein TGME49_207970 4.76 -709 -5.26 HEAT repeat-containing protein 

TGME49_267775 2.35 -7.80 #NIA hypothetical protein TGME49_254260 1.08 1.66 #NIA 
COX 19 cytochrome c oxidase 
assembly family protein 

TGME49_233540 1.56 #NIA #NIA 
transporter, major facilitator family 
protem 

TGME49_289900 1.98 '704 #N/A n,acetyltransferase fam,ly protein 

TGME49_291590 1.98 -7.62 #NIA hyµothetical protein TGME49_316610 1.31 -7.62 #NIA hypothetical protein 

TGME49_286240 1.98 #NIA #NIA kelch repeat protem, putative TGME49_271250 1.98 -7.50 #NiA hypothetical protein 

TGME49_266930 2.35 #N/A #NIA 
general transcription factor IIH 
polypeptide 3 GTF2H3 

TGME49_201840 11.50 1.04 #N/A aspartyl protease ASP1 

TGME49_236870 1.08 #NIA #NIA hypothetical protein TGME49_312680 1.31 1.54 #NIA 60S ribosomal protein L27, putative 

TGME49_234230 1.56 #N/A #NIA hypothetical protein TGME49_233930 1.56 -7.30 #N/A GAF 1 family ribonuclease 

TGME49_225490 1.56 #NIA #NIA 
calcium-dependent protein kinase 
CDPK2 

TGME49_306455 1.31 2.46 #NIA h\'P0thetical protein 

3'5'-cyclic nucleotide 
TGME49_2804 l0 1.98 #NIA #NIA phosphodiesterase domain-containing TGME49_223725 1.56 -7.40 #NIA hypothetical protein 

protein 

TGME49_258100 2.35 -7.80 #NIA TPR repeat region protein TGME49_258900 2.35 1.36 #NIA hypothetical protein 

TGME49_276210 1.98 #NIA 117 
phosphoglycerate mutase family 
protein 

TGME49_222155 1.56 -6.92 #N/A h\'POthetical protein 
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FIGURE 5P 

TGME49_253100 108 149 1.81 hypothetical protein TGME49_290630 1.98 129 #NIA 
AP2 domain transcription factor AP21X 
7 

TGME49_234510 1.56 1.01 #NIA ankynn repeat-containing protein TGME49_269417 1.98 -7.03 #NIA hypothetical protein 

TGME49_294690 1.98 #NIA #NIA rhomboid protease ROM5 TGME49_207470 4.76 -7.26 #NIA h\,pothetical protein 

TGME49_285480 1.98 #N/A #NIA hypothetical protein TGME49_210800 4.76 1.23 #NIA activator of hsp90 A TPase, putative 

TGME49_227560 1.56 #NIA #NIA IWS I transcription factor, putative TGME49_233130 1.56 130 118 nudeoside transporter protein 

TGME49_234980 1.56 -4.80 #NIA hypothetical protein TGME49_207070 4.76 2.47 #NIA glycosyl transferase, putative 

TGME49_255330 2.35 #NIA #NIA hypothetical protmn TGME49_257740 2.35 111 #NIA UMP-CMP kinase 

TGME49_285170 1.98 -7.62 #NIA methyltransferase small, putative TGME49_263410 2.35 2.78 #NIA 
scavenger receptor cys!eine-rich 
domain-containing protein 

TGME49_232760 1.56 #NIA #NIA protein phosphatase inhibitor IPP2 TGME49_244260 108 -747 #NIA hypothetical protein 

TGME49_232630 1.56 #NIA #NIA hypothetical protein TGME49_254520 108 #NIA 188 mediator complex subunit MED 11 

TGME49_216700 2.42 #N/A #NIA hypothetical protein TGME49_253880 1.08 #NIA 1.45 GNS1/SUR4 family protein 

TGME49_314250 1.31 3.09 2.65 bradyzoite rhoptry protein BRP1 TGME49_276940 1.98 #NIA 1.41 
ribosome associated membrane 
protein RAMP4, putative 

TGME49_283550 198 #NIA #NIA hypothetical protein TGME49_293840 1.98 #NIA 2.10 hypothetical protein 

TGME49_267580 2.35 1.04 #NIA cydrn2 related protein TGME49_248740 108 #NIA 1.82 hypothetical protein 

TGME49_203160 11.50 #NIA #NIA hypothetical protein TGME49_313900 1.31 #NIA 2.08 
non-specific sennelthreonine protein 
kinase 

TGME49 263490 2.35 #N/A #NIA 
ubiqrntin conjugating enzyme E2. 
putative 

TGME49 229990 1.56 #NIA 115 
T-complex protein I subunit alpha, 
putative 

TGME49_293780 1.98 1.77 1.90 hypothetical protern TGME49_315220 1.31 #NIA !15 rhoplry protein ROP14 

TGME49_299250 1.31 #NIA #NIA hypothetical protein TGME49_310060 1.31 #NIA 1.98 small nuclease 

TGME49_261075 2.35 #NIA 1.60 hypothetical protein TGME49_264240 2.35 #NIA -4.81 hypothetical protein 

TGME49_306510 1.31 #N/A #NIA hypothetical protein TGME49_299200 1.31 #NIA 1.55 Bet3 transport protein, putative 

TGME49_234460 1.56 1.01 #NIA hypothetical protein TGME49_247770 1.08 #NIA 108 hypothetical protein 

TGME49_254770 108 1.21 #NIA Ser/Thr phosphatase family protein TGME49_223900 1.56 #NIA 2.97 hypothetical protein 

TGME49_297647 1.31 #NIA #NIA hypothetical protein TGME49_276140 1.98 #N/A 1.13 ADP ribosylatior, factor ARF1 

TGME49_237425 to8 #NIA #NIA 
AP2 domain transcription factor APZX-
6 

TGME49_207830 4.76 #NIA 1.54 MORN repeat-containing protein 

TGME49_207665 4.76 #NIA #NiA 
kinesin motor doma,n-containing 
protein 

TGME49_315250 1.31 #NiA 1.54 GAMM1 protein, putative 

TGME49_205110 11.50 -7.19 #NIA hypothetical protein TGME49_254400 1.08 #NIA 200 LSU ribosomal prote,n L2P, putative 

TGME49_246120 1.08 #N/A #NIA 
tetratricopeptide repeat-con1airnng 
protein 

TGME49_239500 1.08 #NIA 1.30 
proteasome suburnt alpha type, 
putative 

TGME49_245432 108 #NIA #N/A hypothetical protein TGME49_319550 1.31 #NIA 1.10 
membrane protein C17G8.08c, 
putative 

TGME49 _268560 198 #NIA #NIA 
XPG N-term,nal domain-containing 
protein 

TGME49 _253000 108 #NIA L20 ELMOICED-12 family protein 

TGME49_311450 13'i #NIA #NIA 
zinc finger, c2h2 type domain-
containing protein 

TGME49_260870 2.35 #NIA 209 z,nc finger cdgsh type protein 

3'5'-cyclic nudeotide 
TGME49_268000 2.35 #NIA #NIA hypothetical protein TGME49_226755 1.56 #NIA 130 phosphodiesterase doma,n-contm ning 

protein 

TGME49_305950 1.31 #NIA #NIA 
tetratricopeptide repeat-containing 
protein 

TGME49_218270 2.42 #NIA 122 hypothetical protein 

TGME49_265170 2.35 #N/A #NIA hypothetical protein TGME49_239490 1.08 #NIA 114 
dehydroger.ase E 1 component famiiy 
protein 

TGME49_220510 2.42 #NIA #NIA hypothetical protein TGME49_209850 4.76 #NIA 1.51 
RNA recognition motif-containing 
protein 

TGME49_246990 1.08 #N/A #NIA hypothetical protein TGME49_249780 1.08 #NIA 109 hypothetical protein 

TGME49_310560 131 #NIA #NIA hypothetical protein TGME49_254570 108 #NIA 1.21 hypothetical protein 
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FIGURE 5Q 
TGME49_297770 1.31 #NIA #N/A hypothetical protein TGME49_208850 4.76 #N/A 2.67 SAG-related sequence SRS11 

TGME49_206540 1150 #NIA #N/A hypothetical protein TGME49_211010 4.76 #N/A 1.79 hypothetical protein 

TGME49_236140 1.56 -7.22 #NIA hypothetical protein TGME49_278020 1.98 #NiA 1.86 hypothetical protein 

TGME49_279330 1.98 #NIA 1.31 
OEADIDEAH box helicase fam;ly 
protein 

TGME49_225050 1.56 #NIA 1.06 adenosylhomocysteinase, putative 

TGME49_254730 108 #NIA #NIA 
POPLD (NUC188) domain-containing 
protein 

TGME49 _283790 1.98 #NIA 1.50 prote;n kinase, putat;ve 

TGME49_319360 1.31 #NIA #NIA SAG-related sequence SRS17A TGME49_292260 1.98 #NiA 3.28 SAG-related sequence SRS36B 

TGME49_319720 1.31 #NIA #NIA hypothetical protein TGME49_254410 1.08 #N/A 1.30 protem phosphatase 2G, putat;ve 

TGME49_243510 1.08 #NIA #N/A OTU family cysteine protease TGME49_276220 1.98 #N/A 1.53 hypothetical protein 

TGME49_226850 1.56 #NIA #N/A TBC domain-containing protein TGME49_320515 1.31 #NiA 1.15 hypothetical protein 

TGME49 _298830 1.31 #NIA #NIA hypothetical protein TGME49 _290678 1.98 #NiA 170 hypothetical protein 

TGME49_271800 1.98 #NIA #N/A seline esterase (DUF676) protein TGME49_213820 2.42 #N/A 116 hypothetical protein 

TGME49_264120 2.35 -7.79 #NIA 
Myb family DNA-binding domain-
containing protein 

TGME49 _258550 2.35 #N/A 1.79 SAG-related sequence SRS28 

TGME49_320680 1.31 -7.24 #NiA 
AP2 domain transcliption factor AP21V 
2 

TGME49_259700 2.35 #NIA 114 hypothetical protein 

TGME49_207900 4.76 #NIA #NIA transcription initiation factor TFl!lB TGME49_288880 1.98 #N/A 2.14 hypothetical protein 

TGME49_270580 1.98 -7.35 #NIA 
HECT-domain (ubiquitin-transferase) 
domam-contairnng protein 

TGME49_260480 2.35 #NIA 1.80 leucine lich repeat-containing protein 

TGME49_266740 2.35 2.00 1.93 
RNA recognition motif-containing 
protein 

TGME49_311490 1.31 #N/A 2.49 hypothetical pro!ein 

TGME49_239810 108 #NIA #NIA hypothetical protein TGME49_285720 1.98 #NIA 170 ATP binding protein. putative 

TGME49_253490 108 #NIA #N/A hypothetical protein TGME49_288870 1.98 #NIA 1.95 hypothetical protein 

TGME49_255245 !08 #NIA #N/A hypothetical protein TGME49_289090 1.98 #NiA 2.52 hypothetical protein 

TGME49_230170 1.56 #NIA #NiA hypothetical protein TGME49_253970 1 08 #NiA !91 hypothetical protein 

TGME49_311280 1.31 #NIA #N/A hypothetical protein TGME49_223095 156 #N/A 2.42 hypothetical protein 

TGME49_288660 1.98 #NIA #N/A RuvB family 2 protein TGME49_245475 1.08 #N/A 1.73 hypothetical protein 

TGME49_239910 1.08 #NIA #NIA cydin-depenctent kinase TGME49_270560 1.98 #NIA 1.90 
peptidyl-prolyl cis-irans isomerase 
family t 

TGME49_231215 1.56 #NIA #NIA hypothetical protein TGME49_257685 2.35 #NiA 116 hypothetical protein 

TGME49_292055 1.98 #NIA #NiA 
calcium dependent protein kinase 
CDPKS 

TGME49_275770 1.98 #NiA 118 hypothetical protein 

TGME49_226100 1.56 -7.32 -7.32 
haloacid dehalogenase family 
hydrolase ctomain-conta,ning prote,n 

TGME49_315260 1.31 #N/A -4.45 alanine dehydrogenase 

TGME49_310500 1.31 #NIA #N/A hypothetical protein TGME49_298970 1.31 #NIA 105 
LSM3, U6 small nuclear RNA 
associated isoform 2 family protein 

TGME49_237020 1.08 #NIA #NiA exonuclease TGME49_309130 1.31 #NIA 2.10 hypothetical pro!ein 

TGME49_205540 11.50 #NIA #NIA 
DEAD/DEAH box helicase domain-
conta;ni ng prote;n 

TGME49_306640 131 #NIA 1.55 hypothetical protein 

TGME49_296121 1.31 #NIA #NIA hypothetical protein TGME49_252290 108 #NIA i.33 importin alpha, putative 

TGME49_293480 1.98 #NIA #N/A 
MoeA N-lerminal region (domain I and 
II) domain-containing protein 

TGME49_286560 1.98 #N/A 1.58 
U6 snRNA-associated Sm family 
protein 

TGME49_213060 2.42 -4.64 #N/A 
WD domain, G-beta repeat-containing 
protein 

TGME49_226068 1.56 #NIA 108 DnaJ domain-contain:ng protein 

TGME49_254720 !08 #NIA #NiA dense granule prote;n GRAS TGME49_233695 1.56 #NIA 109 hypothetical protein 

TGME49_219230 2.42 #NIA #NIA 
AMP-bmding enzyme domain-
containing protein 

TGME49_230100 1.56 #N/A 1.63 membrane protein, putative 

TGME49_280700 1.98 #NIA #NIA arginine decarboxylase TGME49_231000 1.56 #N/A 1.28 START domain-contairnng protein 

TGME49_214580 242 #N/A #NIA 
tetratncopept1de repeal-containing 
protein 

TGME49_223610 1.56 #NiA 1.63 hypothetical protein 

TGME49_289140 1.98 #NIA #NIA ribosomal protein 122/143, putative TGME49_218810 2.42 #NIA 1.22 his!1dyl-tRNA synthetase 
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FIGURE SR 

TGME49_219630 2.42 #NIA #N/A fiavodoxin domain-containing protein TGME49_276130 1.98 #N/A 113 cathepsin CPC2 

TGME49_278250 1.98 #NIA 1/NiA hypothetical protein TGME49_271090 1.98 1/NiA 1.87 hypothetical protein 

TGME49 _257370 2.35 #N/A #NIA hypothetical protein TGME49_249890 108 #NIA U3 h}'P0thetical protein 

TGME49_295960 1.31 #NIA #NIA hypothetical protein TGME49_243980 108 #NiA 1.48 hypothetical protein 

TGME49_278720 1.98 #NIA /IN/A hypothetical protein TGME49_238420 108 #N/A 1.45 hypothetical protein 

TGME49_224270 1.56 #NIA 1/NiA hypothetical protein TGME49_313040 1.31 #NIA 1.23 hypothetical protein 

KDEL endoplasmic reticulum 
TGME49_284590 1.98 #NIA 1/NiA hypothetical protein TGME49_294040 1.98 #NIA 103 protemretent,on receptor 2 (KDELR2). 

putative 

TGME49_267670 2.35 -7.58 1/NiA hypothetical protein TGME49_212960 2.42 #NIA 1.39 hypothetical protein 

TGME49_245980 108 -8.63 #NiA hypothetical protein TGME49_233100 1.56 #NiA 1.21 SPFH domain i Band 7 family protein 

TGME49_275310 1.98 #NIA #NIA hypothetical protein TGME49_310070 UI #NIA 100 methyltransferase, putative 

TGME49_250090 1.08 #NIA #NIA hypothetical protein TGME49_238680 1.08 #NIA 182 hypothetical protein 

TGME49_210360 4.76 #NIA #N!A 
DEAD (Asp-Glu-Ala-Asp) box 
polypeptide 41 family protein 

TGME49_309380 1.31 #N/A 109 Nuf2 

TGME49_226560 1.56 #NIA 1/NiA 
zinc finger (CCCH type) motif-
containing protein 

TGME49_213746 2.42 #NIA 198 hypothetical protein 

TGME49_262480 2.35 #NIA 116 
dynein light chain roadblock-type 2, 
putative 

TGME49_308090 1.31 1/NiA 104 rhop!ry protein ROP5 

TGME49_229390 156 #NIA 1/NiA hypothetical protein TGME49_258490 2.35 #NIA 1.73 hypothetical protein 

TGME49_268650 198 #N/A #NiA chaperone clpB protein, putative TGME49_299080 1.31 #NiA 104 VTC domain-containing protein 

TGME49_287430 1.98 #NIA #NIA hypothetical protein TGME49_239610 108 #NIA L28 hypothetical protein 

TGME49 _242270 1.08 #NIA 1/NiA hypothetical protein TGME49 _253730 1.08 #NiA !12 
importin-beta N-terminal domain-
containing protein 

TGME49_284598 1.98 #NIA #N!A 
haloacid dehalogenase family 
hydrolase domain-containing protein 

TGME49_310220 1.31 #N/A 117 hypothetical protein 

TGME49_312210 1.31 1.63 1.28 hypothetical protein TGME49_243480 1.08 #NIA 1.88 50S ribosomal protein L3, putative 

TGME49_268730 1.98 #N/A 1.94 glutaredoxin-related protein TGME49_253900 108 #NiA 126 
parasite porphobilinogen synthase 
PBGS 

TGME49_224470 1.56 #NIA 1/NiA hypothetical protein TGME49_204060 11.50 #N/A 1.41 SNARE domain-con1airnng protein 

TGME49_225290 1.56 2.64 3.06 
GOA 1/CD39 {r.ucleoside phosphatase) 
family protein 

TGME49_217400 2.42 #N/A 119 hypothetical protein 

TGME49_273660 1.98 #NIA 1/NiA 
AP2 domain transcription factor 
AP2Vlll-3 

TGME49_260660 2.35 #NiA 125 50S nbosomal protein L23, putative 

TGME49_305120 1.31 115 #NiA 
transporter, solute:sodium symporter 
{SSS) family protein 

TGME49_252630 1.08 #NIA 105 hypothetical protein 

TGME49_266890 2.35 #NIA 1/NiA hypothetical protein TGME49_211860 4.76 1/NiA 1.05 hypothetical protein 

TGME49_269200 1.98 #NIA #NIA 
crooked neck family 1 prolein isoform 
2, putative 

TGME49_301222 1.31 #N/A 1.27 
DNA repair protein Rad4 domain-
containing protein 

TGME49_309990 1.31 #NIA #NIA hypothetical protein TGME49_228710 1.56 #NIA 1.91 hypothetical protein 

TGME49_220880 2.42 #NIA /IN/A hypothetical protein TGME49_271240 1.98 #N/A 1.25 hypothetical protein 

TGME49_271600 1.98 #NIA #NIA hypothetical protein TGME49_218530 2.42 #NIA 1.09 
proteasome-inleractmg thioredoxin 
domain-conta:ning protein 

TGME49_248450 108 #NIA 1.22 
zinc finger, C3HC4 type (RING finger) 
domain-containing protein 

TGME49_256100 2.35 #NiA 1.60 
letra1ricopeptide repeat-contaming 
protein 

TGME49 _267370 2.35 #NIA 1/NiA 
kinesin motor domain-oontaining 
protein 

TGME49_262910 2.35 #NIA !72 
NADH-cytochrome b5 reductase 1, 
putative 

pyridine nucleotide-disulfide 
TGME49_220870 2.42 #N/A #NIA hypothetical protein TGME49_255890 2.35 #NIA 119 oxidoreductase domain-conta,ning 

protein 

TGME49_216800 2.42 #NIA #NIA flagellaribasal body protein TGME49_231940 1.56 #NIA 1.10 ThiF family protein 
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FIGURE 5S 

TGME49_258010 2.35 #NIA #NiA 
calcium signaling protein kinase 
RAD53, putative 

TGME49_251570 1.08 #NiA 2.16 
CAAX amino terminal protease family 
protein 

TGME49_202568 1150 #NIA 1/NiA hypothetical protein TGME49_310840 131 #NiA 1.42 hypothetical protein 

TGME49_257560 2.35 -770 #NIA 
WD domain, G-beta repeat-containing 
protein 

TGME49_313700 1.31 #NIA 158 hypothetical protein 

TGME49_247340 1.08 2.56 #NIA hypothetical protein TGME49_262040 2.35 #N/A 101 SAC3iGANP family protein 

TGME49_258458 2.35 #NIA #NIA hypothetical protein TGME49_234300 1.56 #NIA 1.29 hypothetical protein 

TGME49_236790 -4.71 #N/A #NIA hypothetical protein TGME49_285810 1.98 #NIA 1.46 
MYND finger doma1n-conta111ing 
protein 
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Hgure 16. Binding assays of JAG 21 to bovine cytochrome be {Kansa Sveta 
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Figure 18. 

Goal: To test if JAG21 and/or Tafenoquine be able to kill the dormant stage of T. gondii: rps13 

Experiment design: 

-1 0 0-13 14-on 
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IPA pathway analysis for alternative spliced genes 
Alternatively spiked genes 
;J GT1{63}: RP))'.4., Ni)lif A.4L2,, £XG(/, 1'iMW.8li: SNRNr:·rn, MAX, XP:.PC, NFKJ, ~~SH\ $l(.4A/(~~~)f 11, PPAN. f M03, R:N3,, f STLt WN~~1;5t'C11t\ 

DfUN1tH, T{A1, HNr21.n,n.m~1. C(H .. 1Z,\1, O)LfiAt. t'.ff1J\1_. HPSZi't\ f N1, o·,:'Nl_, t:UK\ M1\P1L(Jli_ .. :\Vi'.K1, M.1\{itD2/ SLC?.5A?i, ct},~6. NDUf.1\lO_. 
ANAPCi H.:;;.~. K4S~r 1~; SRRM1, COP$~rS,\X, R~M39J ~.iJ.,DSi, CUC4~~st·1, lDlt MAP3K7. C..'f.PR!Ni., MRP~l~\ ODX::f~S. PH";N:), COG~tr l3:v~RTU.,. 
Hf\%!-!1, ;.c;NM, AQR NOUFS2, ,SPAN,, RP$21, Nin, OOX:\9A., NSDfiM, C>'.(NKl,, Leli\f 4,ACAO-il 

:J VEG{29) . lOXU, M\':.f., C,\i.01, [if ,W, F!NA, RPS~. MN>,\ .. l/f,,-li, lSOG, i)M PK. RMGf:>1, f,(()i!S~O.t, RPU2, nrnP!D, r AM !llM\Sl, ViMt:l. 
(5NK1D, (Jr{. CC:)(l~l, ADAMTS1:ls::AN1l:~\RMCX6_.SLt.'.lSAJ9} TM£M2)9, NiAt~~ NDU~Sl: ·::NrRStl4,8RRT1, TlN,\Gll 

1.66E-01 

t:~-::~~:.:r~~: :-~:~~-:~~~:·.t- Ct ;~.::·~i:°'~~1~:g~:~::·t:~~.:·\•{~ si~n~::., 
N•J r,1tb~:;~~•s ::~1:·:,~h·;d h=- :'..:lr ,~:;\ d:.::;~ ~:."> :·;:1~;;~:i f':~~:~~b~=- ,~f .g:--: ::~~s. 

Figure 19E 
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FIGURE 20B 
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FIGURE 21A 
List of candidate genes as targets for the developments of antiparasitic compounds that inhibit bradyzoite development and/or survival in the host 

j 
K f..llSRR7'RSSAEDSGN>EVGANACQSKRLfU{3LDSIIEKGGDP\INHD5AMlUJCAF'TQTC-RAFAFLSM?/>P!EP3GNECSWAVKROS•:;\'Wl[lYPRP\IASi$1.'l':SSSCVVAPPD;;:~P$/ISYOR.PGOSFPSl.RNGGDRQERKRT 
g> E.OJ-JEPODf!ETKNEEV1LOLP.RlKPKI/EGvCFORFfRRWVP.KRAG!..KKYYF;:>1fVKYGFORAYEtAVi>. 
:£ 

f OOANRLSPTETENi:IPTADHPRSLSATTR?EGS!..E\m:.,r:PCRNRG!LGK:PGETEG:...O.Vf'Sl\'G-lGVNAGD:CTNLL~.-.EFGSEIBARTTP.tPHlRR&ORRt.DPARSVHSNl"FAGOELHUSPK?GNOTSl¼ESGRS i '.~~~:~~~~:'::i:.::::~:::~::=~::!:~!.~::;;;:~(N;H~Ql~~;~C;)fGNLAQVCTFAl'RLF"®RCRR\OSAl<QHRCllQSG<>ITS\C 

i 
j 
i 
!! KRLLNM•,'TVAA:{EAAA"R~'iWGAYlSHQRGVRWHPO:G.t.WRVQFSRP.Nt:rRNFFvRCtCYf'RVGWGfQM,~,l<DI .. AJtWRQRLE;XEW£ELQEO-.VfKLD:lEACCRAK'IKEMESHLllGAGECP£lh'SRRSK 
Jl j (SEQ ID NO: 8) 

i 

i 
J! 
Jl 

MOGSGESSGH:..F!\P(lHGEA.~\ISVHRBS:..TOSC-St,P,t,;.SF.CrlSO:DN!QSLPGAGSMtPASSGRFSCOSAtFOOPVOSACSSOV'frPWSPSRDLS.~OGT0$5SV$GSRGSSlPFGSPTSALLRP-SSEl'~FPR.~Hi'\SVHhlV!'.!KMR8 
LDAO:X,JRPHQTI.PLQFR:lRE<DlCRNGEDGRPGKFDSPHU:::-.5SAC'.,PYGJ1SflANPQlTP"'-"?QHL'3SSPPQPVLSPFG:EEGF!l:SAAi'"GKTVSRLNtGGGEP.QDSSEGQVGGTGi'iQ:SOQt•JKAN&,STT'AOCJl.OT/lGlLTO'JQSSG 
ThVEHBREHFSTPQKPADGSARTCGFRETF\/SPSN$SLf'RTACRSRLDAFLPOKSVSPOHEHVRGTGGARAF\IGGDS?FPEK..''OTLPAn:rAEL.t.7cl.WASRDP?VEEfPGAhaEStP?PHVNSC:R!'f':GEKDGAAAS'GVSRLPS 

j IMC,IC,SICM,'"nY<I 

1 
,l' 
.ec: EU)UCIKQKtRQD!(l,:RClALli:;£' ~ PA TPRE!GiTC-AKRQA;,EGflRTAJPSGSGIL TAK<',GOlQGSiPSGAGllSLAATSQUM~AYLVEV 

GROOAOGRKf30:)G:..:..S?TASPf'SRR~.OOKDSSPNSASSQASGPAf'Sf'S:.Sf'<lA~A.<\AVlEAEKPEPC.'SPQE3f'CPLEPMOOEPRAT5SAiPMSf's 
GAEQH!RG'IVTRNALKff'\M:K?MPQVQl.,AGPSVGASRTSPSRRLSGG\/tP(;D£!',G!:RR£KGGAFRGVAEGDTS<l<EDEGT,t,LC.¼SRETEADGAGYL L~ , . c 1~ , .. '-tv:.. i'I :.. ._,. , \ 

(SEQ ID NO: 9) 

MOSGRD\IK00Ti!-.GSRP~GOOGI/GETRAv"'OOi:SEi::RSt.QLE:1\.NEC.PGAVMSRf1E!:l;Af:PQ;!SPS3Si"PRi:l;Gf0t;VOC,ADT/>.NGSC-eA<3l.QRF':'Ci<f:R!.EOGLEAfAGVG5SRVl;E.v"EA\!CRKRf'i!>.fSG\IAPAf':£Rf'l,-1'1 
EEDAARLSGDDAAGASLLS'/RSAGALTGDFPSSSSRi.PA.\ilSGARGENAEES','Rt.AfffPAODSRDSAf.ASFAPTlAf>GQESEYffiAK:..VIS!EKAF:)AFLAOOKANGRROr,SRSMRE?SNAHPGLSAERE 

j 31'!. Y3;:"'$SM7?WASt\C;.;EASTPP.!tAAQQAPf>P$Ll','NL:>NRf'QpYTL,\OvQ£A~EG?E'-,'VL"VNlP!.. TGFGEDAESUf" AALPKGAf.TlfWSSG~L YfLRHLERTVAG8-lDVVGl'AGVWVMSEE£FGGlllHR\<f3VMr..:.,FERAKM 
~ LACR~WMJROfARRGQKALPKREKPKG~%SDRP:..SREPAP~SXf:SASRAG8..SG~OEAP!<STGGTAAEn?RASQKC:R\IMDTTCP'/PGvRYDSRDRA.WiJi.TWHC'GYPDYKRCFSIK~YGFAK.I\.KECAlRMKl;Sl..VC-OPG','SGS 

~ 

l 
~ J EvOOFPHGDEDSR: .. TRGC-v\.SH.;\rr,VA?GR'/NRERSVAtVCHATKDDEOOERDLOREKTGAGC.-GS'l.CSGESVKYALGTRHDSfSDGSCRn.Di<LSTOFEQK.C>RGGAGtEAtHPTRKOC-OEmGVDEF~SRMS!VGGRflR~rr,GVS': 
"' Ht.TPLERVAKA.VDVOLKEl ro;.vsRMF~DS~~l:HRf'JONCEGE.A.0€V,\OOU)THRECVOVTP.Ni..EFAAIARETLDVU.SLJt '!SWAKlSGAGW,T$i.. i/SPT A,\E_t!I.EPLVSAWDRS~R&ERREKF8FNMSDSDGY;:;TS8AC•HVA1 
~ Ol'IIIWfl'LATV~TANR\i~QlAPUA;..FEPCWQGMi..PHECA!J'R: .. RWl..~'CQl..C9,A$LPVtLOE.S(;VLTI,PLL'fRHLES..VETECAEAFQEG'lPPOOOt\'FS:,-'1.GfAEGNST'>'ASP.NVF'l'GESfNAC-GFRWSEKfSGIDDR[)f~lAAlJC!J> 

C-hGKKLREEAi'.NEKODTSASL.".CESGKKTEAESOHSRS?TEVAASSVSG5EGKD&SSDNERSGOAN)\TEGSEKCEKrRGGOORP.AAPRTSSASTASGETFEK5KNRGSCA!.KG!<MEGGATGTSGEORDDEOROLZJl!VSSKDTRA 

,r 

f 
-§ 
"2 

t 

Gs::;GRAATGERR(;QRFGASGGa~EESPO,;AKTE~8KGEPVROSL$PDASSRLPSRCS..~iPFPAAAiGSCATVfSDWA (SEQ ID NO: 10) 

MTTVSP.AHASRSRRXSROEDSEGSSLPA'./GIHETQSP'iFSREGHEGDP.A>.OPEOVVAAESHSNPOWPTH.DTGfDKGP.PPLGCSRSEMSPPMASGSFHGSGTGGDC-GCLLSi.~HAVSKDSEP.QVNSGLPGGGDEiOORlSPSC 
AS!.DLVMAfS::i>;ED'fRLE:ROOSIP\ILKPSLSlPNU.VfSPSl.TSVS'l'VCEAGR8A£Gt<ADfMOAL:,PSHSMPS.8{'-.t.Wf.l;_:C~GKNSFf8SGUC:Afll'E.GNGERAGE:..:.,'QtJPR$GVFEWEEAAFS\!~!LQESE8..R.l.$f'.CARED::IGG 
ESPAAF~"fRSEGAFSRE?AJ--ffiHAFAK?GNOGe5El"FMSlOfERAA.SP5ASGF'SS'l'Afl.SffETSAGSRR&>DP,Q5?F'!.5GH!..mOfffQP.KAGERl'l.ED?RGNW:<.RSRSF'UAROCNRSLGTCDSSLTTRGPVA50T5?AAG'fTUQ 

~ ,),3RRRWRGRGSRTS\/QRTJSiClHEvH8C.,J)KTPREE1FGGl:l,';ASU .. R'lASSvPFSTCSS?Q8SSGGRRERGRRGVR:GRR~GRl..!SOQ('-..S3lLGQTl.'SAGALSSGDTAG 
-i GtSQR.SWS080SSSS<3GPSSf;..cRKTTSMVAAKA0-:3ASPRAl...'1PSARP...iPRGTAS\"m¾Gt::PA.JSGV(k1PSALTPSPSRGRFSE£'/NltASR1/SR\/SSvGAU.RSf,CJVGE 
~ GRROrtSDl<DANR:l.RADK"EAGTGP:.OOFVl.PDFSGSA.':ti:IHGDERGSDSDASCKSAALSHSDSSGk~\'SU)l.ESWQEVALG-nLSSAlSAlflGKTGDGDTC!::-SDAEREM 
~ EGKTAS5tPSVKAECGGSERuG.~OE!½<l(ATS\ll.RP.GKOFDEA TSiS~ VPEf:EDi::i-,'DACGAi.£POStVSVSA!.GESSEE.FTEVPQM;:KELKKTLOH\l(PRLCOOM~~G..C 
-<t:: FDN..E 3VREREGOi:it.$GEHECDSA3Gf'.>lf,AEQEl'EGAOK\ISGo;i;EN . .-.GEROOKTAAETGOOKASlfCAVAM,"CRRVGAA.to\.1::.TGGS!Ql\/f?EtGE,!i, 'iDVE05'/A;i_LG. 

S!:.f'tGVEAAOKTOK,GEYAQESE!-ff-NTO!:k-lGRKASlFcSGTLElAQLKEEO 
R£KRSC-NARDAUEPAtREDVGAAFl TiYGSOAPO~SfO.~GKP:R..S?GVF• 
RGVTSSOSEnf:..SiPTRRKYGLRfQRRST!'\1GAAPSPTAORSS',"NRSOV-.'RETLR:'ElSGCSGEEiP1,SL&,.":i.flRRGOlGGSf;PTAfRPPMrRAATG!Vl.AACVRHGOOOCCAEPOS 
A~HGKRGSGVR.5wAREAGSOP,GW1l..W')APGS3:"ITTCRS<,W.,:SPA!'.AAL5SU'TG~"tfD~SRK',J."1RSQ\/\IRENGRfl(TXGFSlN\/YKTlKEP.RMCVWRClMG<::WBJDPRW!..GPDDD!:CDNS 
ARRKCfV 

(SEQ ID NO: 11) 

Chrome&onre klt:stion inreferonc&8$embly M~9 

iGME49_ctir1X:3,7$4,2:25 .. 3-794,600(+) 

TGME49 __ ClirX!:4,94$,S78 .. 4,96S,4S9[+) 
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FIGURE 21 B 

~ MINLfKl!..;:-RVF5fNSSS.I\SO:OSA3Nf>.'3PASL\IS',/PAL•'.;(TtSFPA!.<'.::C(ilLLA$U..AA$~FG;>QSVTMSSS;,rsv1NSSFC9LPS-SRKPAAV"FPATSPKTPHlSCSFPASA!SG:>SSPGL>'lELu\Sf'ElAAA"l.AflLQKQQlRv\i. 
~ (.-GAflGOE:HLMSllt\JHMn,eNAMRWSWHAGR~'GA(Jct~1Vf'E [~~)Lr't.Si.8$FL1J'iAPl.1WFS:,1.;,~~~V!LJFSL l[)(;l<LiN~::»IVLPAi..Al'~t-'-GS~k:B1-NSAQJl.~FSSLHG?FY!::Wt;EJ. 

~ P3HPCSTVSGAOTQEAEPPL!.Tl VA\,,'!>.'TPDAQO;;AYOGAS' 

a 
'1 EATAGGLAEGVAT GSGSDSYGfGfl.Lfl(.~St.E\'PSSFSAllSGAPASLt~LLRNGOSGAAAt VAAMQQnQ.AlSGDAEEAI.El>.\/LA.GG-.."N:\/GD.V.ANSSRf'.,LFVGDC>R{;S~HmA.\t-S!3('~NAVC--.AGPAPDREGffiAVPTS\iF 
·~ NPASTOOMPS'IYST?il.::iAGl...SLTSSSTPP\/i_tl'fPNPGAGMW!.A&-.l-<AAS:W;POOANLCSLFFWAPOACPLQPOA~A✓DASASSCG(;VGSCNGGF.l,,PFC-1)$PVA3..L:::A&GSGPFGN>..GSGAQlA".l.>PFG.ll,.\W."lSATF0001-:.i 
~ LSAAFOO:•'..SS5FPl.~✓.3GENF:GYS"'LSA/IRF'DASDl.Sl\SWf'PASt.PVUAAAl'l"'G\JGPGAAGVGOOPOfl .. ALi.GGGSASREGAfi.CPVGGELGGl:\GNSATSW...;GWR•".:IFVi'~"lGHGTASQ•HPEENTQGPGR5-AAV'IGRATKKQRR 

·1 ::::~~iG°;;~i~;~;=~~;;~:=t~:p:~~;,;;~:=:~~~:~:~:;7~~::~~;;~~:~:~:~!~!=~~;;~;::=~!~~~~ 
~ V?Gli.5RVPRRPOSR!lTGGAGG!:PGPSKRGS¥SVSf'SAQQFVil.CL'\QQO!·'GS.'·:GNAtSLGTQGNSSil:PA.""AGGAGAPOOffi-i?GVC':'SP?KD\/'l\1RARTT\'00R.OHE0:1<--SvKR/1GfECARLtAVOWRAKMENtRtGGAAKGKGli 

4; P.SASSASAAT~.TSQGSSQSSHQPPtGSU/.\/SGNSGI/.SGP<,AGPL\11/RGL (SEQ (D NO: 12} 

1.ISOYAf>SRFASPPGf>IAHPtrS?LFAAP&'lCREMETRAS'/GTSRGS;;:Q?LCLf.:GSf'HGClSl'Q!':"GQDRlPSF5PLRTQf':l:..S:PffP5KGGFSSC!..F'5SQAfT5HR.AR(;f'S?E\'!iAVSADA$iSS..').PISPASP.SA.'3l:'QQ?P.Rf.lY',.,SPP'G 

ASSOSTSPTGSSSCSAEQlJDVlCFRQRFr!tPPLLHlSiSRKR!.REEDASASAC!SS.GNtPLD\1DTKRRRQEYDRlSTAS!.SSFRSF~TFRLPSCLARViPEESHADlSESRTflQRI.EAAGQS~GDTSRETIEADEKK11LST~TDTSI/ 
;? QRSPSE&\EAASFG!<'RSOPNWC--lPMAH3PTPF!"SKFTOLGHM.DNAlSMR.-'.ASflCGFPGPAEAT,JAPMSGASRTASFLPFTu'PWWSPPTM?SACSPDLCRAS1-3PLSCAGVSSLOAPOAVG>!RSEV1V•CV3PM&E1VGO•RE 
~ HAOl:SS?-..1AWF'VAGtASSPGVAK~i.D!..Q!OFE.OPRGNOKL Vi.:f'f:<'FGGTY.AVSES.ol,PVAGAf.lAPRLCD':'UlSEAJ3'/L?ASGP'i'llRKFNPMLTFDTE'f\!AAPSSOc...~CTQKfTSAARLAPNLL YROAOAAADf'/Vfl((,,1'1EUDSQf?'t 

-:::: R5GSF1SSAVACFSP;;>DVOAOSEAAC1W3WGt-tGDTCi::STGGWRGATNVE./I.HTCLTGEDGSRYGLOGPLSQ:}5PFQPPLi'Sl,1AP,Jff(lGFEA\<1!:3<3NSEASCGOAQGLQFPP.VERF.SSRRTEHGSEGGFCOOLA.G5.LPTSTSGC i PHSQHVADlf~S~GAVFASCDPAM,,.AHASl YGYPGAFYNS1"G; ASSfFDL TQPP-Q..\FL VGGTYGNNGFDVl'CVHRTNSTSCQGFiAPD!-:<STGT!..NTAfJAQCEW•WJ..PVSDMVCHWETSD1"GP,:lHlNG~A-SSSvPOHGGZo1Jl1"G 

i ~;:~:~:~~;:;::~:;;~:~;=~;;~~t~~:~~~~l::~~~~:~~~~~~=~~=~~~~;~:~~:::;;~~~=;~~~;~~~~~ 
·1 ;:~~~~~:~:~:~:~~~::;~t~;~=:~~~~~~;:~~i~;~s:;;:;i:;!;;:~~;;:~!~~~i~i~:~:~~~~;;~~~;~;;;:::iv. 
i ~~:~~;::~~~:~:~~~~~:;:~:r:~=~~~:~~~s::;~i~~~zi::~=:::;~~~~~=~~~:::~~:=i:~~~ 
~ E70FGli~AKSGAE3CU3QF'AtGFSSPPfPVSFVs~RKB3SREMLRQSRPRRHRNO>EEAA5:CEDS?8SEW•,P<PASS3fSPAASUSDGS;;.:..GStlNHDLTI'n:lGRSAS\'SRGR8TDFCW.FAGU''l-'1K3lESNTRF'/PP5RPGESG 
4; LPNWA5'(N:1G!.AFEAM~PCPL"f'"'...SRADPTGWFr!Tff'HPAEAYG5GiAS."!TPXANGFFESL.A.YTGl';~ElRDLCGRTPOAROSSDtNiOE.,W\P.ASSRlF'LRPPAV~tSWQOAl"CAKD?APCVELAf!DECLAGGORQTCRFHSAFOSA 

~ 

Q,',QLJYK;::NTDARct.RGP<F1\iPHSNA\/ATcRRi:OEMRGA5GQTPSFFFPR~VPVAQTDWEADPGRGSGDSLSAPj;S\GEAVGVEGSEGA?CEWN;:ERDAHP,~LPTSNC.~GH£RtASSNAFT"'...AKCRNArncwcmGG\'NENG 
SPI..FSThRDAPS'-JA8AlTEVS~RE10RGPA\-1.00GNTEAtLQDST~NSASPTQRRAltGlDPEPDESKAROER6KfEDRETI.R1EAPSKGRKQILSPP:ERNSM\'GEAMSIDP.QVSAfFl1lSHG<AFP 

(SEQ ID NO: 13) 

~ MAAAS?PA:rlGATS?GTFSPPCSFS"SDTCSVFF ATPSRA.VS1WPELPATSSAOLPERTRlRM~S!QSl<.STTEASPFVDSA&f PESLSEAPVJ1VSVCGESRRTFE>\RRKSRS~J.AAAEE~AJ AASPNGS3SE!SDEASTF\IL TPATA 

i :~:=~~!~:~:;1~~~:~::!~!\::=~=;~s~~:~~~::~~;;:p~~~~;~~~:GR~~~:~:::~:~~~:i~:;~~:;~:;~~:;:~ ! QllSGPAGIDAfGSRSPR.ASF1>.RQRDN!~SR?.QGKASGCRPGMLATSSEE;-;A.TREGEl8PGGSAGP%"VP,.-.GTAYGDYARfilPSEG'{Q;pFTMEGRMTPAGU.SGO<:-'l°G;;GQGMQGAGvl.Pr'.iROOPRQ\LQA~APQOUJLA?NAT 
'is. PFMSP.AGGi...YDQRE.l1SVEPGq:::\l't?1,'fWPTpYAYGPG!?ADAGAFS.AGp(;PY?HOF?SGGAGWvNGRV?OSADl-lEAHS?RSPE5WIGPOAGSOOAEO!\::::ccw~KMl,PXGSEMAl;!RR.MESYVGPROM.RGSA~FAGOGRT<:!A 

§ 

i :~~~;~=~:=~i;::~~;i:,.-.::~1~;,;.;:~~~;:~~i~~-=;~~~~=~~~!~~~~:~:~~~=:HAE~~::~~~PFCSSPALWCWP 
~ TRERWIJOt.NTLPOLSHTA.GPVSRP:.PNAPLCSC{::\1VAGVGEAQAG-OGESKtX3AKiAFDSQHLHGGAANPGA\/GKLVfDETAQTSGREQH.iGEG05TEQRLSG!.AA.AATPQ?ETKRPGf'.SRRTEGR 

~ SEQ ID NO: 14 

; 
f;< 

i 

1,.;0FERGESPGDSRGSVAF~:-tITTEKLERLPGTOETnRG.;SFTPf"(!CMf.RPPRAN<.:&\LRI..KSPf'ENRllfSSRSESPSPTPFARECAstl>LVWGDEGTIW.>l.LRlR.fTPfOtrfPlilc.AETGASClEDLfPGTVPQLLSfltPSPPPVPG', 

Ai'<ASR.SSSPlAGG5S!.ACASPhPRSATPFFAAMMPAlcPGRGP/I.RViKWLDGQVSDPQSOOC-LRGGASRVERMfil03RS::;EtQERERSVO::RRLP.K\lGVfDEDESERERETEGGVHERLSRCW.iA~RANNLU31.GVEPGF-

PNDI\P11JLN.t-AV?PLSPFfS.:1PfGATIA?HR;:SPGf\'?PA?AK.rr:..J:>GCRPPMP.W,'?MHAPQ(Pi05RTYRGARP'/VPGSDVf>'QT(;HGVRPESM:QEEGRA.\.llAEQGSAl'FVSGOG!'GtiNR&.l'JOORQG"7\'RWQSCT.t..SQ 
SLDQGfT.llPHPPAPGPA'i'RGvP','GHGPSGF't'Yl.NGGCVAQRPYAfFSNiAGPVQGSfPPlEJ'SNGGLPTfALGRRGS!A"'GPOOAGRNASOMQPGfASW,!GPERLGRESAPQSGAPPGFSPHAl-!GRGERORPSF$(..*TfMPlASt 
fAFSHFAAGP!JfVGTEGRGQQ&,:c!PNLW\IAPYGGff«3?AKAf'~PAYGPOOA!'>GPPRDDRRAEG0Af'G\/Sl-<SD!fi .. MolDRRLl1f'EMClH:lA.r$WGPAGTfASPDNR@AEPWP.I\AK"'SSNNFFDl'TGVNMPAAGPPIQlDWSK 
\iRGAGG (SEQ ID NO: 15) 

j i.ltlR.AGLLFLRGJ..AGPGPLKCmPR\lcAFSG-S!Si.lS:.05RGPTPFRT?FHTTSAL3KSROPflKESPE:.S!\A.A.CTI'SPtFPSPl.'f<ASP~i';NLt.GARVSl/.>CK.Pt.ACVG/la.Pl<>I.RHGE.TSOGFS.3RA.AVAAEA!.?PV';f.'Si)FLQSSEtfl.i/OS;ac 
.g- PW.lFSRFSNAR\'SPA~V.'EAAA'lfRRLHAFCSGlRGDASGAFA/l.sA:CGCI.AAASR!~l'.IFClFAYO:..SWNllQAR1.1FSGRAGGLKRRJ\PFROf'f',RVIQSGMSRRQEffWPcl<ARRIB.¥PLYQt,lsp.P,l:L\f'!'OORFRRFl\llCMWYA1'1 
~ Gl,'Qi/FR?FSCRGR!'KlGRGKEGtF'<)G!.GIGRGSO"TWE'R.11.RAKAVvtLKQLQROGKl.i)RLAJS:PD'.ffRSGVRGVYfDTEi::~V!NA.TWNE!lG!.f{Rf?(AFPTMEMGFD.~YQAAV'AVRRQll.1..fu:~\'!FSMC!RNRK'(SGP.Ff'fK 
g 

J {SEQ ID NO: 16} 
§, 

TGME4&_chn?l:9!!4,923..9i7 ,480{t) 

TGME49_chrf:!:2,14$,S?0.2,154,749(•) 

TGME49_cilrX:B,617.59S •. 5.633,7S3t~j 
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FIGURE 21C 

,n MEtP~MY'3RQWRRRlSASEE~TLA5KNOGKEG:LOEFA.GATA@LLPAEEPGCYTPEHTEGRREFRP.Hi"N-"GGGR~A-\5':'GllAVOOOOSL.V,$R.RHSS.~!ETSAEEKETYTS?ELG?GA3W~VS1VKG$K~RSOEGR 
i AG~GACAARDSMG{;RTlAQM1R0\vEf;;MPPH$-'>A;:;QGSHQVCWDSOALPSf!YV:..GlSf.AUDEEVSPO..-:EA!AEKNGL',,'LFAE:CSLQGVGLATLi\'f'SGAiSSKGMSAGSPFt.PGSGTiJ\SPR:SPVPRGDk.StGclGSv"GSDD 
~ VS4KASPKMNN'lfAGA£!AS!IBSEDAFFP AAPPGGvwn.. '!\'EDL L TMP£RRODPEAf:KAAKTDF:X::l~ALl001\L9Ef..GGMGP.'/AP!<!'<RGR:tGAGFNP1KSARPGSGS~'AGlf.APGAlGRELDALYAGGSPEl:SRADLEP<)GQA 
$ ,\GASWQESLHLQYDl'RNGGT'iEEOLOSASCS~U.GttSrnSEKGPAi..511$;\GA&TAASVSSfff'&At..CG'JVAP"'..Qi-1GR?TC-':-OOPAKER>lRRLARCIR8LNL~A.!i.RFKSCR1£0VMRLFRRYLt..\1$5RQVRDPA1lERWAACC 
_$ Y!S$RQA~rDGt.Si..50!CHC!'.OASNC-OOlFAAGCEARG!IF.tAOOEGMGR.GESDHf::RA.GGAHP,,SMRCKSI..GKW\NRitRKLQl..QAtPDKODOP£;1::RANRV!.ARVKQ.llAKME:';EEQRRPOiVNAFVRAIQSAVEKQP.LKAEGDRSEA 
5 0SLASLE3!.LSUEAFRADARAD~EA"iRQTPAEfo,Qt.@FLDG.'-:QG{;EKYGR'/S.SAR+NGRk\EASP1lPPAPOGS<Af'AD...<:TPMGSEEi'i.CALNAIEEllAQVTGGSMJXFGSATUi.AVDSD!./>SGTSH'iD'IESCAALRRLOKSGROAf l A.~AVG:PERPTENEYE1-'£AR.<>r.:,AA~vlAEfNDEASMA:..T?NPDDRS:SSASGDMe>v~iRLEORttK!'IGDASGLSlD-!CPSL::OP'·.'OMPAI..SAS8EG:t;SGDSSPF8F1L'IBU£AS!.PPS:E.TI.AQAtffi~,1QflAARLQtQRFP.',LQl<M~.A 
~ E.)~lf;KWl:KE~AVfR•.!LVL:.QlKOLFYOvKOOESOGEREOGCDGEGKKRC!CGWTEEOPi.DK'<WRA.~GRCDA\IS!.A&.!WF!<:wt~Qf>Jf'QfMLOAl.HVORl~S\"11<RRI.EQMHli.KTI.fGHLRGMveKXDGSSSSAI.AE5.MSlPF'HL 
~ AS!..LOQV'.IGNPATMQRLLAf.ADEEEE!..GNFfSSQSWSDGE.SGKASAG:..GGV::,PPMAASPTPVK!"3QASfHr:QA.PAASSPESS/\PSVAVEP!:.QDAASS5P...AAUAP/AAEREVGAVKTRGPGVAERTAAELGFQTRKfffiRVSE.L;.;AQ 
·~ ~SPDNGLG80LV!JEn>IE).$SA',.'PVA$P!JIN!.CSSLSSSSHR!'lPS8,\All,VASV%'$f>RAAl"?HP~APCEMTLQGlA'/f:KOP.GTPRQAGG'l'AGTFLP-GDC-l!Rv8EG!:DGRS~V:::AAFL.4.ERGBt,l'CASSSFALGFSU,EAUAAC.fCLP8 
.g P50PPAG1.ACAOF~.TGG:.LRDGGSS5GERIUi.MQf'EGfSATRGSH?AVAF'G?AGFG:•::!,'\!:Af::HEGRGOVN5TIJVlfSNRA"fRD:iASFLAS/;STI:.GHPGTPSLTGRG:£00P-S?l'(lRGPLAf,.'l?K,WSQ!.GRGPGRfNRG/'>SGSCq.._. 
~ SSRSPPlfV3FYP.GP.TGOSSRQRP,_5PSSLFAWS~1AGVLPGPLPSSP.SAGSSAlSPGVERSPREP.'/AAQAi.EATRRGDvDDP.Sl..hPSSSV3.AVR"&P.t\.EPALG311SPFASSIIL¥.l'3U'EAGJl.SOAGADAOl..~0 :Sto.LATVAHLAA 
<>:: AEKA:.LDSVF:')SAR\l\'SLCFERTOORWVCKWORHKPAGAPA/..lRKEF'\I\/HRRCFSVIKYGYEGAH/l.i.4'AVAKKJ.ROGR.~QKQRRL!:EEGLAEAE~RDE£EVC-CAE~EEFlGJ\AEEAE:En-'SPRliOAC-Gr!RSASGS;;EAGKQ 

;I: 
t 
-§ 

(SEQ ID NO: 17) 

~ MCVKKEGGOGKRGNEXNO\/l'iOK0/KRTGRDVESfl.K..IPS',fFHLEhl.VD~WI.VYS•3Cl..PPCDSSQGGOGERVKR/'4\GAARKQGQGESQDR!K1>LHD..."f-lPLQC\llfv'(LESS?A1Nfol?SESGSLKSP3SP.3!<R/\.S?DRl/1,IEVSASlCK 
:§.. E/:'Q!<.RRE'GPRE.CQ't.JCCSWSFPiK~H.PTGT¥fS\'l<LFG\'EEAA.R!.AL'fft.J..Y/IYSPEERCDVlQ2i:DEVtATASSASlSASH:.PNP£RFPAll.El.QPOf'lSlSSS!.SPSlC',IR:.flACAFPSPl/lSGSPlCS3FGLSSP.GR:-..'GSKAARETI..SI 
·~ ORGLqL&SQSSASSNAMPSQFPQRWQ1>'feVRMSU.CE$SFRASRRREGGliK>'.,EAEA£AKR.'\.GQTRE:'\<'TGRRDXGNHPHDLSVNNRl<fPNKlEKSHSSGSPRRSLFSSlQ\.CQDEPS.:-ORllHGfRGDMEEGKF.ASRNJl<XVEAKK ! GEVTGRRKGVCGGAiCGCR'ARRGRERGEDEGERE><AGQVl<>\QI; (SEQ ID NO: 18) 

l 
~ 

:r 

i 

MAFAFRTi}PRl.SAGAOOPSEAORGGTAAG.APLGP\/ETPTGR!:FSs;:;F:..RSfaEAKR'1TRARAWl.ASSf'DNQSRSTSPLRPADALRISEASSAflAPGVRRSLRASi'lARFPVSAS?,GL;\,,lG!<AGEEGE.GASJGGRPGGARRTSGGGEDV 
CASPR.OiSYROKGAGGDA1ASSNSQSPSS\IDMVSSSff,VASSVSSPPASSLSS.~SSSFSSSTLSRSGSS\IGPRATS.a,vs.'\TtQQGERSOESSLLAGERETDROP.NRPOP.ET:JEGQGAXSET'DP.APEDDRGRSRRGSASPVQGPFS 
PRGfF8NA'{,K9;SAYPATSGOSGQEVGCRPNSr ... $S\'SVCSLSBRPPSTIASOQLLSI/FNGDA3T\ISTSSPSL8CSCSSFSSSSSSLSSSSllSSSPLSSTPS3FFS3$SSSSSSAAVAPPGEG!<GR::iPvRSGRGN::PRKPAG;JPPRL 

CVPYQCOfN'/!:'.;i<;R~WPMYI.FRGQKKMRVFSlAP.YSf'EV/..VS:..AELfLTI'LI\DN001PRSEViAY1YAETlARGP\'"!'ATTGTNF'KGGNLLG?GASEEETVGOEGGEDAESRtAEK!::REEEGMSSS.SGSSOOMTR'<JEBS&.KEOGffN 
$.ASSKflPDAASAATEPAGGDAOORPGRAA5G?GDl>CflSVT5TfTEAAVAVAPEAKGG:;>SSD'.'SCT\.DXSRESRGNGVAGt<RENPA.W,WS>"SSFAAFVETAY..AAQWVTEASR.lCAASLPP1Af'AER.PAfiPf'!L?TLAS-SRAARCTSHS 

S PCGITTAEKTGT:..•1ffS8<.GHITRTA~GOOPGTil\"Kf.fFPUPAPETFYTVTAQDLLSPfVYTPR\"1'0ATVG¥.SLElGSLNCEKSCfRGHWADASACDl.ETkDlRU"EDNK8E8..fKE.TGMR.GVEGEQVEEAKSSKEAFSPfERERE.EQK 
Jif ESSK/\AGGGDS(:ROPRQQEATPRASEECQPESRIOMt(VSFNTEMMVEKLEETR',/Qf,JTEE.i'EK\!\:€.KESGGSVCROV'oVASflLSSF:S:SRI..Si:t<.GDQS.f.PAGVAPPSSSA:..EARAGRDSALLSASLPLSPAASCPPTCSASP!I.SROPT 
5 PASI.Rli$$VA$00WJGPTGllfR.PlSSPHKRv3FCLROOAEP~-RP!..3E'A\'r'Yi'l.NAALQEIV$RfRlL00V$f,,M'/S'31-lGKGETSSQ~'PKAVOOEA1Vl'(f~1'VTF'TE.:SAl'.S:.AGGOAETE.~GE~PSGA&ATQK'sDEKflITmTOA 

l ::::~:!~~~~!~~~!:t~tir:~;:,,s:.;~~~==;:~:;~~~::~::;;:~;:::~::;;:G~~~=~~:=~:-~~=:~::~:~~::r 
il A!';'l,'ETAG5EDiNVER8VroAQAETARTEMNGGVV!•:GQETSGDILSVGSSQV!.$:.,:,5FSLSHL~S3KG?Ll<:Pi3S.;a,s5S1,fALSi·'SSS!>ASPFSAOI.A5PSSHAPLSlSFRSSSS?TSLS5PLASY?FffiTLOQTSASF5SSASAAPSC 
& ~SWPiREAGDL\'RAAA_~l.ECAQ'lfGVGGKLSD,YlrlQlAARVTVAVHAAlfltAKGEGGL TRGDVDL~ VEE;ErlfVREAFlfKAQE.TAAETIALPDGVAE'vVSSEAGLGLOTTN~.APVSFAA.1>PS/IGGAf AGL TT:AVE'.i~~RQLP:....ASE 
~ ?.VGRVSSPRGSlGfEAMOlAG8.KV!<VlNAFHRITTEGl~WERf.'Ri:QATNEDLSFU~MELA!..i:lSGlDTPU.3tLEGfJVD!t.PPLPPP~'VEAL!Ylc!A\/S!..AfWJASASPSSPSAVAPCLLSPSARiU.AHFAGASPTAGC-l.GGDSAKGR 

~ ::~:;~~~:~~~~~~~::=~:~:~=~~~~:=~:~~,~i;;;~.~~~:~~~~~=;:~;:~~~:=~:~~~!~~~;;:~=~::::~::: 

~ 

\lGAFWCARVGPNDEfVRCFSlaVGSLV.ALV5J..\/RFRCN\'TGHSLGYGVGNC\9\1£TIRSAGRRi)RNGDVAPDR"'l..KQPAASPP;:,AGVAGAf..GRGEV004.0DESGETRDAVff.EGRGQEPLGSGEGASGVAAKEGHGSSRGEGEG 
AB3P.TDSAAGSiAGDRSTEDSSRll&GRDA.K.'--lGSSFAf'..GSEAI.A;,GGEJ1ALA£8£EKVGRAQ:ETEAAKEDLRTSQf.JcTHSGEOVSSLNEK..\WSPRSSAPQGKSDQGREP:Alfl!P.S~lPF'SEVDKQf..MGOGGSASSLAF?TGVSL 
A5P\15PF5AlARS'!SA.~S'JSPGACVRPC-V:sRRHSGSSOEA~AI..WDLGEv!..\iFAGODANFPFLDSE.','8At!.F.\Pf'RHlMSPGSASPTOC:Gt..G1HYD~:TKhRWKA1WTTWGQRASTSfS\IK~l.GMERARf.:l.ALEARQRAiJ,G:.DP 
RE\'RD!.'"-VAGC,AAARORERER(;RQOORREGSERR\/GfEA£A!:GTEAA3ERLRRRGERbJGDEf.RRRl<'l\TRGDELRC'..AE@RF:.:RElRRRKl'SEERRKGKNEAAKNEA/:.J(.Jif.AAKNEGGKGETWK'iREGGlffi"LGVK3HRr-KW 

GQTVERRC-EERRRDlRGSi~Ri=...ffitGVWGQtQVAE~M£;GVI\EDDN::RGRRRERRRFEERDSLRGSHG.ATPSOEQRQMRRQTllGSREYOGfl.PLSFOOTHRVOA.OlG:QNEV1'FPGPQCVGGAGNSLQFGREGERJAS8SPl'AF 
LRThEaJE:i''./E\IFLT?EC,SC.SEROKASSVSASSAPRD3Rf'ASPfl.lAA5Rl.RESARt.QRRLEEAEVHGRGSRP:..RPEE;i_RV,,,KR!,VAfflllVCATFSAGAGGThK!RPHSSHO;:SAEGLSKfQEl.LTWOCEVE:DGTD/o,HVWRAVAALf'(l 

PRPR¼lYV (SEQ ID NO: 19) 

~ MCQERKPRS..SLRNNSP.A.~ERRGeKlEPGVSC.LSLSACP$V/\PNORGGVTTPR$Ll1!.WTREVS.\C~LPRQQ\'$RPL~RSL8Rf'R5Ef'IJASFVkGPGC::1','EASAVE8GP3A."i8AERLQ\'DCGWMP.KTKKGKC,f.EG'3EE.TI:RWA 

,§ TOAVEQOG11.KPAGEETAVPGASERSASPOOAMEGSCG11E:PETff!'GVS1GN"~GSPSFSSVAGEEARf>ERE~iA:::f'.SATG<".iSASKAAKPSP.ESARRPDTAliDRHlliV,SPSPSSA.~RSSTCSP&'KSREGEVKPGSG.~PPA-¢$PSA 
JR t<l.l>GAlEP4EKGllGS?PQD\<lP . .!.LPASSSS"S'GGC..sPLSPPPGQAPRAE'>GAPG-3GALSl.Rf<SlPJ.iRQPVRPMl/lVSP:..GGPCSSLSSRSAS.rr'RR.GCNSPCGPATAVGKG:..GAASGAAALPGVG.ta.KAPPSATP!..AG.'..SGRSl.lAS 
§ '/SPS.AJ-ALGPGAF'GKKMGQVQGAAKAAGAP?FVLAEY\'l'PGVTL!)EMEKGELSWAflAAAGI.PLPA8Pl·1hV?GGPAPF'VeGPf'Aru:!E'OOVMCA.(.;ffiG,.<EKAR.GSGRSQM.Q(,lPG!DAVMAC1t~GGAGVOSIZ'liAFA.EG£ASG..la 
B,, FGPGGEKKIWH/l\SSDSSGGSR¥J..GGRAS\'QGN\RK::OAG\o'iEEERGRRODRSRGRqOEWGPR.:OVTY..;;:vcDSPlAHTRl<.RTRW03t'IV\iRP,',SPVR\'VGPSAR:E,SPERREGGGRAPOLQA5r,"AJ(RflTADSGl.EEEACT'Jt:RGFS I S50SDOCDW!'!~;>TR1\/SSSl.AP-fAASKAHl 'IPRCCYCLlFRRlP<'aRl-ffEAGGFFRDtLG\'VS':Sv;;:SEETRGR'{lQ YGACTKRFf(',FS11\.QGAAGRRGW_>11/A TI'iA!.L YSVRRVALDGAA3EQKSEAlPT3AVSRF'3SA\'RARSSCA 
t SSGCODGRAEVAPGAPk:::71\'R¼'Ri'.WCTlOTFSSSLDR~L;AT.~I/AAAA.ESAGKi'\IA,"LPRLYW[)SQAOCYIA&:LRWEl:EA':RTPAAERGEXRNGVERPAE.ol;REP.GROE!{KPEOf'SV!'GLRRRSL!<l.LQl<:KFSW,Fi.GDAKAH 
·~ FYA5e'lil.K\'VOOK<3Q.i.!'<lt.IDEE.D-"'RQ£\'ARQMi~L\iSPUAGRMF!\KAPf',G~"'v(ASS,.SAAQc.AL~SGRPLTF'£ECAEUO:RQt81K£P.QKV.QQLRQQWRRQQAREP-.K\.Rt.Rl::AEf>AAAAAAAAGAf'SAf'GFG/lZOTP.:S?QSQQK 

~ SESLPvt.RSl<:l'E\'tQPSPGASFAPAS.<:RSTLPAGESGAAPCEGVG1RRSAAS1USVAPEKvTGRl<SfTARMASASLEAAKSTM'nP.GGGFGSSVVN,'TP.STSSPSGRA/ISVASSTl.BGFGAR (SEQ ID NO: 20 

MAAPAPSAEARPAK.~CFPLPRcTP\'SS£VETRKTLQH(ff~GCPRSSSGQPE..AAASAASO.VG~i..3SAALLQi..VCT00...AGGVPOA\tfl!>.llFSSiHP..NPKPl..9ANAiM TPNSSl YA.st TSL3SAMLPGM3PAYSQAP".,P,>,&\O:..i.QSE. 

" ~ LASSQCl.9AGTPASSSASPPFSEV1.STTEESSTTKEmAS;l..STLll\fLQ(YSAv3GLGGAS0FlGOlQGKTSl.Pf>LSlAEPSSAlPSSFLGGSDGGTI[; . 
!a-: GCPI/VOERW:KLAGPl\llf'tf{:.SfPQlS9BSGE!'GRJ<TGGR'IHRQGTSQ&GGR-.IRSGKNGGOA.APPROS%D~Vf'5TPW$.ShEAfHR/>.Gff'SQTP 
£ '"" ,, ·n -; "'' ~ " ' A " 0P ~ '' · ' 17 ' " ,;, ' ' P n '' " Y 
M 
j 
s 
! 
J 
~ KESNA.CDAP.MADK'fSFVSOlPQPSGEFAPSLl..SETSLOli.t\ll.'1.'s.OS."\GTI&!:-!GFFTRSDEQv.P.ASFSSSSlLAAG~/\V~FSSSLAGWSGl'GERRECAGPSl.GDLST!G1-LSi.SYPAMc.AFILPl~QSLLHMVSDM!~TL'1KkL!XR.FICAH 

Ri.\/LDO.IMRRPAGGALKSRGAHGDTEAAEAQYERRRREKEREE1TNl.AiGYREGAAEASNTFPLVD"fVSSllSPGSLRQENSEI/S'!RDi:DfERLElffG!ARESPKFSEKD$'VSi'Fl.STAf'GF'GTEAE.SSDCS1\SSACSS;PTEGTEGG 

ETGOfASFCSPSGDVK0'1MtA (SEQ ID NO: 21) 

TGME49_chtX:3,2'..¼,00<l.S,2":J,157!+) 

TGME.4ltchV 441.398 .. 444,991( .. ) 

TGME49 __ c!irX!l:3,507,5i0 .. 3,519.428(-) 

TGME49_ C<lrX:744.,093 .150,SSl\·) 
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FIGURE 21 D 

~ MPlKTSWKCSCNA:'FPGDl.LMWA.'tHDRV(;~'WNPm,swLSl'DASSFFT,'IRSGfVCFDEQOP\IRLEYKU!R~.OOElYWEP!?TM~IJVTl..T.olNTSSV!ENVWGS£ATCStTFFPLQPIPSPSFY:<HAERTKKEASSVtllHS,\SGOOSGS 
]i OtG1"CSQVDE.8RTQRNVRGCPAS'.'GTGKAfAAERGGK.GWMPHHQCSTSQAAKS1STQAADEAAGC',GNRVSFKR3AFilJWTG;itTNYYT\JSICTIGRGTWGEVKL~'lDNGTGARRAAKY.lPKC','\,'EDADRFRCEIE!Mk3WHPfl!:\lfl.l V 
§_ ETFEDMTOfYL\IMEYCIDGE:.fORiVHQ(:NfTE..ILJIC:RIMRQ!LMV/>.YCHA:--tRVAHRDLK!'ENfLFLHDNPfSf'l~iDfGI.N:RfKSOOPMRTRAGTP\"f\/SPQliLEGRYGPECDVWSI\GVMMY!I.LCGY?PFNAf'SORl-,!MN<VR.~ l '"" '""' '""'"' (SEQ ID NO: 22) 

~ 
~ 
~ 

~ MVSRT!.Si.SMSLFRAHL VFYRCl'I...NLNSSYNFGfi.VA!ffFYL<l!ITGm.AFRY'fSEASCAfA!'iVQHL VREYMGWEFRMLttATTA.SFVfLCtlt-iMTRGL Yl\\'l'SYSYt. TTA'NMSGi VL Yu. TIATAFt.GYVLf'WGQMSPr'iGA.MrNL1-SPt 
-R_ PYlVPV'iltGGv'f\/SDV!l.KRFF\f,JlFi:,p;IGCJll'AHIFYLHlNGSSNPAGIDT.\.LJ\'\IAFYPHMlM'TDN<QSYUGLH~IIFGlMElSHf'3NSl?Vl\'fffVTPlHi\lPEW'ffV.YYAVlK\.~PSK!OOLLVFM..<:.Sl.lNLGLtSEIR1'l:,:WMltR 
f OOF:-ir:-P.Nv\lSGW'llWtJING~J!F!..~lGSA\PQ..\TY:lYGRt.AH .. 1tTTG..1A..'1Y (SEQ ID NO: 23) 

~ ~lC;{)H--iFLCSt.TSOLSYUGUFLCAAFGLMt'lSHP[l,JSIP\11'!RFl.'TP~IVPE~WFL.\.WA\tlKVWSK<GGLLVFMSS1'C.C (SEQ tD NO: 24) 

l 

I g_ 

""' 
' (SEQ ID NO: 25) 

1 MstFRAHL VfYRc-i.LNt.NSSY~Fi3Fl VAMT;:\iLQlffGIT'cNRYTSEASCAFA$VQl-!l.VREVAAGWEf'(MLf-i.ATTASfvFLC1UHMTRGt vr-msYSYU•A.WMSGl vt. \'ll T1.A.T RLGY•l•fSN'i7ECQEGSOITTJIF\1Lil--lGVQl VtFLQ 

i (SEQ ID NO: 26) 

TGME49 . .c:irX.2,207,200 . .2,2~4.584!-;-) 

KE139t00:213 .. 1.319[-) 

KF138fl7'2:1.3!16(-i-,1 

KE13S153:35S .. 1,24S(->; 

TGME49._cllrX S,732,558-,.5,734,754!-!-) 
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HHNS272200900007C, NIH, National Institute of Allergy 
and Infectious Diseases of the National Institutes of Health 
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BACKGROUND 35 

(I) 

or a stereoisomer thereof, or a pharmaceutically accept
able salt thereof, 

wherein 
ring A combines with Y1 and Y2 to form a C3 _7 cycloalk

enyl or heteroaryl ring, 
wherein the C3 _7 cycloalkenyl or heteroaryl is option

ally substituted by halogen, C1 _3 alkyl, C1_3alkoxy, 
C1 _3 haloalkyl, ---0----C1 _3haloalkyl, -S-C1 _3ha
loalkyl, ----C(O)OR, cyano or phenyl; 

Y1 is C orN; 
Y2 is C orN· 
X1 is C(Rx1

) 'or N, 
wherein Rx1 is hydrogen, halogen, C1 _3 alkyl, 

C1 _3 alkoxy or C1_3 haloalkyl; 
X2 is C(Rx2

) or N, 
wherein Rx2 is hydrogen, halogen, C1 _3 alkyl, 

C1 _3 alkoxy or C1_3 haloalkyl; 
X3 is 0, N(R), S or C1 _3alkyl; 
X4 is C orN; 
X5 is C or N; 
R1 is hydrogen or C1 _3alkyl; 
R2 is hydrogen, C1 _3 alkyl, C1_3 haloalkyl, ----CH2 OH, 

----CH2OR or ----C(O)OR; 
n is 0, 1, 2, 3 or 4; 
each R3 is independently halogen, C1 _3alkyl, C1 _3alkoxy, 

C1_3 haloalkyl, ---O-C1_3haloalkyl. -S----C1 _3haloal
kyl, -C(O)OR or SF5 ; 

or two R3 groups, together with the carbons to which they 
are attached, form a 1,3-dioxolane; and 

each R is independently hydrogen or C1 _3 alkyl. 
In another aspect, the invention provides cell lines 

infected with an apicomplexan parasite, wherein the api-
45 complexan parasite genome comprises a gene encoding an 

Apetela 2 IV-4 protein with an M=>I modification at residue 
570 ("AP2 IV-4 M570I") compared to its orthologous gene 
on the reference T. gondii ME49 strain (gene ID: 

Apicomplexan parasitic infections, such as Toxoplasma 
gondii infections, can cause systemic symptoms, damage 
and destroy tissues, especially eye and brain and cause 
fatalities. Primary infections may be asymptomatic, or cause 40 

fever, headache, malaise, lymphadenopathy, and rarely 
meningoencephalitis, myocarditis, or pericarditis. Ret
inochoroiditis and retinal scars develop in up to 30% of 
infected persons, and epilepsy may occur. In immune
compromised and congenitally infected persons, active 
infection frequently is harmful. Recrudescence arises from 
incurable, dormant cysts throughout life. Current treatments 
against active T. gondii tachyzoites can have side effects 
such as hypersensitivity, kidney stones, and bone marrow 
suppression, limiting their use. Latent bradyzoites are not 
significantly affected by any medicines. Atovaquone par
tially, and transiently, limits cyst burden in mice, but resis
tance develops with clinical use. Thus, T. gondii infection is 
incurable with recrudescence from latent parasites posing a 
continual threat. Estimates of costs for available, suboptimal 
medicines to treat active, primary ocular, gestational and 
congenital infections, in just the U.S. and Brazil, exceed $5 
billion per year. Improved medicines are needed urgently. 
Molecular targets shared by T. gondii and Plasmodia make 
re-purposing compounds a productive strategy. 

SUMMARY OF THE INVENTION 

In one aspect, the invention provides compounds of the 
structure of Formula (I), pharmaceutical compositions 
thereof, and methods for their use in treating apicomplexan 
parasite related disorders): 

TGME49_318470), non-human animal models comprising 
50 cell lines of the invention, and methods for use of each in 

identifying compounds for treating an apicomplexan para
sitic infection. 

In another aspect, the invention provides methods for 
treating an apicomplexan parasite infection (such as a T. 

55 gondii infection), comprising administering to a subject in 
need thereof an amount effective to treat the infection of an 
inhibitor (of up-regulated genes) or an activator (of down
regulated genes) of 1 or more of the up-regulated genes 
listed in FIG. 1 or FIG. 2. 

60 In a further aspect, the invention provides methods for 
identifying test compounds for apicomplexan parasite 
therapy, comprising identifying test compounds that reduce 
expression (for up-regulated genes), or increase expression 
(for down-regulated genes) of 1 or more of the apicompl-

65 exan parasite genes in FIGS. 3-5. 
In one aspect, the invention provides a plurality of iso

lated probes that in total selectively bind to at least 2, 3, 4, 
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5,6, 7,8,9, 10, 15,20,25,30,35,40,45, 100,150,200,250, 
500, or all of the markers listed in FIGS. 3-5, complements 
thereof, or their expression products, or functional equiva
lents thereof wherein at least 10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90%, 95%, or all of the probes in total are 5 

selective for markers that are upregulated in the EGS strain 
of T. gondii after infection of human fibroblasts, neuronal 
stem cells or monocytic lineage cells. 

MM6 and NSC transcriptomes: EGS transcripts in MM6 
compared with NSC shows overlap of, as well as unique 
patterns of, transcripts. Differentially expressed genes in 
MM6 and NSC cells infected with EGS parasite were 
identified based on criteria of 1 % FDR and absolute fold
change 2:2. Number of DEGs in each cell line are presented 
with bar graph (b) and Venn diagram are used to show 
general comparison ofDEGs identified between the two cell 
lines ( c ). There is both communality, overlap in genes 
modulated and independence in others between cell types 
indicating cell type also influences cell type. Red and green 

In another aspect, the invention provides a plurality of 
isolated probes that in total selectively bind to at least 2, 3, 10 

4, 5, 6,7, 8, 9, 1~ 15,20,25,3~ 35,40,45, 100, 15~ 200, 
250, 500, or all of the markers listed in FIG. 1-2, comple
ments thereof, or their expression products, or functional 
equivalents thereof, wherein at least 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, 95%, or all of the probes in total 15 

are selective for markers that are upregulated in human 
fibroblasts, neuronal stem cells or monocytic lineage cells 
after infection with T. gondii, including but not limited to 
infection with the EGS strain of T. gondii. 

colors were used to represent up- and down-regulated genes, 
cell line used is indicated on bottom (b-d). Functional 
enrichment analysis was performed for gene ontology (GO) 
biological process and KEGG pathways (d). P-values 
derived from analysis were -log 10 transformed and pre-
sented as a heat map. Pink and blue colors indicate GO terms 
or KEGG pathways enriched by up- and down-regulated 
genes, respectively. Enriched pathways or biological pro
cesses are listed on right of panels and cell lines are 
indicated on top. e. Host cell miR-seq analysis reveals that 

In another aspect, the invention provides methods for 20 

monitoring T. gondii infection in a subject, comprising 
monitoring levels in a blood sample from the subject of one EGS regulates host cell miRNAs critical in pathogenesis and 

latency. An especially interesting down-modulated miRNA 
is hsa-miR-708-5p which is expressed particularly in brain 
and retina cells causing apoptosis65

. When T. gondii down
modulates this as an encysted bradyzoite in neuronal cells, 

or more markers selected from the group consisting of 
clusterin, oxytocin, PGLYRP2 (N-acetylmuramoyl-L-ala
nine amidase ), Apolipoprotein Al ( apoAl ), miR-17-92, and 25 

miR-124, wherein a change in levels of the one or more 
circulating markers compared to control correlates with T. 
gondii infection in the subject. 

it would prevent hosts from initiating apoptosis to eliminate 
chronically infected neurons. f Parasite genetics and human 
host cell type have a profound influence on T. gondii gene 
expression. MDS plot comparing T. gondii gene expression 
profiles from MM6 and NSC cells infected with EGS, GTl, 

In another aspect, the invention provides methods for 
treating a T. gondii infection, comprising administering to a 30 

subject with a T. gondii infection an amount effective to treat 
the infection of ApoAl. ME49 and VEG strains for 18 hours and HFF cell cultures 

infected with EGS strain for 2, 18 and 48 hours. 
DESCRIPTION OF THE FIGURES 

FIG. 1. Host transcriptomics data during EGS infections 
of human HFF, MM6 or NSC cells. Differential gene expres
sion analysis of human fibroblasts infected with T. gondii 
EGS strain after 2 hs, 18 hs, and 48 hs, monomac 6 cells 
infected with T. gondii EGS for 18 hs or neuronal stem cells 
infected with T. gondii EGS strain for 18 hours. 

FIG. 2. Host miRNA transcriptomics data during EGS 
infections of MM6 or NSC cells. Differential expression 
analysis of human miRNA genes from MM6 or NSC cells 
infected with T. gondii EGS strain for 18 hours. 

FIG. 3. EGS transcriptomics data during MM6 infections. 
Differential expression analysis of T. gondii genes from 
MM6 cells infected with T. gondii EGS strain for 18 hours 
compared to T. gondii gene expression from MM6 cells 
infected with GTl, ME49 or VEG strains for 18 hours 

FIG. 4. EGS expression during NSC infections. Differ
ential expression analysis of T. gondii genes from neuronal 
stem cells infected with T. gondii EGS strain for 18 hours 
compared to T. gondii gene expression from neuronal stem 
cells infected with either GTl, ME49 or VEG strain for 18 
hours. 

FIG. 5. EGS transcriptomics data during HFF infections. 
Differential T. gondii gene expressing analysis of human 
HFF cells infected with T. gondii EGS strain for 2 hs, 18 hs 
or 48 hs compared to the average T. gondii gene expression 
of human MM6 and neuronal stem cells infected with either 
GTl, ME49 or VEG strains of T. gondii for 18 hours 

FIG. 6. EGS morphology and effect on host cell tran
scriptomes a. EGS in human MM6 cells and NSC form 
cysts. Left NSC with EGS. Right MM6 with EGS. Note 
green dolichos cyst walls and BAGI (red) in NSC. DAPI 
stained nuclei (blue). b, c, d. Effects of EGS infection on 

FIG. 7. Differential Gene Expression (DGE) analyses and 
35 effects of inhibition of cytochrome be 1. a. DGE analysis of 

bradyzoite- and tachyzoite-specific markers during EGS 
infections ofHFF cultures at 2, 18 and 48 hours (top panel), 
MM6 cells at 18 hours (middle panel) or NSC cultures at 18 
hours (bottom panel) versus infections of same host cells 

40 with canonical strains GTl, ME49 or VEG at 18 hours 
(averaged across the three canonical strains for HFF infec
tions). Genes reported as being over- or under-expressed 
during bradyzoite differentiation is indicated with red or 
green arrows respectively. "*", q-value s0.05; Log FC, 

45 logarithm of the fold change in gene expression. CSTl, 
SAG-related sequence SRS445114

; LDH2, lactate dehydro
genase 2s115

; LDHl, lactate dehydrogenase ls115
; ENO2, 

enolase 2; ENOl, enolase ls116
; SAGI, SAG-related 

sequence SRS29B; BAGI, bradyzoite antigen BAGls115
. b. 

50 DGE analysis of genes encoding AP2 family of transcription 
factor during the same infection experiments as described in 
(m). Red and green arrows denote AP2 genes found to be 
over- or under-expressed during bradyzoite develop
ments117. "*", q-value s0.05. c. T. gondii cytochrome family 

55 genes differentially expressed during same experimental 
infections as described in (m). "*", q-value s0.05. d. Effect 
of known cytochrome b inhibitors on EGS. Morpholino 
conjugated to a Vivoporter (called PPMO) designed to 
knock down cytochrome b compared with off target control 

60 has a significant effect in reducing replication of YFP RH 
strain tachyzoites at 5 and 10 µM (p<0.05) but only a very 
small effect on size and number of EGS cysts in HFF. As a 
poorly soluble inhibitor of cytochrome b, ELQ271 was 
reported to partially reduce cyst numbers in mice27 and is 

65 shown herein also to reduce the EGS cysts in vitro at 10 µM 
in this novel model. This demonstrates the utility of this 
novel in vitro model by indicating that inhibition of 
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cytochrome b Qi is associated with reduction of cysts in vivo 
in a mouse model, even when there are serious limitations 
caused by insolubility of this inhibitory compound. This 
poor solubility significantly limits ELQ271 as a candidate 
for progression to a medicine. Increasing selectivity for the 5 

parasite enzyme with our new scaffold is another critical 
challenge. 

FIG. 8. a. Structures of the ELQ class (1-3) and the 
tetrahydroquinolone scaffold (4). 27

•
45

•
49

•
53

. Low solubility 
of the ELQs has been a serious concern going into preclini- 10 

cal evaluation for treatment of malaria.27 b. Saccharomyces 
cerevisiae cytochrome bc1 X-ray structure (PDB ID: 1KB9)5 

The complex contains 11 subunits and 3 respiratory subunits 
(cytochrome b, cytochrome cl and Rieske protein). The 
cytochrome b subunit provides both quinone binding sites 15 

(Q
0 

and Q,) highlighted as grey and pink surfaces respec
tively. 

FIG. 9. ELQ inhibitors provide a new scaffold and 
approach yielding compounds that are potent inhibitors of 
tachyzoites and cysts in vitro. a-e. Study of Inhibitors in 20 

vitro is s=arized in Table 2 and led to selection of 
MJMl 70 as a promising novel scaffold for both tachyzoites 
and bradyzoites. a. MJMl 70 markedly reduces RH YFP 
tachyzoites in tissue culture robustly at low nanoM levels. 
(Standard curve left and effect on RH YFP, right panel). b,c. 25 

MJMl 70 markedly reduces EGS bradyzoites in cysts in 
vitro. Inhibition of cytochrome b Qi eliminates cysts in HFF 
infected with EGS. Without inhibitory compound in HFF 
(note, oval cyst with green border staining dolichos) and 
adjacent panel with inhibitory MJMl 70 compound (note 30 

absence of cysts with small amount of amorphous residual 
dolichos ). MJMl 70 eliminated tachyzoites followed to 10 
days of culture and bradyzoites in cysts in vitro. S=ary 
comparison of each of the compounds tested in vitro and 
their ADMET is in Table 2. Note improvement in solubility, 35 

properties amenable for compounds to cross blood brain 
barrier with new scaffold. d. EGS transfected with stage 
specific reporters for fluors, red tachyzoite SAG 1, Green 
bradyzoite LDH2. 

FIG. 10. MJMl 70 is also effective against RH and 40 

Prugneaud tachyzoites and Me49 bradyzoites, in vivo with 
translucent zebrafish providing a novel model with potential 
for scalable in vivo assays in which tachyzoites with fluo
rescent reporters and bradyzoites in cysts can be visualized 
efficiently. a: 25 mg/kg daily MJMl 70 administered intra- 45 

peritoneally eliminates active infection due to RH 
tachyzoites stably transfected with YFP in mice (RFU con
trol vs rx with MJM 170, p<0.004). For the standard curve 
in the inset, RFU increase with increasing concentrations of 
fluorescent tachyzoites (R2=0.99). b. MJM 170 25 mg/kg 50 

daily reduces Type 2 parasites. c. MJM 170 reduces cysts in 
mice infected 2.5 months earlier and treated for 17 days with 
12.5 mg/kg daily then without compound for 3 days:cyst 
count of wet prep of brain homogenate. d. Zebra fish can be 
used to visualize fluorescent tachyzoites and cysts in more 55 

chronic infections. 
FIG. 11. MJM170 targets apicomplexan cytochrome bc 1 

Qi: modelling, yeast surrogate assays, target validation, 
co-crystallography and nanoM inhibition of P. falciparum 
and T. gondii a. Modeling: MJMl 70 (yellow) modelled 60 

within cytochrome b Q, site (grey) highlighting residues 
(green) involved in binding. b. Mutations for yeast, P. 
falciparum, predicted for T. gondii and bovine enzyme. 
Relevant mutations are indicated by colored dots in Q, 
domains on the bottom of the image of mitochondrion 65 

membrane for S. cerevesiae and P. falciparum, and where 
those amino acids are in T. gondii, human and bovine 

6 
enzymes. Red dot marks G33AN in Q, domain of P. 
falciparum. c. Cytochrome b mutants and sequence acces
sion numbers. d. MJM 170 inhibits wild-type but not mutant 
yeast. Compounds MJM 170 and ELQ 271 with wild type 
and mutant yeast validate predictions that M221 K/Q would 
create a steric clash and resistance. e. MJMl 70 is a potent 
low nM inhibitor of Plasmodium falciparum. In Table 2, 
wild type P. falciparum also are tested and is inhibited at <50 
nM by this scaffold. D6 is a drug sensitive strain from Sierra 
Leone, C235 is a multi-drug resistant strain from Thailand, 
W2 is a chloroquine resistant strain from Thailand, and C2B 
has resistance to a variety of drugs including atovaquone. 
Mutant G33V did not confirm prediction of a steric clash. f. 
MJMl 70 binds within Q, site of bovine cytochrome be 1 as 
shown by X-ray crystallography. f(i). An omit Fo-Fc elec
tron density map (green) at Sa allows unambiguous posi
tioning of MJMl 70 (magenta) within the Q, site with the 
tetrahydroquinolone group near heme bH (white) and diphe
nyl ether directed out of the channel. f(ii)-MJM 170 mol
ecule is included into the structure, the 2Fo-Fc electron 
density map at la (grey) allows placement of the planar 
head between heme bH and Phe220 with the carbonyl group 
positioned in a polar region surrounded by Ser35 and 
Asp228. g. A stereo picture of the 2Fo-Fc electron density 
map. Electron density at 1 a level around cytochrome b 
a-helixes 118-128 and 183-199 close to MJM180 compound 
in X-ray structure of cytochrome be 1. Inset: Crystal of mam
malian cytochrome bcl complex. 

FIG. 12. MJMl 70 potently inhibits P. falciparum mito
chondrial electron transport important for synthesis of 
pyrimidines, is modestly synergistic with atovaquone, addi
tive with cycloguanil and antagonistic with Q, inhibitor. a. 
MJMl 70 is highly potent (Dd2, black curve, EC50=29.5 
nM) without cross-resistance in previously reported 
cytochrome b drug-resistant mutant parasite lines including 
ubiquinone reduction site mutants (Dd2G33

A and Dd2G33 v, 
light blue and dark blue curves, respectively). Dose-re
sponse curve from representative assay. MJMl 70 cannot 
inhibit a parasite supplemented with a yeast cytosolic 
DHODH (scDHODH, green curve) demonstrating that its 
primary activity in P. falciparum is to inhibit electron 
transport necessary for pyrimidine biosynthesis. Inset Table. 
Dose-response phenotypes of a panel of P. falciparum 
cytochrome b mutant parasite lines. EC50 values were cal
culated using whole-cell SYBR Green assay and listed as 
mean±standard deviation of three biological replicates, each 
with triplicate measurements. b., c. Isobolograms with 
MJMl 70 plus atovaquone or cycloguanil or Qi inhibitor 
BRD6323: b. Combinations were with atovaquone (ATV) or 
cycloguanil (CYG) at multiple fixed volumetric ratios (10:0, 
8:2, 6:4, 4:6, 2:8, and 0:10) in Dd2 parasites. Slight synergy 
observed with combinations of MJMl 70 and atovaquone 
while MJMl 70 and cycloguanil dosed in combination 
showed additive effect. Fractional inhibitory concentrations 
(FIC) for each drug were calculated and plotted. Shown is a 
representative isobologram for each combination of com
pounds. Table below lists FI Cs for each compound and ratio 
tested (values are mean from three independent 
assays±standard deviation). Synergy was defined as a com
bined FIC <1.0, addivity as FIC=l.0, and antagonism as 
FIC > 1.0. c. Isobologram Figure: MJMl 70 was tested in 
combination with previously reported reduction site inhibi
tor BRD6323 at multiple fixed volumetric ratios (10:0, 8:2, 
6:4, 4:6, 2:8, and 0:10) in Dd2 parasites. Antagonism was 
observed with combinations of MJMl 70 and BRD6323, 
another bulky inhibitor of cytochrome be, as opposed to 
synergy observed with oxidation site inhibitor atovaquone. 
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Fractional inhibitory concentrations (FIC) for each drug 
were calculated and plotted. Representative isobologram of 
three independent assays is shown. Table below lists FICs 
for each compound and ratio tested (values are means from 
three independent assays±standard deviation). Definitions as 5 
in b. 

FIG. 13. Effects of compounds against RH-YFP. Graph is 
a representative example of an experiment testing two of the 
compounds against tachyzoites (RH-YFP). On the vertical 
axis is fluorescence in relative fluorescence units, where 

10 
decrease in fluorescence compared to the DMSO control 
indicates parasite inhibition. On the horizontal axis are the 
different treatment conditions. 

FIG. 14. The results of a cytotoxicity assay. 10 µM 
solution of compound was compared to the DMSO control 
closest to 0.1 % DMSO (0% DMSO) and the 50 µM solution 15 

was compared to the DMSO control closest to 0.5% DMSO 
(0.625% DMSO). The differences were not found to be 
statistically significant. 

FIG. 15. Effects of compounds against EGS. a-c) Graphs 
comparing the effects of JAG050 and JAG021 on EGS. 

FIG. 16. Binding assays show selectivity with binding to 
the bovine enzyme which is not as robust as has been seen 
with other cytbc inhibitors 

20 

8 
stated, the techniques utilized may be found in any of several 
well-known references such as: Molecular Cloning: A Labo
ratory Manual (Sambrook, et al., 1989, Cold Spring Harbor 
Laboratory Press), Gene Expression Technology (Methods 
in Enzymology, Vol. 185, edited by D. Goedde!, 1991. 
Academic Press, San Diego, Calif.), "Guide to Protein 
Purification" in Methods in Enzymology (M. P. Deutshcer, 
ed., (1990) Academic Press, Inc.); PCR Protocols: A Guide 
to Methods and Applications (Innis, et al. 1990. Academic 
Press, San Diego, Calif.), Culture of Animal Cells: A Manual 
of Basic Technique, rd Ed. (R. I. Freshney. 1987. Liss, Inc. 
New York, N.Y.), Gene Transfer and Expression Protocols, 
pp. 109-128, ed. E. J. Murray, The Humana Press Inc., 
Clifton, N.J.), and the Ambion 1998 Catalog (Ambion, 
Austin, Tex.). 

As used herein, the singular forms "a", "an" and "the" 
include plural referents unless the context clearly dictates 
otherwise. "And" as used herein is interchangeably used 
with "or" unless expressly stated otherwise. 

As used herein, the amino acid residues are abbreviated as 
follows: alanine (Ala; A), asparagine (Asn; N), aspartic acid 
(Asp; D), arginine (Arg; R), cysteine (Cys; C), glutamic acid 
(Glu; E), glutamine (Gin; Q), glycine (Gly; G), histidine 
(His; H), isoleucine (Ile; I), leucine (Leu; L), lysine (Lys; K), 
methionine (Met; M), phenylalanine (Phe; F), praline (Pro; 
P), serine (Ser; S), threonine (Thr; T), tryptophan (Trp; W), 
tyrosine (Tyr; Y), and valine (Val; V). 

All embodiments of any aspect of the invention can be 
used in combination, unless the context clearly dictates 
otherwise. 

In one aspect, the invention provides cell lines infected 
with an apicomplexan parasite, wherein the apicomplexan 
parasite genome comprises a gene encoding an Apetela 2 
IV-4 protein with an M=>I modification at residue 570 

FIG. 17. JAG21 is a mature lead that protects against 
Toxoplasma gondii tachyzoites and cures Plasmodium ber- 25 
gheii sprorozoites, blood and liver stages with oral admin
istration of single dose 2.5 mg/kg and 3 doses protect at 0.5 
mg/kg. Single dose causal prophylaxis in 5 C57BL/6 albino 
mice at 2.5 mpk dosed on day 0, 1 hour after intravenous 
administration of 10,000 P. berghei sporozoites. 3 dose 

30 causal prophylaxis treatment in 5 C57BL/6 albino mice at 
0.6 mpk dosed on days -1, 0, and+ 1. A representative figure 
for higher dose ( 5 mg/kg) is shown, but all experiments with 
the amounts mentioned above had efficacy measured as cure 
measured as survival, luminesence and parasitemia quanti
tated by flow cytometry are similar to these. 35 ("AP2 IV-4 M570I") compared to its orthologous gene on 

the reference T. gondii ME49 strain (gene ID: FIG. 18. Tafenoquine and JAG21 are both needed to 
contain RPS 13li.. One additional mouse in the tafenoquine 
and JAG21 died outside the time on this graph others 
remained healthy. 

FIG. 19. Serum biomarkers from boys with active brain 40 

disease due to Toxoplasma reflect infection and neurode
generation. a. Tabular clinical summary: Three pairs of 
children, matched demographically; one in each pair had 
severe disease and one mild or no manifestations. One pair 
dizygotic, discordant twins. Each ill child had new myoclo- 45 

nic or hypsarrythmic seizures. Two children had T2 
weighted abnormalities on brain MRis similar to active 
inflammatory and parasitic disease in murine model8 b-e. 
Protein and miR serum biomarkers: Panel of nanopro
teomics and miR sequencing performed on serum obtained 50 

at time of new illness. MiRNA concentration measured and 

TGME49_318470). As described in the examples that fol
low, Apetela 2 (AP2) IV-iv is known to be a bradyzoite gene 
expression repressor56

, and the AP2 IV-4 M570I mutant 
results in an apicomplexan parasite that remains as a bra
dyzoite in tissue cultures passaged extensively, capable of 
producing oocysts when administered to cats definitively 
proving its true bradyzoite phenotype. 

As further described in the examples that follow, critical 
flaws and limitations of available methods and models for 
developing medicines to cure apicomplexan infections, such 
as T. gondii infections, include lack of in vitro culture 
systems for cysts and scalable, easy to use animal models for 
screening compounds. The cell lines of this aspect of the 
invention unexpectedly possess a true, dormant parasite 
phenotype in tissue culture and can be used, for example, to 
screen for drugs that can be used to treat apicomplexan 
parasitic infections, as well as a research tool for studying 
apicomplexan parasites in the dormant phenotype. The cell 

difference in concentration graphed. Abundance of peptides 
measured. Note: Presence of markers of neurodegeneration, 
inflammation, and protein misfolding include clusterin, 
diminished ApoJ, serum amyloid, and oxytocin in ill chil
dren compared with their healthy controls. 

FIG. 20. List of up-regulated or down-regulated genes 
involved in specific host cell pathways or indications. 

FIG. 21. List of exemplary proteins important for api
complexan parasite bradyzoite development and/or survival 
in the host. 

55 lines can be used, for example, as a model of bradyzoite 
infection. A generalized apicomplexan life cycle comprises 
a rapidly growing tachyzoite and slow-growing, latent bra
dyzoite that forms tissue cysts (i.e.: dormant phenotype). 
Such dormant parasites are present in the brains of 2 billion 

DETAILED DESCRIPTION OF THE 
INVENTION 

All references cited are herein incorporated by reference 
in their entirety. Within this application, unless otherwise 

60 persons worldwide across their lifetimes and are incurable. 
Quite remarkably, the inventors have discovered that in 
human cells this encysted parasite turns on host cell path
ways important for altering ribosomal function, mis-splicing 
of transcripts, oxidative pathways, and, those pathways 

65 found to be altered in Alzheimer's and Parkinson's diseases. 
Extensive details on the model are described in the examples 
that follow. 
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In one embodiment, the apicomplexan parasite genome 
comprises a gene encoding AP2 IV-4 M570I that further 
differs from its orthologous gene on the reference T. gondii 
ME49 strain (gene ID: TGME49_318470) in encoding the 

10 
-continued 

STAADGDESRTYNDGLGQPMEEEIRSCVSTSCGEAVATTTLSAIGPGT 

ammo acid sequence GGNRPHYH- 5 

GASGALLDSESRESLGEKPGAALRAGAHTPAPSRAPTPSRTFSFTSSS 

TATSAALLCDSNVVHEKLSAQGKDSEAGERKGDSEKEEEVEMWKEEDE 

EVQRCTGSAETDSTEATRGEEAWRRGKQSEKKPSVITTALNLLETHRH 

LALTISQLKRPVAQQLRFILPIAAPQLLPCILPPASFQGTGESGDGKA 

VAKQEWRVRYYMNGKRKMRTYSAKFYGYETAHT
MAEDFAHYVDKH E (SEQ ID NO: 1) beginning at resi
due 821. In a further embodiment, the gene encoding AP2 
IV-4 M570I encodes the following amino acid sequence, or 
functional equivalents thereof: 

(SEQ ID NO, 2) 
MAAPAPSAEARPAKRRCFPLPRETPVSSEDETRKTLQHDTLGCLPRSS 

SGQPELAAASAASQVGHLSSAALLQLVQTQSAGGVPQAVLRNLFSSIH 

RNPKPLPANALAATPNSSLYASLTSLSSAAALPGAGPAYSQAPSPASA 

DLLQSEQFGSAAKNPSPNEASPILALLGEAARAATTPRTVPALSAVCP 

AASSGVSLPSASDTLALAQSSLSSSTGCASDVKASRPEEHPAFASGTA 

NRQSLLQALLLSTAPLAFSGPSLSSASTTLPASSGAVSSRNAGAYQFE 

RLLQAEAAKVKALLPNATSKSMSQSSVPQRDLTRKTSLFPDPRGLSAD 

DASRRYNTRGANSGGAGLRRGTGVHATTEQSGALDAGERTRPFGAGED 

ESAQGKPDSRGRQRPGALDASNILGLLAAFQPSQAPAIRDLSAPSHLS 

AAATGALPLTASFTASALASSQCLPAGTPASSSASPPFSEVLSTTEES 

STTKETDASASTLLAFLQKYSAVSGLGGASDFLGQLQGKSSLPPLSLA 

EPSSALPSSFLGGSDGGTIDTRNGNGEKTTPPIHLFQSAFR~PSPSQQ 

NLLDALLASSCTTATSRSDGSGNLGCPWDERNAKLAGPAHPLPCSFP 

QISSSSGEPGRKTGGRVHRQGTSQSGGRVRSGKNGGSAAPPRQSSSEN 

VPSTPTVSSHEAPHRAGFPSQTPYELSASPSHQLDLLRLGAFLGGAGK 

QDASVHSDETGTLSGEPSHRSCSLSRGLTQESVLQLSDTTSTSREGEP 

NEPSQGCVNVAASLPAFGPQPSSGAAKAREGRRGAGGAGAAPPVPLRA 

DVTLGGNRPHYHVAKQEWRVRYYMNGKRKMRTYSAKFYGYETAHTMAE 

DFAHYVDKHEALPDSMMMTAMMLQAQANSAASSGQTVPLARGIRASSA 

SAGAGGHVSKSATKGSVAASSEGSTSMGSDATRSQEGEAAELCPLAAG 

LSRPLASMHSAAGNAVAQGRQESKEEAPGGQAWFGEPGKFRASSEAAL 

CGSGSSAEGRDGHESEVLWATLGKVHDASQGKKIKPEKPLTVARGRLA 

LGAEDKSQNLGVDLGDSGGAQGLPGVRQPRQMKNSEECSLRDSDKGMA 

LSKRFGFLPSQTPSCDSMTLPFPGGFDALSLSSALSSCASLPVAHEGN 

NFQKGHTGDIVALASQSGTQRPASVVLSRDANVSGSSPSHPTWQREGA 

AVSGRADEFSSLSVTPSTVPLSSFTMEDIKGEEGDPSRRFALVGESMK 

NVSAPEVQALFPTSSIANAELLPVDFLHSNSCSADKLESSIPRGLAGN 

NPSMTATAVAATAVSHQIFDTITLFGEFLREFAKEKVNEFHEYGLEAS 

PLTVEASPEVSLFGKATFGRCPVAGGSTPAGISKMSGETLSGLSASEL 

SLVSARTNTTTGEEQFALARGLFPGDSEGDRDEKKPQLSQQELLVLSH 

ALVNLTSSTYVLMHTLKASLSKSTEAVQLHQPLLEAASEAKATDEAKT 

REEQESSECDHEYPPGSSLEATTGALPFRLSPALSASSKDLPSLSASA 

SLESVTPFAGLPLEEGTLSASVGLASSDDEHDTSLLFKTEAAKKRSLF 

10 EAEAKGSSSLGQVLETALGHGTRLAPSASAMVPPRKDEAASAVPEAKT 

LTGLANAGVTREAASRTLEAEQVSRKRSREEVVDSETAGDEGDMENVP 

ETRDGTTRPGSRQYDTSPSNDGTKPPATAKSRVIRDQAALERLLLAPF 

15 QDTPTCSCTDRPCPCDRQQVADMIYLFYAVPARQQAESSKEGSTQRLQ 

FAARDTNERKDARTGEETQGGETEAKEVIRDPEERGVCEGSSSQNAHT 

QFDAETASSSMSSDPRADKESNAQDAHMADKTSFVSDLPQPSGEFAPS 

20 
LLSETSLDVAMADSRGTPSEIHGFFTRSDEQKRASFSSSSLLAAGHAV 

ASFSSSLAGVVSGAGERRECAGPSLGDLSTIGLLSLSYPAMLAFILPL 

QSLLHTVSGMILTLHKKLIHRFICAHLRLVLDDDMRRPAGGALKSRGA 

HGDTEAAEAQVERRRREHEREETTNLAIGYREGNAEAANTFPLVDTVS 
25 

30 

SLLSPGSLRQENSEVERRDNDEERLELITGIARESPKPSEKDSVSPFL 

STAPCPGTEAESSDCSASSACSGTPTEGTEGGETGDIASFLSPSGEVK 

QTIMLA 

The mutations at residue 570 and beginning at residue 821 
compared to the Apetela 2 IV-4 orthologous protein encoded 
by the reference T. gondii ME49 strain (gene ID: 
TGME49_318470) are presented in bold font and underlin-

35 ing in the above sequence. A "functional equivalent" is a 
gene encoding an Apetela 2 IV-4 protein that is at least 70%, 
75%, 80%, 85%, 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, or 99% identical to the amino acid sequence 
provided above, includes the noted mutations at residue 570 

40 and beginning residues 821-874, and that does not represses 
bradyzoite gene expression in a tachyzoite in an apicompl
exan parasite. 

As used here, "apicomplexan parasites" are a phylum of 
the kingdom Protista (formerly a division of protozoa called 

45 Sporozoa); named for a complex of cell organelles (apical 
microtubule complex) at the apex of the sporozoite form that 
can penetrate host cells. It includes, but is not limited to, the 
medically important genera Plasmodium, Toxoplasma, 

50 Cryptosporidium, and Isospora. Thus, in one embodiment, 
the apicomplexan parasite is selected from the group con
sisting of Plasmodium, Toxoplasma, Cryptosporidium, and 
Isospora. In a specific embodiment, the apicomplexan is a 
wild type, mutant, or recombinant Toxoplasma gondii strain. 

55 In various further embodiments, the apicomplexan parasite 
is Toxoplasma gondii of clade B. 

In another embodiment, the apicomplexan parasite is a GO 
arrested parasite, including but not limited to s Toxoplasma 
gondii strain RPS 13 delta (Hutson et al., PLoS One. Nov. 

60 22, 2010; dx.doi.org/10.1371/joumal.pone.0014057). This 
cell line can be used, for example, to identify companion 
compounds for THQ that eliminate the GO arrested stage of 
T. gondii along with the active and the slowly growing 
bradyzoite stage. 

65 In another embodiment, the apicomplexan parasite is 
Toxoplasma gondii strain EGS (ATCC® Number:PRA-
396™). As described in the examples that follow, the EGS 
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strain was extensively characterized in vitro to show that 
true cysts develop, making the EGS strain especially useful 
for drug development. 

In all embodiments of this aspect of the invention, the cell 
line can be any suitable cell line capable of supporting 
apicomplexan parasitic infection, including but not limited 
to mammalian cells (mouse, rat, human, etc.), zebrafish 
cells, etc. In one specific embodiment, the cell line is a 
human cell line; exemplary human cell lines for use in this 
aspect of the invention include, but are not limited to 
fibroblasts, stem cells, neurons, monocytes, and ocular cells 
9 including primary human cells). As described in the 
examples that follow, the apicomplexan parasites form cysts 
in the host cell lines that enlarge over time and then destroy 
host cell monolayers as single cell organisms. As such, the 
cell lines of the invention are extremely useful as in vitro 
models of apicomplexan parasite infection. Such models can 
be used, for example, to test for candidate compounds that 
inhibit cyst formation and/or destruction of host cell mono
layers; such candidate compounds would be useful in treat
ing apicomplexan parasite infection. 

In another embodiment, the apicomplexan parasite 
genome is recombinantly engineered to express a reporter 
polypeptide, including but not limited to fluorescent or 
luminescent proteins. This embodiment permits ready visu
alization of the parasite and facilitates automated quantita
tive analysis. In one embodiment, the reporter polypeptide is 
operatively linked to a promoter that is activated in the 
bradyzoite stage or a promoter that is activated in the 
merozoite stage. Any suitable promoter that is activated in 
the bradyzoite stage or merozoite stage may be used. In one 
embodiment the promoter that is activated in the bradyzoite 
stage is the T. gondii BAG 1 encoding gene promoter or a 
functional equivalent thereof. The BAG 1 promoter sequence 
can be obtained as disclosed in Bohne et al., Molecular and 
Biochemical Parasitology 85 (1997) 89-98. In one embodi
ment, the BAG promoter comprises SEQ ID NO:3, or 
functional equivalent thereof, from the T. gondii VEG strain. 

A "functional equivalent" of the BAG 1 promoter is a 
promoter from any strain of T. gondii that promotes expres
sion of BAG 1 in the VEG strain, as well as an promoter 
nucleic acid sequence that is 50%, 60%, 70%, 75%, 80%, 
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,or 
99% identical to SEQ ID NO:3 and drives expression of a 
BAG 1 gene in a T. gondii strain. 

12 
acteristic for typical, virulent parasites causing dose related 
proliferation of the parasite ( exemplified by T. gondii) with 
necrosis in terminal ileum, pneumonia at 9-10 days, with 
brain parasites by 17 days and dose-related mortality. Thus, 

5 the non-human animal models of this aspect of the invention 
are particularly useful in screening for drugs to treat the 
effects of apicomplexan parasite infection. 

As will be understood by those of skill in the art, the 
oocysts do not need to be isolated prior to ingestion; they 

10 may be present, for example, in tissue (including but not 
limited to brain tissue) taken from the non-human animals 
that have ingested or otherwise comprise the cell lines of the 
invention, which then produce oocysts. Any suitable non-

15 human animal model can be used, including but not limited 
to mice, rats, cats, zebrafish, non-human primates, cattle, 
sheep, and pigs. In one specific embodiment, the non-human 
animal is a mouse. 

In another aspect the present invention provides methods 
20 of identifying compounds for treating an apicomplexan 

parasitic infection, comprising contacting one or more test 
compounds to the cell line of any embodiment or combina
tion of embodiments of the invention, wherein those positive 
test compounds that reduce bradyzoite cyst amounts in the 

25 cell line are candidates to treat an apicomplexan parasitic 
infection. As disclosed above, the cell lines of the invention 
unexpectedly possess a true, dormant parasite phenotype in 
tissue culture and can be used to screen for drugs that can be 
used to treat apicomplexan parasitic infections. Any reduc-

30 tion in bradyzoite cyst amounts in the cell line indicates that 
the test compound may be useful for treating an apicompl
exan parasitic infection. In various embodiments, positive 
test compounds are those that reduce bradyzoite cyst 
amounts by at least 5%, 10%, 15%, 20%, 25%, 50%, 75%, 

35 90%, or more. 
In another aspect the present invention provides methods 

of identifying compounds for treating an apicomplexan 
parasitic infection, comprising administering one or more 
test compounds to the animal model of any aspect or 

40 embodiment of the invention, wherein those positive test 
compounds that reduce one or more symptoms of the 
infection and/or reduce parasitic titer in the animal model 
are candidates to treat an apicomplexan parasitic infection. 
In one embodiment, those positive test compounds that 

45 reduce oocyst production and/or reduce bradyzoite cyst 
amounts in the animal model are candidates to treat an As described in the examples that follow, the cell lines of 

the invention can be administered to/ingested by non-human 
animal models to provide an in vivo model of apicomplexan 
parasitic infection that develop the classic, gold standard 
bradyzoite phenotype of producing oocysts. This, in another 50 

aspect, the invention provides non-human animal models of 
apicomplexan parasitic infection, comprising a non-human 
animal that has ingested or otherwise comprises the cell line 

apicomplexan parasitic infection. Any reduction in oocysts 
production and/or bradyzoite cyst amounts indicate that the 
test compound may be useful for treating an apicomplexan 
parasitic infection. In various embodiments, positive test 
compounds are those that reduce oocysts production and/or 
bradyzoite cyst amounts by at least 5%, 10%, 15%, 20%, 
25%, 50%, 75%, 90%, or more. 

of any embodiment or combination of embodiments of the 
invention. In one embodiment, the non-human animal pro- 55 

duces oocysts. Any suitable non-human animal model that 
produces oocysts can be used, including but not limited to 

In one embodiment of any of the methods of identifying 
compounds for treating an apicomplexan parasitic infection 
of the invention, positive test compounds are candidates for 
treating Toxoplasma gondii or Plasmodium falciparum: 
infection, including drug resistant strains and or other plas
modial infections. The methods can be used to test any 

cats. 
In another aspect, the invention provides non-human 

animal models of apicomplexan parasitic infection, com
prising a non-human animal that has ingested or otherwise 
comprises oocysts produced by the non-human animal 
model that has ingested or otherwise comprises the cell line 
of any embodiment or combination of embodiments of the 
invention. As described in detail in the examples that follow, 
oocysts given to non-human animal models such as mice 
created an illness and histopathology phenotypically char-

60 suitable type of candidate compound, including but not 
limited to polypeptides, antibodies, nucleic acids, organic 
compounds, etc. Treatment effects of the test compounds 
may be assessed relative to a suitable control, such as the cell 
lines or non-human animal models of the invention that are 

65 not treated with the test compound. It is well within the level 
of those of skill in the art to determine a suitable control in 
light of the teachings herein. 



US 11,414,385 B2 
13 

In one specific embodiment, the cell line, or non-human 
animal model that has ingested or otherwise comprises the 
cell line, comprises a GO arrested parasite (such as RPS 13 
delta) and is used to identify companion compounds for 
tetrahydroquinolones (THQ) that eliminate the GO arrested 
stage of an apicomplexan parasite, such as T. gondii, along 
with the active and the slowly growing bradyzoite stage. 

RPS 13 ll is a genetically engineered conditional knock
out parasite that has a unique transcriptome documenting its 
GO state, G 1 arrest in the absence of tetracycline but grows 
normally in the presence of tetracycline which removes the 
repressor from the promoter. The method may utilize, for 
example, a system that when there is no anhydrotetracycline 
to remove the engineered tetracycline responsive repressor 
from the 4 tetracycline response elements engineered in 
tandem in the promoter; these parasites persist in tissue 
culture for long times (months). This embodiment is based 
on the observation that this conditional knockout RPS13 
delta parasite when it is in its arrested in G 1 state is not 
susceptible to the effect of any inhibitors that effect pro
cesses essential to the tachyzoite or bradyzoite form includ
ing those tested in vitro so far. In this embodiment the 
conditional knockout RPS13 delta parasite is amenable to 
testing inhibitors of hypnozoite like organisms by culturing 
them without tetracycline in the presence of the compound 
and determining whether any parasites can be rescued by 
adding tetracycline to determine whether they are still 
capable of persisting and becoming tachyzoites that grow 
rapidly in the presence of tetracycline. Furthermore, the 
methods may comprise testing RPS13 delta in mice, and 
involves the observations that when RPS13 delta is admin
istered to wild type mice without tetracycline the RPS13 
delta parasite induces a protective immune response as a 
vaccine dependent on interferon gamma and has no adverse 
effect on the mice, nor can it be rescued with tetracycline or 
inhibitors of iNOS (intracellular nitrogen oxide synthase) 
such as LNAME (L-NG-Nitroarginine methyl ester) which 
abrogate effects of interferon gamma after 7 days. For 
example, that in interferon gamma knock out mice or mice 
treated with antibody to interferon, RPS13 delta is lethal for 
the mice, where the attenuated organism persists, can be 
observed, until mice succumb slowly. Another example may 
be a SCID mouse or a steroid treated mouse that is more 
susceptible due to immune compromise. 

In another embodiment, RPS13 delta can be used to test 
compounds in vitro against this GO truly dormant stage, and 
against compounds that can target the hypnozoite state but 
that must be metabolized in the liver to produce toxic 
electron containing compounds in vivo. 

In all these embodiments, the methods can be used to 
determine if compounds have parasiticidal effects on hyp
nozoite forms and be used in conjunction with THQ com
pounds, such as tafenoquine, known in primate models and 
in humans as the only compound besides primaquine which 
has a lethal effect on the malaria hypnozoite in primates or 
in humans. However, tafenoquine is not active against 
actively proliferating organisms and requires a compound 
that is effective against more rapidly and slowly growing 
forms to produce radical cure of malaria. 

In another embodiment, the THQ compound may be 
primaquine, a compound that has a similar effect when 
metabolized and is ineffective against T. gondii tachyzoites 
in tissue culture and can therefore be utilized in the same 
manner as tafenoquine to inhibit the hypnozoite form of 
apicomplexan parasites to produce radical cure. 

Compounds identified using the methods of these various 
embodiment of the invention can be used together the THQ 

14 
compound(s) to treat/cure the active tachyzoite, the slowly 
growing bradyzoite, and the GO arrested hypnozoite-like 
phase of the apicomplexan infections the active tachyzoite, 
the slowly growing bradyzoite, and the GO arrested hypno-

5 zoite-like phase of the apicomplexan infections 
As described in detail in the examples that follow, the 

inventors carried out transcriptome analysis of both the 
apicomplexan parasite and the host cells after parasite 
infection of the host cells. The resulting transcriptomes 

10 provide a signature for apicomplexan parasites (such as T. 
gondii strains EGS), which helps in identification of targets 
for drug development, as well as a signature for infected host 
cells (such as human foreskin fibroblasts (HFF) human 
monocytic cells ( ex: MM6), and human primary neuronal 

15 stem cells (NSC)), which helps in identification of targets for 
treating apicomplexan infection. As shown in the examples, 
EGS transcription was influenced by host cell type (FIG. 6). 
Transcriptomics using host mRNA and miR profiling of 
EGS cultures in MM6, and NSC cells for 18 hours demon-

20 strated that this parasite modulates host transcripts involved 
in protein misfolding, neurodegeneration, endoplasmic 
reticulum stress, spliceosome alteration, ribosome biogen
esis, cell cycle, epilepsy, and brain cancer among others 
(FIG. 6). The number of genes significantly up or down 

25 regulated in MM6 and NSC cells compared to uninfected 
controls are depicted in FIG. 6. Overexpressed genes differ 
from those of GT!, ME49 and VEG tachyzoite-infected 
human NSC cells, but modify the same or connected path
ways. Hsa-miR-708-5p was the most affected miRNA 

30 (down-modulated) by EGS (FIG. 6e. miR-708-5p is a regu
lator that promotes apoptosis in neuronal and retinal cells, 
which could maintain a niche for EGS-like encysted bra
dyzoites to persist. 

The genes identified in the host transcriptome study are 
35 thus targets for anti-parasite therapy, as well as markers of 

apicomplexan parasite infection (such as T. gondii infec
tion). In various embodiments, the invention may thus 
comprise methods for treating an apicomplexan parasite 
infection (such as a T. gondii infection), comprising admin-

40 istering to a subject in need thereof an amount effective to 
treat the infection of an inhibitor ( of up-regulated genes) or 
an activator (of down-regulated genes) of 1 or more (i.e.: 1, 
2, 3, 4, 5, 6, 7, 8, 9, 10, or more) of the up-regulated genes 
listed in FIG. 1 (protein encoding genes) or FIG. 2 

45 (miRNA). In various non-limiting embodiments, the inhibi
tor is selected from the group consisting of a target-specific 
inhibitory antibody, aptamer, siRNA, shRNA, antisense oli
gonucleotide, or small molecule. 

In one embodiment, the target is miR-708-5p. In various 
50 further embodiments the targets are one or more of the genes 

listed in Table 1 below, or from FIGS. 20-21, which provide 
a more complete list of up-regulated or down-regulated 
genes involved in specific host cell pathways or indications. 
The table shows up-regulated or down-regulated genes 

55 involved in specific host cell pathways or indications 
("KEGG pathway"), such as systemic lupus erythematosus, 
(SLE), Parkinson's disease, etc. In an exemplary embodi
ment, the methods comprise administering to the subject in 
need thereof an inhibitor (of up-regulated genes) or an 

60 activator (of down-regulated genes) of one or more (1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, or all 13) of genes HIST2H2AA3, 
HIST1H2AC, HIST1H2BC, ACTN4, SNRPD3, ELANE, 
CIR, HIST1H2BK, H2AFZ, SNRPB, H2AFX, CTSG, and 
HIST1H4H, to treat apicomplexan parasite infection-asso-

65 ciated SLE. One of skill in the art will understand from the 
table that the methods may be used to treat apicomplexan 
parasite infection-associated Parkinson's, Huntington's dis-
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ease, Alzheimer's disease, etc. using an inhibitor (of up
regulated genes) or an activator (of down-regulated genes) 
against 1 or more (i.e., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or 
more, such as all) of the target genes listed for the specific 
indication. Similarly, one of skill in the art will understand 5 

from the table that the methods may be used to treat 
apicomplexan parasite infection-associated disorders relat
ing to ribosomal assembly, spliceosome assembly, oxidative 
phosphorylation, etc. using an inhibitor (of up-regulated 
genes) or an activator (of down-regulated genes) against 1 or 10 

more (i.e., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, or more, such 

from an apicomplexan parasite present in an infected host 
cell. 

The proteins listed in FIG. 21 are believed to be particu
larly important for apicomplexan parasite bradyzoite devel
opment and/or survival in the host. Thus, targeting expres
sion and/or activity of these proteins from the apicomplexan 
parasite will be effective to inhibit bradyzoite development 
and/or survival in the host. 

EGS transcripts in HHF, MM6, and NSC cells were 
enriched for genes transcribed in bradyzoites, including 
known bradyzoite transcripts, certain Apetela 2s and 
cytochrome b and other cytochromes (FIG. 7b-c). Among as all) of the target genes listed for the specific indication. 

TABLE 1 

KEGG 
id KEGG pathway P-value Genes 

hsa03010 Ribosome 4.6E-07 RPL35A, RPL36A, RPL35, RPS9, RPL27, 
RPS27L, RPL38, RPS25, RPS27, RPL30, 
RPL23, RPS29, RPL21, RPS20, RPS21, UBA52, 
RPL36AL 

hsa05322 Systemic lupus 0.00082 HIST2H2AA3, HIST1H2AC, HIST1H2BC, 
erythematosus ACTN4, SNRPD3, ELANE, CIR, HIST1H2BK, 

H2AFZ, SNRPB,H2AFX,CTSG,HIST1H4H 
hsa04621 NOD-like receptor 0.01458 IL6, CCL2, XIAP, NFKBIB, NFKBIA, 

signalling pathway TNFAIP3, BIRC3, CCL5 
hsa03040 Spliceosome 4.lE-06 SNRPAl, CCDC12, MAGOH, SNRPD3, LSM6, 

LSM7, SNRPB2, SNRPD2, PPIH, SNRPB, 
PQBPl, SYF2, LSM5, U2AF1, MAGOHB, 
THOC2, SNRPF, SNRPE, SNRPG 

hsa00190 Oxidative 6.4E-16 ATP5E, NDUFB4, ATP6V0E1, NDUFB6, 
phosphorylation NDUFB9, COX7C, ATP6V1Gl, ATP5Gl, 

UQCRQ, NDUFBl, NDUFB2, NDUFS5, 
NDUFS4, ATP5L, NDUFS3, COX! 7, ATP5H, 
ATP5J, NDUFA4, NDUFA5, NDUFA2, 
NDUFA3, COX7Al, NDUFA6, COX8A, 
NDUFC2, NDUFCl, NDUFAl, ATP6V1F, 
NDUFV2, COX6Al, UQCRB 

hsa05012 Parkinson's 2.4E-14 ATP5E, NDUFB4, NDUFB6, NDUFB9, 
disease COX7C, ATP5Gl, UQCRQ, NDUFBl, 

NDUFB2, NDUFS5, NDUFS4, HTRA2, 
NDUFS3, ATP5H, ATP5J, NDUFA4, NDUFA5, 
NDUFA2, NDUFA3, COX7Al, NDUFA6, 
COX8A, NDUFC2, NDUFCl, UBE2L3, 
NDUFAl, VDAC3, NDUFV2, COX6Al, 
UQCRB 

hsa05016 Huntington's 2.2E-13 ATP5E, NDUFB4, POLR2F, NDUFB6, 
disease POLR2K, NDUFB9, POLR2J, COX7C, 

ATP5Gl, UQCRQ, NDUFBl, NDUFB2, 
NDUFS5, NDUFS4, TGM2, CREB3Ll, 
NDUFS3, ATP5H, ATP5J, NDUFA4, NDUFA5, 
NDUFA2, NDUFA3, COX7Al, NDUFA6, 
COX8A, NDUFC2, NDUFCl, NDUFAl, 
VDAC3, SOD2, NDUFV2, COX6Al, UQCRB 

hsa05010 Alzheimer's 9E-11 ATP5E, NDUFB4, NDUFB6, NDUFB9, 
disease COX7C, ATP5Gl, UQCRQ, NDUFBl, 

NDUFB2, NDUFS5, NDUFS4, PPP3CA, 
NDUFS3, ATP5H, ATP5J, NDUFA4, NDUFA5, 
NDUFA2, NDUFA3, COX7Al, NDUFA6, 
COX8A, NDUFC2, NDUFCl, ITPR3, NDUFAl, 
NDUFV2, COX6Al, UQCRB 

hsa04623 Cytosolic DNA- 0.0077 MAYS, IL6, POLR3K, NFKBIB, IRF7, 
sensing pathway NFKBIA, POLRlC, CCL5 

In one embodiment, the invention provides methods for 
treating an apicomplexan parasite infection, comprising 
treating a subject with an apicomplexan parasite infection an 

transcripts with the most increased fold change in EGS 
across all three cell lines were: cytochrome b; cytochrome c 
oxidase subunit III subfamily protein; apocytochrome b; 
cytochrome b, putative; and cytochrome b (N-terminal)/b6/ 
petB subfamily protein. Other over-expressed genes include 

amount effective to inhibit activity or expression from the 60 

apicomplexan parasite of one or more proteins listed in FIG. 

21. 

In another embodiment, the invention provides methods 
for identifying a compound to treat an apicomplexan infec
tion, comprising identifying a compound that inhibits activ
ity or expression of one or more proteins listed in FIG. 21 

bradyzoite transcription factor AP2IX-9 and plant-like heat
shock protein BAGI (FIG. 7 a-c). The up- or down-regu
lated genes identified in the parasite transcriptome study are 

65 thus targets against which to identify drugs for anti-apicom
plexan parasite (such as T. gondii) therapy, by identifying 
test compounds that reduce expression of over-expressed 
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apicomplexan-associated disorder. In one embodiment, such 
methods comprise testing the patient samples for increased 
expression of at least 1, 2, 3, 4, 5, 6, or all 7 of apetela 2 
transcription factors, cytochrome b, cytochrome oxidase, 

genes, or promote expression of down-regulated genes. In 
various embodiments, positive test compounds are those that 
reduce expression (for up-regulated genes), or decrease 
expression (for down-regulated genes) of 1 or more (i.e.: 1, 
2, 3, 4, 5, 6, 7, 8, 9, 10, 50, 100, or more) of the up-regulated 
apicomplexan parasite genes in FIGS. 3-5 after host cell 
infection by at least 5%, 10%, 15%, 20%, 25%, 50%, 75%, 
90%, or more. The drug screening assays may employ the 
cell lines and non-human animal models of the present 
invention. In one embodiment, the methods comprise iden
tifying test compounds that reduce expression from the 
apicomplexan parasite after cell infection of 1 or more of 
cytochrome b; cytochrome c oxidase subunit III subfamily 
protein; apocytochrome b, cytochrome b, putative, 
cytochrome b (N-terminal)/b6/petB subfamily protein, bra
dyzoite transcription factor AP2IX-9 and plant-like heat
shock protein BAG 1. 

5 enolase 1, lactate dehydrogenase 2, bradyzoite antigen 1 and 
cyst wall protein, or functional equivalents thereof. 

In one embodiment, the transcriptome provides the sig
nature of cytochrome b as an important part of the bra
dyzoite transcriptional pathways and a signature that dem-

10 onstrates effective inhibition of cytochrome b with 
abrogation of the signature when treatment is with an 
inhibitor of cytochrome b, which when used early after 
infection can confirm selectivity of compound. Cytochrome 
b functions for pyrimidine synthesis in Plasmodium falci-

15 parum so that it will be synergistic or additive in effect with 
inhibitors of DHODH. 

In another aspect, the invention provides compositions 
comprising a plurality of isolated probes that in total selec
tively bind to at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 20 

35, 40, 45, 100, 150, 200, 250, 500, or all of the markers 
listed in FIGS. 3-5, complements thereof, or their expression 
products, or functional equivalents thereof wherein at least 
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 
all of the probes in total are selective for markers that are 25 

upregulated in the EGS strain of T. gondii after infection of 
human fibroblasts, neuronal stem cells or monocytic lineage 
cells. 

Functional equivalents are allelic variants of the recited 
marker from other T. gondii strains. In one embodiment, the 30 

markers include two or more of apetela 2 transcription 
factors, cytochrome b, cytochrome oxidase, or functional 
equivalents thereof. The markers may further comprise one 
or more of enolase 1, lactate dehydrogenase 2, bradyzoite 
antigen 1 and cyst wall protein, or functional equivalents 35 

thereof. In another embodiment, 
In a further aspect, the invention provides a plurality of 

isolated probes that in total selectively bind to at least 2, 3, 
4, 5, 6,7, 8, 9, 1~ 15,20,25,3~ 35,40,45, 100, 15~ 200, 
250, 500, or all of the markers listed in FIG. 1-2, comple- 40 

ments thereof, or their expression products, or functional 
equivalents thereof, wherein at least 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, 95%, or all of the probes in total 
are selective for markers that are upregulated in human 
fibroblasts, neuronal stem cells or monocytic lineage cells 45 

after infection with T. gondii, including but not limited to 
infection with the EGS strain of T. gondii. 

In one embodiment of each of these aspects, the plurality 
of isolated probes comprises polynucleotide probes. In 
another embodiment, the plurality of isolated probes com- 50 

prises antibody probes. In all of the above embodiments, the 
isolated probes can be labelled with a detectable label. 
Methods for detecting the label include, but are not limited 
to spectroscopic, photochemical, biochemical, immuno
chemical, physical or chemical techniques. Any suitable 55 

detectable label can be used. 
The compositions can be stored frozen, in lyophilized 

form, or as a solution. In one embodiment, the compositions 
can be placed on a solid support, such as in a microarray or 
microplate format; this embodiment facilitates use of the 60 

compositions in various detection assays. 
The compositions of the invention can be used, for 

example, to test patient samples for up-regulation or down
regulation of the one or more markers disclosed in the 
figures, to assist in diagnosing a subject as having an 65 

apicomplexan parasite infection (such as T. gondii) or to 
monitor treatment of a subject receiving therapy for an 

The invention thus also provides pathway to improved 
inhibitors of cytochrome b through co-crystallography that 
defines the chemical space and pi stacking which facilitates 
design of improved medicines and their delivery into 
tachyzoites and bradyzoites using molecular transporters 
such as octaargine, or carbonate, and also improves their 
solubility and access to encysted bradyzoites. 

In various embodiments, the methods for monitoring 
treatment of an apicomplexan parasitic infection (such as a 
T. gondii infection), comprising monitoring expression, pro
tein in serum or plasma, and/or activity of 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, or all of the markers listed in FIGS. 1-5 (such as a 
human subject) being treated for an apicomplexan parasitic 
infection, wherein a decrease or increase in expression 
and/or presence and/or activity of the one or more markers 
indicates that the treatment is effective. In one exemplary 
embodiment, infection is in the subject's brain or other 
neurologic tissue. 

In another aspect, the present disclosure provides com
pounds having the structure of Formula (I): 

(I) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, 

wherein 
ring A combines with Y 1 andY2 to form a C3 _7 cycloalk

enyl or heteroaryl ring, 
wherein the C3 _7cycloalkenyl or heteroaryl is option

ally substituted by halogen, C1_3alkyl, C1_3alkoxy, 
C1_3haloalkyl, -O----C1 _3 haloalkyl, -S----C1 _3 

haloalkyl, ----C(O)OR, cyano or phenyl; 
Y 1 is C orN; 
Y2 is C orN; 
X 1 is C(Rx1

) or N, 
wherein Rx1 is hydrogen, halogen, C1 _3 alkyl, 

C1_3alkoxy or C1 _3 haloalkyl; 
X2 is C(Rx2

) or N, 
wherein Rx2 is hydrogen, halogen, C1 _3 alkyl, 

C1_3alkoxy or C1 _3 haloalkyl; 
X3 is 0, N(R), S or C1_3 alkyl; 
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X4 is C or N; 

X5 is C or N; 

19 

R1 is hydrogen or C1_3 alkyl; 

R2 is hydrogen, C1 _3alkyl, C1 _3haloalkyl, ----CH2 OH, 5 

-CH2OR or -C(O)OR; 

n is 0, 1, 2, 3 or 4; 

each R3 1s independently halogen, C1 _3 alkyl, 
C1 _3alkoxy, C1 _3 haloalkyl, ---O-C1_3 haloalkyl, 10 

-S----C1_3 haloalkyl, ----C(O)OR or SF 5 ; 

or two R3 groups, together with the carbons to which 
they are attached, form a 1,3-dioxolane; and 

each R is independently hydrogen or C1_3alkyl. 

The compounds of the invention have been demonstrated 
in the examples herein as useful, for example, in treating 
diseases associated with apicomplexan parasite infection. 

15 

In some embodiments, the compounds are of Formula 
20 

(Ia): 

(la) 25 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, 

wherein 

ring A combines with Y1 andY2 to form a C3 _7 cycloalk
enyl or heteroaryl ring, 

30 

35 

40 

wherein the C3 _7 cycloalkenyl or heteroaryl is option
ally substituted by halogen, C1_3 alkyl, C1_3alkoxy, 

45 
C1_3 haloalkyl, -O----C1 _3 haloalkyl, -S----C1 _3 

haloalkyl, ----C(O)OR, cyano or phenyl; 

Y1 is C or N; 

Y2 is C or N; 

X 1 is C(Rx1
) or N, 

50 

20 
In some embodiments, the compounds are of Formula 

(lb): 

(lb) 

In some embodiments, the compounds are of Formula 
(le): 

(le) 

In some embodiments, the compounds are of Formula 
(II): 

(II) 

wherein 

ring A combines with the carbon atoms with which it is 

wherein Rx1 is hydrogen, halogen, 
C1_3 alkoxy or C1 _3haloalkyl; 

C
1

_
3
alkyl, attached to form a C3 _7cycloalkenyl. 

X2 is C(Rx2
) or N, 

wherein Rx2 is hydrogen, halogen, 
C1_3 alkoxy or C1 _3haloalkyl; 

X3 is 0, N(R), S or C1_3 alkyl; 

R1 is hydrogen or C1_3 alkyl; 

R2 is hydrogen, C1_3 alkyl or -C(O)OR; 

n is 0, 1, 2, 3 or 4; 

55 

60 

each R3 1s independently halogen, C1 _3 alkyl, 
C1 _3alkoxy, C1 _3 haloalkyl, ---O-C1_3 haloalkyl, 

65 
-S----C1_3 haloalkyl, ----C(O)OR or SF 5 ; and 

each R is independently hydrogen or C1_3alkyl. 

In some embodiments, the compounds are of Formula 
(Ila): 

(Ila) 
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In some embodiments, the compounds are of Formula 
(IIa-1 ): 

(Ila-1) 5 

10 

wherein 15 

R3 is hydrogen, halogen, C1 _3alkyl or C1 _3 haloalkyl. 
In some embodiments, the compounds are of Formula 

(III): 

(III) 

20 

25 

30 

wherein 
ring A combines with the nitrogen atom and carbon atom 

with which it is attached to form a heteroaryl ring. 
In some embodiments, the compounds are of Formula 

(Illa): 35 

(Illa) 

40 

45 

wherein 
Y3 is C(Rs) or N; and 
R4 and Rs are independently hydrogen, halogen, C1_3 al-

50 
kyl, C1 _3alkoxy, C1 _3haloalkyl, ---O-C1_3 haloalkyl, 
-S-C1_3haloalkyl, -C(O)OR, cyano or phenyl. 

In some embodiments, the compounds are of Formula 
(IIIb ): 

(Illb) 

55 

60 

65 

22 
In some embodiments, the compounds are ofR4 is hydro

gen or C1 _3 alkyl. 
In some embodiments, the compounds are of Formula 

(IIIb-1 ): 

(Illb-1) 

In some embodiments, the compounds are of Formula 
(Ille): 

In some embodiments, 
R4 is hydrogen or C1 _3 alkyl or phenyl; and 
Rs is hydrogen or cyano. 

(Ille) 

In some embodiments, the compounds are of Formula 
(IIIc-1 ): 

(Ille-!) 

In some embodiments, the compounds are of Formula 
(IV): 

(IV) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, 
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wherein 
ring A combines with yi and Y 2 to form a C3 _ 7 cycloalk

enyl or heteroaryl ring, 
wherein the C3 _7 cycloalkenyl or heteroaryl is option

ally substituted by halogen, Ci_3 alkyl, Ci_3alkoxy, 5 

Ci_3 haloalkyl, -0----Ci_3 haloalkyl, -S----Ci_3 

haloalkyl, ----C(0)0R, cyano or phenyl; 
yi is C or N; 
Y2 is C or N; 
xi is C(Rxi) or N, 10 

wherein Rxi is hydrogen, halogen, Ci_3 alkyl, 
Ci_3 alkoxy or Ci_3haloalkyl; 

X2 is C(Rx2
) or N, 

wherein Rx2 is hydrogen, halogen, Ci_3 alkyl, 
Ci_3 alkoxy or Ci_3haloalkyl; 15 

X3 is 0, N(R), S or Ci_3 alkyl; 
X5 is C or N; 
Ri is hydrogen or Ci_3 alkyl; 
R2 is hydrogen, Ci_3alkyl, Ci_3haloalkyl, ----CH2 0H, 

-CH20R or -C(0)0R; 20 

n is 0, 1, 2, 3 or 4; 
each R3 is independently halogen, Ci_3 alkyl, 

Ci_3alkoxy, Ci_3 haloalkyl, ---O-Ci_3 haloalkyl, 
-S----Ci_3 haloalkyl, ----C(0)0R or SF 5 ; and 

each R is independently hydrogen or Ci_3alkyl. 25 

In some embodiments, the compounds are of Formula 
(IVa): 

(!Va) 30 

I 3 (R3)n 

l !)"'(,) 
G( __ X_,'x 

N R2 

I 
RI 

35 

40 

wherein 
ring A combines with the carbon atoms with which it is 

attached to form a C3 _7 cycloalkenyl. 
In some embodiments, the compounds are of Formula 

(IVb): 45 

(!Vb) 

50 

55 

In some embodiments, yi is C. In other embodiments, yi 
~K ~ 

In some embodiments, Y 2 is C. In other embodiments, Y 2 

is N. 
In some embodiments, yi is C. In other embodiments, yi 

is N. 
In some embodiments, Xi is C(Rxi) wherein Rxi is hydro- 65 

gen, halogen, Ci_3 alkyl, Ci_3alkoxy or Ci_3 haloalkyl. In 
other embodiments, xi is N. 

24 
In some embodiments, xi is C(Rxi) wherein Rxi is 

selected from any of groups (la)-(lx): 
(la) hydrogen, halogen, Ci_3 alkyl, Ci_3 alkoxy or Ci_3ha-

loalkyl; 
(lb) halogen, Ci_3alkyl, Ci_3 alkoxy or Ci_3haloalkyl; 
(le) hydrogen; 
(ld) halogen or Ci_3haloalkyl; 
(le) halogen or Ci_3alkyl; 
(lf) Ci_3 alkyl; 
(lg) hydrogen, methyl or ethyl; 
(lh) methyl or ethyl; 
(li) methyl; 
(lj) ethyl; 
(lk) propyl; 
(11) hydrogen, methyl or propyl; 
(lm) methyl or propyl; 
(ln) hydrogen, ethyl or propyl; 
(lo) ethyl or propyl; 
(1 p) Ci_3haloalkyl; 
(lq) Ci_3 fluoralkyl; 
(lr) fluoromethyl 
(ls) difluoromethyl 
( 1 t) trifluoromethy I 
(1 u) fluoromethyl 
(1 v) fluoropropyl 
(lw)-CH20H; 
(lx) -CH20R; 
In some embodiments, X2 is C(Rx2

) wherein Rx2 is hydro
gen, halogen, Ci_3alkyl, Ci_3alkoxy or Ci_3 haloalkyl. In 
other embodiments, X2 is N. 

In some embodiments, X2 is C(Rx2
) wherein Rx2 is 

selected from any of groups (2a)-(2x): 
(2a) hydrogen, halogen, Ci_3 alkyl, Ci_3 alkoxy or Ci_3ha-

loalkyl; 
(2b) halogen, Ci_3alkyl, Ci_3 alkoxy or Ci_3haloalkyl; 
(2c) hydrogen; 
(2d) halogen or Ci_3haloalkyl; 
(2e) halogen or Ci_3alkyl; 
(2f) Ci_3 alkyl; 
(2g) hydrogen, methyl or ethyl; 
(2h) methyl or ethyl; 
(2i) methyl; 
(2j) ethyl; 
(2k) propyl; 
(21) hydrogen, methyl or propyl; 
(2m) methyl or propyl; 
(2n) hydrogen, ethyl or propyl; 
(2o) ethyl or propyl; 
(2p) Ci_3haloalkyl; 
(2q) Ci_3 fluoralkyl; 
(2r) fluoromethyl 
(2s) difluoromethyl 
(2t) trifluoromethyl 
(2u) fluoromethyl 
(2v) fluoropropyl 
(2w) -CH20H; 
(2x) -CH20R; 
In some embodiments, X3 is selected from any of groups 

(3a)-(3p ): 
(3a) 0, N(R), S or Ci_3alkyl; 
(3b) 0, N(R) or S; 
(3c) 0 or N(R); 
(3d) O; 
(3e) N(R); 
(3f) S or Ci_3 alkyl; 
(3g) 0, N(R), or Ci_3 alkyl; 
(3h) 0 or Ci_3 alkyl; 
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(3i) N(R), S or C1_3alkyl; 
(3j) N(R) or C1_3 alkyl; 
(3k) 0 or C1 _3alkyl; 
(31) C1_3 alkyl; 
(3m) methylene 
(3n) ethylene; 
(3o) propylene; 
(3p) NH. 
In some embodiments, X4 is C. In other embodiments, X4 

is N. 
In some embodiments, X5 is C. In other embodiments, X5 10 

is N. 
In some embodiments, R 1 is selected from any of groups 

(4a)-(41): 
(4a) hydrogen or C1_3alkyl; 
(4b) hydrogen; 
(4c) C1 _3 alkyl; 
(4d) hydrogen, methyl or ethyl; 
(4e) methyl or ethyl; 
(4f) methyl; 
(4g) ethyl; 
(4h) propyl; 
(4i) hydrogen, methyl or propyl; 
(4j) methyl or propyl; 
(4k) hydrogen, ethyl or propyl; 
(41) ethyl or propyl; 
In some embodiments, R2 is selected from any of groups 

(5a)-(5gg): 
(5a) hydrogen, C1 _3alkyl, C1 _3 haloalkyl, ----CH2 OH, 

----CH2OR or ----C(O)OR; 

15 

20 

25 

(5b) C1_3alkyl, C1 _3 haloalkyl, -CH2OH, -CH2OR or 30 

----C(O)OR; 
(5c) hydrogen, C1_3haloalkyl, ----CH2 OH, ----CH2OR or 

----C(O)OR; 
(5d) hydrogen, C1_3alkyl, ----CH2 OH, ----CH2 OR or 

----C(O)OR; 
(5e) hydrogen, C1 _3alkyl, C1_3 haloalkyl, ----CH2 OR or 

----C(O)OR; 
(5f) hydrogen, C1 _3alkyl, C1 _3haloalkyl, ----CH2 OH, or 

----C(O)OR; 

35 

(5g) hydrogen, C1 _3 alkyl, C1_3 haloalkyl, ----CH2 OH, or 40 

----CH2OR; 
(5h) hydrogen or C1_3alkyl; 
(5i) hydrogen; 
(5j) C1_3 alkyl; 
(5k) hydrogen, methyl or ethyl; 
(51) methyl or ethyl; 
(5m) methyl; 
(5n) ethyl; 
(So) propyl; 
(5p) hydrogen, methyl or propyl; 
(Sq) methyl or propyl; 
(5r) hydrogen, ethyl or propyl; 
(5s) ethyl or propyl; 
(St) C1_3 haloalkyl, ----CH2 OH, ----CH2 OR or ----C(O)OR; 
(5u) C1 _3 haloalkyl; 
(5v) C1 _3 fluoralkyl; 
(5w) fluoromethyl 
(5x) difluoromethyl 
(5y) trifluoromethyl 
(5z) fluoromethyl 
(Saa) fluoropropyl 
(5bb) ----CH2OH; 
(5cc) ----CH2OR; 
(5dd) ----C(O)OR; 
(See) ----C(O)OH; 
(5fl) -C(O)OMe; 
(5gg) ----C(O)OEt 

45 

50 

55 

60 

65 
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In some embodiments, n is selected from any of groups 

(6a)-(6k): 
(6a) n is 1, 2, 3, or 4. 
(6b) n is 0, 1, 2, or 3. 
(6c) n is 0, 1, or 2. 
( 6d) n is O or 1. 
(6e) n is 1 or 2. 
(6f) n is 2 or 3. 
(6g) n is 1. 
(6h) n is 2. 
(6i) n is 3. 
(6j) n is 4. 
(6k) n is 0. 
In some embodiments, R3 is selected from any of groups 

(7a)-(7cc): 
(7a) each R3 is independently halogen, C1 _3 alkyl, 

C1_3 alkoxy, C1 _3haloalkyl, ---O-C1_3haloalkyl, 
-S----C1 _3haloalkyl, -C(O)OR, SF 5 , or two R3 

groups, together with the carbons to which they are 
attached, form a 1,3-dioxolane; 

(7b) each R3 is independently C1 _3alkyl, C1 _3alkoxy, 
C1_3 haloalkyl, -O----C1 _3 haloalkyl, -S----C1 _3haloal
kyl, -C(O)OR or SF5 ; 

(7c) each R3 is independently halogen, C1_3alkoxy, 
C1_3 haloalkyl, ---O-C1_3haloalkyl, -S----C1 _3haloal
kyl, -C(O)OR or SF5 ; 

(7d) each R3 is independently halogen, C1 _3 alkyl, C1 _3ha
loalkyl, ---O-C1_3 haloalkyl, -S-C1_3haloalkyl, 
----C(O)OR or SF 5 ; 

(7e) each R3 is independently halogen, C1_3haloalkyl, 
---O-C1_3haloalkyl, -S----C1 _3 haloalkyl, ----C(O)OR 
or SF5 ; 

(7f) each R3 is independently halogen, C1 _3 alkyl, 
C1_3 alkoxy, ---0----C1 _3haloalkyl, -S-C1_3haloalkyl, 
----C(O)OR or SF 5 ; 

(7g) each R3 is independently C1 _3alkyl, C1 _3a]koxy, 
---O-C1_3haloalkyl, -S----C1 _3 haloalkyl, ----C(O)OR 
or SF5 ; 

(7h) each R3 is independently ---O-C1_3haloalkyl, 
-S----C1 _3haloalkyl, -C(O)OR or SF5 ; 

(7i) each R3 is independently halogen, C1 _3 alkyl, 
C1_3 alkoxy, C1_3haloalkyl, -O----C1 _3 haloalkyl, 
-S----C1 _3haloalkyl, -C(O)OR or SF5 ; 

(7j) each R3 is independently halogen, C1_3 haloalkyl, 
---O-C1_3haloalkyl, -C(O)OR, or two R3 groups, 
together with the carbons to which they are attached, 
form a 1,3-dioxolane; 

(7k) each R3 is independently halogen, C1haloalkyl, 
---O-C1haloalkyl, ----C(O)OR, or two R3 groups, 
together with the carbons to which they are attached, 
form a 1,3-dioxolane; 

(71) each R3 is independently fluoro, chloro, C1 _3haloal
kyl, ---O-C1_3haloalkyl, ----C(O)OR, or two R3 

groups, together with the carbons to which they are 
attached, form a 1,3-dioxolane; 

(7m) each R3 is independently fluoro, chloro, trifluorom
ethyl, -O----C1 _3haloalkyl, -C(O)OR, or two R3 

groups, together with the carbons to which they are 
attached, form a 1,3-dioxolane; 

(7n) each R3 is independently fluoro, chloro, trifluorom
ethyl, ---OCF 3 , ----C(O)OR, or two R3 groups, together 
with the carbons to which they are attached, form a 
1,3-dioxolane; 
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(7o) each R3 is independently fluoro, chloro, trifluorom
ethyl, ---OCF 3 , -C(O)OH, or two R3 groups, together 
with the carbons to which they are attached, form a 
1,3-dioxolane; 

(7p) each R3 is independently trifluoromethyl, -OCF3 , 5 

----C(O)OH, or two R3 groups, together with the car
bons to which they are attached, form a 1,3-dioxolane; 

(7q) each R3 is independently fluoro, chloro, -OCF3 , 

----C(O)OH, or two R3 groups, together with the car
bons to which they are attached, form a 1,3-dioxolane; 10 

(7r) each R3 is independently fluoro, chloro, trifluorom
ethyl, ---OCF 3 , or two R3 groups, together with the 
carbons to which they are attached, form a 1,3-dioxo-
lane; 

15 
(7s) each R3 is independently fluoro, chloro, trifluorom

ethyl or ---OCF3 ; 

(7t) each R3 is independently fluoro, chloro, trifluorom
ethyl, ---OCF3 or ----C(O)OH; 

(7u) each R3 is independently fluoro, chloro, trifluorom- 20 

ethyl or ---OCF3 ; 

28 
(7cc) two R3 groups, together with the carbons to which 

they are attached, form a 1,3-dioxolane; 
In some embodiments, R is selected from any of groups 

(Sa)-(81): 
(Sa) hydrogen or C1 _3alkyl; 
(Sb) hydrogen; 
(Sc) C1 _3 alkyl; 
(8d) hydrogen, methyl or ethyl; 
(Se) methyl or ethyl; 
(Sf) methyl; 
(8g) ethyl; 
(Sh) propyl; 
(Si) hydrogen, methyl or propyl; 
(Sj) methyl or propyl; 
(8k) hydrogen, ethyl or propyl; 
(81) ethyl or propyl; 
In some embodiments, the compound is of Formula (I), 

(Ia), (lb) or (le), and X1
, X2

, X3
, R1

, R2
, R3 and n are 

selected from any combination of groups (la)-(81). 
In some embodiments, the compound is of Formula (II), 

(Ila) or (IIa-1), and X1, X2
, X3

, R1, R2
, R3 and n are selected 

from any combination of groups (la)-(81). 
(7v) each R3 is independently fluoro, chloro or trifluo-

romethyl; 
(7w) each R3 is independently fluoro or chloro; 
(7x) each R3 is independently fluoro; 

In some embodiments, the compound is of Formula (III), 
(Illa), (IIIb), (IIIb-1), (Ille) or (IIIc-1), and X1, X2

, X3
, R1, 

R2
, R3 and n are selected from any combination of groups 

25 (la)-(81). 
(7y) each R3 is independently chloro; 
(7z) each R3 is trifluoromethyl; 
(7aa) each R3 is -OCF3 ; 

(7bb) each R3 is ----C(O)OH; 

No. ID 

PA! MJM102/ 
MJM113 
(ELQ-
271) 

PA2 MJM 129 

PA3 JMl0 

Structure 

In some embodiments, the compound is of Formula (IV), 
(IVa) or (IVb) and X1, X2

. X3
, R1, R2

, R3 and n are selected 
from any combination of groups (la)-(81). 

In some embodiments, the compound is: 

ELQ-type systems 

Name 

2-methyl-3-(4-(4-
(trifluoromethoxy)phenoxy)phenyl) 
quinolin-4(1H)-one 

2-methyl-3-(4-
phenoxypheny 1 )quino lin-4(1 H)-one 

1-ethyl-2-methyl-3-(4-
phenoxypheny 1 )quino lin-4(1 H)-one 



No. ID 

PA4 RG38 

MJM136 

2 MJM141 

JAG006 

4 JAG013 

JAG014 

JAG015 

29 

Structure 

N....._ Ph-cl 
0 

N 
H 
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o'Q 
Cl 

5 ,6-fused pyrid one systems 

30 

Name 

3-(4-(4-chlor 
hydroxyphen~f ~;~oxy )-3-
4(1 H)-one ) melhylquinolin-

5-methyl-6-(4-(4-
(tnfluorometh 
[
1 oxy)phe 
,2,4]triazolo[l S-a] mxy)phenyl)-

one , pynmidin-7(4H)-

5-methyl-6-(4-(4-
(tnfluorometh pyrazolo [1,5-:ixpy )phenoxy )phenyl) 

ynm1dm-7(4H)-one 

~~~~:~:~~6-(4 (4-
pyrazolo [1,5-:ixy )phenoxy )phenyl) 

pynm1dm-7(4H)-one 

5-meth 1-7 
(
ti fl y -oxo-6-( 4-( 4-

1 uoromethox 
;:7-dihydropyra:~io~~noxy)phenyl)-

carbomtrile ,5-a ]pynmidine-

5-methyl-2-ph (trifluorom th enyl-6-(4-(4-
pyrazolo [1 ~-:ixy )phenoxy )phenyl) 

pynm1dm-7(4H)-one 
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No. ID Structure 

7 MJM170 

JAG21 

9 JAG039 

10 JAG046 

11 JAG047 

12 JAG50 

13 JAG58 
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Tetrahydroquinolones (THQ) 

I # o 
ODy 

OH 

I I # o 
ODy 

OH 

0 

I 
OVOH 

lo~ 
~Cl 

32 

Name 

2-methyl-3-(4-phenoxyphenyl)-
5,6,7,8-tetrahydroquinolin-4(1H)-one 

2-methyl-3-(4-(4-
(trifluoromethoxy)phenoxy)phenyl)-
5,6,7,8-tetrahydroquinolin-4(1H)-one 

4-( ( 5-(2-methyl-4-oxo-1,4,5 ,6,7 ,8-
hexahydroquinolin-3-yl)pyridin-2-
yl)oxy)benzoic acid 

4-( 4-(2-methyl-4-oxo-1,4,5,6,7 ,8-
hexahydroquino lin-3-
yl)phenoxy)benzoic acid 

3-( 4-(2-methyl-4-oxo-1,4,5,6,7 ,8-
hexahydroquino lin-3-
yl)phenoxy)benzoic acid 

3-(4-(4-chlorophenoxy)phenyl)-2-
methyl-5 ,6,7 ,8-tetrahydroquinolin-
4(1H)-one 

3-(4-(4-fluorophenoxy)phenyl)-2-
methyl-5 ,6,7 ,8-tetrahydroquinolin-
4(1H)-one 
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No. ID Structure 

14 JAG63 

15 JAG062 

16 JAG067 

17 JAG023 

18 JAG077 

19 AS006 

20 AS0012 

US 11,414,385 B2 

-continued 

I 0'0 
~Cl 

34 

Name 

2-methyl-3-(4-(4-
(trifluoromethyl)phenoxy)phenyl)-
5,6,7,8-tetrahydroquinolin-4(1H)-one 

3-(4-(3-chlorophenoxy)phenyl)-2-
methyl-5 ,6,7 ,8-tetrahydroquinolin-
4(1H)-one 

3-(4-(3-fluorophenoxy)phenyl)-2-
methyl-5 ,6,7 ,8-tetrahydroquinolin-
4(1H)-one 

1,2-dimethyl-3-(4-(4-
(trifluoromethoxy)phenoxy)phenyl)-
5,6,7,8-tetrahydroquinolin-4(1H)-one 

3-( 4-( 4-chlorophenoxy )phenyl)-1,2-
dimethyl-5 ,6, 7,8-tetrahydroquinolin-
4(1H)-one 

2-methyl-3-(4 (3-
(trifluoromethoxy)phenoxy)phenyl)-
5,6,7,8-tetrahydroquinolin-4(1H)-one 

2-methyl-3-(4-(3-
(trifluoromethyl)phenoxy)phenyl)-
5,6,7,8-tetrahydroquinolin-4(1H)-one 
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-continued 

No. ID Structure 

21 AS021 

22 AS022 

or a stereoisom salt thereof er thereof, or a h In · p armaceutic ]I 
some embod1· a y acceptabl 

ments th e ' e compound is: 

ID Structure 

MJM136 

MJM141 

JAG006 

JAG013 

JAG014 

36 

Name 

3-( 4-(3,S-dichloro 
;(~thyl-5,6,7,8-te::n;xy)phenyl)-2-

H)-one Y roqumo 1 in-

3-(4-(3-chloro-4-
fluoroph 5 enoxy )phen 1 -

,6,7,8-tetrah d Y) 2-methyl-y roqumolin-4(1H)-one 

Name 

5-methyl-6-(4-(4-
(tr1fluorometh 
[l ,

2
,4 ]triazolo~? ;!'a~eno_xy )phenyl)-, pynmidin-7(4H)-one 

5-methyl-6-(4-(4-
(tr1fluorometh [1 5-a] . oxy)phenoxy) h , pynmidin-7(4H) p enyl)pyrazol -one o 

2,5-dimeth 1 
(
tr"fl y -6-(4-(4-

1 uoromethox [1 5-a] . . y)phenoxy) h ' pynmidin-7(4H)-on/ enyl)pyrazool 

5-methyl-2-(meth (trifluorom th ylthio)-6-(4-(4-
[1 e oxy)phe ,

2
,4]triazolo [l S-a] noxy)phenyl)-, pynmidin-7(4H)-one 

5-meth 1-7 (tr"fl Y -oxo-6-(4-(4-
di~ uoromethoxy )pheno ydropyrazolo[l 

5 
] xy)phenyl)-4 7-

carbonitrile. ' -a pynmidine-3- ' 



ID 

JAG015 

MJM170 

JAG21 

JAG039 

JAG046 

JAG047 

JAG50 

N.__ Ph-cl 

37 

N 
H 

US 11,414,385 B2 

-continued 

Structure 

Olli ½o 
OH 

Olli 
I ½o 

OH 

lo~ 
~Cl 

38 

Name 

5-methyl-2-phenyl-6-(4-(4-
(trifluoromethoxy )phenoxy )phenyl )pyrazolo 
[1,5-a]pyrimidin-7(4H)-one. 

2-methyl-3-(4-phenoxyphenyl)-5 ,6,7 ,8-
tetrahydroquinolin-4(1 H)-one 

2-methyl-3-(4-(4-
(trifluoromethoxy )phenoxy )phenyl)-
5, 6, 7 ,8-tetrahydroquinolin-4(1 H)-one 

methyl 3-((5-(4-ethoxy-2-methyl-5,6,7,8-
tetrahydroquinolin-3-yl)pyridin-2-yl)oxy) 
benzoate 

4-( 4-(2-methyl-4-oxo-1,4,5,6,7 ,8-
hexahydroquino lin-3-y 1 )phenoxy) benzoic 
acid 

3-( 4-(2-methyl-4-oxo-1,4,5,6,7 ,8-
hexahydroquino lin-3-y 1 )phenoxy) benzoic 
acid 

3-(4-(4-chlorophenoxy)phenyl)-2-methyl-
5,6,7 ,8-tetrahydroquinolin-4(1 H)-one 



39 

ID Structure 

JAG58 

JAG63 

JAG062 

JAG069 

JAG023 

AS006/ 
JAG143 

AS012/ 
JAG144 

AS021/ 
JAG145 

I 

US 11,414,385 B2 

-continued 

I# oy 
OCF3 

I# oy 
CF3 

I# OY' 
Cl 

F 

40 

Name 

3-(4-(4-Fluorophenoxy)phenyl)-2-methyl-
5,6,7 ,8-tetrahydroquinolin-4(1 H)-one 

2-Methyl-3-(4-(4-
(trifluoromethyl)phenoxy )phenyl)-5,6,7 ,8-
tetrahydroquinolin-4(1 H)-one 

3-(4-(3-Chlorophenoxy)phenyl)-2-methyl-
5,6,7 ,8-tetrahydroquinolin-4(1 H)-one 

3-(4-(3-Fluorophenoxy)phenyl)-2-methyl-
5,6,7 ,8-tetrahydroquinolin-4(1 H)-one 

1,2-dimethyl-3-(4-(4-
(trifluoromethoxy )phenoxy )phenyl)-
5, 6, 7 ,8-tetrahydroquinolin-4-one 

3-(4-(3,4-Dichlorophenoxy)phenyl)-2-
methyl-5,6,7,8-tetrahydroquinolin-4(1H)-
one 

3-(4-(3,4-Dichlorophenoxy)phenyl)-2-
methyl-5,6,7,8-tetrahydroquinolin-4(1H)-
one 

3- [ 4-(3-chloro-4-fluorophenoxy )pheny 1 ]-2-
methyl-5 ,6,7,8-tetrahydro-1 H-quinolin-4-
one 



ID 

AS034/ 
JAG148 

AS022 

JAG084 

JAG091 

JAG092 

JAG095 

JAG099 

41 
US 11,414,385 B2 

-continued 

Structure 

I I N 

OYCl 
# 

Cl 

lo~ 
Y'Cl Cl 

lo~ 
N (AOCF3 

42 

Name 

3-{ 4-[ (2,6-dichloropyridin-4-
yl)oxy ]phenyl }-2-methyl-5 ,6, 7,8-
tetrahydro-1 H-quinolin-4-one 

3-[4-(3,5-dichlorophenoxy)phenyl]-2-
methyl-5 ,6,7,8-tetrahydro-1 H-quinolin-
4(1H)-one 

3-(4-(3,4-Dichlorophenoxy)phenyl)-2-
methyl-5,6,7,8-tetrahydroquinolin-4(1H)
one 

3(4-(4-Trifluoromethoxyphenoxy)phenyl)-
2-( carboxylate )-5,6,7 ,8-tetrahydroquinolin-
4(1H)-one 

3-(6-(4-Trifluoromethoxyphenoxy)pyrdin-
3-yl) -2-methyl-5,6,7,8-tetrahydroquinolin
(4)-one 

3-( 4-Phenonxyphenyl)-1,2,3,4,5 ,6,7,8-
octahydroquinazoline-2,4,dione 

3(4-(4-Trifluoromethoxyphenoxy)phenyl)-
2-(methylhydroxy)-5,6,7 ,8-
tetrahydroquinolin-4(1 H)-one 



43 

ID Structure 

AS032 

JAGl00 

JAG106 

JAG107 

JAG121 

JA129 

I 
N 

JAG162 

US 11,414,385 B2 

-continued 

Name 

3-[ 4-(2H-1,3-benzodioxo 1-5-
yloxy )phenyl]-2-methyl-5 ,6, 7,8-
tetrahydro-1 H-quinolin-4-one 

44 

O"Q 6-Ethyl-3-(4-(4-
~ trifluoromethoxyphenoxy)phenyl)-2-

1 I methyl-5,6,7,8-tetrahydroquinolin-4(1H)-
.# one 

OCF3 

3(4-(4-Trifluoromethoxyphenoxy)phenyl)-
2,6-dimethyl-5,6,7,8-tetrahydroquinolin-
4(1H)-one 

3(4-(4-Trifluoromethoxyphenoxy)phenyl)-
2,7-dimethyl-5,6,7,8-tetrahydroquinolin-
4(1H)-one 

O"Q 7-Ethyl-2-methyl-3(4-(4-

1 I 

~ trifluoromethoxyphenoxy)phenyl)-5,6,7,8-
tetrahydroquinolin-4(1H)-one 

# OCF3 

3(4-(4-trifluoromethoxyphenoxy)phenyl)-
2-methyl-1,7-napthyrid-4(1 H)-one 

O"Q 7-Trifluromethyl-2-methyl-3(4-(4-
~ trifluoromethoxyphenoxy)phenyl)-5 ,6,7 ,8-

1 I tetrahydroquinolin-4(1H)-one 

# OCF3 

or a stereoisomer thereof, or a pharmaceutically accept- 60 

able salt thereof. 
techniques known to one skilled in the art. These techniques 
generally modify appropriate functional groups in a given 
compound. These modified functional groups however 
regenerate original functional groups by routine manipula
tion or in vivo. Prodrugs of compounds of the invention 
include compounds wherein an amino, hydroxy, carboxylic 
or a similar group is modified. Examples of prodrugs 
include, but are not limited to esters ( e.g., acetate, formate, 

In another aspect, the invention provides prodrugs of a 
compound of Formula (I). The term "prodrug" is intended to 
represent covalently bonded carriers, which are capable of 
releasing the active ingredient when the prodrug is admin- 65 

istered to a mammalian subject. Release of the active 
ingredient occurs in vivo. Prodrugs can be prepared by 
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and benzoate), carbamates (e.g., N,N-dimethylaminocarbo
nyl), amides (e.g., trifluoroacetylamino, acetylamino, and 
the like), and the like. A complete discussion of prodrugs is 
found in Huttunen, K. M. and Rautio J. Current Topics in 
Medicinal Chemistry, 2011, 11, 2265-2287 and Stella, V. J. 5 

et al. (2007). Prodrugs: Challenges and Awards Part l. New 
York: Springer. The disclosure of both references is herein 
incorporated by reference in its entirety. 

In some embodiments, the prodrug of a compound of 
Formula (I) has the structure of Formula (I-p ): 

(1-p) 

10 

15 

46 
ring A, Y1, Y2

, R, R2
, R3 and n are as described above; 

R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, -C(O)OR or ----CH2 0P; and 

P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (Ic-p ): 

p'-... 
0 

(lc-p) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
20 salt thereof, wherein 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

ring A, Y1, Y2
, xi, X2

, X3
, X4

, X5
, R, R3 and n are as 25 

described above; 
R2 is hydrogen, Ci_3alkyl, Ci_3 haloalkyl, ----CH2 0H, 

----CH2 0R, ----C(O)OR or ----CH2 0P; and 
P is ----C(O)OR', ----C(O)R', -C(O)NR'2 or -OP(O) 

(OR')OR', wherein each R' is independently hydrogen 30 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (Ia-p ): 

(la-p) 
35 

ring A, yi, Y2
, R and R3 are as described above; and 

P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (II-p ): 

(11-p) 

p"- ,:::,xiyx3D 
I I -(R3)n 

:::::,,.. 2 # 
X 

u 
N R2 

or a stereoisomer thereof, or a pharmaceutically acceptable 

40 
salt thereof, wherein 

ring A, xi, X2
, X3

, R, R2
, R3 andnare as described above; 

R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, -C(O)OR or ----CH2 0P; and 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 45 

P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

ring A, Y1, Y2
, X1, X2

, X3
, R, R2

, R3 and n are as 
described above; 

In some embodiments, the prodrug is a compound of 
Formula (IIa-p): 

R2 is hydrogen, Ci_3alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, ----C(O)OR or ----CH2 0P; and 

P is ----C(O)OR', ----C(O)R', -C(O)NR'2 or -OP(O) 50 

(OR')OR', wherein each R' is independently hydrogen 
(Ila-p) 

or Ci_3alkyl. 
In some embodiments, the prodrug is a compound of 

Formula (Ib-p ): 

(Ib-p) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

55 

60 or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

X1, X2
, X3

, R, R2
, R3 and n are as described above; 

R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, -C(O)OR or ----CH2 0P; and 

65 P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 
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In some embodiments, the prodrug is a compound of 
Formula (IIa-1-p): 

(Ila-1-p) 5 
P......._ 

0 

10 

or a stereoisomer thereof, or a pharmaceutically acceptable 15 

salt thereof, wherein 

R, R2
, R3 and n are as described above; 

R2 is hydrogen, Ci_3alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, ----C(O)OR or ----CH2 0P; and 

P is ----C(O)OR', ----C(O)R', -C(O)NR'2 or -OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

20 

In some embodiments, the prodrug is a compound of 25 

Formula (IIa-2-p ): 

P......._ 
0 

(Ila-2-p) 

30 

(IIl-p) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

ring A, xi, X2
, X3

, R, R2
, R3 andnare as described above; 

R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, -C(O)OR or ----CH2 0P; and 

P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (IIIa-p ): 

(Illa-p) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
35 salt thereof, wherein 

or a stereoisomer thereof, or a pharmaceutically acceptable 40 

salt thereof, wherein 

P is ----C(O)OR', ----C(O)R', -C(O)NR'2 or -OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

45 
In some embodiments, the prodrug is a compound of 

Formula (IIa-3-p ): 

(Ila-3-p) 50 

55 

or a stereoisomer thereof, or a pharmaceutically acceptable 60 

salt thereof, wherein 

P is ----C(O)OR', ----C(O)R', -C(O)NR'2 or -OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (III-p): 

65 

Y3
, xi, X2

, X3
, R, R2

, R3
, R4 and n are as described 

above; 
R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 

----CH2 0R, -C(O)OR or ----CH2 0P; and 
P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 

(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (IIIb-p ): 

(Illb-p) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

X1, X2
, X3

, R, R2
, R3

, R4 and n are as described above; 

R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, -C(O)OR or ----CH2 0P; and 

P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (IIIb-1-p): 
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P-......._ 
0 

49 

(Illb-1-p) 

10 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

X3
, R, R2

, R3
, R4 and n are as described above; 

R2 is hydrogen, Ci_3alkyl, Ci_3haloalkyl, ----CH2 0R, 
15 

----C(O)OR or -CH20P; and 
P is ----C(O)OR', ----C(O)R', -C(O)NR'2 or -OP(O) 

(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
20 

Formula (IIIc-p ): 

(Illc-p) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

X1, X2
, X3

, R, R2
, R3

, R4
, Rs and n are as described 

above; 
R2 is hydrogen, Ci_3alkyl, Ci_3 haloalkyl, ----CH2 0H, 

----CH2 0R, ----C(O)OR or ----CH2 0P; and 

25 

30 

35 

P is ----C(O)OR', ----C(O)R', -C(O)NR'2 or -OP(O) 40 

(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (IIIc-1-p ): 

P-......._ 
0 

(Illc-1-p) 

45 

50 

50 

(IV-p) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

ring A, Y1, Y2
, X1, X2

, X3
, xs, R, R2

, R3 and n are as 
described above; 

R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, -C(O)OR or ----CH2 0P; and 

P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (IVa-p ): 

(!Va-p) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

ring A, xi, X2
, R, R2

, R3 and n are as described above; 
R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 

----CH2 0R, -C(O)OR or ----CH2 0P; and 
P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 

(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (IVb-p ): 

P-......._ 
0 

(!Vb-p) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
55 salt thereof, wherein 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, wherein 

X3
, R, R2

, R3, R4
, Rs and n are as described above; 

R2 is hydrogen, Ci_3alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, ----C(O)OR or ----CH2 0P; and 

P is ----C(O)OR', ----C(O)R', -C(O)NR'2 or -OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the prodrug is a compound of 
Formula (IV-p ): 

60 

xi, X2
, X3

, R, R2
, R3 and n are as described above; 

R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 
----CH2 0R, -C(O)OR or ----CH2 0P; and 

P is ----C(O)OR', -C(O)R', -C(O)NR'2 or ---OP(O) 
(OR')OR', wherein each R' is independently hydrogen 
or Ci_3alkyl. 

In some embodiments, the compound is of any of For
mulae (I-p ), (Ia-p ), (Ib-p ), (Ic-p ), (II-p ), (Ia-p ), (IIa-1-p ), 
(IIa-2-p), (IIa-3-p), (III-p), (IIIa-p), (IIIb-p), (IIIb-1-p), (IIIc-

65 p ), (IIIc-1-p), (IV-p ), (Iva-p) or (IVb-p ), and X1, X2
, X3

, R1, 
R2

, R3 and n are selected from any combination of groups 
(la)-(81). 
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In some embodiments, the compound 1s of Formulae 
(I-p), (Ia-p), (Ib-p), (Ic-p), (II-p), (Ia-p), (IIa-1-p). (IIa-2-p), 
(IIa-3-p ), (III-p ), (IIIa-p ), (IIIb-p ), (IIIb-1-p ), (IIIc-p ), (IIIc-
1-p ), (IV-p), (Iva-p) or (IVb-p), X1, X2

, X3
, R1, R2

, R3 and 
n are selected from any combination of groups (1 a )-(81), and 5 

Pis -C(O)2R'. 
In some embodiments, the compound is of Formulae 

(I-p), (Ia-p), (Ib-p), (Ic-p), (II-p), (Ia-p), (IIa-1-p), (IIa-2-p), 
(IIa-3-p ), (III-p ), (IIIa-p ), (IIIb-p ), (IIIb-1-p ), (IIIc-p ), (IIIc-
1-p ), (IV-p), (Iva-p) or (IVb-p), X1, X2

, X3
, R, R2

, R3 andn 10 

are selected from any combination of groups (la)-(81), and 
Pis -C(O)R'. 

In some embodiments, the compound is of Formulae 
(I-p), (Ia-p), (Ib-p). (Ic-p), (II-p), (Ia-p), (IIa-1-p). (IIa-2-p), 
(IIa-3-p), (III-p), (IIIa-p), (IIIb-p), (IIIb-1-p), (IIIc-p), (Ille- 15 

1-p), (IV-p), (Iva-p) or (IVb-p), X 1
, X2

, X3
, R, R2

, R3 andn 
are selected from any combination of groups (la)-(81), and 
Pis -C(O)NR'2 . 

In some embodiments, the compound is of Formulae 
(I-p), (Ia-p), (Ib-p), (Ic-p), (II-p), (Ia-p), (IIa-1-p), (IIa-2-p), 20 

(IIa-3-p ), (III-p ), (IIIa-p ), (IIIb-p ), (IIIb-1-p ), (IIIc-p ), (IIIc-
1-p ), (IV-p), (Iva-p) or (IVb-p), X1, X2

, X3
, R, R2

, R3 andn 
are selected from any combination of groups (la)-(81), and 
Pis -OP(O)(OR')OR'. 

In another aspect, the invention provides a pharmaceutical 25 

composition comprising a compound of Formula (I-p) and a 
pharmaceutically acceptable diluent, excipient, or carrier. 

In some embodiments, the pharmaceutical composition is 
a combination comprising a compound of Formula (I), an 
8-Aminoquinoline drug and a pharmaceutically acceptable 30 

diluent, excipient, or carrier. 
In some embodiments, the pharmaceutical composition is 

52 
Plasmodiumfalciparum infection. In some embodiments of 
the method, the infection comprises an infection in the 
subject's brain and/or the subject's eye. In some embodi-
ments of the method, the compound is a prodrug of Formula 
(I-p). In some embodiments of the method, the 8-Amino
quinoline drug is tafenoquine. 

In some embodiments of the method, the subject is 
immune compromised. In some embodiments of the 
method, the subject is immune compromised due to cancer/ 
cancer treatment, autoimmune disease, and/or AIDS. In 
some embodiments of the method, the subject has malaria, 
and the treating comprises reducing severity of one or more 
symptoms of malaria, and/or reducing recurrence of symp-
toms of malaria. In some embodiments of the method, the 
subject has toxoplasmosis, and the treating comprises reduc
ing severity of one or more symptoms of toxoplasmosis, 
and/or reducing recurrence of symptoms of toxoplasmosis. 
In some embodiments of the method, the treating comprises 
reducing parasitic load in the subject. In some embodiments 
of the method, the treating comprises reducing the bra-
dyzoite form and/or the tachyzoite form of the parasite in the 
subject. In some embodiments of the method, the method 
further comprises administering to the subject one or more 
additional compounds in an amount effective to treat the 
infection. In some embodiments of the method, the one or 
more additional compounds are selected from the group 
consisting of pyrimethamine, sulfadiazine, cycloguanil, 
inhibitors of kcalcium kinases or dense granules or vacuolar 
atpases, atovoquone, and bulky cytochrome Qi inhibitors, 
itraconazole and other inhibitors of T. gondii. 

In another aspect, the invention provides a method for 
monitoring treatment of an apicomplexan parasitic infection 
(including but not limited to any of the treatments of claims 

a combination comprising a compound of Formula (I), 
tafenoquine and a pharmaceutically acceptable diluent, 
excipient, or carrier. 

In some embodiments, the pharmaceutical composition is 
a combination comprising a compound of Formula (I-p), an 
8-Aminoquinoline drug and a pharmaceutically acceptable 
diluent, excipient, or carrier. 

35 23-33), comprising monitoring expression, protein in serum 
or plasma, and/or activity of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 
all of the markers listed in Table and figures in Example 
8/FIG. 8 in the Appendix in a subject (such as a human 
subject) being treated for an apicomplexan parasitic infec-

In some embodiments, the pharmaceutical composition is 
a combination comprising a compound of Formula (I-p), 
tafenoquine and a pharmaceutically acceptable diluent, 
excipient, or carrier. 

40 tion, wherein a decrease or increase in expression and/or 
presence and/or activity of the one or more markers indi
cates that the treatment is effective. 

In another aspect, the invention provides a pharmaceutical 
composition comprising a compound of claim Formula (I) 
and a pharmaceutically acceptable diluent, excipient, or 
carrier. In another aspect, the invention provides a method 
for treating an apicomplexan parasitic infection, comprising 
administering to a subject (such as a human subject) in need 
thereof an amount effective to treat the infection of the 
compound of Formula (I) or a pharmaceutical composition 
comprising a compound of Formula (I). In some embodi
ments of the method, the infection comprises a Toxoplasma 
gondii infection and/or a Plasmodium falciparum infection. 

In some embodiments of the method, the infection is a T. 
gondii infection. In some embodiments of the method, the 

45 infection is in the subject's brain or other neurologic tissue. 

Definitions 

Terms used herein may be preceded and/or followed by a 
50 single dash, "-", or a double dash, "=", to indicate the 

bond order of the bond between the named substituent and 

In some embodiments of the method, the infection com- 55 

prises an infection in the subject's brain and/or the subject's 
eye. In some embodiments of the method, the compound is 
a prodrug of Formula (I-p ). 

its parent moiety; a single dash indicates a single bond and 
a double dash indicates a double bond or a pair of single 
bonds in the case of a spiro-substituent. In the absence of a 
single or double dash it is understood that a single bond is 
formed between the substituent and its parent moiety; fur-
ther, substituents are intended to be read "left to right" unless 
a dash indicates otherwise. For example, alkyl, alkyl-, and 
-alkyl indicate the same functionality. 

Further, certain terms herein may be used as both mon-
ovalent and divalent linking radicals as would be familiar to 
those skilled in the art, and by their presentation linking 
between two other moieties. For example, an alkyl group 
can be both a monovalent radical or divalent radical; in the 

In another aspect, the invention provides a method for 
treating an apicomplexan parasitic infection, comprising 60 

administering to a subject (such as a human subject) in need 
thereof an amount effective to treat the infection of a 
combination comprising a compound of Formula (I) and a 
8-Aminoquinoline drug or a pharmaceutical composition 
comprising a compound of Formula (I) and a 8-Aminoqui
noline drug. In some embodiments of the method, the 
infection comprises a Toxoplasma gondii infection and/or a 

65 latter case, it would be apparent to one skilled in the art that 
an additional hydrogen atom is removed from a monovalent 
alkyl radical to provide a suitable divalent moiety. 
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The term "alkoxy" as used herein, means an alkyl group, 
as defined herein, appended to the parent molecular moiety 
through an oxygen atom. Representative examples of alkoxy 
include, but are not limited to, methoxy, ethoxy, propoxy, 
2-propoxy, butoxy, tert-butoxy, pentyloxy, and hexyloxy. 

The term "alkyl" as used herein, means a straight or 
branched chain hydrocarbon containing from 1 to 10 carbon 
atoms, unless otherwise specified. Representative examples 
of alkyl include, but are not limited to, methyl, ethyl, 
n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl, 
n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methylhexyl, 2,2-
dimethylpentyl, 2,3-dimethylpentyl, n-heptyl, n-octyl, 
n-nonyl, and n-decyl. When an "alkyl" group is a linking 
group between two other moieties, then it may also be a 
straight or branched chain; examples include, but are not 
limited to ----CH2-, ----CH2 CH2-, ----CH2 CH2CHC 
(CH3)-, ----CH2 CH(CH2 CH3)CH2-. 

The terms "cyano" and "nitrile" as used herein, mean a 
-CN group. 

"Cycloalkenyl" as used herein refers to a monocyclic or 
a bicyclic cycloalkenyl ring system. Monocyclic ring sys
tems are cyclic hydrocarbon groups containing from 3 to 8 
carbon atoms, where such groups are unsaturated (i.e., 
containing at least one annular carbon-carbon double bond), 
but not aromatic. Examples of monocyclic ring systems 
include cyclopentenyl and cyclohexenyl. Bicyclic cycloalk
enyl rings are bridged monocyclic rings or a fused bicyclic 
rings. Bridged monocyclic rings contain a monocyclic 
cycloalkenyl ring where two non-adjacent carbon atoms of 
the monocyclic ring are linked by an alkylene bridge of 
between one and three additional carbon atoms (i.e., a 
bridging group of the form -(CH2)w-, where w is 1, 2, or 

54 
eroaryl fused to a phenyl, a monocyclic cycloalkyl, a 
monocyclic cycloalkenyl, a monocyclic heterocyclyl, or a 
monocyclic heteroaryl. The fused cycloalkyl or heterocyclyl 
portion of the bicyclic heteroaryl group is optionally sub-

5 stituted with one or two groups which are independently oxo 
or thia. When the bicyclic heteroaryl contains a fused 
cycloalkyl, cycloalkenyl, or heterocyclyl ring, then the bicy
clic heteroaryl group is connected to the parent molecular 
moiety through any carbon or nitrogen atom contained 

10 within the monocyclic heteroaryl portion of the bicyclic ring 
system. When the bicyclic heteroaryl is a monocyclic het
eroaryl fused to a phenyl ring or a monocyclic heteroaryl, 
then the bicyclic heteroaryl group is connected to the parent 
molecular moiety through any carbon atom or nitrogen atom 

15 within the bicyclic ring system. Representative examples of 
bicyclic heteroaryl include, but are not limited to, benzimi
dazolyl, benzofuranyl, benzothienyl, benzoxadiazolyl, ben
zoxathiadiazolyl, benzothiazolyl, cinnolinyl, 5,6-dihydro
quinolin-2-yl, 5,6-dihydroisoquinolin-1-yl, furopyridinyl, 

20 indazolyl, indolyl, isoquinolinyl, naphthyridinyl, quinolinyl, 
purinyl, 5,6,7,8-tetrahydroquinolin-2-yl, 5,6,7,8-tetrahydro
quinolin-3-yl, 5,6,7,8-tetrahydroquinolin-4-yl, 5,6,7,8-tetra
hydroisoquinolin-1-yl, thienopyridinyl, 4,5,6,7-tetrahyd
robenzo[ c][l,2,5]oxadiazolyl, and 6,7-dihydrobenzo[ c][l,2, 

25 5]oxadiazol-4(5H)-onyl. In certain embodiments, the fused 
bicyclic heteroaryl is a 5 or 6 membered monocyclic het
eroaryl ring fused to either a phenyl ring, a 5 or 6 membered 
monocyclic cycloalkyl, a 5 or 6 membered monocyclic 
cycloalkenyl, a 5 or 6 membered monocyclic heterocyclyl, 

30 or a 5 or 6 membered monocyclic heteroaryl, wherein the 
fused cycloalkyl, cycloalkenyl, and heterocyclyl groups are 
optionally substituted with one or two groups which are 
independently oxo or thia. 3). Representative examples of bicyclic cycloalkenyls 

include, but are not limited to, norbomenyl and bicyclo 
[2.2.2]oct-2-enyl. Fused bicyclic cycloalkenyl ring systems 
contain a monocyclic cycloalkenyl ring fused to either a 
phenyl, a monocyclic cycloalkyl, a monocyclic cycloalk
enyl, a monocyclic heterocyclyl, or a monocyclic heteroaryl. 
The bridged or fused bicyclic cycloalkenyl is attached to the 
parent molecular moiety through any carbon atom contained 40 

within the monocyclic cycloalkenyl ring. Cycloalkenyl 
groups are optionally substituted with one or two groups 
which are independently oxo or thia. 

The term "hydroxy" as used herein, means an --OH 
35 group. 

The term "nitro" as used herein, means a -NO2 group. 
The term "oxo" as used herein means a =0 group. 
The term "saturated" as used herein means the referenced 

chemical structure does not contain any multiple carbon
carbon bonds. For example, a saturated cycloalkyl group as 
defined herein includes cyclohexyl, cyclopropyl, and the 
like. 

The term "thia" as used herein means a =S group. 
The term "unsaturated" as used herein means the refer-The term "halo" or "halogen" as used herein, means -Cl, 

-Br, -I or -F. 
The term "haloalkyl" as used herein, means at least one 

halogen, as defined herein, appended to the parent molecular 
moiety through an alkyl group, as defined herein. Repre
sentative examples ofhaloalkyl include, but are not limited 

45 enced chemical structure contains at least one multiple 
carbon-carbon bond, but is not aromatic. For example, a 
unsaturated cycloalkyl group as defined herein includes 
cyclohexenyl, cyclopentenyl, cyclohexadienyl, and the like. 

to, chloromethyl, 2-fluoroethyl, trifluoromethyl, pentafluo- 50 

methyl, and 2-chloro-3-fluoropentyl. 
The term "heteroaryl," as used herein, means a monocy

clic heteroaryl or a bicyclic ring system containing at least 
one heteroaromatic ring. The monocyclic heteroaryl can be 
a 5 or 6 membered ring. The 5 membered ring consists of 55 

two double bonds and one, two, three or four nitrogen atoms 
and optionally one oxygen or sulfur atom. The 6 membered 
ring consists of three double bonds and one, two, three or 
four nitrogen atoms. The 5 or 6 membered heteroaryl is 
connected to the parent molecular moiety through any 60 

carbon atom or any nitrogen atom contained within the 
heteroaryl. Representative examples of monocyclic het
eroaryl include, but are not limited to, fury!, imidazolyl, 
isoxazolyl, isothiazolyl, oxadiazolyl, oxazolyl, pyridinyl, 
pyridazinyl, pyrimidinyl, pyrazinyl, pyrazolyl, pyrrolyl, tet- 65 

razolyl, thiadiazolyl, thiazolyl, thienyl, triazolyl, and triazi
nyl. The bicyclic heteroaryl consists of a monocyclic het-

As used herein, the term "cell" is meant to refer to a cell 
that is in vitro, ex vivo or in vivo. In some embodiments, an 
ex vivo cell can be part of a tissue sample excised from an 
organism such as a mammal. In some embodiments, an in 
vitro cell can be a cell in a cell culture. In some embodi
ments, an in vivo cell is a cell living in an organism such as 
a mammal. 
As used herein, the term "contacting" refers to the bringing 
together of indicated moieties in an in vitro system or an in 
vivo system. For example, "contacting" a parasite with a 
compound includes the administration of a compound 
described herein to an individual or patient, such as a human, 
infected with the parasite, as well as, for example, introduc-
ing a compound into a sample containing a cellular or 
purified preparation containing the parasite. 

In another aspect, the invention provides methods for 
monitoring T. gondii infection in a subject, comprising 
monitoring levels in a blood sample from the subject of one 
or more markers selected from the group consisting of 
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In one embodiment, the T. gondii infection involves 
neuronal damage and/or retinal damage in the subject. For 
example, the T. gondii infection may involve neuronal 
damage selected from the group consisting of neurodegen-

clusterin, oxytocin, PGLYRP2 (N-acetylmuramoyl-L-ala
nine amidase ), Apolipoprotein Al ( apoAl ), miR-17-92, and 
miR-124, wherein a change in levels of the one or more 
circulating markers compared to control correlates with T. 
gondii infection in the subject. The inventors have discov
ered these specific markers of active T. gondii infection, as 
described in the examples that follow. 

5 eration and/or seizures. 

The blood sample can be whole blood, serum, blood 
plasma, or any other suitable blood sample in which circu
lating IgG from a person with toxoplasmosis may be present. 
For example, the blood sample may be a plasma sample. As 
used herein, a "plasma sample" means blood plasma, the 
liquid component of blood, and is prepared, for example, by 
centrifugation of whole blood to remove blood cells. As used 
herein, a plasma sample also includes a blood serum sample, 
in which blood clotting factors have been removed. 

In another aspect, the invention provides methods for 
treating a T. gondii infection, comprising administering to a 
subject with a T. gondii infection an amount effective to treat 
the infection of ApoAl. As shown in the examples that 

10 follow, a reduction in apoAl closely correlates with active 
T. gondii infection. The apoAl may be administered as a 
protein therapeutic, or may be administered in an expression 
construct (such as a recombinant viral vector, etc.) that 

15 
expresses apoAl (i.e.: gene therapy). 

Any suitable control can be used, including but not 
limited to a reference value obtained from one or more 
subjects that either do not have a T. gondii infection, or that 
are known to have a T. gondii infection, a previous blood 20 

sample obtained from the same subject, or any other suitable 
control. It is well within the level of those of skill in the art 
to determine an appropriate control for an intended use in 
light of the teachings herein. The change in level from 
control that correlates with T. gondii infection in the subject 25 

may be a difference of 10%, 25%, 50%, 100%, or more. In 
one embodiment, the difference is a statistically significant 
increase as judged by standard statistical analysis. 

The level (e.g., quantity or amount) of a particular bio
marker can be measured in the blood sample using a variety 30 

of methods known to those of skill in the art. Such methods 
include, but are not limited to, flow cytometry, ELISA using 
red blood cell, platelet, or white blood cell lysates ( e.g., 
lymphocyte lysates), and radioimmunoassay. 

In one embodiment, the method is used to monitor effect 35 

on the subject of a therapy for T. gondii infection. In this 
embodiment, the subject is receiving therapy for a T. gondii 
infection, and the methods permit attending medical person
nel to assess efficacy of the therapy. In this embodiment, the 
blood sample test may, for example, be carried out periodi- 40 

cally over time during the course of therapy. In another 
embodiment, the method is used to diagnose whether the 
subject is suffering from a T. gondii infection. In this 
embodiment, the subject is suspected of suffering from a T. 
gondii infection based on the presence of one or more 45 

symptoms, and the methods can be used to assist in provid
ing a more definitive diagnostic, along with all other factors 
to be considered by an attending physician. 

In various embodiments of these methods: 

In one embodiment, the subject to be treated has a 
decreased level of serum ApoAl compared to control. 

UniProtKB-P02647 (APOAl_HUMAN) 
(SEQ ID NO, 4) 

MKAAVLTLAV LFLTGSQARH FWQQDEPPQS PWDRVKDLAT 

VYVDVLKDSG RDYVSQFEGS ALGKQLNLKL LDNWDSVTST 

FSKLREQLGP VTQEFWDNLE KETEGLRQEM SKDLEEVKAK 

VQPYLDDFQK KWQEEMELYR QKVEPLRAEL QEGARQKLHE 

LQEKLSPLGE EMRDRARAHV DALRTHLAPY SDELRQRLAA 

RLEALKENGG ARLAEYHAKA TEHLSTLSEK AKPALEDLRQ 

GLLPVLESFK VSFLSALEEY TKKLNTQ. 

As used herein, the term "individual" or "patient," or 
"subject" used interchangeably, refers to any animal, includ
ing manimals, preferably mice, rats, other rodents, rabbits, 
dogs, cats, swine, cattle, sheep, horses, or primates, and most 
preferably humans. 

As used herein, the phrase "amount effective", "therapeu
tically effective amount" or "effective to treat" refers to the 
amount of active compound or pharmaceutical agent that 
elicits the biological or medicinal response that is being 
sought in a tissue, system, animal, individual or human by 
a researcher, veterinarian, medical doctor or other clinician. 

In certain embodiments, a therapeutically effective 
amount can be an amount suitable for (1) preventing the 
disease; for example, preventing a disease, condition or 
disorder in an individual who may be predisposed to the 
disease, condition or disorder but does not yet experience or 
display the pathology or symptomatology of the disease; 

(a) an increase in level of one or more of clusterin, oxytocin, 
miR-17-92, or miR-124 compared to control correlates with 
active T. gondii infection; and/or 
(b) a decrease in level of one or more of PGLYRP2 or 
ApoAl compared to control correlates with active T. gondii 
infection. 

50 (2) inhibiting the disease; for example, inhibiting a disease, 
condition or disorder in an individual who is experiencing or 
displaying the pathology or symptomatology of the disease, 
condition or disorder; or 

55 

In further embodiments of these methods: 

(3) ameliorating the disease; for example, ameliorating a 
disease, condition or disorder in an individual who is expe-
riencing or displaying the pathology or symptomatology of 
the disease, condition or disorder (i.e., reversing the pathol
ogy and/or symptomatology) such as decreasing the severity 

(a) a decrease in level of one or more of clusterin, 
oxytocin, miR-17-92, or miR-124 compared to a level of the 
one or more markers in a serum sample obtained from the 
subject at an earlier time point correlates with a positive 
effect of the therapy in treating active T. gondii infection; 
and/or 

60 of disease. 

(b) an increase in level of one or more of PGLYRP2 or 
ApoAl compared to a level of the one or more markers in 
a serum sample obtained from the subject at an earlier time 65 

point correlates with a positive effect of the therapy m 
treating correlates with active T. gondii infection. 

As used here, the terms "treatment" and "treating" means 
(i) ameliorating the referenced disease state, for example, 
ameliorating a disease, condition or disorder in an individual 
who is experiencing or displaying the pathology or symp
tomatology of the disease, condition or disorder (i.e., revers
ing or improving the pathology and/or symptomatology) 
such as decreasing the severity of disease; or (ii) eliciting the 
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referenced biological effect (e.g., reducing parasitic load or 
adverse effects the parasite is causing in the human it 
infects). 

58 
ocular, gestational and congenital infections, in just the U.S. 
and Brazil, exceed $5 billion per year. Improved medicines 
are needed urgently. Molecular targets shared by T. gondii 
and Plasmodia make re-purposing compounds a productive 

5 strategy. 
As used herein, the phrase "pharmaceutically acceptable 

salt" refers to both pharmaceutically acceptable acid and 
base addition salts and solvates. Such pharmaceutically 
acceptable salts include salts of acids such as hydrochloric, 
phosphoric, hydrobromic, sulfuric, sulfinic, formic, toluene
sulfonic, methanesulfonic, nitric, benzoic, citric, tartaric, 
maleic, hydroiodic, alkanoic such as acetic, HOOC- 10 

(CH2)n-COOH where n is 0-4, and the like. Non-toxic 
pharmaceutical base addition salts include salts of bases 
such as sodium, potassium, calcium, ammonium, and the 
like. Those skilled in the art will recognize a wide variety of 
non-toxic pharmaceutically acceptable addition salts. 

Example 1. New Paradigms for Understanding and 
Step Changes in Treating Active and Chronic, 

Persistent Apicomplexan Infections 

Abstract 
Toxoplasma gondii, the most common parasitic infection 

of human brain and eye, persists across lifetimes, can 
progressively damage sight, and is currently incurable. New, 
curative medicines are needed urgently. Herein, we develop 
novel models to facilitate drug development: EGS strain T. 
gondii forms cysts in vitro that induce oocysts in cats, the 
gold standard criterion for cysts. These cysts highly express 
cytochrome b. Using these models, we envisioned, and then 
created, novel 4-(lH)-quinolone scaffolds that target the 
cytochrome bc 1 complex Q, site, of which, a substituted 
5,6,7,8-tetrahydroquinolin-4-one inhibits active infection 
(IC50, 30 nM) and cysts (IC50, 4 µM) in vitro, and in vivo 
(25 mg/kg), and drug resistant Plasmodium falciparum 
(IC50, <30 nM), with clinically relevant synergy. Mutant 
yeast and co-crystallographic studies demonstrate binding to 
the bc 1 complex Q, site. Our results have direct impact on 
improving outcomes for those with toxoplasmosis, malaria, 
and -2 billion persons chronically infected with encysted 
bradyzoites. 

Critical flaws and limitations of available methods and 
models for developing medicines to cure T. gondii infections 
include lack of in vitro culture systems for cysts and 
scalable, easy to use animal models for screening com-
pounds. To address these challenges, we characterized the 
EGS parasite, isolated in 1994 from amniotic fluid of a 
congenitally infected Brazilian fetus24a, that form cyst-like 
structures in vitro25

. In our characterization of EGS in vitro, 
herein, we discovered that true cysts develop, making EGS 
especially useful for drug development. EGS parasites can 

15 infect zebrafish, and we have characterized this, as well as 
a fluorescent tachyzoite and cyst assay in this new model26

. 

Further, cytochrome bc1 expression is markedly increased in 
encysted EGS bradyzoites suggesting cytochrome be 1 might 
be a viable drug target for this life stage. This mitochondrial 

20 membrane bound protein complex cytochome bci, part of 
the electron transport chain responsible for generating 
ubiquinone for pyrimidine biosynthesis in Plasmodium, is 
the molecular target of the naphthoquinone, 
atovaquone27

-
52

. Partial efficacy, rapid emergence of drug 
25 resistance in malaria and toxoplasmosis limit clinical use

fulness of atovaquone. We present new 4-(lH)-quinolone 
scaffolds that target the Q, site of cytochrome bcl in api
complexan parasites. Our lead 5,6, 7,8-tetrahydroquinolin-4-
one compound, MJMl 70, is highly effective against api-

30 complexan parasites and has substantially enhanced 
solubility compared with other reported quinolones due to 
its' new scaffold. Direct visualisation in the crystallographic 
structure opens the way to design a new generation of 
compounds for both parasites. 

35 Results 
Characterization of EGS Strain Develops Novel In Vitro 
Models to Test Compounds. 

Genotyping and Phylogenetic Analysis of EGS: 
We isolated and sequenced genomic DNA from the 

40 EGS25 (25) parasite, which formed cysts when grown in 
human foreskin fibroblasts (HFF) in culture. Phylogenetic 
analysis based on 796,168 SNPs across 62 T. gondii 
genomes revealed that EGS is closely related to other 

Toxoplasma gondii infections can cause systemic symp
toms, damage and destroy tissues 1

-
10

, especially eye and 
brain1

-
10 and cause fatalitiess1

-
20

. Primary infections may be 
asymptomatic, or cause fever, headache, malaise, lymph
adenopathy, and rarely meningoencephalitis, myocarditis, or 45 

pericarditis9
•
11

•
12

. Retinochoroiditis and retinal scars 
develop in up to 30% of infected persons 1

•
7

•
13

, and epilepsy 
may occur6

•
14

. In immune-compromised and congenitally 
infected persons, active infection frequently is harmfu11

-
10 

Recrudescence arises from incurable, dormant cysts 50 

throughout life6 .7•9
•
10

. In rodents, chronic infection alters 
fear, smell, reward pathways, neurotransmitters such as 
GABA and dopamine, and causes abnormal neurologic 
functions 15

. Although this parasite is present in the brains of 
2-3 billion persons worldwide, consequences are unknown. 55 

Neurobehavioral abnormalities and differences in serum 

Brazilian strains including TgCatBrl, TgCatBr18 and 
TgCatBr25 and ancient South American MAS. All these 
grouped to clade B, haplogroup 4 and 8. Full genome 
sequence analysis of EGS compared with canonical and 
geographically closely related parasite genomic sequences 
reveal a non-synonymous mutation and disordered c termi
nal sequence in Apetela 2 (AP2) IV-iv, a bradyzoite repres
sor. EGS differs from other isolates by non-synonymous 
SNPs in Apetela 2 IV-iv, M=>I (570) and a disordered area 
beginning at 821, GGNRPHYHVAKQEWRVRYYMN
GKRKMRTYSAKFY GYETAHTMAEDFAHYVDKHE 
(SEQ ID NO: 1). AP2 IV-iv is a member of the plant-like 
transcription factor family unique to apicomplexan para
sites. This AP2 represses tachyzoite to bradyyzoite conver
sion, 56 among other differences. Because AP2 IV-iv is a 
bradyzoite gene expression repressor5 6

, a mutation could 

cytokines, chemokines, and growth factors were associated 
with seropositivity in humans16

• 
17

. 

Current treatments against active T. gondii tachyzoites 
can have side effects such as hypersensitivity, kidney stones, 
and bone marrow suppression, limiting their use10

. Latent 
bradyzoites are not significantly affected by any medicines6

• 

Atovaquone partially, and transiently, limits cyst burden in 
mice18

, but resistance develops with clinical use19
-
24

- Thus, 

60 create a parasite like EGS that remains as an encysted 
bradyzoite. 

T. gondii infection is incurable with recrudescence from 65 

latent parasites posing a continual threat. Estimates of costs 
for available, suboptimal medicines to treat active, primary 

Phenotypes of EGS in Human Cells In Vitro, and in Cats and 
Mice: 

EGS in Human Foreskin Fibroblasts (HFF). 
In vitro, these EGS parasites form cysts that enlarge over 

-48-96 hours and then destroy monolayers as single cell 
organisms. This created novel, useful in vitro models. Cyst 
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walls are thick in electron micrographs (data not shown). 
Cyst-like structures' perimeters demonstrate dolichos, with 
bradyzoites within them staining with BAG 1 and nuclei with 
Dapi. Kinetic analysis ofEGS in HFF cultures, 2, 18, and 72 
hours after infection, RNA-seq and MiR-seq results dem- 5 

onstrated varied expression signatures over time in culture 
(FIG. 5) with expression ofbradyzoite markers by 18 hours 
and Apetela 2 signatures by 2 hours. 

EGS Transcripts Demonstrate Importance of 
Cytochromes and Key Apetela 2 Transcription Factors in 
this Life Cycle Stage. 

EGS transcripts in HHF, MM6, and NSC cells were 
enriched for genes transcribed in bradyzoites, including 
known bradyzoite transcripts, certain Apetela 2s and 
cytochrome b and other cytochromes (FIG. 7b-c). Among 
transcripts with the most increased fold change in EGS 
across all three cell lines were: cytochrome b; cytochrome c Cats Fed EGS in HFF Cultures or Mouse Brain Produce 

Oocysts. 
When HFF tissue cultures with these cyst structures were 

fed to cats, they developed the classic, gold standard bra
dyzoite phenotype of producing oocysts in two replicate 
experiments. All other T. gondii strains cultured for more 
than 30 passages, as EGS was since the 1990s, lose the 
ability to produce oocysts when fed to cats (JP Dubey, 
personal observations,). This experiment established that 
these were true bradyzoites in cysts formed in vitro under 
standard culture conditions. Oocysts also formed 10 days 
after feeding cats mouse brains infected with EGS stably 
transfected with tachyzoite SAG 1 promoter-driven mcherry, 
and bradyzoite BAG 1 promoter-driven green fluorescent 
protein (GFP), and merozoite promoter-driven blue fluores
cent protein, engineered to facilitate creation of automated, 
scalable in vitro and in vivo assays. In vitro, these promoters 
did not provide a fluorescence signal robust enough to detect 
differences between 2xl05 and 650 parasites useful in scal
able assays (data not shown). 

EGS is Virulent in Mice. 

10 oxidase subunit III subfamily protein; apocytochrome b; 
cytochrome b, putative; and cytochrome b (N-terminal)/b6/ 
petB subfamily protein. Other over-expressed genes include 
bradyzoite transcription factor AP2IX-9 and plant-like heat
shock protein BAGI (FIG. 7 a-c). 

15 Identifying Novel and Efficacious Compounds Against T. 
gondii Cytochrome bc1. 

Increased expression of cytochromes in EGS (FIG. 7c) 
made it pertinent to synthesize and test an endochin-like 
quinolone (ELQ) 271, which was previously reported to 

20 inhibit T. gondii cytochrome bc1 Q, site and reduce, but not 
eliminate, brain cyst numbers in mice27 . ELQ271 also 
inhibited EGS in vitro (FIG. 7d bottom) demonstrating that 
our in vitro model correlates with previously reported partial 
activity of ELQ271 against bradyzoites in cysts in mouse 

25 brain. Vivoporter-PMOs inhibiting cytochrome bc1 had a 
modest effect on tachyzoite replication and a small effect on 
size and number ofEGS cysts (FIG. 7dtop). Minimal effect 
might be related to limited entry of vivoporter into cysts or 
mitochondria. 

30 

When these EGS oocysts were fed to mice they produced 
disease indistinguishable from other virulent Brazilian 
strains. Oocysts given to mice per-orally created an illness 
and histopathology phenotypically characteristic for typical, 
virulent parasites causing dose related proliferation of T. 35 

gondii with necrosis in terminal ileum, pneumonia at 9-10 
days, with brain parasites by 17 days and dose-related 
mortality. 

ELQs have been a focus for drug development for malaria 
(ELQ 300) and toxoplasmosis (ELQ 271 and 316) as they 
were reported to be potent and selective (versus human 
cytochrome bc1) inhibitors of P.falciparum cytochrome bc1 
at nanomolar concentrations27 . ELQs are part of the 
4-(lH)-quinolone class of cytochrome bc1 
inhibitor36.42.4o.4s.49.s2.s3.s4.s6-62 and (Dogget et al, !3th 

International Toxoplasmosis Meeting Abstract. Gettysburg 
Pa., June 2015), a scaffold that suffers from limited aqueous 
solubility. Another aspect of inhibitor design for this system 
is minimizing the inhibition of mammalian cytochrome be 1, 
which shares -40% sequence identity to the T. gondii 

EGS has a Bradyzoite/Cyst Morphology and Alters the 
Transcriptomes of the Biologically Relevant Human Mono- 40 

cytic Cell Line MM6 and Human Primary Neuronal Stem 
Cells (NSC). ortholog within the Q substrate sites. Thus, we set out to 

design potent and selective inhibitors of T. gondii 
cytochrome bc1 with improved solubility (FIG. 8) compared 
to known quinolone-based inhibitors. Noting the previous 
work of GSK on the preclinical development of Clopidol 

Human cells particularly relevant to human toxoplasmo-
sis were infected with different strains of T. gondii to better 
characterize EGS parasites. Immunofluorescence staining of 45 

EGS-infected MM6 and NSC cultures revealed the <level-
opment of cysts (FIG. 6a) and accordingly, EGS gene 
expression resembled that ofbradyzoites when compared to 
equivalent infections done with GT!, ME49 or VEG strains. 
Interestingly, EGS transcription was influenced by host cell 
type (FIG. 6). Transcriptomics using host mRNA and miR 
profiling of EGS cultures in MM6, and NSC cells for 18 
hours demonstrated that this parasite modulates host tran
scripts involved in protein misfolding, neurodegeneration, 
endoplasmic reticulum stress, spliceosome alteration, ribo
some biogenesis, cell cycle, epilepsy, and brain cancer 
among others (FIG. 6). The number of genes significantly up 
or down regulated in MM6 and NSC cells compared to 
uninfected controls are depicted in FIG. 6. Overexpressed 
genes differ from those of GT!, ME49 and VEG tachyzoite
infected human NSC cells (FIG. 7 a), but modify the same or 
connected pathways (McLeod et al, unpublished observa
tions). Hsa-miR-708-5p was the most affected miRNA 
(down-modulated) by EGS (FIG. 6e; FIG. 2). miR-708-5p is 
a regulator that promotes apoptosis in neuronal and retinal 
cells, which could maintain a niche for EGS-like encysted 
bradyzoites to persist. 

derivatives which led to terminating studies secondary to 
toxicity in the rat models, as another serious deficiency63 and 
the incorporation of the diphenyl ether group onto the 

50 central 4-(lH)-quinolone core as reported by Riscoe et al.27
, 

we focused on the central core ring system. Doggett, Riscoe 
et al's27 ELQ 271 (FIG. 8) was reported to be ineffective 
against yeast with a mutation in the Q, site. Nonetheless, it 
recently was shown that ELQs can bind both Q, and Q

0 

55 depending on subtle chemical changes61-3. As a result of our 
initial efforts, a 5,6,7,8-tetrahydroquinolone (MJMl 70, 2) 
displayed promising results. (FIG. 8; Table 2). We chose 
ELQ271 for comparison because it had the greatest activity 
at the lowest dose ( 5 mg/kg) in the mouse model of Doggett 

60 despite the higher cytotoxicity toward human fibroblasts in 
the in vitro toxicity studies.27 

MJMl 70 is a potent inhibitor of T. gondii tachyzoites 
(RH-YFP strain, IC50 0.03 µM) and bradyzoites (EGS strain, 
IC50 4 µM), equipotent to ELQ271 (Table 2, FIG. 9). 

65 MJMl 70 showed 10-fold improved aqueous kinetic solu
bility (pH 7.4) over ELQ 271 (Table 2), 3-fold improved 
FaSSIF/FeSSIF (pH 6.5) solubility, with similar human 
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resistance of yeast and P. falciparum with known 
cytochrome b Q, mutations predicted to cause a steric clash 
with MJM170 (FIG. 11). Recently, we reported co-crystal 
structures of GSK's cytochrome bc 1 inhibitors bound to 

microsomal stability profiles (146 vs 172 minutes). A dif
ferent method from that in reference49 was used. MJMl 70 
has a significantly decreased mouse microsomal stability 
compared to ELQ 271 (20 vs >200 minutes). MJMl 70 was 
further evaluated with MDCK-MDRl cells (a measure of 
blood-brain barrier permeability) and results suggest that 
MJMl 70 could cross the blood brain barrier and not suffer 
from P-glycoprotein efflux These data highlight the potential 
of the 5,6, 7,8-tetrahydroquinolin-4-one scaffold for further 
hit-to-lead development. 

5 bovine cytochrome bc1 at the Q, site52 demonstrating that 
these pyridone inhibitors and other structurally related 
inhibitors bind to an alternative site to atovaquone on 
cytochrome bc1 . This structure allowed us to model 
MJMl 70 within the Q, site using the Maestro Suite from 
Schriidinger. This molecular modelling predicted steric 

TABLE 2 

Comparison of ELQ 271 and MJMl 70 in our biological assays: inbibition of 
apicomplexan parasites and ADME/Tox. ELQ 271 was syntbesised in-house. 

ELQ 271 MJM170 Compound 

Structure oc ff:10'0 
OCF3 I I 

N N 

Mal.Wt. 
T. gondii 
Tachyzoite IC50 

µM 
T. gondii 
Bradyzoite IC50 

µM 

H H 

411.4 

0.03 

331.4 

0.03 

4 

P. falciparum 
ICso µMa 

0.03 (D6) 0.09 (TM91C235) 0.10 
(W2) 0.13 (C2B) 

0.01 (D6) 0.03 (TM91C235) 0.03 
(W2) 0.01 (C2B) 

HFF Toxicity CC50 

µM 
Kinetic Solubility 
PBS pH 7.4 µMb 
FaSSIF Solubility 
pH 6.5 µMb 
Human 
microsomal 
stability Tl/2 
minsb 
Mouse 
microsomal 
stability Tl/2 
minsb 
MDCK-MDRl 
PappA-B 
x 106 cm/sb 
MDCK-MDRl 
Efflux Ratiob 

20 

0.15 

3.4 

171.9 

>200 

N.D. 

N.D. 

20 

1.97 

9.8 

146.3 

21.0 

32.1 

1.23 

aTbe D6 strain (Sierra Leone) is drug sensitive, the TM91C235 (Thailand) is multi-drug resistant, the W2 strain (Thailand) is 
chloroquine resistant, and the C2B strain is multi-drug resistant with pronounced resistance to atovaquone. 
b ADME carried out by ChemPartner Shanghai Ltd. N.D. not determined. Human and mouse microsomal stability differs as is known 
to occur for other compounds such as TMP/SMX. 

MJM 170 is Effective In Vivo Against Tachyzoites, and 
Modestly Against Bradyzoites in Cysts of Mice, and Devel
opment of a Scalable Zebrafish Assay. 

50 

MJM170 was highly efficacious against RH (FIG. 10a) 
and Prugniaud (FIG. 10b) strain tachyzoites in mice at 25 

55 
mg/kg without toxicity for 5 days (p<0.00), and modestly 
reduced numbers of Me49 strain cysts established >2 
months earlier when treated with 12.5-25 mg mg/kg for 17 
days (p<0.002) (FIG. 10c). In analysis of parallel histopa
thology, there was a similar trend (data not shown). Trans
lucent zebra fish can be infected with EGS, other T. gondii 60 

that make cysts, and RH YFP preparing for a novel model 
for scalable screening (FIG. 10d). 

Cytochrome bc 1 Q, is the Binding Site ofMJM170 which 

clashes in mutant yeast and P. falciparum cytochrome bc 1 

with MJMl 70 (FIG. lla ). 

Co-Crystallization of MJMl 70 with Bovine Cytochrome 
bc1 and Modelling of the T. gondii Enzyme Confirm the 
Target. 

Co-crystallization validates predictions made with mod
elling and confirmed using assays with S. cerevesiae mutants 
(FIG. lld). There was no steric clash for P. falciparum
model based upon this crystal structure, consistent with in 
vitro assays (FIGS. 11 ej). MJMl 70 was co-crystallized 
with bovine cytochrome bc1 and the resulting good quality 
electron density maps allowed for unambiguous placement 
of MJMl 70 within the Q, site (FIG. 11.1). The planar region is Potent Against Plasmodium falciparum and Yeast. Tetra

hydroquinolone Binds to the Q, Site of Cytochrome be 1 : 

Studies to determine whether cytochrome bc1 Q, is the 
molecular target of MJMl 70 initially included studies of 

65 of the quinolone group is held between heme b Hand Phe220 
and the additional ring further extends into the hydrophobic 
cavity at the apex of the binding site towards Pro24 and 
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Ile27. The carbonyl group of the compound is surrounded by 
Ser35, Asp228 and the carbonyl of Trp31, while its amine 
moiety lies between His201 and Ser205. The diphenyl ether 
group extends outwards towards the hydrophobic residues 
Ile39 and Ile42 and forms a stacking interaction with Phe18 
(FIG. 11.f). An example of a stereo electron density involving 
Ile118-Met129 and Phe183-Phe199 is shown in FIG. llg). 

Surrogate Assays Demonstrate Efficacy of Compounds, 
Providing Target Validation and Added Value as MJMl 70 is 
Effective Against Wild Type but not M221Q(F) Mutant 
Yeast. 

Mutants of S. cerevesiae were used to further confirm the 
molecular target of MJMl 70 (FIG. lld), and documented 
that the Q, domain in cytochrome b is essential for its 
efficacy. This approach provided insight into binding of 
compounds to the enzyme. Crystallographic structure of 
bovine cytochrome bc 1 with GSK93212l 52 indicates that 
certain amino acids are critical in tetrahydroquinolone bind
ing and explains why there is inhibition by certain com
pounds. Previous studies reported that no cross-resistance is 
observed between ELQs and atovaquone in P. falciparum. 
This is rationalised as atovaquone binds the Q

0 
site on 

cytochrome be 1 . A yeast M221 Q substitution within the Q, 
site displayed resistance to ELQ inhibition further confirm
ing that this to be the target site27

. MJMl 70 and ELQ271 
were effective against S. cerevisiae wild type parental 
ADl-9 strain at 1 mM, 100, 5 and 1 µM when grown on 
non-fermentable, glycerol medium forcing reliance on ATP 
production for respiration. Yeast strains with point mutations 
in the cytochrome b gene that substitute methionine by 
glutamine (M221Q) or phenylalanine (M221F) at position 
221 in the Q, site predicted to yield a steric clash upon 
inhibitor binding were resistant to MJMl 70 (FIG. lld). 

Tetrahydroquinolones are Potent Against Wild Type P. 
falciparum, and P. falciparum G33AN and Other Drug 
Resistant Mutants but not DHODH Mutant. 

MJMl 70 is highly effective against P. falciparum (Table 
2) including multiple strains resistant to available antimi
crobials and a cytochrome bc1 Q, mutant (FIG. 12). Resis
tance against transgenic P. falciparum yeast DHODH 
mutant strain indicates MJMl 70 affects mitochondria sug
gesting that the mode of action against P. falciparum is 
through inhibition of electron transport (FIG. 12a). 

Potentially Clinically Useful Combinations with Tetrahy
droquinolone Demonstrated in Synergy Studies. 

To determine whether there might be clinically relevant 
synergies and additive effects, combinations of MJMl 70 
with other clinically available and useful compounds also 
were tested. Earlier, we had found cycloguanil and related 
biguanide triazines64 were active against T. gondii 
tachyzoites and P. falciparum making it relevant to test them 
in combination with MJMl 70. We observed modest synergy 
in vitro for atovaquone, additive effect with cycloguanil, and 
antagonism with BRD6323, a Q, inhibitor for P. falciparum 
(FIG. 12b). Combining atovaquone with proguanil (active 
component cycloguanil) as MalaroneR for malaria provides 
an approach to reduce selection of drug resistant plasmo
dium mutants. 
Discussion 

The results presented here offer a molecular understand
ing and therapeutic strategies for one of the most common 
parasitic infections of human brain and eye, and that persists 
across lifetimes in around 2 billion people worldwide. We 
have developed new models to facilitate discovery of cura
tive treatments for toxoplasmosis. We have characterized the 
Brazilian T. gondii isolate called EGS that was known to be 
morphologically similar to encysted bradyzoites in tissue 

64 
culture. We further validate the cystic nature of these EGS 
infected cultures, since they are able to induce the intra
intestinal life cycle when fed to cats ultimately resulting in 
oocyst secretion. This is the first such description of this 

5 phenotype and provides definitive proof that this unique 
parasite has a true cyst phenotype when maintained in vitro. 
Our data also provide a number of other major conceptual 
advances on EGS by demonstrating the following: (i) 
Genome sequencing of this EGS isolate demonstrates that 

10 EGS has a typical Brazilian virulent genotype and phylog
eny, (ii) EGS is a haplogroup 4 T. gondii. Consistent with a 
genotype that is known to be pathogenic and virulent for 
mice, we demonstrate that EGS oocyst induced infection is 
similar to that of other virulent Brazilian parasites. For 

15 example, mice fed EGS oocysts demonstrated ilea! parasites 
causing necrosis, as well as pneumonitis, encephalitis and 
systemic infection leading to death. This indicates that the 
ability to form cysts in culture does not alter the pathoge
nicity of EGS in mice. However, potentially relevant to its 

20 in vitro bradyzoite phenotype, full genome sequencing 
revealed that it has nonsynonymous single nucleotide repeat 
sequence differences from other Brazilian and canonical 
U.S. and European parasites which do not share its in vitro 
bradyzoite phenotype. EGS has a non-synonymous mutation 

25 in a bradyzoite repressor, Apetela 2 (AP2) IV-iv, plant like 
transcription factor. AP2s interact with HATs and HDACs to 
modulate transcriptional signatures in apicomplexan para
sites55. This Apetela 2, plant-like transcription factor gene, 
AP2IV-4, represses bradyzoite genes during the tachyzoite 

30 cell cycle, thereby preventing commitment to the bradyzoite 
developmental pathway56 . If the observed substitution or 
disordered N terminus results in a defective or non-func
tional molecule, this could provide an explanation for the 
observed bradyzoite phenotype of EGS parasites. This is 

35 consistent with our findings that EGS in HFF forms cysts by 
24 hours, characterized by BAGI, and Dolichos staining at 
24, 48, and 96 hours after infection. These cysts gradually 
enlarge until 48-96 hrs in culture, when single T. gondii 
begin to destroy HFF monolayers. These are the cultures of 

40 bradyzoites in cysts that when fed to cats -48 hours after 
infection form oocysts which are virulent in mice, providing 
definitive proof of an in vitro bradyzoite phenotype for the 
EGS strain of T. gondii. 

The transcriptomic studies with this EGS isolate have 
45 provided critical insights into host cell mechanisms that are 

a prominent part of the ability of the encysted parasite to 
persist in this untreatable life cycle stage, and biologic 
consequences of such persistent infection. RNAseq and miR 
seq of EGS infected human host cells included human 

50 fibroblasts, monocytic and neuronal stem cells with this 
encysted EGS strain parasite. These provide an understand
ing of the types of perturbations of biologically relevant host 
cells this bradyzoite life cycle stage can cause, providing 
insights into unique aspects of pathogenesis of this infection 

55 with untreatable cysts and its consequences. We found that 
EGS modifies critical host cell pathways. For example we 
find in vitro modulations of host cell pathways in human, 
primary neuronal stem cells are the same as those associated 
with modulation of host cell replication as seen with malig-

60 nancies, and in neurodegenerative diseases. Further, it is 
noteworthy that the level of a microRNA that specifies 
apoptosis in eye and brain cells is markedly down modulated 
by this EGS bradyzoite which would inhibit host protective 
apoptotic mechanisms allowing parasites to persist in brain 

65 and eye without a critical protective mechanism. EGS, as an 
encysted bradyzoite, clearly alters biologic processes includ
ing cell cycle, cell death, alternative splicing, protein syn-
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thesis, protein folding and ubiquitination and down regulates 
hsa-miR-708-Sp that specifies apoptosis in neuronal and 
retinal cells 65

. 

RNA and MiR sequencing and transcriptomic analyses of 
the EGS parasites also identified molecular targets that are 5 

critical for the bradyzoite life cycle stage in the parasite as 
well. These molecular targets include cytochrome b, as 
critically increased in dormant, encysted parasites. 
Cytochrome b was increased along with known cyst con
stituents like enolase 1, Cyst wall protein, Lactate dehydro- 10 

genase 2, bradyzoite antigen 1, Apetela 2 plant like tran
scription factors not present in animals, such as AP2 IX-ix, 
and cytochrome oxidase. Our work provides a new means to 
identify stage specific molecular targets, and emphasizes 

15 
that cytochrome be 1 complex is a critical target. The 
transcriptome of EGS parasites in HFF over time are similar 
to those of in vivo bradyzoites in terms of known critical 
genes modified. Finally, EGS presents a much-needed assay 
for identifying novel molecular targets present in bra- 20 

dyzoites in vitro. EGS was also useful to evaluate the effect 
of inhibitors on encysted bradyzoites in vitro. 

Recent crystallographic studies with the bovine 
cytochrome bc 1 complex allowed us to rationally design a 
novel compound to target the Q, site of cytochrome b. Our 25 

novel compound was designed to address issues with poor 
solubility of existing quinolone/pyridone Q, inhibitors. One 
of these compounds MJMl 70, a substituted 5,6,7,8-tetrahy
droquinolin-4-one inhibits active infection (IC50 30 nM) and 
cysts (IC50 4 µM) in vitro, and in vivo (25 mg/kg). It is 30 

predicted to cross the blood brain barrier with no efflux as 
demonstrated in an in vitro MDRl-MDCK permeability 
assay (Table 2), indicating this class of compounds have 
promise for treatment of central nervous system infections. 

35 
When we tested MJMl 70 against wild type and multi-drug 
resistant P.falciparum, we found it was also potent (IC50<30 
nM against all strains). In combination studies, MJMl 70 
was identified as additive with cycloguanil and modestly 
synergistic with atovoquone. Studies of yeast and malaria 40 

mutants, as surrogate assays, and co-crystallography studies 
with bovine cytochrome bc1 confirm the mechanism of 
action/target for MJMl 70. The co-crystal structure of 
MJMl 70 in complex with bovine cytochrome bc 1 reveals a 
clear binding mode within the Q, site. Using homology 45 

models of the apicomplexan Qi sites, there are clear differ
ences between the binding sites of the apicomplexan and 
mammalian orthologs which can be used to fine-tune the 
selectivity of our scaffold towards apicomplexan be 1 . The 
larger binding pocket of the apicomplexan versus the mam- 50 

malian bc1 may provide a way forward to increase selectiv
ity. Our work provides a conceptual and a practical step 
change forward that provides a foundation for further testing 
and improvements to efficacy, toxicity, solubility, oral 
absorption, large animal toxicology that will be needed to 55 

reach the clinic. Our work reported herein not only provides 
new and important insights into the biology of T. gondii, 
especially the bradyzoite life cycle stage and the remarkable 
effects of this parasite on its human host's cells, but also 
provides critical molecular targets and new methods to 60 

identify others. Armed with this information, a novel scaf
fold with intrinsically higher solubility than the equivalent 
quinolone has been designed with holds promise towards 
developing a much-needed curative medicine for those with 
toxoplasmosis, malaria, and -2 billion persons chronically 65 

infected with presently incurable, encysted bradyzoites 
which persist and can recrudesce lifelong. 

66 
Methods 

All methods were carried out in accordance with 
approved guidelines set at the University of Leeds by the 
Education & Training Resources office and all experimental 
protocols were approved by the IRB committees; University 
of Chicago Institutional Animal Care and Use Committee 
(IACUC) and all experimental protocols were approved by 
the IRB committee; United States Department of Agriculture 
IA CUC and all experimental protocols were approved by the 
IRB committees; J Craig Venter Institute Research ethics 
committee; University of Liverpool UK Office for Research 
Integrity (UKRIO) and all experimental protocols were 
approved by the IRB committees; Harvard School of Public 
Health HMS IACUC and all experimental protocols were 
approved by the IRB committees; The Broad Institute 
IA CUC and all experimental protocols were approved by the 
IRB committees; Walter Reed Army Institute of Research 
Division of Human Subjects Protection (DHSP) and all 
experimental protocols were approved by the IRB commit
tees; Oregon State University IACUC and all experimental 
protocols were approved by the IRB committees; Institute 
for Systems Biology ethics committee; Albert Einstein Col
lege of Medicine IACUC and all experimental protocols 
were approved by the IRB committees; Strathclyde Univer
sity Ethics Committee (UEC) and all experimental protocols 
were approved by the IRB committees; Institute for Inte
grative Biology of the Cell IACUC and all experimental 
protocols were approved by the IRB committees, and the 
Centre national de la recherche scientifique IACUC and all 
experimental protocols were approved by the IRB commit
tees. 
Cells and Parasites for Work with T. gondii 

Cells: 
The cells utilized for T. gondii assays included human 

foreskin fibroblasts (HFF), Human MonoMac 6 cells 
(MM6), and Neuronal Stem cells (NSC) from a temporal 
lobe biopsy. 

Toxoplasma gondii. 
The strains of T. gondii utilized in this work were: 

RH-YFP Tachyzoites of the RH-YFP strain were passaged in 
human foreskin fibroblasts (HFF cells); EGS-Bradyzoite 
assays use the EGS strain, isolated from amniotic fluid of 
human with congenital toxoplasmosis; Other strains used 
are: Me49; Prugniaud; Beverly; Veg; GT!. All other than 
EGS are T. gondii tachyzoites. These parasites are passaged 
in HFF. 

Isolation of DNA and RNA. 
EGS single celled organisms were grown in Human 

Foreskin Fibroblasts, filtered free of host cells. gDNA was 
isolated and processed for sequencing as described. For 
isolation of RNA RIN scores were >8. 
Gene Sequencing, Genomics, RNA and MiR Sequencing, 
Systems Analysis, Metabolomics 

Genome Sequencing of T. gondii EGS Strain. 
A single Illumina paired-end barcoded library was pre

pared from tachyzoite gDNA with Illumina TrueSeq library 
preparation kit. The library was then sequenced using 100 bp 
pared-end reads in one ninth of a lane of an Illumina HiSeq 
2000 machine to generate -2 Gbp of genome sequence. 

Single Nucleotide Polymorphism (SNP) Identification 
and Annotation. 

Illumina genome sequencing reads from EGS or down
loaded from GenBank SRA database for GT! (SRRS 16419), 
VEG (SRR516406) and TgCatBrl (SRR350737) were 
aligned to the T. gondii ME49 reference genome assembly 
(ABPA02000000, ToxoDB release 13.0) with Bowtie2 and 
realigned around gaps using the GATK toolkit. SNP calls 
were done simultaneously across all four strains with sam-
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tools utility mpileup, requiring a minimum SNP coverage of 
5 reads and an alternative allele frequency of 0.8 or higher, 
given the haploid nature of these genomes. Thereafter, 
SnpEff and a gID file containing the annotation of T. gondii 
ME49 downloaded from ToxoDB v13.0 were used to clas- 5 

sify the different types of mutations identified in each strain. 
Allelic variants that were different between EGS and the rest 
of the strain were considered EGS-specific. 

68 
Assay for Oocyst Development in Cats. 
Oocysts were collected from feces of Toxoplasma-free 

cats 3-14 days after feeding infected cell cultures or infected 
mouse brains. Oocysts were separated from feces by sugar 
floatation, sporulated in 2% sulfuric acid by aeration at room 
temperature for 1 week. After removing sulfuric acid oocysts 
were inoculated orally in to Swiss Webster albino mice. All 
tissues of mice that died or euthanized were studied histo
logically after staining with hematoxylin and eosin and by Phylogenetic Network Analysis. 

A total of790, 168 single nucleotide polymorphisms span
ning the entire T. gondii genome from 62 different strains 
representing all major haplogroups were downloaded from 
ToxoDB, combined with SNP data from the same sites from 
the EGS strain and directly incorporated as a FAS TA file into 
SplitsTree v4.13.1 to generate unrooted phylogenetic net
works using a neighbor-net method. 

10 
BAGI antibodies to T. gondii as described. (Dubey J P, 
Ferreira L R, Martins J, McLeod R. Oral oocyst-induced 
mouse model of toxoplasmosis: effect of infection with 
Toxoplasma gondii strains of different genotypes, dose, and 
mouse strains (transgenic, out-bred, inbred) on pathogenesis 
and mortality. Parasitology 139:1-13, Epub 2011. PMID: 

Differential Gene Expression (DGE) Analysis. 

15 22078010; also referred therein as S39) 
Chemical Synthesis. 

Total RNA extracted from human cell cultures infected 
(or not) with a number of T. gondii strains for 2 h, 18 h or 

Final compounds had >95% purity determined by high 
performance liquid chromatography (HPLC) and 300 and/or 
500 MHz NMR spectrometers. Liquid chromatography-

20 mass spectrometry (LC-MS) and high resolution mass spec
trometers (HRMS) analytical systems were used to deter
mine integrity and purity of all intermediates and final 
compounds. 

48 h was treated with miRNeasy Mini Kit columns (Qiagen) 
following manufacturer instructions to separate mRNA and 
miRNA fractions. Afterwards, Illumina barcoded sequenc
ing libraries were constructed with TruSeq RNA Sample 
Preparation Kits v2 (Illumina) for mRNA and miRNA 
TruSeq Small RNA Library Preparation Kit (Illumina) for 25 

miRNA. Libraries were sequenced as 100 bp single reads 
with Illumina HiSeq 2000 apparatus in pulls of 6 or 9 
samples per lane for mRNA (yield -3 Gbp per sample) and 
miRNA (yield-2 Gbp per sample) libraries respectively. For 
protein coding genes, reads were mapped to the human 30 

(release GRCh38) and T. gondii ME49 strain (ToxoDB 
release 13.0) reference genome assemblies and armotations 
with CLC Genomic Workbench software (CLC Bio-Qiagen, 
Aarhus, Denmark) and raw read counts per gene were then 
analyzed with the R package EdgeR using a generalized 35 

linear model likelihood ratio test to identify genes that are 
differentially expressed among samples. 

For miRNA DGE analysis, reads were depleted of adaptor 
and primer sequences and mapped to the human reference 
genome assembly (GRCh38) and the miRNA annotation 40 

from miRBase v21 (see the mirbase web site) with CLC 
Genomic Workbench software. Identification of human 
miRNA genes that are differentially expressed across treat
ments was carried out with EdgeR from raw read counts per 
miRNA gene using a generalized linear model likelihood 45 

ratio test. 

Synthesis of 
2-methyl-5,6,7,8-tetrahydroquinolin-4-one (6) 

Platinum oxide (100 mg, 10 mo! %) was added to a 
solution of 4-hydroxy-2-methylquinoline (5, 1.00 g, 6.28 
mmol, 1.00 eq) in glacial acetic acid (10.0 ml). The hetero
geneous mixture was catalytically hydrogenated under a 
balloon of hydrogen. After 22 hrs, TLC (10% MeOH-DCM) 
confirmed complete reaction. The mixture was filtered 
through celite under vacuum, washing thoroughly with 
EtOAc. The filtrate was concentrated and the resulting 
residue purified by colunm chromatography (10% MeOH
DCM) to give the desired product as a pale yellow oil (917 
mg, 5.65 mmol, 89%); Rf0.14 (10% MeOH-DCM); OH (300 
MHz, CDCl3 ) 1.74-1.76 (4H, m, CH2 ), 2.29 (3H, s, Me), 
2.49-2.52 (2H, m, CH2 ), 2.67-2.70 (2H, m, CH2), 6.16 (lH, 
s, Ar-H); Oc (125 MHz, CDCl3 ) 19.0 (Me), 21.8 (CH2 ), 

22.1 (CH2), 27.1 (CH2 ), 112.5 (CH), 122.4 (Cq), 146.4 (Cq), 
147.0 (Cq), 178.3 (Cq); Spectroscopic data consistent with 
literature values (JMC, 1993, 36, 1245-54). 

Synthesis of 
2-methyl-3-iodo-5,6,7,8-tetrahydroquinolin-4-one 

(7) 

Butylamine (6.20 ml, 62.8 mmol, 10.0 eq) was added to 
a suspension of 2-methyl-5,6, 7,8-tetrahydroquinolin-4-one 
(6, 1.02 g, 6.28 mmol, 1.00 eq) in DMF (10.0 ml). To this 
heterogeneous mixture was added I2 (1.60 g, 6.28 mmol, 
1.00 eq) in a saturated solution of KI (6.00 ml). After 20 hrs 
stirring at R.T., a precipitate formed in the orange solution, 

For both mRNA and miRNA DGE analyses p-values were 
adjusted for multiple hypotheses testing using the False 
Discovery Rate method. MDS plots and heat maps were 
generated with the plotMDS tool from EdgeR and the R tool 50 

heatmap. Differentially expressed genes (DEGs) in MM6 
and NSC cell lines infected with EGS parasites were iden
tified under the criteria of 1 % FDR and absolute log 2-fold
change > 1.5 (i.e. fold-change >2 and <0.5 for up- and 
down-regulated genes, respectively). 55 Excess iodine was quenched with 0.1 M sodium thiosulfate 

solution. The precipitate was filtered by vacuum filtration, 
washed with distilled H2 O and dried (Na2 SO4 ) to give the 
desired product as a colourless solid (1.76 g, 6.09 mmol, 

Functional Enrichment Analysis 
GO enrichment analyses were performed for up- or down

regulated genes, by using the Database for Annotation, 
Visualization and Integrated Discovery (DAVID) v6.7. GO 
slim enrichment analysis was performed for genes carrying 60 

potential change-of-function mutations in EGS that were 
absent in strains ME49, VAND or TgCatBrl. GO slim 
database was downloaded from QuickGO provided by 
EMBL-EBI. Using taxonomy id "508771" for the ME49 
strain, relevant GO slim terms were retrieved. GO slim 65 

enrichment analysis was performed with Fisher's exact test 
based on the GO slim terms. 

quantative yield); OH (300 MHz, DMSO-d6 ) 1.61-1.70 (4H, 
m, CH2), 2.29 (2H, t, J 6.0, CH2 ), 2.43 (2H, s, CH2), CH3 

under DMSO peak. 

Synthesis of 2-methyl-3-iodo-4-ethoxy-5,6,7,8-tetra
hydroquinoline (8) 

Potassium carbonate (1.53 g, 11.1 mmol, 2.00 eq) was 
added to a heterogeneous mixture of 2-methyl-3-iodo-5,6, 
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7,8-tetrahydroquinolin-4-one (7, 1.60 g, 5.56 mmol, 1.00 eq) 
in DMF (15.0 ml), and the reaction heated to 50° C. for 30 
mins. The R.B. flask was removed from the heating mantle 
and ethyl iodide was added dropwise. The reaction was then 
heated at 50° C. for 18 hrs. The reaction was cooled to R.T., 5 

quenched with water ( 40 ml). The resulting emulsion formed 
which was extracted with EtOAc (50 ml). EtOAc layer were 
washed with water (3x30 ml), brine (3x30 ml), dried 
(Na2 SO4 ) and concentrated to give a pale yellow oil (1.09 g, 
3.44mmol, 61%); Rf0.88 (1:1 Pet-EtOAc); HPLC (RT=l.67 10 

mins); LCMS (Method A), (RT=l.6 min, m/z (ES) Found 
MW 318.0); oH(500 MHz, CDCl3 ) 1.49 (3H, t, J 7.0, ethoxy 
CH3 ), 1.73-1.78 (2H, m, CH2 ) 1.84-1.88 (2H, m, CH2 ), 

2.78-2.69 (511H, m, CH2 & CH3 ), 2.84 (2H, t, J 6.5, CH2 ), 

3.97 (2H, q, J 7.0, OCH2 ); Oc (125 MHz, CDCl3 ) 15.6 15 

(CH3 ), 22.3 (CH2 ), 22.8 (CH2 ), 23.6 (CH2 ), 29.3 (CH3 ), 

32.0 (CH2), 68.4 (OCH2), 90.9 (Cq), 124.5 (Cq), 158.3 (Cq), 
158.9 (Cq), 163.9 (Cq). 

Synthesis of 2-methyl-3-( 4-phenoxyphenyl)-4-
ethoxy-5,6, 7,8-tetrahydroquinoline (10) 

2-Methyl-3-iodo-4-ethoxy-5,6,7,8-tetrahydroquinoline 

20 
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117.8 (CH), 118.6 (CH), 121.2 (Cq), 123.3 (CH), 123.7 
(Cq), 130.0 (CH), 131 .4 (Cq), 132.3 (CH), 142.3 (Cq), 143.2 
(Cq), 155.0 (Cq), 156.8 (Cq), 175.4 (Cq); m/z (ES) (Found: 
MH+, 332.1654. C22H22NO2 requires MH, 332.1645). 

ADME Studies of Inhibitors: 
Compounds that were highly effective in vitro (IC50<1 

µM) were tested for ADME profilings43
-
53 by Shanghai 

ChemPartner Ltd. Initial studies focused on aqueous kinetic 
solubility pH 7 .4, microsomal metabolic stability (human 
and mouse) and Blood-Brain Barrier (BBB) permeability 
(performed with MDCK-MDRl cells as described). 
In Vitro Assays 
Cytotoxicity Assay 

Toxicity Analysis. 
Lack of toxicity for manmialian host cells was demon

strated first by visual inspection of monolayers following 
giemsa staining, in separate methods by incorporation of a 
mitochondrial cell death reagent called WST we used suc
cessfully for this purpose and in separate experiments. 

Toxicity assays were conducted using WST-1 cell prolif-
eration reagent (Roche). HFF were grown on a flat, clear
bottomed, black 96-well plate. Confluent HFF were treated 
with inhibitory compounds at concentrations equal to those 
being tested in challenge assays. Compounds were diluted in (8, 0.266 g, 0.839 mmol, 1.00 eq), Pd(PPh3 ) 4 (0.048 mg, 

0.0419 mmol, 5 mo!%) and 4-phenoxyphenylboronic acid 25 IMDM-C, and 20 µI were added to each designated well, 
with triplicates for each condition. A gradient of 2 fold
decreasing concentrations ofDMSO in clear IMDM-C was 
used as a control. The plate was incubated for 72 hours at 
37° C. 10 µI ofWST-1 reagent (Roche) were added to each 

(9, 0.270 mg, 1.26 mmol, 1.50 eq) were charged to a R.B. 
flask under Nig)49

. Degassed DMF (10.0 ml) was added to 
the flask followed by 2M K2CO3 (1.60 ml). The flask was 
heated to 85° C. under Nig). After 15 mins, TLC (4:1 
Pet-EtOAc) confirmed reaction was complete. The reaction 
was cooled and diluted with EtOAc (15 ml), filtered through 
celite and partitioned between EtOAc (10 ml) and H2O (25 
ml). Combined organics were washed with H2O (3x30 ml), 
then brine (3x30 ml), dried (Na2 SO4 ) and concentrated to 
give a red oil which was purified by colunm chromatography 35 

(3: 1 Pet-EtOAc ), to give the desired product as a pale yellow 
oil (0.235 mg, 0.655 mmol, 78%); Rf0.31 (3:1 Pet-EtOAc); 
HPLC (RT=3.08 mins); OH (300 MHz, CDCl3 ) 1.04 (3H, t, 

30 well and the cells were incubated for 30 to 60 minutes. 
Absorbance was read using a fluorometer at 420 nm. A 
higher degree of color change (and absorbance) indicated 
mitochondrial activity and cell viability. 

In Vitro Cellular Assays for Effects on T. gondii 
Vivo PMO: 

J 7.0, ethoxy CH3 ), 1.76-1.93 (4H, m, 2xCH2 ), 2.32 (3H, s, 
CH3 ) 2.72 (2H, t, J 6.0, CH2 ), 2.91 (2H, t, J 6.5, CH2 ), 3.50 40 

(2H, q, J 7.0, OCH2), 7.05-7.16 (5H, m, Ar-H), 7.20-7.29 
(2H, m, Ar-H), 7.31-7.43 (2H, m, Ar-H); Oc (125 MHz, 
CDCl3 ) 15.7 (CH3 ), 22.5 (CH2 ), 23.0 (CH3 ), 23.3 (CH2 ), 

23.4 (CH2 ), 32.7 (CH2 ), 68.2 (OCH2 ), 118.6 (CH), 118.9 
(CH), 123.4 (CH), 126.8 (Cq), 129.8 (CH), 131.5 (CH), 45 

154.9 (Cq), 156.5 (Cq), 157.1 (Cq), 157.3 (Cq); m/z (ES) 
(Found: MH+, 360.1973. C24H26NO2 requires MH, 
360.1964). 

Vivo-PMO (Vivo porter linked to morpholinos) to knock 
down cytochrome band an off-target PPMO (Vivo porter) 
were utilized at concentrations of 5 and 10 µMas previously 
described with both cultures of RH-YFP tachyzoites and 
EGS. Morpholino sequence for cytochrome b/c knockdown 
is 5' AGTGTTCTCGAAACCATGCTAACAC 3' (SEQ ID 
NO: 5), and for unrelated sequence, off target, is 5' CCTCT
TACCTCAGTTACAATTTATA 3' (SEQ ID NO: 6). 

Tetrahydroquinolone Compounds: 
Compounds synthesized at the University of Leeds were 

initially prepared in 10 mM Stock solutions made with 
100% Dimethyl Sulfoxide (DMSO) [Sigma Aldrich], and 
working concentrations were made with IMDM-C (lx, 
[+]glutamine, [+] 25 mMHEPES, [-] Phenol red, 10% FBS) 

Synthesis of 2-methyl-3-( 4-phenoxyphenyl)-4-
ethoxy-5,6,7,8-tetrahydroquinoline (MJMl 70, 4)49 

Aqueous hydrobromic acid (>48%) (1.00 ml) was added 
to a solution of 2-methyl-3-(4-phenoxyphenyl)-4-ethoxy-5, 
6,7,8-tetrahydroquinoline (10, 0.226 mg, 0.630 mmol, 1.00 
eq) in glacial acetic acid (2 ml). The reaction was stirred at 
90° C. for 5 days, monitoring by LMCS. The reaction was 
cooled to R.T. and the pH adjusted to pH5 with 2M NaOH. 
The precipitate was collected by vacuum filtration and 
recrystallized from MeOH:H2O to give the desired product 
as an off-white solid (0.155 g, 0.467 mmol, 74%); HPLC 
(RT=2.56 mins); OH (500 MHz, DMSO-d6) 1.66-1.72 (4H, 
m, 2xCH2 ), 2.08 (3H, s, CH3 ) 2.31 (2H, t, J 6.0, CH2 ), 2.56 
(2H, t, J 6.0, CH2), 6.99 (2H, d, J 8.5, Ar-H), 7.06 (2H, d, 
J 7.5, Ar-H), 7.14-7.18 (3H, m, Ar-H), 7.40-7.43 (2H, m, 
Ar-H), 11.0 (lH, s, NH); Oc (125 MHz, DMSO-d6) 17.7 
(CH3 ), 21.5 (CH2 ), 21.8 (CH2 ), 21.9 (CH2 ), 26.2 (CH2 ), 

50 [Gibco, Denmark]). 
Tachyzoite Assays: 
Type 1 Parasites. 
Human foreskin fibroblasts (HFF) were cultured on a flat, 

clear-bottomed, black 96-well plate to 90% to 100% con-
55 fluence. IMDM (lx, [+] glutamine, [+] 25 mM HEPES, [+] 

Phenol red, 10% FBS [gibco, Denmark]) was removed from 
each well and replaced with IMDM-C (lx, [+] glutamine, 
[+] 25 mM HEPES, [-] Phenol red, 10% FBS)[Gibco, 
Denmark]). Type I RH parasites expressing Yellow Fluores-

60 cent Protein (RH-YFP) were lysed from host cells by double 
passage through a 27-gauge needle. Parasites were counted 
and diluted to 32,000/mL in IMDM-C. Fibroblast cultures 
were infected with 3200 tachyzoites of the Type I RH-YFP 
strain and returned to incubator at 37° C. for 1-2 hours to 

65 allow for infection. Diluted solutions of the compounds 
were made using IMDM-C, and 20 µI were added to each 
designated well, with triplicates for each condition. Controls 
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included pyrimethamine/sulfadiazine (current standard of 
treatment), DMSO only, fibroblast only, and an untreated 
YFP gradient with 2 fold dilutions of the parasite. Cells were 
incubated at 37° C. for 72 hours. The plates were read using 
a fluorimeter (Synergy H4 Hybrid Reader, BioTek) To 5 

ascertain the amount of yellow fluorescent protein, in rela
tive fluorescence units (RFU), as a measure of parasite 
burden after treatment. Compounds were not considered 
effective or pursued for further analysis if there were no 
signs of inhibition at 1 µM. Data was collected using Gen5 10 

software and analyzed with Excel. 
Type II Parasites. 
To test type II parasites, T. gondii ME49 and Prugneaud 

parasites expressing luciferase or GFP. We tested them in 
vitro and in vivo as we have described. 

EGS Strain Bradyzoite Assay. 
HFF cells were grown in IMDM (lx, [+] glutamine, [+] 

15 

25 mM HEPES, [+] Phenol red, 10% FBS, [Gibco, Den
mark]) on removable, sterile glass disks in the bottom of a 
clear, flat-bottomed 24-well plate. Cultures were infected 20 

with 3xl04 parasites (EGS strain) per well, in 0.5 mL media 
and plate was returned to incubator at 37° C. overnight. The 
following day, the media was removed and clear IMDM and 
compounds were added to making various concentrations of 
the drug, to a total volume of 0.5 mL. Two wells were filled 25 

with media only, as a control. Plates were returned to the 3 7° 
C. incubator for 72 hours. 

72 
for mice or in translucent Casper zebrafish with parasites 
with fluors or luciferase to screen rapidly. Tachyzoites and 
bradyzoites in cysts were used for IP infection and com
pounds given intraperitoneally. 

Type II Parasites. 
To test type II parasites, we used T. gondii Me49 and 

Prugneaud parasitess39 . 
Encephalitis: 
The ability of compounds to reduce cyst burden and 

prevent encephalitis induced by the Type II strain of T. 
gondii were tested. Encephalitis was assessed by histologi
cal analyses and parasite burdens evaluated by quantitation 
of cysts. 

Oocyst Induced Disease: 
The oocyst challenge model is ideal for this study because 

oocysts can be diluted at one time and stored at 4° C. for 12 
months without loss of infectivity titer. For treatment of 
chronic infection there were 5 to 10 mice per group treated 
2 months after infection was established by compound in 
DMSO for parenteral administration administered once per 
day. Treatment was for 17 days. 

Zebrafish 
Zebrafish were acclimatized to 37 degrees a degree a day 

and then infected with tachyzoites or cysts of RH YFP, 
Me49, Veg T. gondii as described. The use of RH YFP was 
performed for the first time herein in order to develop a 
rapidly scalable assay for drug development. This is the 
initial demonstration of cyst formation by 10 days in 

30 Zebrafish. 

Efficacy was determined following fixation. Staining was 
used to determine the numbers of cysts in cultures without 
and with treatment with the test compounds. Cells were 
fixed using 4% paraformaldehyde and stained with Fluores
cein-labeled Dolichos Biflorus Agglutinin, DAPI, and anti
BAGl, and anti-SAGI. Disks were removed and mounted 
onto glass slides and visualized using microscopy (Nikon 
Tl7). Slides were also scanned using a CRi Pannoramic Scan 35 

Whole Slide Scanner and viewed using Panoramic Viewer 
Software. 

When cysts that had dolichos in their cyst wall were 
eliminated or markedly reduced in size and number, a 
compound was considered efficacious against bradyzoites in 40 

cysts. 
Statistical Analyses. 
Significance of differences were determined using Stu

dent's t-test. P<0.05 was considered significant. Every 
experiment was replicated at least twice. A Pearson test was 45 

used to confirm a correlation between increasing dose and 
increasing inhibition. An ANOVA and subsequent pair wise 
comparison with Dunnett correction was used to determine 
whether or not inhibition or toxicity at a given concentration 
was statistically significant. Stata/SE 12.1 was used for this 50 

analysis. This study was approved by the University of 
Chicago IRB, IBC, and IACUC. 
In Vivo Analysis (Mice and Zebra Fish): 

Tissue Processing and Histopathology: 
All organs including eyes and brains were fixed in 0.lM 

phosphate buffer (pH 7.4) containing 4% formaldehyde. 
Sections were cut from paraffin-embedded tissues and 
stained with Hematoxylin and Eosin (H&E) or immunop
eroxidase stained. All sections were examined and assessed 
without knowledge of the group from which they originat
eds39. 

Testing of Cytochrome b Qi Mutant Yeast 
Target Validation with Mutant S. cerevisiae (Growth Inhi
bition): 

Three S. cerevisiae strains were used: M221Q and M221F 
cytochrome b mutants and wild type. They share the same 
nuclear genetic background deriving from ADl-9 (kindly 
given by M. Ghislain, UCL, Belgium). ADl-9 harbors 
multiple deletions in the ABC transporter genes that render 
the strain more sensitive to drugs than standard yeast 
strainss65

. 

Cytochrome b mutant M221F was generated by mito
chondrial transformation as described. M221 Q was selected 
as suppressor from a respiratory deficient mutant. Analysis 
of revertants from respiratory deficient mutants within the 
center N of cytochrome b in Saccharomyces cerevisiae. 

Protocol: Yeast strains were grown over 48 hours at 33° Initial Screening with Tachyzoites Using IVIS, Fluores
cence, and Histopathology: 

Ability of compounds to abrogate tachyzoites multiplica
tion was assessed using an in vivo imaging system (IVIS). 
To facilitate this we have T. gondii strains from each of the 

55 C. in liquid YPG medium [1% yeast extract, 2% (wt/vol) 
peptone, and 3% (vol/vol) glycerol). Cultures were diluted 
to an OD600 of0.05 and grown for 2 hrs. Cultures were then 
combined with YPG containing 6% melted agar for a total 

3 major lineages expressing the luciferase gene. In these 
studies mice are injected intraperitoneally with tachyzoites 60 

and parasite proliferation followed up to 30 days post 
infection. Removal of brains at 30 days allows parasite 
quantitation by bioluminescence ex vivo using the IVIS. As 
an alternative method to improve screening efficiency and 
scalability it is possible for initial screening to use zebrafish 65 

with histopathology and visualization as shown in FIG. 6. 
Quantitation also was performed using QT PCR as described 

volume of 15-20 mL and poured onto OnmiTray single-well 
rectangular plates that measured 86 mm by 128 mm (Ther
moScientific ). Filter paper disks (7 mm diameter, 3 um 
thick) were placed onto the cooled agar plates. Compounds 
were dissolved in DMSO in diluted concentrations (1 mM, 
500 µM, 100 µM, and 10 µM) and 10 microliters were 
applied to a disk. A single disk with DMSO on each plate 
was used as a control. Plates were incubated at 33° C. 
Images were obtained after 4 days using GelDoc XR Imag-
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ing System (BioRad) and Quantity One software. Drug 
effect was assessed by the presence and size of a zone of 
inhibition around the disks. 

Testing of P. falciparum: D6 is a drug sensitive strain from 
Sierra Leone, C235 is a multi-drug resistant strain from 5 

Thailand, W2 is a chloroquine resistant strain from Thailand, 
and C2B has resistance to a variety of drugs including 
atovaquone. 

74 
precipitate cyt. bc 1 and separate remaining contaminants. 
The cyt. bc 1 was then resuspended before buffer exchange 
into a final buffer (25 mM KPi (pH 7.5), 3 mM NaN3, 
0.015% DDM) and concentrated to 40 mg/ml. 1.6% 
HECAMEG was added to the protein solution prior tp 
crystals growing by the hanging drop vapour diffusion 
method against a reservoir of 50 mM KPi (pH 6.8), 100 mM 
NaCl, 3 mM NaN3, 9% PEG4000, 0.16% HECMAEG. 
Crystals were flash frozen in 23% glycerol in reservoir Testing of P. falciparum Cytochrome b Qi and DHODH 

Mutants and Drug Combinations for P. falciparum 
Parasite Strains and Culture Maintenance. 

10 solution as a cryoprotectant. Multiple wedges of data were 
collected at 100K from different points on the same crystal 
at 124 Diamond Light Source using 0.9686 Ax-rays with a 
Pilatus3 6M detector. 

We used the following parasite line from the MR4 reposi
tory of the American Type Culture Collection (ATCC): Dd2 
(MRA-156). Mutant Dd2 parasites harboring a G33A or 
G33V substitution in cytochrome b were as reported. Dd2 15 

parasites with a G 131 S mutation in cytochrome b and 
transgenic lines expressing a chromosomally integrated 
copy of the S. cerevisiae DHODH were utilized as previ
ously described. Parasites were cultured by standard meth
ods in RPMI media supplemented with 5% human o+ serum 20 

and 0.25% AlbuMAX® II (Life Technologies 11021-045). 
In Vitro Drug Sensitivity and EC50 Determinations 

Drug susceptibility was measured using the SYBR Green 
method. Twelve point curves based on 2-fold dilutions of the 
test compound were carried out in triplicate each day and 25 

replicated on at least three different days. EC50 values were 
calculated using a nonlinear regression curve fit in Prism 6.0 
for Mac (GraphPad Software, Inc.). 

Studies of Compound, Drug Combinations In Vitro. 
Isobologram experiments were performed in similar fash- 30 

ion utilizing the modified fixed ratio methodology. Briefly, 
MJMl 70 and either atovaquone or cycloguanil or BRD6323 
were mixed at multiple fixed volumetric ratios (10:0, 8:2, 
6:4, 4:6, 2:8, and 0:10) and then serially diluted in 12-point 
2-fold dilutions and dispensed in triplicate to 384-well assay 35 

plates and replicated on three different days. EC50 values 
were calculated as above, and FICs were calculated for each 
drug combination as describeds76. Synergy was defined as 
an FIC <1.0, additivity as FIC=l.0, and antagonism as FIC 
>1.0. 

Molecular Modelling/Chemogenomics. 
40 

X-ray structures of the cytochrome bc1 complex are 
available from the Protein DataBankssso. An Homology 
model of the T. gondii cytochrome bc 1 complex was gener
ated using the Phyre webserver. Molecular modelling and 45 

docking was performed on high performance Linux clusters 
at the University of Leeds, using specialist software: 
SPROUTs82& eHiTss83 (SymBioSis), Maestro & Glidess84 

(Schrodinger), Auto Dock (Scripps Institute), ROCS/ 
EONsss & VIDAs86 (OpenEye) and the Marvin/JChem 50 

suites (ChemAxon). 
X-Ray Crystallography: 
Cytochrome bc1 was purified using standard techniques. 

Crude bovine mitochondria were isolated from fresh cow 
heart and solubilised in DDM. The solution was clarified by 55 

ultracentrifugation at 200,000 g for 1 hour at 4 ° C. and the 
supernatant applied to a DEAE CL-6B sepharose colunm ca. 
50 ml pre-equilibrated in 50 mM KPi (pH 7 .5), 250 mM 
NaCl, 3 mM NaN 3, 0.1 g/L DDM, washed with two CV and 
eluted along a gradient from 250 mM to 500 mM NaCl. Cyt. 60 

bc1 containing fractions were pooled and concentrated 
before loading on a Sepharose S300 column ca. 120 ml 
equilibrated with 20 mM KMOPS (pH 7.2), 100 mM NaCl, 
0.5 mM EDTA, 0.1 g/L DDM at 0.5 ml/min. 10 mM 
MJMl 70 stock in DMSO was added to the eluted protein in 65 

a two-fold molar excess and allowed to incubate at 4 ° C. for 
1 hour. Increasing amounts of PEG4000 were then added to 

Datasets were processed in iMosflm and combined using 
Blend to produce a complete merged dataset. Refinement 
was carried out with Refmac using Prosmart to generate 
secondary structure restraints to assist in the low-resolution 
refinement. The ligand MJMl 70 was produced using JLi
gandS92 and modelled in the Q, site of cyt. bc1 using Coot. 
Cycles of alternating Refmac5 and manual modelling 
resulted in a completed model. Data collection and refine-
ment statistics are summarised In table IA. For 3715 resi
dues 95.2% are Ramachandran favored, 4.6% allowed and 
0.3% outliers. 
Interpretation of Data and Statistical Analyses 

(1) Sample Size and Number of Experiments. 
There were 3 replicate samples per group for in vitro 

experiments. All experiments were performed with sufficient 
sample sizes to have an 80% power to detect differences at 
the 5% level of significance. 

(2) Statistics. 
Groups included untreated or mock treated controls. 

Results were compared using students T test, Chi square 
analysis or Fisher's exact test as appropriate for the data set. 
When there were more than two groups, pairwise compari
sons were made only when F-test for the ANOVA was 
significant at the 5% levels using protected least significant 
difference (LSD) test approach. 
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Example 2. Potent Anti-Apicomplexan 
Tetrahydroquinolone 

Summary: 
Apicomplexan infections cause substantial morbidity and 

mortality. Herein, we created a next generation tetrahydro
quinolone that we found to be an anti-apicomplexan, mature, 
lead compound. We utilized sphere-like 3D space and pre
dicted flexibility conferred by eliminating double bonds in 
this lead compound. This was to optimize ADMET and 
create a compound, JAG21, that is potent against Toxo
plasma gondii tachyzoites (IC 90 <125 nM) and bradyzoites 
(IC 90 500 nM), and drug resistant Plasmodium falciparum 
in vitro (IC 90 <50 nM), not toxic to human HepG cells(> 17 
µM). Further, we demonstrate metabolic stability with 
assays for human and mouse liver microsomal activity and 
logs improved aqueous solubility at pH 7.4. This compound 
displays a balanced set of physicochemical and pharmaco
logic properties, including clean hERG, CYP profile, and a 
long (days in humans), predicted half-life and predicted 
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112(3), 755-760 (2015). 
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45 ability to cross blood brain barrier. This allowed progression 
towards in vivo studies. In vivo Toxoplasma tachyzoites 
were cleared from mice at a dose of 5 mg/kg/day (IP). 
JAG21 acted in conjunction with tafenoquine (3 mg/kg 54, Brasseur, G. & Brivet-Chevillotte, P. Characterization of 

mutations in the mitochondrial cytochrome b gene of 
Saccharomyces cerevisiae affecting the quinone reductase 50 

site(~)- Eur J Biochem. 230, 1118-1124 (1995). 
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bovine heart mitochondria. J. Biol. Chem. 254, 8697-8706 65 

(1979). 
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single dose) to protect against a GO arrested parasite that 
could persist in interferon Y knockout mice similar to the 
effect of tafenoquine for malaria hypnozoites. There was 
cure with oral dosing, 0.625 mg/kg, 3 oral doses of JAG21, 
and cure with a single dose of 2.5 mg/kg, of P. berghei 
sporozoite, blood and liver stages in mice. There was no 
parasitemia and 100% survival at 30 days. This mature lead 
compound has improved solubility and diminished toxicity 
relative to other cytochrome b Qi inhibitors, without formu
lation as a pro-drug. Selectivity for apicomplexan enzyme 
relative to mammalian enzymes was demonstrated with 
co-crystallography, binding and enzyme assays. This com
pound has real promise as a mature, lead compound. 

Malaria results in death of one child every eleven seconds 
and 1 million children a year, with drug resistance elimi
nating usefulness of successive generations of new medi
cines each decade. The related apicomplexan parasite, Toxo
plasma gondii, is the most frequent parasitic infection of 
humans, in the world. It is the second most frequent, single 
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cause of food born associated death in the United States; It 
is the most frequent infectious cause of destruction of the 
back of the human eye; It is a cause of death and illness from 
recrudescent disease from its latent form in those who are 
immune compromised or immunologically immature; It has 5 

been estimated that in a ten year period, there are 1.9 million 
new cases of this congenital infection globally, causing 12 
million disability adjusted life years from damage to the 
fetal brain and eye. This is neglected, rarely diagnosed, and 
thus often untreated or mistreated disease. There are 10 

approximately 2 billion people throughout the world who 
have this parasite in their brain lifelong. No medicine 
eliminates this chronic encysted form of the parasite which 
causes epilepsy and may contribute to neurodegenerative 
disease. Certainly, new and improved medicines are greatly 15 

needed for both these diseases. These two apicomplexan 
parasites, Plasmodia and Toxoplasma, often share molecular 
targets inhibited by the same inhibitory compounds. 

Herein we identify a mature lead compound that is highly 
efficacious against T. gondii tachyzoites and bradyzoites in 20 

vitro, tachyzoites in vivo, likely to be active against cysts in 
vivo with experiments ongoing, all drug resistant forms of 
Plasmodium falciparum, Plasmodium berghei in mouse 
model in single or three doses at low amounts against the 
sporozoite, blood and liver stages of plasmodium when 25 

administered orally at 2.5 mg/kg and at 1.25 mg kg for 100% 
of mice with three doses. It was found to add to protection 
in conjunction with tafenoquine in immune compromised 
mice infected with a G0/tachyzoite form of T. gondii which 
resembles the malaria hypnozoite when treated with tafeno- 30 

quine in conjunction with anti-blood stage parasite com
pounds. The data which follow present the creation and 
characterization of this broad spectrum anti-apicomplexan 

80 
were made using IMDM-C, and 20 µl were added to each 
designated well, with triplicates for each condition. Controls 
included pyrimethamine/sulfadiazine (current standard of 
treatment), 0.1% DMSO only, fibroblast only, and an 
untreated YFP gradient with 2 fold dilutions of the parasite. 
Cells were incubated at 37° C. for 72 hours. Plates were read 
using a fluorimeter (Synergy H4 Hybrid Reader, BioTek) to 
ascertain the amount of yellow fluorescent protein, in rela
tive fluorescence units (RFU), as a measure of parasite 
burden after treatment. Data was collected using Gen5 
software. IC50 was calculated by graphical analysis in Excel. 

An initial screening assay of 10 µM, 1 µM, 100 nM, and 
10 nM was performed. Compounds were not considered 
effective or pursued for further analysis if there were no 
signs of inhibition of tachyzoites at 1 µM. If compounds did 
appear to be effective at 1 µM, another experiment was 
conducted to assess effect at 1 µM, 500 nM, 250 nM, 125 
nM, 62.5 nM, and 31.25 nM. 
Cytotoxicity Assay 

Toxicity assays were conducted using WST-1 cell prolif
eration reagent (Roche) as described in Fomovska, et. al. 
(18,19). HFF were grown on a flat, clear-bottomed, black 
96-well plate. Confluent HFF were treated with inhibitory 
compounds at concentrations of 10 µMand 50 µM. Com
pounds were diluted in IMDM-C, and 20 µl were added to 
each designated well, with triplicates for each condition. A 
gradient of2 fold-decreasing concentrations ofDMSO from 
10% to 0% in clear IMDM-C was used as a control. The 
plate was incubated for 72 hours at 37° C. 10 µl ofWST-1 
reagent (Roche) were added to each well and the cells were 
incubated for 30 to 60 minutes. Absorbance was read using 
a fluorimeter at 420 nm. A higher degree of color change 
(and absorbance) indicated mitochondrial activity and cell 
viability. lead compound. 

Materials and Methods 35 In Vitro Challenge Assay for Bradyzoites 
Toxoplasma gondii 

Tachyzoites of the RH-YFP strain were passaged in 
human foreskin fibroblasts (HFF cells)(15). Bradyzoite 
assays use the EGS strain, isolated from a human with 
congenital toxoplasmosis (16,17). These parasites are also 
passaged in human foreskin fibroblasts. RPS13 delta was 
prepared and utilized as described (Hutson, McLeod et al 
2010) 
Tetrahydroquinolone (THQ) Compounds 

The THQ compounds were synthesized at the University 
of Leeds as described in Example 3. 10 mM stock solutions 
were made with 100% Dimethyl Sulfoxide (DMSO) [Sigma 
Aldrich] and working concentrations were made with 
IMDM-C (lx, [+] glutamine, [+] 25 mMHEPES, [-] Phenol 
red, 10% FBS)[Gibco, Denmark]). Compounds are shown 
herein. 
In Vitro Challenge Assay for Toxoplasma Tachyzoites 

Protocol adapted from Fomovska, et. al. (18,19). Human 
foreskin fibroblasts (HFF) were cultured on a flat, clear
bottomed, black 96-well plate to 90% to 100% confluence. 
IMDM (lx, [+] glutamine, [+] 25 mM HEPES, [+] Phenol 
red, 10% FBS [gibco, Denmark]) was removed from each 
well and replaced with IMDM-C (lx, [+] glutamine, [+] 25 
mM HEPES, [-] Phenol red, 10% FBS)[gibco, Denmark]). 
Type I RH parasites expressing Yellow Fluorescent Protein 
(RH-YFP) were lysed from host cells by double passage 
through a 27-gauge needle. Parasites were counted and 
diluted to 32,000/mL in IMDM-C. Fibroblast cultures were 
infected with 3200 tachyzoites of the Type I RH strain 
expressing Yellow Fluorescent Protein (RH-YFP) and 
returned to incubator at 37° C. for 1-2 hours to allow for 
infection (15). Various concentrations of the compounds 

HFF cells were grown in IMDM (lx, [+] glutamine, [+] 
25 mM HEPES, [+] Phenol red, 10% FBS, [gibco, Den
mark]) on removable, sterile glass disks in the bottom of a 
clear, flat-bottomed 24-well plate. Cultures were infected 

40 with 3xl04 parasites (EGS strain) per well, in 0.5 mL media 
and plate was returned to incubator at 37° C. overnight. The 
following day, the media was removed and clear IMDM and 
compounds were added to making various concentrations of 
the drug, to a total volume of 0.5 mL. 2 wells were filled 

45 with media only, as a control. Plates were returned to the 37° 
C. incubator for 72 hours, and checked once every 24 hours. 
Iftachyzoites were visible in the control before 72 hours, the 
cells were fixed and stained. 

Cells were fixed using 4% paraformaldehyde and stained 
50 with Fluorescein-labeled Dolichos Biflorus Agglutinin, 

DAPI, and BAG 1. Disks were removed and mounted onto 
glass slides and visualized using microscopy (Nikon Tl7). 
Slides were scarmed using a CRi Pannoramic Scan Whole 
Slide Scarmer and viewed using Panoramic Viewer Soft-

55 ware. Effects of the compounds were quantified by counting 
cysts in the controls and treated cells. Cysts and persisting 
organisms were counted in a representative field of view and 
then multiplied by a factor determined by the total area of 
the disk in order to estimate the number of cysts and 

60 organisms in each condition. 
Assessment of Compound Degradation and Microbicidal 
Effect on Toxoplasma 

HFF were cultured in a 96-well plate and infected with 
RH-YFP as described above on Day 0, 20 µL of compound 

65 was added to 9 wells for each compound and concentration 
(3 conditions, 3 wells per condition). In condition I, media 
was removed and replaced with fresh media on Day 3. In 
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L-glutamine and sodium carbonate, and supplemented with 
10% pooled human AB+ serum, 25 mM HEPES (pH 7.4) 
and 20 µM gentamicin sulphate. Cultures were grown under 
a gaseous headspace of 4% 02 and 3% CO2 in N2 at 37° C. 

condition II, media was removed and replaced with fresh 
media and more compound on Day 3. In condition III, media 
was not replaced on Day 3, nor was the compound refreshed. 
On Day 6, media was removed and replaced with clean 
media in all wells. On Day 3, 6, and 9 plate was read in the 
fluorimeter and analyzed graphically in Prism (GraphPad 
Software). 

5 Cultures were grown to a parasitaemia of 5% before use. 

Toxoplasma In Vivo 

The protocol for the preparation of parasite extract was 
adapted from Fisher et al. (Fisher et al. 2009)22

. Free 
parasites were prepared from infected erythrocytes pooled IVIS. Mice were infected intraperitoneally with 20xl03 

Toxoplasma gondii (Pru strain expressing luciferase) 
tachyzoites. Treatment commenced 2 hours later with 
JAG21 (5 mg/kg) which was dissolved in DMSO and 
administered intraperitoneally in a total volume of 0.05 ml. 
Mice were imaged every second day starting on day 4 post 
infection using a IVIS Spectrum (Caliper Life Sciences) for 
a 1 minute exposures, with medium binning, 20 minutes post 
injection with 150 mg/kg of D-luciferin potassium salt 
solution. 

10 from five T75 flasks, by adding 5 volumes of0.15% (w/v) 
saponin in phosphate-buffered saline (137 mM NaCl, 2.7 
mM KC!, 1.76 mM K2 HPO4 , 8.0 mM Na2HPO4 , 5.5 mM 
D-glucose, pH 7.4) for 5 min, followed by three washes by 
centrifugation in RPMI containing HEPES (25 mM), and a 

15 final resuspension in potassium phosphate buffer (50 mM 
K2 HPO 4 , 50 mM KH2 PO 4 , 2 mM EDTA, pH7.4) containing 
a protease inhibitor cocktail (Complete Mini; Roche). Para
site extract was then prepared by disruption with a sonicat
ing probe for 5 s, followed by a 1 min rest period on ice to Brain cysts: Mice were infected intraperitoneally with 

20xl03
• Treatment commenced 2 hours later with JAG21 (5 

mg/kg) which was dissolved in DMSO and administered 
intraperitoneally in a total volume of0.05 ml. After 30 days, 
treatment with JAG21 was begun each day for 14 days 
intraperitoneally. In experiments when tafenoquine was 
administered alone or with JAG21 in some groups 3 mg/kg 25 

tafenoquine was administered once on day -1. Cysts in brain 
were quantitated after concluding treatment 

20 prevent the sample overheating. This process was performed 
three times. The parasite extract was used immediately. The 
protein concentration of the parasite extract was determined 
by Bradford protein assay (Bio-Rad). 

RPS13 ti.. This GO arrested parasite persists in tissue 
culture for prolonged times in the absence of tetracycline. 
The design of this experiment is shown in FIG. 18. The 30 

parasite (x) was used to infect interferon gamma knockout 
mice. For the first y days no tetracycline was administered. 
After that time tetracycline was administered. Mice were 
observed and at the time they appeared ill or at the termi
nation of the experiment they were euthanized and tissues 35 

fixed in formalin and stained with hematoxylin and eosin or 
immunoperoxidase stained and parasite burden was 
assessed. 
Malaria Assays 

Methods for enzyme assays21
-
3

: Professor Giancarlo A. 40 

Biagini, Dr Richard S. Priestley, Department of Parasitol
ogy, Liverpool School of Tropical Medicine, Pembroke 
Place, Liverpool, L3 5QA, UK. 
Materials 

Pfbc 1 Native Assay 

Plasmodium falciparum bc 1 complex cytochrome c 
reductase (Pfbc1 ) activity was measured by monitoring 
cytochrome c reduction at 550 versus 542 nm using a Cary 
300 Bio UV-Visible Spectrophotometer (Varian, UK), using 
a protocol adapted from Fisher et al. (Fisher et al. 2009)21

-
23

. 

The assay was performed in potassium phosphate buffer in 
a quartz cuvette and in a final volume of 700 µL. Potassium 
cyanide (10 µM), oxidised cytochrome c (30 µM), parasite 
extract (100 µg protein) and compound/DMSO were added 
sequentially to the cuvette, with mixing between each addi
tion. Test compounds were added to a final concentration of 
1 µM. DMSO (0.1 % v/v) and atovaquone (1 µM), a known 
malarial cytochrome bc1 complex inhibitor, were used as 
negative and positive controls respectively. The reaction was 
initiated by the addition of 50 µM decylubiquinol and 
allowed to proceed for 3 min. 

Data Analysis 

Malaria 

45 In Vitro Studies: Plasmodium falciparum: 3D7 strain was obtained from 
the Liverpool School of Tropical Medicine. Protease cock
tail inhibitor was obtained from Roche. Bradford protein 
assay dye reagent was obtained from Bio-Rad. All other 
reagents were obtained from Sigma-Aldrich. Decylubiqui
nol was produced as per Fisher et al. (Fisher et al. 2004)21

. 50 

In brief, 25 mg of decylubiquinone were dissolved in 400 µI 
of nitrogen-saturated hexane. An equal volume of aqueous 1 
M sodium dithionite was added, and the mixture vortexed 
until colorless. The organic phase containing the decylu
biquinol was collected, the solvent was evaporated under N2 55 

and the decylubiquinol finally dissolved in 100 µI of 96% 
ethanol (acidified with 10 mM HCI). Concentrations of 
decylubiquinol was determined spectrophotometrically on a 
Cary 300 Bio UV/visible spectrophotometer (Varian, UK) 
from absolute spectra, using E288_320=8.1 mM-1 ·cm-1

. 60 

Decylubiquinol was stored at -80° C. and used within two 
weeks. 
Plasmodium falciparum: Culture and Extract Preparation 

Plasmodium falciparum: strain 3D7 blood-stage cultures 
were maintained by the method of Trager and Jensen (Trager 65 

& Jensen 2005)23
. Cultures contained a 2% suspension of 

O+ human erythrocytes in RPMI 1640 medium containing 

D6 is a drug sensitive strain from Sierra Leone, C235 is 
a multi-drug resistant strain from Thailand, W2 is a chlo
roquine resistant strain from Thailand, and C2B has resis
tance to a variety of drugs including atovaquone. These 
assays were performed as described. 

Compound Activity Against Plasmodium falciparum: 

Compound activity against P. falciparum, a causative 
agent of malaria, was tested using the Malaria SYBR Green 
I-Based Fluorescence (MSF) Assay. This; microtiter plate 
drug sensitivity assay uses the presence of malarial DNA as 
a measure of parasitic proliferation in the presence of 
antimalarial drugs or experimental compounds based on 
modifications of previously described methods by Plouffe et 
al (20) and Johnson et al. As the intercalation of SYBR 
Green I dye and its resulting fluorescence is relative to 
parasite growth, a test compound that inhibits the growth of 
the parasite will result in a lower fluorescence. 

Selected compounds were examined for activity against 
four strains of P. falciparum: D6 (CDC/Sierra Leone), a 
drug-sensitive strain readily killed by chloroquine, TM91-
C235, a multi-drug resistant strain resistant to chloroquine, 
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W2, a chloroquine resistant strain from Thailand, and C2B 
has resistance to a variety of drugs including atovaquone. 
P. berghei Model Sporozoite, Blood Stage, and Liver Stage 
Model. 

P. berghei sporozoites. The methods that follow are taken 5 

directly from24
•
25

: From laboratory-reared female Anoph
eles stephensi, isolation, inoculation and viability check 
Plasmodium berghei sporozoites (luciferase expressing) 
were obtained and maintained at 18° C. for 17 to 22 days 
after feeding on malaria-infected Swiss CD-1/ICR mice. 10 

From malaria-infected mosquitoes, salivary glands were 
extracted and sporozoites obtained. Briefly, mosquitoes 
were separated into head/thorax and abdomen. Thoraxes and 
heads were triturated with a mortar and pestle and suspended 
in medium RPMI 1640 containing 1% C57BL/6 mouse 15 

serum (Rockland Co, Gilbertsville, Pa., USA). 50-80 heads 
with glands total were placed into a 0.5 ml Osaki tube on top 

84 
11618 were administered orally on days -1, 0 and 1 with 
respect to sporozoite inoculation. All inoculated mice were 
tested using the Xenogen IVIS-200 Spectrum (Caliper Life 
Sciences, Hopkinton, Mass., USA) IVIS instrument at 24, 
48 and 72 hr post-sporozoite infection. Additionally, using a 
flow cytometry system (FC500 MPL, Beckman Coulter, 
Miami, Fla., USA), blood-stage infections were measured. 
For the IVIS calibration in each test, positive and negative 
controls were used. D-Luciferin potassium salt, (Xenogen, 
California and Goldbio, St Louis, Mo., USA), the luciferase 
substrate, was inoculated intraperitoneally into mice at a 
concentration of 200 mg/kg 15 min before luminescence 
analysis. Three min post-luciferin administration the mice 
were anesthetized using isoflurane. The mice, in the IVIS on 
the 37° C. platform, were then positioned ventral side up. 
Through nose cone delivery, the mice continued to receive 
isoflurane. The exposure time of the camera was 5 min for 
the 24, 48 and 72 hr time points with f-stop=! and large 
binning setting. Using Living Image® 3.0 software, photons 
emitted from specific regions were quantified. 

Parasitemia was measured after days of IVIS imaging. 
During a total of 30 days, mice were observed and para
sitemia level determined using FACs analysis. (Pybus et al. 
Malaria Journal 2013, 12:212; Marcsisin et al. Malaria 

25 Journal 2014, 13:2). 

of glass wool with enough dissection media to cover the 
heads. Until all mosquitoes had been dissected, the Osaki 
tube was kept on ice. Sporozoites that were isolated from the 20 

same batch of mosquitoes were inoculated into C57BL/6, 
2D knock-out and 2D knock-out/2D6 knock-in C57BL/6 
mice on the same day to control for biological variability in 
sporozoite preparations. On day 0, each mouse was inocu
lated intravenously in the tail vein with approximately 
10,000 sporozoites suspended in 0.1 ml volume. They were 
stained with a vital dye containing fluorescein diacetate (50 
mg/ml in acetone) and ethidium bromide (20 µg/ml in 
phosphate buffered saline; Sigma Chemical Co, St. Louis, 
Mo., USA) and counted in a haemocytometer to ensure that 
inoculated sporozoites were viable following the isolation 
procedure. Viability of the sporozoites ranged from 90 to 
100%. 
Animals 

The mice used in these experiments were Swiss Webster 
females. The animals were acclimated for seven days ( quar
antine) on arrival. The animals were housed in a cage 
maintained in a room with 34-68% relative humidity, a 
temperature range of 64-79° F., and a 12-hr light/dark 
cycles. Water and food were provided during quarantine and 
throughout the study. The mice were fed a standard rodent 
maintenance diet. All animal studies were performed under 
protocols that are IACUC-approved. All animal care, han
dling, and use was performed in accordance with the current 
Guide for the Care and Use of Laboratory Animals (1996). 
Test Compounds and Administration 

Bovine Cytochrome bcl Purification Protocol 
Preparation of Crude Mitochondria: 
Whole bovine heart was collected directly from slaughter 

and transported on ice to the cold room. All work was carried 
30 out at 4 ° C. Fat and other tissues were removed leaving only 

lean muscle that was then cut into small cubes. The cubes 
were then transferred to a waring blender and homogenisa
tion buffer (250 mM sucrose; 20 mM K2HPO4 ; 2 mM 
succinic acid; 0.5 mM EDTA) was added at a ration of 2.6 

35 L buffer per 1 L of muscle tissue. The solution was then 
homogenised. The resulting homogenate was adjustered to 
pH 7.8 using 2 M Tris and PMSF was added to a concen
tration of0.1 mM. The homogenate was then centrifuged in 
a Sorvall GS-3 rotor at 3000 rpm for 20 mins. The resulting 

40 supernatant was then transferred to a Sorvall GSA rotor and 
centrifuged at 12,000 rpm for 20 mins. The pellet was then 
re-suspended and washed in buffer 1 (50 mM KPi (pH 7.5); 
0.1 mM PMSF) before centrifugation under the same con
ditions again. The pellet was collected and frozen at -80° C. 

45 for use later. 
Solubilisation of Membrane Proteins: 

At the time of preparation of the suspension solution, 
compounds tested in these experiments were dosed based on 
the body weight. The suspension solution of oral agents, 
using homogenizer (PRO Scientific Inc, Monroe, Conn., 50 

USA) with 10 mm open-slotted generator to homogenize 
drug powder mixture at 20,000-22,000 rpm for 5 min in ice 
bath, were prepared in 0.5% (w/v) hydroxyethyl cellulose 
and 0.2% (0.5% HECT, v/v) Tween-SO in distilled water. 

The frozen mitochondria were thawed and re-suspended 
in buffer 2 (50 mM KPi (pH 7.5); 150 mM NaCl; 3 mM 
NaN3 ; 0.1 mM PMSF) and a sample taken for a BCA assay. 
The remaining sample was centrifuged at 42,000 rpm in a 
Beckman Ti70 rotor for 60 mins. The pellet was re-sus-
pended in the same wash buffer to a volume of 70 ml with 
the addition 0.1 mg DDM per 1 mg of protein and centri
fuged at 42,000 rpm in a Beckman Ti70 rotor for 60 mins. 
The pellet was then re-suspended in the same wash buffer to 
a final volume of215 ml with the addition of0.9 mg DDM 

A three consecutive day-treatment regimen (-1, 0, 1 day) 55 

or a once-a-day, one dose on day 0 was used in assessments. 
Drug suspensions were transferred to a 20-ml bottle, drawn 
into a 1-ml syringe, and delivered to the designated recipient 
via intra gastric feeder (18 gauge). 

1 hour after intravenous administration of 10,000 P. 60 

berghei sporozoites, single dose causal prophylaxis in 5 
C57BL/6 albino mice at 2.5 mpk dosed on day 0. In 5 
C57BL/6 albino mice, 3 dose causal prophylaxis treatment 
at 0.6 mpk dosed on days -1, 0, and +1. 

per 1 mg of protein and centrifuged for a final time at 42,000 
rpm in a Beckman Ti70 rotor for 60 mins. The supernatant 
was collected. 

Purification of Cytochrome be 1: 
Whilst being purified, the presence of protein was deter

mined using 280 nm absorbance and the presence of haem 
was determined using 415 nm soret band peak and 462 nm 
absorbance. The solubilised protein solution was first 

In Vivo Imaging System Spectrum 
All of the in vivo imaging system (IVIS) methods utilized 

have been described previously [6]. Briefly TQ and NPC-

65 applied to a DEAE-Sepharose CL-6B column (ca. 50 ml) 
pre-equilibrated in buffer A (50 mM KPi (pH 7.5); 150 mM 
NaCl; 0.03% DDM; 3 mM NaN3 ) washed with 2 CV buffer 
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A and eluted along a gradient with buffer B (50 mM KPi (pH 
7.5); 350 mM NaCl; 0.03% DDM; 3 mM NaN3 ). The 
collected protein was pooled and diluted twofold with buffer 
C (50 mM KPi (pH 7.5); 0.03% DDM; 3 mM NaN3 ) before 
application to a hydroxyapatite column (ca. 15 ml) pre- 5 

equilibrated with buffer C. The colunm was washed with 10 
CV of buffer C before elution along a gradient with Buffer 
C* (1000 mM KPi (pH 7.5); 0.03% DDM; 3 mM NaN3). 

Fractions containing cytochrome bci, as identified by 415 
nm absorbance, were then collected, pooled and concen- 10 

trated to 1.5 ml using anAmicon Ultra-15 (Amicon, MWCO 
100,000). The sample was then applied to a Sephacryl-S300 
colunm (ca. 120 ml) pre-equilibrated in buffer D (25 mM 
KPi (pH 7.5); 100 mM NaCl; 0.015% DDM; 3 mM NaN3 ) 

and ran at a flow rate of0.5 ml/min. Purified cytochrome bc 1 15 

fractions were then collected and concentrated to 30 mg/m. 
Bovine Enzyme Crystallography: 
Compounds designed using structure-based analyses of 

cytochrome b co-crystalized with JAG21 as described in 

86 
Cytotoxicity Assay Using HFF and WST-1 and IC50 with 

HEP G Cells: 

Because T. gondii grows inside cells, if a compound was 
toxic to host Human Foreskin Fibroblast Cells (HFF), then 
it would make the compound appear to be spuriously 
effective; in actuality only toxicity for the host cell would be 
measured. Cytotoxicity to human foreskin fibroblasts was 
therefore assessed for all compounds at 10 µMand 50 µM. 
Results of this experiment are in FIG. 14 and Table 3. A 
two-way ANOVA and subsequent pairwise comparison 
found none of the differences in absorbance, compared to the 
controls, to be statistically significant (p>0.05). This sug
gests that these compounds are not toxic at 10 µMor 50 µM 
and that toxicity to cells is attributed to DMSO in the 
solution, not the compound. IC50 with HEP G cells was 
performed as described and toxicity was: HEP G2 IC50 
17.70 microM (r2=0.97) JAG 21; JAG 50 7.1 microM 
r=o.98. 

TABLE 3 

Cytotoxicity to human foreskin fibroblasts was therefore assessed for all compounds 
at 10 b!M and 50 uM. Gra12h is re12resentative of re12licate ex12eriment. 

JAG050 JAG050 JAG021 JAG021 
Observation Control 10 µM 1 µM 10 µM 1 µM 

a 

True Cysts 4.67 ± 3.06 1 ± 0.82 0.25 ± 0.5 0.25 ± 0.5 0.5 ± 0.6 
[2-8] [0-2] [0-1] [0-1] [0-1] 

Pseudocysts 40.3 ± 11.4 20.5 ± 2.9 23.25 ± 10.31 25.5 ± 5.1 29 ± 6 
[31-53] [17-24] [14-38] [19-30] [21-34] 

Small 1600 ± 436 31 ± 16 58 ± 24 73.25 ± 30.9 90.5 ± 33.5 
organisms [1100-1900] [8-43] [27-85] [30-101] [63-137] 

b 

True Cysts 452 88 29 22 54 
Pseudocysts 3884 1921 2269 2638 2955 
Small organisms 16404 3018 5086 7309 9734 

Example 126
. This was done to optimize medicine-like 40 

properties using structure activity principles and analyses. 
Compounds synthesized as above were used in these assays 

In Vitro Challenge Assay for Bradyzoites 
Lead compounds JAG050 and JAG021 were tested 

against EGS because of their effects on tachyzoites (RH
YFP). Under immunofluorescence microscopy, the follow
ing forms were observed: "true cysts" with a dolichos
staining wall, "pseudocysts" or tight clusters of parasites, 
and small organisms. If there were fewer than four parasites 

as follows: 10 mM stock solutions were made with 100% 
Dimethyl Sulfoxide (DMSO) [Sigma Aldrich] and working 
concentrations were made with IMDM-C (lx, [ +] gluta- 45 

mine,[+] 25 mM HEPES, [-] Phenol red, 10% FBS)[gibco, 
Denmark]). visible in a cluster, the organisms were counted individually 

(as "small organisms"). A statistically significant reduction 
Statistical Analysis: 
A Pearson test was used to confirm a correlation between 

increasing dose and increasing inhibition. An ANOVA and 50 

subsequent pairwise comparison with D=ett correction 
was used to determine whether or not inhibition or toxicity 

in the number of true cysts and small organisms was 
observed at 1 µMand 10 µM for both compounds (p<0.05, 
p<0.005, FIG. 15a-c). 

ADME properties of THQs. at a given concentration was statistically significant. Stata/ 
SE 12.1 was used for this analysis. 
Results 
Tetrahydroquinolone Compounds: 

In Vitro Challenge Assay for Tachyzoites: 
Seven compounds (Table 1) were tested and each com

pound was tested at least twice. JAG021 and JAG050 
demonstrated effect below 1 µM, and were tested at lower 
concentrations. A representative graph of this data is shown 
in FIG. 13. JAG050 and JAG021 were identified as lead 
compounds because the IC50 values were 55 and 188 nM 
respectively. Correlation between concentration of com
pound and inhibition of parasite growth and activity (as 
measured by fluorescence) was observed for all compounds 
except JAG046. 

In vitro ADME analyse of the THQ compounds were 

55 outsourced to ChemPartner Shanghai Ltd. ELQ-271 was 
tested as a comparison. THQs which were potent inhibitors 
of T. gondii tachyzoites were assessed for their kinetic 
solubility, metabolic stability in human and mouse liver 
microsomes, and their ability to permeate across MDCK-

60 MDKl cell membranes (in vitro measure of blood-brain 
barrier (BBB) permeability). Solubility, half-life and BBB 
permeability/efllux results are shown in Table 4. The kinetic 
solubility (PBS, pH 7.4) of compounds JAG021 and 
JAG050, 7 and 16 µM respectively, were higher than 

65 MJMl 70 (2 µM) and ELQ-271 (0.2 µM). JAG021 was the 
most metabolically stable compound in human liver 
microsomes (>99% remaining after 45 mins) compared with 
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other THQs and ELQ-271, although it displayed a much 
shorter half-life of 101 mins in mouse liver microsomes. All 
THQs tested in the MD Kl (MJMl 70, JAG021 and JAG050) 
MDCK-MDKl system exhibit high permeability (Pap/lOx 
106 emfs) and low efflux (efflux ratio <1.5). 

TABLE 4 

Chart compares properties of solubility and half-life of JAG050 
and JAG021 to parent compounds ELQ 271 and MJMl 70. 

The test system was 100 mM Phosphate Buffer 
(pH 7.4).: <10 µM is low solubility, 10-80 µM is 

moderate solubility and >80 µM is high solubility. 
AT 112 < 30 minutes indicates susceptibility to metabolism, 

between 30 and 120 minutes indicates moderate metabolism 
and >120 minutes indicates stability in the liver. 

Solubility Human liver Mouse liver 
Compound (pH 7.4)* micros om es# microsomes# 

ELQ271 0.15 µM 171.93 min 448.13 min 
MJM170 1.97 µM 146.33 min 20.97 min 
JAG021 7.07 µM 00 101.09 min 
JAG050 16.41 µM 99.04 min 68.55 min 

Enzyme Assays: 
Enzyme reduction of cytochrome c by the parasite extract 

88 
Binding Assays and Co Crystallography. 

JAG021 has lower binding affinity to bovine cytochrome 
be in comparison with previous compounds that we have 
tested. JAG 21 'inhibits' Cytbcl but not fully, indicating that 

5 
it will be less toxic for bovine/human cyt be (FIG. 16) 

10 

15 

20 

Assessment of Compound Degradation and Microbicidal 
Effect on Toxoplasma gondii 

Compounds JAG050 and JAG021 were observed for 

degradation and microbicidal effect. Neither compound was 

found to be microbicidal; when media was replaced with 

clean media, the parasites appeared to resume activity and 

replication. In comparing the 6-day exposure with no addi

tion of compound to the 6-day exposure with the addition of 

compound, it did not appear that the compound was being 

degraded over time. In condition II, in which the compound 

is refreshed, there appears to be a rise in fluorescence on day 

6 in the 1 µM treatment group for both compounds. How

ever, these differences were not found to be statistically 

significant (p>0.05). 

Effective of JAG21 on Toxoplasma gondii. 

JAG21 at 5 mg/kg eliminates T. gondii tachyzoites seen in 
luminescence studies (FIG. 17). 

JAG21 Against GO Arrested and Normal (No Tet Repres
sor) Toxoplasma RPS13 Delta in Interferon Gamma Knock
out Mice Plus and Minus Tetracycline. 

is mediated by P. falciparum bc 1 complex cytochrome c 25 

reductase (Pfbc 1). All three compounds (1 µM) significantly 
inhibited the reduction of cytochrome c by the parasite 
extract, (JAG021 =86.4±3.2; JAG099=81.3±6.0; 
MJMl 70=69.7±11.3% atovaquone response). This clearly 
demonstrates the compounds are inhibitors of Pfbc1 . Addi- 30 

tional data demonstrating effect on bovine and Plasmodium 
falciparum enzyme are shown in Table 5. There is selectivity 
for the malaria enzyme. 

Our data show that the combination of JAG21 and tafeno
quine treatment is superior to either alone against RPS 13li. 
minus tetracycline (FIG. 18). The data indicates that this 

35 appears to be a dormant parasite that is less susceptible to 
JAG21 than either the slowly growing EGS bradyzoites or 
the rapidly proliferating tachyzoites. 

TABLE 5 

Inhibition of Pfbc 1 by compounds. 

Compound (1 µM) 

JAG021 
JAG099 
MJM170 

Inhibition of cytochrome c reduction 
(% atovaquone response) 

86.4 ± 3.2 
81.3 ± 6.0 
69.7 ± 11.3 

Data shown are mean ± s.e.m. of 4 independent experiments performed in triplicate. 

40 

Malaria: 

In Vitro. 

Results are shown in Table 6. JAG 21 is a 40-65 nM 
inhibitor of Plasmodiumfalciparum including effect against 
all drug resistant strains. The effects of the other compounds 
are also shown in this table and are in the range of 50-200 
nM. 

TABLE 6 

Inhibition of P falciparum in vitro including drug resistant isolates 

SYBR SYBR SYBR SYBR 

Green Green Green Green 

D6 C235 SYBR W2 C2B 

Compound IC50 SYBR IC50 TM91C235 IC50 SYBR IC50 SYBR 

ID (uM) D6 R2 (uM) R2 (uM) W2 R2 (uM) C2B R2 

JAG006 0.29 0.90 0.88 0.92 2.46 0.92 1.66 0.94 

JAG021 0.01435 0.9572 0.06164 0.9706 0.05518 0.9727 0.04042 0.9847 

JAG050 0.04664 0.9138 0.06913 0.9562 0.03136 0.9693 0.03635 0.9427 

JAG047 3.746 0.9738 12.56 0.9218 9.072 0.9358 7.781 0.9575 

JAG039 9.595 0.9532 >20 NIA >20 NIA >20 NIA 

JAG046 6.716 0.9844 >20 NIA >20 NIA >20 NIA 

RG38 2.84 0.8936 13.66 0.8338 9.245 0.7954 >20 NIA 
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In Vivo. 
Single dose causal prophylaxis in 5 C57BL/6 albino mice 

at 2.5 mpk dosed on day 0, 1 hour after intravenous 
administration of 10,000 P. berghei sporozoites. 3 dose 
causal prophylaxis treatment in 5 C57BL/6 albino mice at 5 

0.6 mpk dosed on days -1, 0, and+ 1. A representative figure 
for higher dose ( 5 mg/kg) is shown, but all experiments with 
the amounts mentioned above had efficacy measured as cure 
measured as survival, luminesence and parasitemia quanti-
tated by flow cytometry are similar to these. (FIG. 17) 10 

Discussion 
JAG050 and JAG021 were identified as lead compounds, 

demonstrating potent inhibition of tachyzoites and bra
dyzoites and no toxicity to human foreskin fibroblasts in our 

15 
in vitro model. While compounds inhibited parasite repli
cation and activity, there did not appear to be a microbicidal 
effect. 

Toxoplasmosis is highly prevalent and the impact of this 
disease can be devastatingly severe. Current treatments have 20 

toxic side effects and are not curative. JAG050 and JAG021 
are lead compounds in the search for a new curative medi
cine because they demonstrate effect on both life stages and 
were not toxic to the human cells in our in vitro model. 

Experiments testing the compounds against the EGS 25 

strain had some surprising findings. While true cysts in vitro 
appeared to be completely eliminated by treatment, or their 
number significantly reduced, parasites did persist in tight, 
clustered, cyst-like structures, or pseudo-cysts, and small 
punctate life forms that resemble tachyzoites. One possible 30 

explanation is that the dolichos-staining organisms that 
remain 48 hours after treatment are in a separate, hypnozo
ite-like life stage that is not affected by the compounds. 

JAG050 and JAG021 do not appear to have a microbi
cidal effect on the RH-YFP parasites. However, in compar- 35 

ing the two conditions in which cells and parasites were 
exposed to the drug for 6 days, it does not appear that the 
parasites or host cells are degrading the compounds. In order 
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0 

a - R-cc\ 
y 

C -

H 

ent temperature unless otherwise indicated. 1 H NMR spectra 
were obtained with a Bruker DRX400, Varian VXR400 or 
VXR300. 1H NMR spectra were reported in parts per 
million (o) relative to TMS (0.0), DMSO-d6 (2.50) or 
CD3OD ( 4.80) as an internal reference. All 1 H NMR spectra 
were taken in CDC13 unless otherwise indicated. 

OH B(OH)2 

¢ 
Br 

f 

T 

6 
R 

d - ('YO~R 
Br~ V 

R ~ H, 5-Me, 6-Me, 7-Me, 6-CF3, 7-CF3, 7-Et 

R' ~ 3-F, 3-Cl, 3-CF3, 3-C02H, 

4-F, 4-Cl, 4-CF3, 4-0CF3, 4-C02H, 

3 & 4-Cl, 3-0CH20-4, 3-Cl 4-F, 3 & 5-Cl 

0~ I VR 

a) i) Meldrums acid, triethylorthoacetate, 110° C., ii) Aniline, 110° C., iii) Dowtherm A, 250° C., b) PtO2, H2, AcOH, c) NIS, Acetonitrile, 80° C., d) Cu(OAch, Pyridine, TEA, DCM, e) 

Pd(dppf)Cl2, Bispincolatodiborane, KOAc, DMF, 80° C. f) Pd(dppf)Cl2, Na2CO3, DMF, 80° C. 

NH2 

~~ a -
0 

R-cc\ 
H 

a) i) Meldrums acid, triethylorthoacetate, 110° C., ii) Aniline, 110° C., iii) Dowtherm A, 250° C. 
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General Method A 

2,2-Dimethyl-1,3-dioxane-4,6-dione (1.5 equiv.) was dis
solved in trimethylorthoacetate (2 equiv.) and heated to 115° 

94 
title compound was isolated as a colourless solid (370 mg, 
2.13 mmol, 5%). 1H NMR (400 MHz, CDC13 ) Ii 9.58 (s, 
lH), 8.24 (d, J=8.3 Hz, lH), 7.22 (s, lH), 7.16 (d, J=8.3 Hz, 
lH), 6.15 (s, lH), 2.46 (s, 3H), 2.41 (s, 3H). 

C. for 2 hrs. The reaction was cooled to allow the addition 5 

of the aniline (1 equiv.) before being heated to 115° C. for 7-trifluormethyl-2-methylquinolin-4(1H)-one 

a further 2 hrs. The reaction mixture was then allowed to 
cool and was concentrated in vacuo, remaining solvent was 
washed off with cold methanol. The precipitate was then 
dissolved in minimum volume of Dowtherm A and refluxed 10 

at 250° C. for 1.5 hours. The reaction mixture was allowed 
to cool and the precipitate filtered followed by washing with 
hexane to afford the title compound. 

2-Methyl-6-( trifluoromethy l)quinolin-4(1 H)-one 
15 

The title compound was synthesised following general 
procedure A from 3-trifluoromethyl-aniline (3 mL, 24 

20 mmol). The title compound was isolated with its regiomer 
and separation was not achieved and so was carried forwards 
as a mixture (1.5 g). 

25 0 

The title compound was synthesised by general method A 
using 4-trifluoromethyl aniline (2.00 g, 12. 4 mmol) to yield 
the title compound as a white amorphous solid ( 466 mg, 2.05 
mmol, 17%). 1H NMR (300 MHz, MeOD) Ii 8.42 (s, lH,), 30 

7.81 (dd, J=8.8 Hz, 2.1 Hz, lH), 7.60 (d, J=8.8 Hz, lH), 6.16 b) PtO2, H2, AcOH 

b - Ra\ 
H 

(s, lH), 2.40 (s, 3H); M/Z (ESI+); 228.06 (Found MW 
228.0634, C11H8 F3NO requires 228.0630). 

7-ethyl-2-methylquinolin-4(1 H)-one 

0 

35 General Method B 

The 4-hydroxylquinolone (1 equiv.) was dissolved in 
acetic acid (10.0 mL) under inert conditions. platinum 
dioxide (5% weight equiv.) was added and a hydrogen 

40 balloon was attached. The reaction was left to proceed for 12 
hours. The resulting suspension was filtered through a pad of 
Celite and washed with ethyl acetate (10.0 mL). The filtrate 
was concentrated in vacuo to afford a yellow/brown oil. 
Purification by colunm chromatography (10% methanol in 

45 
chloroform) afforded the title compound. 

2-methyl-5,6,7,8-tetrahydroquinolin-4(1H)-one 
The title compound was synthesised following general 

procedure A from 3-ethylaniline (1.4 mL, 11.1 mmol). The 
title compound was isolated as a colourless solid (210 mg, 
1.12 mmol, 10%). 1H NMR (500 MHz, CDC13 ) Ii 9.72 (s, 

50 
lH), 8.17 (d, J=8.3 Hz, lH), 7.16 (s, lH), 7.10 (d, J=8.3 Hz, 
lH), 6.07 (s, lH), 2.66 (q, J=7.6 Hz, 2H), 2.33 (s, 3H), 1.18 
(t, 1=7.6 Hz, 3H); 

2, 7-Dimethylquinolin-4(1 H)-one 

0 

~ 
~N~ 

H 

The title compound was synthesised following general 
procedure A from 3-methylaniline (7.5 mL, 42 mmol). The 

0 

55 OCl 
H 

A solution of 4-hydroxyl 2-methyl-quinilone (1.00 g, 6.28 
60 mmol) in acetic acid (10.0 mL) was catalytically hydroge

nated over platinum dioxide (0.10 g, 0.44 mmol) for 12 
hours. The resulting suspension was filtered through a pad of 
Celite and washed with ethyl acetate (10.0 mL). The filtrate 
was concentrated in vacuo to afford a yellow/brown oil. 

65 Purification by colunm chromatography (10% methanol in 
chloroform) afforded the title compound as a colourless 
amorphous solid. (1.02 g, 6.25 mmol, 99%). Ii H NMR; (500 
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MHz, Chloroform-d); Ii 6.29 (s, lH), 2.71 (t, J=6.1 Hz, 2H), 
2.48 (t, J=6.1 Hz, 2H), 2.32 (s, 3H), 1.78-1.69 (m, 4H); M/Z 
(ESI+); 164.1122 (Found MH+, 164.11 C10H13NO requires 
164.1075). 

2-Methyl-6-(trifluoromethyl)-5,6,7,8-tetrahydroqui
nolin-4(1 H)-one 

10 

15 

96 
2H), 2.37 (s, Me), 1.37 (m, 2H), 1.13 (d, J=6.6 Hz, 3H); M/Z 
(ESI+); 178.13 (Found MH+; 178.1278, C11H15NO requires 
177.1154). 

7-ethyl-2-methyl-5,6,7,8-tetrahydroquinolin-4(1H)
one 

The title compound was synthesised following general 
procedure B from 7-ethyl-2-methylquinolin-4(1H)-one (420 The title compound was synthesised following general 

procedure B from 2-methyl-6-(trifluoromethyl)quinolin-4 
(lH)-one (466 mg, 2.0 mmol), The title compound was 
isolated as colourless solid (230 mg, 0.99 mmol, 49%). 1H 
NMR (500 MHz, MeOD) Ii 6.32 (s, lH), 2.94 (dd, J=16.7, 
5.1 Hz, lH), 2.86 (dd, J=8.4, 4.1 Hz, 2H), 2.65-2.52 (m, lH), 
2.41 (dd, J=22.8, 11.5 Hz, lH), 2.36 (s, 3H), 2.28-2.15 (m, 
lH), 1.75 (tt, J=12.8, 9.1 Hz); M/Z (ESI+); 232.10 (Found 
MH+; 232.0955, C11H12F3NO requires 232.0949). 

20 
mg, 1.78 mmol). The title compound was isolated as a 
colourless solid (360 mg, 1.5 mmol, 84%). H NMR (400 
MHz, CDC13 ) Ii 12.20 (s, lH), 6.09 (s, lH), 2.88-2.66 (m, 
2H), 2.46-2.19 (m, SH, 2-Me), 1.95 (d, J=13.0 Hz, lH), 1.63 
(s, lH), 1.38 (td, J=13.9, 6.9 Hz, 2H), 1.33-1.22 (m, lH) 

25 
0.94 (t, 1=7.4, 3H); M/Z (ESI+); 192.14 (Found MW; 
192.1378 C12H17NO requires 192.1383). 

2,6-Dimethyl-5,6,7,8-tetrahydroquinolin-4(1H)-one 

m 
H 

30 

35 

7-trifluormethyl-2-methyl-5,6,7,8-tetrahydroquino
lin-4(1H)-one 

The title compound was synthesised following general 
procedure B from a mixture of 7-trifluormethyl-2-meth
y lquinolin-4(1 H)-one & 5-trifluormethy 1-2-methy lquinolin-
4(1 H)-one (1.5 g). The title compound was isolated as a 
colourless solid (495 mg, 2.14 mmol). 1H NMR (500 MHz, 

The title compound was synthesised following general 
40 

procedure B from 2,6-dimethyl-quinolin-4(1H)-one (1.0 g, 
5.78 mmol), The title compound was isolated as a colourless 
solid (780 mg, 4.30 mmol, 76%). 1H NMR (400 MHz, 
CDC13 ) Ii 12.26 (s, lH), 6.09 (s, lH), 2.88-2.64 (m, 3H), 
2.30 (s, 3H), 1.98 (dd, J=16.9, 10.1 Hz, lH), 1.87 (d, J=12.4 
Hz, lH), 1.77 (m, lH), 1.39 (ddd, J=23.9, 11.1, 6.0 Hz, lH), 
1.08 (d, J=6.5 Hz, 3H); M/Z (ESI+); 178.13 (Found MW; 
178.1280, C11H15NO requires 177.1154). 

45 CDC131MeOD, 1:1) Ii 5.99 (s, lH), 2.73-2.60 (m, 2H), 2.53 
(dd, J=16.3, 12.0 Hz, lH), 2.35 (s, lH), 2.20 (ddd, J=17.7, 
11.4, 5.9 Hz, lH), 2.11 (s, 3H), 2.09-2.01 (m, lH), 1.42 (ddd, 
1=25.0, 12.1, 5.7 Hz, lH); M/Z (ESI+ ); 232.10 (Found MW; 
232.0953, C11 H12F 3 NO requires 232.0949). 

2, 7-Dimethyl-5,6, 7,8-tetrahydroquinolin-4(1 H)-one 50 

J)Q 55 

H 
60 

The title compound was synthesised following general 
procedure B from 2,7-Dimethyl-quinolin-4(1H)-one (350 
mg, 2.0 mmol). The title compound was isolated as a 
colourless solid (311 mg, 1.75 mmol, 88%). 1H NMR (500 65 

MHz, MeOD) ll 6.31 (s, lH), 2.78 (dd, J=17.0, 5.1 Hz), 2.73 
(ddd, J=17.7, 5.2, 2.7 Hz), 2.45-2.31 (m, 2H), 2.00-1.87 (m, 

Rm 
H 

c) NIS, Acetonitrile, 80° C. 

C -

General Method C 

Potassium iodide solution (sat aq, 5.60 mL mmol- 1
) and 

n-butylamine (10 equiv.) were added to a solution of the 
tetrahydroquinolin-4(1H)-one (1 equiv.) and iodine (1 
equiv.) in DMF (10.0 mL). The reaction mixture was stirred 
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The title compound was synthesised following general 
procedure C from 2,6-dimethyl-5,6,7,8-tetrahydro quinolin-
4(1H)-one (750 mg, 4.24 mmol). The title compound was 
isolated as colourless solid (740 mg, 2.44 mmol, 58%). 1H 

at room temperature for 16 hours. Observed colour change 
from dark purple to orange. Sodium thiosulphate (250 mg in 
10.0 mL water) was then added causing precipitation of a 
colourless solid. Filtration (washed 2x10 mL water) afforded 
the title compound. 

4(1H), 3-iodo-2-methyl-5,6,7,8-tetrahydroquinolin-4 
(lH)-one 

5 NMR (500 MHz, CDCI/MeOD) Ii 2.36 (dd, J=17.3, 4.8 
Hz), 2.25 (d, J=4.8 Hz, 2H), 2.15 (s, 3H), 1.57 (dd, J=17.3, 
10.4 Hz, lH), 1.51 (d, J=l0.9 Hz, lH), 1.36 (s, lH), 
1.09-0.94 (m, lH), 0.69 (d, J=6.6 Hz, 3H); M/Z (ESI+); 
304.02 (Found MH+; 304.0190, Cu H14INO requires 

10 304.0193). 
0 

OC( 
15 

H 

Saturated potassium iodide solution (sat aq, 5.60 mL) and 

~fb~~::~~~S:~:~~8~;~;;;~=~~0~~~4(f~~;~ea (gi;~iog~ 20 

5.83 mmol) and iodine (1.48 g, 5.83 mmol) in DMF (10.0 
mL). The reaction mixture was stirred at room temperature 
for 16 hours. Observed colour change from dark purple to 
orange. Sodium thiosulphate (250mg in 10.0 mL water) was 
then added followed by filtration (washed 2x10 mL water) 25 

to afford the title compound (39) as colourless microcrystals 
(1.45 g, 5.02 mmol, 86%). 1H NMR (500 MHz, methanol
d4); ll 2.53 (t, J=6.1 Hz, 2H), 2.44 (s, 3H), 2.30 (t, J=6.1 Hz, 
2H), 1.73-1.67 (m, 2H), 1.67-1.61 (m, 2H); M/Z (ESI+); 
290.00 (Found MH+, 290.0037 C10H12INO requires 30 

290.0036). 

3-Iodo-2-methy 1-6-( trifluoromethy 1)-5 ,6, 7 ,8-tetrahy
droquinolin-4( 1 H)-one 

35 

40 

The title compound was synthesised following general 45 
procedure C from 2-methyl-6-(trifluoromethyl)-5,6,7,8-tet
rahydroquinolin-4(1H)-one (230 mg, 1.0 mmol). The title 
compound was isolated as colourless solid (300 mg, 0.84 
mmol, 84%). 1H NMR (400 MHz, DMSO) ll 11.58 (s, lH), 
2.75 (d, J=5.6 Hz, lH), 2.72-2.67 (m, 2H), 2.62 (dd, J=7.4, 

50 
5.8 Hz, lH), 2.46 (s, 3H), 2.31 (d, J=22.7 Hz, lH), 2.15 (dd, 
J=16.4, 11.1 Hz, lH), 2.07 (dd, J=6.6, 5.4 Hz, lH), 1.68-1.51 
(m, lH); M/Z (ESI+ ); 357.99 (Found MW; 357.9914, 
CuHuF3INO requires 357.9910). 

3-Iodo-7-ethyl-2-methyl-5,6, 7,8-tetrahydroquinolin-
4(1H)-one 

0 

The title compound was synthesised following general 
procedure C from 7-ethyl-2-methyl-5,6,7,8-tetrahydroqui
nolin-4(1H)-one (110 mg, 0.57 mmol). The title compound 
was isolated as colourless solid (180 mg, 0.57 mmol, 99%). 
1H NMR (400 MHz, MeOD) Ii 2.62 (dd, J=17.2, 4.4 Hz, 
2H), 2.47 (s, 3H), 2.34-2.22 (m, lH), 2.18 (dd, J=17.8, 9.6 
Hz, lH), 1.92-1.81 (m, lH), 1.64-1.50 (m, lH), 1.34 (dtd, 
J=14.1, 7.2, 2.2 Hz, 2H), 1.21 (ddd, J=24.1, 10.9, 5.6 Hz, 
lH), 0.91 (t, J=7.4 Hz, 3H); M/Z (ESI+); 318.03 (Found 
MH+; 318.0261, C12H16INO requires 318.0349). 

3-Iodo-7-trifluormethyl-2-methyl-5,6, 7,8-tetrahydro
quinolin-4(1 H)-one 

The title compound was synthesised following general 
procedure C from 7-trifluormethyl-2-methylquinolin-4(1H)
one (480 mg, 2.10 mmol). The title compound was isolated 
as a colourless solid (688 mg, 1.92 mmol, 91%). 1H NMR 
(500 MHz, CDCI/MeOD, 1:1) Ii 2.40 (dd, J=16.0, 4.9 Hz, 
2H), 2.24 (dd, J=17.9, 8.3 Hz, lH), 2.20-2.12 (m, lH), 2.12 
(s, 2H), 2.00-1.86 (m, lH), 1.94 (s, lH), 1.75 (s, lH), 1.74 

3-Iodo-2,6-dimethyl-5,6,7,8-tetrahydroquinolin-4 
(lH)-one 

55 (dd, J=13.5, 5.9 Hz, lH), 1.13 (ddd, J=19.4, 12.1, 5.8 Hz, 
lH). M/Z (ESI+); 357.99 (Found MW; 357.9915, 
CuHuF3INO requires 357.9910). 

0 

DX 
H 

60 OH 

.,¢ 
Br 

B(OH)i 

6 
R 

d 

-------
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-continued 

~O~R 

Br~ V 5 

d) Cu(OAc)2, Pyridine, TEA, DCM, 

General Procedure d 10 

Copper (II) acetate (1 equiv.), triethylamine (5 equiv.), 

and pyridine (5 equiv.) was added to a solution of the 

boronic acid (1.5 equiv.) and phenol (1 equiv.) in dichlo- 15 

romethane (10 mL mmo1- 1
) over heat-activated 4 A molecu-

lar sieves. The reaction mixture was stirred over 16 hours at 

room temperature. The reaction mixture was quenched with 

HCl (0.5 M, 20 mL mmol- 1
) and filtered through a pad of 

20 
Celite, followed by repeated washing with water (10 mL 

mmol- 1
). The organic layer was extracted with brine, dried 

over magnesium sulphate, and concentrated in vacuo. Puri

fication by silica gel chromatography ( ethyl acetate/hexane) 
25 

afforded the title compound. 

l-Bromo-4-( 4-(trifluoromethoxy)phenoxy )benzene 

30 

35 

100 
(s, 3H); M/Z (ESI+ ); 307.00 (Found MW, 306.9962 

C14Hu Br03 requires; 306.9964). 

l-bromo-4-( 4-chlorophenoxy )benzene 

The title compound was synthesised, from 4-bromophe

nol (0.5 g, 2.80 mmol) and 4-trifluoromethoxy benzene 

boronic acid (0.6 g, 4.20 mmol), according to general 

procedure D. The title compound was isolated as a colour

less needles (160 mg, 0.56 mmol, 20%). 1H NMR (500 

MHz, CDC13 ) Ii 7.43 (d, J=9.0 Hz, 2H), 7.30 (d, J=9.0 Hz, 

2H), 6.93 (d, J=9.0 Hz, 2H), 6.86 (d, J=9.0 Hz, 2H). 

Methyl 4-( 4-bromophenoxy)benzoate 

~o~ 
fu~ l,yOMe 

0 

The title compound was synthesised, from 4-bromo

phenol (0.42 g, 2.43 mmol) and 4-methoxycarbonyl phenyl 

boronic acid (0.43 g, 2.43 mmol), according to general 
The title compound was synthesised, from 4-bromophe

nol (0.42 g, 2.43 mmol) and 4-trifluoromethoxy benzene 

boronic acid (1.00 g, 4.68 mmol), according to general 

procedure d as a colourless oil (70%, 0.53 g, 1.63 mmol). Ii 
H NMR (500 MHz, Chloroform-d) ll 7.37 (d, J=9.0 Hz, 2H), 

7.10 (d, J=9.1 Hz, 2H), 6.91 (d, J=9.1 Hz, 2H), 6.80 (d, J=9.0 

Hz, 2H); 

40 procedure D. The title compound was isolated as colourless 

plate crystals (0.25 g, 0.81 mmol, 33%). 1H NMR (500 

MHz, CDC13 ) Ii 7.94 (d, J=8.9 Hz, 2H), 7.41 (d, J=8.9 Hz, 

2H), 6.91 (d, J=8.8 Hz, 2H, 6.87 (d, J=8.9 Hz, 2H), 3.83 (s, 

45 3H); M/Z (ESI+ ); 307.00 (Found MW, 306.9961 

C14HuBr03 requires 306.9964). 

Methy 1 3-( 4-bromophenoxy) benzoate 

OMe 

~o~o 

Br~ u 

5-( 4-bromophenoxy )-2H-1,3-benzodioxole 
50 

55 

The title compound was synthesised, from 4-bromo- The title compound was synthesised, from 4-bromo-

phenol (0.42 g, 2.43 mmol) and 3-methoxycarbonyl phenyl 60 phenol (500 mg, 2.89 mmol) and 3,4-methyleneoxy-phenyl-

boronic acid (0.43 g, 2.43 mmol), according to general 

procedure D. The title compound ( 43) was isolated as 

colourless glassy solid (0.21 g, 0.69 mmol, 28%). 1H NMR 

(500 MHz, CDC13 ) ll 7.73 (dt, J=7.7, 1.2 Hz, lH), 7.59-7.53 
65 

(m, lH), 7.38 (d, J=9.0 Hz, 2H), 7.34 (t, J=8.4 Hz, 2H), 7.13 

(ddd, J=8.4, 2.5, 0.9 Hz, lH), 6.82 (d, J=9.0 Hz, 2H), 3.83 

boronic acid (719 mg, 4.34 mmol according to general 

procedure D. The title compound was isolated as a pale 

yellow oil (196 mg, 0.67 mmol, 23%). Ii 1H NMR (500 

MHz, Chloroform-d) ll 7.43 (d, J 8.5 Hz, 2H), 6.86 (d, J 8.5 

Hz, 2H), 6.79 (d, J 8.5 Hz, lH), 6.59 (d, J 2.5 Hz, lH,), 6.51 

(dd, J 8.5 & 2.5 Hz, lH), 6.00 (s, 2H); 
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0 

RDC( 
H 

f 

e) Pd(dppf)Cl2, Bispinocolatodiborane, KOAc, DMF, 80° C. f) Pd(dppf)Cl2, Na2CO3, DMF, 80° C. 

1.1 General Method E &F mmol, 15%). 1H NMR (500 MHz, DMSO) Ii 11.07 (s, lH), 

35 7.40 (d, J=8.5 Hz, 2H), 7.19 (d, J=8.6 Hz, 2H), 7.13 (d, J=9.0 A flask charged with the 4-bromo-diarylether (1 equiv.), 
bispinocolatodiborane (1.1 equiv.), KOAc (3 equiv.) and 
Pd(dppf)Cl2 (3 mo! %) was flushed with nitrogen. DMF 
(2.00 mL) was added and the reaction was stirred at 80° C. 
for 18 hours. After cooling the solution to room temperature, 
3-iodotetrahydroquinoline (2 equiv.), PdC!idppf) (3 mo!%) 
and Na2CO3 (2M, 5 equiv.) were added and the mixture was 
stirred at 80° C. under nitrogen for a further 24 hours. The 
solution was cooled to room temperature, the product was 
extracted with Et2O (15.0 mL). The organic layers were 
combined and washed with H2O (15.0 mL), brine and dried 45 
over MgSO4 and concentrated in vacuo. This was followed 
by purification by silica gel chromatography ( ethyl acetate/ 
petroleum ether). 

2-methyl-3-( 4-( 4-(trifluoromethoxy )phenoxy)phe
nyl)-5,6, 7,8-tetrahydroquinolin-4(1 H)-one 

The title compound was synthesised following general 
procedure E&F from 3-iodo-5,6,7,8-tetrahydroquinolin-4 
(lH)-one (260 mg, 0.9 mmol) and 4-bromo(4-tri
fluromethoxyphenoxy)phenyl (200 mg, 0.6 mmol). The title 
compound was isolated as colourless solid (38 mg, 0.09 

50 

55 

Hz, 2H), 7.02 (d, J=8.5 Hz, 2H), 2.54 (t, J=6.0 Hz, 2H, H-8), 

2.28 (t, J=5.9 Hz, 2H), 2.07 (s, 3H), 1.71 (m, 2H), 1.65 (m, 

2H); M/Z (ESI+); 416.15 (Found MW, 416.1492 

3( 4-( 4-trifluoromethoxyphenoxy )phenyl)-2,6-dim
ethyl-5,6, 7,8-tetrahydroquinolin-4(1 H)-one 

The title compound was synthesised following general 
procedure E&F from 3-iodo-2,6-dimethyl-5,6,7,8-tetrahyd
roquinolin-4(1H)-one (270 mg, 0.9 mmol) and 4-bromo(4-

60 trifluromethoxyphenoxy)phenyl (200 mg, 0.6 mmol). The 
title compound was isolated as colourless solid (40 mg, 0.09 
mmol, 15%). l'H NMR (500 MHz, CDCl3 /MeOD) Ii 6.86 
(d, J=8.3 Hz, 4H), 6.79-6.64 (m, 4H), 2.43 (dd, J=17.5, 4.9 
Hz, lH), 2.37 (s, 2H), 1.81 (s, 3H), 1.70-1.54 (m, 2H,), 1.45 

65 (m, lH), 1.09 (dt, 1=20.7, 10.5 Hz, lH), 0.76 (d, J=6.6 Hz, 
3H); M/Z (ESI+ ); 452.14 (Found MNa+; 452.1446 
C24H22F3NO3 requires 452.1444). 
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3( 4-( 4-trifluoromethoxyphenoxy )phenyl)-2, 7-dim
ethyl-5,6, 7,8-tetrahydroquinolin-4(1 H)-one 

104 
The title compound was synthesised following general 

procedure E&F from 7-ethyl-2-methylquinolin-4(1H)-one 

(170 mg, 0.54 mmol) and 4-bromo-( 4-trifluromethoxyphe-

5 noxy)phenyl (120 mg, 0.36 mmol). The title compound was 

isolated as a colourless solid (17 mg, 0.04 mmol, 11 % ). 1 H 

NMR (500 MHz, CDCl3 ) Ii 11.50 (s, lH), 7.16 (dd, J=15.3, 

8.2 Hz, 4H), 6.94 (dd, J=16.6, 8.3 Hz, 4H), 2.78 (d, J=16.1 

10 Hz, lH), 2.60 (d, J=21.4 Hz, lH), 2.39 (s, lH), 2.13 (dd, 

J=15.8, 10.8 Hz, lH), 1.96 (s, 3H), 1.59 (s, lH), 1.43-1.32 

(m, 2H), 1.32-1.18 (m, 2H), 0.94 (t, J=7.2 Hz, 3H); M/Z 

(ESI+); 444.18 (Found MH+; 444.1784, C25H24F3NO3 The title compound was synthesised following general 
procedure E&F from 3-iodo-2,7-dimethyl-5,6,7,8-tetrahyd
roquinolin-4(1H)-one (120 mg, 0.4 mmol) and 4-bromo(4-
trifluromethoxyphenoxy)phenyl (87 mg, 0.27 mmol). The 

title compound was isolated as colourless solid (30 mg, 0.07 

mmol, 26%). 1H NMR (400 MHz, DMSO) ll 10.90 (s, lH), 20 

7.41 (d, J=8.5 Hz, 2H), 7.20 (d, J=7.9 Hz, 2H), 7.14 (d, J=8.5 

Hz, 2H), 7.03 (d, J=7.9 Hz, 2H), 2.61 (m, 2H), 2.20 (dd, 
J=16.4, 9.6 Hz, 2H), 2.08 (s, 3H), 1.81 (m, 2H), 1.24 (s, lH), 
1.04 (d, J=5.9 Hz, 3H); M/Z (ESI+); 452.14 (Found MNa+; 25 

6-Ethyl-3-( 4-( 4-trifluoromethoxyphenoxy )phenyl)-2-

15 requires 444.1781). 

7-trifluromethyl-2-methyl-3( 4-( 4-trifluoromethoxy
phenoxy )phenyl)-5,6, 7,8-tetrahydroquinolin-4(1H)

one 

methyl-5,6, 7,8-tetrahydroquinolin-4(1 H)-one F3C 
30 

The title compound was synthesised following general 

procedure x from 7-trifluormethyl-2-methylquinolin-4(1H)-

35 one (360 mg, 0.99 mmol) and 4-bromo-( 4-trifluromethoxy

phenoxy)phenyl (220 mg, 0.66 mmol). The title compound 

was isolated as a colourless solid (95 mg, 0.20 mmol, 30%). 

M/Z (ESI+); 484.14 (Found MH+484.1358, C24H19F6NO3 

40 requires 484.1342). 

The title compound was synthesised following general 
procedure E&F from 3-iodo-2-methyl-6-(trifluoromethyl)-
5,6,7,8-tetrahydroquinolin-4(1H)-one (300 mg, 0.84 mmol) 
and 4-bromo-(4-trifluromethoxyphenoxy)phenyl (185 mg, 
0.56 mmol). The title compound was afforded as a colourless 45 

solid. (20 mg, 0.04 mmol, 7%). 1H NMR (500 MHz, TFA) 
Ii 7.39 (d, J=7.7 Hz, 4H), 7.34 (d, J=7.1 Hz, 2H), 7.24 (d, 
J=8.5 Hz, 2H), 3.32 (d, J=14.9 Hz, 2H), 3.21 (dd, J=13.8, 5.6 
Hz, lH), 2.89 (dd, J=18.0, 9.6 Hz, lH), 2.73 (dd, J=15.3, 6.9 
Hz, lH), 2.57 (s, 3H), 2.52 (d, J=13.5 Hz, lH), 2.07 (d, 50 

J=16.0 Hz, lH, H-7b); M/Z (ESI+); 484.14 (Found MW 
484.1358, C24H19F6NO3 requires 484.1342). 

7-Ethyl-2-methy 1-3 ( 4-( 4-trifluoromethoxyphenoxy) 
pheny I )-5, 6, 7, 8-tetrahydroquinolin-4(1 H)-one 55 

3-[ 4-(2H-1,3-benzodioxol-5-yloxy )phenyl]-2-
methyl-5,6, 7,8-tetrahydro- lH-quinolin-4-one 

The title compound was synthesised from 5-( 4-brom

ophenoxy)-2H-1,3-benzodioxole (200 mg, 0.68 mmol) and 

3-iodo-5,6,7,8-tetrahydroquinolin-4(1H)-one (288 mg, 1.02 

60 mmol). The title compound was isolated as a pale grey solid 

(40 mg, 0.11 mmol, 16%). HPLC; 3.28 min (86%); Ii 1H 

NMR (500 MHz, TFA) Ii 7.35 (d, J 8.5 Hz, 2H), 7.31-7.29 

(m, 3H), 6.98 (s, lH), 6.79 (s, lH), 6.10 (s, 2H), 3.09 (t, J 

65 
5.0 Hz, 2H), 2.90 (t, J 5.0 Hz, 2H), 2.52 (s, 3H), 2.11-2.05 

(m, 4H); M/Z (ESI); 375.1563, (C23H21NO4 requires 

375.1471). 
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/'--a 

ace] /9 
N 

/'--a 
f 

e) Pd(dppf)Cl2, Bispinocolatodiborane, KOAc, DMF, 80° C. f) Pd(dppf)Cl2, Na2CO3, DMF, 80° C., g) HBr, AcOH 120° C. 

1.2 General Method E &F mmol, 23% ). 1 H NMR (500 MHz, Acetone) Ii 7 .28 ( d, 1=8.7 

35 Hz, 2H), 7.26 (d, 1=9.1 Hz, 2H), 7.09 (d, 1=9.1 Hz, 2Hll), 
7.07 (d, 1=8.7, 2H), 3.52 (q, 1=7.0 Hz, 2H), 2.85 (t, 1=6.5 Hz, 
2H), 2.78 (t, 1=6.2 Hz, 2H). 2.26 (s, 3H), 1.89-1.81 (m, 2H), 
1.81-1.72 (m, 2H), 0.93 (t, 1=7.0 Hz, 3H); M/Z (ESI+); 
444.18 (Found MH+, 444.1792 C25H24F3 NO3 requires 

40 

A flask charged with the 4-bromo-diarylether (1 equiv.), 
bispinocolatodiborane (1.1 equiv.), KOAc (3 equiv.) and 
Pd(dppf)Cl2 (3 mo! %) was flushed with nitrogen. DMF 
(2.00 mL) was added and the reaction was stirred at 80° C. 
for 18 hours. After cooling the solution to room temperature, 
3-iodotetrahydroquinoline (2 equiv.), PdC!i(dppf) (3 mo!%) 
and Na2CO3 (2M, 5 equiv.) were added and the mixture was 
stirred at 80° C. under nitrogen for a further 24 hours. The 
solution was cooled to room temperature, the product was 
extracted with Et2O (15.0 mL). The organic layers were 
combined and washed with H2O (15.0 mL), brine and dried 45 

over MgSO4 and concentrated in vacuo. This was followed 

444.1781). 

Methyl 4-( 4-( 4-ethoxy-2-methyl-5,6, 7,8-tetrahydro
quinolin-3-yl)phenoxy)benzoate 

by purification by silica gel chromatography ( ethyl acetate/ 
petroleum ether). 

4-ethoxy-2-methy 1-3-( 4-( 4-( trifluoromethoxy )phe
noxy )phenyl )-5, 6, 7 ,8-tetrahydro quinoline 

The title compound was synthesised from l-Bromo-4-(4-
(trifluoromethoxy)phenoxy)benzene (100 mg, 0.30 mmol) 
according to general procedure E&F, to afford the title 
compound as a colourless gum/viscous oil (30 mg, 0.07 

50 

55 

/'--a 0~ 

I ~OM, 

0 

The title compound was synthesised from methyl 4-( 4-
bromophenoxy)benzoate (150 mg, 0.49 mmol) according to 
general procedure E&F. The title compound was isolated as 

60 
colourless microcrystals (56 mg, 0.13 mmol, 27%). 1H 
NMR (500 MHz, CDCl3 ) Ii 8.03 (d, 1=8.7 Hz, 2H), 7.29 (d, 
1=8.4 Hz, 2H), 7.11 (d, 1=8.4 Hz, 2H), 7.03 (d, 1=8.7 Hz, 
2H), 3.90 (s, 3H), 3.51 (q, 1=7.0 Hz, 2H), 2.91 (t, 1=6.2 Hz, 
2H), 2.72 (t, 1=6.0 Hz, 2H). 2.32 (s, 3H), 1.91-1.84 (m, 2H), 

65 1.83-1.76 (m, 2H), 1.04 (t, 1=7.0 Hz, 3H); M/Z; 418.20 
(ESI+); 418.20 (Found MH+, 418.2037 C26H27NO4 requires 
418.2018). 
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Methyl 4-((5-(4-ethoxy-2-methyl-5,6,7,8-tetrahydro
quinolin-3-yl)pyridin-2-yl)oxy) benzoate 

108 
The title compound was synthesised from l-bromo-4-( 4-

chlorophenoxy)benzene (70 mg, 0.24 mmol) according to 
general procedure E&F. The title compound was isolated as 
colourless oil (20 mg, 0.05 mmol, 27%). 1H NMR (500 

0~ 

~OMe 

5 MHz, CDCl3 ) Ii 7.25 (d, 1=8.9 Hz, 2H), 7.17 (d, 1=8.7 Hz, 
2H), 6.98 (d, 1=8.7 Hz, 2H), 6.93 (d, 1=8.9 Hz, 2H), 3.45 (q, 
1=7.0 Hz, 2H), 2.89 (t, 1=6.3 Hz, 2H), 2.65 (t, 1=6.l Hz, 2H), 
2.28 (s, 3H), 1.90-1.61 (m, 4H), 0.98 (t, 1=7.0 Hz, 3H); M/Z 
(ESI+); 394.16 (Found MH+394.1575, C24H24CINO2 

10 requires 394.1568). 
1.3 General Method G 

0 
To a solution of the 4-ethoxy-3-(diaryl ether)-hydroxy

quinolone (1 equiv.) in acetic acid (2 mL mmo1- 1
) was added 

15 
hydrogen bromide (>48% w/v (aq)) (1 mL mmol- 1

). The 
reaction mixture was then heated to 90° C. and left to reflux The title compound was synthesised from methyl 3-((5-

bromopyridin-2-yl)oxy)benzoate (100 mg, 0.33 mmol) 
according to general procedure E&F. The title compound 
was isolated as a colourless gum/semisolid (30 mg, 0.07 
mmol, 21%). 1H NMR (500 MHz, CDCl3 ) ll 8.13 (d, 1=2.3 
Hz, lH, H-6'), 8.10 (d, 1=8.7 Hz, 2H), 7.67 (dd, 1=8.4, 2.4 20 

Hz, lH, H-4'), 7.24 (d, 1=8.7 Hz, 2H), 7.05 (d, 1=8.4 Hz, 
lH), 3.91 (s, 3H), 3.53 (q, 1=7.0 Hz, 2H), 2.92 (t, 1=6.3 Hz, 
2H), 2.71 (t, 1=6.2 Hz, 2H), 1.06 (t, 1=7.0 Hz, 3H); M/Z 
(ESI+); 419.20 (Found MH+, 419.1993 C25H26N2 O4 

requires 419.1970). 25 

Methyl 3-( 4-( 4-ethoxy-2-methyl-5,6, 7,8-tetrahydro
quinolin-3-y I )phenoxy )benzoate 

/'---o 

30 

35 

for 72 hours. The reaction mixture was neutralised with 
sodium hydroxide (2 M, 30.0 mL) and precipitate formed. 
The reaction mixture was then filtered to afford the title 
compound and purified. 

Methyl 3-((5-( 4-ethoxy-2-methyl-5,6,7,8-tetrahydro
quinolin-3-yl)pyridin-2-yl)oxy) benzoate 

0~ 

~OH 

0 

The title compound was synthesised from methyl 4-((5-
( 4-ethoxy-2-methyl-5,6, 7,8-tetrahydroquinolin-3-yl)pyri
din-2-yl)oxy) benzoate (30 mg, 0.07 mmol) according to 
general procedure G. The title compound was isolated as 
colourless semi solid (13 mg, 0.03 mmol, 45%). 1H NMR 

40 (500 MHz, DMSO) Ii 12.83 (s, lH, NH), 11.03 (s, lH, 
CO2H), 8.00 (d, 1=8.7 Hz, 2H), 7.99 (s, lH) 7.73 (dd, 1=8.4, 
2.4 Hz, lH), 7.24 (d, 1=8.7 Hz, 2H), 7.12 (d, 1=8.4 Hz, lH), 
2.56 (t, 1=5.8 Hz, 2H), 2.30 (t, 1=5.8 Hz, 2H), 2.11 (s, 3H), 
1.82-1.51 (m, 4H); M/Z (ESI+); 377.15 (Found MW, 

The title compound was synthesised from methyl 3-(4-
bromophenoxy)benzoate (150 mg, 0.49 mmol) according to 
general procedure E&F. The title compound was isolated as 
colourless crystals (50 mg, 0.12 mmol, 25%). 1H NMR (500 
MHz, CDCl3 ) ll 7.73 (d, 1=7.7 Hz, lH,), 7.65-7.60 (m, lH), 
7.37 (t, 1=7.9 Hz, lH), 7.19 (m, 3H), 7.00 (d, 1=8.6 Hz, 2H), 
3.83 (s, l=, 3H), 3.45 (q, 1=7.0 Hz, 2H), 2.85 (t, 1=6.3 Hz, 
2H), 2.65 (t, 1=6.2 Hz, 2H), 2.26 (s, 3H), 1.88-1.78 (m, 2H), 
1.76-1.67 (m, 2H), 0.99 (t, 1=7.0 Hz, 3H); M/Z (ESI+); 

50 
418.20 (Found MH+ 418.2030, C26H27NO4 requires 
418.2018). 

Formation of: 3-( 4-( 4-chlorophenoxy)phenyl)-4-
ethoxy-2-methyl-5,6,7,8-tetrahydroquinoline 

OY'i 
~Cl 

45 377.1497 C22H20N2 O4 requires 377.1496). 

55 

4-( 4-(2-methyl-4-oxo-1,4,5,6, 7,8-hexahydroquino
lin-3-yl)phenoxy )benzoic Acid 

0~ 

I ~OH 

0 

60 The title compound was synthesised from methyl 4-( 4-
( 4-ethoxy-2-methy 1-5, 6, 7, 8-tetrahydroquinolin-3-y l)phe
noxy )benzoate (50 mg, 0.17 mmol) according to general 
procedure G. The title compound was isolated as colourless 
crystals (33 mg, 0.09 mmol, 48%). 1H NMR (500 MHz, 

65 DMSO) ll 13.79 (s, lH), 12.80 (s (b), lH), 7.99 (d, 1=8.8 Hz, 
2H), 7.36 (d, 1=8.7 Hz, 2H), 7.24 (d, 1=8.7 Hz, 2H), 7.14 (d, 
1=8.8 Hz, 2H), 2.92 (t, 1=5.1 Hz, 2H), 2.62 (t, 1=5.0 Hz, 2H), 
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2.31 (s, 3H), 1.90-1.76 (m, 4H); M/Z (ESI+); 376.16 (Found 
MH+, 376.1550, C23H21NO4 requires 376.1543). 

3-( 4-(2-methyl-4-oxo-1,4,5,6, 7,8-hexahydroquino
lin-3-yl)phenoxy )benzoic acid 

The title compound was synthesised from 3 methyl 3-( 4-

10 

15 

( 4-ethoxy-2-methyl-5,6, 7,8-tetrahydroquinolin-3-yl)phe-
20 noxy)benzoate (50 mg, 0.17 mmol) according to general 

procedure G. The title compound was isolated as colourless 
crystals (7 mg, 0.02 mmol, 12%). 1H NMR (500 MHz, 
DMSO) Ii 13.00 (s, lH), 11.31 (s, lH), 7.70 (d, J=7.9 Hz, 
lH), 7.52 (t, J=7.9 Hz, lH), 7.48 (dd, J=2.2, 1.6 Hz, lH), 
7.31 (dd, J=7.9, 1.6 Hz, lH), 7.21 (d, J=8.6 Hz, 2H), 7.04 (d, 25 

J=8.6 Hz, 2H), 2.58 (t, J=5.8 Hz, 2H), 2.32 (t, J=5.8 Hz, 2H), 
2.09 (s, 3H), 1.76-1.59 (m, 4H); M/Z (ESI+); 376.15 (Found 
MH+ 376.1547, C23H21NO4 requires 376.1543). 

3-( 4-( 4-chlorophenoxy)phenyl)-2-methyl-5,6,7,8- 30 

tetrahydroquinolin-4( 1 H)-one 

0~ 

lACl 

35 

/'---a 

-continued 

/'---a 
OH 

0 

/'---a 

C 

-------

0~ 

~~ 
R' 

R ~ H, 5-Me, 6-Me, 7-Me, 6-CF3, 

7-CF3, 7-Et R' ~ 3-F, 3-Cl, 3-CF3, 
3-C02H, 4-F, 4-Cl, 4-CF3, 4-0CF3, 

4-C02H, 3 & 4-Cl, 3-Cl, 4-F, 3 & 5-Cl 

0~ 

~~ 
R' d 

-------
0~ 

~~ 
R' 

Rox a 

-------

/'---a 

CXXI 

X 
R N H 

40 a) Et!, K2C03, DMF, 80° C., b) 4-Hydroxyphenyl boronic acid, Pd(PPH3)4 , Na2C03, 

DMF, 80° C., c) Phenyl boronic acid, Cu(OAch, Pyridine, TEA, DCM, d) HBr 

(40% aq), Acetic acid, 120° C. 

The title compound was synthesised from 3-( 4-( 4-chlo
rophenoxy )pheny 1)-4-ethoxy-2-methy 1-5 ,6, 7, 8-tetrahydro
quinoline (20 mg, 0.5 mmol) according to general procedure 45 

G. The title compound was isolated as colourless solid (18 
mg, 0.05 mmol, 95% ). 1 H NMR (500 MHz, DMSO) ll 10.99 
(s, lH), 7.44 (d, J=8.9 Hz, 2H), 7.18 (d, J=8.6 Hz, 2H), 7.05 
(d, J=8.9 Hz, 2H), 7.04 (d, J=8.6 Hz, 2H), 2.56 (t, J=5.3 Hz, 
2H), 2.29 (t, J=5.3 Hz, 2H), 2.07 (s, 3H), 1.78-1.55 (m, 4H); 50 
M/Z (ESI+); 366.13 (Found MH+ 366.1262, C22H21CINO2 

requires 366.1253). 

0 

Rox a 

-------

55 

4-ethoxy-3-iodo-2-methyl-5,6,7,8-tetrahydroquino
line 

/'---a 

CC( 
h 

N 

A suspension of 4(1H), 3-iodo-2-methyl, 5,6,7,8-tetra
hydro-quinolinone (2.20 g, 7.61 mmol) and Potassium car-

H 

/'---a 

CXX b 

-------

60 bonate (2.10 g, 15.2 mmol) in DMF (20.0 mL) was heated 
to 50° C. and stirred for 45 minutes. The reaction mixture 
was removed from the heat and ethyl iodide (0.89 mL, 11.4 
mmol) was added dropwise. The reaction mixture was then 
heated to 50° C. and stirred for a further 18 hours. Formation 

X 
R N 

65 of a yellow emulsion was observed. The reaction mixture 
was then quenched with water ( 40.0 mL). The organic phase 
was extracted using the polar extraction technique (ethyl 
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acetate, 3x40.0 mL), and the resulting organic layers were 

combined and dried over MgSO4 and concentrated in vacuo 

112 
4-ethoxy-2-methy 1-3-( 4-phenoxypheny 1)-5 ,6, 7 ,8-

tetrahydroquinoline 

to afford the title compound as an orange oil. (2.00 g, 6.32 

mmol, 83%). Ii H NMR (500 MHz, Chloroform-d); Ii 3.96 5 

(q, 1=7.0 Hz, 2H), 2.84 (t, 1=6.3 Hz, 2H), 2.74 (t, 1=6.3 Hz, 

2H), 2.71 (s, 3H), 1.89-1.82 (m, 2H), 1.78-1.72 (m, 2H), 

1.49 (t, 1=7.0 Hz, 3H); M/Z (ESI+); 318.04 (Found MW, 

318.0350, C12H1 7INO requires 318.0349). 

/'---.o 

CXXI 

X 
R N 

b -
/'---.o 

b) 4-Hydroxyphenyl boronic acid, Pd(PPH3) 4, Na2CO3, DMF, 80° C., 

4-( 4-Ethoxy-2-methy 1-5 ,6, 7 ,8-tetrahydroquinolin-3-
y l )phenol 

/'---.o 
OH 

OH 

10 

A solution of 4-ethoxy, 3-iodo, 2-methyl, 5,6,7,8-tetra-
15 hydro, quinolone (1.00 g, 3.16 mmol), 4-phenoxy phenyl 

boronic acid (1.01 g, 4.73 mmol), Palladium (II) tetra(tri
phenyl-phosphine) (0.18 g, 0.16 mmol) and dipotassium 
carbonate (2.00 M, 6.40 mL) dissolved in degassed DMF 
(20.0 mL) was heated to 85° C. and stirred for 12 hours. 

20 Observed colour change from yellow to black. The reaction 
mixture was allowed to cool to room temperature before 
dilution with ethyl acetate (15.0 mL). The organic layer was 
extracted using polar extraction technique, before being 

25 collected and dried over MgSO4 . The solution was then 
concentration in vacuo to afford the title compound as 
colourless fine needles (0.45 g, 1.25 mmol, 40% ). Ii H NMR 
(126 MHz, Chloroform-d); ll 7.35 (t, 1=7.6 Hz, 2H), 7.23 (d, 
1=8.5 Hz, 2H), 7.11 (t, 1=7.6 Hz, lH), 7.05 (d, 4H) 3.42 (q, 

30 1=7.0 Hz, 2H), 2.82 (t, 1=6.4 Hz, 2H), 2.62 (t, 1=6.3 Hz, 2H), 
2.23 (s, 3H), 1.80-1.74 (m, 2H), 1.73-1.67 (m, 2H), 1.49 (t, 
1=7.0 Hz, 3H); M/Z (ESI+ ); 360.20 (Found MW, 360.1963, 
C24H26NO2 requires 360.1958). 

35 

/'---.o 

/'---.o 

OH 

C -
To a nitrogen flushed flask charged with 4-ethoxy-3-iodo-

2-methyl-5,6, 7,8-tetrahydroquinoline (400 mg, 1.26 mmol), 
45 

4 hydroxybenzene boronic acid (260 mg, 1.89 mmol) and 

0~ 

~~ 
R' 

c) Phenyl boronic acid, Cu(OAch, Pyridine, TEA, DCM 

palladium tetra(triphenylphosphine) (73 mg, 0.06 mmol) 

was added degassed DMF (10 mL). Potassium carbonate 

(aq) (3 mL, 2 M) was added and the reaction mixture 
50 

brought up to 80° C. and stirred for 3 hours. The reaction 

mixture was then cooled to room temperature and diluted 

with water (10 mL). The organic phase was then extracted 

using ethyl acetate (3x20 mL). The organic phases were 

combined and washed with water (3x20 mL) and then dried 

with brine (lxl0 mL) and MgSO4 , before concentration in 

vacuo. The resulting redish brown solid was then recrystal

lized in ethyl acetate. To yield the title compound as a 

colourless solid (220 mg, 0.78 mmol, 61 %). 1H NMR (500 

MHz, MeOD) Ii 7.07 (d, 1=8.6 Hz, 2H), 6.86 (d, 1=8.6 Hz, 

2H), 3.51 (q, 1=7.0 Hz, 2H), 2.83 (t, 1=6.3 Hz, 2H), 2.72 (t, 

1=6. l Hz, 2H), 2.23 (s, 3H), 1.95-1.72 (m, 4H), 1.00 (t, 1=7 .0 

Hz, 3H); M/Z (ESI+); 284.17 (Found MW 284.1664, 

C18H21NO2 requires 284.1651). 

55 

General Method C 

Copper (II) acetate (1 equiv.), triethylamine (5 equiv.), 
and pyridine (5 equiv.) was added to a solution of the 
boronic acid (1.5 equiv.) and phenol (1 equiv.) in dichlo
romethane (10 mL mmo1- 1

) over heat-activated 4 A molecu-
60 lar sieves. The reaction mixture was stirred over 16 hours at 

room temperature. The reaction mixture was quenched with 
HCI (0.5 M, 20 mL mmol- 1

) and filtered through a pad of 
Celite, followed by repeated washing with water (10 mL 

65 

mmol- 1
). The organic layer was extracted with brine, dried 

over magnesium sulphate, and concentrated in vacuo. Puri
fication by silica gel chromatography ( ethyl acetate/hexane) 
afforded the title compound. 



US 11,414,385 B2 
113 

4-Ethoxy-3-( 4-( 4-fluorophenoxy )pheny 1)-2-methy 1-
5 ,6, 7 ,8-tetrahydroquinoline 

/'--.o 

114 
The title compound was synthesised from 4-( 4-ethoxy-2-

methyl-5,6,7,8-tetrahydroquinolin-3-yl)phenol (60 mg, 0.21 

mmol) and 4-trifluoromethylbenzene boronic acid (62 mg, 

5 0.29 mmol), according to general procedure C as a viscous 

orange oil (55%, 47 mg, 0.11 mmol). 1H NMR (500 MHz, 

CDCl3 ) Ii 7.61 (d, 1=8.7 Hz, 2H), 7.28 (d, 1=8.5 Hz, 2H), 

7.15-7.06 (m, 5H), 3.54 (q, 1=7.0 Hz, 2H), 2.98 (t, 1=6.3 Hz, 

10 2H), 2.72 (t, 1=6.2 Hz, 2H), 2.37 (s, 3H), 1.94-1.85 (m, 2H), 

1.84-1.77 (m, 2H), 1.06 (t, 1=7.0 Hz, 3H), M/Z (ESI+); 
428.18 (Found MH+ 428.1842, C25H24F3NO2 requires 

428.1832). The title compound was synthesised from 4-( 4-ethoxy-2-

methyl-5,6, 7,8-tetrahydroquinolin-3-yl)phenol (60 mg, 0.21 15 

mmol) and 4-fluorobenzene boronic acid (45 mg, 0.31 

mmol), according to general procedure C as pink micro 

crystals (70%, 55 mg, 0.15 mmol). 1H NMR (500 MHz, 

Chloroform-d) ll 7.14 (d, 1=8.6 Hz, 2H), 6.97 (m, 6H), 3.44 20 

(q, 1=7.0 Hz, 2H), 2.87 (t, 1=6.2 Hz, 2H), 2.64 (t, 1=6.l Hz, 

2H), 2.26 (s, 3H), 1.78 (m, 4H), 0.97 (t, 1=7.0 Hz, 3H); M/Z 

(ESI+); 378.19 (Found MH+ 378.1877, C24H24FNO2 

4-Ethoxy-3-( 4-(3-fluorophenoxy )pheny 1)-2-methy 1-
5, 6, 7 ,8-tetrahydroquinoline 

/'--.o 0111 y 
requires). 

3-( 4-(3-Chlorophenoxy )pheny 1)-4-ethoxy-2-methy 1-
5 ,6, 7 ,8-tetrahydroquinoline 

/'--.o 0111 y 
Cl 

25 
F 

The title compound was synthesised from 4-( 4-ethoxy-2-
30 methyl-5,6,7,8-tetrahydroquinolin-3-yl)phenol (250 mg, 

0.88 mmol) and 3-fluorobenzene boronic acid (184 mg, 1.32 

mmol), according to general procedure G as a yellow oil 

(57%, 190 mg, 0.50 mmol). 1H NMR (500 MHz, CDCl3 ) Ii 
35 7.25 (dd, 1=15.0, 8.2 Hz, lH), 7.18 (d, 1=8.6 Hz, 2H), 7.04 

(d, 1=8.6 Hz, 2H), 6.81-6.75 (m, 2H), 6.69 (dt, 1=10.1, 2.3 
Hz, lH), 3.49 (q, 1=7.0 Hz, 2H), 3.04 (m, 2H), 2.65 (t, 1=6.2 

Hz, 2H), 2.39 (s, 3H), 1.87-1.79 (m, 2H), 1.79-1.70 (m, 2H), 

The title compound was synthesised from 4-( 4-ethoxy-2- 40 

methyl-5,6, 7,8-tetrahydroquinolin-3-yl)phenol (250 mg, 

1.02 (t, 1=7.0 Hz, 3H); M/Z (ESI+); 378.19 (Found MW 

0.88 mmol) and 3-chlorobenzene boronic acid (205 mg, 1.32 

mmol), according to general procedure C as a viscous 

orange oil (78%, 270 mg, 0.68 mmol). 1H NMR (500 MHz, 45 

CDCl3 ) ll 7.28-7.22 (m, lH), 7.20 (d, 1=8.3 Hz, 2H), 7.02 (d, 

1=8.3 Hz, 2H), 6.81-6.72 (m, 2H), 6.67 (dd, 1=10.2, 2.1 Hz, 

lH), 3.44 (q, 1=7.0 Hz, 2H), 2.86 (t, 1=6.2 Hz, 2H), 2.65 (t, 

1=6.l Hz, 2H), 2.26 (s, 3H), 1.82 (m, 2H), 1.77-1.69 (m, 50 

2H), 0.98 (t, 1=7.0 Hz, 3H); M/Z (ESI+); 394.16 (Found 

MH+; 394.1588, C24H24CINO2 requires 394.1574). 

4-Ethoxy-2-methyl-3-( 4-( 4-(trifluoromethyl)phe- 55 
noxy )pheny 1)-5 ,6, 7 ,8-tetrahydroquinoline 

4-Ethoxy-3-( 4-(3 ,4-dichlorophenoxy )pheny 1)-2-
methy 1-5 ,6, 7 ,8-tetrahydroquinoline 

/'--.o I 
0
111 
'Y'Cl 

Cl 

The title compound was synthesised from 4-( 4-ethoxy-2-
methyl-5,6,7,8-tetrahydroquinolin-3-yl)phenol (100 mg, 
0.34 mmol) and 3,4-dichlorobenzene boronic acid (93 mg, 

/'--.o 60 0.51 mmol), according to general procedure C as an orange 
oil (49%, 70 mg, 0.16 mmol). 1H NMR (300 MHz, CDCl3 ) 

Ii 7.34 (d, 1=8.8 Hz, lH), 7.20 (dd, 1=7.1, 1.6 Hz, 2H), 7.06 
(d, 1=2.8 Hz, lH), 7.03-6.97 (m, 2H), 6.85 (dd, 1=8.8, 2.8 
Hz, lH), 3.46 (q, 1=7.0 Hz, 2H), 2.91 (t, 1=6.2 Hz, 2H), 2.65 

65 (t, 1=6.l Hz, 2H), 2.29 (s, 3H), 1.90-1.62 (m, 4H), 0.99 (t, 
1=7.0 Hz, 3H); M/Z (ESI+ ); 428.12 (Found MW; 428.1202, 
C24H23Cl2NO2 requires 428.1184). 
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4-Ethoxy-3-( 4-(3-chloro-4-fluorophenoxy )phenyl)-
2-methy l-5, 6, 7,8-tetrahydroquinoline 

116 
The title compound was synthesised from 4-( 4-ethoxy-2-

methyl-5,6,7,8-tetrahydroquinolin-3-yl)phenol (300 mg, 
1.06 mmol) and 3-trifluoromethylphenyl boronic acid (302 
mg, 1.59 mmol) according to general procedure C. The title 

lo~ 
'Y'F 

5 compound was collected as a yellow oil (198 mg, 0.46 
mmol, 44%). 1H NMR (400 MHz, CDCl3 ) Ii 7.44-7.38 (m, 
lH), 7.32 (d, 1=7.8 Hz, lH), 7.17 (s, 2H), 7.12 (d, 1=8.3 Hz, 
2H), 7.01 (d, 1=8.4 Hz, 2H), 3.45 (q, 1=7.0 Hz, 2H), 2.85 (t, 
1=6.0 Hz, 2H), 2.62 (t, 1=5.7 Hz, 2H), 2.25 (s, 3H), 1.73 (m, 

10 4H), 1.00 (t, 1=7.0 Hz, 3H); M/Z (ESI); 427.1852, 
C25H24F3NO2 requires 427.1759. 

Cl 

The title compound was synthesised from 4-( 4-ethoxy-2- 15 

methyl-5,6, 7,8-tetrahydroquinolin-3-yl)phenol (250 mg, 
0.88 mmol) and 3-chloro-4-fluorophenylboronic acid (230 
mg, 1.32 mmol), according to general procedure C. The title 
compound was collected as a pale orange solid (104 mg, 
0.25 mmol, 29%). 1H NMR (400 MHz, CDCl3 ) Ii 7.26 (d, 20 
1=8.2 Hz, 2H), 7.17-7.11 (t, 1=8.7 Hz, lH), 7.09 (dd, 1=6.1, 
2.9 Hz, lH), 7.04 (d, 1=8.3 Hz, 2H), 6.97-6.91 (m, lH), 3.50 
(dd, 1=14.0, 7.0 Hz, lH), 2.91 (t, 1=6.2 Hz, 2H), 2.72 (t, 
1=5.9 Hz, 2H), 2.31 (s, 3H), 1.95-1.84 (m, 2H), 1.81 (m, 
2H), 1.04 (t, 1=7.0 Hz, 3H); M/Z (ESI); 412.1489, 
C24H23C]FNO2 requires 411.1401. 25 

4-Ethoxy-3-( 4-(3-trifluoromethoxyphenoxy )pheny 1)-
2-methy l-5, 6, 7,8-tetrahydroquinoline 

lo 
I# oy 

OCF3 

30 

35 

40 

The title compound was synthesised from 4-( 4-ethoxy-2-
methyl-5,6, 7,8-tetrahydroquinolin-3-yl)phenol (200 mg, 
0.71 mmol) and 3-trifluoromethoxyphenylboronic acid (218 
mg, 1.06 mmol) according to general procedure C. The title 
compound was collected as a purple/brown oil (132 mg, 45 

0.32 mmol, 42%); 1H NMR (400 MHz, CDCl3 ) Ii 7.29 (t, 
1=8.3 Hz, lH), 7.21 (d, 1=8.3 Hz, 2H), 7.03 (d, 1=8.2 Hz, 
2H), 6.90 (d, 1=8.2 Hz, 2H), 6.81 (s, lH), 3.44 (dd, 1=14.0, 
7.0 Hz, 2H), 2.84 (t, 1=6.2 Hz, 2H), 2.65 (t, 1=6.0 Hz, 2H), 
2.25 (s, 3H), 1.86-1.78 (m, 2H), 1.74 (dd, 1=10.2, 4.6 Hz, 50 
2H), 0.97 (t, 1=7.0 Hz, 3H); M/Z (ESI); 444.1786, 
C25H25F 3 NO3 requires 444.1781. 

3-[ 4-(3 ,5-dichlorophenoxy )pheny l]-4-ethoxy-2-
methy 1-5 ,6, 7 ,8-tetrahydroquinoline 

/'--..o 

The title compound was synthesised from 4-( 4-ethoxy-2-
methyl-5,6,7,8-tetrahydroquinolin-3-yl)phenol (250 mg, 
0.88 mmol) and 3,5-dichlorophenylboronic acid (278 mg, 
1.32 mmol according to general procedure C. The title 
compound was collected as a yellow solid (50 mg, 0.12 
mmol, 13%). Ii 1H NMR (500 MHz, Chloroform-d) Ii 
7.34-7.32 (m, 2H), 7.13-7.11 (m, 3H), 6.93 (d, 1=1.8 Hz, 
2H), 3.54 (q, 1=7.0 Hz, 2H), 2.94 (t, 1=6.l Hz, 2H), 2.75 (t, 
1=6.3 Hz), 2.39 (s, 3H), 1.95-1.81 (m, 4H), 1.08 (t, 1=7.0 Hz, 
3H); M/Z (ESI); 428.1194, C24H24Cl2NO2 requires 
428.1179. 

/'--..o 0~ 

Ly 
R' d -

4-Ethoxy-3-( 4-(3-trifluoromethy lphenoxy )pheny 1)-2-
methyl-5 ,6, 7 ,8-tetrahydroquinoline 

55 d) HBr (40% aq), Acetic acid, 120° C. 

1.4 General Method D 

60 
To a solution of the 4-ethoxy-3-(diaryl ether)-hydroxy-

quinolone (1 equiv.) in acetic acid (2 mL mmo1- 1
) was added 

hydrogen bromide (>48% w/v (aq)) (1 mL mmol- 1
). The 

reaction mixture was then heated to 90° C. and left to reflux 
for 72 hours. The reaction mixture was neutralised with 

65 sodium hydroxide (2 M, 30.0 mL) and precipitate formed. 
The reaction mixture was then filtered to afford the title 
compound and purified. 
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Formation of: 2-methyl-3-(4-phenoxyphenyl)-5,6,7, 
8-tetrahydroquinolin-4(1 H)-one 

118 
11.71 (s, lH), 7.44 (t, 1=8.2 Hz, lH), 7.25 (d, 1=8.6 Hz, 2H), 
7.22 (ddd, 1=8.0, 1.9, 0.8 Hz, lH), 7.10 (t, 1=2.0 Hz, lH), 
7.09 (d, 1=8.6 Hz, 2H), 7.03 (ddd, 1=8.2, 2.3, 0.6, lH), 2.65 
(t, 1=5.9 Hz, 2H), 2.39 (t, 1=5.2 Hz, 2H), 2.14 (s, 3H), 

5 1.84-1.59 (m, 4H); M/Z (ESI+); 366.13 (Found MW 
366.1262, C22H20CINO2 requires 366.1255). 

10 

The title compound was synthesised from 4-ethoxy,3-(4-
15 

phenoxy, benzene),2-methy,5,6,7,8-hydroquinolone (0.43 g, 
1.20 mmol) following general procedure D to afford the title 
compound as colourless microcrystals (0.39 g, 1.20 mmol, 
99%). 1H NMR (500 MHz, DMSO-d6 ); Ii 7.38 (t, 1=7.9 Hz, 
2H, H-3" & 5"), 7.17 (d, 1=8.5 Hz, 2H), 7.14 (t, 1=7.4 Hz, 

20 
lH), 7.05 (d, 1=7.9 Hz, 2H,), 6.98 (d, 1=8.5 Hz, 2H), 2.56 (t, 
1=5.9 Hz, 2H), 2.30 (t, 1=6.l Hz, 2H), 2.08 (s, 3H), 1.75-
1.68 (m, 2H,), 1.68-1.62 (m, 2HM/Z (ESI+ ); 332.17 (Found 
MH+, 332.1673, C22H21NO2 requires 332.1650). 

2-Methy 1-3-( 4-( 4-( trifluoromethy l)phenoxy )pheny 1)-
5 ,6, 7 ,8-tetrahydroquinolin-4(1 H)-one 

The title compound was synthesised from 4-ethoxy-2-
methyl-3-( 4-( 4-(trifluoromethyl)phenoxy )phenyl)-5,6, 7,8-
tetrahydroquinoline (47 mg, 0.12 mmol) according to gen
eral procedure D. The title compound was isolated as 
colourless solid (25 mg, 0.07 mmol, 60%). 1H NMR (500 

3-( 4-( 4-Fluorophenoxy )phenyl)-2-methyl-5,6, 7,8-
tetrahydroquinolin-4( 1 H)-one 

25 MHz, DMSO) ll 11.14 (s, lH), 7.77 (d, 1=8.6 Hz, 2H), 7.26 
(d, 1=8.6 Hz, 2H), 7.19 (d, 1=8.6 Hz, 2H), 7.12 (d, 1=8.6 Hz, 
2H), 2.59 (t, 1=5.8 Hz, 2H), 2.33 (t, 1=6.4 Hz, 2H), 2.12 (s, 
3H), 1.73 (m, 2H), 1.70-1.64 (m, 2H); M/Z (ESI+); 400.15 

30 

35 

The title compound was synthesised from 4-ethoxy-3-(4-
( 4-fluorophenoxy )phenyl)-2-methyl-5,6, 7,8-tetrahydroqui- 40 
noline (45 mg, 0.12 mmol) according to general procedure 
D. The title compound was isolated as colourless solid (25 
mg, 0.07 mmol, 60%). 1H NMR (500 MHz, DMSO) ll 7.25 
(t, 1=8.7 Hz, 2H), 7.17 (d, 1=8.5 Hz, 2H), 7.11 (dd, 1=8.9, 4.5 
Hz, 2H), 6.96 (d, 1=8.5 Hz, 2H), 2.59-2.53 (m, 2H), 2.30 (t, 45 
1=5.2 Hz, 2H), 2.08 (s, 3H), 1.72 (m, 2H), 1.66 (m, 2H); M/Z 
(ESI+); 350.16 (Found MH+350.1562, C22H20FNO2 

requires 350.1550). 

(Found MH+; 400.1528, C23H20F3NO2 requires 400.1519). 

3-( 4-(3-Fluorophenoxy )phenyl)-2-methyl-5,6, 7,8-
tetrahydroquinolin-4(1H)-one 

o"nl y 
F 

The title compound was synthesised from 4-ethoxy-3-(4-
(3-fluorophenoxy)phenyl)-2-methyl-5,6,7,8-tetrahydroqui
noline (170 mg, 0.45 mmol) according to general procedure 
D. The title compound was isolated as colourless solid (110 
mg, 0.31 mmol, 70%). 1H NMR (500 MHz, DMSO) ll 7.47 
(dt, 1=8.6, 7.1 Hz, lH), 7.31 (d, 1=8.7 Hz, 2H), 7.17 (d, 1=8.7 

3-( 4-(3-Chlorophenoxy )phenyl)-2-methyl-5,6, 7,8-
tetrahydroquinolin-4( 1 H)-one 

50 Hz, 2H), 7.02 (tdd, 1=8.5, 2.3, 0.7 Hz, lH), 6.97-6.88 (m, 
2H), 2.83 (t, 1=6.1 Hz, 2H), 2.54 (t, 1=5.8 Hz, 2H), 2.25 (s, 
3H), 1.87-1.69 (m, 4H); M/Z (ESI+); 350.16 (Found MW; 
350.1569, C22H21FNO2 requires 350.1556). 

o"nl y 55 

Cl 
60 

The title compound was synthesised from 3-( 4-(3-chlo
rophenoxy )pheny 1)-4-ethoxy-2-methy 1-5 ,6, 7, 8-tetrahydro
quinoline (200 mg, 0.51 mmol) according to general proce- 65 

dure D. The title compound was isolated as colourless solid 
(120 mg, 0.33 mmol, 66%). 1H NMR (500 MHz, DMSO) Ii 

3-( 4-(3,4-Dichlorophenoxy )phenyl)-2-methyl-5,6, 7, 
8-tetrahydroquinolin-4(1H)-one 
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The title compound was synthesised from 4-Ethoxy-3-(4-

(3-trifluoromethoxyphenoxy)phenyl)-2-methyl-5,6,7,8-tet

rahydroquinoline (100 mg, 0.23 mmol) according to general 

procedure D. The title compound was isolated as colourless 5 

solid (72 mg, 0.16 mmol, 76%). 1H NMR (501 MHz, 

DMSO) Ii 11.27 (s, lH, NH), 7.51 (t, J=8.3 Hz, lH), 7.22 (d, 

J=8.5 Hz, 2H), 7.12 (d, J=7.6 Hz, lH), 7.07 (d, J=8.5 Hz, 

2H), 7.03 (dd, J=8.6, 1.7 Hz, lH), 7.00 (s, lH), 2.58 (t, J=5.2 10 
Hz, 2H), 2.32 (t, 1=6.2 Hz, 2H), 2.09 (s, 3H), 1.76-1.69 (m, 

2H), 1.69-1.61 (m, 2H); M/Z (ESI+); 416.15 (Found MW; 

416.1469, C23H21F3 NO3 requires 416.1468). 

120 
3-[4-(3-chloro-4-fluorophenoxy)phenyl]-2-methyl-5, 

6, 7,8-tetrahydro- l H-quinolin-4-one 

lo~ 
y-F 

Cl 

15 
The title compound was synthesised from 4-Ethoxy-3-(4-

(3-chloro-4-fluorophenoxy)phenyl)-2-methyl-5,6,7,8-tetra
hydroquinoline (90 mg, 2.18 mmol) The title compound was 
isolated as a pale grey precipitate (55 mg, 0.14 mmol, 66%). 
1H NMR (500 MHz, TFA) ll 7.39 (d, J 8.6 Hz, 2H), 7.32 (d, 

3-( 4-(3,4-Dichlorophenoxy )phenyl)-2-methyl-5,6, 7, 
8-tetrahydroquinolin-4(1 H)-one 

20 J 8.5 Hz, 2H), 7.27-7.24 (m, 2H), 7.12-7.09 (m, lH), 3.10 (t, 
J 5.8 Hz, 2H), 2.91 (t, J 5.9 Hz, 2H), 2.54 (s, 3H), 2.15-2.03 
(m, 4H); M/Z (ESI); 384.1167, (C22H20ClFNO2 requires 
384.1161). 

25 3-[ 4-(3,5-dichlorophenoxy )phenyl]-2-methyl-5,6, 7, 

The title compound was synthesised from 4-Ethoxy-3-(4-
30 

(3-trifluoromethylphenoxy)phenyl)-2-methyl-5,6,7,8-tetra

hydroquinoline (193 mg, 0.45 mmol) according to general 

procedure D. The title compound was isolated as colourless 
solid (174 mg, 0.44 mmol, 96%). 1H NMR (501 MHz, 

35 
DMSO) Ii 11.15 (s, lH), 7.63 (t, J=8.6 Hz, lH), 7.48 (d, 

J=8.2 Hz, lH), 7.30 (s, 2H), 7.22 (d, J=8.4 Hz, 2H), 7.07 (d, 

J=8.4 Hz, 2H), 2.56 (t, J=3.3 Hz, 2H), 2.30 (t, J=5.3 Hz, 2H), 

2.08 (s, 3H), 1.71 (dd, J=6.0, 4.6 Hz, 2H), 1.68-1.60 (m, 
2H); M/Z (ESI+); 400.15 (Found MH+; 400.1519 requires 40 

8-tetrahydro- l H-quinolin-4(1H)-one 

The title compound was synthesised from 3-[ 4-(3,5-di
chlorophenoxy)phenyl]-4-ethoxy-2-methyl-5,6,7,8-tetrahy
droquinoline ( 40 mg, 0.93 mmol) according to general 
procedure D. The title compound was isolated as colourless 
solid (31 mg, 0.08mmol, 83%). ll 1HNMR (500MHz, TFA) 
Ii 7.44 (d, J=8.5 Hz, 2H), 7.39 (d, J=8.0 Hz, 2H), 7.30 (s, 

3-( 4-(3,4-Dichlorophenoxy )phenyl)-2-methyl-5,6, 7, 
8-tetrahydroquinolin-4(1 H)-one 45 lH), 7.10 (s, 2H), 3.12 (t, J=5.5 Hz, 2H), 2.93 (t, J=5.5 Hz, 

2H), 2.57 (s, 3H), 2.09-2.00 (m, 4H); M/Z (ESI); 400.0874, 
C22H20Cl2NO2 requires 400.0866. 

lo~ 
y-c1 

Cl 

50 

55 

The title compound was synthesised from 4-ethoxy-3-(4-
(3,4-dichloro phenoxy)phenyl)-2-methyl-5,6,7,8-tetrahyd
roquinoline (60 mg, 0.15 mmol) according to general pro- 60 

cedure D. The title compound was isolated as colourless 
solid (35 mg, 0.08 mmol, 59%). 1H NMR (500 MHz, 
DMSO) ll 10.95 (s, lH), 7.66 (d, J=8.5 Hz, lH), 7.31 (s, lH), 
7.23 (d, J=8.2 Hz, 2H), 7.08 (d, J=7.6 Hz, 2H), 7.04 (d, J=8.9 
Hz, lH), 2.55 (m, 2H), 2.30 (m, Hz, 2H), 2.09 (s, 3H), 1.72 65 

(m, 2H), 1.66 (m, 2H); M/Z (ESI+); 400.09 (Found MW; 
400.0881, C22H20Cl2NO2 requires 400.0866). 

NH2 

xi~xs 

0 l2 3J4 

0 

xI-5~C/N 

a - b -
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-continued 

/'--a 

1-:::'xxxl I 
x~ 

X N 

~ 1-:::'Xxx~ I 
x~ ✓,:; 

X N 
H 

/'--a 

X 
x-:::' 

I 
x~ 

X 

/'--a 

OH 

e 

-------

a) i) Meldrums acid, triethylorthoacetate, 110° C., ii) Aniline, 110° C., iii) 

d 

-------

f 

-------

Dowtherm A, 250° C., b) NIS, Acetonitrile, 80° C., c) Etl, K2CO3, DMF, 80° C., 

d) 4-Hydroxyphenyl boronic acid, Pd(PPH3)4, Na2CO3, DMF, 80° C., e) Phenyl 

boronic acid, Cu(OAch, Pyridine, TEA, DCM, f) HBr (40% aq), Acetic acid, 120° C. 

General Method A 

2,2-Dimethyl-1,3-dioxane-4,6-dione (1.5 equiv.) was dis
solved in trimethylorthoacetate (2 equiv.) and heated to 115° 
C. for 2 hrs. The reaction was cooled to allow the addition 
of the aniline (1 equiv.) before being heated to 115° C. for 
a further 2 hrs. The reaction mixture was then allowed to 
cool and was concentrated in vacuo, remaining solvent was 
washed off with cold methanol. The precipitate was then 
dissolved in minimum volume of Dowtherm A and refluxed 

122 
give the title compound as colourless solid (489 mg, 3.1 
mmol, 10%). 1H NMR (500 MHz, CDC13 ) 8.52 (s, lH, H-8), 
7.72 (d, J=8.0 Hz, J=8.0 Hz, lH, H-5), 7.59-7.31 (m, lH, 
H-6), 6.18 (s, lH, H-3), 2.28 (s, 3H, Me). M/Z (ESI+); 

5 (Found MH+; requires). 

General Method B 

2-Methyl-napthyrid-4(1H)-one (1 equiv.) and N-Iodosuc-
10 cinamide (1.2 equiv.) were dissolved in acetonitrile (5 mL 

mmol- 1
) and stirred and heated at 80° C. for 3 hours. The 

reaction mixture was then allowed to cool and the mixture 
filtered, the precipitate was then washed with water (15 mL) 

20 

25 

35 

to afford the title compound as a colourless solid. 

3-Iodo-2-methyl-1, 7-napthyrid-4(1H)-one 

0 

CC(] 
N 

N 
H 

The title compound was synthesised using 2-Methyl-1,7-
napthyrid-4(1H)-one ( 480 mg, 3.0 mmol) following general 
procedure B. To give the title compound as colourless solid 
(740 mg, 2.6 mmol, 86%). 1H NMR (500 MHz, CDC13 ) Ii 
8.36-7.91 (m, lH), 7.49 (dd, J=8.4, 1.1 Hz, lH), 7.18 (dd, 
J=8.6, 4.2 Hz, lH), 2.27 (s, 3H). M/Z (ESI+ ); (Found MW; 
requires). 

General Method C 

A suspension of the 4(1H), 3-Iodo-2-methyl-napthyrid-4 
(lH)-one (1 equiv.) and potassium carbonate (2 equiv.) in 

40 
DMF (20.0 mL) was heated to 50° C. and stirred for 45 
minutes. The reaction mixture was removed from the heat 
and ethyl iodide (1.5 equiv.) was added dropwise. The 
reaction mixture was then heated and kept at 50° C. with 
stirring for a further 18 hrs. Formation of a yellow emulsion 

45 
was observed. The reaction mixture was then quenched with 
water (40.0 mL). The organic phase was extracted using the 
polar extraction technique (ethyl acetate, 3x40.0 mL), and 
the resulting organic layers were combined and dried over 
MgSO4 and concentrated in vacuo to afford the title com-

at 250° C. for 1.5 hours. The reaction mixture was allowed 
50 

to cool and the precipitate filtered followed by washing with 
hexane to afford the title compound. 

pound. 

4-Ethoxy-3-iodo-2-methyl-1, 7-napthyridine 

2-Methyl-1, 7-napthyrid-4(1 H)-one 

The title compound was synthesised using 3-amino pyri
dine (3.0 g, 32 mmol) following general procedure A. To 

55 

60 

The title compound was synthesised using, 3-Iodo-2-
methyl-napthyrid-4(1H)-one (720 mg, 2.5 mmol) following 

65 general procedure C. To give the title compound as brown 
gum (244 mg, 0.8 mmol, 33% ). 1 H NMR (500 MHz, CDC13 ) 

Ii 8.87 (dd, J=4.0, 1.5 Hz, lH), 8.31 (dd, J=8.5, 1.6 Hz, lH), 
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7.63 (dd, J=8.5, 4.1 Hz, lH), 4.84 (q, J=7.0 Hz, 2H), 3.00 (s, 
3H), 1.59 (t, J=7.0 Hz, 3); M/Z (ESI+ ); (Found MW; 
requires). 

General Method F 

To a nitrogen flushed flask charged with the 4-Ethoxy-3-
iodo-2-methyl-napthyridine (400 mg, 1.26 mmol), 4-hy
droxybenzene boronic acid (260 mg, 1.89 mmol) and pal
ladium tetra(triphenylphosphine) (73 mg, 0.06 mmol) was 
added degassed DMF (10 mL). Potassium carbonate (3 mL, 

5 

10 

2 Mca )) was added and the reaction mixture brought up to 
80° c: and stirred for 3 hours. The reaction mixture was then 
cooled to room temperature and diluted with water (10 mL). 
The organic phase was then extracted using ethyl acetate 
(3x20 mL). The organic phases were combined and washed 15 
with water (3x20 mL) and then dried with brine (lxl0 mL) 
and MgSO4 , before concentration in vacuo. The resulting 
solid was then recrystallized in ethyl acetate to afford the 
title compound. 

124 
The title compound was synthesised using 4-Ethoxy-3-

iodo-2-methyl-1,7-napthyridine (70 mg, 0.25 mmol) and 

4-trifluoromethoxybenzenboronic acid (79 mg, 0.38 mmol) 
following general procedure G. To give the title compound 

as a red crystalline solid (34 mg, 0.08 mmol, 20% ). 1 H NMR 

(400 MHz, CDCl3 ) Ii 8.90 (dd, J=4.0, 1.3 Hz, lH), 8.33 (dd, 

J=8.5, 1.3 Hz, lH), 7.61 (dd, J=8.5, 4.1 Hz, lH), 7.31 (d, 

J=8.5 Hz, 2H), 7.24 (d, J=8.7 Hz, 2H), 7.13 (d, J=8.7 Hz, 

2H), 7.10 (d, J=9.1 Hz, 2H), 4.43 (q, J=7.0 Hz, 2H), 2.54 (s, 

3H), 1.19 (t, J=7.0 Hz, 3H); M/Z (ESI+ ); (Found MW; 

requires). 

General Method J 

To a solution of the 4-Ethyl-3(4-(4-trifluoromethoxyphe
noxy)phenyl)-2-methylnapthyridone (1 equiv.) in acetic acid 

4-Ethoxy-3-phenol-2-methyl-1, 7-napthyridine 

/'---o 
OH 

20 (2 mL mmol- 1
) was added hydrogen bromide (>48% w/v 

(aq)) (1 mL mmol- 1
). The reaction mixture was then heated 

to 90° C. and left to reflux for 72 hours. The reaction mixture 

was neutralised with sodium hydroxide (2 M, 30.0 mL) and 
25 precipitate formed. The reaction mixture was then filtered to 

afford the title compound. 

I 
N 

30 

The title compound was synthesised using, 4-Ethoxy-3-
iodo-2-methyl-1,7-napthyridine (230 mg, 0.73 mmol) fol
lowing general procedure F. To give the title compound an 
orange powder (80 mg, 0.8 mmol, 28%). 1H NMR (400 

35 MHz, MeOD) Ii 8.78 (dd, J=4.1, 1.4 Hz, lH), 8.24 (dd, 
J=8.6, 1.4 Hz, lH), 7.64 (dd, J=8.6, 4.2 Hz, lH), 7.08 (d, 
J=8.5 Hz, 2H), 6.84 (d, J=8.5 Hz, 2H), 4.12 (q, J=7.0 Hz, 
2H), 2.39 (s, 3H), 1.05 (t, J=7.0 Hz, 3H); M/Z (ESI+); 
(Found MH+; requires). 

40 
General Method G 

Copper (II) acetate (1 equiv.), triethylamine (5 equiv.), 
and pyridine (5 equiv.) was added to a solution of the 
boronic acid (1.5 equiv.) and phenol (1 equiv.) in dichlo
romethane (10 mLmmol- 1

) overheat-activated 4 Amolecu- 45 

lar sieves. The reaction mixture was stirred over 16 hours at 
room temperature. The reaction mixture was quenched with 
HCI (0.5 M, 20 mL mmo1- 1

) and filtered through a pad of 
Celite, followed by repeated washing with water (10 mL 
mmol- 1

). The organic layer was extracted with brine, dried 50 

over magnesium sulphate, and concentrated in vacuo. Puri
fication by silica gel chromatography ( ethyl acetate/hexane) 
afforded the title compound. 

4-Ethyl-3 ( 4-( 4-trifluoromethoxyphenoxy)phenyl)-2-
methy 1-1, 7 -napthyridone 

/'---o 

I 
N 

60 

65 

3( 4-( 4-trifluoromethoxyphenoxy )phenyl)-2-methyl-
1, 7-napthyrid-4( 1 H)-one 

I 
N 

The title compound was synthesised from 4-Ethyl-3( 4-
( 4-trifluoromethoxyphenoxy )phenyl)-2-methyl-1, 7-napthy
ridone (31 mg, 0.07 mmol). To give the title compound as a 
colourless solid (13 mg, 0.03 mmol, 45%). 1H NMR (400 
MHz, CDCl3 ) Ii 8.44 (d, J=3.6 Hz, lH), 7.75 (d, J=8.2 Hz, 
lH), 7.36 (dd, J=8.3, 4.1 Hz, lH), 7.02 (d, J=8.6 Hz, 2H), 
6.96 (d, J=8.5 Hz, 2H), 6.83 (d, J=9.2 Hz, 4H), 2.09 (s, 3H); 
M/Z (ESI+ ); 413.11 (Found MH+; 413.1104 C22H15F3 N2O3 

requires 413.1107). 

a 

-------
OH 

b 

-------
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I I N 

126 
mmol, 63%). Ii 1H NMR (500 MHz, TFA) Ii 7.66 (d, l 8.5 
Hz, 2H), 7.56 (d, l 8.5 Hz, 2H), 7.44 (s, 2H), 3.10 (t, l 5.0 
Hz, 2H), 2.90 (t, l 5.0 Hz, 2H), 2.55 (s, 3H), 2.10-2.08 (m, 
4H); M/Z (ESI); 400.0826, (C21H18Cl2N2 O2 requires 

OYCl 
_✓,:; 

5 400.0745). Cl 
a) 4-Hydroxybenzene boronic acid, Pd(PPH3)4, Na2CO3 (aq), DMF 80° C., b) 

2,4,6 trichloropyridine, K2CO3, DMF, 100° C. 

3-phenol-2-methyl-5,6,7,8-tetrahydroquinolin-4 
(lH)-one 

OH 

10 

15 

20 

25 

The title compound was synthesised from 4(1H)-3-iodo-
2-methyl-5,6,7,8-tetrahydroquinolin-4(1H)-one (500 mg, 
1.73 mmol) and 4-hydroxyphenylboronic acid (318 mg, 2.30 
mmol) and palladium tetra(triphenylphosphine) (73 mg, 30 
0.06 mmol) was added degassed DMF (10 mL). Potassium 
carbonate (aq) (3 mL, 2 M) was added and the reaction 
mixture brought up to 80° C. and stirred for 3 hours. The 
reaction mixture was then cooled to room temperature and 
diluted with water (10 mL). Organics were extracted with 35 
ethyl acetate (3x10 mL). The aqueous layer was neutralised 
using hydrochloric acid (2 M), causing the title compound, 
a grey precipitate to crash out which was collected by 
vacuum filtration (150 mg, 0.58 mmol, 44%). 1H NMR (400 
MHz, MeOD) Ii 6.91 (d, 1=8.6 Hz, 2H), 6.71 (d, 1=8.6 Hz, 40 
2H), 2.57 (t, 1=6.0 Hz), 2.39 (t, 1=5.6 Hz, 2H), 2.03 (s, 3H), 
1.77-1.61 (m, 4H); M/Z (ESI); 255.1341 (C16H17NO2 

requires 255.1259). 

3-{ 4-[ (2,6-dichloropyridin-4-yl)oxy ]phenyl }-2-
methyl-5,6, 7,8-tetrahydro- l H-quinolin-4-one 

I I N 

OYCl 
_✓,:; 

45 

50 

/'--a 

OC( a 

-------_✓,:; 

N 

/'--a 

/'--a 

Cl 
b 

-------

0~ v-R 

a) 2-Chlorpyridine-5-boronic acid, Pd(PPH3)4, Na2CO3 (aq), DMF 80° C., b) 

Phenol, K2CO3, DMF, 100° C. 

4-Ethoxy-3-(6-chloropyrdin-3-yl)-2-methyl-5,6,7,8-
tetrahydroquinoline 

/'--a 
Cl 

To a nitrogen flushed flask charged with 4-ethoxy-3-iodo-Cl 
3-phenol-2-methyl-5,6,7,8-tetrahydroquinolin-4(1H)-one 

(120 mg, 0.47 mmol) and potassium carbonate (78 mg, 0.56 
mmol) were dissolved in DMF (3 mL) and the reaction 
mixture was stirred for 15 mins. Following this, 2,4,6-
Trichloropyridine (86 mg, 0.47 mmol) was added and the 
mixture was heated to 100° C. and stirred for 18 hours under 
an inert atmosphere. The reaction mixture was allowed to 
cool to room temperature and was diluted with water (5 ml). 
The resulting pale grey precipitate was collected by vacuum 
filtration, washed with water (5 ml) and dried (118 mg, 0.29 

55 2-methyl-5,6, 7,8-tetrahydroquinoline (1.5 g, 4.7 mmol), 
2-chloropyridine-5-boronic acid (1.12 g, 7.1 mmol) and 
palladium tetra(triphenylphosphine) (271 mg, 0.24 mmol) 
was added degassed DMF (20 mL). Potassium carbonate (3 
mL, 2 M(aq)) was added and the reaction mixture brought up 

60 to 80° C. and stirred for 3 hours. The reaction mixture was 
then cooled to room temperature and diluted with water (10 
mL). The organic phase was then extracted using ethyl 
acetate (3x20 mL). The organic phases were combined and 
washed with water (3x20 mL) and then dried with brine 

65 (lxl0 mL) and MgSO4 , before concentration in vacuo. The 
resulting residue was purified by colunm chromatography 
(Pet:EtOAc), to yield the title compound as a yellow plate-
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lets (330 mg, 1.09 mmol, 23%). HPLC; 2.17 min (100% ref 
area); 1H NMR (500 MHz, CDC13 ) Ii 8.33 (d, 1=2.4 Hz, lH), 
7.60 (dd, 1=8.2, 2.4 Hz, lH), 7.44-7.42 (d, 1=8.2, lH), 3.53 
(q, 1=7.0 Hz, 2H), 2.98 (t, 1=6.2 Hz, 2H). 2.72 (t. 1=6.2 Hz, 
2H), 2.35 (s, 3H), 1.93-1.85 (m, 2H), 1.84-1.76 (m, 2H), 5 

1.06 (t, 1=7.0 Hz, 3H); M/Z (ESI+); 303.13 (Found MW; 
303.1266, Cl 7H19CIN2 O requires 303.1259). 

4-Ethoxy-3-( 6-( 4-trifluoromethoxyphenoxy )pyrdin-
3-yl )-2-methyl-5 ,6, 7, 8-tetrahydroquinoline 10 

15 

20 

4-Ethoxy-3-(6-chloropyridin-3-yl)-2-methyl-5,6,7,8-tet

rahydroquinoline (250 mg, 0.82 mmol), 4-trifluoromethoxy- 25 

phenol (178 mg, 1.0 mmol) and potassium carbonate (276 

mg, 1.7 mmol) were dissolved in DMF and refluxed at 110° 

C. for 24 hrs. The reaction mixture was then cooled to room 

temperature and diluted with water (10 mL). The organic 30 

phase was then extracted using ethyl acetate (3x20 mL). The 

organic phases were combined and washed with water (3x20 

mL) and then dried with brine (lxl0 mL) and MgSO4 , 

before concentration in vacuo. The resulting residue was 35 

purified by reverse phase colunm chromatography (H2O: 

acetonitrile), to yield the title compound as a yellow oil (75 

mg, 0.17 mmol, 20%). 1H NMR (400 MHz, CDC13 ) Ii 8.03 
(d, 1=2.2 Hz, lH), 7.58 (dd, 1=8.4, 2.2 Hz, lH), 7.29-7.07 

40 
(m, 4H), 6.95 (d, 1=8.4 Hz, lH), 3.46 (q, 1=7.0 Hz, 2H), 2.85 

(t, 1=6.3 Hz, 2H), 2.64 (t, 1=6.l Hz, 2H), 2.25 (s, 3H), 1.81 

(dt, 1=12.2, 6.3 Hz, 2H), 1.77-1.68 (m, 2H), 0.99 (t, 1=7.0 

Hz, 3H); M/Z (ESI+ ); 445.18 (Found MW; 445.1759, 

C24H23F3 N2O3 requires 445.1739). 

3-( 6-( 4-Trifluoromethoxyphenoxy )pyrdin-3-yl)-2-
methyl-5,6, 7,8-tetrahydroquinolin-( 4 )-one 

The title compound was synthesised from 4-ethoxy-3-(6-

45 

50 

55 

60 

( 4-trifluoromethoxyphenoxy )pyrdin-3-yl)-2-methyl-5,6, 7, 

8-tetrahydroquinoline (70 mg, 0.15 mmol) according to 

general procedure 1. The title compound was isolated as 
65 

colourless solid (13 mg, 0.03 mmol, 20%). 1H NMR (400 

MHz, DMSO) ll 11.07 (s, lH), 7.94 (d, 1=2.2 Hz, lH), 7.70 

128 
(dd, 1=8.4, 2.4 Hz, lH), 7.43 (d, 1=8.7 Hz, 2H), 7.29 (d, 

1=9.0 Hz, 2H), 7.09 (d, 1=8.4 Hz, lH), 2.56 (t, 1=5.1 Hz, 

2H), 2.30 (t, 1=5.9 Hz, H), 2.10 (s, 3H), 1.79-1.57 (m, 4H); 

M/Z (ESI+); 417.14 (Found MW; 417.1432, 

C22H19F3N2 O3 requires 417.1421). 

0 
R 

MeO 

11 

0 

I 
R.-:( 

0 

0 

a 

-------
OMe 

0 

~ 

# OMe 

0 
0 

OMe 

0 

d 
OMe------+-

0 

/'--.o 

OMe 

/'--.o 

b 

-------

C 

-------

0 

e 

-------

OH 

f 

-------

OMe 

0 

0~ 

L~ 
R' 

OMe 

0 
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/'---o 0~ 

~~ 
R' 

OMe 

0 OD 
I ✓.,'f 

R' 

OH 

0 

g --
10 

h 15 --

130 
mL mmo1- 1

) and stirred and heated at 80° C. for 3 hours. The 
reaction mixture was then allowed to cool and the mixture 
filtered, the precipitate was then washed with water (15 mL) 
to afford the title compound as a colourless solid 

3-Iodo-2-(methoxycarboxylate )-5,6, 7,8-tetrahydro 
quinolin-4(1 H)-one 

OMe 

0 

0~ 

~~ 20 

The title compound was synthesised following general 
procedure C from 2-(methoxycarboxylate)-5,6,7,8-tetra
hydro quinolin-4(1H)-one (450 mg, 2.20 mmol). The title 
compound was isolated as colourless solid (612 mg, 1.8 
mmol, 84%). 1H NMR (400 MHz, DMSO) Ii 11.93 (s, lH), 
3.91 (s, 3H), 2.58 (s, 2H), 2.34 (t, 2H), 1.90-1.45 (m, 4H); 

OH 

a) i) Ethanol, ii) Dowtherm A, 250° C., b) Pt02, H2, AcOH, c) NIS, Acetonitrile, 

80° C., D) EtI, K2C03, DMF, 80° C., e) 4-Hydroxyphenyl boronic acid, Pd(PPH3)4, 

DMF, 80° C., f) Phenyl boronic acid, Cu(OAch, Pyridine, TEA, DCM, g) HBr 

(40% aq), Acetic acid, 120° C., h) i) MeOH, ii) DiBAI. 

General Method B 

R' 

The 4-hydroxylquinolone (1 equiv.) was dissolved in 
acetic acid (10.0 mL) under inert conditions. platinum 
dioxide (5% weight equiv.) was added and a hydrogen 
balloon was attached. The reaction was left to proceed for 12 
hours. The resulting suspension was filtered through a pad of 
Celite and washed with ethyl acetate (10.0 mL). The filtrate 
was concentrated in vacuo to afford a yellow/brown oil. 
Purification by colunm chromatography (10% methanol in 
chloroform) afforded the title compound. 

2-(Methoxycarboxylate )-5,6, 7,8-tetrahydro 
quinolin-4(1 H)-one 

OMe 

0 

25 M/Z (ESI+); 333.99 (Found MH+; 333.9935, CuH12INO3 

requires; 333.9935). 

30 

General Method D 

A suspension of the 4(1H), 3-iodo-tetrahydroquinolinone 
(1 equiv.) and potassium carbonate (2 equiv.) in DMF (20.0 
mL) was heated to 50° C. and stirred for 45 minutes. The 
reaction mixture was removed from the heat and ethyl iodide 
(1.5 equiv.) was added dropwise. The reaction mixture was 

35 then heated and kept at 50° C. with stirring for a further 18 
hrs. Formation of a yellow emulsion was observed. The 
reaction mixture was then quenched with water (40.0 mL). 
The organic phase was extracted using the polar extraction 
technique (ethyl acetate, 3x40.0 mL), and the resulting 

40 organic layers were combined and dried over MgSO4 and 
concentrated in vacuo to afford the title compound. 

45 

50 

55 

4-Ethoxy-3-iodo-2-(methoxycarboxylate )-5,6, 7 ,8-
tetrahydroquinoline 

OMe 

The title compound was synthesised following general 
procedure B from 2-(methoxycarboxylate )quinolin-4(1H)
one (500 mg, 2.5 mmol). The title compound was isolated as 
colourless solid (470 mg, 2.4 mmol, %). 1H NMR (500 60 

MHz, CDC13 ) ll 8.89 (s, lH), 7.07 (s, lH), 3.95 (s, 3H), 2.74 

The title compound was synthesised following general 
procedure D from 3-iodo-2-(methoxycarboxylate)-5,6,7,8-
tetrahydro quinolin-4(1H)-one (500 mg, 1.5 mmol). The title 
compound was isolated as colourless crystals ( 450 mg, 1.25 
mmol, 83%). 1H NMR (300 MHz, CDC13 ) ll 3.94 (q, J=7.0 
Hz, 2H), 3.90 (s, 3H), 2.84 (t, J=6.4 Hz, 2H), 2.73 (t, J=6.2 

(t, J=6.1 Hz, 2H), 2.56 (t, 1=6.2 Hz, 2H). 1.82 (dt, J=8.0, 6.1 
Hz, lH), 1.79-1.69 (m, lH); M/Z (ESI+); 208.10 (Found 
MH+; 208.0977, CuH13NO3 requires 208.0974). 
1.5 General Method C 

The tetrahydroquinolin-4(1H)-one (1 equiv.) and N-Iodo
succinamide (1.2 equiv.) were dissolved in acetonitrile (5 

65 Hz, 2H), 1.87-1.64 (m, 4H), 1.43 (t, J=7.0 Hz, 3H); M/Z 
(ESI+ ); 362.03 (Found MH+; 362.0256, C13H16INO3 

requires 362.0248). 
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1.6 General Method E 

To a nitrogen flushed flask charged with the 4-ethoxy-3-

iodo-tetrahydroquinoline ( 400 mg, 1.26 mmol), 4-hydroxy

benzene boronic acid (260 mg, 1.89 mmol) and palladium 5 

tetra(triphenylphosphine) (73 mg, 0.06 mmol) was added 

degassed DMF (10 mL). Potassium carbonate (3 mL, 2 

M(aq)) was added and the reaction mixture brought up to 80° 

C. and stirred for 3 hours. The reaction mixture was then 10 

cooled to room temperature and diluted with water (10 mL). 

The organic phase was then extracted using ethyl acetate 

(3x20 mL). The organic phases were combined and washed 

with water (3x20 mL) and then dried with brine (lxl0 mL) 15 

and MgSO4 , before concentration in vacuo. The resulting 

solid was then recrystallized in ethyl acetate to afford the 

title compound. 

132 
4-Ethoxy-3( 4-( 4-trifluoromethoxyphenoxy )phenyl)-
2-(methoxycarboxy late )-5 ,6, 7 ,8-tetrahydroquinoline 

0 

The title compound was synthesised following general 

procedure F from 4-( 4-ethoxy-(methoxycarboxylate )-5,6,7, 

4-( 4-Ethoxy-(methoxycarboxylate )-5,6, 7,8-tetrahyd
roquinolin-3-yl)phenol 

20 8-tetrahydroquinolin-3-yl)phenol (180 mg, 0.55 mmol). The 

title compound was isolated as a yellow oil (210 mg, 0.43 

mmol, 78%). 1H NMR (500 MHz, CDCl3 ) Ii 7.32 (d, 1=8.6 

Hz, 2H), 7.22 (d, 1=8.6 Hz, 2H), 7.05 (dd, 1=8.8, 3.0 Hz, 

25 4H), 3.73 (s, 3H), 3.55 (q, 1=7.0 Hz, 2H), 3.05 (t, 1=4.7 Hz, 

2H), 2.80 (t, 1=6.2 Hz, 2H), 1.99-1.88 (m, 2H), 1.88-1.79 

OH 

30 

(m, 2H), 1.09 (t, 1=7.0 Hz, 3H). 

General Method G 

To a solution of the 4-ethoxy-3-(diaryl ether)-hydroxy
quinolone (1 equiv.) in acetic acid (2 mL mmo1- 1

) was added 

35 hydrogen bromide (>48% w/v (aq)) (1 mL mmol- 1
). The 

reaction mixture was then heated to 90° C. and left to reflux 
for 72 hours. The reaction mixture was neutralised with 
sodium hydroxide (2 M, 30.0 mL) and precipitate formed. 
The reaction mixture was then filtered to afford the title 

The title compound was synthesised following general 

procedure E from 4-ethoxy-3-iodo-2-(methoxycarboxylate )-

5,6,7,8-tetrahydro quinoline (400 mg, 1.11 mmol). The title 

compound was isolated as a solid (200 mg, 0.61 mmol, 

55%). 1H NMR (500 MHz, CDCl3 ) ll 7.11 (d, 1=8.6 Hz, 2H), 

6.77 (d, 1=8.6 Hz, 2H), 3.60 (s, 3H), 3.43 (q, 1=7.0 Hz, 2H), 
2.91 (t, 1=6.4 Hz, 2H), 2.71 (t, 1=6.3 Hz, 2H), 1.82 (m, 2H), 45 

1.78-1.69 (m, 2H), 0.98 (t, 1=7.0 Hz, 3H); M/Z (ESI+); 
328.16 (Found MH+; 328.1551, C19H21NO4 requires; 

328.1543). 

40 compound. 

50 

General Method F 

Copper (II) acetate (1 equiv.), triethylamine (5 equiv.), 

and pyridine (5 equiv.) was added to a solution of the 55 

boronic acid (1.5 equiv.) and phenol (1 equiv.) in dichlo
romethane (10 mLmmol- 1

) overheat-activated 4 A molecu-

lar sieves. The reaction mixture was stirred over 16 hours at 
room temperature. The reaction mixture was quenched with 60 

HCI (0.5 M, 20 mL mmo1- 1
) and filtered through a pad of 

Celite, followed by repeated washing with water (10 mL 
mmol- 1

). The organic layer was extracted with brine, dried 

over magnesium sulphate, and concentrated in vacuo. Puri-
65 

fication by silica gel chromatography ( ethyl acetate/hexane) 

afforded the title compound. 

3( 4-( 4-Trifluoromethoxyphenoxy )phenyl)-2-( car
boxy late )-5 ,6, 7 ,8-tetrahydroquinolin-4(1 H)-one 

0 

The title compound was synthesised following general 
procedure G from 4-ethoxy-3( 4-( 4-trifluoromethoxyphe
noxy )pheny 1)-2-( methoxycarboxy late )-5 ,6, 7 ,8-tetrahydro
quinoline (200 mg, 0.42 mmol). The title compound was 
isolated as a colourless solid (80 mg, 0.18 mmol, 43%). 1H 
NMR (400 MHz, DMSO) ll 7.41 (d, 1=8.8 Hz, 2H), 7.21 (d, 
1=8.3 Hz, 2H), 7.12 (d, 1=8.8 Hz, 2H), 7.01 (d, 1=8.3 Hz, 
2H), 2.64 (t, 1=5.6 Hz, 2H), 2.35 (t, 1=5.6 Hz, 2H), 1.94-1.33 
(m, 4H); M/Z (ESI+); 446.12 (Found MW; 446.1207, 
C23H18F3NO5 requires 446.1210). 
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3( 4-( 4-Trifluoromethoxyphenoxy )phenyl)-2-(meth
ylhydroxy )-5,6, 7,8-tetrahydroquinolin-4(1 H)-one 

3( 4-( 4-trifluoromethoxyphenoxy )phenyl)-2-( carboxy
late )-5,6, 7,8-tetrahydroquinolin-4(1H)-one (80 mg, 0.17 
mmol) was dissolved in methanol (5 mL) with the addition 

134 
2-methy 1-3-( 4-( 4-( trifluoromethoxy )phenoxy )pheny 1)-5, 

6,7,8-tetrahydroquinolin-4(1H)-one (60 mg, 0.14 mmol) 

was dissolved in DMF (0.1 mL) under Nitrogen. Sodium 

5 Hydride (4 mg, 0.17 mmol) was added and the reaction 

heated to 90° C. for 30 minutes. Methyl iodide (80 mg, 0.56 

mmol) was added and the reaction continued for a further 2 

hours. Reaction mixture was allowed to cool and organics 

10 extracted with ethyl acetate, followed by drying with brine 

and magnesium sulphate. Organics were concentrated in 

vacuo and purified by colunm chromatography (DCM). To 

give the title compound as a colourless solid (20 mg, 0.04 

15 mmol, 35%). 1H NMR (400 MHz, DMSO) ll 7.41 (d, 1=8.6 

Hz, 2H), 7.19-7.08 (m, 4H), 7.06 (d, 1=8.5 Hz, 2H), 3.53 (s, 
of HCI (1 mL, cone.) heated to 80° C. for 24 hours. The 
reaction mixture was diluted with water (10 mL) and the 
organics extracted with EtOAc (3x10 mL) before being 
dried and concentrated in vacuo. The crude material was 20 

then dissolved in dry THF under inert atmosphere and 
cooled to 0° C. Diisobutylaluminium hydride was then 
added slowly with stirring. After two hours the reaction pH 
was lowered to 3 through addition of HCI (2M). Dilution of 
the solution with water caused precipitation. The title com- 25 

pound was isolated as via filtration as a pale yellow solid (38 
mg, 0.09 mmol, 55%). 1H NMR (400 MHz, DMSO) Ii 11.06 

3H), 2.71 (t, 1=6.2 Hz, 2H), 2.38 (t, 1=6.0 Hz, 2H), 2.19 (s, 

3H), 1.75 (d, 1=5.7 Hz, 2H), 1.66-1.56 (m, 2H). 

b --
(s, lH), 7.41 (d, 1=8.8 Hz, 2H), 7.25 (d, 1=8.6 Hz, 2H), 7.15 
(d, 1=9.1 Hz, 2H), 7.05 (d, 1=8.6 Hz, 2H), 5.53 (s, lH), 4.25 
(s, 2H), 2.67 (t, 1=5.6 Hz, 2H), 2.35 (t, 1=6.2 Hz, 2H), 30 

1.82-1.56 (m, 4H); M/Z (ESI+); 432.14 (Found MH+; 
432.1445, C23H20F3 NO4 requires 432.1423). 

a) Mel, NaH, DMF, 90° C. 

a --

1,2-dimethy 1-3-( 4-( 4-( trifluoromethoxy )phenoxy) 
phenyl)-5,6,7,8-tetrahydroquinolin-4-one 

35 

40 

50 

55 

a) Urea, NaOME, Ethanol, 80° C., b) 4-phenoxyphenyl boronic acid, CuOAc2, 

Pyridine, triethylamine, Ethanol 

1,2,3 ,4,5 ,6, 7, 8-Octahydroquinazoline-2,4,dione 

Urea (0.48 g, 8.0 mmol) and ethyl-2-oxocyclohexancar

bonylate (1.0 g. 6.0 mmol) were dissolved in ethanol (10 

mL). Sodium methoxide (3 mL, 12.0 mmol) was added and 

the reaction mixture refluxed at 80° C. for 15 hours. The 

60 
reaction mixture was allowed to cool and the resulting 

precipitate was washed with diethyl ether (2x10 mL) to 

afford the title compound as a white solid. (526 mg 3.17 

mmol, 53%). 1H NMR (501 MHz, DMSO) ll 10.72 (s, lH), 

65 
8.50 (s, lH), 2.28 (t, 1=6.2 Hz, 2H), 2.12 (t, 1=6.2 Hz, 2H), 

1.69-1.60 (m, 2H), 1.59-1.51 (m, 2H); M/Z (ESI+); 167.08 

(Found MH+; 167.0815, C8 H10N2O2 requires 167.0815). 
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3-( 4-Phenonxyphenyl)-1,2,3,4,5,6, 7,8-octahydroqui
nazoline-2,4,dione 

10 

-continued 

R ~ SMe, Me, CN, Ph 
x~cJN 

a) Cu(OAch, Pyridine, TEA, DCM, b)i) Ethylacetoacetate, PdOAc2, JohnPhos, 

K3PO4, Tol, 90° C., b)ii) pyrazole/triazole, AcOH, 120° C. 

1,2,3,4,5,6,7,8-Octahydroquinazoline-2,4,dione (300 mg, 15 

1.8 mmol), 4phenoxyphenyl boronic acid (600 mg, 2.7 

mmol) and copper acetate (330 mg, 1.8 mmol) were dis

solved in ethanol (20 mL). Triethylamine (1.2 mL, 9.0 

mmol), and pyridine (0.66 mL, 9.0 mmol) were added 20 

General Procedure B 

Toluene (2.00 mL) was added to a flask flushed with 

nitrogen and charged with l-Bromo-4-( 4-trifluoromethoxy) 
phenoxy)benzene (0.30 g, 0.90 mmol), ethyl acetoacetate 

(0.252 mL, 0.99 mmol), palladium acetate (10.1 mg, 0.045 

mmol), (2-Biphenyl)di-tert-butylphosphine (26.8 mg, 0.09 

mmol) and potassium phosphate (0.252 g, 1.2 mmol). The 

immediately and the reaction stirred overnight. The reaction 

was filtered through celite neutralised with HCl (0.5 M, 60 

mL) to give crude solid, this was then recrystallized in DCM 
25 reaction mixture was then heated to 90° C. for 16 hours. The to afford product as colourless needles (60 mg, 0.18 mmol, 

10%). 1H NMR (500 MHz, DMSO) Ii 11.04 (s, lH), 7.45 (t, 

J=7.1 Hz, 2H), 7.20 (d, J=7.5 Hz, 3H), 7.09 (d, J=7.8 Hz, 

2H), 7.04 (d, J=7.9 Hz, 2H), 2.39 (s, 2H), 2.22 (s, 2H), 1.68 

(m, 4H); M/Z (ESI+ ); 335.14 (Found MW; 335.1394, 30 

reaction mixture was cooled to room temperature followed 

by dilution in DCM (15.0 mL) and filtration through a pad 

of Celite. The reaction mixture was then concentrated in 

vacuo and passed through a silica plug. The resulting oil 

containing crude ethyl 3-oxo-2-4-( 4-(trifluoromethoxy)phe

noxy)phenyl)butanoate (1 equiv.) was dissolved in acetic 

acid (2.00 ml). 3-amino-tria-/pyrazole (1 equiv.) was added 

bi) --

35 to the solution. The solution was heated to 120° C. and 

refluxed for 16 hours. The reaction mixture was then 

allowed to cool to room temperature. Addition of H2O (2.00 

ml) caused precipitation of a white solid. Precipitate was 

40 filtered and washed with H2O (2x10.0 mL). The solid was 

then recrystallized in appropriate solvent to give the title 

45 

50 

55 

compound. 

2,5-dimethyl-6-( 4-( 4-(trifluoromethoxy )phenoxy) 
phenyl)pyrazolo[ 1,5-a ]pyrimidin-7 ( 4H)-one 

N--N -u 
N 
H 

The title compound was synthesised from 3-amino-5 
60 methyl-pyrazole (30.0 mg, 0.31 mmol) according to general 

procedure B (recrystallized in EtOAc) to afford the title 
compound as colourless platelets (47.0 mg, 0.11 mmol, 
36%). Ii H NMR (500 MHz, Chloroform-d); ll 7.27 (d, J=8.6 
Hz, 2H), 7.16 (d, J=8.7 Hz, 2H), 6.99 (d, J=8.9 Hz, 2H), 6.95 

65 (d, J=8.6 Hz, 2H), 5.80 (s, lH), 2.34 (s, 3H,), 2.21 (s, 3H) 
M/Z (ESI); 419.12 (Found MH+ 416.1221, C21H16F3 N3O3 

requires 416.1217). 
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5-methyl-2-(methylthio )-6-( 4-( 4-(trifluoromethoxy) 
phenoxy)phenyl)-[1,2,4]triazolo [1,5-a ]pyrimidin-7 

(4H)-one 

The title compound was synthesised from 3-amino-5-
methio-l ,2,4triazole (30.0 mg, 0.31 mmol) according to 
general procedure B to afford the title compound as colour
less flake crystals (recrystallized EtOAc) (54.0 mg, 0.12 
mmol, 39%). Ii H NMR (500 MHz, Chloroform-d); Ii 7.30 
(d, J=8.6 Hz, 2H), 7.22 (d, J=8.7 Hz, 2H), 7.09 (d, J=8.7 Hz, 
2H), 7.07 (d, J=8.6 Hz, 2H), 2.74 (s, 3H), 2.49 (s, 2H); M/Z 
(ESI); 449.09 (Found MH+ 449.0893, C20H15F3N4 0 3 S 
requires 449.0893). 

5-methyl-7-oxo-6-( 4-( 4-(trifluoromethoxy)phenoxy) 
phenyl)-4, 7-dihydropyrazolo[l ,5-a ]pyrimidine-3-

carbonitrile 

The title compound was synthesised from 3-amino-4-
carbonitrile-l ,2,pyrazole ( 45 mg, 0.42 mmol) according to 
general procedure B to afford the title compound as white 
flake crystals (recrystallized EtOAc), (43 mg, 0.10 mmol, 
23%); 1H NMR (500 MHz, DMSO) Ii 8.49 (s, lH), 7.51 (d, 
J=8.9 Hz, 2H), 7.44 (d, J=8.6 Hz, 2H), 7.28 (d, J=8.9, Hz, 
2H), 7.20 (d, J=8.6 Hz, 2H), 2.32 (s, 3H). M/Z (ESI+); 
427.10 (Found MH+ 427.1018, C21 H13F3N4 0 3 requires 
427.1012). 

5-methy 1-2-pheny 1-6-( 4-( 4-( trifluoromethoxy )phe
noxy )phenyl )pyrazolo [ 1,5-a ]pyrimidin-7 ( 4H)-one 

138 
The title compound was synthesised from 3-amino-4-

carbonitrile- l ,2,pyrazole (0.067 g, 0.42 mmol) according to 
general procedure B (recrystallized in DMSO) to afford the 
title compound as a grey micro crystals (0.15 g, 0.31 mmol, 

5 74%). 1H NMR (500 MHz, DMSO) Ii 12.47 (s, lH, NH), 
8.01 (d, J=6.8 Hz, 2H, H-2* & 6*), 7.53-7.40 (m, 5H, H-3*, 
4*, 5*,2' & 6'), 7.38 (d, J=8.7 Hz, 2H, H-2" & 611

), 7.20 (d, 
J=9.1 Hz, 2H, H-3' & 5'), 7.11 (d, J=8.7 Hz, 2H, H-3" & 5"), 
6.62 (s, lH, H-3), 2.22 (s, 3H, Me); M/Z (ESI+); 478.1378 

10 (Found MH+, C26H18F3N3 0 3 requires 478.1373). 
In Vitro Challenge Assay for Toxoplasma Tachyzoites 

Protocol adapted from Fomovska, et. al. (Fomovska A, 
Huang Q, El Bissati K, Mui E J, Witola W H, Cheng G, et 
al. Novel N-Benzoyl-2-Hydroxybenzamide Disrupts Unique 

15 Parasite Secretory Pathway. Antimicrob Agents Chemother 
[Internet]. 2012 May [cited 2015 Jul. 8]; 56(5):2666-82; 
Fomovska A, Wood R D, Mui E, Dubey J P, Ferreira L R, 
Hickman M R, et al. Salicylanilide inhibitors of Toxoplasma 
gondii. J Med Chem. 2012 Oct. 11; 55(19):8375-91.). 

20 Human foreskin fibroblasts (HFF) were cultured on a flat, 
clear-bottomed, black 96-well plate to 90% to 100% con
fluence. IMDM (lx, [+] glutamine, [+] 25 mM HEPES, [+] 
Phenol red, 10% FBS [gibco, Denmark]) was removed from 
each well and replaced with IMDM-C (lx, [+] glutamine, 

25 [+] 25 mM HEPES, [-] Phenol red, 10% FBS)[gibco, 
Denmark]). Type I RH parasites expressing Yellow Fluores
cent Protein (RH-YFP) were lysed from host cells by double 
passage through a 27-gauge needle. Parasites were counted 
and diluted to 32,000/mL in IMDM-C. Fibroblast cultures 

30 were infected with 3200 tachyzoites of the Type I RH strain 
expressing Yellow Fluorescent Protein (RH-YFP) and 
returned to incubator at 37° C. for 1-2 hours to allow for 
infection (Gubbels M-J, Li C. Striepen B. High-Throughput 
Growth Assay for Toxoplasma gondii Using Yellow Fluo-

35 rescent Protein. Antimicrob Agents Chemother [Internet]. 
2003 January [cited 2015 Jul. 8]; 47(1):309-16.). Various 
concentrations of the compounds were made using IMDM
C, and 20 µI were added to each designated well, with 
triplicates for each condition. Controls included pyrimeth-

40 amine/ sulfadiazine ( current standard of treatment), 0 .1 % 
DMSO only, fibroblast only, and an untreated YFP gradient 
with 2 fold dilutions of the parasite. Cells were incubated at 
37° C. for 72 hours. Plates were read using a fluorimeter 
(Synergy H4 Hybrid Reader, BioTek) to ascertain the 

45 amount of yellow fluorescent protein, in relative fluores
cence units (RFU), as a measure of parasite burden after 
treatment. Data was collected using Gen5 software. IC50 
was calculated by graphical analysis in Excel. 
In Vitro Challenge Assay for Bradyzoites 

50 HFF cells were grown in IMDM (lx, [+] glutamine, [+] 
25 mM HEPES, [+] Phenol red, 10% FBS, [gibco, Den
mark]) on removable, sterile glass disks in the bottom of a 
clear, flat-bottomed 24-well plate. Cultures were infected 
with 3xl 04 parasites (EGS strain) per well, in 0.5 mL media 

55 and plate was returned to incubator at 37° C. overnight. The 
following day, the media was removed and clear IMDM and 
compounds were added to making various concentrations of 
the drug, to a total volume of 0.5 mL. 2 wells were filled 
with media only, as a control. Plates were returned to the 37° 

60 C. incubator for 72 hours, and checked once every 24 hours. 
Iftachyzoites were visible in the control before 72 hours, the 
cells were fixed and stained. Cells were fixed using 4% 
paraformaldehyde and stained with Fluorescein-labeled 
Dolichos Biflorus Agglutinin, DAPI, and BAG 1. Disks were 

65 removed and mounted onto glass slides and visualized using 
microscopy (Nikon Tl7). Slides were scanned using a CRi 
Pannoramic Scan Whole Slide Scanner and viewed using 
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Panoramic Viewer Software. Effects of the compounds were 
quantified by counting cysts in the controls and treated cells. 
Cysts and persisting organisms were counted in a represen
tative field of view and then multiplied by a factor deter-

140 
mined by the total area of the disk in order to estimate the 
number of cysts and organisms in each condition. Data was 
collected using Gen5 software. IC50 was calculated by 
graphical analysis in Excel. 

Brady Pf D6 

ID Structure Tachy IC50 µM IC50 µM IC50 µM 
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I Ou 
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>1 

>1 

>1 

>1 

0.03 

0.2 

1.0- 0.16 
10.0 

N.D. 0.29 

N.D. 1.31 

N.D. 0.71 

N.D. >20 

1.0- 0.01 
10.0 
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ID 

JAG21 

JAG039 

JAG046 

JAG047 

JAG50 

JAG58 

JAG63 
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Brady Pf D6 

Tachy IC50 µM IC50 µM IC50 µM 

0.09 

7.6 

>10 

0.055 

0.04-
0.08 

0.1-
0.3 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

0.01435 

9.595 

6.716 

3.746 

0.04664 

Awaiting 
Testing 

Awaiting 
Testing 
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JAG062 

JAG069 

JAG023 

AS006/ 
JAG143 

AS012/ 
JAG144 

AS021/ 
JAG145 

AS034/ 
JAG148 
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Brady Pf D6 

Tachy IC50 µM IC50 µM IC50 µM 

0.016 

0.02 

0.06-
0.08 

0.3 

0.08 

0.1-
0.5 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 
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Brady Pf D6 

Tachy IC50 µM IC50 µM IC50 µM 

0.02-
0.04 

0.04-
0.08 

>1 

>10 

0.32 

0.1-
0.3 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 

N.D. N.D. 
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Brady Pf D6 
ID Structure Tachy IC50 µM IC50 µM IC50 µM 

JAGl00 N.D. N.D. 

JAG106 ~l N.D. N.D. 

JAG107 N.D. N.D. 

JAG121 0.1 N.D. N.D. 

JAG129 0.1 N.D. N.D. o'Q 
I 

I # OCF3 

I 
~ 

N # 

JAG162 o'Q 0.5 N.D. N.D. 

I 
I # OCF3 

F3C 

JAG094 

Biological Activity Studies 
Malaria In Vitro Studies: 

OH 

D6 is a drug sensitive strain from Sierra Leone, C235 is 
a multi-drug resistant strain from Thailand, W2 is a chlo
roquine resistant strain from Thailand, and C2B has resis
tance to a variety of drugs including atovaquone. These 
assays were performed using standard protocols. 

N.D. N.D. 

60 

Compound Activity Against Plasmodium falciparum: 
Compound activity against P. falciparum, a causative 

agent of malaria, was tested using the Malaria SYBR Green 
I-Based Fluorescence (MSF) Assay. This; microtiter plate 

65 drug sensitivity assay uses the presence of malarial DNA as 
a measure of parasitic proliferation in the presence of 
antimalarial drugs or experimental compounds based on 
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modifications of previously described methods known in the 
art. As the intercalation of SYBR Green I dye and its 
resulting fluorescence is relative to parasite growth, a test 
compound that inhibits the growth of the parasite will result 
in a lower fluorescence. Selected compounds were examined 5 

for activity against four strains of P. falciparum: D6 (CDC/ 
Sierra Leone), a drugsensitive strain readily killed by chlo
roquine, TM91-C235, a multi-drug resistant strain resistant 
to chloroquine, W2, a chloroquine resistant strain from 
Thailand, and C2B has resistance to a variety of drugs 10 

including atovaquone. 

SYBR 
SYBR Green 

Green D6 SYBR C235 IC50 
ID Parasite strains IC50 (uM) D6 R2 (uM) 

MJM129 D6, C235, W2, C2B 0.03 0.94 0.07 
MJM136 D6, C235, W2, C2B 0.20 0.99 0.58 
MJM141 D6, C235, W2, C2B 0.16 0.96 0.57 
MJM170 D6, C235, W2, C2B 0.01 0.98 0.03 
JAG006 D6, C235, W2, C2B 0.29 0.90 0.88 
JAG013 D6, C235, W2, C2B 1.31 0.98 2.60 
JAG014 D6, C235, W2, C2B 0.71 0.94 1.35 
JAG015 D6, C235, W2, C2B >20 NIA >20 
JMl0 D6, C235, W2, C2B 0.88 0.94 4.48 
JAG021 D6, C235, W2, C2B 0.01435 0.9572 0.06164 
JAG047 D6, C235, W2, C2B 3.746 0.9738 12.56 
JAG046 D6, C235, W2, C2B 6.716 0.9844 >20 
JAG039 D6, C235, W2, C2B 9.595 0.9532 >20 
JAG050 D6, C235, W2, C2B 0.04664 0.9138 0.06913 
RG38 D6, C235, W2, C2B 2.884 0.8936 13.66 

SYBR SYBR 
Green W2 SYBR W2 Green C2B 

ID Parasite strains IC50 (uM) R2 IC50 (uM) 

MJM129 D6, C235, W2, C2B 0.08 0.93 0.01 
MJM136 D6, C235, W2, C2B 0.55 0.98 0.38 
MJM141 D6, C235, W2, C2B 0.63 0.88 0.48 
MJM170 D6, C235, W2, C2B 0.03 0.99 0.01 
JAG006 D6, C235, W2, C2B 2.46 0.92 1.66 
JAG013 D6, C235, W2, C2B 2.35 0.96 1.39 
JAG014 D6, C235, W2, C2B 1.27 0.99 0.92 
JAG015 D6, C235, W2, C2B >20 NIA >20 
JMl0 D6, C235, W2, C2B 5.36 0.90 6.75 
JAG021 D6, C235, W2, C2B 0.05518 0.9727 0.04042 
JAG047 D6, C235, W2, C2B 9.072 0.9358 7.781 
JAG046 D6, C235, W2, C2B >20 NIA >20 
JAG039 D6, C235, W2, C2B >20 NIA >20 
JAG050 D6, C235, W2, C2B 0.03136 0.9693 0.03635 
RG38 D6, C235, W2, C2B 9.245 0.7954 >20 

150 
circulating biomarkers reflecting such damage to neuronal 
cells in patients. In that context we then asked whether 
serum biomarkers from ill children would reflect neuronal 
damage and neurodegeneration. 
Methods. 

Biomarkers: Serum collection was from children in the 
National Collaborative Congenital ToxoplasmosisStudy 
(NCCCTS). Children have serum drawn at each visit. Sera 
characterized were obtained at a visit when new seizures 
were noted for ill children. These sera were analyzed with 
nano proteomic and miR analyses as described earlier by 

SYBR 
TM91C235 

R2 

0.94 
0.98 
0.95 
0.99 
0.92 
0.96 
0.99 
NIA 

0.97 
0.9706 
0.9218 
NIA 
NIA 

0.9562 
0.8338 

SYBR C2B 
R2 

0.94 
0.99 
0.95 
0.99 
0.94 
0.94 
0.98 
NIA 

0.81 
0.9847 
0.9575 
NIA 
NIA 

0.9427 
NIA 

Hood, Wang et al. This was done using a panel of markers 
known to be abnormal in patients with Alzheimer's and 
other neurodegenerative diseases. This was done to deter-

Example 5: Effect of Active Forms of T. gondii on 
Transcriptomes, Proteomes and Mechanisms 

Whereby this Occurs and Reflection of the Same 
Type of Damage to Neuronal Cells in Circulating 

Biomarkers from Children 
55 mine whether the same biomarkers present in serum or 

plasma from persons with these neurodegenerative disease 
might be present in sera from the ill children. The children 
are described more fully in the figure legend. Since we found signature pathways reflecting influence of 

the bradyzoite stage ( characteristic of the chronic Toxo
plasma gondii infection) in primary human neuronal stem 60 

cells in tissue culture on pathways of neurodevelopment, 
neuroplasticity, and neurotoxicity, we asked whether the 
active form of the parasite would also affect those pathways. 
It did. We found alterations in pathways similar to those 
shown with EGS bradyzoites in transcriptomics and pro
teomics (FIG. 19 with explanatory figure legends and meth
ods). These abnormalities suggested that there might be 

Murine Study of Apolipoprotein Al: 
Wildtype mice on a C57Bl6/J background, mice in which 

the Apolipoprotein Al gene was knocked out (Apo Al-/-) 
were utilized in this experiment. They were immunized with 
an attenuated strain of the RH strain of Toxoplasma in which 
ribosomal proteins small subunit 13 was placed under the 

65 control of a tetracycline repressor by placing 4 tet O elements 
in the promoter and a tetracycline regulatable repressor with 
YFP was stably transfected. This immunized the mice and 



US 11,414,385 B2 
151 

subsequently the mice were challenged with the Me49 strain 
T. gondii and cysts were counted or luminescence in brain 
measured. 

EGS and Canonical Type 1,2,3 Transcriptomics Details 
and Type 1, 2, 3 Proteomics, Analysis of Alternatively 
Spliced Genes, and Immunoflurescense Studies: 

Details of the specific genes with altered transcription 
caused by EGS in Example 1 are discussed above. Trascrip
tomics were carried out as described in Example 1. 

iTRAQ data from T. gondii infected cell cultures. Protein 
quantified, extracted, subjected to mass spectroscopy, and 
sequence analysis from each flask, -180-190 ug proteins 
were extracted and 50 ug were used for 8-plex iTRAQ. A 
raw table listing relative ratios for all peptide identified in 8 
samples was created. The ratio should be 0.125 (1.000/8) if 
one peptide/protein evenly distributes in 8 samples. Ratios 
of peptides from the same proteins are then calculated to 
protein ratios. A "Ratio to Channel O" then included a total 
of 4,367 proteins identified with iTRAQ ratio. The protein 
ratios crossed 8 samples ( 4 conditions in duplicates) and 
were raw data from mass spec and converted to ratios 
against Channel 0, i.e. Control sample. They are then 
normalized and ratios made. "Prat with high score" has 
3,359 proteins identified by more than 1 peptide and with 
ProteinProphet probability >0.8 (=FDR<l %). Among these 
3,3359 proteins with high confidence, 10 proteins up >2-fold 
in either of the 3 infected cells vs. controls, while 28 proteins 
down >2-fold were identified. Occurrence of differences in 

152 
infected with Toxoplasma. The wild type and uninfected 
mice had less radiance from luciferase parasites and fewer 
cysts, and less immunologic reaction to the lower parasite 
burden in brain ( data not shown). This demonstrates that the 

5 circulating ApoAl diminishing in the boys who were ill as 
a biomarker. This provides evidence that these biomarkers 
that were abnormal in the children had counterparts in 
murine models. 

To determine whether similar pathways as were abnormal 

10 
in EGS Example 1 were perturbed by the canonical U.S./ 
European types of parasites and mechanisms whereby this 
might occur, transcriptomics, proteomics, analysis of alter
nately spliced genes and immunofluresce were also per
formed. Experimental data showed similar perturbation of 
pathways by canonical U.S./European type parasites that 

15 infected the children with the biomarkers through similar 
transcriptomics analyses demonstrating biological effect of 
Type I, II, III parasites on localization ofNFkB, STAT 3 and 
STAT 6 in primary human neuronal stem cells. These 
abnormalities are caused by the canonical U.S. and Euro-

20 pean types of parasites growing as tachyzoites in the human 
primary neuronal stem cells and monocytic cells. These 
finding along with those demonstrated by the Omic studies 
of EGS (Example 1) suggest a mechanism whereby circu
lating biomarkers reflecting damage to neuronal cells in 

25 patients can occur. Placed in this context, we hypothesize 
that serum biomarkers from ill children reflect neuronal 
damage and neurodegeneration, as confirmed by our murine 
models, and findings seen in tissue culture and/or in patients. 

alternative splicing between infected and uninfected cells 
was done with rMATS. Method for IFA are as described in 30 

Example 1. The antibodies are to SAGI, P50-NFkB. 

DISCUSSION 

The signature pathways we noted in studies of human 
primary neuronal stem cells which reflected abnormalities 
and gene products associated with neurodegenerative dis
ease and the mechanisms whereby T. gondii can cause such 

Results: 
Human serum biomarkers in ill congenitally infected 

children reflect T. gondii infection and neuronal damage. 
Three pairs of children were studied. In each demographi
cally-matched pair, one child had severe disease and the 
other had mild or no clinical illness. Each child had serum 
stored from evaluations at the same ages. The second pair 
are dizygotic, discordant twins. Each of the three ill children 
had new myoclonic-"infantile" spasms, or hypsarrhythmic 
seizures. For two, this was associated with a rise in or high 
T. gondii specific IgG antibody titers (FIG. 19a). IgG was 
not measured for the third ill child. A panel of nanopro
teomics and miR sequencing was performed on serum 
obtained at the time of this new illness. The two ill children 
diagnosed more recently had T2 weighted abnormalities on 
brain MRis similar to active inflammatory and parasitic 
caused brain disease seen in a murine model. Ill children 
compared with their paired healthy controls had alterations 
in miRs and increases in serum proteins associated with 
neurodegeneration, inflammation, a misfolded protein 
response and protein misfolding. Elevated proteins included 
clusterin, and oxytocin (FIG. 19 b-d). PGLYRP2 (N-acetyl
muramoyl-L-alanine amidase) and Apolipoprotein Bl were 
depressed. miR-17-92, which T. gondii RH strain markedly 
increases in HFF cultures, also was increased in sera of the 
ill children, as was miR-124 (FIG. 19b,c). miR-124 is 
associated with neurodegeneration This indicates active 
brain destruction by the parasite or the response to it. These 
circulating proteins and miRs are clinically useful biomark
ers to identify active toxoplasmic brain ( and possibly retinal) 
disease. 

35 pathology prompted study of biomarkers in a small number 
of ill versus well children. Biomarkers of active brain T. 
gondii infection in humans were found. The serum biomark
ers shown in FIG. 19 are increased (e.g., clusterin, oxytocin, 
amyloid, and mir 17-92 and mir 124) or diminished, includ-

40 ing PGLYRP2 (N-acetylmuramoyl-L-alanine amidase) and 
Apolipooprotein-Al which are indicative of infection. These 
are consistent with the transcriptome demonstrating signa
ture pathways in GO slim and KEGG analyses with effect on 
ribosomes, alternative splicing and neurodegenerative dis-

45 eases, including Alzheimer's disease, Huntingtons disease, 
and Parkinson's disease by encysted EGS, and for example 
pathways of response to oxidative stress, regulation of 
apotosis, and alternative splicing of toll receptors that were 
abnormal in the same cells infected by the canonical US/Eu
ropean parasites (active tachyzoites) that the children had. 

50 Other manifestations of active disease in the brain dimin
ished with treatment and are not abnormal in the dizygotic 
healthy twin of one child or demographically matched well 
children. This is consistent with these biomarkers being 
selected to be assayed with MiR sequencing and proteomics 

55 based on their differences in diseases of neurodegeneration. 
These ill children had developed new seizures, elevations in 
antibody titer, elevated cerebrospinal fluid protein in one 
child, and abnormal T2 weighted alterations in T2 weighted 
brain magnetic resonance imaging. The biomarkers that 

60 were characteristic of neurodegeneration in the ill children 
and when diminished were associated with greater severity 
of disease in a murine model will be useful to monitor 
disease and response to treatment of disease due to this To determine whether the presence of one of these bio

markers could be confirmed, a murine model was used. In 
this example of biomarkers in a murine experiment reca- 65 

pitulating the data of biomarkers in the serum of the ill 
children, APOAl knockout and wild type mice were 

parasite. Restoration to normal values being indicative of 
favorable response to treatment and presence may also mark 
recrudescence of disease. ApoAl may also be a useful 
treatment. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS, 27 

<210> SEQ ID NO 1 
<211> LENGTH, 54 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 1 

Gly Gly Asn Arg Pro His Tyr His Val Ala Lys Gln Glu Trp Arg Val 
1 5 10 15 

Arg Tyr Tyr Met Asn Gly Lys Arg Lys Met Arg Thr Tyr Ser Ala Lys 
20 25 30 

Phe Tyr Gly Tyr Glu Thr Ala His Thr Met Ala Glu Asp Phe Ala His 
35 40 45 

Tyr Val Asp Lys His Glu 
50 

<210> SEQ ID NO 2 
<211> LENGTH, 2406 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 2 

Met Ala Ala Pro Ala Pro Ser Ala Glu Ala Arg Pro Ala Lys Arg Arg 
1 5 10 15 

Cys Phe Pro Leu Pro Arg Glu Thr Pro Val Ser Ser Glu Asp Glu Thr 
20 25 30 

Arg Lys Thr Leu Gln His Asp Thr Leu Gly Cys Leu Pro Arg Ser Ser 
35 40 45 

Ser Gly Gln Pro Glu Leu Ala Ala Ala Ser Ala Ala Ser Gln Val Gly 
50 55 60 

His Leu Ser Ser Ala Ala Leu Leu Gln Leu Val Gln Thr Gln Ser Ala 
65 70 75 80 

Gly Gly Val Pro Gln Ala Val Leu Arg Asn Leu Phe Ser Ser Ile His 
85 90 95 

Arg Asn Pro Lys Pro Leu Pro Ala Asn Ala Leu Ala Ala Thr Pro Asn 
100 105 110 

Ser Ser Leu Tyr Ala Ser Leu Thr Ser Leu Ser Ser Ala Ala Ala Leu 
115 120 125 

Pro Gly Ala Gly Pro Ala Tyr Ser Gln Ala Pro Ser Pro Ala Ser Ala 
130 135 140 

Asp Leu Leu Gln Ser Glu Gln Phe Gly Ser Ala Ala Lys Asn Pro Ser 
145 150 155 160 

Pro Asn Glu Ala Ser Pro Ile Leu Ala Leu Leu Gly Glu Ala Ala Arg 
165 170 175 

Ala Ala Thr Thr Pro Arg Thr Val Pro Ala Leu Ser Ala Val Cys Pro 
180 185 190 

Ala Ala Ser Ser Gly Val Ser Leu Pro Ser Ala Ser Asp Thr Leu Ala 
195 200 205 

Leu Ala Gln Ser Ser Leu Ser Ser Ser Thr Gly Cys Ala Ser Asp Val 
210 215 220 

Lys Ala Ser Arg Pro Glu Glu His Pro Ala Phe Ala Ser Gly Thr Ala 
225 230 235 240 

Asn Arg Gln Ser Leu Leu Gln Ala Leu Leu Leu Ser Thr Ala Pro Leu 
245 250 255 

Ala Phe Ser Gly Pro Ser Leu Ser Ser Ala Ser Thr Thr Leu Pro Ala 

154 
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-continued 

260 265 270 

Ser Ser Gly Ala Val Ser Ser Arg Asn Ala Gly Ala Tyr Gln Phe Glu 
275 280 285 

Arg Leu Leu Gln Ala Glu Ala Ala Lys Val Lys Ala Leu Leu Pro Asn 
290 295 300 

Ala Thr Ser Lys Ser Met Ser Gln Ser Ser Val Pro Gln Arg Asp Leu 
305 310 315 320 

Thr Arg Lys Thr Ser Leu Phe Pro Asp Pro Arg Gly Leu Ser Ala Asp 
325 330 335 

Asp Ala Ser Arg Arg Tyr Asn Thr Arg Gly Ala Asn Ser Gly Gly Ala 
340 345 350 

Gly Leu Arg Arg Gly Thr Gly Val His Ala Thr Thr Glu Gln Ser Gly 
355 360 365 

Ala Leu Asp Ala Gly Glu Arg Thr Arg Pro Phe Gly Ala Gly Glu Asp 
370 375 380 

Glu Ser Ala Gln Gly Lys Pro Asp Ser Arg Gly Arg Gln Arg Pro Gly 
385 390 395 400 

Ala Leu Asp Ala Ser Asn Ile Leu Gly Leu Leu Ala Ala Phe Gln Pro 
405 410 415 

Ser Gln Ala Pro Ala Ile Arg Asp Leu Ser Ala Pro Ser His Leu Ser 
420 425 430 

Ala Ala Ala Thr Gly Ala Leu Pro Leu Thr Ala Ser Phe Thr Ala Ser 
435 440 445 

Ala Leu Ala Ser Ser Gln Cys Leu Pro Ala Gly Thr Pro Ala Ser Ser 
450 455 460 

Ser Ala Ser Pro Pro Phe Ser Glu Val Leu Ser Thr Thr Glu Glu Ser 
465 470 475 480 

Ser Thr Thr Lys Glu Thr Asp Ala Ser Ala Ser Thr Leu Leu Ala Phe 
485 490 495 

Leu Gln Lys Tyr Ser Ala Val Ser Gly Leu Gly Gly Ala Ser Asp Phe 
500 505 510 

Leu Gly Gln Leu Gln Gly Lys Ser Ser Leu Pro Pro Leu Ser Leu Ala 
515 520 525 

Glu Pro Ser Ser Ala Leu Pro Ser Ser Phe Leu Gly Gly Ser Asp Gly 
530 535 540 

Gly Thr Ile Asp Thr Arg Asn Gly Asn Gly Glu Lys Thr Thr Pro Pro 
545 550 555 560 

Ile His Leu Phe Gln Ser Ala Phe Arg Ile Pro Ser Pro Ser Gln Gln 
565 570 575 

Asn Leu Leu Asp Ala Leu Leu Ala Ser Ser Cys Thr Thr Ala Thr Ser 
580 585 590 

Arg Ser Asp Gly Ser Gly Asn Leu Gly Cys Pro Val Val Asp Glu Arg 
595 600 605 

Asn Ala Lys Leu Ala Gly Pro Ala His Pro Leu Pro Cys Ser Phe Pro 
610 615 620 

Gln Ile Ser Ser Ser Ser Gly Glu Pro Gly Arg Lys Thr Gly Gly Arg 
625 630 635 640 

Val His Arg Gln Gly Thr Ser Gln Ser Gly Gly Arg Val Arg Ser Gly 
645 650 655 

Lys Asn Gly Gly Ser Ala Ala Pro Pro Arg Gln Ser Ser Ser Glu Asn 
660 665 670 

Val Pro Ser Thr Pro Thr Val Ser Ser His Glu Ala Pro His Arg Ala 
675 680 685 
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-continued 

Gly Phe Pro Ser Gln Thr Pro Tyr Glu Leu Ser Ala Ser Pro Ser His 
690 695 700 

Gln Leu Asp Leu Leu Arg Leu Gly Ala Phe Leu Gly Gly Ala Gly Lys 
705 710 715 720 

Gln Asp Ala Ser Val His Ser Asp Glu Thr Gly Thr Leu Ser Gly Glu 
725 730 735 

Pro Ser His Arg Ser Cys Ser Leu Ser Arg Gly Leu Thr Gln Glu Ser 
740 745 750 

Val Leu Gln Leu Ser Asp Thr Thr Ser Thr Ser Arg Glu Gly Glu Pro 
755 760 765 

Asn Glu Pro Ser Gln Gly Cys Val Asn Val Ala Ala Ser Leu Pro Ala 
770 775 780 

Phe Gly Pro Gln Pro Ser Ser Gly Ala Ala Lys Ala Arg Glu Gly Arg 
785 790 795 800 

Arg Gly Ala Gly Gly Ala Gly Ala Ala Pro Pro Val Pro Leu Arg Ala 
805 810 815 

Asp Val Thr Leu Gly Gly Asn Arg Pro His Tyr His Val Ala Lys Gln 
820 825 830 

Glu Trp Arg Val Arg Tyr Tyr Met Asn Gly Lys Arg Lys Met Arg Thr 
835 840 845 

Tyr Ser Ala Lys Phe Tyr Gly Tyr Glu Thr Ala His Thr Met Ala Glu 
850 855 860 

Asp Phe Ala His Tyr Val Asp Lys His Glu Ala Leu Pro Asp Ser Met 
865 870 875 880 

Met Met Thr Ala Met Met Leu Gln Ala Gln Ala Asn Ser Ala Ala Ser 
885 890 895 

Ser Gly Gln Thr Val Pro Leu Ala Arg Gly Ile Arg Ala Ser Ser Ala 
900 905 910 

Ser Ala Gly Ala Gly Gly His Val Ser Lys Ser Ala Thr Lys Gly Ser 
915 920 925 

Val Ala Ala Ser Ser Glu Gly Ser Thr Ser Met Gly Ser Asp Ala Thr 
930 935 940 

Arg Ser Gln Glu Gly Glu Ala Ala Glu Leu Cys Pro Leu Ala Ala Gly 
945 950 955 960 

Leu Ser Arg Pro Leu Ala Ser Met His Ser Ala Ala Gly Asn Ala Val 
965 970 975 

Ala Gln Gly Arg Gln Glu Ser Lys Glu Glu Ala Pro Gly Gly Gln Ala 
980 985 990 

Trp Phe Gly Glu Pro Gly Lys Phe Arg Ala Ser Ser Glu 
1005 

Ala Ala Leu 

Cys Gly 
1010 

Glu Val 
1025 

Gly Lys 
1040 

Arg Leu 
1055 

Asp Leu 
1070 

995 1000 

Ser Gly Ser Ser Ala 
1015 

Leu Trp Ala Thr Leu 
1030 

Lys Ile Lys Pro Glu 
1045 

Ala Leu Gly Ala Glu 
1060 

Gly Asp Ser Gly Gly 
1075 

Glu Gly Arg Asp Gly 
1020 

Gly Lys Val His Asp 
1035 

Lys Pro Leu Thr Val 
1050 

Asp Lys Ser Gln Asn 
1065 

Ala Gln Gly Leu Pro 
1080 

His Glu Ser 

Ala Ser Gln 

Ala Arg Gly 

Leu Gly Val 

Gly Val Arg 

Gln Pro Arg Gln Met Lys Asn Ser Glu Glu Cys Ser Leu Arg Asp 
1085 1090 1095 
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-continued 

Ser Asp Lys Gly Met Ala Leu Ser Lys Arg Phe Gly Phe Leu Pro 
1100 1105 1110 

Ser Gln Thr Pro Ser Cys Asp Ser Met Thr Leu Pro Phe Pro Gly 
1115 1120 1125 

Gly Phe Asp Ala Leu Ser Leu Ser Ser Ala Leu Ser Ser Cys Ala 
1130 1135 1140 

Ser Leu Pro Val Ala His Glu Gly Asn Asn Phe Gln Lys Gly His 
1145 1150 1155 

Thr Gly Asp Ile Val Ala Leu Ala Ser Gln Ser Gly Thr Gln Arg 
1160 1165 1170 

Pro Ala Ser Val Val Leu Ser Arg Asp Ala Asn Val Ser Gly Ser 
1175 1180 1185 

Ser Pro Ser His Pro Thr Trp Gln Arg Glu Gly Ala Ala Val Ser 
1190 1195 1200 

Gly Arg Ala Asp Glu Phe Ser Ser Leu Ser Val Thr Pro Ser Thr 
1205 1210 1215 

Val Pro Leu Ser Ser Phe Thr Met Glu Asp Ile Lys Gly Glu Glu 
1220 1225 1230 

Gly Asp Pro Ser Arg Arg Phe Ala Leu Val Gly Glu Ser Met Lys 
1235 1240 1245 

Asn Val Ser Ala Pro Glu Val Gln Ala Leu Phe Pro Thr Ser Ser 
1250 1255 1260 

Ile Ala Asn Ala Glu Leu Leu Pro Val Asp Phe Leu His Ser Asn 
1265 1270 1275 

Ser Cys Ser Ala Asp Lys Leu Glu Ser Ser Ile Pro Arg Gly Leu 
1280 1285 1290 

Ala Gly Asn Asn Pro Ser Met Thr Ala Thr Ala Val Ala Ala Thr 
1295 1300 1305 

Ala Val Ser His Gln Ile Phe Asp Thr Ile Thr Leu Phe Gly Glu 
1310 1315 1320 

Phe Leu Arg Glu Phe Ala Lys Glu Lys Val Asn Glu Phe His Glu 
1325 1330 1335 

Tyr Gly Leu Glu Ala Ser Pro Leu Thr Val Glu Ala Ser Pro Glu 
1340 1345 1350 

Val Ser Leu Phe Gly Lys Ala Thr Phe Gly Arg Cys Pro Val Ala 
1355 1360 1365 

Gly Gly Ser Thr Pro Ala Gly Ile Ser Lys Met Ser Gly Glu Thr 
1370 1375 1380 

Leu Ser Gly Leu Ser Ala Ser Glu Leu Ser Leu Val Ser Ala Arg 
1385 1390 1395 

Thr Asn Thr Thr Thr Gly Glu Glu Gln Phe Ala Leu Ala Arg Gly 
1400 1405 1410 

Leu Phe Pro Gly Asp Ser Glu Gly Asp Arg Asp Glu Lys Lys Pro 
1415 1420 1425 

Gln Leu Ser Gln Gln Glu Leu Leu Val Leu Ser His Ala Leu Val 
1430 1435 1440 

Asn Leu Thr Ser Ser Thr Tyr Val Leu Met His Thr Leu Lys Ala 
1445 1450 1455 

Ser Leu Ser Lys Ser Thr Glu Ala Val Gln Leu His Gln Pro Leu 
1460 1465 1470 

Leu Glu Ala Ala Ser Glu Ala Lys Ala Thr Asp Glu Ala Lys Thr 
1475 1480 1485 

Arg Glu Glu Gln Glu Ser Ser Glu Cys Asp His Glu Tyr Pro Pro 
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-continued 

1490 1495 1500 

Gly Ser Ser Leu Glu Ala Thr Thr Gly Ala Leu Pro Phe Arg Leu 
1505 1510 1515 

Ser Pro Ala Leu Ser Ala Ser Ser Lys Asp Leu Pro Ser Leu Ser 
1520 1525 1530 

Ala Ser Ala Ser Leu Glu Ser Val Thr Pro Phe Ala Gly Leu Pro 
1535 1540 1545 

Leu Glu Glu Gly Thr Leu Ser Ala Ser Val Gly Leu Ala Ser Ser 
1550 1555 1560 

Asp Asp Glu His Asp Thr Ser Leu Leu Phe Lys Thr Glu Ala Ala 
1565 1570 1575 

Lys Lys Arg Ser Leu Phe Ser Thr Ala Ala Asp Gly Asp Glu Ser 
1580 1585 1590 

Arg Thr Tyr Asn Asp Gly Leu Gly Gln Pro Met Glu Glu Glu Ile 
1595 1600 1605 

Arg Ser Cys Val Ser Thr Ser Cys Gly Glu Ala Val Ala Thr Thr 
1610 1615 1620 

Thr Leu Ser Ala Ile Gly Pro Gly Thr Gly Ala Ser Gly Ala Leu 
1625 1630 1635 

Leu Asp Ser Glu Ser Arg Glu Ser Leu Gly Glu Lys Pro Gly Ala 
1640 1645 1650 

Ala Leu Arg Ala Gly Ala His Thr Pro Ala Pro Ser Arg Ala Pro 
1655 1660 1665 

Thr Pro Ser Arg Thr Phe Ser Phe Thr Ser Ser Ser Thr Ala Thr 
1670 1675 1680 

Ser Ala Ala Leu Leu Cys Asp Ser Asn Val Val His Glu Lys Leu 
1685 1690 1695 

Ser Ala Gln Gly Lys Asp Ser Glu Ala Gly Glu Arg Lys Gly Asp 
1700 1705 1710 

Ser Glu Lys Glu Glu Glu Val Glu Met Trp Lys Glu Glu Asp Glu 
1715 1720 1725 

Glu Val Gln Arg Cys Thr Gly Ser Ala Glu Thr Asp Ser Thr Glu 
1730 1735 1740 

Ala Thr Arg Gly Glu Glu Ala Trp Arg Arg Gly Lys Gln Ser Glu 
1745 1750 1755 

Lys Lys Pro Ser Val Ile Thr Thr Ala Leu Asn Leu Leu Glu Thr 
1760 1765 1770 

His Arg His Leu Ala Leu Thr Ile Ser Gln Leu Lys Arg Pro Val 
1775 1780 1785 

Ala Gln Gln Leu Arg Phe Ile Leu Pro Ile Ala Ala Pro Gln Leu 
1790 1795 1800 

Leu Pro Cys Ile Leu Pro Pro Ala Ser Phe Gln Gly Thr Gly Glu 
1805 1810 1815 

Ser Gly Asp Gly Lys Ala Glu Ala Glu Ala Lys Gly Ser Ser Ser 
1820 1825 1830 

Leu Gly Gln Val Leu Glu Thr Ala Leu Gly His Gly Thr Arg Leu 
1835 1840 1845 

Ala Pro Ser Ala Ser Ala Met Val Pro Pro Arg Lys Asp Glu Ala 
1850 1855 1860 

Ala Ser Ala Val Pro Glu Ala Lys Thr Leu Thr Gly Leu Ala Asn 
1865 1870 1875 

Ala Gly Val Thr Arg Glu Ala Ala Ser Arg Thr Leu Glu Ala Glu 
1880 1885 1890 
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-continued 

Gln Val Ser Arg Lys Arg Ser Arg Glu Glu Val Val Asp Ser Glu 
1895 1900 1905 

Thr Ala Gly Asp Glu Gly Asp Met Glu Asn Val Pro Glu Thr Arg 
1910 1915 1920 

Asp Gly Thr Thr Arg Pro Gly Ser Arg Gln Tyr Asp Thr Ser Pro 
1925 1930 1935 

Ser Asn Asp Gly Thr Lys Pro Pro Ala Thr Ala Lys Ser Arg Val 
1940 1945 1950 

Ile Arg Asp Gln Ala Ala Leu Glu Arg Leu Leu Leu Ala Pro Phe 
1955 1960 1965 

Gln Asp Thr Pro Thr Cys Ser Cys Thr Asp Arg Pro Cys Pro Cys 
1970 1975 1980 

Asp Arg Gln Gln Val Ala Asp Met Ile Tyr Leu Phe Tyr Ala Val 
1985 1990 1995 

Pro Ala Arg Gln Gln Ala Glu Ser Ser Lys Glu Gly Ser Thr Gln 
2000 2005 2010 

Arg Leu Gln Phe Ala Ala Arg Asp Thr Asn Glu Arg Lys Asp Ala 
2015 2020 2025 

Arg Thr Gly Glu Glu Thr Gln Gly Gly Glu Thr Glu Ala Lys Glu 
2030 2035 2040 

Val Ile Arg Asp Pro Glu Glu Arg Gly Val Cys Glu Gly Ser Ser 
2045 2050 2055 

Ser Gln Asn Ala His Thr Gln Phe Asp Ala Glu Thr Ala Ser Ser 
2060 2065 2070 

Ser Met Ser Ser Asp Pro Arg Ala Asp Lys Glu Ser Asn Ala Gln 
2075 2080 2085 

Asp Ala His Met Ala Asp Lys Thr Ser Phe Val Ser Asp Leu Pro 
2090 2095 2100 

Gln Pro Ser Gly Glu Phe Ala Pro Ser Leu Leu Ser Glu Thr Ser 
2105 2110 2115 

Leu Asp Val Ala Met Ala Asp Ser Arg Gly Thr Pro Ser Glu Ile 
2120 2125 2130 

His Gly Phe Phe Thr Arg Ser Asp Glu Gln Lys Arg Ala Ser Phe 
2135 2140 2145 

Ser Ser Ser Ser Leu Leu Ala Ala Gly His Ala Val Ala Ser Phe 
2150 2155 2160 

Ser Ser Ser Leu Ala Gly Val Val Ser Gly Ala Gly Glu Arg Arg 
2165 2170 2175 

Glu Cys Ala Gly Pro Ser Leu Gly Asp Leu Ser Thr Ile Gly Leu 
2180 2185 2190 

Leu Ser Leu Ser Tyr Pro Ala Met Leu Ala Phe Ile Leu Pro Leu 
2195 2200 2205 

Gln Ser Leu Leu His Thr Val Ser Gly Met Ile Leu Thr Leu His 
2210 2215 2220 

Lys Lys Leu Ile His Arg Phe Ile Cys Ala His Leu Arg Leu Val 
2225 2230 2235 

Leu Asp Asp Asp Met Arg Arg Pro Ala Gly Gly Ala Leu Lys Ser 
2240 2245 2250 

Arg Gly Ala His Gly Asp Thr Glu Ala Ala Glu Ala Gln Val Glu 
2255 2260 2265 

Arg Arg Arg Arg Glu His Glu Arg Glu Glu Thr Thr Asn Leu Ala 
2270 2275 2280 
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-continued 

Ile Gly Tyr Arg Glu Gly Asn Ala Glu Ala Ala Asn Thr Phe Pro 
2285 2290 2295 

Leu Val Asp Thr Val Ser Ser Leu Leu Ser Pro Gly Ser Leu Arg 
2300 2305 2310 

Gln Glu Asn Ser Glu Val Glu Arg Arg Asp Asn Asp Glu Glu Arg 
2315 2320 2325 

Leu Glu Leu Ile Thr Gly Ile Ala Arg Glu Ser Pro Lys Pro Ser 
2330 2335 2340 

Glu Lys Asp Ser Val Ser Pro Phe Leu Ser Thr Ala Pro Cys Pro 
2345 2350 2355 

Gly Thr Glu Ala Glu Ser Ser Asp Cys Ser Ala Ser Ser Ala Cys 
2360 2365 2370 

Ser Gly Thr Pro Thr Glu Gly Thr Glu Gly Gly Glu Thr Gly Asp 
2375 2380 2385 

Ile Ala Ser Phe Leu Ser Pro Ser Gly Glu Val Lys Gln Thr Ile 
2390 2395 2400 

Met Leu Ala 
2405 

<210> SEQ ID NO 3 
<211> LENGTH, 1217 
<212> TYPE, DNA 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 3 

tatccagttg cccggctctg tctaccttct tctcgatgta gcggcggcgt tctgtgttcc 60 

ttagagcgag tccacgcacc agcctcgtgg agtcgaacag ttttcgccag agcggggaca 120 

gccggtggaa gacagaacag gagggattca ccgtcacctc gtttgcttcc ttctggtgat 180 

ggagggaata agccgacaga ctcacttctt aacagttcat ggcagagggg caacgacgtc 240 

accatccagc tttccattca cttaaccgca caagcgttct gctcgttagt caagcctcac 300 

tcgccagtcg aaagccatta aaagttcgcg tttctggctc tcgtttgtgc cggaagtctg 360 

ccaaagcaaa caaaggatct gaaaccgagt agcagtgaac gcgtgacagt gcagaggggt 420 

gcccgcgtcg gcgtcctctc tgtccacgaa cagccacaat tctcatcacg agaagtcctc 480 

ctcccctgga tcttcctcca gttccccatg actgcctccg gttctcgcac ggacggcgat 540 

ccgccttcac gctccccggc ctttgccagt tttgtgcaag aaggtcgccc gtcttattct 600 

tgtcacgttc cctgtatcta ctcggttcac tgcgctctac agaagctctt cttcgccttc 660 

tactgatcag tgcactctac gagatgcact atcatcagtc ctgaactcca tgtttgggtg 720 

gaaacctggg cgtgctgtgt cgcagcgagt cgcgagattg ccggcctgtc gacgagttcc 780 

cgtttttcct gcactggcta cagcgtagcg gcttcgcctg ctcactggcg acggtactgg 840 

ccgcacggtt tcacgatcct gaggtcggcg agatgcccct gtctggcgag gccttttgtc 900 

tacgcagcga cctctgtcta ctagagaaag gcagaaggcc ggagcgtttt ctcagatgtg 960 

ctactctttg tcttctgcga tcttccgtgc gttcagctgt gcttttgcca aaggagacct 1020 

gtgtgcagag gacttcgctg ctaaaaagca gaagagtgcg cggcgtgtgt agctcagtgg 1080 

catttcggga ctcggtcttg cgtcgttcgc gactggacgt cgtcgtctgt gagagcgtca 1140 

aactagggag aaggggcggg ccagagcgtt cggaaaatta tctgcaaagc ccaggtcccg 1200 

tatgatattc aaaaaag 1217 

<210> SEQ ID NO 4 
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<211> LENGTH, 267 
<212> TYPE, PRT 

167 

<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 4 

-continued 

Met Lys Ala Ala Val Leu Thr Leu Ala Val Leu Phe Leu Thr Gly Ser 
1 5 10 15 

Gln Ala Arg His Phe Trp Gln Gln Asp Glu Pro Pro Gln Ser Pro Trp 
20 25 30 

Asp Arg Val Lys Asp Leu Ala Thr Val Tyr Val Asp Val Leu Lys Asp 
35 40 45 

Ser Gly Arg Asp Tyr Val Ser Gln Phe Glu Gly Ser Ala Leu Gly Lys 
50 55 60 

Gln Leu Asn Leu Lys Leu Leu Asp Asn Trp Asp Ser Val Thr Ser Thr 
65 70 75 80 

Phe Ser Lys Leu Arg Glu Gln Leu Gly Pro Val Thr Gln Glu Phe Trp 
85 90 95 

Asp Asn Leu Glu Lys Glu Thr Glu Gly Leu Arg Gln Glu Met Ser Lys 
100 105 110 

Asp Leu Glu Glu Val Lys Ala Lys Val Gln Pro Tyr Leu Asp Asp Phe 
115 120 125 

Gln Lys Lys Trp Gln Glu Glu Met Glu Leu Tyr Arg Gln Lys Val Glu 
130 135 140 

Pro Leu Arg Ala Glu Leu Gln Glu Gly Ala Arg Gln Lys Leu His Glu 
145 150 155 160 

Leu Gln Glu Lys Leu Ser Pro Leu Gly Glu Glu Met Arg Asp Arg Ala 
165 170 175 

Arg Ala His Val Asp Ala Leu Arg Thr His Leu Ala Pro Tyr Ser Asp 
180 185 190 

Glu Leu Arg Gln Arg Leu Ala Ala Arg Leu Glu Ala Leu Lys Glu Asn 
195 200 205 

Gly Gly Ala Arg Leu Ala Glu Tyr His Ala Lys Ala Thr Glu His Leu 
210 215 220 

Ser Thr Leu Ser Glu Lys Ala Lys Pro Ala Leu Glu Asp Leu Arg Gln 
225 230 235 240 

Gly Leu Leu Pro Val Leu Glu Ser Phe Lys Val Ser Phe Leu Ser Ala 
245 250 255 

Leu Glu Glu Tyr Thr Lys Lys Leu Asn Thr Gln 
260 265 

<210> SEQ ID NO 5 
<211> LENGTH, 25 
<212> TYPE, DNA 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 5 

agtgttctcg aaaccatgct aacac 

<210> SEQ ID NO 6 
<211> LENGTH, 25 
<212> TYPE, DNA 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 6 

cctcttacct cagttacaat ttata 

<210> SEQ ID NO 7 

168 

25 

25 
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<211> LENGTH, 968 
<212> TYPE, PRT 

169 

<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 7 

-continued 

Met Leu Ser Arg Arg Cys Lys Arg Ser Ser Ala Glu Asp Ser Gly Ala 
1 5 10 15 

Asn Glu Val Gly Ala Asn Ala Asp Gln Ser Lys Arg Leu Arg His Ser 
20 25 30 

Leu Asp Ser Ile Ile Glu Lys Gly Gly Asp Pro Val Asn His Asp Ser 
35 40 45 

Ala Met Leu Leu Asp Cys Ala Pro Thr Gln Thr Gly Arg Ala Phe Ala 
50 55 60 

Phe Leu Ser Met Pro Ala Pro Ile Glu Pro Ser Gly Asn Glu Glu Ser 
65 70 75 80 

Ala Pro Ala Val His Arg Asp Ser Gly Val Gly Gly Ile Asp Tyr Pro 
85 90 95 

Arg Pro Val Ala Ser Ile Ser Val Glu Ser Ser Ser Gln Val Val Ala 
100 105 110 

Pro Arg Asp Glu Asn Pro Ser Ala Ser Tyr Gln Arg Arg Gly Asp Ser 
115 120 125 

Pro Pro Ser Leu Arg Asn Gly Gly Asp Arg Gln Glu Arg Lys Arg Thr 
130 135 140 

Ala Val Ala Pro Glu Ala Asn Glu Pro Gln Asp Asn Glu Thr Lys Asn 
145 150 155 160 

Glu Glu Trp Leu Gln Leu Ala Arg Leu Lys Pro Lys Val Glu Gly Val 
165 170 175 

Cys Phe Asp Arg Phe Phe Arg Arg Trp Val Ala Lys Arg Ala Gly Leu 
180 185 190 

Lys Lys Val Tyr Phe Pro Val Tyr Lys Tyr Gly Phe Asp Arg Ala Tyr 
195 200 205 

Glu Leu Ala Val Ala Thr Arg Arg Gly Leu Glu Asn Asp Ala Ala Ala 
210 215 220 

Gly Ile Arg Ala Val Gly Ala Leu Arg Pro Arg Ile Ser Glu Ala Ala 
225 230 235 240 

Gly Cys Thr Ser Ser Pro Gly Met Leu Ser Glu Asp Ala Cys Pro Glu 
245 250 255 

Lys Pro Pro Val Pro Val Gln Pro Pro Arg Thr Leu Ser Thr Arg Ala 
260 265 270 

Thr Ala Ala Gln Ala Glu Val Lys Ser Gly Asp Ser Ala Glu Ser Thr 
275 280 285 

Lys Asn Asp Ser Glu Gly Ala His Val Leu Glu Gly Ala Glu Leu Gln 
290 295 300 

Thr Pro Glu Arg Ser Thr Ser Asn Thr Ile Cys Trp Ala Thr Ala Ala 
305 310 315 320 

Glu Gly Ser Ile Ser Lys Thr Asp Gly Phe Gln Asn Arg Ser Ser Pro 
325 330 335 

Ser Gly Phe Gly His Gly Ser Arg Asn Lys Pro Glu Leu Ser Gln Gln 
340 345 350 

Lys Val Glu Thr Thr Ser Arg Gly Ile Arg Ser Ala Ser Ala Ser Cys 
355 360 365 

Asn Arg Glu Lys Asp Gln Gly Gly Ser Ala Cys Ser Val Leu Ser Ile 
370 375 380 

Ala Ser Phe Ser Leu Ser Gln Ile Asp Glu Glu Leu Glu Gly Ile Asn 

170 
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-continued 

385 390 395 400 

Asp Glu Ala Tyr Glu Ala Glu Arg Leu Gln Ala Asp Glu Asp Arg Ser 
405 410 415 

His Ala Pro Ala Ala Ser His Gly Glu Gly Gly Thr Ser Ala Gly Glu 
420 425 430 

Ser Thr Ala Ala Ser Thr Thr Gly Ser Glu Asp Ser Gly Pro Leu Arg 
435 440 445 

Ala Ala Thr Ser Pro Leu Met Phe Pro Gln Gly Ser Glu Gly Ser Ala 
450 455 460 

Ser Ser Ala Ser Thr Glu Ile Met Val Leu Asp Asp Glu Ser Met Gln 
465 470 475 480 

Gln Ala Leu Val Thr Ala Ser Ala Glu Thr Leu Asn Lys Leu Arg Ser 
485 490 495 

Thr Leu Pro Ala Gly Val His Phe Asp Phe Ala Ser Lys Arg Trp Phe 
500 505 510 

Ala Val Tyr Ser Ser His Glu Ser Pro Glu Ala Thr Gln Arg Asp Pro 
515 520 525 

Val Arg Pro Lys Glu Arg Val Arg Ile Phe Asp Pro Thr Gln Tyr Glu 
530 535 540 

Gly Ser Met Leu Lys Ala Phe His Ala Cys Arg Ser Phe Cys Gly Ser 
545 550 555 560 

Val Glu Ala Gly Ala Ser Asp Trp Asp Ser Val Pro Gln Leu Val Pro 
565 570 575 

Glu Gln Arg Lys Gln Gly Glu Cys Gln Asp Thr Ser Gly Ser Ser Asp 
580 585 590 

Gln Gly Ala Asn Arg Leu Ser Pro Thr Glu Thr Glu Asn Pro Pro Thr 
595 600 605 

Ala Asp His Pro Arg Ser Leu Ser Ala Thr Thr Arg Pro Glu Gly Ser 
610 615 620 

Leu Glu Gln Thr Gln His Pro Gln Arg Asn Arg Gly Ile Leu Gly Ile 
625 630 635 640 

Gln Pro Gly Glu Thr Glu Gly Leu Gln Val Pro Ser Asn Gly His Gly 
645 650 655 

Val Asn Ala Gly Asp Ile Glu Thr Asn Leu Leu Asp Ala Glu Phe Gly 
660 665 670 

Ser Glu Thr Arg Ala Arg Thr Thr Ala Leu Pro His Leu Arg Arg Ser 
675 680 685 

Gln Arg Arg Ala Asp Pro Ala Arg Ser Val His Ser Asn Thr Phe Ala 
690 695 700 

Gly Gln Glu Leu His Gln Ser Pro Lys Pro Gly Asn Gln Thr Ser Arg 
705 710 715 720 

Gly Glu Ser Gly Arg Ser Ser Leu Arg Arg Lys Asn Gln Val Ser Thr 
725 730 735 

Asn Glu Lys Gly Leu Pro Gly Glu Gly Gly Cys Arg Thr Asp Glu Lys 
740 745 750 

Ser Lys Gln Val Ser Tyr Val Ser Phe Ser Glu Pro Ile Thr Val Arg 
755 760 765 

Tyr Gln Gln Val Pro Thr Glu Ser Ala Ser Thr Arg Gly Cys Ser Gln 
770 775 780 

Arg Arg Pro Gln Asn Ala Glu Glu Leu Glu Asp Arg Arg Ser Pro Leu 
785 790 795 800 

Thr Arg Gln Glu Glu Arg Thr Glu Ser Asp Pro Arg Thr Thr Ala Gly 
805 810 815 

172 
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Leu Cys Gln Glu Asn Pro His Pro Ser Tyr Arg Phe Leu Arg Gln Gln 
820 825 830 

Ser Arg Glu Leu Ala Val Arg Cys Leu Leu Val Ile Phe Gly Asn Leu 
835 840 845 

Ala Asp Val Cys Thr Pro Ala Leu Phe Arg Leu Phe Pro Gln Asp Arg 
850 855 860 

Cys Arg Arg Val Arg Ala Val Leu Gln His Arg Asp Leu Leu Gln Ser 
865 870 875 880 

Gly Lys His Thr Arg Val Leu Leu Ser Ala Tyr Phe Gln Leu Phe Trp 
885 890 895 

Pro Leu Leu Glu Thr Arg Thr Leu Pro Gln His Tyr Ser Ala Asp Tyr 
900 905 910 

Ile Arg Arg Leu Leu Asn Gly Met His Asn Val Ala Ala Met His Lys 
915 920 925 

Ser Leu Phe Pro Glu Tyr Pro Leu Arg Gly Glu Leu Asp Asn Arg Glu 
930 935 940 

Gly Pro Tyr Ala Phe Leu Asp Asp Thr Ala Ala Glu Gly Ile Asn Phe 
945 950 955 960 

Phe Glu Thr Asp Phe Asp Glu Pro 
965 

<210> SEQ ID NO 8 
<211> LENGTH, 425 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 8 

Met Ala Tyr Gln Arg Arg Arg Ala Ala Ala Cys Thr Ile Glu Val Ser 
1 5 10 15 

Arg Asp Leu Phe Ser Pro Glu Arg Asn Leu His Asp Asn Phe Ser Ser 
20 25 30 

Leu Ala Ile Thr Met Ala Phe Arg Thr Val Ser Lys Val Leu Pro Thr 
35 40 45 

Leu Ser His Cys Phe Pro Gly Pro Leu Ser Val Ala Ala Ser Ser Ser 
50 55 60 

Leu Pro Gly His Ser Lys Gly Glu Glu Ser Val Pro Cys Arg Val His 
65 70 75 80 

Arg Ser Phe Arg Leu Ser Pro Val Ala Asp His Glu Ala Glu Ala Leu 
85 90 95 

Ser Gly Ser Gly Asn Asp Thr Ser Gly Cys Ser Gln Arg Asp Arg Phe 
100 105 110 

Cys Ala Gly Asn Gly Ser Asp Cys Lys Ala Arg Arg Thr Ser Asp Gly 
115 120 125 

Asn Gly Ser Pro Pro Thr Asn Ala Arg Met Ser Glu Lys Leu Ser Leu 
130 135 140 

Phe Lys Asn His Ala Tyr Ser Cys Leu Glu Gln Arg Ala Cys Pro Ala 
145 150 155 160 

Ser Asn Arg Asn Leu Gly Asp Thr Ala Ala Cys Pro Leu Ser Ala Phe 
165 170 175 

Cys Arg Ser Leu Val Arg Arg Thr Pro Ser Arg Leu Trp Leu Pro Pro 
180 185 190 

Gln Cys Ser Leu Leu Ser Gly Cys Ser Ala Arg Ser Cys Pro Pro Lys 
195 200 205 

Ile Ser Val Arg Ala Thr Asn Gly Ala Ser Glu Gln Ala Ser Trp Gln 
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US 11,414,385 B2 
175 

-continued 

210 215 220 

Asp Phe His Pro Ala Leu Gly Arg Ala Val Val Pro Leu Ser Leu Ser 
225 230 235 240 

Gly Arg Gly Thr Ala Gly Thr His Leu Val Arg Lys Phe Gly Thr Gln 
245 250 255 

Arg Val Val Gln Lys Arg Arg His Gln Met Arg Ile Leu His Pro Ala 
260 265 270 

Gln Thr Ala Tyr Val Pro Val Glu Gln Arg Pro Pro Pro Ile Pro His 
275 280 285 

Ser Leu Thr Ala Ser Ser Thr Val Lys Arg Leu Leu Asn Asn Asn Thr 
290 295 300 

Val Ala Ala Lys Glu Ala Ala Lys Arg Ile Asn Trp Gly Ala Tyr Ile 
305 310 315 320 

Ser His Gln Arg Gly Val Arg Trp His Pro Gln Gly Ala Trp Arg Val 
325 330 335 

Gln Phe Ser Arg Arg Asn His Glu Arg Asn Phe Phe Val Arg Cys Glu 
340 345 350 

Cys Tyr Phe Arg Val Gly Thr Tyr Gly Phe Gln Met Ala Lys Asp Leu 
355 360 365 

Ala Ile Arg Tyr Arg Gln Arg Leu Glu Lys Glu Trp Glu Glu Leu Gln 
370 375 380 

Glu Gln Trp Thr Lys Leu Asp Ile Leu Glu Ala Glu Gln Arg Ala Lys 
385 390 395 400 

Tyr Lys Glu Lys Arg Glu Glu His Leu Leu Leu Gly Ala Gly Glu Glu 
405 410 415 

Pro Glu Leu His Ser Arg Arg Ser Lys 
420 425 

<210> SEQ ID NO 9 
<211> LENGTH, 2674 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 9 

Met Asp Gly Ser Gly Glu Ser Ser Gly His Leu Phe Lys Pro Gly His 
1 5 10 15 

Gly Glu Ala Arg Val Ser Val His Arg Gly Ser Leu Thr Asp Ser Gly 
20 25 30 

Ser Leu Pro Ala Ala Ser Arg Cys His Ser Gln Asp Asn Lys Leu Ser 
35 40 45 

Leu Pro Cys Ala Gly Ser Met Leu Pro Ala Ser Ser Gly Arg Phe Ser 
50 55 60 

Cys Asp Ser Ala Leu Phe Gly Gly Pro Val Asp Ser Ala Cys Ser Ser 
65 70 75 80 

Asp Trp Thr Pro Val Val Ser Pro Ser Arg Asp Leu Ser Ala Asp Gly 
85 90 95 

Thr Asp Ser Ser Ser Val Ser Gly Ser Arg Gly Ser Ser Leu Pro Phe 
100 105 110 

Gly Ser Pro Thr Ser Ala Leu Leu Arg Pro Ser Ser Glu Ala Ser Ala 
115 120 125 

Asn Phe Pro Arg Leu His Lys Ser Val His Ala Leu Asp Asp Lys Met 
130 135 140 

Arg Gly Leu Asp Ala Gln Leu Tyr Val Arg Pro His Gln Thr Leu Pro 
145 150 155 160 
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Leu Gln Pro Arg Leu Arg Glu Thr Asp Leu Cys Arg Asn Gly Glu Asp 
165 170 175 

Gly Arg Pro Gly Lys Phe Asp Ser Pro His Leu Gly Ser Ser Ala Gly 
180 185 190 

Pro Tyr Gly His Ser Phe Leu Ala Asn Pro Gln Leu Thr Pro Phe Val 
195 200 205 

Pro Gln His Leu Ser Ser Ser Pro Pro Gln Pro Val Leu Ser Pro Pro 
210 215 220 

Gly Glu Glu Gly Arg Asn Ser Ala Ala Phe Gly Lys Thr Val Ser Arg 
225 230 235 240 

Leu Asn Thr Gly Gly Gly Glu Arg Gln Asp Ser Ser Glu Asp Gln Val 
245 250 255 

Gly Gly Thr Gly Arg Gln Ser Asp Gln Ala Thr Lys Ala Asn Ser Gly 
260 265 270 

Ser Thr Pro Ala Gly Cys Ala Gln Thr Ala Gly Leu Leu Thr Asp Val 
275 280 285 

Gln Ser Ser Gly Thr Asn Val Glu His Gly Arg Glu His Phe Ser Thr 
290 295 300 

Pro Gln Lys Pro Ala Asp Gly Ser Ala Arg Thr Cys Gly Phe Arg Glu 
305 310 315 320 

Thr Arg Val Ser Pro Ser Asn Ser Ser Leu Pro Arg Thr Ala Cys Arg 
325 330 335 

Ser Arg Leu Asp Ala Phe Leu Pro Gln Lys Ser Val Ser Pro Asp His 
340 345 350 

Glu His Val Arg Gly Thr Gly Gly Ala Arg Ala Phe Val Gly Gly Asp 
355 360 365 

Ser Pro Phe Pro Glu Lys Pro Asp Thr Leu Pro Ala Thr Val Thr Ala 
370 375 380 

Glu Leu Ala Thr Glu Ala Pro Pro Ala Ser Arg Asp Pro Pro Val Glu 
385 390 395 400 

Glu Phe Pro Gly Ala His Glu Leu Glu Ser Leu Pro Pro Pro His Val 
405 410 415 

Asn Ser Gly Arg Pro Pro Ile Gly Glu Lys Asp Gly Ala Ala Ala Ser 
420 425 430 

Pro Gly Val Ser Arg Leu Pro Ser Gln Glu Arg Val His Thr Leu Leu 
435 440 445 

Tyr Pro Asn Glu Lys Asp Ala Ser Ser Leu Ser Arg Cys Cys Pro Ser 
450 455 460 

Ser Met Gln Pro Pro Pro Ala Gly Pro Arg Gln Glu Glu Ala Arg Ser 
465 470 475 480 

Phe Ser Val Ser Ala Ala Ser Ala Pro Gly Ala Pro Pro Gly Ile Val 
485 490 495 

Tyr Gln Ala Ser Ala Cys Ala Ser Pro Ala Thr Val Ala Ser Phe Ala 
500 505 510 

Thr Pro Leu Thr Thr Pro Val Gly Ala Ser Ala Gln Ser Glu Pro Ala 
515 520 525 

Ala Leu His Ala His Ser Arg Ser Arg Thr Gly Ala His Pro Glu Ala 
530 535 540 

Leu Pro Pro Gly Val Pro Gly Val Thr Ser Gln Leu Gly Arg Gly Ala 
545 550 555 560 

Arg Gly Asp Arg Glu Thr Leu Ala Gly Gly Ala Arg Pro Gly Gln Asp 
565 570 575 

Gly Val Cys Glu Arg Arg Gly Asp Val Ala Arg Gly Arg Leu Gly Gly 
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580 585 590 

Val Ser Val Ala Gly Asp Glu Ala Ala Glu Gly Thr Ser His Lys Ala 
595 600 605 

Ala Leu Glu Gly Ala Tyr Val Gln Asp Gly Cys Ser Pro Gln Pro Leu 
610 615 620 

Asn Pro His Ala Pro Ser Gly Ile Ser Ala Pro Thr Asn Gly Ser Ser 
625 630 635 640 

Glu Leu Ala Ser Ser Ala Ile Pro Ala Ser Thr Cys His Asp Ala Phe 
645 650 655 

Val Arg Ser Pro Val Ser Gly Ser Asp Cys Met Ser Val Ala Asn Pro 
660 665 670 

Gly Gly Pro Pro Gly Ala Leu Gly Gly Leu Phe Pro Ser Pro Arg Gly 
675 680 685 

Pro Ser Gly Pro Arg Pro Thr Pro His Pro Ala Gln Met Ala Phe Ala 
690 695 700 

Phe Val Gly Gln Gln Pro Val Phe Pro Gly Phe Asp Ala Ser Gln Pro 
705 710 715 720 

Ala Gly Ser Thr Phe Gln Tyr Pro Pro Ile Arg Gly Ala Val Ser Gly 
725 730 735 

Val Ser Pro Pro Pro Pro Met His Pro Ser Ser Phe Ala Gln Pro Val 
740 745 750 

Trp Ser Pro Thr Ser Val Pro Ser Ser Ser Val Ser Ser Ser Val Ser 
755 760 765 

Ser Ser Gly Val Ser Ser Ser Ala Pro Pro Pro Leu Ala Val Gly Phe 
770 775 780 

Gln Asn Pro Cys Pro Trp Arg Pro Thr Ala Pro Arg Asp Arg Ser Glu 
785 790 795 800 

Gly Gly Ala Gly Ser Pro Gly Val Ser Cys Gly Ser Ala Pro Pro Ala 
805 810 815 

Pro Thr His Pro Thr Gly Lys Gly Gly Ala Ala Gly Arg Ala Gly Lys 
820 825 830 

Gln Leu Gly Gln Ala Thr Arg Phe Leu Ser Ser Val Ser Gly Val Val 
835 840 845 

Tyr Asp Lys Gly Gly Glu Lys Trp Ile Ala Arg Trp Ser Glu Asn Gly 
850 855 860 

Lys Pro Phe Lys Lys Thr Phe Ala Val Gly Lys His Gly Phe Asp Ala 
865 870 875 880 

Ala Arg Lys Met Ala Glu Asp Cys Arg Leu Gln Ala Leu Tyr Ala Lys 
885 890 895 

Arg Trp Asn Ser Ala Ser Gly Leu Pro Ala Ser Phe Ser Lys Ser Asn 
900 905 910 

Ser Leu Gly Arg Ser Thr Pro Gly Asp Arg Gly Lys Thr Glu Ser Thr 
915 920 925 

Asn Ser Ala Lys Cys Lys Arg Asp Thr Ser Gly Glu Ser Gly Cys Thr 
930 935 940 

Asp Thr Gly Leu Arg Ser Leu His Met Gly Gly Ala Gly Asp Leu Ser 
945 950 955 960 

Ser Leu Gly His Pro Gly Thr Pro Pro Arg Asp Gln Glu Gly Ala Pro 
965 970 975 

Ala Ser Phe Leu Leu Glu Gly Thr Gly Val Val Arg Ser Ser Gln Val 
980 985 990 

Gln Thr Pro Phe Arg Leu Tyr Asp Ser Val Pro Ser Pro Leu Arg Ser 
995 1000 1005 
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Gly Asp Ala Leu Gly Ala Gln Arg Gly Leu Val Pro Gln Leu Leu 
1010 1015 1020 

Asn Asn Ala Leu Val Gly Val Pro Phe Ala Pro Pro Pro Gly Ala 
1025 1030 1035 

Ser His Ser Gly Cys Ser Ala Ala Leu Pro Pro Gly Pro Gly Ala 
1040 1045 1050 

Pro Val Gln Val Ser Ser Pro His Thr Gly Phe Val Ala Pro Ala 
1055 1060 1065 

Asp Val Asp Ala Pro Pro Arg Asp Gly Leu Glu Gly Leu Gly Gly 
1070 1075 1080 

Ala Ala Glu Val Ser Pro Gln Ile Ala Val Gln Asp Gly Gly Lys 
1085 1090 1095 

Lys Gly Glu Gly Leu Leu Gly Ser Ala Ser Leu Ser Val Arg Arg 
1100 1105 1110 

Arg Arg Lys Arg Glu Pro Asp Glu Lys Phe Ser Pro Gly Glu Ser 
1115 1120 1125 

Asn Ala Ala Val Lys Lys Thr Pro Arg Pro Gly Ser Phe His Pro 
1130 1135 1140 

His Ser Cys Pro Gly Ser Glu Gly Phe Arg Ser His Asp Gly Pro 
1145 1150 1155 

Gly Asp Ser Thr Glu Ala Arg Cys Ala Gly Leu Pro Ala Phe Gln 
1160 1165 1170 

His Ala Thr Ala Pro Ser Ser Val Cys Trp Pro Ser Thr Ala Ser 
1175 1180 1185 

Leu Pro Ser Leu Asp Lys Ala Gly Gln Arg Ala Glu His Ala Gly 
1190 1195 1200 

Pro Ser Ala Phe Ser Ser Phe Ser Ser Val Gln Gln Ser Pro Gly 
1205 1210 1215 

Ser Val Glu Thr Trp Arg Pro Glu Gly Asp Gly Gly Pro Ala Ser 
1220 1225 1230 

Pro Ala Arg Asp Ala Gly Arg Arg Gly Ala Glu Ser Glu Glu Arg 
1235 1240 1245 

Glu Thr Gly Glu Leu Ala Gly Pro Phe Ala Gly Val Ser Ala Ser 
1250 1255 1260 

Ala Gly Ser Ala Ser Arg Lys Gly Gln Gln Lys Gln Leu Thr Arg 
1265 1270 1275 

Gln Ile Gln Arg Gln Gln Gln Leu Tyr Arg Gln Gln Glu Ala Leu 
1280 1285 1290 

Leu Gln Asn Gln Glu Glu Leu Phe Ser Arg Leu Leu Arg Arg Arg 
1295 1300 1305 

Ser Arg Gln Glu Arg Ser Asp Val Arg Arg Arg Met Gln Arg Asp 
1310 1315 1320 

Val Ser Ser Leu Arg Arg Leu Pro Ala Met Leu Leu Ser Pro Leu 
1325 1330 1335 

Arg Asp Thr Leu Val Ala Ser Ala Ala Arg Leu Pro Leu Ala Thr 
1340 1345 1350 

Arg Gly Thr Lys Arg Glu Ser Gln Lys Glu Arg Arg Asp Cys Gly 
1355 1360 1365 

Ala Gly Ile Gly Gly Glu Thr Ala Ser Glu Lys Lys Glu Met Ala 
1370 1375 1380 

Glu Pro Val Arg Val His Arg Arg Asp Arg Gly Gly Ala Arg Asp 
1385 1390 1395 
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Glu Glu Lys Pro Ser Thr Glu Gly Val Arg Gln Ala Asp Pro Lys 
1400 1405 1410 

Gly Arg Lys Ala Glu Gly Phe Pro Thr Trp Val Ile Pro Pro Asn 
1415 1420 1425 

Glu Glu Leu Lys Ala Ala Gln Val Leu Arg Ala Leu Arg Val Gln 
1430 1435 1440 

Arg Arg Ala Ala Ala Arg Glu Gly Lys Leu Leu Glu Ser Leu Leu 
1445 1450 1455 

Val His Arg Gly Glu Gly Glu Gly Thr Phe Ser Glu Glu Thr Glu 
1460 1465 1470 

Gly Asn Thr Gly Ile Glu Asp Ala Gly Thr Glu Ser Asp Ala Thr 
1475 1480 1485 

Val Thr Gln Glu Thr Ala Glu Lys Val Val Glu Asn Val Gln Lys 
1490 1495 1500 

Met Glu Glu Leu Glu Ser Lys Val Glu Lys Glu Asn Glu Arg Arg 
1505 1510 1515 

Arg Glu Ala Glu Asp Glu Thr Pro Lys Gln Ser Ser Glu Glu Ala 
1520 1525 1530 

Pro Gly Val Gln Gln Ser Pro His Lys Leu Ser Thr Asn Asn Glu 
1535 1540 1545 

Asn Asp Ala Ser Pro Gln Lys Leu Thr Lys Ser Val Arg Phe Ala 
1550 1555 1560 

Glu Ser Val Ala Gly Ser Ser Ser Ala Val Gln Thr Ala Gly Ala 
1565 1570 1575 

Ala Asp Glu Glu Pro Leu Ala Thr Glu Thr Leu Glu Gly Arg Arg 
1580 1585 1590 

Val Gly Gly Ile Pro Val Pro Ala Thr Ser Ser Pro Ala Pro Val 
1595 1600 1605 

Phe Pro Cys Thr Ala Ala Gln Leu Gly Asp Leu Cys Met Asp Thr 
1610 1615 1620 

Leu Tyr Ala Leu Gly Thr Val Arg Pro Gln Trp Arg Arg Gln Asp 
1625 1630 1635 

His Arg Arg Ala Phe Gly Trp His Leu Ser Gln Ile Lys Pro Asp 
1640 1645 1650 

Leu Ile Leu Pro Ser Leu His Ala Ser Arg Val Leu Arg Arg Leu 
1655 1660 1665 

Ser Pro Arg Pro Ser Asn Ala Val Glu Phe Pro Arg Glu Glu Leu 
1670 1675 1680 

Ala Ala Ala Ser Ser Ala Ala Gly Leu Val Tyr Gly Glu Gly Leu 
1685 1690 1695 

Ser Ser His His Thr Leu Arg Ser Tyr Val Asp Ala Phe Arg Pro 
1700 1705 1710 

Leu Phe Ser Ser Pro Ser Ser Pro Pro Leu Glu Phe Leu His Leu 
1715 1720 1725 

Ser Ser Gly Asp Leu Leu Met Ser Leu Trp Gln Leu Glu Glu Gly 
1730 1735 1740 

Gly Arg Ala Ala Val Ile Asp Asn Val Leu Leu Ala Leu Asp Ala 
1745 1750 1755 

Leu Tyr Glu Arg His Thr Gly Arg Arg Leu Arg Gly Thr Ala Pro 
1760 1765 1770 

Pro Pro Phe Ala Val Ser Ser Pro Ser Ser Ala Pro Ser Ser Leu 
1775 1780 1785 

Phe Ala Leu Ala His Leu Gln Gly Gly Ala Thr Ser Thr Thr Pro 
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1790 1795 1800 

Leu Pro Ala Thr Ala Leu Pro Ser Pro Pro Phe Pro Arg Val Ser 
1805 1810 1815 

Ser Ala Pro Asp Ser Pro Val Phe Ala Pro Asp Ala Ser His Gly 
1820 1825 1830 

Pro Ser Gln Arg Arg Gln Val Ser Pro His Val Thr Phe Glu Thr 
1835 1840 1845 

Pro Pro Thr His Pro Arg Asp Arg Asp Ser Glu Thr Ser Val Glu 
1850 1855 1860 

Arg Asn Ala Ser Pro Glu Ala Ser Pro Gln Ala Ala Thr Leu Ala 
1865 1870 1875 

Ala Pro Ala Pro Cys Asp Gly Asp Arg Glu Glu Asn Phe Val Leu 
1880 1885 1890 

Ala Tyr Asn Pro Glu Ala Lys Ala Leu Arg Gln Val Asn Phe Leu 
1895 1900 1905 

Ala Val Gly Val Arg Val Phe Leu His Leu Glu Val Val Glu Glu 
1910 1915 1920 

Met Leu His Leu Gln Ala Lys Met Gln Arg Thr Pro Gly Arg Asp 
1925 1930 1935 

Asp Arg Ala Thr Ala Ser Ser Gly Pro Ser Val Asp Asp Gly Ser 
1940 1945 1950 

Gly Leu Met Thr Ser Leu Pro Ser Thr Cys Ser Gly Val Ser Gly 
1955 1960 1965 

Lys Lys Asp Pro Met His Trp Ser Ala Leu Phe Val Thr Val Pro 
1970 1975 1980 

Ala Pro Ser Val Ser Thr Ala Ala Ser Lys Pro Leu Phe Val Val 
1985 1990 1995 

Ala Glu Met Val Asp Arg Arg Leu Gln Val Pro Cys Gly Glu Gln 
2000 2005 2010 

Leu Leu Phe Arg Pro Leu Pro Leu Ser Pro Ala Ala Pro Ser Ala 
2015 2020 2025 

Leu Leu Ala Phe Ala Pro Ala Arg Val Cys Gln Leu Leu Arg Ala 
2030 2035 2040 

Gly Ala Met Cys Leu Thr Arg Phe Thr Glu Lys Glu Gly Gly Lys 
2045 2050 2055 

Arg Pro Arg Gly Ser Ala Gln Arg Cys Ser Ala Ala Ser Ser Phe 
2060 2065 2070 

Phe Tyr Ser Pro Pro Pro Leu Asp Leu Ser His Leu Ala Ser Phe 
2075 2080 2085 

Ala Pro Ala Ala Ser Thr Leu Thr Pro Pro Ser Ser Pro Ala Ser 
2090 2095 2100 

Ser Pro Ser Ala Ser Ala Ser Gln Thr Gly Pro Gly Arg Ala Lys 
2105 2110 2115 

Ser Arg Gly Thr Ser Pro Val Gly Pro Glu Ser Pro Glu Ala Ala 
2120 2125 2130 

Ser Thr Thr Ser Asp Gly Leu Ala Val Pro Gly Ser Ala Ser Ala 
2135 2140 2145 

Val Ser Thr Pro Gly Val Pro Ala Gly Ala Ser Gly Ala Ser Leu 
2150 2155 2160 

Gly Ala Pro Ala Pro Ser Pro Met Ala Ser Pro Gly Gly Ser Pro 
2165 2170 2175 

Gly Arg Pro Pro Lys Pro Val Cys Cys Pro Ala Ala Pro Gly Ile 
2180 2185 2190 
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Glu Thr Ala Trp Arg Cys Lys Cys Ser His Arg Arg His Glu Leu 
2195 2200 2205 

Gln Leu Glu Ile Lys Gln Lys Leu Arg Gln Asp Lys Lys Arg Cys 
2210 2215 2220 

Leu Ala Leu Ile Arg Glu Tyr Pro Asp Leu Ser Leu Leu Val Gly 
2225 2230 2235 

Ala Pro Pro Ala Thr Pro Arg Glu Lys Glu Thr Gly Ala Lys Arg 
2240 2245 2250 

Gln Ala Pro Glu Gly Arg Arg Thr Ala Thr Pro Ser Gly Ser Gly 
2255 2260 2265 

Thr Leu Thr Ala Lys Gly Gly Asp Leu Gln Gly Ser Thr Pro Ser 
2270 2275 2280 

Gly Ala Gly Leu Leu Ser Leu Ala Arg Thr Ser Gln Leu Glu Met 
2285 2290 2295 

Leu Ala Tyr Leu Val Glu Val Asp Pro Trp Lys Tyr Ala Lys Asn 
2300 2305 2310 

Arg Gln Asp Ala Pro Lys Pro Glu Glu Ile Pro Gly Leu Leu Ala 
2315 2320 2325 

Lys Tyr Lys Ala Ala Val Arg Thr Ala Glu Tyr Gly Arg Met Leu 
2330 2335 2340 

Gln Lys Trp Arg Ala Gly Gln Ser Arg Glu Asp Glu Gly Arg Gly 
2345 2350 2355 

Gly Ala Asp Gly Arg Lys Glu Gly Asp Gly Leu Leu Ser Pro Thr 
2360 2365 2370 

Ala Ser Pro Pro Ser Arg Arg Lys Gln Gly Lys Asp Ser Ser Pro 
2375 2380 2385 

Asn Ser Ala Ser Ser Gln Ala Ser Gly Pro Ala Pro Ser Pro Ser 
2390 2395 2400 

Leu Ser Pro Gly Ala Gly Ala Ala Ala Val Leu Glu Ala Glu Lys 
2405 2410 2415 

Pro Glu Pro Gln Ser Pro Gln Glu Ser Pro Cys Pro Leu Glu Pro 
2420 2425 2430 

Ala Ala Gly Gln Glu Pro Arg Ala Thr Ser Ser Ala Leu Pro Ala 
2435 2440 2445 

Gly Ser Pro Pro Trp Ala Leu Pro Leu Val Pro Pro Gly Gly Ser 
2450 2455 2460 

Pro Arg Ala Ser Val Ser Pro Ser Val Leu Glu Glu Leu Leu Arg 
2465 2470 2475 

Ile Gln Thr Ala Met Ser Gln Leu Ala Ile Gly Thr Ala Ile Cys 
2480 2485 2490 

Val Arg Val Lys Ala Leu Leu Gly Leu Pro Ala Gly Ala Glu Gln 
2495 2500 2505 

His Ile Arg Gly Val Val Thr Arg Asn Ala Leu Lys Phe Pro Trp 
2510 2515 2520 

Glu Lys Pro Ala Ala Pro Gln Val Gln Ala Ala Gly Pro Ser Val 
2525 2530 2535 

Gly Ala Ser Arg Thr Ser Pro Ser Arg Arg Leu Ser Gly Gly Val 
2540 2545 2550 

Leu Pro Gly Asp Glu Ala Gly Glu Arg Arg Glu Lys Gly Gly Ala 
2555 2560 2565 

Arg Arg Gly Val Ala Glu Gly Asp Thr Glu Lys Lys Glu Asp Glu 
2570 2575 2580 
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Gly Thr Ala Leu Cys Ala Gly Ser Arg Glu Thr Glu Ala Asp Gly 
2585 2590 2595 

Ala Gly Tyr Leu Thr Leu Ser Leu Asn Asn Arg Lys Glu Glu Phe 
2600 2605 2610 

Ile Leu Ser Phe Arg Glu Val Gln Cys Leu Val Ala Gln Asp Asp 
2615 2620 2625 

Leu Arg Leu Val Arg Thr Arg Ala Arg Gln Trp Val Ser Ser Phe 
2630 2635 2640 

Gly Pro Gln Pro Ser Ala Asp Arg Lys Gly Glu Arg Glu Glu Glu 
2645 2650 2655 

Lys Glu Thr Gly Gly Arg Thr Arg Lys Phe Val Val Asp Glu Asp 
2660 2665 2670 

Phe 

<210> SEQ ID NO 10 
<211> LENGTH, 2282 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 10 

Met Asp Ser Gly Arg Asp Val Lys Asp Gly Thr Ala Gly Ser Arg Pro 
1 5 10 15 

Lys Asp Gly Gly Asp Gly Val Gly Glu Thr Arg Ala Ser Gly Arg Glu 
20 25 30 

Ser Glu Glu Arg Ser Leu Gln Leu Glu Ala Asn Glu Cys Pro Gly Ala 
35 40 45 

Val Met Ser Arg Arg Glu Asp Glu Ala Glu Pro Gln Ser Ser Pro Ser 
50 55 60 

Ser Ser Pro Pro Arg Glu Glu Gly Pro Gln Asn Val Asp Asp Ala Asp 
65 70 75 80 

Thr Ala Asn Gly Ser Gly Glu Ala Gly Leu Gln Arg Pro Pro Gln Lys 
85 90 95 

Arg Arg Leu Glu Gln Gly Leu Glu Ala Glu Ala Gly Val Gly Ser Ser 
100 105 110 

Arg Val Glu Glu Val Glu Ala Val Cys Arg Lys Arg Pro Ala Phe Ser 
115 120 125 

Gly Val Ala Asp Ala Phe Leu Glu Arg Pro Val Thr Leu Lys Asn Ser 
130 135 140 

Ser Glu Glu Asp Ala Ala Arg Leu Ser Gly Asp Asp Ala Ala Gly Ala 
145 150 155 160 

Ser Leu Leu Ser Val Arg Ser Ala Gly Ala Leu Thr Gly Asp Phe Pro 
165 170 175 

Ser Ser Ser Ser Arg Leu Pro Ala Met Leu Ser Gly Ala Arg Gly Glu 
180 185 190 

Asn Ala Glu Glu Ser Val Arg Asp Ala His Thr Pro Ala Gln Asp Ser 
195 200 205 

Arg Asp Ser Ala Leu Ala Ser Phe Ala Pro Thr Leu Ala Pro Gly Gln 
210 215 220 

Glu Ser Glu Tyr Thr Arg Ala Lys Leu Trp Ser Ile Glu Lys Ala Phe 
225 230 235 240 

Asp Ala Phe Leu Ala Asp Gln Lys Ala Asn Gly Arg Arg Gln Gly Ser 
245 250 255 

Arg Ser Met Arg Glu Pro Ser His Ala His Pro Gly Leu Ser Ala Glu 
260 265 270 

190 
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Arg Glu Thr Ser Ser Gly Ala Ser Ala Ala Thr Ser Asp Leu Ser Arg 
275 280 285 

Glu Asp Val Glu Glu Leu Phe Arg Gln His Gly Val Ser Pro Arg Glu 
290 295 300 

Leu Val Arg Met Leu Ser Gly Arg Arg Asp Gly Pro Gly Thr Ser Pro 
305 310 315 320 

Glu Glu Leu Arg Ala Ala Val Ala Trp Ala Arg Gln Leu Phe Pro Ala 
325 330 335 

Ala Pro Arg Ser Pro Ser Glu Leu Arg Met Tyr Leu Gln Arg Ala Val 
340 345 350 

Leu Asp Arg Gln Lys Arg Leu Arg Glu Arg Trp Gly Ala Glu Ala Asn 
355 360 365 

Pro Cys Gly Asp Ala Ser Val Tyr Gly Asp Glu Lys Leu Arg Glu His 
370 375 380 

Leu Ser Asp Leu Ser Ala Phe Met Pro His Leu Asp Ala Gly Arg Glu 
385 390 395 400 

Val Tyr Met Gln Trp Gln Arg Ser Arg Gly Arg Arg Asp Phe Asp Ala 
405 410 415 

Phe Val Arg Pro Pro Gly Leu Thr Pro Phe Arg Asp Ser Ser Ser Arg 
420 425 430 

Gln Gly Asp Phe Ala Ala Ser Pro Leu Tyr Ser Phe Ser Ser Arg Thr 
435 440 445 

Pro Trp Ala Ser Ala Cys Lys Glu Ala Ser Thr Pro Pro Ala Ala Lys 
450 455 460 

Gln Gln Ala Pro Pro Pro Ser Leu Trp Asn Leu Pro Asn Arg Pro Gln 
465 470 475 480 

Pro Tyr Thr Leu Ala Asp Val Gln Glu Ala Met Glu Gly Pro Glu Gly 
485 490 495 

Val Leu Arg Val Ala Arg Pro Leu Thr Gly Phe Gly Glu Asp Ala Glu 
500 505 510 

Ser Leu Ser Phe Ala Ser Leu Pro Lys Gly Ala Glu Thr Leu Phe Trp 
515 520 525 

Ser Ser Gly Arg Gly Leu Tyr Phe Leu Arg His Leu Glu Arg Thr Lys 
530 535 540 

Ala Gly Glu His Asp Val Val Gly Glu Ala Gly Val Trp Val Ala Ala 
545 550 555 560 

Ser Glu Glu Glu Phe Gly Gly Phe Ile Ile His Arg Lys Phe Ser Val 
565 570 575 

Ala Lys Phe Gly Phe Glu Arg Ala Lys Met Leu Ala Cys Arg Trp Tyr 
580 585 590 

Asn Asp Arg Gln Glu Ala Arg Arg Gly Gln His Ala Leu Pro His Arg 
595 600 605 

Glu Lys Pro Lys Gly Ile Met Ser Ser Asp Arg Pro Leu Ser Arg Glu 
610 615 620 

Ala Ala Pro Glu Ala Ser Arg Phe Ser Ala Ser Arg Ala Gly Glu Leu 
625 630 635 640 

Ser Gly Lys Ala Gln Glu Ala Pro Lys Ser Thr Gly Gly Thr Ala Ala 
645 650 655 

Glu His Pro Arg Ala Ser Gln Lys Cys Arg Val Met Asp Thr Thr Cys 
660 665 670 

Pro Val Pro Gly Val Arg Tyr Asp Ser Arg Asp Arg Ala Trp Leu Ala 
675 680 685 

Thr Trp His Asp Gly Val Arg Gln Tyr Lys Arg Cys Phe Ser Ile Lys 
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690 695 700 

Lys Tyr Gly Phe Ala Lys Ala Lys Glu Cys Ala Ile Arg Met Lys Met 
705 710 715 720 

Ser Leu Val Gly Gln Pro Gly Val Ser Gln Ser Gly Arg Gln Ala Pro 
725 730 735 

Phe Pro Val Arg Pro Phe Thr Ser Arg Ala Cys Ser Pro Leu Gln Asp 
740 745 750 

Phe Phe Arg Glu Gly Asp Arg Arg Val Ala Ala Ser Ser Phe Ser Leu 
755 760 765 

Leu Pro Ser Gly Arg Gly Glu Pro Arg Gly Ser Leu Gly Ser Ser Gln 
770 775 780 

Gly Ala Asp Asp Glu Arg Ser Lys Pro Gln Ser Cys Arg Gly Leu Val 
785 790 795 800 

Glu Gln Leu Leu Ala Arg Phe Gln Asp Ser Glu Gly Phe Thr Arg Gly 
805 810 815 

Leu Pro Gly Asp Asp Glu Asn Arg Gly Lys Arg Leu Ser Lys Gln Ala 
820 825 830 

Gln Asp Asp Phe Gln Ser Trp Arg Pro Pro Pro Gly Ala Arg Phe Gly 
835 840 845 

Ser Ala Ala Gln Ala Ser Arg His Ser Thr Asp Glu Val Gly Gly Phe 
850 855 860 

Ala Gly Phe Pro Gly Phe Ala Ala Ser His Cys Gly Glu Lys Pro Gly 
865 870 875 880 

Gly Glu Gly Pro Ser Phe Leu Gln Lys Ser Gly Phe Val Gln Glu Asn 
885 890 895 

Ala Phe Ser Pro Pro Ser Glu Arg Phe Glu Thr Gly Val His Arg Arg 
900 905 910 

Val Pro Ser Leu Ser Ser Glu Leu Ala Asn Pro Gln Val Thr Glu Glu 
915 920 925 

Val Glu Glu Phe Leu Phe Ser Leu Ser Thr Arg Ala Arg Gln Ser Leu 
930 935 940 

Leu Ala Ser Leu Arg Arg Gly Ala Glu Asp Ser Arg Arg Ser Ala Trp 
945 950 955 960 

Pro Gly Ala Ser Arg Asp Cys His Thr Gly Ala Gly Thr Pro Gly Gly 
965 970 975 

Thr Asp Val Ala Asp Arg Arg Ala Thr Arg Glu Thr Arg Arg Asp Arg 
980 985 990 

Glu Gly Glu Glu Ser Thr Ser Glu Asp Gly Thr Val Arg 
1005 

Arg Glu Thr 

Asp Ala 
1010 

Glu Glu 
1025 

Trp Thr 
1040 

Gly Glu 
1055 

Lys Gly 
1070 

Glu Arg 
1085 

His Leu 
1100 

995 1000 

Gly Ala Val Ser Pro 
1015 

Arg Ala Ala Gly Glu 
1030 

Gly Glu Gly Glu Arg 
1045 

Gly Glu Gly Gly Gly 
1060 

Gly Asp Asp Asp Lys 
1075 

Glu Glu Glu Leu Lys 
1090 

Thr Asn Arg Glu Trp 
1105 

Asp Glu Val Ser Arg 
1020 

Lys Thr Arg Ser Ser 
1035 

Ser Ala Gly Asp Arg 
1050 

Gly Val Val Glu Gly 
1065 

Lys Pro Gly Glu Glu 
1080 

Asn Asp Ala Tyr Ala 
1095 

Asp Leu Leu Asp Tyr 
1110 

Ala Asn Ala 

Glu Arg Ile 

Asp Asp Lys 

Arg Thr Glu 

Glu Ser Ala 

Tyr Phe Thr 

Leu Asp Thr 

194 
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Leu Asp Phe Glu Thr Val Asp Leu Asp Ala Val Met Pro Phe Ile 
1115 1120 1125 

Asn Gln Val Pro Lys Val Arg Gly Val Cys Phe Asp Arg Lys Gly 
1130 1135 1140 

Leu Tyr Trp Ile Ser Gln Trp His Ser Gln Gln Lys Lys His Arg 
1145 1150 1155 

Glu Trp Phe Gly Val Lys Arg Leu Gly Phe Arg Lys Ala Trp Ala 
1160 1165 1170 

Leu Ala Val Cys Val Arg Arg Asp Ala Glu Lys Val Glu Asp Glu 
1175 1180 1185 

Pro Val Asp Tyr Pro Lys Leu Pro Asp Tyr Glu Glu Val Leu Gly 
1190 1195 1200 

Val Thr Tyr Ala Arg Phe Ala Ser Gly Arg Tyr Trp Val Ala His 
1205 1210 1215 

Tyr Met Arg Pro Ala Ala Pro Ser Ser Gly Cys Leu Gly Ser Val 
1220 1225 1230 

Gly Arg Lys Leu Phe Pro Val Ser Glu Ser Ser Phe Glu Glu Ala 
1235 1240 1245 

Arg Ser Gln Ala Val Ala Val Ala Thr Ala Phe Pro Leu Pro Leu 
1250 1255 1260 

Ala Phe Phe Val Asp Pro Glu Arg Arg Ala Thr Ser Ala Phe Glu 
1265 1270 1275 

Ser Ala Arg Ala Glu Asn Leu Gln Gly Asp Lys Gln Val Leu Leu 
1280 1285 1290 

Ser Lys Asn Cys Leu Phe Asn Val Phe Thr Trp Leu Asn Gly Gly 
1295 1300 1305 

Ala Ser Trp Thr Asn Val Arg Arg Trp Ala His Ala Lys Arg Met 
1310 1315 1320 

Gln Leu Ala Glu Asp Asp Trp Pro Gln Gln Phe Phe Ser Leu Pro 
1325 1330 1335 

Ser Pro Ala Lys Gly Asp Ser Phe Ala Glu Ala Glu Lys Glu Arg 
1340 1345 1350 

Ala Glu Glu Arg Thr Gly Gly Glu Glu Val Lys Ala Asn Ser Ala 
1355 1360 1365 

Ser Arg Ala Ala Ala Lys Ser Glu Trp Pro Val Ala Ser Thr Thr 
1370 1375 1380 

Ser Pro Ala Glu Asp Leu Ala Ser Ser Gly Ser Pro Arg Asp Leu 
1385 1390 1395 

Gln Lys Leu Ser Pro Leu Leu Ala Asp Ser Ser Leu Thr Lys Glu 
1400 1405 1410 

Leu Leu Gly Gly Asp Arg Glu Leu Gly Asn Ala Met Asp Gly Ala 
1415 1420 1425 

Arg Gly Pro Arg Gly Leu Asp Thr Ala Lys Gly Arg Ala Lys Asp 
1430 1435 1440 

Glu Glu Arg Leu Thr Ala Lys Asp Ala Glu Ser Arg Gln Ala Thr 
1445 1450 1455 

Leu Pro Gly Gly Arg Ala Ala His Gly Gly Gly Val Gly Gly Ser 
1460 1465 1470 

Leu Gly Thr Ala Cys Glu Glu Glu Leu Asp Glu Pro Leu Ser Pro 
1475 1480 1485 

Leu Asp Ile Glu Ser Ile Val Ala Asp Ala Tyr Glu Ser Phe Ser 
1490 1495 1500 
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Asp Glu Asp Ala Glu Gly Glu Gly Asp Gly Gly Lys Pro Gly Lys 
1505 1510 1515 

Arg Ile Arg Leu Pro Lys Ile Gly Gly Val Tyr Tyr Lys Arg Asp 
1520 1525 1530 

Gly Asn Tyr Lys Ala Trp Ala Ala Ser Trp His Ile Gln Gly Lys 
1535 1540 1545 

Arg Thr Arg Arg Tyr Phe Thr Val Lys Lys His Gly Phe Arg Asn 
1550 1555 1560 

Ala Tyr Leu Lys Ala Val Arg Ala Arg Arg Glu Ala Glu Arg His 
1565 1570 1575 

Glu Gly Ile Ser Val Lys His Arg His His Ala Leu Val Pro Gly 
1580 1585 1590 

His Pro Gly Asn Met Leu Gly Ala Ser Lys Val Cys Ala Glu Ser 
1595 1600 1605 

His Glu Val Ser Gly Phe Pro His Gly Asp Glu Asp Ser Arg Leu 
1610 1615 1620 

Thr Arg Gly Gly Ala Ser His Ala Ala Val Ala Pro Gly Arg Val 
1625 1630 1635 

Asn Arg Glu Arg Ser Val Ala Leu Val Asp Arg Ala Thr Lys Asp 
1640 1645 1650 

Asp Glu Asp Asp Glu Arg Asp Leu Gln Arg Glu Lys Thr Gly Ala 
1655 1660 1665 

Gly Gly Gly Glu Ala Cys Ser Gly Glu Ser Val Lys Val Ala Leu 
1670 1675 1680 

Gly Thr Arg His Asp Ser Phe Ser Asp Gly Ser Cys Arg Thr Leu 
1685 1690 1695 

Asp Lys Leu Ser Thr Gln Phe Glu Gln Lys Pro Arg Gly Gly Ala 
1700 1705 1710 

Gly Glu Glu Ala Glu His Pro Thr Arg Lys Gln Gly Gln Glu Thr 
1715 1720 1725 

Gly Gly Val Asp Glu Pro Leu Ser Arg Ala Ala Ser Ile Val Gly 
1730 1735 1740 

Gly Arg Glu Val Arg Leu Thr Ser Gly Val Ser Val His Leu Thr 
1745 1750 1755 

Pro Leu Glu Arg Val Ala Lys Ala Val Asp Val Asp Leu Lys Glu 
1760 1765 1770 

Leu Thr Asp Arg Val Ser Arg Ala Ala Phe Arg Gly Gly Asp Ser 
1775 1780 1785 

Arg Leu Phe His Arg Thr Val Asp Asn Cys Glu Gly Glu Ala Asp 
1790 1795 1800 

Glu Val Ala Gln Gly Leu Asp Thr His Arg Glu Asp Val Asp Val 
1805 1810 1815 

Thr Arg Asn Leu Glu Phe Ala Met Ala Arg Glu Thr Leu Asp Val 
1820 1825 1830 

Leu Leu Ser Asp Leu Tyr Ser Val Val Ala Lys Leu Ser Gly Ala 
1835 1840 1845 

Gly Arg Trp Thr Ser Leu Val Ser Pro Thr Ala Ala Glu Ala Glu 
1850 1855 1860 

Pro Leu Val Ser Ala Trp Asp Arg Ser Ala Arg Glu Glu Arg Arg 
1865 1870 1875 

Glu Lys Phe Glu Asp Thr Asn Ala Ala Ser Asp Glu Pro Gly Tyr 
1880 1885 1890 

Pro Thr Ser Ser Ala Gln Ile His Val Ala Ile Gln Leu Val Val 
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1895 1900 1905 

Ile Lys His Tyr Leu Ala Thr Val Arg Thr Ala Asn Arg Val Glu 
1910 1915 1920 

Gln Ile Ala Pro Leu Leu Ala Leu Phe Glu Pro Cys Ile Lys Gln 
1925 1930 1935 

Gly Met Leu Pro His Glu Cys Ala Leu Pro Arg Leu Arg Trp Leu 
1940 1945 1950 

Val Cys Gln Leu Cys Arg Ala Ser Leu Pro Trp Leu Asp Glu Ser 
1955 1960 1965 

Asp Val Leu Thr Asp Ala Leu Leu Tyr Arg His Leu Glu Glu Leu 
1970 1975 1980 

Val Glu Thr Glu Glu Ala Glu Ala Pro Gln Glu Gly Val Pro Pro 
1985 1990 1995 

Gly Gly Gln Ile Val Phe Ser Ala Gly Phe Ala Glu Gly Asn Ser 
2000 2005 2010 

Thr Val Ala Ser Arg Asn Val Phe Thr Gly Glu Ser Arg Val Ala 
2015 2020 2025 

Gly Gly Phe Arg Thr Asp Ser Glu Lys Glu Ser Gly Ile Asp Asp 
2030 2035 2040 

Arg Asp Glu Ala Ser Leu Ala Ala Leu Ile Cys Leu Pro Gly Lys 
2045 2050 2055 

Gly Lys Lys Leu Arg Glu Glu Ala Asp Val Glu Lys Asp Asp Thr 
2060 2065 2070 

Ser Ala Ser Leu Asn Cys Glu Ser Gly Lys Lys Thr Glu Ala Glu 
2075 2080 2085 

Ser Gln His Ser Arg Ser Pro Thr Glu Val Ala Ala Ser Ser Val 
2090 2095 2100 

Ser Gly Ser Glu Gly Lys Asp Gly Ser Ser Asp Asn Glu Arg Ser 
2105 2110 2115 

Gly Asp Ala Asp Asp Ala Thr Glu Gly Ser Glu Lys Cys Glu Lys 
2120 2125 2130 

Thr Arg Gly Gly Asp Gln Arg Arg Ala Ala Pro Arg Thr Ser Ser 
2135 2140 2145 

Ala Ser Thr Ala Ser Gly Glu Thr Pro Glu Lys Ser Lys Asn Arg 
2150 2155 2160 

Gly Ser Asp Ala Leu Lys Gly Lys Asn Glu Gly Gly Ala Thr Gly 
2165 2170 2175 

Thr Ser Gly Glu Gln Arg Asp Asp Glu Asp Arg Asp Leu Glu Asn 
2180 2185 2190 

Val Glu Ile Ser Lys Asp Thr Arg Ala Gly Ser Gly Gly Arg Arg 
2195 2200 2205 

Arg Thr Gly Glu Arg Arg Gly Gln Arg Phe Cys Ala Ser Gly Gly 
2210 2215 2220 

Glu Leu Arg Val Ser Glu Glu Ser Pro Asp Arg Ala Lys Thr Glu 
2225 2230 2235 

Lys Ser Lys Gly Glu Pro Val Arg Asp Ser Leu Ser Pro Asp Ala 
2240 2245 2250 

Ser Ser Arg Leu Pro Ser Arg Cys Gly Thr Pro Pro Pro Ala Ala 
2255 2260 2265 

Ala Thr Gly Ser Cys Ala Thr Val Glu Ser Asp Val Pro Ala 
2270 2275 2280 

<210> SEQ ID NO 11 
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<211> LENGTH, 3236 
<212> TYPE, PRT 

201 

<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 11 

-continued 

Met Thr Thr Val Ser Arg Ala His Ala Ser Arg Ser Arg Arg Lys Ser 
1 5 10 15 

Arg Asp Glu Asp Ser Glu Gly Ser Ser Leu Pro Ala Val Gly Ile His 
20 25 30 

Glu Thr Gln Ser Pro Val Phe Ser Arg Glu Gly His Glu Gly Asp Arg 
35 40 45 

Ala Ala Gln Pro Glu Asp Val Val Ala Ala Glu Ser His Ser Asn Pro 
50 55 60 

Gln Trp Pro Thr Pro Leu Asp Thr Gly Phe Asp Lys Gly Ala Pro Pro 
65 70 75 80 

Leu Gly Cys Ser Arg Ser Glu Glu Leu Arg Ser Pro Pro Met Ala Ser 
85 90 95 

Gly Ser Phe His Gly Ser Gly Thr Gly Gly Asp Gly Gly Cys Leu Leu 
100 105 110 

Ser Leu Glu Ala His Ala Val Ser Lys Asp Ser Glu Arg Gln Val Asn 
115 120 125 

Ser Gly Leu Pro Gly Gly Gly Asp Glu Ile Ser Gly Arg Leu Ser Pro 
130 135 140 

Ser Cys Ala Ser Leu Pro Leu Val Ala Ala Ala Leu Ser Pro Val Glu 
145 150 155 160 

Asp Thr Arg Leu Glu Arg Asp Ser Ser Ile Pro Val Leu Lys Pro Ser 
165 170 175 

Leu Ser Ile Pro Asn Leu Leu Val Thr Ser Pro Ser Leu Thr Ser Val 
180 185 190 

Ser Tyr Val Cys Glu Ala Asp Arg Ser Ala Glu Gly Lys Ala Pro Ser 
195 200 205 

Met Asp Ala Leu Pro Pro Ser His Ser Ala Ala Pro Glu Ser Gly Leu 
210 215 220 

Trp Arg Glu Cys Asp Glu Arg Gly Lys Asn Ser Phe Phe Ser Ser Gly 
225 230 235 240 

Leu Pro Ala His Pro Glu Gly Asn Gly Glu Arg Ala Gly Glu Gly Gln 
245 250 255 

Asp Pro Arg Ser Gly Asp Phe Glu Thr Pro Glu Glu Ala Ala Phe Ser 
260 265 270 

Val Gln Arg Ile Leu Gln Glu Ser Glu Glu Leu Phe Leu Leu Ser Gly 
275 280 285 

Cys Ala Arg Glu Asp Arg Gly Gly Glu Ser Asp Ala Ala Phe Lys Thr 
290 295 300 

Met Thr Arg Ser Glu Gly Ala Phe Ser Arg Glu Pro Ala His Arg His 
305 310 315 320 

Ala Phe Ala Lys Pro Gly Asn Gly Gly Glu Ser Glu Pro Phe Met Ser 
325 330 335 

Ile Asp Glu Glu Arg Ala Ala Ser Pro Ser Ala Ser Gly Pro Ser Ser 
340 345 350 

Tyr Ala Phe Leu Ser Phe Glu Glu Thr Ser Ala Gly Ser Arg Arg Ser 
355 360 365 

Pro Asp Ala Gln Ser Pro Pro Leu Ser Gly His Leu Ser Asp Gly Asp 
370 375 380 

Arg Thr Gln Arg Lys Ala Gly Glu Arg Phe Leu Glu Asp Pro Arg Gly 

202 
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385 390 395 400 

Asn Leu Lys Arg Ser Arg Ser Pro Leu Ile Ala Arg Asp Cys Asn Arg 
405 410 415 

Ser Leu Gly Thr Cys Asp Ser Ser Leu Thr Thr Arg Gly Pro Val Ala 
420 425 430 

Ser Asp Thr Ser Pro Arg Arg Gly Tyr Thr Asp Gln Trp His Ser His 
435 440 445 

Arg Lys Ala Gln Ser Pro Gly Arg Phe Arg Arg Thr Asn Thr Glu Gly 
450 455 460 

Asn Ala Thr Pro Val Asp Ser Gln Ser Ser Pro Pro Ser Lys Lys Arg 
465 470 475 480 

Cys Cys Leu Ala Glu Arg Phe Ala Phe Glu Arg Arg Arg Gln Pro Pro 
485 490 495 

Val Pro Leu Pro Ser Val Ala Ser Ala Val Ala Ala Ala Leu Ala Gln 
500 505 510 

Phe Pro Pro Gly Ala Cys Thr Ala Ala Val Glu Arg Ala Asp Asp Val 
515 520 525 

Pro Pro Glu Gly Ser Gly Asn Gly Val Leu Pro Gly Gly Glu Val Ser 
530 535 540 

Asp Leu Ser Leu Ser Asp Arg Lys Ser Gly Ala Ser Pro Arg Gln Thr 
545 550 555 560 

Leu Asp Thr Phe Leu Pro Ala Lys Gly Ala Ser Ala Ala Leu Lys Gln 
565 570 575 

Glu Gly Ser Ser Ser Glu Ile Gly Glu Gly Cys Pro Ala Ser Asp Asp 
580 585 590 

Ala Ala Val Ala Ala Thr Leu Ser Gly Trp Lys Arg Gly Arg Gly Pro 
595 600 605 

Arg Ser Gly Cys Val Ser Gly Ser Ser Arg Ala Ser Ser Leu Glu His 
610 615 620 

Ala Gly Ala Arg Arg Arg Ser Gly Val Glu Arg Lys Arg Arg Glu Lys 
625 630 635 640 

Arg Lys Ala Ala Leu Ala Thr Ala Ala Val Val Ser Ala Ser Val Arg 
645 650 655 

Arg Leu Ala Leu Val Ala Ala Pro Cys Leu Val Glu Asn Thr Leu Arg 
660 665 670 

Gln Trp Trp Arg Leu Gln Glu Gln Val Gly Asp Glu Leu Asp Asn Gly 
675 680 685 

Gly Val Ser Glu Glu Gln Thr Thr Gly Arg Ser Gly Arg Arg Thr Gly 
690 695 700 

Lys Asn Pro Ile Val Gly Gly Arg Val Lys Glu Gly Glu Gln Ser Val 
705 710 715 720 

Arg Leu Glu Ile Glu Arg Ser Gly Asp Ser Pro Arg Asn Thr Ala Lys 
725 730 735 

Thr Glu Pro Gly Asp Gln Gly Ala Ala Gln Gly Gln Gly Gly Pro Glu 
740 745 750 

Gln Ile Ala Glu Asn Glu Ser Gly Thr Glu Arg Met Glu Thr Ser Gln 
755 760 765 

Thr Lys Gln Glu Ala Gln Asp Leu Pro Leu His Arg Glu Ala Ala Ser 
770 775 780 

Ala Ser Ala Thr Pro Phe Ile Pro Glu Gly Arg Thr Gln Glu Arg Asp 
785 790 795 800 

Ser Tyr Leu Arg Val Thr Leu Phe Ala Ala Ser Gln Val Leu Asn Ser 
805 810 815 

204 
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Gly Gln Phe Arg Gln Ala Ile Arg Met Phe Pro Gly Ala Asp Ser Pro 
820 825 830 

Arg Gly Asp Gln Arg Ser Arg Cys Val Val Arg Val Tyr Lys Gln Ser 
835 840 845 

Leu Arg Lys Arg Arg Leu Ser Gly Asp Arg Asn Arg Arg Val Gly Glu 
850 855 860 

Asp Gly Asn Leu Val Ser Val Ser Leu Arg Asp Leu Leu Ala Asn Ser 
865 870 875 880 

Gly Glu Asp Trp Glu Pro Ser Ser Pro Ser Ala Ala Thr Arg Pro Leu 
885 890 895 

Pro Leu Ala Pro Ser Ala Leu Ser Ala His Gln Ala Arg Ser Ser Phe 
900 905 910 

Gly Ser Phe Ser Arg Arg Ser Ala Glu Gly Val Pro Gly Pro Ser Pro 
915 920 925 

Trp Gly Gly Asp Cys Ser Pro Thr Ala Ala Arg Ser Pro Leu Pro Leu 
930 935 940 

Ser Thr Ser His Asp Leu Arg Arg Arg Arg Val Cys Pro Pro Arg Arg 
945 950 955 960 

Arg Tyr Ser Pro Ser Glu Ser Val His Ser Ser Asp Gly Arg Gly Gly 
965 970 975 

Ala Cys Ala Ile Ala Ala Lys Lys Pro Lys Gly Arg Arg Ser Arg Gly 
980 985 990 

Arg Glu Glu Gln Thr Arg Glu Glu Val Ser Glu Ser Arg 
1005 

Cys Ser Thr 

Pro Arg 
1010 

Pro Ala 
1025 

Asp Glu 
1040 

Gln Glu 
1055 

Leu Arg 
1070 

Arg Ser 
1085 

Pro Phe 
1100 

Glu Asn 
1115 

Gln Lys 
1130 

Glu Ala 
1145 

Gln Thr 
1160 

Gly Leu 
1175 

Gly Glu 
1190 

Ile Cys 
1205 

995 1000 

Ser Cys Ser Ser Val 
1015 

Ser Ser Arg Ala His 
1030 

Arg Met Thr Gly Gly 
1045 

Gly Glu Asp Ser Asp 
1060 

Gly Gly Thr Leu Pro 
1075 

Ala Glu Arg Trp Met 
1090 

Ala Pro Asn Ile Leu 
1105 

Gln Leu Asp Gly Gly 
1120 

Glu Cys Gly Leu Val 
1135 

Ala Val Ala Ala Ser 
1150 

Pro Gly Arg His Gly 
1165 

Leu Ala Gly Arg Thr 
1180 

Lys Thr Thr Gln Ile 
1195 

Ile Leu Arg Arg Ser 
1210 

Arg Tyr Ala Val Ser 
1020 

Leu Gly Arg Pro Asp 
1035 

Gln Arg Thr Pro Arg 
1050 

Phe Leu Pro Ala Gly 
1065 

Leu Asp Gln Leu Gly 
1080 

Pro Ala Pro Ser Val 
1095 

Ala Lys Lys His Ala 
1110 

Lys Met Ser Leu Asp 
1125 

Glu Thr Gly Asp Thr 
1140 

Glu Lys Arg Arg Pro 
1155 

Thr Thr Val Leu Met 
1170 

Ser Glu Val Asp Gly 
1185 

Ser Pro Phe Ser Glu 
1200 

Pro Arg Arg Val Gln 
1215 

Asp Gly Ser 

Asp Glu Gly 

Gly Thr Pro 

Met Ser Gly 

Glu Arg Ser 

Ala Val Val 

Glu Asp Val 

Gly Val Gly 

Gly Glu Gln 

Leu Glu Ala 

Lys Gly Glu 

Asp Arg Thr 

Ala Thr Gly 

Ser Asn Ser 

206 
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Ser Glu Ala Ser Arg Thr Ala Val Arg Ser Thr Glu Gly Leu Glu 
1220 1225 1230 

Thr Ser Asp Lys Leu Gly Val Asp Val Gly Thr Thr Asn Lys Glu 
1235 1240 1245 

Ala Asp Ser Phe Ser Ala Ser Cys Asp Ser Pro Arg Asp Ser Leu 
1250 1255 1260 

Glu Arg Asn Val Gly Glu Ile Val Ala Ile Trp Ala Arg Ala Arg 
1265 1270 1275 

Asp Ala Lys Gln Gly Gly Arg Ile Arg Arg Arg Val Trp Leu Pro 
1280 1285 1290 

Pro Gly Met Ala Thr His Gly Gly His Glu Gly Asn Glu Gln Asn 
1295 1300 1305 

Asn Glu Ala Ile Cys Gly Gly Gly Ala Thr Pro Met Met Lys Thr 
1310 1315 1320 

Glu Arg Ala Met Glu Glu Gly Arg Gly Asp Ala Lys Thr His Pro 
1325 1330 1335 

Val Gly Gly Thr Tyr Ala Glu Thr Glu Lys Lys Val Val Asp Glu 
1340 1345 1350 

Met Lys Ala Trp Trp Ser Lys Leu Thr Cys Ala Ser Val Glu Ala 
1355 1360 1365 

Val Pro Val Gln Thr Leu Thr Leu Asp Asp Phe Ala Arg Ala Phe 
1370 1375 1380 

Ser Thr Val Ala Asn Arg Ala Val Asp Leu Leu Cys Leu Ala Phe 
1385 1390 1395 

Arg Ala Arg Gly Ala Gly Pro Val Phe Arg Pro Val Leu Ser Ser 
1400 1405 1410 

Ser Pro Lys Gln Gln Gly Asn Ser Pro Gln Pro Glu Ser Glu Asp 
1415 1420 1425 

Val Glu Thr Arg Ile Glu Thr Tyr Arg Gln Gln Val Arg Arg Leu 
1430 1435 1440 

Tyr Arg Arg Arg Gln Gln Leu His Glu Ala Thr Gly Asn Ser Pro 
1445 1450 1455 

Phe Ser Ser Ser Arg Val Gly Gly Ala Leu Gln Arg Arg Ile Gly 
1460 1465 1470 

Glu Leu Gln Arg Leu Arg Glu Ala His Gly Arg Val Asp Ile Pro 
1475 1480 1485 

Asn Glu Gly Pro Arg Arg Glu Glu Asp Ser Glu Lys Cys Pro Ala 
1490 1495 1500 

Ser Leu Trp Asp Val Pro Leu Arg Gln Arg Lys Gln Gly Arg Lys 
1505 1510 1515 

Arg Val Ser Pro Trp Tyr Ser Val Gly Val Arg Trp Leu Ala Asp 
1520 1525 1530 

Phe Ser Ala Phe Glu Tyr Phe Val Val Lys Asn Tyr Arg Lys Glu 
1535 1540 1545 

Asp Leu Gly Ala Thr Val Ser Leu Ser Asn Arg Gly Glu Ala Ser 
1550 1555 1560 

Asp Thr Thr Trp Ser Val Asp Gly Thr Gly Ser Gln Arg Ala Pro 
1565 1570 1575 

Val Pro Cys Leu Ser Arg Ala Gly Thr Pro Arg Thr Val Ser Pro 
1580 1585 1590 

Ser Pro Pro Ser Ala Asp Ala Met Asn Leu Trp Ala Gln Ala Tyr 
1595 1600 1605 

Ala Pro Ser Leu Asn Gln Pro Arg Gly Met Ser Pro Ala Thr Thr 
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1610 1615 1620 

Pro Pro Leu Ser Glu Ser Ala Thr Pro Arg Gly Asn Val Ser Pro 
1625 1630 1635 

Pro Phe Ser Glu Ala Ser Ser Ser Gly Gln Arg Gly Lys Lys Val 
1640 1645 1650 

Ala Pro Gly Pro Ser Ala Asp Glu Lys Lys Asp Glu Asp Tyr Gln 
1655 1660 1665 

Ser Ala Gly Ser Leu Arg Trp Glu Val Asp Gly Gly Gln Arg Arg 
1670 1675 1680 

Gln Val Gln Val Arg Ser Arg Leu Leu Leu His Glu Leu Leu Gln 
1685 1690 1695 

Pro Pro Ser Leu Asp Ala Thr Gly Leu Arg Thr Ala Leu Val Leu 
1700 1705 1710 

Ile Val Leu Arg Leu Gln Arg Phe Leu Arg Leu Lys Glu Gly Gly 
1715 1720 1725 

Val Asn Asn Arg Gly Arg Gly Gln Arg Ser Glu Arg Lys Arg Arg 
1730 1735 1740 

Cys Arg Ala Met Pro Pro Ile Phe Ile Phe Arg Asp Asp Ser Asn 
1745 1750 1755 

Ala Phe Gln Glu Ala Leu Leu Ala Lys Lys Leu Asp Ile Arg Leu 
1760 1765 1770 

Asp Ser Asp Ser Pro His Thr Asp Val Pro Ser Arg Arg Ser Leu 
1775 1780 1785 

Asp Gly Glu Val Gly Asp Glu Arg Arg Arg Leu Arg Ser Val Lys 
1790 1795 1800 

Pro Thr Asn Ser Asn Asp Leu Ser Asp Glu Arg Gly Pro Pro Pro 
1805 1810 1815 

Pro Ser Thr Met Ser Pro His Ser Leu Gly Ser Gly Pro Cys Asp 
1820 1825 1830 

Thr Gln Glu Gly Val Gln Asn Leu Gln Gln Asp Ala Ser Leu Phe 
1835 1840 1845 

Ser Pro Ala Leu Ala Gln Gly Gln Ala His Ala His Thr Asp Ala 
1850 1855 1860 

Val Pro Gly Ala Arg His Asp Asp Val Leu Pro Arg Ser Pro Arg 
1865 1870 1875 

Phe Pro Val Val Asp Ala Gly Pro Glu Glu Thr Pro Arg Pro Glu 
1880 1885 1890 

Val Glu Ser Met Leu Asp Ser Glu Ser Gly Asp Pro Thr Gly Leu 
1895 1900 1905 

Gly Gln Ala Ser Arg Arg Arg Trp Arg Gly Arg Gly Ser Arg Thr 
1910 1915 1920 

Ser Val Gln Arg Thr Val Ser Thr Cys Leu His Glu Asp His Ser 
1925 1930 1935 

Gly Asp Lys Thr Pro Arg Glu Glu Thr Phe Gly Gly Asp Ala Ala 
1940 1945 1950 

Ser Leu Leu Arg Val Ala Ser Ser Val Pro Pro Ser Thr Cys Ser 
1955 1960 1965 

Ser Pro Gln Ser Ser Ser Gly Gly Arg Arg Glu Arg Gly Arg Arg 
1970 1975 1980 

Gly Val Arg Gly Arg Arg Gly Arg Gly Arg Leu Ile Ser Gln Gln 
1985 1990 1995 

Gly Ser Ser Leu Leu Gly Gln Thr Val Ser Ala Gly Ala Leu Ser 
2000 2005 2010 
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Ser Gly Asp Thr Ala Gly Ala Ile Ser Thr Glu Gly Glu Asn Arg 
2015 2020 2025 

Arg Asn Ala Val Arg Pro Gly Ala Leu Glu His Ser Asp Glu Asp 
2030 2035 2040 

Lys Glu Asp Leu Ser Ala Ser Ser Pro Pro Ser Asp Asp Gly Ile 
2045 2050 2055 

Ser Gln Arg Ser Ser Gly Ser Gln Gly Asp Ser Ser Ser Ser Gly 
2060 2065 2070 

Gly Pro Ser Ser Glu Ala Cys Arg Lys Thr Thr Ser His Val Ala 
2075 2080 2085 

Ala Lys Ala Asp Ser Ala Ser Pro Arg Ala Leu His Pro Ser Ala 
2090 2095 2100 

Arg Pro Gln Pro Arg Gly Thr Ala Ser Trp Thr Pro Gly Gly Glu 
2105 2110 2115 

Pro Ala Val Ser Gly Val Gln His Pro Ser Ala Leu Thr Pro Ser 
2120 2125 2130 

Pro Ser Arg Gly Arg Phe Ser Glu Asp Asn Val Ala Ser Arg Val 
2135 2140 2145 

Ser Arg Val Ser Ser Val Gly Ala Leu Leu Arg Ser Arg Cys Val 
2150 2155 2160 

Val Gly Glu Glu Gln Lys Glu Thr Gln Asn Ser Cys Ser Leu Trp 
2165 2170 2175 

Val Val Glu Lys Gly Ala Leu Glu Pro Phe Trp Trp Arg Thr Ala 
2180 2185 2190 

Ser Ala Val Gly Cys Val Ser Ala Gly Arg Arg Asp His Ser Asp 
2195 2200 2205 

Lys Asp Ala Asn Arg Leu Phe Leu Ala Asp Lys Glu Ala Gly Thr 
2210 2215 2220 

Gly Pro Leu Gln Asp Phe Val Leu Pro Asp Phe Ser Gly Ser Ala 
2225 2230 2235 

Arg Glu Ile His Gly Asp Glu Arg Gly Ser Asp Ser Asp Ala Ser 
2240 2245 2250 

Cys Lys Ser Ala Ala Leu Ser Thr Thr Ser Asp Ser Ser Gly Ile 
2255 2260 2265 

Ser Glu Val Ser Leu Asp Leu Glu Ser Thr Val Gln Glu Val Ala 
2270 2275 2280 

Leu Gly Thr Ile Leu Ser Ser Ala Leu Ser Ala Leu His Gly Lys 
2285 2290 2295 

Thr Gly Asp Gly Asp Thr Gln Glu Ser Asp Ala Glu Arg Glu Ala 
2300 2305 2310 

Asn Ala Asp Asp Gly Ser Ala Thr Gly Val Asn Glu Lys Asp Leu 
2315 2320 2325 

Arg Gly Glu Ser Arg Pro Glu Leu Pro Ser Pro Ile Pro Gly Lys 
2330 2335 2340 

Asp Glu Leu Gly Ser Gln Glu Glu Gly Lys Thr Ala Ser Ser Leu 
2345 2350 2355 

Pro Ser Val Lys Ala Glu Gln Gly Gly Ser Glu Arg Gly Gly Ala 
2360 2365 2370 

Asp Glu Ile Val Lys Lys Ala Thr Ser Val Leu Arg Ala Cys Lys 
2375 2380 2385 

Asp Pro Asp Glu Ala Thr Ser Thr Ser Leu Val Pro Glu Gly Glu 
2390 2395 2400 
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Asp Glu Asn Asp Ala Cys Gly Ala Leu Glu Pro Asp Ser Leu Val 
2405 2410 2415 

Ser Val Ser Ala Leu Gly Glu Ser Ser Glu Glu Leu Phe Thr Glu 
2420 2425 2430 

Val Pro Gln Asn Glu Lys Glu Leu Lys Lys Thr Leu Gln His Val 
2435 2440 2445 

Asp Pro Arg Leu Cys Gln Gln Met Leu His Gly Gly Leu Cys Phe 
2450 2455 2460 

Ile Arg Thr Tyr Val Asp Leu Glu Thr Lys Lys Glu Ser Leu Gln 
2465 2470 2475 

Ala Gly Pro Phe Ala Ala Lys Arg Arg Arg Val Ala Gln Leu Leu 
2480 2485 2490 

Arg Gly Leu Gln Gly Leu Phe Asp Ala Leu Glu Ser Val Arg Glu 
2495 2500 2505 

Arg Glu Gly Asp Asp Leu Ser Gly Glu His Glu Gly Asp Ser Ala 
2510 2515 2520 

Ser Gly Gly Leu Phe Thr Ala Glu Gln Glu Lys Glu Gly Ala Asp 
2525 2530 2535 

Lys Val Ser Gly Asp Arg Glu Asn Ala Gly Glu Arg Gly Gln Lys 
2540 2545 2550 

Thr Ala Ala Glu Thr Gly Asp Gln Lys Ala Ser Ile Glu Asp Ala 
2555 2560 2565 

Val Ala Ala Ala Phe Cys Arg Arg Val Gly Ala Ala Ile Ala Thr 
2570 2575 2580 

Glu Thr Cys Gly Ser Ile Gln Thr Val Phe Pro Glu Ile Gly Glu 
2585 2590 2595 

Ala Tyr Asp Val Glu Asp Ser Val Ala Arg Leu Gly Ala Pro Pro 
2600 2605 2610 

Arg Ala Pro Val Arg Thr Arg Arg Glu Cys Thr Gly Thr Gly Phe 
2615 2620 2625 

Thr Ser Thr Ala Ala Leu Pro Glu Pro Arg Gly Glu Asp Gly Arg 
2630 2635 2640 

Lys Gln Glu Thr Ser Glu Pro Leu Gly Val Glu Ala Ala Asp Lys 
2645 2650 2655 

Thr Asp Ile Gln Gly Glu Tyr Ala Gln Glu Ser Glu His Thr Trp 
2660 2665 2670 

Thr Gln Glu Met Gly Arg Lys Ala Ser Leu Phe Leu Ser Gly Thr 
2675 2680 2685 

Leu Glu Leu Ala Gln Leu Lys Glu Glu Gln Gln Val Glu Glu Leu 
2690 2695 2700 

Gln Gly Glu Gly Asp Pro Leu Thr Ser Phe Leu Leu Pro Ser Asp 
2705 2710 2715 

Gln Ser Asp Ser Thr Lys Lys Ala Asn Glu Glu Cys Met Gly Gly 
2720 2725 2730 

Arg Thr Ala Arg Glu Leu Tyr Ala Glu Arg Glu Glu Asp Val Lys 
2735 2740 2745 

Thr Leu Gly Arg Arg Arg Glu Ala Gln Thr Glu Ser Arg Ala Arg 
2750 2755 2760 

Gly Pro His Val Asp Ser Ser Ala Glu Ala Ala Ser Val Ala Gln 
2765 2770 2775 

Gly Asp Glu Gly Gly Glu Glu Ala Arg Lys Arg Lys Lys Asp Glu 
2780 2785 2790 

Lys Arg Glu Lys Arg Ser Gly Asn Ala Phe Leu Asp Ala Leu Leu 
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2795 2800 2805 

Glu Pro Ala Leu Arg Glu Asp Val Gly Arg Ala Phe Leu Thr Asp 
2810 2815 2820 

Phe Gly Ser Gln Ala Pro Gln Asn Ser Thr Asp Ala Gly Lys Pro 
2825 2830 2835 

Ile Phe Leu Ser Pro Cys Val Phe Gly Val Arg Gly Gly Ala Arg 
2840 2845 2850 

Trp Lys Lys Leu Gly Leu Phe Asn Asp Glu Ala Gln Arg Glu Gly 
2855 2860 2865 

Thr Glu Ser Ser Pro Trp Arg Asn Asp Cys Ser Asp Pro Met Ser 
2870 2875 2880 

Tyr Arg Ala Asp Ala Pro His Thr Trp Arg Arg His Glu Gly Leu 
2885 2890 2895 

Leu Trp Gly Gly Ser Arg His Ala Ala Ser Ala Leu Arg His His 
2900 2905 2910 

Gly Arg Lys Ser Pro Ala Phe Leu Ser Pro Gln Trp Glu Asp Asp 
2915 2920 2925 

Glu Arg Leu Ser Leu Ser Ser Ser Ala Asp Glu Arg Gly Tyr Thr 
2930 2935 2940 

Ser Ser Gly Ser Glu Arg Phe Leu Ser Ile Pro Thr Arg Arg Lys 
2945 2950 2955 

Tyr Gly Leu Arg Phe Gln Arg Arg Ser Thr Lys Thr Gly Arg Ala 
2960 2965 2970 

Pro Ser Pro Thr Ala Gly Arg Ser Ser Val Asn Arg Ser Gly Trp 
2975 2980 2985 

Arg Glu Thr Leu Arg Pro Ser Ser Gly Phe Ser Gly Glu Glu Thr 
2990 2995 3000 

Pro Arg Ser Leu Ser Ser Arg Arg Arg Arg Gly Gly Leu Gly Gly 
3005 3010 3015 

Ser Ser Pro Thr Ala Phe Arg Pro Pro Met Thr Arg Ala Ala Thr 
3020 3025 3030 

Gly Lys Ala Ala Ala Cys Val Arg His Gly Asp Gly Asp Glu Cys 
3035 3040 3045 

Ala Glu Pro Asp Ser Gln Phe Gly Ala Phe Gly Ser Ala Asp Leu 
3050 3055 3060 

Gly Leu Ser Asp Arg Arg Gly Glu Ala Gly Glu Ala Asp Thr Arg 
3065 3070 3075 

Glu Glu Lys Ala Gly Gly Ser Ala Arg His Gly Lys Arg Gly Ser 
3080 3085 3090 

Gly Val Arg Ser Gly Gly Ala Arg Glu Ala Gly Ser Asp Ala Gly 
3095 3100 3105 

Thr Asp Thr Leu Trp Val Ala Pro Gly Ser Gly Pro Asn Thr Cys 
3110 3115 3120 

Arg Ser Gly Arg Lys Ser Pro Ala Ala Ala Ala Leu Ser Ser Leu 
3125 3130 3135 

Pro Thr Gly Val Tyr Phe Asp Ala Ser Arg Lys Leu Trp Arg Cys 
3140 3145 3150 

Gln Trp Arg Glu Asn Gly Arg Phe Lys Thr Lys Gly Phe Ser Leu 
3155 3160 3165 

Asn Val Tyr Lys Thr Leu Lys Glu Ala Arg Arg Ala Cys Val Val 
3170 3175 3180 

Tyr Arg Cys Leu Met Gly Gly Trp Glu Val Asp Pro Arg Trp Leu 
3185 3190 3195 
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Gly Pro Asp Asp Asp Glu Gln Asp Asn Ser Gly Gly Ala Asp Glu 
3200 3205 3210 

Val Gly Arg Pro Val Pro Ser Asp Gly Ile Ser Asp Val Val Gly 
3215 

Glu Ala Arg Arg Lys Gly 
3230 

<210> SEQ ID NO 12 
<211> LENGTH, 1670 
<212> TYPE, PRT 

3220 

Glu 
3235 

<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 12 

3225 

Tyr 

Met Ile Asn Leu His Gln Leu Phe Arg Val Phe Ser Arg Val Ser Ser 
1 5 10 15 

Ser Ala Ser Asp Pro Ser Ala Ser Asn Pro Ser Pro Ala Ser Leu Val 
20 25 30 

Ser Val Pro Ala Leu Gln Thr Leu Ser Phe Pro Ala Leu Gln Gln Gln 
35 40 45 

Asp Leu Leu Ala Ser Leu Ala Ala Ala Ser Leu Pro Gly Pro Asp Ser 
50 55 60 

Val Thr Met Ser Ser Ser Pro Thr Ser Val Leu Asn Ser Ser Phe Cys 
65 70 75 80 

Ser Leu Pro Ser Ser Arg Lys Pro Ala Ala Leu Pro Phe Pro Ala Thr 
85 90 95 

Ser Pro Lys Thr Pro His Leu Ser Asp Ser Phe Pro Ala Ser Ala Ile 
100 105 110 

Ser Gly Pro Ser Ser Pro Gly Leu Gln Glu Leu Leu Ala Ser Pro Glu 
115 120 125 

Leu Ala Ala Ala Ala Leu Ala Ser Leu Gln Lys Gln Gln Leu Arg Leu 
130 135 140 

Ala Leu Gly Thr Glu Arg Gly Gly Cys Gly Ala Arg Gly Asp Glu His 
145 150 155 160 

Leu His Ser Ile Leu Leu Gln His Lys Ala Thr Ser Glu Asn Ala Met 
165 170 175 

Arg Trp Ser Trp His Ala Gly Arg Asp Gly Ala Gln Glu Leu Asp Thr 
180 185 190 

Val Pro Glu Thr Phe Asp Leu Pro Leu Ser Leu Ser Ser Phe Leu Gly 
195 200 205 

Val Ala Pro Gln Gln Pro Ser Ser Leu Pro Arg Ser Ser Leu Leu Pro 
210 215 220 

Pro Thr Asp Phe Ser Leu Thr Asp Gly Thr Leu Arg Val Ser Ser Ser 
225 230 235 240 

Met Leu Pro Ala Leu Ala Thr Gly Ser Glu Ser Gly Ser Ser Arg Gly 
245 250 255 

Leu Asn Ser Ala Gln Ala Ser Pro Ser Phe Ser Ser Leu Arg Gly Pro 
260 265 270 

Pro Val Ser Val Pro Glu Glu Glu Val Ser Gly Ser Leu Glu Gly Ser 
275 280 285 

Pro Gly Pro Phe Ser Ser Gly His Pro Pro Ala Ala Pro Ser His Pro 
290 295 300 

Cys Ser Thr Val Ser Gly Ala Asp Thr Gln Glu Ala Glu Pro Pro Leu 
305 310 315 320 

Leu Thr Leu Val Ala Val Asn Thr Pro Asp Ala Gln Asp Pro Ala Val 
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325 330 335 

Asp Gly Ala Ser Leu Cys Ala Ser Lys Glu Gly Met Arg Thr Ser Ser 
340 345 350 

Ala Asp Leu Gly Asp Ser Leu Leu Ala Pro Pro Gly His Gly Ser Ala 
355 360 365 

Ala Pro Leu Pro Gly Arg His Leu Gly Ser Asp Ala Thr Arg Thr Thr 
370 375 380 

Thr Thr Thr Gly Ser Gly Ala Pro Glu Ser Pro Ser Leu Pro Leu Ala 
385 390 395 400 

Arg Gly Asp Cys Glu Gly Ala Glu Arg Gly Leu Ala Leu Leu Glu Ala 
405 410 415 

Pro Val Asn Gly Phe Asn Leu Ala Ala Ser Gln Ser Val Leu Gly Gly 
420 425 430 

Phe Ala Ala Asp Thr Arg Gly Glu Ala Gly Glu Lys Gly Ile Ala Pro 
435 440 445 

Gln Ser Arg Lys Ala Arg Lys Pro Gly Thr Ala Val Glu Thr Ala Gly 
450 455 460 

Ala Pro Glu Ala Val Arg Arg Gly Arg Ala Ala Cys Asn Gly Glu Ala 
465 470 475 480 

Glu Thr Thr Gly Leu Glu Thr Ala Pro Gln Gln Val Ser Thr Ser Glu 
485 490 495 

Glu Thr Ala Lys Ser Gly Arg Glu Leu Ala Cys Ala Arg Ala Gly Met 
500 505 510 

Asp Glu Glu Glu Asp Ala Ala Phe Pro Ser His Val Val Ser Glu Phe 
515 520 525 

Arg Gly Pro Pro Glu Ile Ser Asn Val Phe Asn Asp Leu Asp Cys Ser 
530 535 540 

Ser Ala Val Glu Arg Pro Gln Gly Cys Leu Gln His Ala Ala Val Gln 
545 550 555 560 

Pro Phe Leu Pro Ala Val Ala Pro Glu Val Arg Pro Ser Ala Thr Thr 
565 570 575 

Ala Gly Arg Thr Pro Met Gly Leu Trp Ser Glu Ala Gly Arg Val Ser 
580 585 590 

Ser Leu Glu Thr Asp Thr Ala Glu Ile Gly Arg Arg Leu Asp Gly Glu 
595 600 605 

Ser Ser Gly Ser Pro Asp Arg Trp Gly Asp Ala Arg Leu Ser Ser Pro 
610 615 620 

Asp Ser Val Pro Ser Ser Ala Asp Val Pro Val Pro Ser Arg Pro Gln 
625 630 635 640 

Cys Gln Glu Gln Val Pro Gln Val Asp Pro Asp Ser Ser His Pro Leu 
645 650 655 

Phe Ala Ser Cys Ser Ala Gly Ser Ser Ser Thr Ala Gly Ser Ala Ser 
660 665 670 

Ala Leu Ala Gly Leu Ala Ser Pro Phe Pro Pro Pro Lys Ser Pro Lys 
675 680 685 

Thr Gly Ala Asn Asp Pro Arg Met Thr Pro Ser Glu Gly Glu Met Arg 
690 695 700 

Ala Val Ser Gly Ala Pro Pro Ser Leu His Met Ser Pro Pro Ile Pro 
705 710 715 720 

Pro Leu Ala Leu Gln Asp Ser Phe Gly Glu Cys Thr Ala Ser Ser Leu 
725 730 735 

Ala Gly Val Asp Ala Pro Glu Ala Thr Ala Gly Gly Leu Ala Glu Gly 
740 745 750 
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Val Ala Thr Gly Gly Gly Ser Asp Ser Val Gly Glu Gly Arg Leu Pro 
755 760 765 

Gly Ala Ala Ser Leu Glu Val Pro Ser Ser Pro Ser Ala Leu Leu Ser 
770 775 780 

Gly Ala Pro Ala Ser Leu Leu Leu Leu Leu Arg Asn Gly Gln Ser Gly 
785 790 795 800 

Ala Ala Ala Leu Val Ala Ala Met Gln Gln His Gln Ala Leu Ser Gly 
805 810 815 

Asp Ala Glu Glu Ala Leu Glu Ala Val Leu Ala Gly Gly Ser Asn Val 
820 825 830 

Gly Asp Met Ala Asn Ser Ser Arg Gly Leu Glu Thr Val Gly Asp Gly 
835 840 845 

Thr Arg Gly Ser Ala His Thr Thr His Ala Ala His Ser Ser Gly Arg 
850 855 860 

Asn Ala Val Gly Ala Cys Pro Ala Pro Asp Arg Glu Gly Glu Thr Val 
865 870 875 880 

Ala Val Pro Thr Ser Val Leu Thr Asn Asn Pro Ala Ser Thr Ser Lys 
885 890 895 

Thr Met Pro Ser Val Tyr Ser Thr Pro Ala Ser Ala Gly Leu Ser Leu 
900 905 910 

Thr Ser Ser Ser Thr Pro Pro Val Leu Pro Thr Pro Asn Pro Gly Ala 
915 920 925 

Gly Met Pro Pro Leu Ala Ser Ala His Ala Ala Ser Pro Ala Val Pro 
930 935 940 

Gly Asp Ala Asn Leu Gln Ser Leu Phe Phe Trp Ala Pro Gln Ala Cys 
945 950 955 960 

Pro Leu Gln Pro Gly Ala Leu Ala Val Asp Ala Ser Ala Ser Ser Cys 
965 970 975 

Gly Gly Val Gly Ser Cys Asn Gly Gly Pro Ala Pro Pro Gly Pro Ser 
980 985 990 

Pro Val Ala Glu Leu Leu Asp Ala Ser Gly Ser Gly Pro Phe Gly Ala 
995 1000 1005 

Ala Gly 
1010 

Thr Pro 
1025 

Ala Ala 
1040 

Gly Glu 
1055 

Asp Ala 
1070 

Pro Val 
1085 

Ala Gly 
1100 

Ser Gly Ala Gln Leu 
1015 

Ala Ser Ala Thr Phe 
1030 

Phe Asp Gln Ile Gly 
1045 

Asn Phe Ile Gly Tyr 
1060 

Ser Asp Leu Ser Ala 
1075 

Leu Leu Ala Ala Ala 
1090 

Val Gly Asp Gln Pro 
1105 

Ala Ala Gly Pro Phe 
1020 

Gln Gln Gln Leu Leu 
1035 

Ser Ser Ser Phe Pro 
1050 

Ser Ala Leu Ser Ala 
1065 

Ser Gly Gly Pro Pro 
1080 

Asn Ala Gly Val Gly 
1095 

Asp Phe Leu Ala Leu 
1110 

Gly Ala Ala 

Leu Leu Ser 

Val Val Gly 

Ala Arg Pro 

Ala Ser Leu 

Pro Gly Ala 

Leu Gly Gly 

Gly Ser Ala Ser Arg Glu Gly Ala Arg Asp Pro Val Gly Gly Glu 
1115 1120 1125 

Leu Gly Gly Ala Gly Asn Ser Ala Thr Ser Met Lys Gly Val Lys 
1130 1135 1140 

Arg Gln Phe Val Gln Asn Gly His Gly Thr Ala Ser Gln Thr His 
1145 1150 1155 
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us 11,414,385 B2 
223 224 

-continued 

Pro Glu Glu Asn Thr Gln Gly Pro Gly Arg Ser Ala Ala Val Val 
1160 1165 1170 

Gly Arg Ala Thr Lys Lys Gln Arg Arg Gly Pro Pro His Ser Gly 
1175 1180 1185 

Ala Ala Val Ser Ser Gly Ala Pro Ser Gly Val Leu Ala Val Pro 
1190 1195 1200 

Gly Cys Leu Gly Pro Pro Ser Val Ala Lys Gly Pro Gly Ser Asp 
1205 1210 1215 

Glu Phe Asn Leu Gln Gln Leu Gln Gln Ser Arg Asp Ser Arg His 
1220 1225 1230 

Ser Ala Asp Asn Ala Ser Gly Ile Pro Asn Trp Pro Pro Val Phe 
1235 1240 1245 

Ser Asn Gly Asn His Thr Leu Gly Val Gly Thr Arg Ser Pro Ser 
1250 1255 1260 

Pro Ser Val Cys Ser Ile Ser His Asp Ala Gly Phe Phe Gly Ala 
1265 1270 1275 

Ser Gly Ser Asn His Ala Gly Ser Leu Ser Thr Pro Val Cys Leu 
1280 1285 1290 

Pro Gln Leu Pro Gly Ala Ala Ser Ala Ser Glu Gly Pro Cys Glu 
1295 1300 1305 

Ala Gln Gln Thr Pro Pro Gly Ser Ile Pro Glu Ala Thr Thr Leu 
1310 1315 1320 

Gly Gly Leu Ser Ala Ala Ser Gly Asn Pro Asn Ser Thr Phe Ser 
1325 1330 1335 

Val Ser Ala Gly Gly Gly Val Ala Pro Ala Ile Leu Asn Leu Ser 
1340 1345 1350 

Ser Ala Ser Arg Thr Ser Ser Gln Thr Ser Pro Cys Cys Pro Thr 
1355 1360 1365 

Ala Pro Gly Ser Leu Leu Ser Gly Gly Ser Gly Pro Ala Leu Phe 
1370 1375 1380 

Phe Ala Gly Pro Pro Ser Pro Leu Gln Lys Ala Pro Val Tyr Ala 
1385 1390 1395 

Gly Gly Ser Gly Ser Val Cys Ala Ser Ser Gly Asp Ala Ile Ala 
1400 1405 1410 

Ala Ala Ala Leu Leu His Leu Arg Thr Leu Gln Gln Leu Gln Glu 
1415 1420 1425 

Leu Gln Arg His Phe Gln Arg Pro Gly Ser Leu Pro Pro Ala Val 
1430 1435 1440 

Thr Pro Ala Cys Leu Pro Ser Gly Val Ala Gly Cys Ser Pro Ala 
1445 1450 1455 

Gly Leu Gly Ala Ser Thr Pro Gly Thr His Ser Val Val Cys Asn 
1460 1465 1470 

Ser Ser Ala Ser Pro Val Pro Gly Ala Ser Arg Val Pro Arg Arg 
1475 1480 1485 

Pro Asp Gly Arg Gly Thr Gly Gly Ala Gly Gly Asp Pro Gly Pro 
1490 1495 1500 

Ser Lys Arg Gly Ser Val Ser Val Ser Pro Ser Ala Gln Gln Phe 
1505 1510 1515 

Val Leu Leu Gln Leu Lys Gln Gln Gln Pro Gly Ser His Gly Asn 
1520 1525 1530 

Ala Leu Ser Leu Gly Thr Gln Gly Asn Ser Ser Asn Pro Ala Pro 
1535 1540 1545 

Ala Gly Gly Ala Gly Ala Pro Gln Gln His His Pro Gly Val Cys 
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1550 1555 1560 

Tyr Ser Pro Pro Lys Asp Val Trp Arg Ala Arg Ile Thr Val Asp 
1565 1570 1575 

Gly Arg Gln His Glu Gln Gln Phe Ser Val Lys Arg His Gly Phe 
1580 1585 1590 

Glu Glu Ala Arg Leu Leu Ala Val Gln Trp Arg Ala His Met Glu 
1595 1600 1605 

Asn Leu Arg Leu Gly Gly Ala Ala Lys Gly Lys Gly Asn Ala Ser 
1610 1615 1620 

Ala Ser Ser Ala Ser Ala Ala Thr Ala Thr Ser Gln Gly Ser Ser 
1625 1630 1635 

Gln Ser Ser His Gln Pro Pro Leu Gly Ser Leu Met Val Ser Gly 
1640 1645 1650 

Asn Ser Gly Met Ser Gly Pro Gly Ala Gly Pro Leu Ala Asn Arg 
1655 1660 1665 

Gly Leu 
1670 

<210> SEQ ID NO 13 
<211> LENGTH, 2330 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 13 

Met Ser Asp Tyr Ala Pro Ser Arg Phe Ala Ser Pro Pro Gly Asn Ala 
1 5 10 15 

His Pro Lys Ser Pro Leu Phe Ala Arg Pro His Ser Cys Arg Glu Met 
20 25 30 

Glu Thr Arg Ala Ser Val Gly Thr Ser Arg Gly Ser Arg Gln Pro Leu 
35 40 45 

Cys Leu Arg Gly Ser Pro His Gly Cys Leu Ser Pro Gln Lys Gly Gln 
50 55 60 

Asp Arg Leu Pro Ser Phe Ser Pro Leu Arg Thr Gln Pro Thr Leu Leu 
65 70 75 80 

Ser Pro Pro Phe Pro Ser Lys Gly Cys Phe Ser Ser Cys Leu Pro Ser 
85 90 95 

Ser Gln Ala Phe Thr Ser His Arg Ala Arg Gly Pro Ser Pro Glu Val 
100 105 110 

His Ala Val Ser Ala Asp Ala Ser Thr Ser Ser Ser Pro Ile Ser Pro 
115 120 125 

Ala Ser Arg Ser Ala Ser Glu Gln Gln Pro Arg Arg Glu Met Cys Ser 
130 135 140 

Pro Pro Gly Ala Ser Ser Asp Ser Thr Ser Pro Thr Gly Ser Ser Ser 
145 150 155 160 

Cys Ser Ala Glu Gln Asp Asp Val Leu Cys Phe Arg Gln Arg Phe His 
165 170 175 

Leu Pro Pro Leu Leu His Leu Ser Thr Ser Arg Lys Arg Leu Arg Glu 
180 185 190 

Glu Asp Ala Ser Ala Ser Ala Cys Ile Ser Ser Leu Gly Asn Leu Pro 
195 200 205 

Leu Asp Val Asp Thr Lys Arg Arg Arg Gln Glu Tyr Asp Arg Leu Ser 
210 215 220 

Thr Ala Ser Leu Ser Ser Phe Arg Ser Pro Lys Thr Pro Arg Leu Pro 
225 230 235 240 

226 
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Ser Cys Leu Ala Arg Arg Asp Pro Glu Glu Ser His Ala Asp Leu Ser 
245 250 255 

Glu Ser Arg Thr Phe Leu Gln Arg Leu Glu Ala Ala Gly Gln Ser Arg 
260 265 270 

Lys Gly Asp Thr Ser Arg Glu Thr Ile Glu Ala Asp Glu Lys Lys Val 
275 280 285 

Leu Ser Thr His Ser Thr Asp Thr Ser Val Gln Arg Ser Pro Ser Glu 
290 295 300 

Ser Ala Glu Arg Arg Ser Phe Gly Lys Arg Ser Asp Pro Asn Asn Gly 
305 310 315 320 

Leu Pro Met Ala His Ser Pro Thr Pro Phe Thr Ser Lys Arg Thr Asp 
325 330 335 

Leu Gly His Ala Leu Asp Asn Ala Leu Ser Met Arg Ala Ala Ser Arg 
340 345 350 

Cys Gly Phe Pro Gly Pro Ala Glu Ala Thr Val Ala Pro Ala Ala Ser 
355 360 365 

Gly Ala Ser Arg Thr Ala Ser Pro Leu Pro Phe Thr Val Pro Val Val 
370 375 380 

Leu Ala Ala Ser Pro Pro Thr Met Pro Ser Ala Cys Ser Pro Asp Leu 
385 390 395 400 

Cys Arg Ala Ser Thr Ser Pro Leu Ser Cys Ala Gly Val Ser Ser Leu 
405 410 415 

Asp Ala Pro Gln Ala Val Gly Arg Arg Ser Glu Val Ala Ala Cys Val 
420 425 430 

Ser Pro Ala Ala Ser Glu Glu Thr Val Gly Asp Thr Arg Glu His Ala 
435 440 445 

Asp Leu Ser Ser Pro Val Ala Trp Pro Val Ala Cys Leu Ala Ser Ser 
450 455 460 

Pro Gly Val Ala Lys Lys Pro Leu Asp Leu Gln Ile Asp Pro Glu Gln 
465 470 475 480 

Pro Arg Gly Asn Asp Lys Leu Val Glu Pro Glu Phe Pro Gly Gly Thr 
485 490 495 

Ala Ala Val Ser Glu Ser Ala Pro Val Ala Gly Ala Asp Ala Pro Arg 
500 505 510 

Leu Cys Asp Tyr Gly Leu Ser Glu Ala Gly Val Leu Pro Ala Ser Gly 
515 520 525 

Pro Trp Leu Arg Lys Pro Asn Pro Met Leu Thr Pro Asp Thr Glu Trp 
530 535 540 

Ala Ala Pro Ser Ser Gln Glu Asp Arg Ala Cys Thr Gln Lys Glu Thr 
545 550 555 560 

Ser Ala Ala Arg Leu Ala Pro Asn Leu Leu Tyr Arg Gln Ala Asp Ala 
565 570 575 

Ala Ala Asp Asn Val Thr Lys Gly His Glu Asp Asp Ser Gln Phe Pro 
580 585 590 

Leu Arg Ser Gly Ser Phe Thr Ser Ser Ala Val Ala Cys Pro Ser Pro 
595 600 605 

Pro Asp Val Gln Ala Asp Ser Glu Ala Ala Cys Thr Trp Gly Thr Pro 
610 615 620 

Gly Asn Gly Asp Thr Cys Glu Ser Thr Gly Gly Trp Arg Gly Ala Thr 
625 630 635 640 

Asn Val Glu Ala His Thr Cys Leu Thr Gly Glu Asp Gly Ser Arg Tyr 
645 650 655 

Gly Leu Gln Gly Pro Leu Ser Gln Asp Ser Pro Phe Gln Pro Pro Leu 
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660 665 670 

Pro Ser Met Arg Pro Val His Phe Gly Gly Phe Glu Ala Trp Gly Gly 
675 680 685 

Asn Ser Glu Ala Ser Gln Gly Asp Ala Gln Gly Leu Gln Phe Pro Arg 
690 695 700 

Val Glu Arg Phe Ser Ser Arg Arg Thr Glu His Gly Ser Glu Gly Gly 
705 710 715 720 

Phe Cys Gly Gln Leu Ala Gly Glu Leu Leu Pro Thr Ser Thr Ser Gly 
725 730 735 

Gln Pro His Ser Gln His Val Ala Asp Leu Glu Ser His Thr Gly Ala 
740 745 750 

Val Phe Ala Ser Cys Asp Pro Ala Met His Ala His Ala Ser Leu Tyr 
755 760 765 

Gly Tyr Pro Gly Ala Phe Tyr Asn Ser Phe Gly Thr Ala Ser Ser Ile 
770 775 780 

Phe Asp Leu Thr Gln Pro Pro Gln Ala Phe Leu Tyr Gly Gly Thr Tyr 
785 790 795 800 

Gly Asn Asn Gly Pro Asp Asp Tyr Cys Val His Arg Thr Asn Ser Thr 
805 810 815 

Ser Cys Gln Gly Phe Thr Ala Pro Asp Asn Ile Ser Thr Gly Thr Leu 
820 825 830 

Asn Thr Ala Asp Ala Gln Gln Glu Trp Thr Thr Pro Ala Pro Val Ser 
835 840 845 

Asp Ala Ala Val Gly His Trp Glu Thr Ser Asp Phe Gly Pro Gln His 
850 855 860 

Leu Asn Gly Arg Ala Ser Ser Ser Val Pro Asp His Gly Gly Gly Leu 
865 870 875 880 

Pro Phe Gly Gly Asn Gly Asn Ser Trp Gly Thr Ser Gly Asn Gly Asp 
885 890 895 

Ala Trp Gly Thr Pro Gly Asn Gly Asp Thr Cys Glu Ser Thr Gly Gly 
900 905 910 

Trp Arg Gly Thr Thr Asn Val Glu Gly His Thr Cys Leu Thr Gly Glu 
915 920 925 

Asp Gly Ser Arg Tyr Gly Leu Gln Ala Pro Leu Ser Gln Asp Ser Pro 
930 935 940 

Tyr Gln Pro Pro Leu Pro Pro Met Gln Pro Val His Phe Ala Asn Phe 
945 950 955 960 

Tyr Ser Ala Cys Phe Pro Pro Leu Pro Pro Pro Pro Val Phe Pro Gly 
965 970 975 

Ile Gly Cys Val Ser Ala Ser Tyr Pro Asp Ile Leu Leu Pro Gln Ala 
980 985 990 

Arg Phe Leu Ser Gln Ser Cys Pro Gly Pro Pro Ser Val 
1005 

Leu Arg Cys 
995 1000 

Pro Pro Pro Ala Ala Leu Leu Arg Gly Ser Ser Pro Leu Asp Cys 
1010 

Trp Ser 
1025 

Phe Ala 
1040 

Asn Leu 
1055 

1015 1020 

Leu Pro Ala Leu Pro Ser Leu Pro Arg Ile Pro Ser Asp 
1030 1035 

Ser Asp Pro Ala Ser Val Pro Leu Pro Ala Ala Val Gln 
1045 1050 

Pro Glu Asp Ser Pro Arg Leu Arg Leu Pro Cys Gln Gly 
1060 1065 

Ala Ser Thr Arg Asp Gln Ser Pro Leu Gln Tyr Glu Gly Asn Phe 
1070 1075 1080 
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Gly Gly Ser Asp Glu Val Leu Arg Pro Gln Val Glu Val Ala Glu 
1085 1090 1095 

Asn Arg Gly Thr Pro Asn Phe Leu Ala Ala Ser Tyr Ser Leu Leu 
1100 1105 1110 

Gly Ala Phe Ser Cys Glu Gly Asp Asn Arg Asp Asn Glu Tyr Glu 
1115 1120 1125 

Thr Gln Leu Trp Gln Gln Leu Asn Glu Ser Gly Glu Leu Gly Val 
1130 1135 1140 

Ser Gly Leu Pro Gln Pro Tyr Ser Val Glu Glu Gly Arg Arg Gln 
1145 1150 1155 

Glu Leu Gln Ser Pro Tyr Pro Ala Pro Tyr Glu Asn Ile Pro Tyr 
1160 1165 1170 

Ser Thr Pro Ser Tyr Asn Ser Val Ser Tyr Thr Ala Ala Ser Lys 
1175 1180 1185 

Asp Arg Leu Val Gly Asp Asn Thr Ala Tyr Asn Gly Ala Ala Tyr 
1190 1195 1200 

Cys Pro Phe Tyr Gly Gly Ser Gly Met Tyr Glu Thr Pro Gln Arg 
1205 1210 1215 

Ser Glu Glu Asn Ser Leu Tyr Ser Ala Asp Pro Gln Val His Phe 
1220 1225 1230 

Ser Glu Ser Glu Lys Thr Gly Ser Ser Asp Ser Phe Pro Tyr Ser 
1235 1240 1245 

Phe Phe Ser Leu Gly Thr Pro Ala Leu Tyr Pro Gly Gly Ser Leu 
1250 1255 1260 

Gln Thr Gly Ala His Leu Glu Glu Val Pro Gly Ser Gly Asp Ala 
1265 1270 1275 

Glu Gly Ser Ala Trp Ser Pro Ser Leu Glu Ser Arg Arg Leu Arg 
1280 1285 1290 

Gly Arg Thr Arg Ser Pro His Ala Gln Ser Pro Asn Ser Asn Arg 
1295 1300 1305 

Ser Arg Gly Ala Ala Trp Thr Phe Ser Pro Ala Ser Leu Pro Phe 
1310 1315 1320 

Glu Val Pro Ala Ala Ala Lys Ala Ser Gly Arg Lys Arg Arg Ala 
1325 1330 1335 

Pro Gly Ser Leu Pro Ala Gln Thr Asp Arg Gly His Lys Asp Phe 
1340 1345 1350 

Leu Leu Glu Leu Leu Ala Ser Arg Leu Glu Pro Val Lys Gly Val 
1355 1360 1365 

His Met Asp Arg Leu Arg Lys Thr Trp Val Ala Ser Trp Leu Val 
1370 1375 1380 

Gly Lys Arg Arg Ile Thr Arg Ile Phe Ser Phe Gln Lys Phe Gly 
1385 1390 1395 

Phe Phe Gly Ala Arg Glu Gln Ala Ile Arg His Arg Arg Glu Ala 
1400 1405 1410 

Leu Leu Asn Pro Glu Leu Asp Asn Ser Glu Arg Arg Glu Ala Leu 
1415 1420 1425 

Ala Asn Val Glu Arg Ala Thr Asp Asp Glu Leu Gln Gln Ala Ala 
1430 1435 1440 

Asp Ala Leu Pro Phe Val Val Gly Val Thr Tyr His Arg Ala Ser 
1445 1450 1455 

Arg Cys Trp Val Ala Asn His Arg Lys Pro Met Gly Lys Ile Val 
1460 1465 1470 
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Gln Arg Lys Lys Phe Ala Val Ala Glu Leu Gly Phe Leu Glu Ala 
1475 1480 1485 

Arg Tyr His Ala Ala Val Met Met Phe Cys Trp Asn Lys Gln Gly 
1490 1495 1500 

Arg Thr Gln Glu Pro Glu Asp Tyr Asp Gln Gly Ala Thr Glu Ala 
1505 1510 1515 

Phe Asn Ser Arg Gln Val Pro Gln Arg Pro Gly Asp Asp Arg Ala 
1520 1525 1530 

Phe Glu Phe Ser His Pro Thr Cys Ser Glu Asn Glu Pro Leu Tyr 
1535 1540 1545 

Thr Leu Lys Ala Leu Asp Ser Gly Thr Cys Asp Asp Ala Met Val 
1550 1555 1560 

Leu Leu Ala Phe Ile Cys Gly Ser Pro Trp Arg Lys Ile Cys Arg 
1565 1570 1575 

Gly Gln Gln Cys Gly Asp Asp Pro Thr Leu Leu Glu Ala Ala Ser 
1580 1585 1590 

Thr Ile Gln Thr Glu Lys Ser Leu Trp Arg Thr Arg Val Lys Ser 
1595 1600 1605 

Ala Ala Asp Glu Val Arg Glu Gly Pro Gln Arg Arg Leu Glu Gly 
1610 1615 1620 

Thr Asp Ala Gly Asp Ser Gly Ala Phe Pro Arg Gly Gln Ser Pro 
1625 1630 1635 

Glu Lys Gly Arg Pro Arg Arg Arg Arg Lys Thr Ala Thr Leu Arg 
1640 1645 1650 

Glu Gln Glu Asp Val Thr Glu Asp Lys Thr Glu Asp Gly Arg Glu 
1655 1660 1665 

Asp Lys Thr Glu Asp Gly Gly Glu Asp Lys Thr Glu Asp Gly Gly 
1670 1675 1680 

Glu Asp Gly Arg Glu Asp Glu Gly Glu Asp Glu Gly Glu Asp Pro 
1685 1690 1695 

Gly His Gly Trp Gly Glu Arg Arg Arg Cys Arg Lys Ser Asp Arg 
1700 1705 1710 

Glu Asn Ala Gly Glu Ala Glu Arg Gly Gln Lys Arg Glu Lys Arg 
1715 1720 1725 

Gln Gln Ser Glu Gly Arg Cys Val Val Ala Glu Val Asp Leu Arg 
1730 1735 1740 

Asp Ala Lys Asp Thr Val Val Arg Arg Asn Arg Val Ala Arg Arg 
1745 1750 1755 

Glu Gly Leu Glu Thr Gly Phe Gly Lys Lys Asn Ala Lys Ser Gly 
1760 1765 1770 

Ala Glu Ser Cys Leu Ser Gln Thr Pro Ala Leu Gly Pro Ser Ser 
1775 1780 1785 

Pro Pro Phe Pro Val Ser Phe Lys Lys Arg Arg Lys Ser Ser Ser 
1790 1795 1800 

Arg Glu Ala Asp Leu Arg Gln Ser Arg Pro Arg Arg His Arg Asn 
1805 1810 1815 

Asp Thr Glu Glu Ala Arg Ser Ile Cys Glu Asp Ser Pro Ser Ser 
1820 1825 1830 

Glu Val Ala Pro Thr Pro Ala Ser Ser Ser Phe Ser Pro Ala Ala 
1835 1840 1845 

Ser Leu Ser Ser Asp Gly Ser Arg Leu Gly Ser His Asn His Asp 
1850 1855 1860 

Leu Thr Asp Ser Gly Arg Ser Ala Ser Val Ser Arg Gly Arg Ser 
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1865 1870 1875 

Thr Asp Phe Ser Met Phe Ala Gly Leu Pro Tyr Leu Lys Ser Leu 
1880 1885 1890 

Glu Ser Asn Thr Arg Phe Val Pro Pro Ser Arg Pro Gly Glu Ser 
1895 1900 1905 

Gly Leu Pro Asn Val Tyr Ala Ser Tyr Asn Ser Gly Leu Ala Phe 
1910 1915 1920 

Glu Ala Asn Arg Pro Cys Pro Leu Ala Phe Asp Ser Arg Ala Asp 
1925 1930 1935 

Pro Thr Gly Trp Pro His Thr Phe Pro His Pro Ala Glu Ala Tyr 
1940 1945 1950 

Gly Ser Gly Ile Ala Ser Trp Thr Pro Asn Ala Asn Gly Phe Phe 
1955 1960 1965 

Glu Ser Leu Ala Tyr Thr Gly Asn Leu Glu Glu Leu Arg Asp Leu 
1970 1975 1980 

Cys Gly Arg Thr Pro Asp Ala Arg Asp Ser Ser Asp His Trp Gln 
1985 1990 1995 

Glu Ala Ala Ala Ala Ala Ser Ser Arg Leu Pro Leu Arg Pro Pro 
2000 2005 2010 

Ala Val His Ser Trp Gln Asp Ala Pro Cys Ala Lys Asp Pro Ala 
2015 2020 2025 

Pro Cys Val Glu Leu Ala Arg Asp Glu Cys Leu Ala Gly Gly Asp 
2030 2035 2040 

Arg Gln Thr Cys Arg Phe His Ser Ala Phe Asp Ser Ala Asp Ala 
2045 2050 2055 

Gly Asp Tyr Lys Phe Asn Thr Asp Ala Arg Cys Leu Arg Gly Pro 
2060 2065 2070 

Thr Phe Asn Pro His Ser Asn Ala Val Ala Thr Leu Arg Arg Glu 
2075 2080 2085 

Gln Glu Ala Ala Arg Gly Ala Ser Gly Gln Thr Pro Ser Phe Phe 
2090 2095 2100 

Phe Pro Arg Leu Val Pro Val Ala Gln Thr Asp Trp Glu Ala Asp 
2105 2110 2115 

Pro Gly Arg Gly Ser Gly Asp Ser Leu Ser Ala Pro His Glu Ala 
2120 2125 2130 

Gly Glu Ala Val Gly Val Glu Gly Ser Glu Gly Ala Pro Cys Glu 
2135 2140 2145 

Trp Asn Phe Glu Arg Asp Ala His Pro Val Ile Leu Pro Thr Ser 
2150 2155 2160 

Asn Cys Ser His Gly His Glu Arg Leu Ala Ser Ser Asn Ala Phe 
2165 2170 2175 

Thr Glu Ala Lys Gln Arg Asn Ala Leu Arg Cys Thr Pro Gln Glu 
2180 2185 2190 

Thr Val Gly Gly Val Asn Glu Asn Gly Ser Pro Leu Phe Ser Thr 
2195 2200 2205 

His Arg Asp Ala Pro Glu Ala Met Ser Ala Leu Thr Glu Val Ser 
2210 2215 2220 

Asp Arg Glu Thr Gln Arg Gly Pro Ala Val Leu Gln Ser Gly Asn 
2225 2230 2235 

Thr Glu Ala Leu Leu Gln Asp Ser Thr Ser Asn Ser Ala Ser Pro 
2240 2245 2250 

Thr Gln Arg Arg Ala His Gly Leu Asp Pro Glu Pro Asp Glu Ser 
2255 2260 2265 
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Lys Ala Arg Gly Glu Arg Ser Lys Glu Glu Asp Arg Glu Thr Leu 
2270 2275 2280 

Arg Thr Glu Ala Pro Ser Lys Gly Arg Lys Gln Ile Leu Ser Pro 
2285 2290 2295 

Pro Thr Glu Arg Asn Ser Met Tyr Gly Glu Ala Met Ser Ile Asp 
2300 2305 2310 

Arg Gln Val Ser Ala Leu Pro Thr Leu Leu Ser His Gly Thr Ala 
2315 2320 2325 

Phe Pro 
2330 

<210> SEQ ID NO 14 
<211> LENGTH, 1438 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 14 

Met Ala Ala Ala Ser Pro Pro Ala Gln Pro Leu Gly Ala Thr Ser Pro 
1 5 10 15 

Cys Thr Phe Ser Pro Pro Cys Ser Phe Ser Pro Ser Asp Thr Cys Ser 
20 25 30 

Val Phe Phe Ala Thr Pro Ser Arg Ala Val Ser Ala Val Pro Glu Leu 
35 40 45 

Pro Ala Thr Ser Ser Ala Gln Leu Pro Glu Arg Thr Arg Leu Arg Asn 
50 55 60 

Arg Ser Ile Gln Ser Ala Ser Thr Thr Glu Ala Ser Pro Phe Val Asp 
65 70 75 80 

Ser Ala Ser Leu Phe Pro Glu Ser Leu Ser Glu Ala Pro Lys Ala Val 
85 90 95 

Ser Val Asp Gly Glu Ser Arg Arg Thr Arg Glu Arg Arg Arg Lys Ser 
100 105 110 

Arg Ser Leu Leu Ala Ala Ala Glu Glu Thr Pro Glu Ala Thr Ala Ala 
115 120 125 

Ser Pro Asn Gly Ser Ser Ser Glu Ile Ser Asp Glu Ala Ser Thr Phe 
130 135 140 

Val Leu Thr Pro Ala Thr Ala Ser Leu Ala Pro Ala Ala Leu Pro Pro 
145 150 155 160 

Phe Met Thr Glu Arg Ser Asp Pro Thr Glu Lys Lys Tyr Glu Ala Gln 
165 170 175 

Asn Met Gln Val Thr Ala Val Glu Pro Val Gly Leu Ala Pro Arg Ser 
180 185 190 

Ala Ser Arg Ser Glu Leu Gly Asp Ala Glu Ser Leu Ser Ala Gly Lys 
195 200 205 

Ser Gly Leu Gln Gly Glu Ser Ala Ala Pro Thr Ala Ala Leu Glu Ala 
210 215 220 

Asp Ala Gly Glu Thr Arg Leu Glu Thr Gly Leu Ala Gly Glu Pro Val 
225 230 235 240 

Asn Ser Ser Ser Glu Gly Val Gly Tyr Gly Gly Asp Glu Gln Thr Val 
245 250 255 

Ala Gly Glu Thr Arg Glu Pro Gly Thr Ala Glu Glu Lys Leu Gly Asp 
260 265 270 

Leu Lys Pro Glu Val Arg Pro Arg Phe His Ala Tyr Ala Glu Gln Asp 
275 280 285 

Val Cys Ala Trp Ala Thr Ser Met Leu Ala Arg Lys Glu Leu Arg Lys 

238 
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290 295 300 

Leu Lys Ala Ala Ala Val Lys Leu Glu Gly Asp Arg Met Pro Arg Ser 
305 310 315 320 

Asp Val Val Gly Leu Tyr Phe Lys Lys His Arg Pro Cys Trp Ser Val 
325 330 335 

Asp Tyr His Thr Arg Gln Gly Lys Arg Lys Thr Val Glu Phe Phe Val 
340 345 350 

Pro Asp Leu Ser Arg Glu Thr Ile Glu Leu Val Leu Val His Ala Ile 
355 360 365 

Glu Cys Arg Lys Tyr Met Pro Arg Arg Phe Asp Gln Ala Pro Ala Phe 
370 375 380 

Val Pro Glu Pro Asp Asp Thr Thr Ser Gly Met Pro Tyr Arg Tyr Gly 
385 390 395 400 

Ala Arg Leu Leu Ser Pro Lys Val Leu Ala Trp Ile Val Glu Asn Thr 
405 410 415 

Asn Gly Ser Gly Arg Thr Ser Gln His Gly His Gly Gln Ser Arg Arg 
420 425 430 

Leu Glu Gly Asp Lys Val Gly Glu Gly Asp Ala Gly Ala Gln Leu Leu 
435 440 445 

Ser Gly Pro Ala Gly Ile Asp Ala Phe Gly Ser Arg Ser Pro Arg Ala 
450 455 460 

Gly Phe Ala Arg Gln Arg Asp Asn Asn Ser Arg Arg Gln Gly Lys Ala 
465 470 475 480 

Ser Gly Cys Arg Pro Gly Ala Asp Leu Ala Thr Ser Ser Glu Glu Lys 
485 490 495 

Ala Thr Arg Glu Gly Glu Thr Glu Leu Pro Gly Gly Ser Ala Gly Pro 
500 505 510 

Gly Ser Val Pro Ala Gly Thr Ala Tyr Gly Asp Tyr Ala Arg Gln Leu 
515 520 525 

Pro Ser Glu Gly Tyr Gln Thr Pro Pro Thr Met Glu Gly Arg Met Thr 
530 535 540 

Pro Ala Gly Leu Leu Ser Gly Gln Glu Phe Gly His Gly Gln Gly Met 
545 550 555 560 

Gln Gly Ala Gly Val Met Trp Arg Asp Asp Pro Arg Gln Ala Leu Gln 
565 570 575 

Ala Met Pro Gln Pro Leu Asn Leu Ala Pro His Ala Thr Pro Phe Met 
580 585 590 

Ser Arg Ala Gly Gly Leu Tyr Asp Gln Arg Glu Ala Ser Val Glu Pro 
595 600 605 

Gly Arg Asp Val Tyr Pro Val His Tyr Pro Thr Pro Tyr Ala Tyr Gly 
610 615 620 

Pro Gly Ile Pro Ala Asp Ala Gly Ala Pro Ser Ala Gly Pro Gly Pro 
625 630 635 640 

Tyr Pro His Gln Phe Pro Ser Gly Gly Ala Gly Tyr Val Val Asn Gly 
645 650 655 

Arg Val Pro Asp Ser Ala Asp His Glu Ala His Ser Pro Arg Ser Pro 
660 665 670 

Glu Ser Tyr Trp Gly Pro Gln Ala Gly Ser Gln Gly Ala Glu Asp Lys 
675 680 685 

Asp Cys Gln Val Val Gly Cys Met Leu Pro Asn Gly Ser Glu Met Ala 
690 695 700 

Met Arg Arg Met Glu Ser Tyr Val Gly Asp Arg Asp Asn Leu Arg Gly 
705 710 715 720 
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Ser Ala Ala Phe Ala Gly Asp Gly Arg Thr Gln Ala Glu Gly Leu Ser 
725 730 735 

Pro Gln Cys Glu Pro Asn Ala Lys Arg Arg Arg Leu Gln Ala Gly Gly 
740 745 750 

Asp Gly Ser Asn Gly Gly Leu Glu Ala Ser Gly Pro Glu Arg Pro Phe 
755 760 765 

Pro Gly Ser Gln Met Leu Gln Pro Ser Asp Glu Trp Ala Arg Asn Gly 
770 775 780 

Gln Arg Ala Phe Ala Val Gln Pro Gly Thr Gly Gly Arg Thr Phe Met 
785 790 795 800 

Asn Gly Gly Phe Arg Gln Pro Gly Pro Glu Asp Ala Arg Gln Pro Leu 
805 810 815 

Leu Leu Ser Ser Ala Pro Tyr Ser Pro Pro Ser Val Phe Pro Ala Ala 
820 825 830 

Pro Pro His Leu Ser His Ala Val Arg Leu Pro Pro Gly Ser Ser Asp 
835 840 845 

Ala Ala His Arg Thr Pro Met Ser Gly Ala Ala Gly Cys Ala Ser Pro 
850 855 860 

Val Ala Ser Ala Phe Arg Lys Glu Ala Glu Ala Ser Glu Trp Pro Ser 
865 870 875 880 

Asn Glu Val Tyr Gly Ser Pro Gln Ala Phe Pro Asp Lys Ala Asn Ala 
885 890 895 

Phe Ala Lys Gly Val Thr Leu Pro Arg Arg Gln Ser Phe Ala Phe Ser 
900 905 910 

Asp Ala Gly Leu Pro Thr Pro Thr Thr Ser Pro His His Gly Ser Tyr 
915 920 925 

Cys Ala Ser Thr Ile Ala Ser Ser Ser Pro Lys Ser Ala Ser Pro Val 
930 935 940 

Ser Gln Ser Gly Cys Phe Pro Cys Asp Phe Tyr Pro Ala Thr Ala His 
945 950 955 960 

Tyr Ser Gly Pro Gly Val Glu Thr Pro Ser Asp Val Ser Ser Phe Val 
965 970 975 

Pro Ala Pro Ala Glu Thr Ala Glu Gln Gln Ile His Gly Ala Gly Gln 
980 985 990 

Ala Ala Val Lys Thr Pro Glu Ser Gly Leu His Met Pro Ser Ser Gly 

Trp Pro 
1010 

Tyr Ala 
1025 

Ser Leu 
1040 

Gly Asp 
1055 

Pro Ser 
1070 

Glu Gly 
1085 

Val Glu 
1100 

Gln Gly 
1115 

995 1000 1005 

Gln Gln Ala Ser Val 
1015 

Ser Arg Ala Phe Ala 
1030 

Arg Pro Ser Trp Arg 
1045 

Leu Thr Thr Gln Glu 
1060 

Ser Pro Val Trp Ser 
1075 

Cys Gly Val Trp Leu 
1090 

Gly Ala Ala Asp Pro 
1105 

Lys Pro Gln Glu Gly 
1120 

Pro Gly Ala His Gly 
1020 

Asn Gly Ala His Ala 
1035 

Tyr Pro Gly Gly Glu 
1050 

Gln Asn Ala Pro Ala 
1065 

Gly Asn Thr Gly Val 
1080 

Glu Asn Arg Gln Ala 
1095 

Gly Val Gln Gly Ser 
1110 

Gly Arg Cys Ser Pro 
1125 

Ala Glu Phe 

Pro Ser Leu 

Arg Ser Glu 

Gly Ala Ser 

Cys Thr Thr 

Ala Gly Ser 

Ala Cys Met 

Glu Pro Ala 
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Leu Gly 
1130 

Ala Cys 
1145 

Ala Trp 
1160 

Glu Cys 
1175 

Met Gly 
1190 

Leu Pro 
1205 

Lys Pro 
1220 

Ser Pro 
1235 

Lys Glu 
1250 

Ala Leu 
1265 

Leu Ala 
1280 

Pro Thr 
1295 

Val Glu 
1310 

Pro Asp 
1325 

Asn Ala 
1340 

Ala Gln 
1355 

Pro Asp 
1370 

Val Gly 
1385 

Glu Gln 
1400 

Gly Leu 
1415 
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Val Arg Arg Pro Ala 
1135 

Arg Ala Val Glu Asp 
1150 

Gly Asn Glu Ala Arg 
1165 

Cys Gly Asp Gln Ala 
1180 

Ser Arg Ala Glu Leu 
1195 

Pro Ala Ser Pro Leu 
1210 

Gly Ser Arg Ile Phe 
1225 

Pro His Glu Gly Ser 
1240 

Asn Gly Glu Gly Ala 
1255 

Trp Pro Asn Gly Gly 
1270 

His Glu Glu Glu Lys 
1285 

Pro Phe Cys Ser Ser 
1300 

His Thr Arg Glu Phe 
1315 

Leu Ser His Thr Ala 
1330 

Pro Leu Cys Gly Gly 
1345 

Ala Gly Asp Gly Glu 
1360 

Ser Gln His Leu His 
1375 

Lys Leu Val Thr Asp 
1390 

His Pro Gly Glu Gly 
1405 

Ala Ala Arg Ala Thr 
1420 

US 11,414,385 B2 
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Glu Phe Ala Gly Ala 
1140 

Arg Thr Met Thr Gly 
1155 

Arg Glu Thr Val Thr 
1170 

Arg Asp Pro Met Val 
1185 

Ser Gly Phe Asp Asp 
1200 

Asn Glu Cys Met His 
1215 

Pro Glu Phe Gly Ala 
1230 

Phe Val Gln Glu Phe 
1245 

Ala Gly Ala Val Asp 
1260 

Ala Phe Gly Gln Arg 
1275 

Glu Gly Glu Leu Trp 
1290 

Pro Ala Leu Trp Cys 
1305 

Asp Val Met Asp Met 
1320 

Gly Pro Val Ser Arg 
1335 

Cys Val Val Ala Gly 
1350 

Ser Lys Gln Gly Ala 
1365 

Gly Gly Ala Ala Asn 
1380 

Glu Thr Ala Gln Thr 
1395 

Asp Ser Thr Glu Gln 
1410 

Pro Gln Arg Glu Thr 
1425 

Pro Val Gly 

Glu Arg Gly 

Gly Asp Gln 

Phe Ser His 

Gly Ser Glu 

Pro Leu Gly 

Trp Pro Gly 

Asp Ile Phe 

Asp Ala Met 

Thr Asp Pro 

Lys Gly Gln 

Val Cys Pro 

Val Thr Leu 

Pro Leu Pro 

Val Gly Glu 

Lys Leu Ala 

Pro Gly Ala 

Ser Gly Arg 

Arg Leu Ser 

Lys Arg Pro 

Gly Pro Ser Arg Arg Thr Glu Gly Glu Leu 
1430 1435 

<210> SEQ ID NO 15 
<211> LENGTH, 3817 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 15 

Met Asp Phe Glu Arg Gly Glu Ser Pro Gly Asp Ser Arg Gly Ser Val 
1 5 10 15 

Ala Phe Leu His His Thr Glu Lys Leu Glu Arg Leu Pro Gly Thr Gly 
20 25 30 

Glu Thr Thr Ile Arg Gly Met Ser Phe Thr Pro Pro Tyr Ile Cys Met 
35 40 45 

244 
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Glu Arg Pro Pro Arg Ala Asn Cys Glu Ala Leu Arg Leu Lys Ser Pro 
50 55 60 

Pro Glu Asn Arg Ala Phe Ser Ser Arg Ser Glu Ser Pro Ser Pro Thr 
65 70 75 80 

Pro Phe Ala Arg Glu Cys Ala Ser Leu Gly Leu Val Trp Gly Asp Glu 
85 90 95 

Gly Thr Arg Ala Gly Leu Leu Arg Thr Arg Leu Phe Thr Pro Pro Asp 
100 105 110 

His Thr Pro His Leu Leu Ala Glu Thr Gly Ala Ser Cys Leu Glu Asp 
115 120 125 

Leu Phe Pro Gly Thr Val Pro Gln Leu Leu Ser His Leu Pro Ser Pro 
130 135 140 

Pro Pro Val Pro Gly Val Ala Arg Ala Ser Arg Ser Ser Ser Pro Leu 
145 150 155 160 

Ala Gly Gly Ser Ser Leu Ala Cys Ala Ser Pro Trp Pro Arg Ser Ala 
165 170 175 

Thr Pro Phe Phe Ala Ala Asn Met Pro Ala Leu Leu Pro Gly Arg Gly 
180 185 190 

Pro Met Arg Val Thr Lys Trp Leu Asp Gly Gln Val Ser Asp Pro Gln 
195 200 205 

Ser Asp Ser Cys Leu Arg Gly Gly Ala Ser Arg Val Glu Arg Ala Ala 
210 215 220 

Ala Leu Leu Cys Gly Arg Ser Glu Glu Glu Gln Glu Arg Glu Arg Ser 
225 230 235 240 

Val Asp Glu Arg Arg Leu Arg Lys Ala Ile Gly Val Thr Asp Glu Asp 
245 250 255 

Glu Ser Glu Arg Glu Arg Glu Thr Glu Gly Gly Val His Glu Arg Leu 
260 265 270 

Ser Arg Cys Ala Ala Ala Thr Ala Ala Asp Arg Ala Asn Asn Leu Leu 
275 280 285 

Gly Leu Gly Val Glu Arg Gly Pro Glu Val Ala Gly Gly Arg Leu Gly 
290 295 300 

Gly Tyr Trp Thr Thr Glu Ser Glu Val Tyr Pro Gln Arg Ile Gly Glu 
305 310 315 320 

Leu Glu Gly Glu Gly Leu Gly Ser Pro Asp Pro Val Ala Ala Ser Ala 
325 330 335 

Leu Val Thr Ala Val Gln Asp Ser Arg Glu Asn Leu Asn Cys Leu Thr 
340 345 350 

Gly Val Leu Thr Thr Leu Arg Leu Ser Ser Arg Asp Ser Glu Gly Asp 
355 360 365 

Phe Asp Leu Pro Leu Phe Val Gln Ser Arg Lys Trp Arg Ala Lys Tyr 
370 375 380 

Asn Arg Arg Ser Leu Asp Leu Lys Gly Thr Val Ala Arg Ser Lys Ala 
385 390 395 400 

Leu Gly Tyr Pro Ala Gly Leu Gln Ile Pro Glu Thr Tyr Arg Asp Leu 
405 410 415 

Lys Asn Cys Met Gln Arg Pro Pro Ser Ile Asp Ala Ala Asp Ser Arg 
420 425 430 

Ala Trp Arg Ser Ala Glu Ala Pro Arg Ala Ala Lys Lys Val Phe Ser 
435 440 445 

Glu Gly Arg Arg Ala Thr Asp Arg Asp Glu Gln Val Ala Phe Val Glu 
450 455 460 
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Asp Glu Val Thr Glu Gln Leu Leu Phe Asn Ala Asn Ala Ala Val Glu 
465 470 475 480 

Gly Thr Thr Leu Tyr Asn Asn Leu Leu Cys Lys Tyr Gly Leu Glu Thr 
485 490 495 

Arg Cys Phe Ser Thr Ser Ser Ala Pro Gly Asn Thr Ala Phe Glu Ser 
500 505 510 

Arg Leu Ala Arg Ser Asp Ala Asp Pro Thr Ala Ser Ser Gln Ser Ala 
515 520 525 

Ser Ala Leu Ser His Ala Ala Val Ser Pro Ser Leu Ala Ser Ala Leu 
530 535 540 

Pro Val Ser Ser Leu Leu Leu Glu Asp Ala Ala Asp Ala Val Gly Asp 
545 550 555 560 

Arg Ser Glu Leu Glu Thr Gly Ser Gln Ala Glu Ala Ala Ile Pro Thr 
565 570 575 

Ser Glu Ala Ser Cys Met Arg Arg Glu Lys His Val Gly Glu Glu Ser 
580 585 590 

Arg Ala Asp Lys Gly Ala Phe Leu Arg Ser Ala Ser Asp Ser Thr His 
595 600 605 

Ala Glu Glu Asp Gly Leu Ser Gly Gly Lys Asp Ala Ser Ser Arg Glu 
610 615 620 

Gly Gly Ser Glu Glu Arg Glu Glu Ala Ala His Glu Ala Ala Asp Ser 
625 630 635 640 

Leu Trp Ser Leu Val Leu Asn Arg Asn Ile Ala Ala Leu Pro Gly Phe 
645 650 655 

Met Thr Val Gly Arg Tyr Glu Cys Asp Leu Leu Pro Lys Arg Ser Ala 
660 665 670 

Phe Ser Arg Lys Gln Leu Ala Gly Leu Val Ala Gly Ser Arg Pro Leu 
675 680 685 

Pro Val Leu Pro Ser Ser Ser Asp Thr Pro Gly Ser Ala Ser Thr Glu 
690 695 700 

Leu Leu Ala Glu Arg Val Ala Cys Ala Leu Thr Leu Asp Glu Gly Glu 
705 710 715 720 

Ala Trp Asn Pro Ser Asp Ala Ser Asp Leu Asp Asp Phe Leu Glu Ser 
725 730 735 

Ser Cys Ala Pro Asn Ala Leu Arg Arg Gly Arg Gln Ala Val Val Pro 
740 745 750 

Val Arg Gly Ala Arg Arg Arg Arg Gly Ala Asp Leu Gly Leu Ser Pro 
755 760 765 

Pro Pro Ser Ser Pro Ala Val Arg Cys Arg Ser Leu Val Arg Trp Ser 
770 775 780 

Gln Gln Arg Pro Phe Phe Ser Asn Val Ser Ala Cys Ala Gly Ala Ala 
785 790 795 800 

Asp Ser Arg Arg Glu Glu Trp Lys Asp Ala Gly Lys Val Ala Lys Pro 
805 810 815 

Gly Ser Glu Ser Ala Leu Thr Ser Arg Asp Leu His Ala Ser Thr Gly 
820 825 830 

Leu Val Asn Ala Ala Leu Asp Ser Ser Glu Gln Lys Ser Gly Glu Arg 
835 840 845 

Glu Ser Ser Leu Ser Pro Gln Glu Arg Ile Leu Thr Gln Val Lys Lys 
850 855 860 

Glu Leu Glu Asp Glu Arg Val Arg Glu Lys Gln Thr Ile Arg Asp Lys 
865 870 875 880 

Asp Ser Glu Lys Gly Gln Gly Gly Glu Ser Asn His His Met Pro Gly 
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885 890 895 

Thr Ala Asn Gly Gln Arg Thr Pro Asn Glu Gly Glu Ala Pro Met Glu 
900 905 910 

Thr Glu Glu Ala Pro Thr Leu Glu Pro Ser Asn Gly Met His Arg Asp 
915 920 925 

Gly Gln Asp Ala Gly Ala Arg Met His Ser Ser Ser Thr Arg Ala Leu 
930 935 940 

Glu Gly Ala Val Glu Asp Glu Pro Lys Val Thr Leu Pro Asp Lys Asp 
945 950 955 960 

Glu Pro His Ala Ser Ala Leu Cys Gly Glu Arg Glu Lys Gln Arg Gln 
965 970 975 

Ser Phe Phe Ser Ser Val Ser Ser Arg Glu Asp Ala Gln Asp Glu Asp 
980 985 990 

Ser Arg Trp Cys Val Ala Gly Gly Met Tyr Asn Gly Trp 
1005 

Lys Gly Thr 

Tyr Asp 
1010 

Gly Lys 
1025 

Thr Gly 
1040 

Gly Gly 
1055 

Leu Ala 
1070 

Ala Gly 
1085 

Ala Gly 
1100 

Asn Gly 
1115 

Ser Leu 
1130 

His Ser 
1145 

Lys Gly 
1160 

Glu Trp 
1175 

Lys Ala 
1190 

Phe Gly 
1205 

Arg Asp 
1220 

Gly Ala 
1235 

Val Gly 
1250 

Lys Gly 
1265 

Lys Gly 
1280 

995 1000 

Val Trp Ile Tyr Arg 
1015 

Gly Glu Glu Glu Lys 
1030 

Lys Gly Lys Gln Ser 
1045 

Ala Gln Gly Leu Ser 
1060 

Pro Gly Ser Thr Pro 
1075 

Arg Asn Gly Glu Glu 
1090 

Ala Phe Ala Ser Ser 
1105 

His Ala Ser Val Glu 
1120 

Gly Cys Val Leu Ser 
1135 

Gly Glu Thr Arg Glu 
1150 

Glu Glu Arg Glu Arg 
1165 

Arg Val Lys Arg Phe 
1180 

Ser Arg Leu Ala Cys 
1195 

Arg Ile Arg Gly Arg 
1210 

Ala Cys Ser Gly Cys 
1225 

Asp Phe Ser Pro His 
1240 

Gly Ala Gly Arg Ala 
1255 

Ala Ala Gly Ala Ala 
1270 

Lys Gly Glu Asp Glu 
1285 

Arg Val Ser Ala Ala 
1020 

Arg Arg Glu Gly Glu 
1035 

Val His Thr Ala Ser 
1050 

Pro Gly Glu Thr Gln 
1065 

Leu Gly Ser Ala Gly 
1080 

Thr Arg Glu Ser Thr 
1095 

Ser Ser Leu Ala Ala 
1110 

Asp Leu Lys Thr Gln 
1125 

Ala Ser Ala Leu Pro 
1140 

Asp Ser Ala Gly Arg 
1155 

Asp Glu Asn Glu Pro 
1170 

Ser Ala Leu Ile His 
1185 

Lys Tyr Cys Val Tyr 
1200 

Leu Ser Ile Cys Ser 
1215 

Met Pro Ser Lys Lys 
1230 

Cys Arg Asn Gly Arg 
1245 

Pro Lys Arg Arg Val 
1260 

Gly Val Cys Gly Asp 
1275 

Pro Glu Arg Asp Gly 
1290 

Leu Arg Glu 

Lys Arg Lys 

Leu Gly Ala 

Ala Ser Gly 

Thr Leu Ser 

Gly Ser Pro 

Lys Gly Gln 

Lys Glu Glu 

Leu Asn Pro 

Asp Glu Glu 

Pro Leu Tyr 

Gly His Glu 

Leu Glu Arg 

Thr Cys Cys 

Arg Ala Ala 

Asp Ala Gly 

Gln Ala Lys 

Arg Ala Arg 

Leu Asp Arg 
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Arg Glu Glu Gly Gly Thr Pro Ser Ser Lys Gln Thr Ala Glu Arg 
1295 1300 1305 

Arg Gly Ala Ala Lys Lys Glu Gly Arg Glu Glu Asp Asp Arg Val 
1310 1315 1320 

Asp Gly Lys Gly Thr Ser Leu Ser Leu Glu Asn Asn Ser Phe Glu 
1325 1330 1335 

Ser Ser Cys Pro Ala Met Arg Ser Ser Leu Arg Ala Ser Phe Glu 
1340 1345 1350 

Val Lys Gly Pro Leu Ser Pro Ser Ser Ala Asp Asp Arg Pro Asn 
1355 1360 1365 

Glu Gly Ala Ala Gly Arg Gly Ala Pro Pro Gly Ser Glu Gly Pro 
1370 1375 1380 

Ser Arg Asp Leu Ala Leu Arg Ser His Ser Phe Ser Ser Ala Ser 
1385 1390 1395 

Ser Ser Arg Lys Ser Ala Lys Asn Ala Ala Glu Ser Leu Arg Arg 
1400 1405 1410 

Ile Ala Gly Pro Leu Phe Arg Ser Ser Gly Asp Leu Thr Ala Ser 
1415 1420 1425 

Gln Leu Gly Ala Glu Thr Glu Glu Ser Asp Val Leu Gln Asp Val 
1430 1435 1440 

Phe Glu Leu Tyr Ser Glu Ala Gly Glu Ala Trp Glu Thr Cys Thr 
1445 1450 1455 

Thr Pro Val Ser Phe Ser Pro Ser Leu Ser Val Ala Ser Arg Asp 
1460 1465 1470 

Thr Leu Val Val Leu Gly Gly Ser Gln Thr Thr Ala Val Ala Arg 
1475 1480 1485 

Leu Asp Ser Gly Lys Met Ser Glu Ala Val Arg Arg Ser Ser Asn 
1490 1495 1500 

Ala Leu Ser Ala Ala Ala Ser Ser Phe Pro Lys Gly Lys Gly Phe 
1505 1510 1515 

Gly Gly Ala Ser Lys Lys Thr Asp Ser Val Thr Leu Ser Phe Leu 
1520 1525 1530 

Ala Arg Val Cys Arg Asn Leu Arg Met Phe Leu Leu Leu Cys Gln 
1535 1540 1545 

His Asn Thr Val Ala Gly Gly Leu Pro Gly Asp Ser Lys Cys Val 
1550 1555 1560 

Cys Arg Ala Gln Ser Gly Pro Gly Gly Ala Gly Leu Ala Gly Ala 
1565 1570 1575 

Asp Gly Arg Ala Pro Gly Asp Leu Gly Asp Ser Lys Gly Thr Ala 
1580 1585 1590 

Ile Ala Arg Gly Pro Gly Gly Ala Ala Gly Arg Ala His Gly Ser 
1595 1600 1605 

Glu Pro Trp Ala Ser Pro Asn Tyr Thr Gly Gly Pro Phe Phe Pro 
1610 1615 1620 

Pro Ala Gly Ser Ala Pro Ser Gly Trp Pro Pro Val Ala Gln Ala 
1625 1630 1635 

Asn Ser Arg Pro Glu Val Leu Ser Ala Ile Gln Gly Ala Gln Gly 
1640 1645 1650 

Gln Gly Pro His Val Ala His Ser Leu Arg Leu Ala Ala Ser Leu 
1655 1660 1665 

Ser Pro Ala Gln Thr Thr Ser Glu Ser Phe Leu Ala Pro Glu Ser 
1670 1675 1680 
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Phe Ala Ala Gly Val Arg Pro Leu Leu Glu Gly Ser Leu Ser Val 
1685 1690 1695 

Leu Ile Pro Glu Glu Pro Gln Val Gly Leu Gly Pro Ser Ala Gly 
1700 1705 1710 

Gln Gln Leu Ala Ser Ser Ser Leu Ser Pro Gly Val Ser Val Lys 
1715 1720 1725 

Ala Glu Pro Ser Ser Tyr Phe Gln Ser Ala Gln Gly Thr Cys Arg 
1730 1735 1740 

Asp Val Ser Ala Gly Ala Arg Thr Ala Met Pro Ser Ser Phe Leu 
1745 1750 1755 

Glu Gln Gly Arg Pro Gly Ala Ala Pro Gly His Ala Pro Ser Gly 
1760 1765 1770 

Val Gly Arg Cys Pro Pro Gln Gly Arg Asp Ala Ser Pro Gly Cys 
1775 1780 1785 

Pro Gly Phe Arg Thr Pro Pro Ala Gly Phe Asp Gly Pro Ser Ser 
1790 1795 1800 

Ser Gly Ala Gly Tyr Ser Leu Ser Pro Tyr Gly Tyr Pro Gly Thr 
1805 1810 1815 

Glu Ile Ser Pro His Leu Ala Pro Phe Phe Pro Glu Pro Tyr Arg 
1820 1825 1830 

Arg Phe Arg Glu Ser Arg Gly Gly Pro Ala Trp Ile His Ser Pro 
1835 1840 1845 

Gly Ser Val Asp Val Pro Ser Ser Gly Leu Gln Ser Pro Phe Thr 
1850 1855 1860 

Gly Phe His Ala Thr Ser Gly Ser Ser Pro Pro Arg Leu Gly Pro 
1865 1870 1875 

Ser Glu Gly Ala Ser Phe Ala Glu Ala Ser Pro Arg Ala Leu Ala 
1880 1885 1890 

Gly Asp Leu Gly Pro Ala Gly Phe Leu Gly Ala Ser Ala Gly Ala 
1895 1900 1905 

Pro Ala Ala Glu Gly Arg Gly Pro Leu Phe Asp Pro Ser Ala Glu 
1910 1915 1920 

Gly Glu Gly Lys Phe Ala Pro Asp Ala Gly Ala Leu Gly Thr Val 
1925 1930 1935 

Glu Gly Pro Ala Asp Cys Arg Thr Gln Gly Glu Thr Gly Arg Thr 
1940 1945 1950 

Ala Asp Glu Asp Glu Lys Lys Lys Ala Lys Lys Ala Lys Lys His 
1955 1960 1965 

Gly Arg Ile Thr Asp Ile Glu Glu Arg Leu Ala Arg Glu Glu Pro 
1970 1975 1980 

Tyr Asp Val Val Glu Glu Gly Asp Asp Pro Glu Pro Thr Arg Gln 
1985 1990 1995 

Leu Gly Leu Glu Ala Thr Glu Lys Glu Gln Asp Val Pro Arg Ser 
2000 2005 2010 

Gly Asp Ser Lys Ser Pro Asp Gln Asp Ser Pro Gly Gln Pro Ala 
2015 2020 2025 

Asp Ile Met His Gly Tyr Phe Lys Ala Arg Val Arg Asn Arg Arg 
2030 2035 2040 

Val Lys Asp Gly Leu Leu Leu Arg Met Thr Ala Val Leu Val Gly 
2045 2050 2055 

Lys Gly Phe Tyr Asp Leu Glu Thr Val Glu Pro Gly Ala Pro Arg 
2060 2065 2070 

Arg Arg Gly Gly Trp Gly Glu Ser Gly Glu Glu Glu Glu Glu Ser 
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2075 2080 2085 

Glu Thr Lys Tyr Leu Phe Ser Asn Pro Ala Ser Gln Lys Pro Cys 
2090 2095 2100 

Asp Phe Ile Leu Tyr Phe Asp Thr Arg Glu Asn Arg Asp Ala Ser 
2105 2110 2115 

Val Ala Ile Leu Asn Gln Ala Leu Pro Ala Pro Pro Pro Arg Leu 
2120 2125 2130 

Pro Pro Lys Asn Gly Glu Ser Gln Ala Arg Arg Thr Leu Arg Gln 
2135 2140 2145 

Leu Tyr Asp His Phe Leu Glu Pro Lys Cys Gln Cys Leu Glu Asp 
2150 2155 2160 

Lys Thr Leu Lys Val Lys His Gly Val Ile Asn Leu Leu Gly Phe 
2165 2170 2175 

Pro Arg Leu Tyr Val Lys Leu His Cys Ser Met Ser Trp Asp Glu 
2180 2185 2190 

Arg Leu Ser Leu Phe Ser Ser Phe Leu His Trp Leu Cys Arg Glu 
2195 2200 2205 

Asp Asp Ser Gln Pro Pro Pro Trp Ser Ser Pro Glu Leu His Pro 
2210 2215 2220 

Glu Leu Leu Ala Tyr Leu Val Asp Leu Gly Arg Lys Gly Phe Ala 
2225 2230 2235 

Ser Gly Gly Ala Ala Thr Thr Ala Val Val Asn Ala Pro Asp Leu 
2240 2245 2250 

Pro Leu Asp Asp Ser Ala Leu Ser Lys Lys Asn Ala Ala Leu Ile 
2255 2260 2265 

Arg Ala Tyr Met Gln Gln Asp Thr Gly Ala Ser Gly Pro Ser Gly 
2270 2275 2280 

Ser Val Gly Ala Thr Ser Ser Asp Pro Glu Ala Pro Arg Lys Asp 
2285 2290 2295 

Asp Glu Ala Glu Glu Gly Glu Lys Asp Asp Ser Asn Ala Ala Leu 
2300 2305 2310 

Val Glu Gly Pro Ala Pro Glu Thr Ser Gly Asp Ser Thr Gly Ala 
2315 2320 2325 

Ala Gln Pro Cys Gly Lys Gly Arg Glu Glu Arg Glu Ala Gly Asp 
2330 2335 2340 

Lys Arg Gly Pro Gly Asn Glu Gly Cys Gly Lys Gly Asp Gly Phe 
2345 2350 2355 

Gly Ser Pro Val Ala Val Ala Gly Thr Thr Ala Ala Pro Gly Glu 
2360 2365 2370 

Thr Glu Ser Val Ser Cys Pro Ser Ser Thr Ser Gly Gly Gly Ala 
2375 2380 2385 

Ser Ser Ala Leu Ser Ser Gly Pro Ser Asp Ser Ala Ala Ala Pro 
2390 2395 2400 

Asp Gly Cys Glu Ser Ser Pro Val Ala Leu Glu Ser Ala Ser Leu 
2405 2410 2415 

Leu Ser Phe Ser Pro Ser Ala Ala Arg Ala Glu Val Leu Thr Val 
2420 2425 2430 

Pro Gly Val Gly Leu Val Asn Phe Ser Leu Pro Asp Gly Val Lys 
2435 2440 2445 

Phe Asp Lys Ser Lys Leu Ala Phe Arg Cys Tyr Trp Arg Glu Gly 
2450 2455 2460 

His Ala Gly Val Val Thr Val Gly Ala Gly Ala Ala Val Ser Pro 
2465 2470 2475 
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Ser Ser Gly Ala Gly Thr Phe Val Pro Ser Arg Pro Thr Val Cys 
2480 2485 2490 

Thr Ala Gln Asn Lys Ser Arg Thr Phe Ser Cys Arg Lys Tyr Gly 
2495 2500 2505 

Leu Tyr Gln Ser Arg Val Leu Ala Leu Gln Ala Arg Leu Leu Ser 
2510 2515 2520 

Glu Leu Leu Trp Pro Gln Pro Pro Ser Pro Ala Arg Leu Arg Val 
2525 2530 2535 

Ser Ala Met Ala Ala Val Val Tyr Gly Leu Ile Ala Ala Pro Met 
2540 2545 2550 

Pro Phe Thr Asp Pro Trp Gln Ala Val Cys Gly Val Ser Val Ala 
2555 2560 2565 

Glu Asp Ala Leu Arg Gln Arg Arg Glu Val Trp Lys Asn Leu Leu 
2570 2575 2580 

Asp Pro Arg Gln Arg Arg Pro Ala Pro Ala Pro Ile Ser Gln Leu 
2585 2590 2595 

Ser Leu Pro Pro Val Ser Gly Pro Pro His Ala Ser Ser Ala Thr 
2600 2605 2610 

Gln Glu Leu Pro Asn Arg Pro Gly Thr Pro Trp Pro Gly Gln Glu 
2615 2620 2625 

Thr Val Cys Gly Ala Arg Gly Pro Ala Pro Gly Leu Ala Ser Ala 
2630 2635 2640 

Trp Ala Thr Tyr Gly Asn Pro Gly Asp Arg Asp Ala Ala Glu Pro 
2645 2650 2655 

Gln Ser Thr Tyr Val Gly Arg Gly Pro Ala Gly Ala Glu Gly Pro 
2660 2665 2670 

Gly Gly Gly Ile Ala Val His Arg Glu Trp Ala Arg Asn Ser Gly 
2675 2680 2685 

Ser Glu Ala Ala Gln Pro Cys Gln Phe Gly Arg Ala Val Glu Arg 
2690 2695 2700 

Pro Val Pro Gly Pro Gln Ser Ser Leu Gly Pro Gly Gly Asp Asn 
2705 2710 2715 

Arg Gly Asp His Met Ala Tyr Asp Gln Ser Pro Ala Gly Pro Ala 
2720 2725 2730 

Ser Asn Ala Pro Gly Pro Thr Pro Pro Phe Val Gly Pro Phe Ser 
2735 2740 2745 

Pro Gly Leu Val Leu Arg His Gly Pro Pro Ala Phe Ser Gln Asp 
2750 2755 2760 

Pro Ser Leu His Arg Pro Pro Phe Ala Ala Gly Thr Gly Pro Ala 
2765 2770 2775 

Gly Gln Arg Leu Ala Ser Asp Ser Pro Tyr Pro Leu Lys Asn Glu 
2780 2785 2790 

Ala Ser Pro Gln Leu Ala Met Ala His Ala Pro Gly Phe Glu Asn 
2795 2800 2805 

Ser Asp Gly Phe Gln Gly Glu Gln Pro Leu Ala Lys Gln Arg Lys 
2810 2815 2820 

Ile Glu Gly Ala Ser Asp Arg Pro Val Pro Asp Glu Gly Gln Val 
2825 2830 2835 

Leu Gly Thr Ile Ser His Gly Lys Ser Pro Ala Ala Arg Pro Val 
2840 2845 2850 

Asp Gly Asp Phe Ala Pro Asp Gly Arg Ser Pro Leu Phe Ser Gln 
2855 2860 2865 
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Asp Ala Ser Gly Val Gly Gly Gly Arg Pro Ser Gly Val Gly Gly 
2870 2875 2880 

Gln Leu Ala Ala Gly Gly Lys Gly His Phe Ala Thr Ala Pro Phe 
2885 2890 2895 

Gly Ser Gly Thr Leu Pro Thr Thr Arg Gly Pro Ser Gln Pro Gly 
2900 2905 2910 

Gly Asp Gly Leu Ser His Arg Ser Gly Thr Glu Pro Ala Ala Ala 
2915 2920 2925 

Tyr Ser Ser Pro Ala Gly Ala Ala Tyr Pro Ser Ala Ser Asn Ala 
2930 2935 2940 

Ser Pro Ile Tyr Gly Ala Ala Pro Lys Arg Glu Gly Asp Ser Pro 
2945 2950 2955 

Phe Gly Pro Ala Pro Pro Ser Gly Tyr Cys Arg Pro Gly Ser Pro 
2960 2965 2970 

Ala Val Asp Pro Lys Leu Pro Gly Ser Val Pro Ser Ser Gly Asn 
2975 2980 2985 

Leu Asp Ser Val Asn Tyr Gly Ser Phe Phe Pro Gly Gln Gln Ala 
2990 2995 3000 

Pro Gln Gly Asp Gly Arg Ile Ala Pro Trp Gly Ser Gly His Val 
3005 3010 3015 

Gly Ala Pro Arg Gly Glu Ala Arg Gly Ser Glu Arg Val Gly His 
3020 3025 3030 

Ala Gly Ala Ser Arg Gly Leu Thr Gly His Glu Leu Glu Glu Gly 
3035 3040 3045 

Gln Gly Gly Pro Gly Glu Glu Gly Ala Gly Arg Glu Arg Gln Arg 
3050 3055 3060 

Lys Arg Arg Lys Ser Ala Met Ser Met Ser Ser Gln Gly Glu Asn 
3065 3070 3075 

Thr Pro Leu Phe Ala Pro Thr Ser Leu Pro Pro Val Pro Phe Ala 
3080 3085 3090 

Ser Gly Asp Ser Leu Ala Asp Gly Ser Gly Ser Asp Phe Gly Gln 
3095 3100 3105 

Gln Leu Gly Pro Pro Phe Ser His Gly Ser His Ala Pro Pro Phe 
3110 3115 3120 

Pro Glu Ala Asn Ala Val Gly Ser Gln His Phe Thr Ala Asp Asn 
3125 3130 3135 

Leu Glu Thr Pro Gly Leu Pro Ala Glu Leu Gly Gly Gly Asp Gly 
3140 3145 3150 

Arg Arg Gln Ser Gly Ser Thr His Glu Glu Val Ser Gly Pro Arg 
3155 3160 3165 

Ala Gly Gly Glu Lys Gly Glu Phe Ser Leu Glu Gly Ala Pro Gln 
3170 3175 3180 

Ala Ala Ala Gln Gln Leu Ser Ala Glu Thr Leu Thr Phe Leu Leu 
3185 3190 3195 

Gly Thr Asn Val Val Trp Glu Glu Asn Glu Lys Arg Trp Arg Val 
3200 3205 3210 

Gln Val Arg Pro Pro Ser Pro Arg Gly Cys Asp Gly Glu Gly Ala 
3215 3220 3225 

Asp Gly Lys Leu Gly Gly Glu Lys Lys Lys Arg Lys Arg Asp Gly 
3230 3235 3240 

Phe Ser Ala Gly Gly Glu Arg Arg Arg Ser Ser Thr Gly Asn Glu 
3245 3250 3255 

Pro Asp Asp Gln His Lys Ala Gly Thr Leu Glu Trp Val Ser Met 
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3260 3265 3270 

Ala Gln Leu His Gln Ala Gln Lys Leu Gln Asn Gln Leu Val Gly 
3275 3280 3285 

Lys Met Glu Arg Gly Lys Gly Glu Gly Gly Asp Glu Glu Arg Leu 
3290 3295 3300 

Gly Gly Asp Gly Arg Gly Asn Ile Phe Phe Asp Ala Asn Gly Ser 
3305 3310 3315 

Asp Glu Asn Ala Lys Lys Ala Ala Leu Leu Lys Ala Arg Arg Trp 
3320 3325 3330 

Leu Arg Arg Arg Ile Val Gln Gly Gln Ile Leu Val Thr Gly Leu 
3335 3340 3345 

Ser Arg Asp Gly Leu Phe Ser Ser Arg Pro Asp Glu Pro Glu Arg 
3350 3355 3360 

Ser Ser Ser Val Ser Thr Gly Ala Phe Thr Gly Ser Ser Pro Asn 
3365 3370 3375 

Asp Lys Pro Thr Asp Leu Asn Ala Ala Val Pro Pro Leu Ser Pro 
3380 3385 3390 

Phe Phe Ser Pro Ile Pro Phe Gly Ala Thr Thr Ala Pro His Arg 
3395 3400 3405 

Pro Ser Pro Gly Phe Tyr Pro Pro Ala Pro Ala His Pro Thr Glu 
3410 3415 3420 

Asp Gly Cys Arg Pro Pro Met Pro Ala Pro Val Pro Met His Ala 
3425 3430 3435 

Pro Gln Gly Pro Val Asp Ser Arg Thr Tyr Arg Gly Ala Arg Pro 
3440 3445 3450 

Val Tyr Pro Gly Ser Asp Val Thr Pro Gln Thr Cys His Gly Val 
3455 3460 3465 

Arg Pro Glu Ser Met Gln Glu Glu Gly Arg Ala Ala Leu Leu Ala 
3470 3475 3480 

Glu Gln Gly Ser Ala Phe Phe Val Ser Gly Asp Gly Lys Gly Asp 
3485 3490 3495 

Asn Arg Gly Ala Thr Val Gly Gln Ile Arg Gln Gly Thr Val Arg 
3500 3505 3510 

Val Met Gln Ser Gln Thr Ala Ser Gln Ser Leu Asp Gln Gly Phe 
3515 3520 3525 

Asp Leu Pro His Pro Pro Ala Pro Gly Pro Ala Tyr Arg Gly Val 
3530 3535 3540 

Pro Val Gly His Gly Pro Ser Gly Pro Tyr Tyr Leu Asn Gly Gly 
3545 3550 3555 

Cys Val Ala Gln Arg Pro Tyr Ala Thr Phe Ser Asn Leu Ala Gly 
3560 3565 3570 

Pro Val Gln Gly Ser Phe Pro Pro Leu Glu Phe Ser Asn Gly Gly 
3575 3580 3585 

Leu Pro Thr Thr Ala Leu Gly Arg Arg Gly Ser Asp Ser Gly Pro 
3590 3595 3600 

Gln Gly Ala Gly Arg Asn Ala Ser Gln Met Gln Pro Gly Phe Ala 
3605 3610 3615 

Ser Arg Pro His Gly Pro Glu Arg Leu Gly Arg Glu Ser Ala Pro 
3620 3625 3630 

Gln Ser Gly Ala Pro Pro Gly Phe Ser Pro His Ala His Gly Arg 
3635 3640 3645 

Gly Glu Arg Asp Arg Pro Ser Phe Ser Gly Ala Thr Thr Met Pro 
3650 3655 3660 
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Leu Ala Ser Leu Thr Ala Phe Ser His Pro Ala Ala Gly Pro Met 
3665 3670 3675 

Phe Val Gly Thr Glu Gly Arg Gly Gln Gln Gly Asp Ile His Pro 
3680 3685 3690 

Asn Leu Cys Gly Val Ala Pro Val Gly Gly Pro Arg Gly Pro Ala 
3695 3700 3705 

His Ala Pro Met Pro Ala Tyr Gly Pro Gly Gly Ala Ala Gly Pro 
3710 3715 3720 

Pro Arg Asp Asp Arg Arg Ala Glu Gly Gly Ala Pro Gly Val Ser 
3725 3730 3735 

His Ser Asp Ile Phe Leu Ala Asn Asp Arg Arg Leu His Pro Glu 
3740 3745 3750 

Met Cys Leu His Ser Ala Pro Ser Trp Gly Pro Ala Gly Thr Phe 
3755 3760 3 765 

Ala Ser Pro Asp Asn Arg Gln Asn Ala Glu Pro Trp Pro Ala Ala 
3770 3775 3780 

His Ala Ser Ser Asn Asn Phe Phe Asp Tyr Thr Gly Val Asn Met 
3785 3790 3795 

Pro Ala Ala Gly Pro Pro Ile Gln Leu Asp Trp Ser Lys Val Arg 
3800 3805 3810 

Gly Ala Gly Gly 
3815 

<210> SEQ ID NO 16 
<211> LENGTH, 432 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 16 

Met Asp Arg Ala Gly Leu Leu Phe Leu Arg Gly Ala Ala Gly Pro Gly 
1 5 10 15 

Pro Leu Lys Cys Phe Gly Pro Arg Val Glu Ala Phe Ser Gly Ser Ile 
20 25 30 

Ser Leu Leu Ser Leu Asp Ser Arg Gly Pro Thr Pro Phe Arg Thr Pro 
35 40 45 

Phe His Thr Thr Ser Ala Leu Ser Lys Ser Arg Gln Pro Pro Lys Glu 
50 55 60 

Ser Pro Glu Ser Ala Ala Ala Cys Thr Phe Ser Pro Leu Phe Pro Ser 
65 70 75 80 

Pro Val Arg Ala Ser Pro His Arg Asn Leu Leu Gly Ala Arg Val Ser 
85 90 95 

Val Pro Cys Lys Pro Leu Ala Cys Val Gly Ala Pro Lys Arg Arg His 
100 105 110 

Gly Glu Thr Ser Asp Gly Phe Ser Ser Arg Ala Ala Val Ala Ala Glu 
115 120 125 

Ala Leu Pro Pro Trp Pro Ser Asp Phe Leu Gln Ser Glu Glu Ile Ala 
130 135 140 

Val Asp Ser Pro Gln Lys Pro Thr Gly Phe Ser Arg Pro Ser Asn Ala 
145 150 155 160 

Arg Val Ser Pro Ala Pro Asn Ala Trp Glu Ala Ala Ala Val Phe Arg 
165 170 175 

Arg Leu His Ala Phe Asp Ser Gly Leu Arg Gly Asp Ala Ser Gly Ala 
180 185 190 

Phe Ala Ala Ser Ala Thr Cys Gly Cys Leu Ala Ala Ala Ser Arg Arg 
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195 200 205 

Asn Pro Cys Leu Pro Ala Tyr Gln Leu Ser Trp Asn Leu Leu Gln Ala 
210 215 220 

Arg Met Phe Gly Gly Arg Ala Gly Gly Leu Lys Arg Arg Lys Pro Arg 
225 230 235 240 

Arg Asp Pro Gly Arg Val Ile Gln Ser Gly Met Gly Arg Arg Gln Glu 
245 250 255 

Phe Phe Trp Pro Glu Lys Ala Arg Arg Thr Arg Val Pro Leu Tyr Gln 
260 265 270 

Asn Ser Arg Pro Asn Leu Val Tyr Asp Gln Arg Phe Arg Arg Phe Met 
275 280 285 

Cys Met Trp Tyr Ala Asn Gly Val Gln Val Phe Arg Pro Phe Ser Cys 
290 295 300 

Arg Gly Arg Arg Gly Gly Arg Gly Lys Glu Gly Leu Pro Asp Gly Leu 
305 310 315 320 

Gly Ile Gly Arg Gly Ser Gly Thr Trp Glu Arg Ala Arg Ala Lys Ala 
325 330 335 

Val Val Leu Leu Lys Gln Leu Gln Arg Gln Gly His Leu Asp Arg Leu 
340 345 350 

Ala Lys Pro Asp Val Thr Arg Ser Gly Val Arg Gly Val Tyr Phe Asp 
355 360 365 

Thr Glu Glu Lys Leu Trp Val Ala Thr Trp Asn Glu His Gly Leu Arg 
370 375 380 

Arg Phe Lys Ala Phe Pro Thr Met Glu Met Gly Phe Asp Ala Ala Tyr 
385 390 395 400 

Gln Ala Ala Val Ala Val Arg Arg Gln Lys Leu Arg Glu Asn Tyr Ile 
405 410 415 

Phe Ser Met Gln Arg Asn Arg Lys Lys Ser Gly Arg Pro Pro Phe Lys 
420 425 430 

<210> SEQ ID NO 17 
<211> LENGTH, 1919 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 17 

Met Glu Leu Pro Asp Gln Ala Ala Tyr Gly Arg Gln Leu Ala Lys Arg 
1 5 10 15 

Arg Arg Leu Ser Ala Ser Glu Glu Glu Ala Thr Leu Ala Ser Lys Asn 
20 25 30 

Asp Gly Lys Glu Gly Leu Gln Glu Pro Ala Gly Ala Thr Ala Gly His 
35 40 45 

Leu Leu Pro Ala Glu Glu Pro Gly Gln Tyr Thr Pro Glu His Thr Glu 
50 55 60 

Gly Arg Arg Glu Phe Arg Arg His Pro Val Val Leu Pro Gly Gly Gly 
65 70 75 80 

Arg Lys Ala Ala Ser Tyr Gly Leu Ile Ala Val Gly Gly Gly Asp Ser 
85 90 95 

Leu Arg Ala Ser Arg Arg Thr Arg Ser Ser Ala Ser Ile Glu Thr Ser 
100 105 110 

Ala Glu Glu Lys Glu Thr Tyr Thr Ser Pro Glu Leu Gly Pro Gly Ala 
115 120 125 

Ser Trp Ser Val Ser Thr Val Lys Gly Ser Lys Gly Arg Ser Asp Glu 
130 135 140 
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Glu Gly Arg Ala Gly Lys Arg Ala Gly Ala Cys Ala Ala Arg Asp Ser 
145 150 155 160 

Ala Ala Gly Ser Arg Thr Leu Ala Gln Ala His Arg Gly Ala Asp Glu 
165 170 175 

Glu Arg Met Pro Pro His Ser Pro Ala Arg Asp Gly Ser His Gln Val 
180 185 190 

Cys Trp Asp Ser Asp Ala Leu Pro Ser Pro Tyr Asp Leu Gly Leu Ser 
195 200 205 

Glu Ala Asp Asp Glu Glu Val Ser Pro Gln Lys Glu Ala Leu Ala Glu 
210 215 220 

Lys Asn Gly Leu Val Leu Phe Ala Glu Gln Ser Leu Gln Gly Val Gly 
225 230 235 240 

Leu Ala Thr Leu Thr Val Pro Ser Gly Ala Thr Ser Ser Lys Gly Ala 
245 250 255 

Phe Ser Ala Gly Ser Pro Phe Leu Pro Gly Ser Gly Thr Thr Ala Ser 
260 265 270 

Pro Arg Ser Pro Val Pro Arg Gly Asp Lys Ser Leu Gly Asp Gly Ser 
275 280 285 

Val Gly Ser Asp Asp Val Ser Ala Lys Ala Ser Pro His Ala His His 
290 295 300 

Asn Val Thr Ala Gly Ala Asp Ala Ser Gln Ser Ser Glu Asp Ala Phe 
305 310 315 320 

Phe Pro Ala Ala Pro Pro Gly Gly Val Pro Gly Thr Leu Thr Val Glu 
325 330 335 

Asp Leu Leu Thr Met Pro Glu Arg Arg Gln Asp Pro Glu Ala Glu Lys 
340 345 350 

Ala Ala Lys Thr Asp Phe Asp Cys Leu Ala Ala Leu Ile Gln Asp Ala 
355 360 365 

Leu Gly Glu Ala Gly Gly Ala Ala Gly Arg Val Ala Pro Lys Arg Arg 
370 375 380 

Cys Arg Thr Leu Gly Ala Gly Phe Asn Pro Thr His Ser Ala Arg Pro 
385 390 395 400 

Gly Ser Gly Ser Val Ala Gly Leu Glu Ala Pro Gly Ala Leu Gly Arg 
405 410 415 

Glu Leu Asp Ala Leu Val Ala Gly Gly Ser Pro Glu Glu Ser Arg Ala 
420 425 430 

Asp Leu Glu Pro Asp Gly Gln Ala Ala Gly Ala Ser Trp Gln Glu Ser 
435 440 445 

Leu His Leu Gln Tyr Asp Thr Arg Asn Gly Gly Thr Tyr Glu Glu Asp 
450 455 460 

Leu Asp Ser Ala Ser Leu Ser Phe Leu Leu Gly His Ser Glu Gly Ser 
465 470 475 480 

Glu Lys Gly Pro Ala Leu Ser Ala Ser Ala Gly Ala Ser Thr Ala Ala 
485 490 495 

Ser Val Ser Ser Phe Phe Pro Ser Glu Ala Ala Cys Gly Val Tyr Ala 
500 505 510 

Pro Gly Gln His Gly Arg Pro Thr Gln Ser Gln Asp Pro Ala Lys Glu 
515 520 525 

Arg Gln Arg Arg Leu Ala Arg Asp Arg Glu Thr Leu Asn Leu Ser Ala 
530 535 540 

Gln Ile Ala Ala Arg Phe Lys Ser Cys Arg Thr Glu Asp Val Met Arg 
545 550 555 560 

Leu Phe Arg Arg Tyr Leu Ala Val Ser Ser Arg Gln Val Arg Asp Pro 
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565 570 575 

Ala Thr Leu Glu Arg Val Val Ala Ala Cys Cys Tyr Ile Ser Ser Arg 
580 585 590 

Gln Ala Met Asp Gly Leu Ser Leu Ser Asp Ile Cys His Glu Met Asp 
595 600 605 

Ala Ser Asn Gly Gln Asp Leu Phe Ala Ala Gly Cys Glu Ala Arg Gly 
610 615 620 

Lys Lys Leu Ala Asp Gly Glu Gly Met Gly Arg Gly Glu Ser Asp Arg 
625 630 635 640 

Glu Arg Ala Gly Gly Ala His Ala Ser Met Arg Cys Lys Ser Leu Gly 
645 650 655 

Lys Trp Val Val Arg Ile Cys Arg Lys Leu Gln Leu Gln Ala Leu Pro 
660 665 670 

Asp Lys Asp Asp Asp Pro Glu Glu Arg Ala Asn Arg Val Leu Ala Arg 
675 680 685 

Val Lys Gln Leu Leu Ile Ala Lys Met Glu Glu Glu Glu Gln Arg Arg 
690 695 700 

Pro Gln Leu Val Asn Ala Phe Val Arg Ala Thr Gln Ser Ala Val Glu 
705 710 715 720 

Lys Gln Arg Leu Lys Ala Glu Gly Asp Arg Ser Glu Ala Asp Ser Leu 
725 730 735 

Ala Ser Leu Glu Ser Leu Leu Gly Asp Glu Ala Arg Arg Ala Asp Ala 
740 745 750 

Arg Ala Asp Ala Glu Ala Arg Arg Gln Thr Pro Ala Glu Ala Gln Leu 
755 760 765 

Gly Asp Phe Leu Asp Gly His Gln Gly Gly Glu Lys Thr Gly Arg Val 
770 775 780 

Ser Ser Ala Arg Ile Asn Gly Arg Ala Ala Glu Ala Ser Pro Ala Pro 
785 790 795 800 

Pro Ala Pro Gln Gly Ser Thr Ala Pro Ala Asp Ser Thr Pro Ala Ala 
805 810 815 

Gly Ser Glu Glu Arg Gln Ala Leu Asn Ala Ile Glu Glu Leu Leu Ala 
820 825 830 

Gln Val Thr Gly Gly Ser Asn Leu Asp Cys Phe Gly Ser Ala Thr Leu 
835 840 845 

Ala Ala Val Asp Ser Asp Leu Ala Ser Gly Thr Ser His Val Asp Arg 
850 855 860 

Glu Ser Cys Ala Arg Leu Arg Arg Leu Asp Lys Ser Gly Arg Asp Ala 
865 870 875 880 

Phe Ala Ala Asp Ala Asp Gly Pro Glu Arg Pro Thr Glu Asn Glu Val 
885 890 895 

Glu Pro Glu Ala Arg Pro Gly Ala Ala Gly Val Leu Ala Glu Asp Val 
900 905 910 

Asp Glu Ala Ser Met Ala Leu Thr Pro Asn Pro Asp Asp Arg Ser Ser 
915 920 925 

Ser Ala Ser Gly Asp Ala Ala Glu Pro Val Ala Ser Ile Arg Leu Glu 
930 935 940 

Gln Arg Glu Glu Lys Asn Gly Asp Ala Ser Gly Leu Ser Leu Asp Ile 
945 950 955 960 

Cys Pro Ser Leu Phe Asp Pro Val Asp Met Pro Ala Leu Ser Ala Ser 
965 970 975 

Ser Glu Gly Asp Ser Gly Asp Ser Ser Pro Phe Ser Pro Ile Leu Thr 
980 985 990 
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Ser Leu Leu Ser Ala Ser Leu Pro Pro Ser Glu Thr Leu Ala Gln Ala 
995 1000 1005 

Lys Asp Met Gln Pro Ala Ala Arg Leu Gln Leu Gln Arg Phe Thr 
1010 1015 1020 

Trp Leu Gln Lys Met Arg Ala Glu Ala Leu Glu Lys Leu Lys Lys 
1025 1030 1035 

Glu Lys Glu Ala Val Phe Arg Gly Leu Val Leu Leu Gln Arg Ile 
1040 1045 1050 

Leu Gln Leu Phe Tyr Asp Val Lys Gln Gly Glu Ser Asp Gly Glu 
1055 1060 1065 

Arg Glu Asp Gly Glu Asp Gly Glu Gly Lys Lys Arg Gln Lys Gly 
1070 1075 1080 

Trp Thr Glu Glu Asp Pro Leu Asp Lys Arg Trp Arg Ala Arg Gly 
1085 1090 1095 

Arg Cys Asp Ala Val Ser Leu Ala Ser Leu Ile Ile Ile Val Phe 
1100 1105 1110 

Lys Trp Met Gln Ile Pro Ile Pro Gln Arg Ile Ala Leu Asp Ala 
1115 1120 1125 

Leu His Val Asp Arg Lys Ser Val Tyr Lys Arg Arg Leu Glu Gln 
1130 1135 1140 

Met His Ile Leu Lys Thr Leu Phe Gly His Leu Arg Gly Met Val 
1145 1150 1155 

Glu Lys Lys Asp Gly Ser Ser Ser Ser Ala Leu Ala Glu Glu Leu 
1160 1165 1170 

Lys Ala Ser Leu Pro Pro His Leu Ala Ser Leu Leu Gln Gln Val 
1175 1180 1185 

Val Gly Asn Pro Ala Thr Met Gln Arg Leu Leu Ala Leu Ala Asp 
1190 1195 1200 

Glu Glu Glu Glu Leu Gly Asn Phe Ile Ser Ser Gln Ser Leu Gly 
1205 1210 1215 

Ser Asp Gly Glu Ser Gly Lys Ala Ser Ala Gly Leu Gly Gly Val 
1220 1225 1230 

Pro Pro Pro Ala Ala Ala Ala Ser Pro Thr Pro Val Lys Thr Ser 
1235 1240 1245 

Gln Ala Ser Phe His Pro Gln Ala Pro Ala Ala Ser Ser Pro Glu 
1250 1255 1260 

Ser Ser Ala Pro Ser Val Ala Val Glu Pro Glu Gln Asp Ala Ala 
1265 1270 1275 

Ser Ser Ser Phe Leu Ala Ala Ile Leu Ala Glu Val Ala Ala Glu 
1280 1285 1290 

Arg Glu Val Gly Ala Val Lys Thr Arg Gly Pro Gly Asp Ala Glu 
1295 1300 1305 

Arg Thr Ala Ala Glu Leu Gly Phe Gln Thr Arg Lys Lys Arg Arg 
1310 1315 1320 

Val Ser Glu Leu Asn Ala Gln Arg Ser Pro Asp Asn Gly Leu Gly 
1325 1330 1335 

Ser Asp Leu Tyr Asp Glu Asp Arg Glu Ala Ser Ser Ala Val Pro 
1340 1345 1350 

Val Ala Ser Pro Leu Ala Asn Leu Cys Ser Ser Leu Ser Ser Ser 
1355 1360 1365 

Ser His Arg Asn Pro Ser Glu Met Ala Ala Val Ala Ser Val Ala 
1370 1375 1380 
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Pro Ser Pro Arg Ala Ala Arg His Pro Arg Ala Pro Asp Glu Met 
1385 1390 1395 

Thr Leu Gln Gly Leu Ala Val Gly Lys Asp Ala Gly Thr Pro Arg 
1400 1405 1410 

Gln Ala Gly Gly Tyr Ala Gly Thr Phe Leu Pro Gly Asp Gly Asp 
1415 1420 1425 

Arg Val Ser Glu Gly Glu Asp Gly Arg Ser Glu Arg Val Arg Ala 
1430 1435 1440 

Arg Phe Leu Ala Glu Arg Gly Ser Met Asp Ala Ser Ser Ser Phe 
1445 1450 1455 

Ala Leu Gly Phe Ser Leu Ala Glu Ala Leu Leu Arg His Gly Phe 
1460 1465 1470 

Cys Leu Pro Ser Pro Ser Asp Pro Pro Ala Gly Leu Ala Asp Ala 
1475 1480 1485 

Gln Phe Ala Thr Gly Asp Leu Leu Arg Asp Gly Gly Ser Ser Ser 
1490 1495 1500 

Gly Glu Arg Ala Leu Arg Met Gln Pro Glu Gly Phe Ser Ala Thr 
1505 1510 1515 

Arg Gly Ser Arg Pro Ala Val Ala Pro Gly Pro Ala Gly Phe Gly 
1520 1525 1530 

Ile Gln Ala Glu Ala Glu His Glu Gly Arg Gly Asp Val Asn Ser 
1535 1540 1545 

Thr Asp Val Ile Phe Ser Asn Arg Ala Thr Arg Asp Ile Ile Ala 
1550 1555 1560 

Ser Phe Leu Ala Ser Ala Ser Thr Glu Gly His Pro Gly Thr Ala 
1565 1570 1575 

Ser Leu Thr Gly Arg Gly Leu Glu Asp Gly Arg Ser Pro Arg Leu 
1580 1585 1590 

Arg Gly Pro Leu Ala Ala Val Pro Lys Ala Val Ser Gln Ala Asp 
1595 1600 1605 

Arg Gly Pro Gly Arg Phe Asn Arg Gly Ala Ser Gly Ser Cys Arg 
1610 1615 1620 

Gln Pro Ser Ser Arg Ser Pro Pro Leu Pro Val Ser Pro Tyr Arg 
1625 1630 1635 

Gly Arg Thr Gly Asp Ser Ser Arg Gln Arg Pro Leu Ser Pro Ser 
1640 1645 1650 

Ser Leu Phe Ala Ala Ala Ala Ser Met Ala Gly Val Leu Pro Gly 
1655 1660 1665 

Pro Leu Pro Ser Ser Arg Ser Ala Gly Ser Ser Ala Leu Ser Pro 
1670 1675 1680 

Gly Val Glu Arg Ser Pro Arg Glu Arg Val Ala Ala Gln Ala Leu 
1685 1690 1695 

Glu Ala Thr Arg Arg Gly Asp Val Asp Asp Arg Ser Leu His Pro 
1700 1705 1710 

Ser Ser Ser Val Ser Ala Val Arg Ser Leu Leu Pro Ala Glu Pro 
1715 1720 1725 

Ala Leu Gly Gly Ala Ser Pro Phe Ala Ser Ser Ala Leu Ala Met 
1730 1735 1740 

Gly Leu Pro Glu Ala Gly Ala Ser Gln Ala Gly Ala Asp Ala Pro 
1745 1750 1755 

Leu Ala Ser Pro Ser Ile Ala Leu Ala Thr Val Ala His Leu Lys 
1760 1765 1770 

Ala Ala Glu Lys Ala Leu Leu Asp Ser Val Pro Asp Ser Ala Arg 



US 11,414,385 B2 
275 

-continued 

1775 1780 1785 

Val Val Ser Leu Gln Phe Glu Arg Thr Gln Gln Arg Trp Val Cys 
1790 1795 1800 

Lys Trp Gln Arg His Lys Pro Ala Gly Ala Pro Ala Asn Arg Lys 
1805 1810 1815 

Glu Pro Trp His Arg Arg Cys Phe Ser Val Ile Lys Tyr Gly Tyr 
1820 1825 1830 

Glu Gly Ala His Ala Leu Ala Ala Ala Val Ala Lys Lys Leu Arg 
1835 1840 1845 

Asp Gly Arg Arg Ala Leu Leu Gln Lys Gln Arg Arg Leu Glu Glu 
1850 1855 1860 

Glu Gly Leu Ala Glu Ala Glu Glu Ala Pro Arg Asp Glu Glu Glu 
1865 1870 1875 

Val Gly Asp Ala Glu Asp Glu Glu Pro Leu Gly Ala Ala Glu Glu 
1880 1885 1890 

Ala Glu Glu Thr Val Ser Pro Arg Val Asp Ala Gly Gly Asp Arg 
1895 1900 1905 

Ser Ala Ser Gly Ser Ala Glu Ala Gly Lys Gln 
1910 1915 

<210> SEQ ID NO 18 
<211> LENGTH, 485 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 18 

Met Cys Val Lys Lys Glu Gly Gly Asp Gly Lys Arg Gly Asn Glu Lys 
1 5 10 15 

Asn Gln Val Asn Asp Lys Gly Val Lys Arg Thr Gly Arg Asp Val Glu 
20 25 30 

Ser Arg His Ala Pro Ser Val Pro His Leu Glu Lys Leu Val Asp Met 
35 40 45 

Ala Met Val Tyr Ser Ser Cys Leu Pro Pro Cys Asp Ser Ser Gln Gly 
50 55 60 

Gly Asp Gly Glu Arg Val Lys Arg Asn Ala Gly Ala Lys Arg Lys Gln 
65 70 75 80 

Gly Gln Gly Glu Ser Gln Asp Arg Leu Lys Ala Leu His Asp Ser His 
85 90 95 

Pro Leu Gln Cys Val Trp Tyr Leu Glu Ser Ser Pro Ala Thr Asn Ile 
100 105 110 

Thr Leu Pro Ser Glu Ser Gly Ser Leu Lys Ser Pro Ser Ser Pro Ser 
115 120 125 

Lys Arg Ala Ser Pro Asp Arg Val Met Glu Val Ser Ala Ser Leu Cys 
130 135 140 

Lys Glu Glu Gln Lys Arg Arg Glu Gly Pro Arg Glu Gly Gln Trp Cys 
145 150 155 160 

Cys Ser Trp Ser Phe Pro Arg Gly Arg Pro Thr Gly Thr Lys Phe Ser 
165 170 175 

Val Lys Leu Phe Gly Tyr Glu Glu Ala Lys Arg Leu Ala Leu Tyr Thr 
180 185 190 

Ala Leu Tyr Ala Tyr Ser Pro Glu Glu Arg Cys Asp Val Leu Gln Glu 
195 200 205 

Leu Ile Asp Glu Val Leu Ala Thr Ala Ser Ser Ala Ser Leu Ser Ala 
210 215 220 
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Ser His Leu Pro Asn Pro Glu Arg Phe Pro Ala Ile Leu Glu Leu Gln 
225 230 235 240 

Pro Gln Pro Leu Ser Leu Ser Ser Ser Leu Ser Pro Ser Leu Cys Val 
245 250 255 

Arg Leu Asp Ala Cys Ala Phe Pro Ser Pro Val Leu Ser Gly Ser Pro 
260 265 270 

Leu Cys Ser Ser Pro Gly Leu Ser Ser Arg Gly Arg Asn Gly Ser Lys 
275 280 285 

Ala Ala Arg Glu Thr Leu Ser Ile Asp Arg Gly Ile Arg Leu Ser Ser 
290 295 300 

Gln Ser Ser Ala Ser Ser Asn Ala Met Pro Ser Gln Phe Pro Gln Arg 
305 310 315 320 

Trp Gln Ala Thr Glu Val Arg Met Ser Leu Leu Cys Arg Ser Ser Phe 
325 330 335 

Arg Ala Ser Arg Arg Arg Glu Gly Gly Asn His Gly Glu Ala Glu Ala 
340 345 350 

Glu Ala Lys Arg Ala Gly Gln Thr Arg Glu Lys Thr Gly Arg Arg Asp 
355 360 365 

Lys Gly Asn His Pro His Asp Leu Ser Val Asn Asn Arg Lys Glu Pro 
370 375 380 

Asn Lys Leu Glu Lys Ser His Ser Ser Cys Ser Pro Arg Arg Ser Leu 
385 390 395 400 

Phe Ser Ser Ile Gln Val Gln Gln Asp Glu Arg Ser Gly Gly Arg Leu 
405 410 415 

Leu His Gly Phe Arg Gly Asp Met Glu Glu Gly Lys Arg Ala Ser Arg 
420 425 430 

Ala Asn Lys His Val Glu Ala Lys Lys Gly Glu Val Thr Gly Arg Arg 
435 440 445 

Lys Gly Val Cys Gly Gly Ala Leu Phe Gly Cys Phe Pro Ala Arg Arg 
450 455 460 

Gly Arg Glu Arg Gly Glu Asp Glu Gly Glu Arg Glu Lys Ala Gly Gln 
465 470 475 480 

Val Asn Ala Gln His 
485 

<210> SEQ ID NO 19 
<211> LENGTH, 3837 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 19 

Met Ala Phe Ala Pro Arg Thr Ser Pro Arg Leu Ser Ala Gly Ala Gly 
1 5 10 15 

Gly Pro Ser Glu Ala Ser Arg Gly Gly Thr Ala Ala Gly Ala Pro Leu 
20 25 30 

Gly Pro Val Glu Thr Pro Thr Gly Arg Glu Pro Ser Ser Pro Phe Leu 
35 40 45 

Arg Ser Ala Ser Ala Lys Arg Val Thr Arg Ala Arg Ala Gly Phe Leu 
50 55 60 

Ala Ser Ser Pro Asp Asn Gln Ser Arg Ser Thr Ser Pro Leu Arg Pro 
65 70 75 80 

Ala Asp Ala Leu Arg Ile Ser Glu Ala Ser Ser Ala Ser Ala Pro Gly 
85 90 95 

Val Arg Arg Ser Leu Arg Ala Ser Asn Ala Arg Pro Pro Val Ser Ala 
100 105 110 
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Ser Arg Gly Leu Met Gly Lys Ala Gly Glu Glu Gly Glu Gly Ala Ser 
115 120 125 

Gly Gly Gly Arg Pro Gly Gly Ala Arg Arg Thr Ser Gly Gly Gly Glu 
130 135 140 

Asp Val Cys Ala Ser Pro Arg Asp Ile Ser Tyr Arg Asp Lys Gly Ala 
145 150 155 160 

Gly Gly Asp Ala Thr Ala Ser Ser Asn Ser Gln Ser Pro Ser Ser Val 
165 170 175 

Asp Ala Ala Val Ser Ser Ser Tyr Ser Val Ala Ser Ser Val Ser Ser 
180 185 190 

Pro Pro Ala Ser Ser Leu Ser Ser Ala Leu Ser Ser Ser Phe Ser Ser 
195 200 205 

Ser Thr Leu Ser Arg Ser Gly Ser Ser Val Cys Pro Arg Ala Thr Ser 
210 215 220 

Ala Val Ser Ala Thr Leu Gln Gln Gly Glu Arg Ser Gln Glu Ser Ser 
225 230 235 240 

Leu Leu Ala Gly Glu Arg Glu Thr Asp Arg Asp Ala Asn Arg Pro Gln 
245 250 255 

Arg Glu Thr Asp Glu Gly Gln Gly Ala Lys Ser Glu Thr Asp Arg Ala 
260 265 270 

Pro Glu Asp Asp Arg Gly Arg Ser Arg Arg Gly Ser Ala Ser Pro Val 
275 280 285 

Gln Gly Pro Phe Ser Pro Arg Gly Phe Phe Ser Asn Ala Val Thr Lys 
290 295 300 

Glu Asn Ser Ala Tyr Pro Ala Thr Ser Gly Gln Ser Gly Gln Glu Val 
305 310 315 320 

Gly Cys Arg Pro Asn Ser Thr Leu Ser Ser Val Ser Val Cys Ser Leu 
325 330 335 

Ser Ser Arg Pro Pro Ser Thr Leu Ala Ser Asp Gln Leu Leu Ser Val 
340 345 350 

Pro Asn Gly Asp Ala Ser Thr Val Ser Thr Ser Ser Pro Ser Leu Ser 
355 360 365 

Cys Ser Cys Ser Ser Phe Ser Ser Ser Ser Ser Ser Leu Ser Ser Ser 
370 375 380 

Ser Leu Leu Ser Ser Ser Pro Leu Ser Ser Thr Pro Ser Ser Phe Phe 
385 390 395 400 

Ser Ser Ser Ser Ser Ser Ser Ser Ser Ala Ser Val Ala Pro Pro Gly 
405 410 415 

Glu Gly Lys Gly Arg Pro Pro Val Arg Ser Gly Arg Gly Ala Cys Pro 
420 425 430 

Arg Lys Pro Ala Gly Pro Pro Pro Arg Leu Cys Val Pro Tyr Gln Cys 
435 440 445 

Gln Phe Asn Val Glu Lys Arg Glu Trp Arg Ala Arg Tyr Leu Phe Arg 
450 455 460 

Gly Gln Lys Lys Met Arg Val Phe Ser Leu Ala Arg Tyr Ser Pro Glu 
465 470 475 480 

Val Ala Val Ser Leu Ala Glu Leu Phe Leu Thr Phe Leu Ala Asp Asn 
485 490 495 

Asp Gly Ile Pro Arg Ser Glu Val Ile Ala Tyr Trp Ala Glu Thr Leu 
500 505 510 

Ala Arg Gly Pro Val Thr Ala Thr Thr Gly Thr Asn Pro Lys Gly Gly 
515 520 525 
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Asn Leu Leu Gly Pro Gly Ala Ser Glu Glu Glu Thr Val Gly Gly Glu 
530 535 540 

Gly Gly Glu Asp Ala Glu Ser Arg Ala Ala Glu Lys Glu Arg Glu Glu 
545 550 555 560 

Glu Gly Lys Ala Ser Ser Ser Ser Gly Ser Ser Asp Gln Asn Ile Thr 
565 570 575 

Arg Val Glu Ser Ser Glu Ala Lys Glu Asp Gly Glu Glu Asn Ser Ala 
580 585 590 

Ser Ser Lys Pro Pro Gly Ala Ala Ser Ala Ala Thr Glu Pro Ala Gly 
595 600 605 

Gly Asp Ala Asp Gly Arg Pro Gly Arg Ala Ala Ser Gly Pro Gly Asp 
610 615 620 

Ala Cys Arg Ser Val Thr Ser Thr Glu Thr Glu Ala Ala Val Ala Val 
625 630 635 640 

Ala Pro Glu Ala Lys Gly Gly Pro Ser Ser Asp Val Ser Cys Thr Leu 
645 650 655 

Asp Lys Ser Arg Glu Ser Arg Gly Asn Gly Val Ala Gly Lys Arg Glu 
660 665 670 

Asn Pro Ala Trp Ala Val Ser Pro Ser Ser Phe Ala Ala Phe Val Glu 
675 680 685 

Thr Ala Lys Ala Arg Gln Trp Val Thr Glu Ala Ser Arg Leu Gln Ala 
690 695 700 

Ala Ser Leu Pro Pro Leu Ala Pro Ala Glu Arg Pro Ala Arg Pro Pro 
705 710 715 720 

Ile Leu Pro Thr Leu Ala Ser Ser Arg Ala Arg Arg Cys Thr Ser His 
725 730 735 

Ser Leu Ile Ser Gly Leu Ser Ala Arg Glu Gly Ser Gln Arg Thr Val 
740 745 750 

Ser Gln Gly Asp Ser Leu Ser Pro Ala Ser Gly Leu Ala Gly Glu Pro 
755 760 765 

Gly Ala Val Arg Glu Ala Glu Gly Arg Glu Ala Ile Ala Val Asp Asp 
770 775 780 

Glu Thr Gly Gly Glu His Arg Asp Phe Pro His Ser Gln Gly Pro Ala 
785 790 795 800 

Gly Arg Gly Arg Leu Ala Gly Ala Arg Pro Ser Ser Ser Asp Met Arg 
805 810 815 

Gly Glu Lys Arg Gly Arg Arg Ala Leu Arg Glu Gly Glu Ser Lys Arg 
820 825 830 

Pro Cys Arg Arg Arg Glu Asp Leu Lys Ser Glu Glu Gly Gln Arg Glu 
835 840 845 

Arg Arg Arg Arg Asp Thr Ala Trp Pro Ala Gly Arg Arg Glu Ala Ser 
850 855 860 

His Gly Arg Gln Asp Ser Arg Val Lys Glu Glu Thr Pro Ala Pro Asp 
865 870 875 880 

Ala Gly Ala Ala Leu Ala Leu Asp Gly Arg Ala Ala Ala Ala Arg Asp 
885 890 895 

Arg Pro Gln Lys Ala Pro Ser Pro Phe Gly Thr Pro Glu Ala Leu Ser 
900 905 910 

Ser Ser Leu Thr Gly Ser Gly Leu His Pro Asp Gly Arg Asn Pro His 
915 920 925 

Gly His Pro Ala Leu Arg Val Lys Leu Ala Ala Gly Arg Gly Asn Gly 
930 935 940 

Leu Leu Ala Ala Ser Pro Ala Ser Pro Ser Ser Ala Ser His Ala Ser 
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945 950 955 960 

Ser Leu Ala Ser Pro Ser Ala Ser Trp His Ala Ala Gln Gly Glu Ala 
965 970 975 

Glu Ile Pro Gly Ala Ser Thr Gly Phe Val Asp Ser Pro Cys Ser Ala 
980 985 990 

Asn Gly Ser Leu Asp Asp Ser Gly Leu Gly Gly Pro Ala Ala Ala Leu 
1005 

Gln Lys 
1010 

Lys Ser 
1025 

Pro Pro 
1040 

Gly Val 
1055 

Pro Pro 
1070 

Leu Gly 
1085 

Gly Asp 
1100 

Thr Ala 
1115 

Pro Ser 
1130 

Ala Leu 
1145 

Ser Arg 
1160 

Ser Pro 
1175 

Ala Thr 
1190 

Gly Gly 
1205 

Val Asn 
1220 

Lys His 
1235 

Pro Leu 
1250 

Leu Gly 
1265 

Leu Ala 
1280 

Gly Trp 
1295 

Asp Ser 
1310 

Gly Thr 
1325 

Asp Arg 
1340 

995 1000 

Ser Trp Arg Asp Arg 
1015 

Met His Arg Lys Ser 
1030 

Gln Asn Ala Cys Leu 
1045 

Gln Met Pro Ser Asp 
1060 

Ser Phe Gly Ala Ser 
1075 

Leu Ala Phe Arg Ala 
1090 

Val Glu Pro Ala Gly 
1105 

Ser Val Gln Arg Ala 
1120 

Gln Gln Val Val Ser 
1135 

Ala Ala Thr Ala Ser 
1150 

Asn Gly Asp Pro Gln 
1165 

Thr Ser Gln Tyr Arg 
1180 

Gly Pro Ser Cys Cys 
1195 

Gly Trp Pro Val Val 
1210 

Gly Pro Pro Lys Phe 
1225 

Leu Arg Leu Gly Gly 
1240 

Ala Ser Arg Pro Ala 
1255 

Ala Pro Gly Pro Ala 
1270 

Ala Glu Gly Arg Gln 
1285 

Lys Ser Ala Thr Gly 
1300 

Gly Glu Thr Thr Ser 
1315 

Gly Gly Gly Arg Arg 
1330 

Asn Gly Gly Glu Gly 
1345 

Lys Arg Asn Arg Lys 
1020 

Leu Ala Ser Leu Gly 
1035 

Ala Asp Pro Ser Asp 
1050 

Ala Gly Thr Val Pro 
1065 

Glu Gln Lys Ala Ser 
1080 

Ser Ser Ser Phe Ser 
1095 

Arg Asn Pro Pro Gln 
1110 

Asp Pro Pro Gly Thr 
1125 

Ser Ala Ser Pro Cys 
1140 

Pro Gly Ala Cys Arg 
1155 

Gly Glu Arg Phe Ser 
1170 

Trp Tyr Ala His Pro 
1185 

Arg Gln His Val Gly 
1200 

Trp Leu Lys Gln Leu 
1215 

Cys Ser Tyr Val Glu 
1230 

Leu Arg Arg Pro Val 
1245 

Ser Pro Thr Gly Leu 
1260 

Leu Arg Gln Ala Ser 
1275 

Gly Gln Asn Glu Glu 
1290 

Ser Lys Ala Gly Met 
1305 

Glu Arg Gly Ala Glu 
1320 

Gly Ile Leu Gly Lys 
1335 

Glu Lys Ala Ala Thr 
1350 

Lys Leu Ser 

Met Arg Ala 

Val Gly Leu 

Gly Ile Ser 

Ser Ser Ala 

Pro Lys Asn 

Phe Leu Pro 

Gly Ala Pro 

Ser Pro Ser 

Gly Gly Ala 

Phe Pro Ala 

Asp Gly Gly 

Gly Ser Gly 

Glu Met Ala 

Ala Val Asp 

Ala Phe Leu 

Gly Gly Gly 

Glu Lys Ala 

Lys Gln Val 

Phe Gln Gly 

Glu Ala Glu 

Glu Glu Glu 

Pro Thr Met 
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Gly Gly Ala Ser Pro Ala Ala Ser Asp Asp Ala Leu Ser Pro Met 
1355 1360 1365 

Lys Ala Asp Arg Pro Ala Glu Ala Leu Gly Thr Gly Gly Ser Ala 
1370 1375 1380 

Pro Thr His Ala Asp Ser Arg Arg Ala Pro Gly Met Pro Glu Gly 
1385 1390 1395 

Glu Lys Met Thr Gly Pro Ser Lys Glu Gln Glu Met Ala Glu Ala 
1400 1405 1410 

Gly Glu Arg Asp Arg Cys Glu Arg Ser Leu Glu Arg Asn Ala Glu 
1415 1420 1425 

Leu Val Leu Lys Glu Asn Val Ser Met Thr Ser Ala Ser Asp Val 
1430 1435 1440 

Ser Glu Ala Ala Glu Glu Lys Gly Ala Pro Lys Lys Leu Ala Ser 
1445 1450 1455 

Ser Pro His Ser Val Glu Ser Pro Cys Gly Arg Thr Ala Glu Lys 
1460 1465 1470 

Thr Gly Thr Leu Asn Thr Ser Glu Lys Gly Glu Asn Thr Arg Thr 
1475 1480 1485 

Ala Glu Gly Asp Asp Pro Gly Thr Thr Ile Val Lys Glu Glu Phe 
1490 1495 1500 

Pro Leu Leu Pro Ala Pro Glu Thr Pro Val Thr Val Thr Ala Gln 
1505 1510 1515 

Asp Leu Leu Ser Pro Thr Val Tyr Thr Pro Arg Trp Gln Ala Thr 
1520 1525 1530 

Val Gly Lys Ser Leu Glu Leu Gly Ser Leu Asn Cys Glu Lys Ser 
1535 1540 1545 

Cys Glu Arg Gly His Trp Ala Asp Ala Ser Ala Cys Asp Leu Glu 
1550 1555 1560 

Thr Lys Asp Leu Arg Leu Pro Glu Asp Asn Lys Ser Glu Glu Leu 
1565 1570 1575 

Lys Lys Glu Thr Gly Met Phe Leu Gly Val Glu Gly Glu Gln Val 
1580 1585 1590 

Glu Glu Ala Lys Ser Ser Lys Glu Ala Phe Ser Pro Glu Glu Arg 
1595 1600 1605 

Glu Arg Glu Glu Gln Lys Glu Ser Ser Lys Ala Ala Gly Gly Gly 
1610 1615 1620 

Asp Ser Cys Arg Thr Pro Arg Gln Gln Glu Ala Thr Pro Arg Ala 
1625 1630 1635 

Ser Glu Glu Cys Gln Pro Glu Ser Arg Ile Asp Met Lys Val Ser 
1640 1645 1650 

Pro Asn Thr Glu Met Met Val Glu Lys Leu Glu Glu Thr Arg Val 
1655 1660 1665 

Gln Asn Thr Glu Glu Pro Glu Lys Val Glu Glu Lys Glu Glu Gly 
1670 1675 1680 

Gly Ser Val Cys Arg Asp Val Ser Val Ala Ser Pro Leu Glu Ser 
1685 1690 1695 

Pro Asn Ser Arg Leu Ser Glu Lys Gly Asp Gln Ser Glu Thr Pro 
1700 1705 1710 

Ala Gly Val Ala Pro Pro Ser Ser Ser Ala Leu Glu Ala Arg Ala 
1715 1720 1725 

Gly Arg Asp Ser Ala Leu Leu Ser Ala Ser Leu Pro Leu Ser Pro 
1730 1735 1740 
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Arg Ala Ser Cys Pro Pro Thr Gln Ser Ala Ser Pro Ala Ser Arg 
1745 1750 1755 

Asp Pro Thr Pro Ala Ser Leu Arg Val Ser Ser Val Ala Ser Gly 
1760 1765 1770 

Asp Arg Asn Gly Pro Thr Gly Ile Leu Phe Arg Pro Leu Ser Ser 
1775 1780 1785 

Pro His Lys Arg Val Ser Phe Cys Leu Arg Gly Gly Ala Glu Pro 
1790 1795 1800 

Pro Gln Arg Pro Leu Ser Glu Ala Val Pro Tyr Pro Leu Asn Ala 
1805 1810 1815 

Arg Leu Gln Glu Ile Val Ser Arg Phe Arg Leu Leu Gln Gly Val 
1820 1825 1830 

Ser Ala Ala Arg Val Ser Ser His Gly Lys Gly Glu Thr Ser Ser 
1835 1840 1845 

Gln Ala Thr Pro Lys Ala Val Gln Gly Glu Ala Thr Val Lys Glu 
1850 1855 1860 

Lys Ala Thr Val Thr Pro Thr Glu Ser Ala Lys Ser Leu Ala Gly 
1865 1870 1875 

Gly Gln Ala Glu Thr Glu Lys Gly Glu Ser Pro Ser Gly Ala Glu 
1880 1885 1890 

Ala Ala Thr Gln Lys Ala Asp Glu Lys Glu Lys Thr Pro Asp Thr 
1895 1900 1905 

Asp Ala Thr Gln Ser Arg Ser Thr Ser Ser Gly Phe Glu Thr Gln 
1910 1915 1920 

Glu Ala Lys Thr Ala Pro Ala Ser Ile Leu Pro Ala Ser Ser Leu 
1925 1930 1935 

Pro Ser Ser Asp Arg Pro Ser Ala Ser Cys Ser Asp Thr His Ala 
1940 1945 1950 

Ser Arg Asp Ala Val Pro Leu Ala Ser Ser Pro Ser Ser Ser Ser 
1955 1960 1965 

Ser Pro Ala Leu Arg Arg Cys Ser Val Arg Gly Lys Asp Leu Val 
1970 1975 1980 

Ser Ala Pro Val Asp Ser Phe Ser Glu Gly Asp Ser Ser Asp Ala 
1985 1990 1995 

Arg Pro Phe Val Ser Val Arg Asp Leu Ala Val Lys Leu Tyr Arg 
2000 2005 2010 

Trp Leu Glu Gln Gly Glu Gly Leu Pro Ala Ala Ala Gly Glu Pro 
2015 2020 2025 

Gln Gly Ala Cys Gly Val Gly Ala Lys Ala Gln Ala Arg Glu Ala 
2030 2035 2040 

Leu Arg Ile Asp Thr Val Pro Phe Ile Ser Arg Trp Arg Gln Met 
2045 2050 2055 

Leu Glu Arg Ser Leu Ser Ile Ala Ser Asp Leu Arg Lys Leu Asp 
2060 2065 2070 

Leu Gln Val Val His Leu Val Glu Leu Thr Glu Ala Leu His Ile 
2075 2080 2085 

Ala Val Tyr Ile Cys Gly Gln Leu Arg Arg Arg Leu Arg Glu Gly 
2090 2095 2100 

Ala Ala Pro Asp Ala Gly Ala Ala Glu Asp Leu Ala Pro Val Asp 
2105 2110 2115 

Val Asp Asp Pro Arg Gly Cys Ser Gln Gln Ser Gly Asp Thr Arg 
2120 2125 2130 

Asp Ser Ser Ser Pro Ala Thr Pro Gly Gly Arg Leu Ala Gly Gly 
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2135 2140 2145 

Ala Gly Gly Ala Ala Thr Ser Pro Lys Gly Gln Ala Phe Ala Pro 
2150 2155 2160 

Arg Gly Gly Glu Gly Glu Ile Lys Pro Gln Glu Thr Gly Asn Ser 
2165 2170 2175 

Gly Asp Ser Lys Ala Glu Gly Lys Glu Ala Ser Gly Asp Ala Asn 
2180 2185 2190 

Thr Ser Glu Gly Lys Arg Leu Ser Gly Glu Val Asp Lys Thr Ala 
2195 2200 2205 

Glu Val Glu Thr Ala Gly Ser Glu Asp Ile Asn Val Glu Arg Gly 
2210 2215 2220 

Val Pro Gly Ala Gln Ala Glu Thr Ala Arg Thr Glu Met Asn Gly 
2225 2230 2235 

Gly Val Val Lys Gly Gln Glu Thr Ser Gly Asp Ile Leu Ser Val 
2240 2245 2250 

Gly Ser Ser Gln Val Leu Ser Leu Ser Ser Pro Ser Leu Ser His 
2255 2260 2265 

Leu Ala Ser Ser Ser Gly Lys Gly Pro Leu Lys Pro Thr Ser Ser 
2270 2275 2280 

Pro Ser Ser Ser Leu Tyr Ala Leu Ser Pro Ser Ser Ser Ala Ala 
2285 2290 2295 

Ser Pro Phe Ser Ala Gln Leu Ala Ser Pro Ser Ser His Ala Pro 
2300 2305 2310 

Leu Ser Leu Ser Phe Arg Ser Ser Ser Ser Pro Thr Ser Leu Ser 
2315 2320 2325 

Ser Pro Leu Ala Ser Tyr Pro Phe Pro Gln Thr Leu Gln Gln Thr 
2330 2335 2340 

Ser Ala Ser Pro Ser Ser Ser Ala Ser Ala Arg Pro Ser Cys Ala 
2345 2350 2355 

Ser Val Lys Pro Leu Arg Glu Ala Gly Asp Leu Val Arg Ala Ala 
2360 2365 2370 

Ala Arg Ala Ala Leu Glu Gln Ala Gln Val Phe Gly Val Gly Gly 
2375 2380 2385 

Lys Leu Ser Asp Ala Thr His Gln Leu Ala Ala Arg Val Thr Val 
2390 2395 2400 

Ala Val Arg Ala Ala Met Leu Ala Lys Gly Glu Gly Gly Leu Thr 
2405 2410 2415 

Arg Gly Asp Val Asp Leu Leu Val Glu Glu Thr Glu Arg Phe Val 
2420 2425 2430 

Arg Glu Ala Arg Phe Lys Ala Gln Glu Thr Ala Ala Glu Thr Thr 
2435 2440 2445 

Ala Leu Pro Asp Gly Val Ala Glu Val Val Ser Ser Glu Ala Gly 
2450 2455 2460 

Leu Gly Leu Gln Thr Thr Asn His Ala Pro Val Ser Pro Ala Ala 
2465 2470 2475 

Ala Pro Ser Ala Gly Gly Ala Phe Ala Gly Leu Thr Glu Ala Val 
2480 2485 2490 

Glu Val Glu Ala Arg Gln Leu Pro Glu Ala Ser Glu Arg Val Gly 
2495 2500 2505 

Arg Val Ser Ser Pro Arg Gly Ser Leu Gly Phe Glu Ala Met Asp 
2510 2515 2520 

Leu Ala Gly Glu Leu His Leu Val Lys Val Leu Asn Ala Phe His 
2525 2530 2535 
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Arg His Thr Glu Cys Leu Met Asn Glu Arg Glu Arg Leu Ile Gln 
2540 2545 2550 

Ala Thr Asn Glu Asp Leu Ser Phe Leu Leu His Ala Met Glu Leu 
2555 2560 2565 

Ala Leu Pro Ser Gly Leu Asp Thr Pro Leu Leu Ser Ile Leu Glu 
2570 2575 2580 

Gly Asp Val Asp Ile Leu Pro Pro Leu Pro Pro Pro Asn Val Glu 
2585 2590 2595 

Ala Leu Ile Tyr Leu His Ala Val Ser Leu Ala Gln Ala Asp Ala 
2600 2605 2610 

Ser Ala Ser Pro Ser Ser Pro Ser Ala Val Ala Pro Cys Leu Leu 
2615 2620 2625 

Ser Pro Ser Ala Arg Leu Leu Leu Ala His Phe Ala Gly Ala Ser 
2630 2635 2640 

Pro Thr Ala Gly Gly Leu Gly Gly Asp Ser Ala Lys Gly Arg Thr 
2645 2650 2655 

Met Ser Ser Phe Pro Gly Arg Pro Gly Glu Glu Arg His Arg Ala 
2660 2665 2670 

Asp Glu Arg Lys Gly Ser Val Leu Pro Val Arg Arg Gly Arg Pro 
2675 2680 2685 

Pro Ser Ser Ala Arg Leu Asn Ala Leu Arg Arg Leu His Ala Val 
2690 2695 2700 

Gly Glu Pro Ala Ala Asp Ala Gly Leu Asp Thr Val Asn Gly Arg 
2705 2710 2715 

Phe Arg Ser Lys Arg Leu Arg Ala Met Ser Gln Glu Glu Glu Ala 
2720 2725 2730 

Arg Arg Ala Ala Thr His Ala Ser Pro Thr Ile Pro Tyr Pro Leu 
2735 2740 2745 

Ser Arg Tyr Leu His Arg Pro Pro Arg Leu Leu Ser Pro Thr Asp 
2750 2755 2760 

Ala Gly His Phe Ala Ser Ser Tyr Ser Ser Pro Leu Ser His Pro 
2765 2770 2775 

Leu Ser Lys Gly Ser Ser Leu Thr Ser Pro Lys Arg Gln Arg Arg 
2780 2785 2790 

Ser Val Cys Ser Glu Ala Pro Glu His Glu Arg Lys Asn Leu Arg 
2795 2800 2805 

Ser Leu Phe Lys Ser Pro Ser Ala Gln Arg Glu Glu Ala Pro Arg 
2810 2815 2820 

Ser Leu Thr Arg Pro Phe Gly Pro Leu Lys Gly Glu Gly Phe Ser 
2825 2830 2835 

Pro Ala Ser Leu Gly Thr Leu Gly Ser Arg Arg Gln Ser Glu Leu 
2840 2845 2850 

Gly Ile Arg Arg Arg Asp Ala Leu Val Ala Phe Pro Pro Ala Gly 
2855 2860 2865 

Met Pro Cys His Pro Ala Ser Pro Gly Arg Arg Leu Glu Arg Pro 
2870 2875 2880 

Arg Val Asp Gly Ala Asp Met Asp Gly Glu Arg Arg Arg Arg Thr 
2885 2890 2895 

Arg Cys Ala Gly Asp Arg Leu Glu Glu Arg Arg Arg Pro Leu Gly 
2900 2905 2910 

Pro Val Tyr Ile Pro Thr Lys Val Arg Asp Pro Ala Thr Gly Arg 
2915 2920 2925 
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Val Ala Val Cys Ala Cys Asp Thr Glu Arg Gly Glu Arg Val Arg 
2930 2935 2940 

Lys Val Gln Leu Phe Glu Lys Pro His Val Gly Ala Phe Trp Cys 
2945 2950 2955 

Ala Arg Tyr Gly Pro Asn Asp Glu Phe Val Arg Cys Phe Ser Ile 
2960 2965 2970 

Glu Lys Val Gly Ser Leu Lys Ala Leu Val Ser Ala Val Arg Phe 
2975 2980 2985 

Arg Gln Tyr Val Thr Gly His Ser Leu Gly Tyr Gly Val Gly Asn 
2990 2995 3000 

Cys Val Pro Val Glu Thr Ile Arg Ser Ala Gly Arg Arg Asp Arg 
3005 3010 3015 

Asn Gly Asp Val Ala Pro Asp Arg Pro Leu Lys Gln Ala Ala Ala 
3020 3025 3030 

Ser Pro Pro Pro Ala Gly Val Ala Gly Ala Leu Gly Arg Gly Glu 
3035 3040 3045 

Val Gly Gln Ala Gln Asp Glu Ser Gly Glu Thr Arg Asp Ala Val 
3050 3055 3060 

Glu Glu Glu Gly Arg Gly Gln Glu Pro Leu Gly Ser Gly Glu Gly 
3065 3070 3075 

Ala Ser Gly Val Ala Ala Lys Glu Gly His Gly Ser Ser Arg Gly 
3080 3085 3090 

Glu Gly Glu Gly Ala Glu Gly Arg Thr Asp Ser Ala Ala Gly Ser 
3095 3100 3105 

Thr Ala Gly Asp Arg Ser Thr Glu Asp Ser Ser Arg Leu Leu Ser 
3110 3115 3120 

Glu Gly Arg Asp Ala Lys His Gly Ser Ser Pro Ala Gly Gly Ser 
3125 3130 3135 

Glu Ala Leu Ala Pro Gly Gly Glu His Ala Leu Ala Glu Gly Ser 
3140 3145 3150 

Glu Lys Val Gly Arg Ala Gln Glu Thr Glu Ala Arg Lys Glu Asp 
3155 3160 3165 

Leu Arg Thr Ser Gln Asn Glu Thr His Ser Gly Glu Asp Val Ser 
3170 3175 3180 

Ser Leu Asn Glu Lys Ala Leu Asp Ser Pro Arg Ser Ser Ala Pro 
3185 3190 3195 

Gln Gly Lys Ser Asp Gln Gly Arg Glu Pro Ile Ala Leu Arg Ile 
3200 3205 3210 

Arg Ser Thr Leu Pro Pro Ser Glu Val Asp Lys Gln Glu Ala Ala 
3215 3220 3225 

Gly Gln Gly Gly Ser Ala Ser Glu Leu Ala Phe Pro Thr Gly Val 
3230 3235 3240 

Ser Leu Ala Ser Pro Val Ser Pro Phe Ser Ala Leu Ala Arg Ser 
3245 3250 3255 

Pro Ile Ser Ala Arg Ala Ser Ser Val Ser Pro Gly Ala Cys Asp 
3260 3265 3270 

Arg Pro Asp Val Ser Arg Arg His Ser Gly Ser Ser Asp Glu Ala 
3275 3280 3285 

Ser Glu Ala Leu Trp Asp Leu Gly Glu Asp Leu Gly Phe Ala Gly 
3290 3295 3300 

Asp Asp Ala Asn Phe Pro Phe Leu Asp Ser Glu Asn Ser Ala Leu 
3305 3310 3315 

Leu Phe Ala Pro Pro Arg His Leu Met Ser Pro Gly Ser Ala Ser 
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3320 3325 3330 

Pro Thr Gly Gly Gly Leu Gly Ile His Tyr Asp Lys Thr Lys His 
3335 3340 3345 

Arg Trp Lys Ala Thr Trp Thr Thr Leu Asp Gly Gln Arg Ala Ser 
3350 3355 3360 

Thr Ser Phe Ser Val Lys Val Leu Gly Met Glu Arg Ala Arg Glu 
3365 3370 3375 

Leu Ala Leu Glu Ala Arg Gln Arg Ala Leu Ala Gly Leu Asp Pro 
3380 3385 3390 

Arg Glu Val Arg Asp Glu Met Val Ala Gly Gly Ala Ala Ala Arg 
3395 3400 3405 

Asp Arg Glu Arg Glu Arg Gly Arg Gln Asp Gly Arg Arg Glu Gly 
3410 3415 3420 

Ser Glu Arg Arg Val Gly Phe Glu Ala Glu Ala Glu Gly Thr Glu 
3425 3430 3435 

Ala Ala Ser Glu Arg Leu Arg Arg Arg Gly Glu Arg Glu Asp Gly 
3440 3445 3450 

Asp Glu Glu Arg Arg Arg Lys Lys Thr Arg Gly Asp Glu Leu Arg 
3455 3460 3465 

Gly Ala Glu Gly Asp Arg Glu Glu Arg Glu Leu Arg Arg Arg Lys 
3470 3475 3480 

Thr Ser Glu Glu Arg Arg Lys Gly Lys Asn Glu Ala Ala Lys Asn 
3485 3490 3495 

Glu Ala Ala Lys Asn Glu Ala Ala Lys Asn Glu Gly Gly Lys Gly 
3500 3505 3510 

Glu Thr Trp Lys Val Arg Glu Gly Gly Lys Thr Pro Leu Gly Val 
3515 3520 3525 

Lys Ser His Arg Ala Lys Val Val Gly Gln Thr Val Glu Arg Arg 
3530 3535 3540 

Gly Glu Glu Arg Arg Arg Asp Leu Arg Gly Ser Arg Arg Glu Glu 
3545 3550 3555 

Gly Lys Thr Val Trp Gly Gln Glu Gln Asp Ala Glu His Gln Val 
3560 3565 3570 

Phe Glu Gly Val Lys Glu Asp Asp Asn Glu Arg Gly Arg Arg Arg 
3575 3580 3585 

Glu Arg Arg Arg Phe Glu Glu Arg Asp Ser Leu Arg Gly Ser His 
3590 3595 3600 

Gly Ala Thr Pro Ser Asp Glu Gln Arg Gln Met Arg Arg Gln Thr 
3605 3610 3615 

Ile Leu Gly Ser Arg Glu Val Asp Gly Lys Pro Leu Ser Phe Asp 
3620 3625 3630 

Asp Thr His Arg Val Asp Ala Gln Leu Gly Ile Gln Asn Glu Val 
3635 3640 3645 

Ala Phe Pro Gly Pro Gln Gly Val Gly Gly Ala Gly Asn Ser Leu 
3650 3655 3660 

Gln Phe Gly Arg Glu Gly Glu Arg Phe Ala Ser Ser Ser Pro Val 
3665 3670 3675 

Ala Phe Leu Arg Thr Lys Glu Glu Asp Glu Glu Ile Val Glu Val 
3680 3685 3690 

Phe Leu Thr Pro Glu Gly Ser Gly Ser Glu Arg Asp Lys Ala Ser 
3695 3700 3705 

Ser Val Ser Ala Ser Ser Ala Pro Arg Asp Ser Arg Pro Ala Ser 
3710 3715 3720 
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Pro Arg Leu Arg Ala Ser Arg Leu Arg Glu Ser Ala Arg Leu Gln 
3725 3730 3735 

Arg Arg Leu Glu Glu Ala Glu Val His Asp Arg Gly Ser Arg Pro 
3740 3745 3750 

Leu Arg Pro Glu Glu Arg Arg Val Ala Lys Arg His Val Ala Glu 
3755 3760 3 765 

Glu Asn Val Asp Ala Thr Phe Ser Ala Gly Ala Gly Gly Thr Lys 
3770 3775 3780 

Lys Ile Arg Pro His Ser Ser His Asp Phe Ser Ala Glu Gly Leu 
3785 3790 3795 

Ser Lys Phe Gln Glu Leu Leu Thr Trp Asp Cys Glu Val Glu Ile 
3800 3805 3810 

Asp Gly Thr Asp Ala His Val Trp Arg Ala Val Ala Ala Leu Pro 
3815 3820 3825 

Gly Pro Arg Pro Arg Pro Arg Tyr Val 
3830 3835 

<210> SEQ ID NO 20 
<211> LENGTH, 1292 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 20 

Met Cys Gln Glu Arg Lys Pro Arg Glu Leu Ser Leu Arg Asn Asn Ser 
1 5 10 15 

Arg Ala Arg Glu Arg Arg Gly Ser Lys Leu Glu Pro Gly Val Ser Cys 
20 25 30 

Leu Ser Leu Ser Ala Cys Pro Ser Val Ala Pro Asn Asp Arg Gly Gly 
35 40 45 

Val Thr Thr Pro Arg Ser Leu His Ala Trp Thr Arg Glu Val Ser Ala 
50 55 60 

Cys Arg Leu Pro Arg Gln Gln Val Ser Arg Pro Leu Pro Arg Arg Ser 
65 70 75 80 

Leu Ser Arg Pro Arg Ser Glu Pro Asp Ala Ser Pro Val Lys Gly Pro 
85 90 95 

Gly Gln Arg Val Glu Ala Ser Ala Val Glu Gly Gly Pro Ser Ala Ser 
100 105 110 

Ser Ala Glu Arg Leu Gln Val Asp Asp Gly Leu Ala Ala Met Arg Lys 
115 120 125 

Thr Lys Lys Gly Lys Gly Glu Glu Gly Gly Glu Glu Thr Glu Arg Trp 
130 135 140 

Ala Thr Gln Ala Val Glu Gln Gln Gly Thr Leu Lys Pro Ala Gly Glu 
145 150 155 160 

Glu Thr Ala Val Pro Gly Ala Ser Glu Arg Ser Ala Ser Pro Gln Gln 
165 170 175 

Ala Met Glu Gly Ser Cys Gly Val Glu Thr Pro Glu Thr Phe Phe Gly 
180 185 190 

Val Ser Thr Gly Asn Ser Gln Gly Ser Pro Ser Pro Glu Ser Val Ala 
195 200 205 

Gly Glu Glu Ala Arg Pro Glu Arg Glu Asn Ala Glu Lys Ser Ala Thr 
210 215 220 

Gly Gly Ser Ala Ser Lys Ala Lys Lys Pro Ser Arg Glu Ser Ala Arg 
225 230 235 240 

Arg Pro Asp Thr Ala Leu Ile Asp Arg His Leu Ile Ala Ala Ser Pro 

298 
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245 250 255 

Ser Pro Ser Ser Ala Arg Arg Ser Ser Thr Cys Ser Pro Ser Pro His 
260 265 270 

Ser Arg Glu Gly Glu Asp Lys Pro Gly Ser Gly Ala Pro Pro Ala Ser 
275 280 285 

Ser Pro Ser Ala Asn Ala Gly Ala Leu Glu Pro Ala Glu Lys Gly Thr 
290 295 300 

Leu Gly Ser Pro Pro Gln Asp Val Leu Pro Ala Leu Pro Ala Ser Ser 
305 310 315 320 

Ser Ser Pro Ser Thr Gly Gly Gly Ser Pro Leu Ser Pro Pro Pro Gly 
325 330 335 

Gln Ala Pro Arg Ala Glu Ser Gly Ala Pro Gly Ser Gly Ala Leu Ser 
340 345 350 

Leu Arg Arg Ser Leu Arg His Arg Gln Pro Val Arg Pro Ala Ala Ile 
355 360 365 

Ala Val Ser Pro Leu Gly Gly Pro Gly Ser Ser Leu Ser Ser Arg Ser 
370 375 380 

Ala Ser Pro Thr Arg Arg Gly Gly Val Ser Pro Cys Gly Pro Ala Thr 
385 390 395 400 

Ala Val Gly Lys Gly Ala Gly Ala Ala Ser Gly Ala Ala Ala Leu Pro 
405 410 415 

Gly Val Gly Ala Lys Ala Pro Pro Ser Ala Thr Pro Leu Ala Gly Leu 
420 425 430 

Ser Gly Arg Ser Leu Leu Ala Ser Val Ser Pro Ser Ala Ala Ala Leu 
435 440 445 

Gly Pro Gly Ala Pro Gly Lys Lys Lys Ala Gly Gln Val Gln Gly Ala 
450 455 460 

Ala Lys Ala Arg Gly Ala Pro Pro Phe Val Leu Ala Glu Tyr Trp Pro 
465 470 475 480 

Gly Val Thr Leu Asp Glu Met Glu Lys Gly Glu Leu Ser Trp Ala Arg 
485 490 495 

Ala Ala Ala Gly Leu Pro Leu Pro Ala Ser Pro His Lys Val Pro Gly 
500 505 510 

Gly Pro Ala Pro Pro Val Gly Gly Pro Pro Ala Arg Asp Glu Asp Ser 
515 520 525 

Val Ala Ala Cys Ala Gly Glu Lys Gly Lys Glu Lys Ala Phe Leu Gly 
530 535 540 

Ser Gly Arg Ser Gln Ala Ala Gln Gly Leu Pro Gly Ile Asp Ala Val 
545 550 555 560 

Ala Ala Ala Cys Trp Gly Gly Ala Gly Val Asp Ser Arg Val Leu Ala 
565 570 575 

Pro Ala Glu Gly Glu Ala Ser Gly Ala Phe Gly Pro Gly Gly Glu Lys 
580 585 590 

Lys Lys Val His Ala Ser Ser Asp Ser Ser Gly Gly Ser Arg Ala Ala 
595 600 605 

Leu Gly Gly Arg Ala Ser Val Gln Gly Lys Ala Arg Lys Pro Ala Gly 
610 615 620 

Trp Glu Glu Glu Arg Gly Arg Arg Asp Asp Arg Ser Arg Gly Arg Arg 
625 630 635 640 

Asp Glu Thr Asp Gly Pro Arg Phe Asp Val Thr Trp Phe Val Asp Asp 
645 650 655 

Ser Pro Leu Ala His Thr Arg Lys Arg Thr Arg Trp Asp Ser Leu Trp 
660 665 670 

300 
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Val Arg Pro Ala Ser Pro Val Arg Val Val Gly Asp Ser Ala Pro Glu 
675 680 685 

Glu Ser Pro Glu Arg Arg Glu Gly Gly Gly Arg Ala Pro Asp Leu Gln 
690 695 700 

Ala Ser Met Ala Lys Arg Arg Thr Ala Asp Ser Gly Leu Glu Glu Glu 
705 710 715 720 

Ala Gln Val Glu Arg Gly Phe Ser Ser Ser Asp Ser Asp Asp Cys Asp 
725 730 735 

Trp His Leu Pro Thr Arg Thr Val Ser Ser Ser Leu Ala Pro Phe Ala 
740 745 750 

Ala Ser Lys Ala His Leu Val Pro Arg Cys Cys Tyr Cys Leu Leu Pro 
755 760 765 

Arg Arg Leu Pro Gly Arg His Thr Glu Ala Gly Gly Pro Pro Arg Asp 
770 775 780 

Leu Leu Gly Trp Ser Thr Ser Val Glu Ser Glu Glu Thr Arg Gly Arg 
785 790 795 800 

Tyr Leu Gln Leu Tyr Cys Ala Cys Thr Lys Arg Pro Phe Gly Glu Ser 
805 810 815 

Val Leu Gln Gly Ala Ala Gly Arg Arg Gly Leu Leu Leu Pro Val Ala 
820 825 830 

Thr Asn Ala Leu Leu Tyr Ser Val Arg Arg Val Ala Leu Asp Gly Ala 
835 840 845 

Ala Ser Glu Gln Lys Ser Glu Ala Leu Pro Thr Ser Ala Val Ser Arg 
850 855 860 

Pro Ser Ser Ala Val Arg Ala Arg Ser Ser Cys Ala Ser Ser Gly Cys 
865 870 875 880 

Asp Asp Gly Arg Ala Glu Val Ala Pro Gly Ala Pro Ala Glu Thr Ile 
885 890 895 

Tyr Arg Trp Arg Asp Pro Cys Thr Leu Gln Thr Phe Ser Ser Ser Leu 
900 905 910 

Asp Arg Ile Gln Gly Ser Leu Ala Ala Thr Ala Ala Val Ala Ala Ala 
915 920 925 

Ala Glu Ser Ala Gly Lys Pro Val Ala Phe Leu Pro Arg Leu Tyr Trp 
930 935 940 

Asp Ser Gln Ala Asp Cys Tyr Ile Ala Ser Cys Leu Arg Trp Glu Glu 
945 950 955 960 

Glu Ala Gln Pro Thr Pro Ala Ala Glu Arg Gly Glu Lys Arg Asn Gly 
965 970 975 

Val Glu Arg Pro Ala Glu Ala Arg Glu Arg Gly Arg Asp Glu Lys Lys 
980 985 990 

Pro Glu Asp Pro Ser Val Pro Gly Leu Arg Arg Arg Ser 
1005 

Leu Lys Leu 

Leu Gln 
1010 

His Phe 
1025 

Arg Met 
1040 

Met Leu 
1055 

Lys Ala 
1070 

995 1000 

Lys Lys Phe Ser Val 
1015 

Tyr Ala Ser Glu Trp 
1030 

Met Asp Glu Glu Asp 
1045 

Leu Val Ser Pro Leu 
1060 

Pro Gly Gly Cys Ser 
1075 

Ala Phe Leu Gly Asp 
1020 

Leu Lys Trp Gln His 
1035 

Arg Arg Gln Glu Val 
1050 

Leu Ala Gly Arg Lys 
1065 

Lys Lys Ala Ser Ser 
1080 

Ala Lys Ala 

Lys Gly Gln 

Ala Arg Gln 

Ala Pro Ala 

Leu Ser Ala 

302 
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Ala Gln Leu Ala Leu Ala 
1085 

Glu Ala Glu Leu Lys Arg 
1100 

Lys Gln Lys Leu Leu Arg 
1115 

Glu Ala Lys Leu Arg Leu 
1130 

Ala Ala Ala Ala Gly Ala 
1145 

Ser Gln Thr Arg Ser Pro 
1160 

Pro Val Leu Arg Ser Lys 
1175 

Ala Ser Phe Ala Pro Ala 
1190 

Glu Ser Gly Ala Ala Pro 
1205 

Ala Ala Ser Ala Thr Ser 
1220 

Lys Ser Glu Thr Ala Arg 
1235 

Ala Lys Ser Thr Met Val 
1250 

Val Val Ala Val Thr Arg 
1265 

Ala Ser Val Ala Ser Ser 
1280 

<210> SEQ ID NO 21 
<211> LENGTH, 2406 
<212> TYPE, PRT 

Ser 
1090 

Gln 
1105 

Gln 
1120 

Arg 
1135 

Pro 
1150 

Gln 
1165 

Thr 
1180 

Ser 
1195 

Cys 
1210 

Val 
1225 

Asp 
1240 

Thr 
1255 

Ser 
1270 

Thr 
1285 

<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 21 

Gly Arg Pro Leu Thr Pro Glu Glu 
1095 

Leu Glu Asn Lys Glu Arg Gln Lys 
1110 

Gln Trp Arg Arg Gln Gln Ala Arg 
1125 

Glu Ala Glu Ala Ala Ala Ala Ala 
1140 

Ser Ala Pro Gly Thr Thr Gly Ala 
1155 

Ser Gln Gln Lys Ser Glu Ser Leu 
1170 

Glu Val Leu Gln Pro Ser Pro Gly 
1185 

Ser Arg Ser Thr Leu Pro Ala Gly 
1200 

Glu Gly Val Gly Thr Arg Arg Ser 
1215 

Ala Pro Glu Lys Val Thr Gly Arg 
1230 

Ala Ala Ser Ala Ser Leu Glu Ala 
1245 

Arg Gly Gly Gly Arg Gly Ser Ser 
1260 

Thr Ser Ser Pro Ser Gly Arg Ala 
1275 

Leu Gly Gly Phe Gly Ala Arg 
1290 

Met Ala Ala Pro Ala Pro Ser Ala Glu Ala Arg Pro Ala Lys Arg Arg 
1 5 10 15 

Cys Phe Pro Leu Pro Arg Glu Thr Pro Val Ser Ser Glu Asp Glu Thr 
20 25 30 

Arg Lys Thr Leu Gln His Asp Thr Leu Gly Cys Leu Pro Arg Ser Ser 
35 40 45 

Ser Gly Gln Pro Glu Leu Ala Ala Ala Ser Ala Ala Ser Gln Val Gly 
50 55 60 

His Leu Ser Ser Ala Ala Leu Leu Gln Leu Val Gln Thr Gln Ser Ala 
65 70 75 80 

Gly Gly Val Pro Gln Ala Val Leu Arg Asn Leu Phe Ser Ser Ile His 
85 90 95 

Arg Asn Pro Lys Pro Leu Pro Ala Asn Ala Leu Ala Ala Thr Pro Asn 
100 105 110 

Ser Ser Leu Tyr Ala Ser Leu Thr Ser Leu Ser Ser Ala Ala Ala Leu 
115 120 125 

Pro Gly Ala Gly Pro Ala Tyr Ser Gln Ala Pro Ser Pro Ala Ser Ala 
130 135 140 

Asp Leu Leu Gln Ser Glu Gln Phe Arg Ser Ala Ala Lys Asn Pro Ser 
145 150 155 160 
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Pro Asn Glu Ala Ser Pro Ile Leu Ala Leu Leu Gly Glu Ala Ala Arg 
165 170 175 

Ala Ala Thr Thr Pro Arg Thr Val Pro Ala Leu Ser Ala Val Cys Pro 
180 185 190 

Ala Ala Ser Ser Gly Val Ser Leu Pro Pro Ala Ser Asp Thr Leu Ala 
195 200 205 

Leu Ala Gln Ser Ser Leu Ser Ser Ser Thr Gly Cys Ala Ser Asp Val 
210 215 220 

Lys Ala Ser Arg Pro Glu Glu His Pro Ala Phe Ala Ser Gly Thr Ala 
225 230 235 240 

Asn Arg Gln Ser Leu Leu Gln Ala Leu Leu Leu Ser Thr Ala Pro Leu 
245 250 255 

Ala Phe Ser Gly Pro Ser Leu Ser Ser Ala Ser Thr Thr Leu Pro Ala 
260 265 270 

Ser Ser Gly Ala Val Ser Ser Arg Asn Ala Gly Ala Tyr Gln Phe Glu 
275 280 285 

Arg Leu Leu Gln Ala Glu Ala Ala Lys Val Lys Ala Leu Leu Pro Asn 
290 295 300 

Thr Thr Ser Lys Ser Met Ser Gln Ser Ser Val Pro Gln Arg Asp Leu 
305 310 315 320 

Thr Arg Lys Thr Ser Leu Phe Pro Asp Pro Arg Gly Leu Ser Ala Asp 
325 330 335 

Asp Ala Ser Arg Arg Tyr Asn Thr Arg Gly Ala Asn Ser Gly Gly Ala 
340 345 350 

Gly Leu Arg Arg Gly Thr Gly Val His Ala Thr Thr Glu Gln Ser Gly 
355 360 365 

Ala Leu Asp Ala Gly Glu Arg Thr Arg Pro Phe Gly Ala Gly Glu Asp 
370 375 380 

Glu Ser Ala Gln Gly Lys Pro Asp Ser Arg Gly Arg Gln Arg Pro Gly 
385 390 395 400 

Ala Leu Asp Ala Ser Asn Ile Leu Gly Leu Leu Ala Ala Phe Gln Pro 
405 410 415 

Ser Gln Ala Pro Ala Ile Arg Asp Leu Ser Ala Pro Ser His Leu Ser 
420 425 430 

Ala Ala Ala Thr Gly Ala Leu Pro Leu Thr Ala Ser Phe Thr Ala Ser 
435 440 445 

Ala Leu Ala Ser Ser Gln Cys Leu Pro Ala Gly Thr Pro Ala Ser Ser 
450 455 460 

Ser Ala Ser Pro Pro Phe Ser Glu Val Leu Ser Thr Thr Glu Glu Ser 
465 470 475 480 

Ser Thr Thr Lys Glu Thr Asp Ala Ser Ala Ser Thr Leu Leu Ala Phe 
485 490 495 

Leu Gln Lys Tyr Ser Ala Val Ser Gly Leu Gly Gly Ala Ser Asp Phe 
500 505 510 

Leu Gly Gln Leu Gln Gly Lys Thr Ser Leu Pro Pro Leu Ser Leu Ala 
515 520 525 

Glu Pro Ser Ser Ala Leu Pro Ser Ser Phe Leu Gly Gly Ser Asp Gly 
530 535 540 

Gly Thr Ile Asp Thr Arg Asn Gly Asn Gly Glu Lys Thr Thr Pro Pro 
545 550 555 560 

Ile His Leu Phe Gln Ser Ala Phe Arg Met Pro Ser Pro Ser Gln Gln 
565 570 575 
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Asn Leu Leu Asp Ala Leu Leu Ala Ser Ser Cys Thr Thr Ala Thr Ser 
580 585 590 

Arg Ser Asp Gly Ser Gly Asn Leu Gly Cys Pro Val Val Asp Glu Arg 
595 600 605 

Asn Ala Lys Leu Ala Gly Pro Ala His Pro Leu Pro Cys Ser Phe Pro 
610 615 620 

Gln Ile Ser Ser Ser Ser Gly Glu Pro Gly Arg Lys Thr Gly Gly Arg 
625 630 635 640 

Val His Arg Gln Gly Thr Ser Gln Ser Gly Gly Arg Val Arg Ser Gly 
645 650 655 

Lys Asn Gly Gly Ser Ala Ala Pro Pro Arg Gln Ser Ser Ser Asp Asn 
660 665 670 

Val Pro Ser Thr Pro Thr Val Ser Ser His Glu Ala Pro His Arg Ala 
675 680 685 

Gly Phe Pro Ser Gln Thr Pro Tyr Glu Leu Ser Ala Ser Pro Ser His 
690 695 700 

Gln Leu Asp Leu Leu Arg Leu Gly Ala Phe Leu Gly Gly Ala Gly Lys 
705 710 715 720 

Gln Asp Ala Ser Val His Ser Asp Glu Thr Gly Thr Leu Ser Gly Glu 
725 730 735 

Pro Ser His Arg Ser Cys Ser Leu Ser Arg Gly Leu Thr Gln Glu Ser 
740 745 750 

Val Leu Gln Leu Ser Asp Thr Thr Ser Thr Ser Arg Glu Gly Glu Pro 
755 760 765 

Asn Glu Pro Ser Gln Gly Cys Val Asn Val Ala Ala Ser Leu Pro Ala 
770 775 780 

Phe Gly Pro Gln Pro Ser Ser Gly Ala Ala Lys Ala Arg Glu Gly Arg 
785 790 795 800 

Arg Gly Ala Gly Gly Ala Gly Ala Ala Pro Pro Val Pro Leu Arg Ala 
805 810 815 

Asp Val Thr Leu Gly Gly Asn Arg Pro His Tyr His Val Ala Lys Gln 
820 825 830 

Glu Trp Arg Val Arg Tyr Tyr Met Asn Gly Lys Arg Lys Met Arg Thr 
835 840 845 

Tyr Ser Ala Lys Phe Tyr Gly Tyr Glu Thr Ala His Thr Met Ala Glu 
850 855 860 

Asp Phe Ala His Tyr Val Asp Lys His Glu Ala Leu Pro Asp Ser Met 
865 870 875 880 

Met Met Thr Ala Met Met Leu Gln Ala Gln Ala Asn Ser Ala Ala Ser 
885 890 895 

Ser Gly Gln Thr Val Pro Leu Ala Arg Gly Ile Arg Ala Ser Ser Ala 
900 905 910 

Ser Thr Gly Ala Gly Gly His Val Ser Lys Ser Ala Thr Lys Gly Ser 
915 920 925 

Val Ala Ala Ser Ser Glu Gly Ser Thr Ser Met Gly Ser Asp Ala Thr 
930 935 940 

Arg Ser Gln Glu Gly Glu Ala Ala Glu Leu Cys Pro Leu Ala Ala Gly 
945 950 955 960 

Leu Ser Arg Pro Leu Ala Ser Met His Ser Ala Ala Gly Asn Ala Val 
965 970 975 

Ala Gln Gly Arg Gln Glu Ser Lys Glu Glu Ala Pro Gly Gly Gln Ala 
980 985 990 

Trp Phe Gly Glu Pro Gly Lys Phe Arg Ala Ser Ser Glu Ala Ala Leu 
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995 1000 1005 

Cys Gly Ser Gly Ser Ser Ala Glu Gly Arg Asp Gly His Glu Ser 
1010 1015 1020 

Glu Val Leu Trp Ala Thr Leu Gly Lys Val His Asp Ala Ser Gln 
1025 1030 1035 

Gly Lys Lys Ile Lys Pro Glu Lys Pro Leu Thr Val Ala Arg Gly 
1040 1045 1050 

Arg Leu Ala Leu Gly Ala Glu Asp Lys Ser Gln Asn Leu Gly Val 
1055 1060 1065 

Asp Leu Val Asp Ser Gly Glu Ala Gln Gly Leu Pro Gly Val Arg 
1070 1075 1080 

Gln Pro Arg Gln Met Lys Asn Ser Glu Glu Cys Ser Leu Arg Asp 
1085 1090 1095 

Ser Asp Lys Gly Met Ala Leu Ser Lys Arg Phe Gly Phe Leu Pro 
1100 1105 1110 

Ser Gln Thr Pro Ser Cys Asp Ser Met Thr Leu Pro Phe Pro Gly 
1115 1120 1125 

Gly Phe Asp Ala Leu Ser Leu Ser Ser Ala Leu Ser Ser Cys Ala 
1130 1135 1140 

Ser Leu Pro Val Ala His Glu Gly Asn Asn Phe Gln Lys Gly His 
1145 1150 1155 

Thr Gly Asp Ile Val Ala Leu Ala Ser Gln Ser Gly Thr Gln Arg 
1160 1165 1170 

Pro Ala Ser Val Val Leu Ser Arg Asp Ala Asn Val Ser Gly Ser 
1175 1180 1185 

Ser Pro Ser His Pro Thr Trp Gln Arg Glu Gly Ala Ala Val Ser 
1190 1195 1200 

Gly Arg Ala Asp Glu Phe Ser Ser Leu Ser Val Thr Pro Ser Thr 
1205 1210 1215 

Val Pro Leu Ser Ser Phe Thr Met Glu Asp Ile Lys Gly Glu Lys 
1220 1225 1230 

Gly Asp Pro Ser Arg Arg Phe Ala Leu Val Gly Glu Ser Met Lys 
1235 1240 1245 

Asn Val Ser Ala Pro Glu Val Gln Ala Leu Phe Pro Thr Ser Ser 
1250 1255 1260 

Ile Ala Asn Ala Glu Leu Leu Pro Val Asp Phe Leu His Ser Asn 
1265 1270 1275 

Ser Cys Ser Ala Asp Lys Leu Glu Ser Ser Ile Pro Arg Gly Leu 
1280 1285 1290 

Ala Gly Asn Asn Pro Ser Met Thr Ala Thr Ala Val Ala Ala Thr 
1295 1300 1305 

Ala Val Ser His Gln Ile Phe Asp Thr Ile Thr Leu Phe Gly Glu 
1310 1315 1320 

Phe Leu Arg Glu Phe Ala Lys Glu Lys Val Asn Glu Phe His Glu 
1325 1330 1335 

Tyr Gly Leu Glu Ala Ser Pro Leu Thr Val Glu Ala Ser Ser Glu 
1340 1345 1350 

Val Ser Leu Phe Gly Lys Ala Thr Phe Gly Arg Cys Pro Val Ala 
1355 1360 1365 

Gly Gly Ser Thr Pro Ala Gly Ile Ser Lys Met Ser Gly Glu Thr 
1370 1375 1380 

Leu Ser Gly Leu Ser Ala Ser Glu Leu Ser Leu Val Ser Ala Arg 
1385 1390 1395 
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Thr Asn Thr Thr Thr Gly Glu Glu Gln Phe Ala Leu Ala Arg Gly 
1400 1405 1410 

Leu Phe Pro Gly Asp Ser Glu Gly Asp Arg Asp Glu Lys Lys Pro 
1415 1420 1425 

Gln Leu Ser Gln Gln Glu Leu Leu Val Leu Ser His Ala Leu Val 
1430 1435 1440 

Asn Leu Thr Ser Ser Thr Tyr Val Leu Met His Thr Leu Lys Ala 
1445 1450 1455 

Ser Leu Ser Lys Ser Thr Glu Ala Val Gln Leu His Gln Pro Leu 
1460 1465 1470 

Leu Glu Ala Ala Ser Glu Ala Lys Ala Thr Asp Glu Ala Lys Thr 
1475 1480 1485 

Arg Glu Glu Gln Glu Ser Ser Glu Cys Asp His Glu Tyr Pro Pro 
1490 1495 1500 

Arg Ser Ser Leu Glu Ala Thr Thr Gly Ala Leu Pro Phe Arg Leu 
1505 1510 1515 

Ser Pro Ala Leu Ser Ala Ser Ser Lys Asp Leu Pro Ser Leu Ser 
1520 1525 1530 

Ala Ser Ala Ser Leu Glu Ser Val Thr Pro Phe Ala Gly Leu Pro 
1535 1540 1545 

Leu Glu Glu Gly Thr Leu Ser Ala Ser Val Gly Leu Ala Ser Ser 
1550 1555 1560 

Asp Asp Glu His Asp Thr Ser Leu Leu Phe Lys Thr Glu Ala Ala 
1565 1570 1575 

Lys Lys Arg Ser Leu Phe Ser Thr Ala Ala Asp Gly Asp Glu Ser 
1580 1585 1590 

Arg Thr Tyr Asn Asp Gly Leu Gly Gln Pro Met Glu Glu Glu Ile 
1595 1600 1605 

Arg Ser Cys Val Ser Thr Ser Cys Gly Glu Ala Val Ala Thr Thr 
1610 1615 1620 

Thr Leu Ser Ala Ile Gly Pro Gly Thr Gly Ala Ser Gly Ala Leu 
1625 1630 1635 

Leu Asp Ser Glu Ser Arg Glu Ser Leu Gly Glu Lys Pro Gly Ala 
1640 1645 1650 

Ala Leu Arg Ala Gly Ala His Thr Pro Ala Pro Ser Arg Ala Pro 
1655 1660 1665 

Thr Pro Ser Arg Thr Phe Ser Phe Thr Ser Ser Ser Thr Ala Thr 
1670 1675 1680 

Ser Ala Ala Leu Leu Cys Asp Ser Asn Val Val His Glu Lys Leu 
1685 1690 1695 

Arg Ala Gln Gly Lys Asp Ser Glu Ala Gly Glu Arg Lys Gly Asp 
1700 1705 1710 

Ser Glu Lys Glu Glu Glu Val Glu Met Trp Lys Glu Glu Asp Glu 
1715 1720 1725 

Glu Val Gln Arg Cys Thr Gly Ser Ala Glu Thr Asp Ser Thr Glu 
1730 1735 1740 

Ala Thr Arg Gly Glu Glu Ala Trp Arg Arg Gly Lys Gln Ser Glu 
1745 1750 1755 

Lys Lys Pro Ser Val Ile Thr Thr Ala Leu Asn Leu Leu Glu Thr 
1760 1765 1770 

His Arg His Leu Ala Leu Thr Ile Ser Gln Leu Lys Arg Pro Val 
1775 1780 1785 
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Ala Gln Gln Leu Arg Phe Ile Leu Pro Ile Ala Ala Pro Gln Leu 
1790 1795 1800 

Leu Pro Cys Ile Leu Pro Pro Ala Ser Phe Gln Gly Pro Gly Glu 
1805 1810 1815 

Ser Gly Asp Gly Lys Ala Glu Ala Glu Ala Lys Gly Ser Ser Ser 
1820 1825 1830 

Leu Gly Gln Val Leu Glu Thr Ala Leu Gly His Gly Thr Arg Leu 
1835 1840 1845 

Ala Pro Ser Ala Ser Ala Met Val Pro Pro Arg Lys Asp Glu Ala 
1850 1855 1860 

Ala Ser Ala Val Pro Glu Ala Lys Thr Phe Thr Gly Leu Ala Asn 
1865 1870 1875 

Ala Gly Val Met Arg Glu Ala Ala Ser Arg Thr Leu Glu Ala Glu 
1880 1885 1890 

Gln Val Ser Arg Lys Arg Ser Arg Glu Glu Val Val Asp Ser Glu 
1895 1900 1905 

Thr Ala Gly Asp Glu Gly Asp Met Glu Asn Val Pro Glu Thr Leu 
1910 1915 1920 

Asp Ala Thr Thr Ser Pro Gly Ser Arg Gln Tyr Asp Lys Ser Pro 
1925 1930 1935 

Ser Asn Gly Gly Thr Lys Pro Pro Ala Thr Ala Lys Ser Arg Val 
1940 1945 1950 

Ile Arg Asp Gln Ala Ala Leu Glu Arg Leu Leu Leu Ala Pro Phe 
1955 1960 1965 

Gln Asp Thr Pro Thr Cys Ser Cys Thr Asp Arg Pro Cys Pro Cys 
1970 1975 1980 

Asp Arg Gln Gln Val Ala Asp Met Ile Tyr Leu Phe Tyr Ala Val 
1985 1990 1995 

Pro Ala Arg Gln Gln Ala Glu Ser Ser Lys Glu Gly Ser Thr Gln 
2000 2005 2010 

Arg Leu Gln Phe Ala Ala Arg Asp Thr Asn Glu Arg Lys Asp Ala 
2015 2020 2025 

Arg Thr Gly Glu Glu Thr Gln Gly Gly Glu Thr Glu Ala Lys Glu 
2030 2035 2040 

Val Ile Arg Asp Pro Glu Glu Arg Gly Val Cys Glu Gly Ser Ser 
2045 2050 2055 

Ser Gln Asn Ala His Thr Gln Phe Asp Ala Glu Thr Ala Ser Ser 
2060 2065 2070 

Ser Met Ser Ser Asp Pro Arg Ala Asp Lys Glu Ser Asn Ala Gln 
2075 2080 2085 

Asp Ala His Met Ala Asp Lys Thr Ser Phe Val Ser Asp Leu Pro 
2090 2095 2100 

Gln Pro Ser Gly Glu Phe Ala Pro Ser Leu Leu Ser Glu Thr Ser 
2105 2110 2115 

Leu Asp Val Ala Met Ala Asp Ser Arg Gly Thr Thr Ser Glu Ile 
2120 2125 2130 

His Gly Phe Phe Thr Arg Ser Asp Glu Gln Lys Arg Ala Ser Phe 
2135 2140 2145 

Ser Ser Ser Ser Leu Leu Ala Ala Gly His Ala Val Ala Ser Phe 
2150 2155 2160 

Ser Ser Ser Leu Ala Gly Val Val Ser Gly Ala Gly Glu Arg Arg 
2165 2170 2175 

Glu Cys Ala Gly Pro Ser Leu Gly Asp Leu Ser Thr Ile Gly Leu 
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2180 

Leu Ser 
2195 

Gln Ser 
2210 

Lys Lys 
2225 

Leu Asp 
2240 

Arg Gly 
2255 

Arg Arg 
2270 

Ile Gly 
2285 

Leu Val 
2300 

Gln Glu 
2315 

Leu Glu 
2330 

Glu Lys 
2345 

Gly Thr 
2360 

Ser Gly 
2375 

Ile Ala 
2390 

2185 

Leu Ser Tyr Pro Ala 
2200 

Leu Leu His Met Val 
2215 

Leu Ile His Arg Phe 
2230 

Asp Asp Met Arg Arg 
2245 

Ala His Gly Asp Thr 
2260 

Arg Arg Glu His Glu 
2275 

Tyr Arg Glu Gly Asn 
2290 

Asp Thr Val Ser Ser 
2305 

Asn Ser Glu Val Glu 
2320 

Leu Ile Thr Gly Ile 
2335 

Asp Ser Val Ser Pro 
2350 

Glu Ala Glu Ser Ser 
2365 

Thr Pro Thr Glu Gly 
2380 

Ser Phe Leu Ser Pro 
2395 

Met Leu Ala 
2405 

<210> SEQ ID NO 22 
<211> LENGTH, 711 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 22 

2190 

Met Leu Ala Phe Ile 
2205 

Ser Gly Met Ile Leu 
2220 

Ile Cys Ala His Leu 
2235 

Pro Ala Gly Gly Ala 
2250 

Glu Ala Ala Glu Ala 
2265 

Arg Glu Glu Thr Thr 
2280 

Ala Glu Ala Ser Asn 
2295 

Leu Leu Ser Pro Gly 
2310 

Arg Arg Asp Asn Asp 
2325 

Ala Arg Glu Ser Pro 
2340 

Phe Leu Ser Thr Ala 
2355 

Asp Cys Ser Ala Ser 
2370 

Thr Glu Gly Gly Glu 
2385 

Ser Gly Asp Val Lys 
2400 

Leu Pro Leu 

Thr Leu His 

Arg Leu Val 

Leu Lys Ser 

Gln Val Glu 

Asn Leu Ala 

Thr Phe Pro 

Ser Leu Arg 

Glu Glu Arg 

Lys Pro Ser 

Pro Cys Pro 

Ser Ala Cys 

Thr Gly Asp 

Gln Thr Ile 

Met Pro Leu Lys Thr Ser Trp His Cys Ser Cys Asn Ala Thr Phe Pro 
1 5 10 15 

Gly Asp Leu Leu Met Val Val Ala Asn His Asp Arg Val Gly Asn Trp 
20 25 30 

Asn Pro Gln Asn Ser Val Val Leu Ser Thr Asp Ala Ser Ser Phe Pro 
35 40 45 

Thr Trp Arg Ser Gly Glu Val Cys Phe Asp Glu Gln Gln Pro Val Arg 
50 55 60 

Leu Glu Tyr Lys Leu Ile Ile Arg Arg Ala Ser Gly Glu Ile Tyr Trp 
65 70 75 80 

Glu Pro Ile Pro Thr Asn Arg Val Val Thr Leu Thr Ala Asn Thr Ser 
85 90 95 

Ser Val Ile Glu Asn Val Trp Gly Ser Leu Ala Thr Cys Ser Ile Thr 
100 105 110 

Phe Phe Pro Leu Gln Pro Ile Pro Ser Pro Ser Phe Tyr Lys His Ala 
115 120 125 

316 
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Glu Arg Thr Lys Lys Glu Ala Ser Ser Val His Leu His Ser Ala Ser 
130 135 140 

Ile Ser Asp Asp Ser Gly Ser Asp Thr Gly Thr Cys Ser Gln Val Asp 
145 150 155 160 

Glu Ser Arg Thr Gln Arg Asn Val Arg Gly Gln Pro Ala Ser Val Gly 
165 170 175 

Thr Gly Lys Ala Thr Ala Ala Glu Arg Gly Gly Lys Gly Tyr Val Met 
180 185 190 

Pro His His Gln Cys Ser Thr Ser Gln Arg Arg His Ser Ile Ser Thr 
195 200 205 

Gln Ala Ala Asp Glu Ala Ala Gly Gly Gly Asn Arg Val Ser Phe Lys 
210 215 220 

Arg Ser Ala Phe Ile Leu Ala Asn Thr Gly Pro Ile Thr Asn Tyr Tyr 
225 230 235 240 

Thr Val Ser Lys Thr Ile Gly Arg Gly Thr Trp Gly Glu Val Lys Leu 
245 250 255 

Val Ile Asp Asn Gly Thr Gly Ala Arg Arg Ala Ala Lys Lys Ile Pro 
260 265 270 

Lys Cys Tyr Val Glu Asp Ala Asp Arg Phe Arg Gln Glu Ile Glu Ile 
275 280 285 

Met Lys Ser Leu Asp His Pro Asn Ile Val Arg Leu Tyr Glu Thr Phe 
290 295 300 

Glu Asp Met Thr Asp Phe Tyr Leu Val Met Glu Tyr Cys Thr Gly Gly 
305 310 315 320 

Glu Leu Phe Asp Arg Leu Val His Gln Gly Val Phe Thr Glu Ala Leu 
325 330 335 

Ala Cys Arg Ile Met Arg Gln Ile Leu Ala Ala Val Ala Tyr Cys His 
340 345 350 

Ala His Arg Val Ala His Arg Asp Leu Lys Pro Glu Asn Phe Leu Phe 
355 360 365 

Leu His Asp Asn Pro Glu Ser Pro Ile Lys Leu Ile Asp Phe Gly Leu 
370 375 380 

Ala Ala Arg Phe Lys Ser Gly Gln Pro Met Arg Thr Arg Ala Gly Thr 
385 390 395 400 

Pro Tyr Tyr Val Ser Pro Gln Val Leu Glu Gly Arg Tyr Gly Pro Glu 
405 410 415 

Cys Asp Val Trp Ser Ala Gly Val Met Met Tyr Ile Leu Leu Cys Gly 
420 425 430 

Tyr Pro Pro Phe Asn Ala Pro Ser Asp Arg Ala Ile Met Asn Lys Val 
435 440 445 

Arg Ala Gly His Tyr Thr Phe Pro Asp Ser Glu Trp Ser Arg Val Ser 
450 455 460 

Leu Gln Ala Lys Asp Leu Ile Ser Arg Leu Leu Asp Arg His Pro Arg 
465 470 475 480 

Thr Arg Ile Ser Ala Glu Gln Ala Leu Arg His Ala Trp Phe Ala Met 
485 490 495 

His Ala Pro Gly Asp His Phe Glu Pro Leu Gly Leu Asp Ile Leu Ser 
500 505 510 

Lys Phe Arg Arg Phe Gln Gly Leu Ser Arg Leu Lys Lys Leu Ala Leu 
515 520 525 

Thr Val Ile Ala Gln His Leu Glu Asp Ser Glu Ile Glu Gly Leu Lys 
530 535 540 

Asn Leu Phe Thr Gln Leu Asp Thr Glu Gly Asp Gly Val Leu Thr Val 

318 
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545 550 555 560 

Glu Glu Ile Arg Lys Gly Ile Glu Arg Ser Gly Val His Leu Pro Pro 
565 570 575 

Asp Met Val Leu Glu Asp Val Leu Arg Glu Val Asp Thr Ala Gly Thr 
580 585 590 

Gly Ser Ile Asp Tyr Thr Glu Phe Ile Ala Ala Cys Leu His Gln Ser 
595 600 605 

His Tyr Ile Arg Glu Glu Ala Cys Arg Ala Ala Phe Arg Val Leu Asp 
610 615 620 

Ile Asn Gly Asp Gly Leu Val Ser Ala Gln Glu Leu Arg Gln Val Phe 
625 630 635 640 

His Met Ala Gly Asp Leu Glu Thr Asp Ala Ala Ala Glu Leu Leu Glu 
645 650 655 

Ala Asp Ala Asp Gly Asp Gly His Ile Thr Phe Asp Glu Phe Cys Gly 
660 665 670 

Leu Met Arg Lys Val Pro Ser Leu Ala Leu Val Thr Glu His Thr Val 
675 680 685 

Ser Met Met Arg Arg Thr Cys Ser Arg Thr Asn Ile Ser Glu Ala Ser 
690 695 700 

Leu Thr Pro Arg Ala Thr Gly 
705 710 

<210> SEQ ID NO 23 
<211> LENGTH, 368 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 23 

Met Val Ser Arg Thr Leu Ser Leu Ser Met Ser Leu Phe Arg Ala His 
1 5 10 15 

Leu Val Phe Tyr Arg Cys Ala Leu Asn Leu Asn Ser Ser Tyr Asn Phe 
20 25 30 

Gly Phe Leu Val Ala Met Thr Phe Val Leu Gln Ile Ile Thr Gly Ile 
35 40 45 

Thr Leu Ala Phe Arg Tyr Thr Ser Glu Ala Ser Cys Ala Phe Ala Ser 
50 55 60 

Val Gln His Leu Val Arg Glu Val Ala Ala Gly Trp Glu Phe Arg Met 
65 70 75 80 

Leu His Ala Thr Thr Ala Ser Phe Val Phe Leu Cys Ile Leu Ile His 
85 90 95 

Met Thr Arg Gly Leu Tyr Asn Trp Ser Tyr Ser Tyr Leu Thr Thr Ala 
100 105 110 

Trp Met Ser Gly Leu Val Leu Tyr Leu Leu Thr Ile Ala Thr Ala Phe 
115 120 125 

Leu Gly Tyr Val Leu Pro Trp Gly Gln Met Ser Phe Trp Gly Ala Thr 
130 135 140 

Val Ile Thr Asn Leu Leu Ser Pro Ile Pro Tyr Leu Val Pro Trp Leu 
145 150 155 160 

Leu Gly Gly Tyr Tyr Val Ser Asp Val Thr Leu Lys Arg Phe Phe Val 
165 170 175 

Leu His Phe Ile Leu Pro Phe Ile Gly Cys Ile Ile Ile Val Leu His 
180 185 190 

Ile Phe Tyr Leu His Leu Asn Gly Ser Ser Asn Pro Ala Gly Ile Asp 
195 200 205 

320 
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Thr Ala Leu Lys Val Ala Phe Tyr Pro His Met Leu Met Thr Asp Ala 
210 215 220 

Lys Cys Leu Ser Tyr Leu Ile Gly Leu Ile Phe Leu Gln Ala Ala Phe 
225 230 235 240 

Gly Leu Met Glu Leu Ser His Pro Asp Asn Ser Ile Pro Val Asn Arg 
245 250 255 

Phe Val Thr Pro Leu His Ile Val Pro Glu Trp Tyr Phe Leu Ala Tyr 
260 265 270 

Tyr Ala Val Leu Lys Val Ile Pro Ser Lys Thr Gly Gly Leu Leu Val 
275 280 285 

Phe Met Ser Ser Leu Ile Asn Leu Gly Leu Leu Ser Glu Ile Arg Ala 
290 295 300 

Leu Asn Thr Arg Met Leu Ile Arg Gln Gln Phe Met Thr Arg Asn Val 
305 310 315 320 

Val Ser Gly Trp Val Ile Ile Trp Val Tyr Ser Met Ile Phe Leu Ile 
325 330 335 

Ile Ile Gly Ser Ala Ile Pro Gln Ala Thr Tyr Ile Leu Tyr Gly Arg 
340 345 350 

Leu Ala Thr Ile Leu Tyr Leu Thr Thr Gly Leu Val Leu Cys Leu Tyr 
355 360 365 

<210> SEQ ID NO 24 
<211> LENGTH, 84 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 24 

Lys Leu Cys Lys Tyr His His Phe Leu Cys Ser Leu Thr Ser Gln Leu 
1 5 10 15 

Ser Tyr Leu Ile Gly Leu Ile Phe Leu Gln Ala Ala Phe Gly Leu Met 
20 25 30 

Glu Leu Ser His Pro Asp Asn Ser Ile Pro Val Asn Arg Phe Val Thr 
35 40 45 

Pro Leu His Ile Val Pro Glu Trp Tyr Phe Leu Ala Tyr Tyr Ala Val 
50 55 60 

Leu Lys Val Ile Pro Ser Lys Thr Gly Gly Leu Leu Val Phe Met Ser 
65 70 75 80 

Ser Thr Cys Gln 

<210> SEQ ID NO 25 
<211> LENGTH, 244 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 25 

Met Ile Ala Val His His His Pro Thr Gly Leu Leu Lys Thr Ala Lys 
1 5 10 15 

Ser Val Gly Phe Gln Tyr Pro Thr Thr Leu Arg Leu Phe His Ile Gly 
20 25 30 

Tyr Val Leu Gly Val Ile Tyr Gly Leu Leu Leu Ser Leu Val Leu Thr 
35 40 45 

Ala Arg Glu Asn Tyr Tyr Ser Asp Ala Ser Met Ile Ser Thr Ile Val 
50 55 60 

Leu Gly Val Ile Ile Ser Glu Thr Gly Leu Phe Ile Ser Phe Phe Trp 
65 70 75 80 

Gly Val Tyr Thr Thr Ser Trp Thr Thr Gly Leu Asp Leu Glu Gly Leu 

322 
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85 90 95 

Cys Leu Pro Asp Pro Ser Ser Ile Val Leu Phe Met Thr Ile Met Leu 
100 105 110 

Ser Ala Leu Ser Ile Val Val Ser Ser Val Tyr Leu Lys Asn Gln His 
115 120 125 

Leu Tyr Thr Ser Cys Thr Asn Ile Met Ile Phe Thr Leu Val Val Ser 
130 135 140 

Phe Leu Met Leu Val Cys Thr Glu Tyr Leu Gly Leu Ser Ile Tyr Ile 
145 150 155 160 

Asn Asp Asn Gly Phe Gly Asn Gly Leu Phe Ile Leu Thr Gly Ile His 
165 170 175 

Phe Ser His Val Ile Val Gly Ala Ile Leu Gly Phe Phe Asn Gln Gly 
180 185 190 

Met Tyr Ser Ser Leu Val Thr Tyr Leu Pro Val Asn Cys Ile Thr Leu 
195 200 205 

Ser Lys Cys Lys Gly Thr Leu Cys Lys Ile Phe Ser Glu Pro Phe Thr 
210 215 220 

Ile Leu Tyr Leu His Phe Val Glu Ala Val Trp Ile Met Ile His Val 
225 230 235 240 

Thr Phe Tyr Leu 

<210> SEQ ID NO 26 
<211> LENGTH, 156 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 26 

Met Ser Leu Phe Arg Ala His Leu Val Phe Tyr Arg Cys Ala Leu Asn 
1 5 10 15 

Leu Asn Ser Ser Tyr Asn Phe Gly Phe Leu Val Ala Met Thr Phe Val 
20 25 30 

Leu Gln Ile Ile Thr Gly Ile Thr Leu Ala Phe Arg Tyr Thr Ser Glu 
35 40 45 

Ala Ser Cys Ala Phe Ala Ser Val Gln His Leu Val Arg Glu Val Ala 
50 55 60 

Ala Gly Trp Glu Phe Arg Met Leu His Ala Thr Thr Ala Ser Phe Val 
65 70 75 80 

Phe Leu Cys Ile Leu Ile His Met Thr Arg Gly Leu Tyr Asn Trp Ser 
85 90 95 

Tyr Ser Tyr Leu Thr Thr Ala Trp Met Ser Gly Leu Val Leu Tyr Leu 
100 105 110 

Leu Thr Ile Ala Thr Ala Phe Leu Gly Tyr Ala Thr Ser Asn Tyr Thr 
115 120 

Thr Leu Cys Gln Glu Gly Ser Gln Ile Thr Leu Ile 
130 135 140 

Leu Ile His Gly Val Gln Leu Val Leu Phe Leu Gln 
145 150 155 

<210> SEQ ID NO 27 
<211> LENGTH, 403 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 27 

125 

Ile Phe Val Ile 

Trp Ala His His Met Met Thr Val Gly Leu Glu Val Asp Thr Arg Ala 
1 5 10 15 

324 



US 11,414,385 B2 
325 

-continued 

Tyr Phe Ser Ala Met Thr Ile Met Ile Ala Ile Pro Thr Gly Thr Lys 
20 25 30 

Ile Phe Asn Trp Leu Gly Thr Tyr Met Ala Ser His Asn Thr Thr Arg 
35 40 45 

Thr Ile Asp Leu Trp Ala Ala Leu Cys Phe Ile Leu Leu Phe Thr Leu 
50 55 60 

Gly Gly Thr Thr Gly Val Val Met Gly Asn Ala Gly Met Asp Ile Ala 
65 70 75 80 

Leu His Asp Thr Tyr Tyr Ile Val Ala His Phe His Phe Val Leu Ser 
85 90 95 

Leu Gly Ala Ile Leu Ala Thr Ile Cys Gly Phe Val Phe Tyr Ser Lys 
100 105 110 

Asp Met Phe Gly Asp Thr Leu Asn Leu Phe His Val Asn Thr Gly Ser 
115 120 125 

Ser Pro Tyr Leu Asn Ile Trp Phe Val Val Phe Leu Ala Ser Ile Met 
130 135 140 

Leu Ile Phe Leu Pro Met His Ile Leu Gly Phe Asn Val Met Pro Arg 
145 150 155 160 

Arg Ile Pro Asp Tyr Pro Asp Tyr Leu Cys Tyr Ile Asn Thr Trp Cys 
165 170 175 

Ser Ile Val Gln Leu Val Val Tyr Thr Pro Gln Lys Lys Leu Ile Asn 
180 185 190 

Asn Pro Val Ser Glu Met Ile Thr Pro Ser Thr Met Val Leu Ile Ile 
195 200 205 

Leu Ala Ser Glu Tyr Tyr Ser Tyr Leu Thr Thr Ala Trp Met Ser Gly 
210 215 220 

Leu Val Leu Tyr Leu Leu Thr Ile Ala Thr Ala Phe Leu Gly Tyr Val 
225 230 235 240 

Leu Pro Trp Gly Gln Met Ser Phe Trp Gly Ala Thr Val Ile Thr Asn 
245 250 255 

Leu Leu Ser Pro Ile Pro Tyr Leu Val Pro Trp Leu Leu Gly Gly Tyr 
260 265 270 

Tyr Val Ser Asp Val Thr Leu Lys Arg Phe Phe Val Leu His Phe Ile 
275 280 285 

Leu Pro Phe Ile Gly Cys Ile Ile Ile Val Leu His Ile Phe Tyr Leu 
290 295 300 

His Leu Asn Gly Ser Ser Asn Pro Ala Gly Ile Asp Thr Ala Leu Lys 
305 310 315 320 

Val Ala Phe Tyr Pro His Met Leu Met Thr Asp Ala Lys Cys Leu Ser 
325 330 335 

Tyr Leu Ile Gly Leu Ile Phe Leu Gln Ala Ala Phe Gly Leu Met Glu 
340 345 350 

Leu Ser His Pro Asp Asn Ser Ile Pro Val Asn Arg Phe Val Thr Pro 
355 360 365 

Leu His Ile Val Pro Glu Trp Tyr Phe Leu Ala Tyr Tyr Ala Val Leu 
370 375 380 

Lys Val Ile Pro Ser Lys Thr Gly Gly Leu Leu Val Phe Met Ser Ser 
385 390 395 400 

Thr Cys Gln 

326 
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We claim: 
1. A compound of the structure of 
(a) Formula (I): 

(I) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, 
wherein 

10 

15 

ring A combines with yi and Y 2 to form a C3 _7 cycloalk- 20 

enyl or heteroaryl ring, wherein the C3 _7cycloalkenyl or 
heteroaryl is optionally substituted by halogen, Ci_3 al
kyl, Ci_3alkoxy, Ci_3haloalkyl, ---O-Ci_3 haloalkyl, 
-S-Ci_3haloalkyl, -C(0)0R, cyano or phenyl; 

25 yi isC; 
Y2 is C or N; 
xi is C(Rxi) or N, 

wherein Rxi is hydrogen, halogen, Ci_3 alkyl, 
Ci_3alkoxy or Ci_3 haloalkyl; 

X2 is C(Rx2
) or N, 

wherein Rx2 is hydrogen, halogen, Ci_3 alkyl, 
Ci_3alkoxy or Ci_3 haloalkyl; 

X3 is 0, N(R), S or Ci_3alkyl; 
X4 is C or N; 
X5 is C or N; 
Ri is hydrogen or Ci_3alkyl; 
R2 is hydrogen, Ci_3alkyl, Ci_3 haloalkyl, ----CH2 0H, 

----CH20R or ----C(0)0R; 

30 

35 

n is 0, 1, 2, 3 or 4; 40 
each R3 is independently halogen, Ci_3alkyl, Ci_3alkoxy, 

Ci_3 haloalkyl, ---O-Ci_3 haloalkyl, -S-Ci_3haloal
kyl, ----C(0)0R or SF 5 ; 

or two R3 groups, together with the carbons to which they 
are attached, form a 1,3-dioxolane; and 

each R is independently hydrogen or Ci_3 alkyl; or 
(b) compound of the structure of Formula (I-p ): 

45 

(l-p) 50 

55 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, 60 

wherein 
ring A combines with yi and Y2 to form a C3 _7 cycloalk

enyl or heteroaryl ring, 
wherein the C3 _7 cycloalkenyl or heteroaryl is option

ally substituted by halogen, Ci_3alkyl, Ci_3alkoxy, 65 

Ci_3haloalkyl, ---O-Ci_3haloalkyl, -S-Ci_3ha
loalkyl, -C(0)0R, cyano or phenyl; 

328 
yi is C-
Y2 is c'orN· 
xi is C(Rxi) 'or N, 

wherein Rxi is hydrogen, halogen, Ci_3 alkyl, 
Ci_3 alkoxy or Ci_3 haloalkyl; 

X2 is C(Rx2
) or N, 

wherein Rx2 is hydrogen, halogen, Ci_3 alkyl, 
Ci_3 alkoxy or Ci_3 haloalkyl; 

X3 is 0, N(R), S or Ci_3alkyl; 
X5 is C or N; 
P is ----C(0)0R', ----C(0)R', -C(0)NR'2 , wherein R' is 

hydrogen, Ci_3 alkyl or ----CH2 0R; 
R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 

----CH2 0R, -C(0)0R or ----CH2 0P; 
P is ----C(0)0R', -C(0)R', -C(0)NR'2 or ---OP(0) 

(0R')0R', wherein each R' is independently hydrogen 
or Ci_3alkyl; 

n is 0, 1, 2, 3 or 4; 
each R3 is independently halogen, Ci_3alkyl, Ci_3alkoxy, 

Ci_3 haloalkyl, ---O-Ci_3haloalkyl, -S----Ci_3haloal
kyl, -C(0)0R or SF5 ; 

or two R3 groups, together with the carbons to which they 
are attached, form a 1,3-dioxolane; and 

each R is independently hydrogen or Ci_3 alkyl. 
2. The compound of claim 1, having the structure of (I): 

(I) 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, 
wherein 

ring A combines with yi and Y 2 to form a C3 _7 cycloalk
enyl or heteroaryl ring, 
wherein the C3 _7 cycloalkenyl or heteroaryl is option

ally substituted by halogen, Ci_3 alkyl, Ci_3alkoxy, 
Ci_3 haloalkyl, ---O----Ci_3haloalkyl, -S-Ci_3ha
loalkyl, ----C(0)0R, cyano or phenyl; 

yi is C; 
Y2 is C orN; 
xi is C(Rxi) or N, 

wherein Rxi is hydrogen, halogen, Ci_3 alkyl, 
Ci_3 alkoxy or Ci_3 haloalkyl; 

X2 is C(Rx2
) or N, 

wherein Rx2 is hydrogen, halogen, Ci_3 alkyl, 
Ci_3 alkoxy or Ci_3 haloalkyl; 

X3 is 0, N(R), S or Ci_3alkyl; 
X4 is C orN; 
X5 is C or N; 
Ri is hydrogen or Ci_3alkyl; 
R2 is hydrogen, Ci_3 alkyl, Ci_3 haloalkyl, ----CH2 0H, 

----CH20R or ----C(0)0R; 
n is 0, 1, 2, 3 or 4; 
each R3 is independently halogen, Ci_3alkyl, Ci_3alkoxy, 

Ci_3 haloalkyl, ---O-Ci_3haloalkyl, -S----Ci_3haloal
kyl, -C(0)0R or SF5 ; 

or two R3 groups, together with the carbons to which they 
are attached, form a 1,3-dioxolane; and 

each R is independently hydrogen or Ci_3 alkyl. 
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3. The compound of claim 1, having the structure of (Ia): 

(la) 

10 

or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, 

15 

wherein 
ring A combines with Y 1 and Y 2 to form a C3 _7 cycloalk

enyl or heteroaryl ring, 
wherein the C3 _7 cycloalkenyl or heteroaryl is option- 20 

ally substituted by halogen, C1 _3alkyl, C1_3alkoxy, 
C1 _3haloalkyl, ---O-C1_3haloalkyl, -S-C1_3ha
loalkyl, -C(O)OR, cyano or phenyl; 

Y1 isC; 
Y2 is C or N; 
X 1 is C(Rx1

) or N, 
wherein Rx1 is hydrogen, halogen, C1 _3 alkyl, 

C1 _3alkoxy or C1 _3 haloalkyl; 
X2 is C(Rx2

) or N, 

25 

wherein Rx2 is hydrogen, halogen, C1 _3 alkyl, 30 

C1 _3alkoxy or C1 _3 haloalkyl; 
X 3 is 0, N(R), S or C1_3alkyl; 
R1 is hydrogen or C1 _3alkyl; 
R2 is hydrogen, C1 _3alkyl or ----C(O)OR; 
n is 0, 1, 2, 3 or 4; 
each R3 is independently halogen, C1 _3alkyl, C1_3alkoxy, 

C1_3 haloalkyl, ---O-C1_3 haloalkyl, -S-C1_3haloal
kyl, ----C(O)OR or SF 5 ; and 

each R is independently hydrogen or C1 _3 alkyl. 
4. The compound of claim 3, having 
(a) the structure of Formula (lb): 

(lb) 

35 

40 

45 

330 
(c) the structure of Formula (II): 

(II) 

wherein ring A combines with the carbon atoms with which 
it is attached to form a C3 _7 cycloalkenyl; 

(d) the structure of Formula (Ila): 

(Ila) 

or 

(e) the structure of Formula (IIa-1): 

(Ila-1) 

50 3 wherein R is hydrogen, halogen, C1 _3 alkyl or C1 _3 haloal-

(b) the structure of Formula (le): 
55 

(le) 

60 

65 

kyl. 

5. The compound of claim 1, having the structure of 
Formula (IV): 

(IV) 
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or a stereoisomer thereof, or a pharmaceutically acceptable 
salt thereof, 
wherein 

ring A combines with Y1 and Y2 to form a C3 _7 cycloalk
enyl or heteroaryl ring, 
wherein the C3 _7 cycloalkenyl or heteroaryl is option

ally substituted by halogen, C1 _3alkyl, C1_3alkoxy, 
C1 _3haloalkyl, ---O-C1_3haloalkyl, -S-C1_3ha
loalkyl, -C(O)OR, cyano or phenyl; 

Y1 isC; 
Y2 is C or N; 
X 1 is C(Rx1

) or N, 
wherein Rx1 is hydrogen, halogen, C1 _3 alkyl, 

C1 _3alkoxy or C1 _3 haloalkyl; 
X2 is C(Rx2

) or N, 
wherein Rx2 is hydrogen, halogen, C1 _3 alkyl, 

C1 _3alkoxy or C1 _3 haloalkyl; 
X 3 is 0, N(R), S or C1_3alkyl; 
X3 is C or N; 
X5 is C or N; 
R1 is hydrogen or C1 _3alkyl; 
R2 is hydrogen, C1 _3alkyl, C1_3 haloalkyl, ----CH2 0H, 

----CH20R or ----C(O)OR; 

10 

15 

20 

n is 0, 1, 2, 3 or 4; 25 
each R3 is independently halogen, C1 _3alkyl, C1_3alkoxy, 

C1_3 haloalkyl, ---O-C1_3 haloalkyl, -S-C1_3haloal
kyl, ----C(O)OR or SF 5 ; and 

each R is independently hydrogen or C1 _3 alkyl. 
6. The compound of claim 5, having the structure of 

Formula (IVa): 

Structure 

332 

(!Va) 

wherein 
ring A combines with the carbon atoms with which it is 

attached to form a C3 _7 cycloalkenyl. 
7. The compound of claim 5, having the structure of 

Formula (IVb ): 

(!Vb) 

8. A compound that is: 

Name 

2-metbyl-3-(4-(4-
(trifluorometboxy )phenoxy )phenyl )quinolin-4( 1 H)

one 

2-metbyl-3-(4-phenoxyphenyl)quinolin-4(1H)-one 

1-etbyl-2-metbyl-3-( 4-phenoxyphenyl)quinolin-
4(1H)-one 
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-continued 

Structure 

OH 

lo~ 
~Cl 

o"Ji 
~o 

OH 

o"Ji 
I ~o 

OH 

lo~ 
~Cl 

Name 

3-(4-(4-chlorophenoxy)-3-hydroxyphenyl)-2-
methylquinolin-4(1H)-one 

2-methyl-3-( 4-phenoxyphenyl)-5,6,7 ,8-
tetrahydroquino lin-4(1 H)-one 

2-methyl-3-(4-(4-
(trifluoromethoxy)phenoxy)phenyl)-5,6,7,8-

tetrahydroquino lin-4(1 H)-one 

334 

4-( ( 5-(2-methyl-4-oxo-1,4,5 ,6,7 ,8-
hexahydroquinolin-3-yl)pyridin-2-yl)oxy )benzoic 

acid 

4-( 4-(2-methyl-4-oxo-1,4,5,6,7 ,8-
hexahydroquinolin-3-yl)phenoxy )benzoic acid 

3-( 4-(2-methyl-4-oxo-1,4,5,6,7 ,8-
hexahydroquinolin-3-yl)phenoxy )benzoic acid 

3-( 4-( 4-chlorophenoxy )phenyl)-2-methyl-5,6,7 ,8-
tetrahydroquino lin-4(1 H)-one 
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-continued 

Structure 

lo~ 
~Cl 

336 

Name 

3-(4-(4-fluorophenoxy)phenyl)-2-methyl-5,6,7,8-
tetrahydroquino lin-4(1 H)-one 

2-methyl-3-(4-(4-
(trifluoromethyl )phenoxy)phenyl)-5,6,7 ,8-

tetrahydroquino lin-4(1 H)-one 

3-( 4-(3-chlorophenoxy )phenyl)-2-methyl-5,6,7 ,8-
tetrahydroquino lin-4(1 H)-one 

3-(4-(3-fluorophenoxy)phenyl)-2-methyl-5,6,7,8-
tetrahydroquino lin-4(1 H)-one 

1,2-dimethyl-3-(4-(4-
(trifluoromethoxy)phenoxy)phenyl)-5,6,7,8-

tetrahydroquino lin-4(1 H)-one 

3-(4-(4-chlorophenoxy)phenyl)-1,2-dimethyl-
5,6, 7,8-tetrahydroquinolin-4(1 H)-one 

2-methyl-3-(4-(3-
(trifluoromethoxy)phenoxy)phenyl)-5,6,7,8-

tetrahydroquino lin-4(1 H)-one 
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-continued 

Structure Name 

2-methyl-3-(4-(3-
(trifluoromethyl )phenoxy)phenyl)-5,6,7 ,8-

tetrahydroquino lin-4(1 H)-one 

3-(4-(3,5-dichlorophenoxy)phenyl)-2-methyl-
5,6,7,8-tetrahydroquinolin-4(1H)-one 

I OY'l 
'Y"F 

3-(4-(3-chloro-4-fluorophenoxy)phenyl)-2-methyl-
5,6,7,8-tetrahydroquinolin-4(1H)-one 

Cl 

methyl 3-( (5-( 4-ethoxy-2-methyl-5,6, 7,8-tetrahydroqui-
nolin-3-yl)pyridin-2-yl)oxy) benzoate 30 

3-( 4-( 4-Trifluoromethoxyphenoxy )phenyl )-2, 6-dimethy 1-
5, 6, 7 ,8-tetrahydroquinolin-4(1 H)-one 

1,2-dimethyl-3-( 4-( 4-(trifluoromethoxy )phenoxy )phe
nyl)-5,6, 7,8-tetrahydroquinolin-4-one 

3-( 4-(3,4-Dichlorophenoxy )phenyl)-2-methyl-5,6, 7,8-tet
rahydroquinolin-4( 1 H)-one 

3-( 4-( 4-Trifluoromethoxyphenoxy )phenyl )-2, 7-dimethy 1-
5, 6, 7 ,8-tetrahydroquinolin-4(1 H)-one 

7-Ethyl-2-methyl-3( 4-( 4-trifluoromethoxyphenoxy )phe
nyl)-5,6, 7,8-tetrahydroquinolin-4(1 H)-one 

3-[ 4-(3-chloro-4-fluorophenoxy)phenyl]-2-methyl-5,6, 7, 35 

8-tetrahydro- l H-quinolin-4-one 
3-( 4-( 4-trifluoromethoxyphenoxy )pheny I )-2-methyl-1, 7 -

naphthyrid-4( 1 H)-one 
3-{ 4-[ (2,6-dichloropyridin-4-yl)oxy ]phenyl }-2-methyl-5, 

6, 7,8-tetrahydro- l H-quinolin-4-one 
3-[ 4-(3,5-dichlorophenoxy )phenyl]-2-methyl-5,6, 7,8-tet

rahydro- lH-quinolin-4(1 H)-one 
3 ( 4-( 4-Trifluoromethoxyphenoxy)phenyl)-2-( carboxy

late )-5,6, 7,8-tetrahydroquinolin-4(1 H)-one 
3-(6-( 4-Trifluoromethoxyphenoxy)pyrdin-3-yl)-2-

methyl-5,6, 7,8-tetrahydroquinolin-( 4 )-one 
3-( 4-Phenonxyphenyl)-1,2,3,4,5,6, 7,8-octahydroquinazo

line-2,4,dione 
3-( 4-( 4-Trifluoromethoxyphenoxy )phenyl)-2-(methylhy

droxy)-5,6, 7,8-tetrahydroquinolin-4(1H)-one 
3-[ 4-(2H-1,3-benzodioxol-5-yloxy )phenyl]-2-methyl-5, 

6, 7,8-tetrahydro- l H-quinolin-4-one 
6-Ethyl-3-( 4-( 4-trifluoromethoxyphenoxy )phenyl)-2-

methyl-5,6, 7,8-tetrahydroquinolin-4(1 H)-one 

7-Trifluromethyl-2-methyl-3( 4-( 4-trifluoromethoxyphe
noxy)phenyl)-5,6,7,8-tetrahydroquinolin-4(1H)-one 

or a stereoisomer thereof, or a pharmaceutically acceptable 
40 salt thereof. 

9. The compound of claim 1 that is 2-methyl-3-(4-(4-
( trifluoromethoxy )phenoxy )phenyl )-5, 6, 7, 8-tetrahydroqui
nolin-4( 1 H)-one, or a pharmaceutically acceptable salt 
thereof. 

45 
10. A pharmaceutical composition comprising a com-

pound of claim 1 and a pharmaceutically acceptable diluent, 
excipient, or carrier. 

50 

11. A method for treating an apicomplexan parasitic 
infection, comprising administering to a subject in need 
thereof an amount effective to treat the infection of the 
compound or pharmaceutical composition of claim 1. 

* * * * * 


