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APGQG T {SE!J ID FQGRV DLl TGS 
lEWMG NO: '5/ TMTTDT LGDV 

iSECIID 

VV (-S:EQ: 
1DNO: 
4j 

DV':i:MTOSPLSL IDVVMT RGLLY,, LNVffO l'~"_·v.s 
QSPLSL DGNTY QRPGQ {SEQ ID 
?VTlG {SEQ ID SPRRU NO; ·tS} 
QPAS::S NO: 13} H {SEQ 
CRS:S ID NO: 
tSEC? :lD 
~-H): ·t::n 

14} 

"'T"TAY IFC::,Ef' 1r, ~.J --~ . . . '.:·-· ...: u 
MEVRS NO: 7) 
LRS[{DT 
AVYYC 
(.SEQlD 
NC}: 8} 

NRDSG MGGTY 
VPDRf V'l'PFT 
St3SCS {S.EQ ID 
RTDfTL NO: U) 
K!SRVE 
.A.EO\/G 
\f'{YC· 
(SEOK! 
NO: '!6) 

FIG. 12 

caggtg;;agctg.gtgcagt:::tgg,a,cctga-g,g,; OV:QL'-/QSGPEVK WGQG 
gmlgal3:gu;tg,;i-g:gcct,:::11atroag,gM,;:i::! KPGA.Sli-:'/SCRA TLVTV 
gt<lgg.g-::;r.:c2,g.gatac<lcctttt::;,;:zmtl.itg SG YTFSN'•{ Gff!f,{ SS 
gaatca(ctgggtg:r:,;;iac:i3ggu:c,:,t:-;;igac VROA,PGQ·GlE!f,{ (SEQ !D 
i3a~gs_icttg:t'lgiggi1t,;;i-g,gctgg~\c;;3gcgc MG'lWSA YN(.;HT t-K} 10) 
tfai.ca,atgg:::c.a-::,a,:::aaatktgr.;at;&gaag-tt N:S.AG!Kfi'.)GR\-'T 
ccaggg:gagagte.:ac:eatgacca,~13ga:ca MTTDT ST S TAY:M 
ca1icat:Q:;l:;ic.acr~-gci1a:c0t~:gaggtya c·~/:R SLR~S DDT A\! 
ggegcckagak1,;pcg,sc.m::gg,::;cgtsta '~'\'f:.A.R DR.R.DLl T 
ttact:g:tg-cgB.g<lg:<lUlgB:ilig g,;;iat,::ttttga GSLGD Y'NGQG T 
ctggttc:,g:tt,;_n;,;gg-g:actactg.ggs,:cca:gg~a lVTV'.S:S {SEQ lD 
i3cc:ctggicaccgtcicct,:::11g {SEQ !:D NO: 0} 
NO: S} 
g,2tgt:.:gtQiltgaclcagt,:tccil,::lt;t,;,:cig,: DV':/MTQSPLSLP FGCKiT 
ct;gtca;cccttg,g.ic.i:ge.c:;;;gcctccatctcct VTLGQP . .<;S1S-CR KVE,K 
gc..sg:gtcta,gtcg,i..ggcctccitk;tatt.gatgg S~,RGLLY!DGNT (SEQ iD 
aa.ac:i3.CCti3cttgaa~gr.:tca.icagaggc VLNV,:':FQQRP·GQ NO: 2D) 
rnggcca,:.tct,:,caa:ggcgcct0,ili1tca!aac SP RRU :-; N°✓ SNR 
gti:t~:t:1a:i::sggga:ctct~g};,1gtr::cr:agacag: osG···./PD·RfSG·s. 
altca:i;!C•Qg:ca:gtgggtcc1,~g-cm:tgsttt~ll G:SRTDfTLnSRV 
cactgaa3If!Cllg::::llm!98'Jga,,.,gctgaf!g E.AE DVGVYYCM 
a{gttg,;;i.ggtti..atta:::.tg@tf,'lc:aaggli,c.at<l GG n'V1/PfTFGCl 
ctggccgttcacttttg9,~t;oi,-;,gg:gtKC8ag,;~ GTK'-1:1':]K. (SEQ :,D 
tg;,aa.attt'k,aC (SEQ :D NO: ::Si NO: 19'; 
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SFV IQA,PGQ l{SB) ID 
(SEQ !D GLEWM NO: 2&J 
f-JO: 23) IGG 

<'SEQ !D 
t~-H): .24) 

M\/fVP' 
Tff/-'.DK HTGPL 
STNTA'i DF 
MEL TSl ,;S-EQ ID 
RSEDT HO: 27} 
AMY\'C 
(SEQ !D 
t-JC~: 21BJ 

e:aggtge,ag(;:tg::;;!gt:a~::tc:~g=Q:~FJ:C:~e1g~:~ CJ':/t:: LV:f)~S.(i}~.E\:'f( ',;V(iQ·G 
ga.agag:gccg9ggkdcggj:g;acggk'1i::c RPGSSVTVSC:KA TLVTV 
tgcaag,;icttctg,ga,:;i:g,rtu1ti:: . .icr..a1i,r:m SGG ~-FTSFV!Sl;V 5$ 
gtatcagctg,ggtgcgautg,gici::.ctg·gar \/RGAPGQi3U::'v\< (SEQ lO 
amJggcttgagtgga:l-9:;;;9"'1-fl:Qggttak;;c MGGl\f!P:FATP:KV NC): 3:0) 
t':ltrtttgcta:c0,cel3.M•gt0,:::.gcaea9migt1: AQKFQGRL TIT A 
ccagggmgai::tcacrnttaccgc9gai::a0, DKSTNTAYMEL T 
r;-krno::a:H1tac:a-;;,c,1:Jacatg,ga,;;ictg,ao::c, SLRSEDTA:MVVC: 
agcctg:agatctg:aggarn:C>;J-,i:SCB:tgl:atl;;., ASPDLTMVFVFM 
ctgtgcg:ag;ix;g,,iacttgactatggtai:rogtg TGF'LDFWG 1:IGT 
ccgca8accg9accad±:gacttd:gg9gcr, LVIVSS {SEQ lD 
ag,;;rgaaccctgg,kaccgk;tcctc:ag NO: 2!il/ 
(SEQ ::D ·N:O·: i.e.) 

D:QMTOl:JSmN ILa.',.\n/Q IKAS fSEQISLRSG 1-0HYDT !gacakca,gatgacccagtdccgtcc,accdlDlOMTQSPSTLS lfGQ-GT 

{SEG lD 
N(S: 32'.; 

v,: {SEO IQKPGK Im NO: 
ID N-0: ,<\PNLU 35) 
.33:: Y (SEO 

!DNO: 
34-l 

\JPSRFSIYSGT 
G.S:GSG :(S.E·Q ID 
TEFTL-P N-0. 37) 
SSLQP 
DDFATY 
YC 
(SEO fD 
NO: -3-6) 

FIG. 12 (continued) 

gtctgcatctgtcgg;ag,Bca~ag:t:::accatr.:a ASVGDff/TffCF-: IK.1./E=K 
cttgccgg.gcca:i;,tc:a. gr.1gcattg,:at:;;.·ao::tg-g "".' SGSKlNWLAWY (SEO lD 
t!ggcctggtatc2:gca,JaaacJ.:a9ggMag Q-QKPGKAPNLU NO: 40) 
ce:ccca.scc!,cctg.atct;;ita~'l:g,g-cglctagtit YKA.SSLRSG'/PS 
acgm1g\g,g,,1gt,cccatcaag@ttca,;1c,ggc R:f:SGSGS:GTEFT 
agtg·gatctg~,icarsacgag:i:kadcfo;;,-,,:;8al L TiS.SLQPDDFAT 
c.;;;;g;:agcctgc.agcc,;::g;:-itg;;;rtttgdadi;:. YYCQH'(DT'YSGT 
tl.;ict.~cc,a,aca:itatgat::1ttt.attcggggac:;i FGQGTl'<:'/Eli"~ 
tlcggccas9g,gaccaagg:tgg,aa;;it,:aaa: (SEQ m- NO: 3'&.,i 
t (SEQ ::[1 :N:<J·: 3.S} 
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'.'¾'(SEQ 
IDNO: 
5:3} 

QFPG$; 
GLESiGi li·JO: 45} 
S(SE:Q, 
!DNO: 
44} 

:!{S:R\(f 
MSVDT 
S;.<;;NOF 

·G.M'/Y:A.~ 
LLPS\'F 
O:f 

z;: KLSS IFS.En 1n :,T~' ,,;,;. ;:,,-, "".,,: 
~ r',f'-:,t:,...: , .f~-V. ~ I l' 

Ar·rYC 
(SEQ lD 
NO: 4f.j 

ctggt9:3:ayc,cttc-gg;z~tl•:::.c 8:tgi:~:rectc.a:e 
ctgc~c:t,;;itc:i.ctggt~H~Ct,:,cBctc:au;agtaBc GGSff:SNTYYWG 
ca,:1ta.:t:ictggg-g,::tggBtcr.,cic.ca,;;;c,:,cc 'N!R-DPPG:;,;:GLES 
cagg',f:l&ggggctgg,:igt,;9,attgggagtat /GSt.Sf :SG:RTYY S 
etctt1f,2{itgg~;3:gm.'lcdadaea.g>::cc,gtc PSLKSRVTMS\1D 
cdcaaga11t:e,;iaglcacc,atgtcagt'.3gar T SKNQ F3U<LS5 
atgtcr.aaguaccagttdccctg,aagctga VT A,ll;IH AFYYCA 
gdd.:gtgac,::gu:,gcm;iaU'!:ccg:gr.ctfili.c;1:t RO.l T GM\/Y All LP 
ai:tgtg,::gagarngttaacas,:gw~1{t;;;tim,t S'tFDf'#GOGTL 
gi:t,itt,::tctta<:c.g:l:::;ct,:i<:tti9,ar:tt;:::t,;;igggt '-/TV:S:S (SEQ lD 
caggg:cB:8'.t::ctg:g:tt.ar:c9~ct:::ctc:&g NC-:: 49} 
(SEQ ::D NO: 4!3} 

.;:--·-:­
-;:J. • ..:., 

(SEQ !D 
NO 50) 

LA'f-.'Y,) KAS (SEQ TlESGV QQHN5 caggtgcagctg:gtgcagtclgg,gg1.:.(,~agg! QVQLV:QSGAEVK, FGQGT 
Q:i<PGK. lD N:O: PS:RFS ·•iSGA gaaga~,gcc-Jg:ggi'<:;:ek.ggtgar.gg,tc'i;-;c R:F'G.3.S\fT\'SCKA i{VEiK 
APKLU 55} GSGSG {E,:EQ ID ig<:a:Bggr.:tlttg,gi3::;!{l·:'.:tu:1tc.a<:cag,:::ttt SGGSFTSFVlS\N /,_SEQ iD 
Y (SEQ TEFT!.. T,: no· 57i gtta!<:agctg,;igtg~J;l:3:t@9,g,xcct,;ig21r.: VR:Q:APOOGU:.'J'd NO: ffll 
m NO: SS:!.. OP a;a.gggt!itgagtggatggga:£;g•;igk0tt:r::c MGG':/iP!FATPKY 
54} DDLA.TY !attt!tge\Bc88CCaMgt@:q:;cacitg:~agtl .AOKFOGRL TIT.A. 

YC t::!:.3gggi.::agacti.::acca1tac:,c-g:q,,,,i::,ct'l:a D:KSTNTAYMEL T 
(SEQ JD 9k;;ac:aa,i.fac:agccfuc.atgg,igdga,;:::c SLR:SEDTA.M\'YC 
NO: S-6) agcctgagatr.:1.gi1ggaci.c;cggccatgu:;:tt,; ASPDnJ\,f,/F\:'PH 

i:.t~gc9ag:te:cgg,a.:ttgac!:atggtatt:,::gi:g: TGPLDFVlGQGT 
c,,:,;;ica,caco;iga<::G ar.:ttg:a,cttr.:tgggg<:c l\iT\'SS {SEQ lD 
ag@aa,cr.:clgg!r.:accgtctr.:0twg NO: 59) 
(SEQ ::D NO: 5-8} 

FIG. 12 (continued) 
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KLSGGTFSTHG 
!N'W''./RQ.A,PGQ 
GLE\NMGGIIPIF 
GSA.KY.AQKfQ 

ES~:;A.E 
\.'i-tKPG 
~i<;YR\:' 
S.CKLS 
{SEC? :l:D 
NO: 62) 

rnv:!1,ffQTPLSLP rnVMTQ 
VTPGEPASiSC TPLSLP 
RS.St:!SL\DSDD \.'TPGE 
GNT.SUJ'tiYLQ PAS!SC 
K4G.QSPQU.JY RS.S 

(SEQ iD 

THG: IQAPGQ l{SEQ tD 
{SEQ tD GlEVtM ,NO: ,::l5-} 
NO:\B) IGG 

(SEQ 10 
N0:64} 

FQDR\/ DHAV'/G 
Tm\DE S,FY 
STRTAY-{SEQtD 
ME'!TR NO: 67} 
URSE.OT 
AT!"fC 
(SEQ ~O 
r:-~ {l: t;S; 

c.agglgcagctg:¢9I1.flg:tl-1gg:g:gctgagg Q\/QLVESGAEVi< WGQG 
tga3:g3:agc-::;tg:11,;igtcdx:ggtg<1g:ggtctcc KPGS.S\:'RVSCKL TP'./T\i' 
tl C1l:aBct!Jr;j,~-g1i,g,gcac,::t!ca,JCt'IC>:r:::at SGGTF SH-lGff-lV~' ss 
ggm:i:;::a.actl.gQlgcg'2c1.:a;;ig,;;ccccggc2: \-'RQAPGQGLE'N (SEQ lD 
cm:igg{1::1tgagtg,;iat,;igg:a,;g/gll1i'.:at.cc MGrnlP'lFGSAK{ NO: TO_j 
ctBtttttm;ittc.agcs:;;mgctnt-gcaca,;;'2:agtt AQ!ffQDR\iTlTA 
c ca:;;igac:aga,gti::tH;;gattacc-g:,:gga;cl.:a DESTRTA YMEVT 
afocaegi.,ggi:-,ca,gcc1.~,c@tg:ga,;igtg:m:; RLRSEDTAT!YCA 
ccgcr:,g.agl3tctgai;:::ga:i::l!cggccacgatt GBSDDH.~;,_,vGSf 
tBt!g:tgcg-;;,gg9g,gagcgal:gal:cacgctt"J YWGQGTPVT'./S 
ggggag,iml:<li:19,g.ggcuigg,gaaccccg S (SEQ l.D W): 
gt>::13:ctgttt,:::cica:gcctcrnccaai;;:g,;_ic-,:;z. f!.S} 
at:;;g,\;!tdtccccc1ggcacccti:;:C'!cca,g:ga 
g,~cc:!ctgg,;;:ggaica.g!';ggc-~cigg,gctg 
c.c!,;}g!Ci32tQ::;!':3:>:t!:3:Ct!CCCCg:ra:ac,::gg!,;_ia 
cqgtgi~l. f:SEQ lD NO: !38 l 

QSLKJJ LD\f'/'i'l TLS {SEQ YS:ASG MQRlAF gi:-rl.3:!tgtg.itg,ac-::;rng,act!';cac~d,:;cctg DtHxHQTPLS:LPV FGQGT 
SDDGN QKAGQ· lD NG: VPDRf P,FT cccgtcacu:c:tggagl3.gcc,;;g,::ct<:catdc TFGE.Ft:,S/SC:~S KLEIK 
TS {SEQ SPOLU 7$) SGSG:S- {SEQ tD ct,;irng,;;itcta!.·\,;:aga,g:cc!l:ti~,QQatag,t,;i :SQSD:IJSOOGNT (SEQ lD 
ID NO.: 'l (SEQ GTDfTL NO: 77} at;ialgg:aaacacw::tttggac!.g,g:ta,~c1gt SLDV?YLQ:Kft.GQ NO: l:l'Oj 
73) ::[c N-(): f.{J:iR\/E ~ga:~g~:ti::Jgge:~gtcttcat~gct~tt,g~t SP{)LL~YTLS>t:RA. 

74} AEDVG ctak,c·gctti.t;cli..fa:ggg,cctctggagtccrn SG\iP'DRFSGSG 
\/YYC ga,::ag:gttcagzjgcl3.gtgggtca:gg,::8ct:;i SGTDfTlKtSR\IE 
(SEQ lD attti:.13car1ga:ra:aa!c~:;,gcag@g!@ga;Jg!:! AEDVGVYYCMO 
NO: 76) g'2{!:9.at9.tt~,ga~:!ttaltat!gtal:gc,'.3acg!l<l; RtA,fF'FTfGQGT 

t,-,;gcatttccgttca;;;-OOgg,cc~g:ggg:<1,:;:::,?i KLEIK (SEQ ,D 
agdggag,:3tcm3ai:{laartg!>~gctg-cacc %0: 7S) 
ati:t-gts::,rtcatdt~c i:=',lcca:ict:;;.zitgzv~=ca:;;it 
t-g.,32,i:-'1ctg,ga:iirlgcc1dgrt_glgtgci-J:g:ct 
gm1taB,ct!rt,?i!crcB,gs,g,ag9,:,r;,3,aa-g,ta 
c a9tg9:aa:',lgi>:n:at;;:.a cgc cdccc&a 
i'SEQ ::D NC: 7£!} 

FIG, 12 (continued) 
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t {SEQ: :J:D· HVlGD'/ QSGAE 
VKKP:G 

C'/G'NVHQMPG IESU{.lS 
TGLEWMOi!CP CRAY 

,.··•7•E••''.< ,.,., I c: LP·<>•!' I""···--,. ::,.,:; ·, \.:.;;, .. -.:.(. t!:.,, ..__.,. .:-"t'>N·.• ,••~v • ._,r~f? 

NO: 83) GI {SEQ 
::DNO: 

~A~."~/~.~;t .!_;._~_:v! ·;· 
TT, ..... I L:.J. Cc>E:U :D 
·~1:r,«•.-,,, l'W'~,!['l 

NCt f:2) 

EIVL TO IQ.S\1'TR 
SP(;TLS l:N fSEQ 
\:iSPGE lil).NO: 
::i?/TlSG ·:?,:3J 
R:A.S 
{S:E(l tD 
NCi: ·B:2] 

Mi 

l.4\'f"('Q 
QR;:'GO 
APRLU 
Y(SEQ 
::DNC·: 
94: 

\~SSt.:K f-J{):. 67) 
.A.5DTA1 
·:tVC 
(SEQ !D 
NO:&m 

SAS {_SEOITRAiG!F Cl_ QYND 
lD-NO: VRFSG Vl/tGGT 
f/S} RGSGT /SEQ :D 

IJFTLS:: NO: 97} 
SSl;QSE 
DSA''._/·{ 
YC 
(SEQ lD 
NO: ftff) 

FIG. 12 (continued) 

rn.9gt.gc;;,gctggzjcr::gtcl~.Ki9slCil:~,.,g:g QVQLVQSG.4.E":/K WOQG 
~~aa~a.a,lct·f.:~:gg9;agkk:tga~gatctc KP~3ESLK1SCR:A T:.S\/';s}/ 
etgragggctt.it;Jr:•.itacm:,-cttc.icc.;;icctlc YEYTFT.t..FCVG~•,t s s 
tgcgtcg:l<lctg,~-,;t~10;;0:;21,;;at~1cccggrn VR.ClMPGTGH:'# (SEQ JD 
c0.9gcczj,;;;09tgg,at,1g:gg21:h:;,0td.gt.::d MG ltCPGDS.DLKY NO·. %) 

.g~Jt~;;;tctt:tgah:;:tGaa.2:t.ac;agtec~t:::cttt<: S:PS:Ffl:G:Q\:'T~.S.A 

.i3:ag:gcc3:g,~tea~c:3:tr~H::g:_-gt~::;g.a:ca*gic DKS!TTA'•{t..C.rivs 
cattaccacr,;:g,ccta..:d,;}ca,;it,r,;i.:igca,;i,~ SL::<.;:ASDTATY YC 
tt~~agg.;::,e;t:cggati1C<.:,g~w<.:~tGtt3:tt.g .AJ;;! H\/:AS::-,::_,r:;:·GD'r' 
tgc9.:ag::;.cati;itg:g,ca21,~tc-ad1;m•g,;ic9ac YGM:DL',NGQGPR 
Mlacggt:3t@2:tC!>:'lggggcca?ig•g8(C S.ASRClHPPRlR 
~e.ggtca:g·:::gt::-fugtc{:1.g:r,;RCCC;;J;C:t:iS:,ag9 ~~C:S.PS:"!fQGA.DT 
etc.cg~:3tg~~tt~=e:cc:3ttailltca:Qggt~1ca Pt~;.A()RP·Ve A.A~--.,.~• 
9ac2,ca;:;ctctg,;::gggcacag·Cgi;!CCCtg:g 5RTT5PNR (SEQ: 
gf:::t;;rcttg~t:::a;agg~.cta..::::ti:c,ctt•ga-2:zc:g: :\D },J-Ct S:~} 
gtg«: {SEQ lD NO.: Ml 
gam:1tt9.tgti9a:c9.cag!:ctcca'lj•gca,:cct EiVL TQ.SPGTl:5\i FGGKH 
gttzjtgktccaggagz;:aagagti:,:3c2:c t,~ SPGERVTLSCRA. W\i':E:•K 
ccti.:a:m;n;;,ccl'l;gccagag:tgtt2tca9::m S·QSVTRNlft.'¥".;Y (SEQ ID 
a,:::tm,gcct.1;;,gtacca<!cB,g•agacct,1:;ic~B C!ORPGQ.A:P-RlU NO: 
ggck;;rnm;ir.:kd;cakiafagtgcakcac 'i S,A.STRAIG tP\i'R i (),Jj 
ca,g,;;:g,::,cattggtascccagk<3g,;Jltcagt.~, FSGRGSGTD FTL 
g•CC:;)QQ·@{ctg;;ma,;B.gacttcattr.tcag S!SSLQSEDSAVY 
rnttagca;J:cctg,:;ag,dg:;:;;a,g:;:;;tktg:c219 VCOC!YNOWLi:3G 
tttitta1tgtrn9cagt'¼taatga,ctggctcg9 Tf GiOGTKVEJK 
g99.:gaccttr,;g,;;ccaggg:g:&CC8!.i:lllgt9.ga (SEQ lD NO: 99} 
02:tt;iaacgaadgt>Jgdgcaccatctfiktl 
catcttcccgccah::tg<J,ga;;icagi,ga,:iat..: 
!gg&:Bct~icctctgt!gtg!gc,:tgctga;13ta<Jc 
ti:cta:tcccagaga,~gica::H,9mca-gtgg..'.:.l 
a~:;1gtg(:;1a:tal3.cg,r,r.,ctc•caatc•,;,,;,gtaa,:,tc 
tea:~ t~J;JJJO:_NCt_ :96) 
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QVt):l(J ·GD.S\'.'T 
QSk:::Pt?; SA 7i'i 

CT~SGDS\rfSfa. l\!KPS-Q -(:SE~J i:D 
TYY>t,'T'i'tiRCH~P TtSLRC NO: 
G:K.Glf.\ii'IGN!f TlS H23} 
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cagg~c,acccl{;,g1rnc,~tct:c.:,tc,agcgti.:: ~IO: ·!S9J 
g.i-cca.i-g:gg-c ccziicgsit::::ttccccztgg-:::a 
,::i:,r:i<;<;t>.::!:~3:e:gag,c:acctc:~gg,ggi:::<J<;afl 
c:g,i,1ccdggg.etgc,c:t';J,gteaaggaeta,:;ttc 
cc {SEQ lD NO: ::8-Bl 
gacatccag,stga,~cca;w:tccttce:aeg;..:t DlOMTOSPSTLS 
gkigcatctg':Iig,ga9,;,cag..ig:lc@cc,;,tca: A.SVGDRVT:TCR 
cttgccgg,;;iccagtca,;_i.agi~1,ttg9h::i9ctggt .ASQS,GSWLA'i'-/':t 
,i;;i:;,1cctg:;.,Mcllgi:::ag:a&'!c:!::Bl.@'Q'&6'3:g QOKPGKAPKLLl 
e-cc:cia~c:tc-ctaab;fa1taagg·~gtc!tactti ·::<KASTLES·S':/PS 
ag,;;:aa,;_itg:;_iggtcc.::;a,; CB,aggt!i::B.-g:eg,;ic RFSGSGSG TE FT 
;,igtgg.i3tctgg,gacl!{!a<lttca:::1c:tu,c:eat L TlSSU~PDDlA T 
ccr,gcagc·:::igc2:gcctg8:tgaicfu]'c2:adt YYCQQHNSYS.G 
ali:a,;:t:;iccas.::;agc;.:,;\m3tagttattcf)gg,;_ig AFG(}GTKVElK 
c:g,t:.eg;;iccaagg,:;ifj,c,;;.aa:g,g1g,gm.'l:mca (SEQ iD NO: 1S9) 
aacgtacggtgg:ctgcac~tdgt,:.ttcakt!. 
cc-o::-g:ccatElgat,;_iB:grngt!ga,;;:a!Etg;g;;Hi: 
ctg:::ttdgrtgigt~,e:ce1:g,ctgaataac1:tdl!'i. 
cc-,:;<1,~2,,;i;,ggccaa,.ic-g:t:.iccagtgg.i,aggtg 
gata~:,:;:,;ic::;i::t,:,i:-:i,2:tr,~g§iaaete c::,:;:agg 
o1Q {SEQ 1D NO: '198': 

FGQGT 
KV£,K 
(SEQ JD 
NO: 
2SH}) 
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\tQPGG 
SL:RLSC 
-c:.u;:· 
i.,;.I.'-\---<:· 

{SEQm 
NO 
202) 

YA. 
[SEDID 
NO: 
.203·) 

G-LE1-:r1i-l'l/ 
S\/ 
(SEQ lD 
NO.: 
204) 

DlC;MTQ 1•.E.:5':/SVS I LAV{Y Q 
SPSTLS {SEQ ID QKPGK 
,ii-.S\.'GD NO: APKLU 
RVT:!'l"C !2·13-) 
PAS 
(SEQrD 
NO: 
212) 

''{ (SEQ 
1DNO: 
214) 

A~".}' 
SKNTLY {SE:J ID 
LEMNN NO: 
VRAED 2!}7) 
T.C,VYfC 
(SEQ lD 
NO: 
WB) 

, ••.• <::· i·,:;E,~ IT"'~~.,-, ... ·1·"-"'"HT :~.)J:.J _.;.;. )4 L c. ·~:0 •;;'. ·• . ..:.t~ ~ 

iD· NO: PPRFS SSR':;•T 
215) ~c-r,·,e .. ,-, l'"En 1:c• )r.:>~.:.i•~ •...)\,;-' t-..:-•. :•.:,:; · ,f. 

TffTL T:: NO: 
SSLQP 21:7) 
N'.}FATY 
"{(:. 

(SEQ JD 
ND: 
216) 

FIG, 12 (continued) 

ga:-;.KlS-;;;caQ<.-tgtlgg:;igtclg,;mgQW;IQ<.·tt EVOLLE.SGGGLV 'NGOG 
ggct:g:cagcc,;igg,;igggtci;;;:;lga,;i<1ctc0c QPGGSLRLSCEA TMVT\f 
tgtg:~2t~:~etct1Jgattt.acc1:tt~tca~:ft5ttgt S(~FTFl::SYAfJ.:SVt SS 
,::;:itg:;:igttgg,;itccg1;cag:gcti:>::1l.gslfiaa-;;;, VROAPGKGLE\'V {SEQ ID 
,;iggdgg:ags-;.iggtctcagtt;itt;s1,gtg:g-g;a,g VSVl:SGSGGA.RY NO: 
oJgtggtgc-ca,;iatactac-;icag.3,ckcgtg Y ADS''/KGR FT!S 21 [;} 
a~.g,ggc:c:ggUm.c,:a!ct,:c;ig81:-;;;m::;:iatt IRDNSKNTLY:LEM 
c,c:2,a9,2;ar,ac cc:tataictgQt'ta1ltg,,:3ac:;;m, NNVRAE [ff P,VYf 
c,9tg:agagccg:aagacai::ggcc¢al.attl.tl C:AKDR!LPYDTD 
gtgr.ga.3,agatc;la,,;1t..ctcc:ratatgaca,:c AfDi,',VGQGTMVT 
ga:t,g::;;c,t!tg:;iu::ldggQgcc.,:3t~g:ggac.::::al \/SS {SEQ iD NO: 
ggtc.acr.,~tctcttcoa-9o;itcg:,;,,;;:ca,a9g:9;:;.:: 20'::l'l 
catcgg:tcttc:c:,;:cctggc<1ccc!cctcc::3,a9~ 
gc:.acctc:tggqJggcacag.::ggccdgggc,tg 
cc!s,gtca;;,gg,:;idactt,ccccg:am:;ctgt;;;,a 
oJ lSECI !D NO: 203} 
gace:tc,r,:2gat:gat.::.::agu,-tct:tlcc;,l:ctct DlOMTCSPSTLS n:;PGT 
gt:;t,;icglctgt.~g9:;igaw,;mgtc.,c<.:<.<tca AS''./GD:R\!Tfl"CR KVDH< 
•:t%.ltcgggccag:l;ga:riag!:gttagv,_titlcgtt ASE:SVS'iS:LAWY {SEQ ID 
9gc:c:tggtai.:c:a,;cagaaac,:;g,igc::1laagc QOKPGK.APK,LU NG: 
ttthl!a8-cfoth,'jatdat,mggcgtctadttii: '{f<;,A,STLESG'=/PP 220} 
g:aa13gtgg1:gtcctar,ccag,,Jttcll,g;::,gg,: Rf'SG~GSt,TEFT 
agt;;;,:;iatct:ggg-21;:.agac21tt.;;«::t..::tci::;,;i;:att l TlSSlQPNDfAT 
agcagcctgceigtct2,at-;;iacW:gcgac-rtat YY CQ EY HTSSRV 
ta,1;;l;g:c;:;a2,g;a,atzitca:!cl3,ctt;:::ttcg;:::g:g,Jtc TfGP·GTK':/D::K 
ac:tltcg,;cct:tgg:gacca:a-21glg,gatalcaa (SEO lD r,m: ::t1S} 
<1c{,ltac,~gt~g;;(gca<.::rntdgt,.;,itc<1t:::tk 
cr;g:ccatctg,.3fgtogc:,1:gtt,;i2,;;;;atct;;igr~i::!t 
tg;:dctgitgtgt-;i,;.ctgc:tg<lai~acttc:mtc 
cc,w<1g:aggcca.aagtacagtgq:m,ggtg 
gatacS,cg:ccctccai1t:;:ggg;l.am:.1ccr.ag 
(SEQ ::D NG ::1'13) 
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'•/{::!PGl .. :SU~LSC ISGGGL 
. A.,&,,S:GfSFKD~'".4 ~J:QPCtA. lfSE:t) tD 
LS\i;/VR.C~A:P(3J{ SL:Rt.SC f'•tC·: 

.6..A5 
fSEC: tD 
MO: 
222~ 

223) 

ENMTQ:SPP..T·/ EIVMTQ· OSVNS 
r:vsPGER:l..TLS SPATVS D (SEQ 
CRASQSVN:SDL ':/SPGE ID NO: 
V'ti:"'{Qi)KPG:QA R.4TLSC 233) 
PRLUYGA.SiRA RA.:.S 

{SE~J ro 
SGTEFTLT,SSl INO: 
r,,. •=:E"'F ·' ,1vv,·o ~,,.~,:,·• ',:ii!•-·· u ~,GI,,_ ••• ~-.~"""'~ ............ ~ 

l:)A.PGK 
Gl:E\ .. ~t'\" 
SH 
(SEQlD 
r,.io: 
224} 

L\;\tfYO l{3A.S-
Q~tPGQ liSEQ tD 
APRLl~ tJC:J:: 23:SJ: 
y· fSE.Q 
::DN◊.: 

234) 

A.KDR:':.i gaggt,;:;:c.3,g;,:tgt!ggagtctggg,;:;:gaggcc. EVQlLE3G(~GLV 
VGR:P\.y tg1.,:igcagcct11~g~:cg;t;;r.:~.iga'.,.l::3Ctc.n::ct C!P-GA SLRLSC.-"',;!',. TL VT</ 
EYS:..Df ¢g:Cl1,>J·CCtetgg<1ttcagctlt1ll3:g\si'3et<1tg S.GFS:F:K'DYALS'.N ss 

SKNTVf i_SEG !D ,:c,:::tg:aQctgggi:cVJ{:cagg.ci:i::,:::;aggg0:a VRO . .".PGKGLEW (SEO lD 
LQMNS NO: 9\}ggdggllgt9g:glckacatdtlllgt9gta \i'5:Hi5G5GLSTY NO: 
LRAEDT 2'27i gig,gkttag!:a,:alacti:icg,:ag;a:;:\r:c'[i:trn Yi>.DS':ii:<GRfTIS 230) 
,~v·tfC agggccggttc,ac;;at,1ccagag;1ca.::!ttc;; RONSK.N"f\/YLQM 
(SEQ iD ~a,;}aa,,::3,ccgtgtatttg.::1!0:atga8!~.g,:tl. NSlRl•iEDT AV')' f 
NO: ga:g:i;,g~:i::g;:;i.r,ig:ar.:,acg,gi::cgtgt;;.m:ctg1g C.AKDRVVGRPii/ 
22&) cg:aaaga!cggg:tagt@g,;;,k,gcccctgm:ia EYSlDFV\IGQGTL 

9h1ct,::;ci::ttg.actt,;;.i:9g:g9ccam;iga;;cc;;t \iTVSS {SEQ !D 
.ggti:.3:ccgtetcct::~.g~~:tcga:cc3a@gg:!:'.;: NO: 22'3:J 
ccatcg9h:.1tc,cc.cctg,:;;,c;1r.:.:ctcdcca.2g 
agw<:•:;;ti:t,;,i-;;,gggcz;c0:g:t;,;,ig,:,c:;;;.1gggct 
gccl:9gt,::;,a~g:9c~da<:tti:::,::;1.:,r,{;.aac.dgt:;i 

!RAT{3!P QGYWl 
ARFSG \~JPPLT 
SGSGT (.SEQ }D 
EFTLns NO: 
StQSED 23:7} 
Fts,~/y··•/C 
(SEQ iO 
NO'. 
236) 

(3EQ iD NO: 2:23} 
ga.ama:;itg.atgacgcagtctf.::C:;):gccac,~g Ef1/MTQSPATV:S FGGGT 
lgf<:tfjtgict::mg,;j:ggaaagagcui<:•:::ck VSPGERATLSCR KVE::!{ 
t;::.t!g:,::;ag:ggccdgtc0:gag,1,;Jttaac0:g;::,:;ia ASQSVNSDLVVV (SEO lD 
,;ctc:;itat,;:;gta:;;;cagcag,:."1,aacctggccag. YQ:QKPGQAPR:LL NO· 
gctr,::r::agact:::ct►::ill:ttta:tgg;ill:gt:~Jtccatt:2 ~-'{G.AS.:i:R.A;T~.3!\P·t... 24:8:} 
gggc<:ai::~gt.3tce>::8l:geca,g:gtt;:::13gtg:g RFSG'SGSGTEFT 
c&gtg,;;gtct:g,;i,;iar.aga:gttf.:ai>!:c1taixf; l ns:s,,oSEDf AV 
1,::,,i:gc:8fg,c.attcagtd98f0:g&ttti>;,icagtitat Y''/f::Q{:;iYNN~>;;'PP 
tac<gtcll:g:m:,ital;;;at,met:;igc,1:ii::c{,,C'((:: L TfGGG 1KVE:::K 
atJt::cggcgg,:1:gg:gat.,:<10gg:ig~,ci.i.atw. (SEQ lD NO: 239} 
aao;,ita,:=isgtg,;:;dgc0:ei::alctgi,,ttcatctt 
cco~c,ci;,tc1gatg,ag;;agtiJ,J:~:aatctggaa 
ctg,;:1;;:tct:-;;t,gtg1gect{lCt-,;;a~:ta;:3ctlcmt 
e;cc09agaggc{::s:Ba:gt0::e .. a.g~~ggB.aggtg 
g13tam:,ge,:cicca8tcg£],;,itaactccca,;:i 
(SEG· r:D :f-H): 238) 

FIG. 12 ( continued) 
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EVQLVESGGGL E'/QLVE GF:s:vs 
\lf)Pt:3G.StRLSC- :SGG:GL .SNF 
A.il.SG:fS':;'S5MF VQP{;G (SEQ ID IGLEWV 
tv.fS/fi\{:RQTPG:K 'S.tftLSC NCl:: 3\/ 

N(}: 

242i 

243'). (SEQ JD 
NC~-: 
244} 

iSEOID 
N0.:.24':) SRDN5 IY [SEQ 

KNTLYL ID NU: 
Qfy~QSL :2~-7} 
R':/EDT 
c.;...,/)··~tc 
(5EQ!D 
t-!Q:: 
246) 

OV'·/:MTQSPLSL D\·"/MT QSt'•:t!'i LNVffO KVS {SEQ NR:DSG MQGTH 
PVTLGQP,a.;S::S QSPLSL SDGNT OR:PGQ lD MO: VPDFff \/iPT 
CRSSOSLVHSD PVTLG V (SEQ SLRRl.J 255\ SGSGS {SEQ !D 
GNTYLN',NFi)Q GP.AS1S JD NO.: Y (SEQ GTDflL N-0: 
RPGQSLRRUY C:RSS '.::SJ) ::[) HO: f{fSRVE 257) 

{:SiEQ lD 
''-l,,..,, 

"lf'T:"L"''l;<'':"'\fC ., E 1'),~T; :w ,. r~,., .. _\; '"!o ... 1-~u.-. ..._;;,.,..,,, 

OVGVYV'CM:QG 

254} . .t,ED\:·{; 
V'fYC 
(SEQ:D 
NC'f: 
2~~6) 

g"-1'g9t~ca9tt@li;ig.a:gt1,;tggggg.i:g:9d EVG.,LVESGGGLV 
tg,~ccagcctgg,;_,gg,"'tcccl;,"'agactct,::c:! (JPf,lJSLRLSCAA LVT:VS 
g~t:~gct,tctgg,l'!ftca9cgt•.:agta;;rneat: SGFS\IS5Nf:MS S {SEQ 
!:l:cats:agttgggtrc-,;,cca,;,;aci,:t::l'!gg,gaa 'sl'i'VR:QTPGKGLE ID NO: 
gi;ig9ctgg,;;;,gtgg,,"slcko1gttt:tit.ei.bgcgg 1.N':/SVLYSGGATF 25{)} 
t:;i,Mcc.ic-alktat,gc::;,;gactccgt.,;;-aagg YADSVKGRfTiS 
g,:::a,;ia!lcac:c:aictcca,Jl'.lga,rs,al1rgaa RDNSKNTL YLQM 
gal'!C'la'l<.::r;,ctgti;;!ctt&al'!:Zii~/1:!C-21\;;Cttgi. DS:LRVEDTGVY'l 
~agtcgag,gacai:,;_,gg:tgtgtlltlactg,!s}cg C:l>..S:RHVNYODD 
~g:ca:~3-ta:t:~iicaa:ttac~~it:gat-ga:e.t~,,Ii: YG·GQ:GTLVTVSS 
ggggc.,~.iigggi3:&t.a:cigglc:&ec.g:lctcr,i<.: l,SEC~ m NO; 24'.:!i} 
iigegtcg;a:i:ciiaggg,ceerucggtctte.eee 
~1g:;ieac.,~,rjceh::c21agflg:e,:&£c.ktg,~g<J 
ijcm;;a,;_,cggrcctg,;?\l<~tg;::,clg,g!ci3,agg 
;;;,dadteu,cga;:,,e.dgtgac<J~t,c;k,9tg9::.1 
a:;::trn (SEO i:D NO: 2'46} 
ga:t;tt,Jlgatgact,::2-g,t,;;tcc,3,~.tetc:rct.g:c: O'/':/MTDSPLSLP f G,QGT 
c,cgki.c,cci'i',iga,r,;1,~;ceg:gc~1c:r.-atctcd VTLGQP.AS!SCR RLEl:K 
~C&fl'\.lteta:gtcaaag:c:c'lcgtm::13caglgat SSOSLVHSDGNT (SEQ ID 
gg.,,:,,,;i:rnc:.c~-cffg::J,,;tt9~1ikag;:.aga:g: YltfWf(~QftPGQ NO: 
g:c:,:,ili:99;::;::,s,att:tdaa,;;m-:::g:;::,r:lll&Htatzi SL:R:RUY!>;;VSNR:D 2131:l'.i 
a~~ttt,:.1~a;,:~~~gg~r..-tctg,;,t-g9t~cc;3:g8t so·vpo:Rfs:r;s.o 
0gatkageg9c.1.1g!f:,ggkag,;J,t:,llWJ1.lCtl SGTDFTL~}5RVE 
;::,i3ca,:tgaam,:tt:a!,lcag1,gtg,gag:;;;ctg,ili: ,il::ED"/GVYYCMQ 
gg~.tgttgg,Jgtttf>ttact,;;,catgcaaggio1,c GTK~VPTf:GQG T 
a:;::Bctgg,cc@!Ct:tl{:ggf.:ro:2:';;igg;a:;::m::g m ... EIK ;:S,EO lD 
0dgg~gfl'lt;1u,.;ic9t.>;;:cg9tggt,lgeacccli NO: 259} 
dgktf.e13tcttcccgceatctgatgag,r;i3giftg 
ili:&atctgg<Eattg,c:rtctg'ttgtgt;;;t:c:1,arlga 
~tilat.tt-e~atc~;;c&J.agagg{;:~aa:egt~ca 
g::>;,i;-ga,:sggt-"'gatlla,e.gccct.,::e.azitcgg,gt 
i'SEQ iDNO: 2.5,6) 

FIG. 12 (continued) 
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EVQL'ES:GGT\/ E\!Q::. VE E'{TFRN MS'<l'l'•/R 
'VQP(;G:SLR:LSC S<}GT\l ·•-t:w CrAP~~K 
\/A;SEYTFRf-·.f{~~t-i ''·./Q:PG:G (SEQ !:D c;-L:EV-1\f 
MSlllfVRQAPG:l•; SLRLSC NO: GN 
Gl!E'WVGNH·-lQD VAS l263i 
GSEKYYVDSVK (SEQ iD 
GRFTISRDN.A!E NO: 
NSLFlOMHSLR 2\32) 

{SEC! i:D 
N(J: 
264} 

::N(J: 26:5} 

DlOMTQIOS!SfS llAWYQ IOTS 
SPSTI..S {SEO: ID C;KPGl{ (SEO 10 
ASVGG. NO: A:PELV:: ,N::): 275,J 
R\Fl'lTC 127:3} 

PE.l\<!YQTSNLK RAS 
S{3\/PSR.f:S:GS {SE{J H:J 
GSGTQFTLT!&S NO: 
LQPEDfAT'{YC 272) 
GiHYSNY ;SEO 
lDN0:271J 

'-./(SEQ 
H)NG: 
27~} 

ARA.GS g.aggi:g:ci3:g{:!gglgg,3gtcm-g,J-;;;:ga11c,: 
Y;GD''-lR ·g;"tfJ;§:tt'.{;a~cig~fJ9iQ1Jgtci:ciQa~12~-t~t OPt:3·GtSLRLS.C\tft. ·T:LVTV 
P::MNVtF cctgtgt9.gti:1,::,tg:a.alritaccttca1;ig:aatla SE\TfRNYlh'MS ss 

AENSLF D:P ttggasg.agctg,Jgt~:q~cr.agg[tc<:.ag,gg 'N'•lROAPGKGLE (SEC! lD 
LQMNS {S.!EO iD aa-g;gg-g,di;;;ga:gif::ggl:Jgf::Clla1:,ata.:.s;a:t WI/GN!NQDGSE NO: 
l~)VADT NO: cmsgatgg:13.agtgsga,:;:gtacta!gtg,;_uar-t KY¥VDSVKGRFT 27f(l 
A.VYYC 2£7} el9tga:13gg,ig>::q¥~tt:::,acca:retct::§:lJij§ll !SRDNAEN:SlHO 
(SEQ lD caa:,:;g-ccga~aa:ckc(.1attk,tgcaa:;,tg:;, MNSLRI/A[J:TAVY 
NO: 13,::_:;,gc-:::tgc1i.g,;i:g:tcgci;m0.c :;,r.;ggt:\:gtt.::0t YCA RAGS '{GDY 
25'6) !~c:,,;,tg:::::ga~:agi;:,:J-cs;gg-af,ttm::ggtg:;,,c:t R:F'!NNWf'DP1NG 

:;,caggc:c,g:atalla,i:,'.:l:z,c,t:;igt!c,;;,~acccclg, RG Tl 'i/TV'SS 
g,;J-;;,c:.:,;r;;:g,;.aaccctggtc:a:ccgti::tc<:tc:a (SEQ lD NO: 2f'.9! 
gcgtcgac.c:;,,aggge,uat;::-,;igtcrtccccd 
ggc.acr.;cic-ci:cr.;,i.ag,,igf!,0cdi:.tgggg-g:1:, 
a;::-.agc:m;;•:r:c::i:t~;aJJctgcct:;mreaa:1,;!gact 
a.c!t:;;ccc;;,iaatctgttiac~gtJ.:;ttQ19ti'aacl 
cz,,;mcgo:::d.g«:ccag:cggi.::gtgc0ca,: ~-rt 
cccgg,ct-;.itcctac.agkclcaI,gac {SEO 
::0 N0:2&Sl 

NLKS.G 1-QH'lSN 1ga,1:atec:a:i:!-a1>J_ac:,:,cllgk. !cetkca:z:c:,:i IDlGMTO_s_PSTlS IFGQG_T 
VPSRfS YSYT gtczjcatdgt-~ti•gggg,c:;,gagtc.accm,,a ASVGG-R:/TffCR !•,;;V,EJP< 
---,~i~--=--~ l,c-;= ...... ··o (_;.·~_-""~·~\,z; ::,.•..'!·~·!;..,[ !: 

TQFTlT N(): 

!SSLQ:P 2Tl} 
EDF.AT{ 
YC 
(SEQ iD 
NO: 
270) 

cttgccgg,;.r.:ca§tca,;_iB,g12:tts<;:,l!J<:tcg,tt ASQS!SFSU:,':NY Ii.SEQ D 
gg:~:~~ggi::.;it~~g:~~•aa_::icr:a~{.<9;:.~-aa.g:c Ot?iK:Pt}KAPEt·~<t N(): 
Cf!:Etga,3ctcgtcatt:t'3:f.e:z3gacgti:,s:atti2: \'QTSNLKSGVPS 2fff(l 
aaaa,;itg,;i-g,gtcceatcaailattc::Y;l[•\!g!.:a RFSGSG:S-GTG!FT 
gtg.gc1et.ggg,a,:::arnatteacl:r:tt,::it-t-atca L Tl ':,:S.lQPElJFAT 
ge.:;,gc-:::tg,r.:agcctgsagsttttgcam:datl YYC:QHYSNYSYT 
:actg:ccaa,c:act,3ttc':>3:&l,llCtqltat:.a-:::tttl FGGi:Gn,:VE!K 
ggcrngg,,;;;gricc.ariggtggrigaicaa,0cgl (SEQ iD NO: 279) 
:acg,;.tg,;.<:tgca-:::ca!ctg,{:!1c:a:tcttcc,;::g-::: 
rnt:.;t~<'!t~ag,rngttgaaijir.lgg,;;iact~cct 
eJgttgtgtg,cdgctga,;,:t,3,,'ii,::,ttct.@tte,c<1:g 
a,;.ag,;i,;e.aaijg:rai:sgtgg.a,3ggtggataa 
;;gccd;;.:,:i:atcgg;g~;;;a:dcc-ca,:;iga,~&g: 
(SEQ :::D NO-: 276:: 
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ESGGC~ l"'lA.. 
\/\/~JPG: l,{:S.EQ l:D 
"'"'L· RL"'" I-,.,-,. ~ '),,~-J ,;;l· y,c-,_..l'. 

CA.A,-S 263.)., 
{SEQ tD 
NO: 
W2) 

CtAPG~< 
Gt.]E1:lV\/ 
AV 
i,SE(l: }l) 

NO: 
23-4} 

N0:2$5} 

El\:'L TQ- ,ES:V:5:SY,LAJVYQ ,D.AS 
SPG TLS {SEQ ID f(KPGQ {SH2 ID 
LSPGE HO: APRLU NO: 2H5) 

V\/YOKKP:GQAP IRATl5CjlS:3l 
RLUYDli.SHRAT R<\S 

{:SEQ lD 
NO.: 
2:a2:: 

Y i;SECl 
lO NO: 
29·:@} 

SKNTLY 
l "" __ ._" .•. ,c;:-

1

_,-,,r,. -......~~n-~ . .,, 1-·.-v.._... 

lR:PEOA 281} 
A\'YYC 
1SEQlD 
NC~~ 
Wv) 

1-!RATGl QQRSN 
PARFS 'NPPIT 
GSGSG (SEC! HJ 
TDf1l.Ti NO: 
SSlESE 2?17} 
DfGV''f 
YC 
(SEQlD 
NO: 
2%) 

FIG. 12 (continued) 

e.agglgtaQctggtg:gagtctg@g<;itggo,1 OV{;it VESG·GGV 
tg,,;itc,::ag,::dggg;igg:kce:i.~agactdi:-;r:t VC!PGRSL!:'<;tSCA. 
gf,;;g:.agcctd~gallca:cr,tt,::ag:aatctair; ASG:FTFRtYAMH SS 
cta~tactgggttcg,;;:ca:;m-ctcc-aggcaa 'N\/RQA,PGi>.,GLE (SEQ lD 
gg,.3:gctggagigggtggc.a:gttata,b::,1;aai>;J \N\/_t,,;\i!SNEGTNK ~-,:O· 
aag.gai;d,:,"-'1zmat::-ictacg:cagacctct.gt Y'l,A.DSVKGRfTl 2':lf.3}. 
,;iaa:gg,;;:ccg<itl·cm::catttcc..:i:gagaca:,irt SR DNS!UHLYL Q 
;;::,.;i,aga,acai-gttgtamgcaaatgaaiag,;; MNSLRPEDAAVY 
~,tga,gacdga:g:r;ai:>~cg:Qctgt!'.;taita:;;;tGt VCAR:DPSNPPB 
g:q1ay:1agst:CC:Ctttaatccc:O:;~;itatt,oo:g 1·/1.{GNf DS?t-lGfJ·G T 
ggllai:::lttg.i;ctt:tt,;igggct:ai;;g'.;Jl?lZ!CCCtg l VTVS:S {SEGl !!2 
g't;;;:;,.c,::gtcto::cf;;:agcgtcg,aco::acigJJ:gc,:: NO: 28':J:} 
ca!cgg,tctt,::i::::::i:::ctggc;;;;J:,:ctcct:i::c;iati:ll. 
g:r.:.acctctQgg,Qgt:act~gcgg:1;x:ctgggctQ 
cctg:gt.ca~g.Jl.':'o::.fat.:-'tkcccga:;,ccl:gtga 
f;-~ {SE(l ~:D NC): 288}: 
ga;;;:att,;;:zjttgacm;;,;J;gtCkci;igy,m:Z:CCt EJ\/L TC.l.SP:i:; H.Sl f GQ{3 T 
:gicktgktcca:g:ggg:;a;.u,ga,;;:c-cacc-cb:::t 3.PGERATLSCRA RLEll{ 
t:clg,::D;J'~:gccag:tga~;agctgt,~~,mge:t:i SE:SVSSYLA'~";'YQ fSEQ l.D 
;;:,ttagcctg:Qtfm:-.m;,a::-iga:;,acctggcc:ag K K:PG,QAPRLUY ~Ki: 
gtfocca,;r:gct..:::c1:c..ai:;::tat,;r:0I'l)cai.ucac DASHRA.TGIPA:~. 3(l1l): 
8@:g..:::caclggc:;,t,::,:::;::,2.g,:,,::,:,.ggttcagt,;i: FSGSGSGTOfTL 
g:;:;agtgggtr.:l.ggga:;:;ci:;mctt.:<11:ct::;t,~acc TlSSLE:SEDf GVY 
ai:i::;i-g,::Bg:i::,:tBgagtz:l>;iaeig.eitittggagit \'CQ-QRSNWPPff 
tatm,::t~tca:y.:::ai;icgrag,::a::-icf:g:Q¢ttr:.:: :FGQ-GTRlEH( 
:gan:m;cttc;,1{;:u,fla<;m-gar.:acga.:lgg,& (SEQ m NO: 299} 
;;iattaaacg,tei:rggtgg,'tgteiccat,:tgttit 
,:,;att·ttcccg1:,e:,tctJ~t~:;,g,e:,gtl.g:aa;ah:: 
t-;:maadqcc;\::;tgttgtg,tgcctgcjga-l!lia-l!lc 
ttcta,tcctei•JagaggrrnaBgla-cag!gg:11 
a@l\!gal;aacgc€:dccaatc,;Jg\Jlzi;a,,::t;: 
t:C .. '3~ (S:E(}JD N:0:_298) 
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YA 
{SEQ if?. 
NO: 
3'03) 

Y ..--~·En 
, <::."'·f?::E .11:r.,'•;_;.,c/ t..._.;r-.,._.. ..v ,•iii•-. 

RATlSC: :JBl 
Rt..S 

GLE1NV IND: 3uS} 
:sH: 
(SEQ !U 
NO: 
~,04}: 

LAWYC, IDA,S­
EKPG:O iSEQ fD 
AFRLU NU: 31~,} 
Y (SEQ 
!:ONO: 
3.14} 

AKDLAV g~;;,,;i!,;;c.~ctg:ti.g;;,1:i3g8ct:;;:g,;;iggIB•g,gc!t 
T:PPAG gatacagcc9g,J<;Ei99tccdg:;;;g,a>.:.·-tdcc 

nsRDN G'tlDR tgtgcri:gtc!dgc;3ttcricatttMCM~:!i.,tg 
SKNTlt (SEQ HJ ~:rnJg,3,ac!gggtccgcc;aggctt:t:a:gg!J:i3 

SAFTFNKYAMN lss 
;_·•~:,,:R:-?~P~r;?~E (SEQ iD 

lOMNS NO: agg,gge'lggagtg,ggki:cgcatath'ig!.g:g,c f+ ··l.S:H.:!.SG~·GL~T t-:.10: 
LRAEOT 2,i3Ti 1.1g:tg,g:ti:ttagt:;a,camctacgi:8{;:at:tccgt VYA.D:SNi<;;GfffT! j2i1 :l') 

SRDtJSKNTlYlQ 
MNSLF?AED TAVY 

A\r'{YC: 
(SEQ lD 
NO: 
:3(1:5) 

N:RATGd QQRSN 
PARFS WPPff 
GSGSG {SEQ lD 
TGfTLTt NO: 
SSLEPE ;';·l ?) 
D:fAV'tY 
C !SEQ 
!DNO; 
3c,i:i;,:;:, 

.gaaggg,ccg9ltca,ccate'lccagaga:::,'.lai 
ttc»agm'ltacgc~tatctgc,;,a:ll~ai,:c.;i, 
gc,::tgagag,ccga:ggac2:e,;_:;:;;ict:g1<:tad 
a:;:;tgtg,q;iaaagatc·!;;;,gi;:;cgtlacar.cac;;;t 
!:_!-Ccca:gggrtacitg:g.:3-ccgc:::gg,;ig,:1:<J-g,g 

'f:C .. tJtDLA.Vl":PPA 
0-GVLDRWGQGT 
lVTVSS {SEQ j[} 

·~;aa~e-:::tgijtta:tegt~tcetta:gc.gt~.g:&: ►::C I N:C8: 309·} 
ia:&f1>;Jgi:;,:;r.:a1t:,;:,1-;itrtir.:cccrtggc:imc•:::tc 
r,!ccaaga{lc;;;,;,;;::ktg:g\;]',IQCa:;;;al,,cg,gc 
ectggg::.1gcdg:gkaa,;;:g:acfadk;cecg 
aacctg'!{Hl {SEQ !D NO: 3(::8) 
.gaa11:tm:i.gtt@:ac.,magtctcc,'.3gc,;accct EIVL TQS.PATLS:L FGOG T 
gtctttg:tctcc:i.gggga:;,e,g:0gt:i::raccctde SPGEF?An.:s;;:::;~;,t,., RLElK 
t:lg;;::0g{!g,;,;agte3-,,,agtg':m:ael3,a>.::tRt:t S{lSVNNYL.A.'J'lY {SEQ i:D 
tagect;,§)M:CCfla:gag;:;,af;,(;{:c;'J:Q'~C>;;.g,;i fJEKPGi2,APR:LU NO: 
rA<:·c~~g-g:ttc.:ctcat~tatga~g,cat~:-::r1:a>:~ ;~t[lA.S.i.N:R.A. TG ~P.A. ~2:G} 
ggg:ci::actggcakce.,gg,crng,gttcagtgg Rf5GSGSGTD:fT 
c13g\,;_:igg:trt@'Jac.:3g8ctlcactctca:cca lTlSSL:::.FEDf AV 
teagc-:ag,;;::;:,m:ga;;;,;;:r;t~-aag:attttg:::,'.lgttt YY C-QQRSN\-VPP I 
attactgtca,;;1~'3:gcgt;;;:g,:;:,;actg:gce:tci:g T:FGQ-Gl'RLE:,,;<, 
~!:rn,ccttcggcrnaggg . .:3ca,:g~,ctt1ga;;i (:SEO HJ NO: 319) 
atti1aacgt,'.lcgg:tgg,ctgc.accatct,;;ittttc 
iatcttcce:gcc,;3te.tgatg@,gc&gttgaas.;tcl. 
gg:i1actgc:r:iclgttgtgtgi::>:19i;:;tgama:«c'! 
tctatccc.a§!agag,9ccaaag,lrn;;a9tg,gaa 
g~:ga&.:3at:,;_ic ct:t:r.:caatcgggfaar.:t:::B.c 
m;ig:i< {SEQ ID NC:: 31fH 
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E)SGAE 1-S/{G (SEQ!D 
·,n=u,;:p5 l{SEO iD IGLEWM INO: 32Si 

i"•'FN'1-•.rv,"';--,ti.p,a· 1·--.,.,,,.,vv<:· ..,,.,. ,"'.'-R -...;i.. ·'.6t" ~ ;.., ... , , ,c .,:.:;::>:-,; r.<:...: ._< l~V. ~::> ,. 

OGLE'fiMGR:!FP CTTS 3:23} (SEO lu 
{5:E{~ ~D 
NO; 
322) 

f--::o.: 
324} 

:EJ\llTQ· 0}3:::'.STN LA.V;{'fQ 
SPATlS (SEQ !D Ql"{PGQ 
V:SPGE NO: APRLU 
RATl:S,C 3.:lt:J.} Y (SEQ 
~"AS ::o N·O: 
{SEQ lD 334} 
N()~ 

Q.CE·□·"'· · ·· ,y,.,,,.,,.,._ 1,,,., ,,.i ,.,;,',, : ·,: f-1: I,: : ~ -...,.,y •..J.3L. 

GA.$ 
(SEQ!D 
N-Ct: 3.15) 

FfJGRV 
Tff A.DK I DYYYM 
SITT.£, Y I Ct:/ 
MEL!SRLl{S.EO HJ 
TSEDTA. ND: 
\lYYC 1•327) 
(SE.QrD· 
NO: 
2i2~~ 

TM m.,, IDOYlm 
PARFS WPPLF 
GS·GSG 1.s fSE{~ 
TEFTLT tDNO: 
VSSlOS:1337} 
E.DFAVY 
YT:. 
!SEClHJ 
tm: 
3:16) 

t:;!:J;9g:tccagt:::tgglgcagt;::ctg,g>;}gdg.iggt Q\?Ql. VQSGAE\l 
g<3g9a,a9cctgggl:cB1►:9~g,'.:l<3g9t-.::t,::ct RKP,t:;SSVKVSCT 
gt~tg~~::ctetg~~:~gg:t;if1•C•:::·tt•:~;:1g:c.a:i~ttat 'TS-f2t·G Tf·G:S.YG.fN: ss 
ggtltt.tatlgggtg~:g&,:;a~gcc,:;d:;i,;iac<3 \>VVRQAPGOGLE (SEQ ID 
1l@{;lcttgagtg,g1ltgggaag,gatctt,::i:::;:Jct '# MGRH'"P:L LGT A NO: 
u.-tg,ggg,ai.:tg-cam:,ctatg,;:'.at&gq,1i:::rux: NY.AQR:FQGRVT! 33{lJ 
agggclllgagt1.:a~_,.-,i3:ttaccg1.:ggilca~a,; T AD·K-S TTT P.itME 
cca,;;,;iai:::cr;ca-gcct;;i-~at{}gag,ctga{!ca lSHLTSEDT f>)lY 
gg,ctgacatdg,aggaca,:;1e:'"IJCCgtgtatt;ztl YC.ARDDYMTVD 
gtgc,;;,aga,galgi3.ctafatg.icagtggar,;cg, RDYYYMDVWGf-;; 
:;;::;;:sc:t&.c{aet::1:i::a1,'.J~:f)C:Q:tc1~:g:.gg:r.:.;l:@8 G TS\:'T\!SS {SEO 
gg,~i.~t:•:!i::~gtmccgt~,cc!:cagcctcca,:;, !D NO: .32!j\ 
cang-ggcccai,,:;ggtcttccccctggcacc: ,::t 
c:t-1:c:r.a§;:ga:;;:c-ae:e.:tctgg9.~geacag:egg 
ccctgg,gctg,i:;r.:tgc:;:,teaaggi3,c:lacttc,c,::e: 
9m,cc~g;t9acgg:i~;fo9iggaac1i;a:ggc9 
ccct,;;11:1c cagcgg,1;;,;;1tgcac1:1cc:tti::ccgg,:;: 
tgicd\'.li;agt,:;cica:ggaclcfa,c {SEQ lD 
NO: 328l 
gaaattgtgctg.rac;aca,;;1tctc:csgccaci::ct Erl LTQSPA TL'S"/ FGPGT 
gtclgtgti;t;;c,;zgg9gaaaga9ccat,c,,tct SPGERATLSCRA KVrnh: 
!:::dg,c:a:;;iggi::,i:c~¢,:;ag,a1'Jfattagc:a,;::,c;:_~ S{~.SlSTNLAIANQ (SE{l lD 
ct!ng,c c:¼)cgtm:::-::ag,c~rnaa:acctg'.JCCag Q}(PG.t)APR LUY NO: 
.g~tttc~.ggc:t~ctcatttfd:-Jgf~:~gtc:ga-c:c G·ASTRfa.TGi:P.A:R MO} 
l.lQ':;lflCCac:tggtakcc;3:gcr:l3gg!tcagtg FSGSGSGTEFTl 
-grngtggg,t,::t>Jg,~,acag<"ogttei,,cf.drncc TVSSLQSEDFAV 
g81::;:;g,ca;;icctgr:agt,:tgaagac:mgcagtt Y'f-C:-Q-Q VNN°\NPP 
fatt1:1d,gh:c;ge,agt2,ti;;a.l,;1;,;;:!l.,g'f):cdcccc lfSFGP,~TKVDIK 
tat!c:agtlti:;{j!JCCd=-;;igg,a,:;c,;zl"!agtggal\'.l (SEQ lD NO: 3J':l l 
trna,;icg,a@i::t£,tg,gctgc;:;,~catctgtcitrn, 
tdt,:;ci;g,cci;;td,gatgagca,gttgaa<l!h:tg 
g'11:1lctgi::,i::tctgt:gtgt,~c-ctgi::tgaact;aat;.;t 
ctak,ccagag~gccaa~gt::ic<a9!gga;2 
ggtg;;iatai:1ccg1:~;::tccaa!cg,g,;itam:Jccc 
(SEQ· HJt,J:O: :J3~j 
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:SG:RGL 
VHP{3G 
SLRLSC 
AAS 
{SEQ HJ 
NO: 
342) 

YS. 
{SEQ JD 
NQ: 
343} 

QcA,,PGK N (SEQ !D .tJ,:GRF EE'.W.A T 
GLE"NL MO: 34.S,} T::SR:DN \fDDPH 
AT (SEQ AKNTL 'i DYYYM 
!D NO: U-1:MNS G\/ 
$44} 

! :R•"_•·:=r.•c.:, l".'-~-•Er, \ ""'"' ...... ,,.....;,_1i.,.: " ~....... ... ., . ._. 

AVYYC NO: 
(SEQ!:[) ::47} 
NO: 
34!:,;) 

DlQMTQ QR!SNY LNWYQ KAY {SEQ NLERG QCH·4YN 
SPS:SLS {SEQ ID QNPGR lO= NO: VF'SRfS PlR 
.AS\N.30 t40: ,tt..P~a .. tt 3:SS) (3.~}GSG (SEt) :!:D 
RVTffC 35~'.j '-{ (SEQ TDFfL Tl NO· 
RAS ff) NO: STLQFE 351) 
f.Sf:JJ tD 
NO: 
352~ 

:354) DfGTY 
'•{C. 

(5EQlD 
NO: 
356-_:i 

FIG. 12 (continued) 

ga@gt~,:;::1:g-ttgijf~gagtct~§g:&gs-~:~M;:~ E\!Qt··:/E.SGRGt':/ 
tggk;:::;iccctgggg9gtcccigagac:kka::t HP'G-GSLR.lSC.AA 
gl:,icagcetctggattca:::etttagi,.git,'.:lttc.g S(;..fTF'5S',:' SMS 
a,g,agt!i;igg\:;;;r,;,icc;3ggc:lcca@gaa:,;ig t,VRQAf'Gr{GLE 
§g<:tg§Bg!g,;,idggi:caccabl3:3i;;:<1,lag WlAT,:tJi<.EGSEN 

TT\lT\::' 
ss 
1SEQlD 
NO: 

B',J~igzm.-g!{lM@cca;;:;;:atQt@'3Cta,::g: HHV[.l'•i.A.KGRFT! l3Sf(i 
<::g&ag:g>;1=ccg9tt:cad,,ttctctagagae.a& SRDNAKNTlYlQ 
tgc:;::.;s;3.ga,'.:lfa1c,:czjfatctarnaa,igaae;3 MNSLRA.EDT.AVY 
,:itctga;g,agc~~aggncacmictg,gtatta;tt YCAR'.iSREEWA 
gl::;icg,::1:;;;:,;;:9t:::tcci,g£,9aag:,;gi.gg,;icga T/DDPHDYYYM 
c-agti,;;;a:;;(;}'.'lCC<;tca,r:g:a-c1ac:t:acta:;;:.;3tg DVWGQGTT,/.'f'/ 
Q:Z<;gt,:,;ggg,;:iccaa-r,im;iacrncggtc:a-cc SS {SEQ !D NO: 
i;ilctcctE:a:,;icctccm;,r;;:,:z:;3.gggccca!:;;c;;,:',lt 349) 
ctki::~:;::i:tgg-::,w:dcckcaa',!=agi:::a;cd 
ctg,gggg,c.ac:,;;:gcggc:;:,ctgggctg:cd,;;:gt 
~=i:!'3gg:i:lctaettc1>cc',lll!aI:,c:;igtgacggl:;i 
kgtgg;aa:clcaggcgccctg<Jccagi::ggcg 
tgcac,:.>.=ccn.c,:::c,g:g:;:,tgt:cct:.>.:r:0 (SEQ 
::[~ N{J: '.:~4.S} 
9::3,:;ak:,:.;3g=at,;mccca9ktcc;;:;tt:dccd DlQMTQSP-SSLS FGGGT 
gt(:!>;}Cat,:t§lgggsgm::agag:!CllCCati::,;: A:SVGDKVT:TCR i(':/:E}K 
cttgccggg,-;:,,;:ag'![aga@s,Ua,;_,caa,-:ls, ASQRlSNYLMWV 1:SEQ l1J 
ctfa.'.'l:>"<ff,g:gt,3k.agi.:2g,a&ccc0:gg:C!Jg:a. QQNPGRAPKLLI NO: 
gu:cct1>2,'.'l:>:i:f.:ctgalct@l,'.;!Mij}Cateca.a Y:l•(AYWlERGVP;':, 36:(l} 
ttra:;iaa,:,:;i,;gg11.g!:!::tc:;itcaa:;,igtt~>J:',ltg RfSG SG'SG:TDfT 
i1Cagt§g;a!ctgg~:<1:l::sg8iirtcae:t;::tc;acc l TiSTtQPEDFG T 
al>:rsgc.adc.1g·:::aa:i:dg.aagallitggmc.1't ··i•'YCQONYNPLFT 
a,:;;t,:.cv,;;li::@caga;;;tta;::.;s::3t,:;;,:;;cd:;i:ttca FGGGTKVE.lK 
cttt:r9g=cgg,:;iggg,accaa:,;igta'.;,;;;,;ak,1a (SEQ ID NO: 3:59} 
;;cgaa:::,tgi:g,gctg=cm:>:;;tctgti:::ttcate:11c 
c-cgc,~atctg«tg,agcagttg,saa'wtggMc 
t.gc·:::tel~g;t:,it-Jctti;ict.ga,ataae:tl<:t.21le 
r.,i;;:i:g;ag,;;gg e.:rol3ll!gt;;c;;:ig,tggaBgg\,;, 
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GtQPEDf(ff'{Y 
COQSYNS 
(SEC! !D NO: 

QSC~•G:G 

LVQPt; llSEO JO 
GSLRL3 NO: 
CAA.S 16'.3J 
!SEC~ 3.:Q: 

NO: 
362l 

C:A:PGK 
GFQ'NV 
AN 
(SEQ JD 
NO: 
364} 

~.· ii:~t:T;, 11~:;iJsN;' I ~.'r-t+>,·'·'.!o _jp._,__,L,, pEO Ju l.l,i{P, .. ,J<-
AS\.'GD NO: APKLU 
RVTf:TC j373J 
RAS 
{SEQ HJ. 
NO: 
372) 

Y(:SEC! 
!ONQ: 
31~} 

K {SEQ lDl"/~'.GRF EEWll.T 
,.,.,..,. """'·", T'"'"""~' -: t:•i:•t'"<:'-' ,;,,:.,,.,,.,. •..,n.J•.''_( :,.,J ► 'tLT~~ '1 .i..:.,.i..:.,,1"",; :! 

tg9kcagc:;c9ggggggti:;ect9,:,:gaek-1cc Q:PGG:SLRLSCAA 
t,i;;t1:iccagcctt.t;;jgartca,:;gttlag~ag:tt'.lt::Q SG•FTFSSYA.MS 
i;:ga~agttgg::;,t.:cge~ggctt~ggga:B ''NVRQAPGKGPQ 
tJgg,gc:~t1ca~i:t~;cggt1,,gccaa!atam1gaa ·:f.N.4.t-JlftKEGGEK . 
i;igi1aggc,;¢<;;:i1ai1agcagga:,:atgg.,mc QEMDHVKGRFT! 
.ii:;iga.igggcc>;Jgttca,ctattlccag.ig.i-c S.fi';DN.~ii;J,~Tl..YLQ 
aai::gccaaga1,tacat::tgtatctg,caaatga MNSLRVEDTA':/Y 
ata§tc:tg*gs.gtcga~;:.ga<:;;.~c~~g~tgt~t:aJ ·:,rC\tR\lSRE.EV~'.A 
t12dgtgzj-ag.:2gktc,:,12gg,g.a.;;;ga:g:t91ig TVDDPHDYYYM 
cg.rac.agttg:a:eg,acccteacgacm,it8,etac DVV'tGQG {SEQ 
21~:g:m;;gt;;.tg,gggi;,c:;3:1.,gggt{Sf.Q: m \D NO: 3'68) 

(SEQlD 
NO: 

ttAN 
(SEQ tD 
N('.J.:: 37S} 

.A,~JHLY DYY'fM 
lQ:MNS ff,,:' 

l:RVfi}T {5E:Q !D 
.AVYYC NO: 
(SEQ lD 367) 
NO: 
2:~6) 

370:~ 

NO: %3:, 
::1..ENGI./ ClQSYN &i~tatccag.ataacg;;;a~tetc.,::c;ti:;.cre;;;ct D:QMTQSPSStS FGGGT 
P:'5,fffS SLfT ,;it:::tgc.atc!gt::a,g,ga\}ll:C,::!>Jag:t:c..::1ec.ate:B ASVGDllVTHCR !(VE!K 
GGGSG {SEC! !D cttgtc,gg,;icaagt,:;<1g:;;i:9g,att19~act.i:c ASQRISNYLNV/'/ (SEO· m 
TDFTLS NO: t!:aaartg:gta!c~ca,a~@:ac,:,~:g,g:c:a,aag Q:C!KPGK.APKU.J NO: 
tS-GLC!P 3-77) ;;:,c:ccta,:2,;;;~,tcctg:0t<.:t12taC2cg,cc:3aacatltl YMAMU::NGVPS 33,)) 
EDF GT ;,,ga,g.iaigg:ggtcceah::a:aggtt;;;a::;itg::;ic Rf:SGGGSG 'fD:FT 
YYC. ggtgg,g'tetggga~9attte,3cJctctccaie lSl:SGlQPEDFGT 
(SEO lD agcgg:lctg,:;aacct:\l:;;i:a,;:,a:mtsJgrat::ttai:t '•{YCQQSYN3LfT 
NO: adg:tcaacag:i1gtl:a,:,:,:.itlc.::dgtt,;;acfft FGGGTl(VE!K 
376) ecg.geggg,,;igg&-ctoo,ggtagagBh::8fi,':lC (:'::iEQ lD t·,•O: 379} 

981:B,1:t;;it,;i,;ictg.:at~ti::tgt(:tt;;;13,t,:::;tt::;i::.c 
g,:r,at!::tg:ai:;;iagca,;ittg,iaatdooa,:3ctg 
cdcl.:1ttgtglgc,:tgdgaah.actt1:,iak1:,:: 
.ag:i3:gaggccaaii::Ql.<:l:>.::agtgga,aggtggli::t. 
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~l (SEQ tD NO: 37:Bl 
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GLEtfV 
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NO: 
3i34} 

K {SEQ IDII/KGRF EEWAT 
NO: 313:5} T::SRDN VDDPH 

AKSTLY DYYYM 
LGMNS DV 
LSAEDT (SEQ ID 
A "i/':t·fC N:Ct 
(SEQ m 3.87) 
NO: 
3t3;6J 

D!f:l:MTQSPFSl ll)lQMTCIQ. RISNY ILN',NYQ IN.AN 
SPfSLS {SEQ }D QKPGK {SEQ ID 
ASVGD NO: APKLU NO:. 3.fif) 

T,. ,.,.._,-,,-. 1·•..,,",,, '•{1' ::,_.i,.;,t~.:...:, l...,;l'.:~ . .:;>. "'ll 
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R,,1J3 
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,~. "'•~·TD"'TLT'"'"' I '.· .. ,n · v-::>~- ~ . ~, . .)..~ ~'Jli,...1. 

LQPED5GTY'l"'C 3,3'2,i 
QCfSYN (:SEQ lD 
N0:391} 

~t (SEJ.) 
!DNO: 
3~4} 

TDFTLTI NQ: 
~~ '•.Jo: ,;.. .. ,.,.J ... ~-,;,!..nPEl'"'=<l"< 
D!:;GTY 
YC 
f,SEQlD 
NO: 
3·3:5) 

Ql3,g;;itgcll-g,:!g-g\Qgegt,~t-~-gg;jJ•geg,g,::t EVQLVE.SGGG.LV \\'GQ·G 
lggtcc&gcct-,.ig,;Jg~J:;;;,t.:,:::dga~1::ctctc:i;t CJ:PGGSLRLSCAA TH:TV 
gtgi;agi;c:tct,;igi1tt;:.acdtt~t~tt:.;ittq,, SGFTF SSVSMT\lef SS 
ai>Jace:tgggtcq1c.:c:a9.gctccB.gggaag \/RQAPGK,;LE\~,;I (SEQ lD 
g,;;i:gctggagtgggtg,gcc.m1ta!ag.13g;,:13a \!ANIEKEGSfi,:D NO: 
g.iw;iga;;,,gtgagaiaaga-cc<mgtgg,gct-;1t f-l\/GY,f:KG-RfllS 39:f.i} 
gi>;},1.i:gggccgattcadatt.-tcc.ag:ag<lca RONA.KSTLYLQM 
&t{J-CC:&.-3~:a,;gtB:,:a:etgt~~,:~gcaaa~iaa~ NS.l:S:AEDT.A\t\;"''{ 
&g1c:tg,::;gcgc-cgaggm:;:a..:ggctgtgtll1la C A.RVSR:EE'l,'ia:, T 
ctg!gJ;g,agagtd,cc=.,g,;i,;J:a<lig;;vJi-9gge,g \/DDPff.:DYYY:MD 
scagttgscgsr.,cctc:acgacract&,c·tscat V'-NGQGTTVT'-./S 
ggai:,gtdggg\jcta.::;ggg:ac:::m:;g,gtcac S (SEQ lO NO: 
~,;tcte:;::tca:gcgkgact:Bagg-g~:ccat;;;:g 389) 
r.ak-ttccc,}c:tgl,ca~,i;;ct;;ctr,caag,aQcac 
ctctgggggc,m.:lgcg,gci;;;:tgg:gc1gcctg 

t,::.i.agg (?f,9'1D.NQ:_38.B) 
g;3,c:at<::ca~a~-g:&tci:::iigtc!<::cgtkt,:;c:1::cti;;, DlQMTQSPfSLS FGG!JT 
tclgi;atc1,;;,lgg£l&Q&Ulfl&gt,:;:a1:,c&tcac .A SVGIJ:RVT!TCR f'(':ll:ii'( 
ttgccgg:gcag:9,tt:j;:!g8gg8ttagca8da;;-J AGQRISN'•,··tN'NV (SEQ lD 
rnsl3:ti,;i,g,t:BtCa§C@!;Jl3:a,;icca,;i-gi.::8:a&gc QGKPGi!!:.t,:PKLU NO: 
C·Ct!aaac!gi;:i{!<:1tc!&ta&cg:c:aa.iica;:;m YNA.NTLQGGVP:l 40:l:l} 
acaagg~gg,;mt-:::c-:::at!aw,igttcagtggca RfSGSGSGTDfT 
gi.gga:ic:tgggm:::;;;:gatw;;a{;tdc&tcat:ca L TlSSLOPEDSGT 
gcagtr-tgca,':lc:i:.1gaag&ttctgg,t:actlact YV'CQQ SYNRL FT 
actgkaac;;xg,;;:git.>:;:caatagg,c~ttt.<lcitl FGGGTKVE f~r 
r.,;igqmgggg;,:cta:SgglggBgatca,iiac (SEQ lD NO: 3:1-S(i 
gt:ac:g~gdgi::&1;,;;:.::;tczjt.;1:tcruttlccc 
gcc:;;:i.d:ga:tga:g:c:0gttga.;;ah;:tg,g;;iactg 
r.,cldgttg~tgtdgct;iaaraacttc:tiik C'.I; 

ag:ag:ag,1Jci;am1gmc.;;i:¢ggaagg4":;,gat 
a:,1:cg,ccctcc:a0k-gggtm,ckccaggag,a 
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CQPSQDF"SN'fl ASVGD lD %0: ft,PKLU · ~Sj GziG.AG ND: 
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VKRPG iD NO: GLEWM MO: 42:51 
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{SEQ!D 
NB): 

SVNT,<i; Y:M El/AR 1422) 

(SEQ iD 
NO: 
424) 

rnm..-lffC.lSP·S·Sl lrniJ.····MT. u.-,◊DFSN ll!'.~WYO IDA.~.,­
SPS',/GDR.VT!T SPSSL:5 Y {SEO QKPGR. (5.EQ !D 
COAS-Q-DFSNVL AS-VGD iD NO: APKU.J MO: 4'3:5} 
N'f/'f:!)CH<.:PGR.A R\:'TffC j4 3:3:} 
PKLU'lD.ASKLA. OAS 
TGVPSRFS{:-HK {SEQ m 
SGADYTfTlTSl NG: 
QPEDUffi'.'YCG 432) 

''{(SEQ 
mNC·: 
4-3-4} 

RGl:'<!VT GD'fRG 
l TRDT:S AD':/lO 
\iNTAY M (SEQ 
M:EVAR lD NO: 
LRSDDT 427:; 
.A.\!.''/~t·C 
(SEQ K.i 
N8): 

426; 

KLAT/3\" QQlYT 
PSR.FS (SEO ID 
GHKSG N(): 
A.DYTFT 431} 
ffSlQP 
EDL4TY 
YC 
(SEQ E) 
NO:: 
4:3:6; 

r,a:gg:tgr,agc!:g,glgc:~is:l>:::!g§gg,Jgagg:t QVQLVQSGA.E\.'K 'flGQG 
gaagi,i:g:gi:,:::c-:;;,gggi::ct,~~,l•~£1i1,Jg!ck RP<3ASVKVSCKA TM\/Ti 
d[lCSI-B.ggct,~cgggiittcacg!tgiiMii:M. A.GFTUiNLY{HW ss 
r.kt.~,;.~tm:;Iu~t-,,,g,Jtgcgacag:gcci::ctgg VRQ.t,PGtJGtE\V (SEQ ID 
a{:~g,£-gacttgagt-,;;i,£.aF:>~gga;;:,£-gatca:~. MGRiNPNSGITK NO: 
ccda:ac,~gt~-ga:ak,oi.ca:aa!clfatgcagac Y.t.,DKf RGRVTL T -4:3'!}} 
i,agtltcgg,ggc-::ig;;igtc:ac;;itlg:ac;,:aggg RDTSVNT AYMEV 
llt:ac¢ccg!mac:actgcc.ta:tat-gg:ag,~tg AR!J;i.SD.DTA':t-('{ 
gt:gcggdg~-l}ak19o1.c9:ar;:.:acg9ccglct CARDiDTGDYRG 
i,tlartgtg,cg,cg,::igi,cattg,:rca,ca:gg:tgad .ADVl..Q-M'.fJGClGT 
accg,cggcgctga~:ttttccl.l;a,:.itQtgg,ggt MVTVSS {SEQ to 
r.i;::09.g:9&caat9.gt~,cc9:1':;;k1l:t~':l:gc9.tt- NG: 42g} 
gaecaa1,;,0g,;}c e:;:::;atq;,1-gt ctte,:::1x:-ctgg0ca 
cc-ct:;:::ctcca,3;gll:gcB,ce1ctg,9-gggcaca,~ 
cg,gccctgggctgcct,;i,gi;::,;rnggadadtc 
ccc,g,u,ec !.SEC: ,:D NO: 42:8) 
gscakca:i;!alg:accrngtckcatcct.:i::ct Dl!J.MTQSPSSLS FGPi3T 
g1ctgrntdgzj{;:Q:ag:ar;:ag,agt(;:i;!:CC<!;tCa ASVGDRVTrro~ KVDlK 
cUg,:;·,~aggcgagkl3:a\;)'<'ldfaaglam::t!!:ctt: AS-QDFSNYLNW (SEO m 
taaJ;lt-ggtakaacagaai3:cd-gggaga9c '•(QQ!(J:lGRAPKLl.. NO:. 
~;;:,;::!aagctcct..:aktacg:atgcrt;;:~2a,:artg r'fDA.SKLATGVPS 44:l:H 
,g~aa:c.a9~;;9.:gb.:;.i:::catcg~g9ttca~:tg~a~ RF S{;.i.f--::K::3.GAD .. :{T 
a1:a,;;rnti:'tg-:;igge0-g::attataetttel'::CCStca FTffS:!...QPEDIAT 
r,cag,ect;geag,~<::tg,,3.ag2:!<-1ttg:;;aacat@t YYCQ:QLYTf'GPG 
t8ctgtcancagttgtatacAfe.g,g.::e;::tg:,;iga Tl•(V[HK (;S.EQ ID 
r,ca.asgtggs!:atcasacgtaegg'l'-~getgc NG: 42,g} 
acc2:!ctgtr.;ttc,,3tc.ttcc.cgc•:::ii:tctg:3tg,,3:g 
ez;,gtt-;a8£1klggaact9,cctci:gcttgtg!gcc 
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(SEQ !D GLEW\i NO: 445) T::SRDN VDDP:r1 
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453) Y(Si::T.l 
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PSRFS LFT 
GSGSG {SEQ !D 
TDHLT! NO: 
SSLDPE 457.} 
DflHY'{ 
C (SEQ 
;:DNO: 
45,J) 

FIG. 12 (continued) 

gaggfgc,_1:g-ctggtgga:;itczjggg,gaggct EVQL\IESGGG:L V VVGOG 
tl;igk:c,agcc::lgggggg:k:cctrJagar.k:tci;s QPt;G.SLRLSCAA TTVTV 
gi\}ca:gccie,tggattca,,:;~,ttta,gi.igttatteg SG FTF SS YSMS SS 
atg:agt:ig=g,;_1l<:cg,:c1:igg:ct<:ca,~:gga1;g 'NVRQ-APGKGLE iSEQ l.D 
gg,gctgg:;i:gi\lggt,~:g:.::r,aaiak!:a;2ta.'.:la:g WI/ANJNKEGSEK NO: 
fla~ga;,;¢g:flaimg,,mo::cal~J'l!J\l:?.:t:tljgl NHVDf\:'KGRFT:: 450} 
gaagg:gcc:g:gltcacrelde~gag,ax'. .. ~.mc SHDN.>'IXNTI..SlQ 
gccMg;?.;8!.'i;?.;Cadg~;::,;.ictg>::~;?.;a'lgaata MNSlRt.,EDSAV''{ 
gk:,g,;,;gagccga;:-,gal.tcg,gctgt\lta:tiacl Y CAJIV:SREE'WA 
gi\,JC'.9:1l>;}Z:gtd:;ca>;}ggaagag,tgg-g~a: TVDO:PHD'{'fYM 
c-aglt~:acgaccdo::ac:,gact~ctai.::ta-catg DV'#G,QGIT:/TV 
g:3,cgtctgg,ne:,:m~ggga,i:::i:ac-ggtca,:t:: SS {SEQ tD NO: 
gkkctca:gcgkg.::c,.;.a.ig::;igcccalo;:g:t 449'1 
,:t!ec cc,:t;;ig,;81:cccte ctcc:3ag,:3g,::,1,cct 
dm;,ig,,;;;gcac:agcggc;xtgg,gct-;,,;;ectggt 
c:aa~::i<:: {S-EQ :i:D NC~: 446,}: 
JJ<'<Catec::;,g_,:,,tgacc-c.@.gh:-tecg:k;ctc:ed DiQ,MT OSPSSLS FGGG T 
gtc-1,;;itatctgtaggaga,i:::s-:;.,a,Jtea~:i::::3:trn ASVGDR\-'THCR !f'l:E!K 
ctlgccgggc•aagtcagag,gaU;:.gcaada fo.s,::i,Ri:SNYLN'NY \SEQ 1D 
<":flga,:.ttggrati::::3.gwgag.3:C!'::Z!:gg:t';:gaa QC!RPGE..:1.P-ltLU NO: 
gcccctaam.:'.cctgalctata,:,ff.:g,catm,::3:c1 YNA'f1LESG\/!='S 4&Bi 
tt:3.g0:3:3:Ql:gg,Jgt:i:::,;:<;:3,t,:a:3gg:ltca,,J:tgg R:f.SG-SG:SB T:DFf 
~~rcgt~:~aic:i~~J9*~e.g.g:t1tc~e~ttct:n~cat· l llS:5t~)PEDF.A T 
C:agrngtctgi:ai3:CCl>}l39>;.!l3:tt1:tgctactta YYCQ:QSYITl:FTf 
cfadg:!taac:;;g::.-gU:acail:0tcdgttc.act GGGTKVEII< 
rtcggt,;_igg,;_igg:1i.cca:Bggtgga!Ja!i:::B:..'m (SE.Cl m NO: .isri:; 
,;,;;itacgg~ooctg,r,ao::ca!:ct-gt:cttcalr,tiec 
C:£,i:;;c;=ektga:tgag,c&gti:g:a.a&l:d-9,;ia.ad 
gcctc.1gt'.gt.;;itg.::,el\;;,tti;l::.,;;t:2aeticret<;;:<;:, 
e;a:g~gagg~~:t1:ai!l:gt~:~g~gg:a8i:g,g~:g 
a!aacg,:,:cctcca>3tcg:!:clgta'3dt:t:i:::agg,~ 
gaglgtc,,icag:,igcagg,acage&@g,;.i:@<:.;:i 
gcac,: tacag,ix:«:a:gcagcacc ,:t-:,J:acg,t:J: 
g<lgs:a::.ag:cag,actac~ar;,;:-,a (SEQ lD 
NO; 456) 
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SGGALL YA QPPGK ~-: M ;SEQ 
QPG__GS (SEQ iD GLO!·<"V l~~;O: 
LRL;:;CA NC-: SI (:S:!::.Q *~::, J 
AS 463J !D NO: 
{SEfJ :io 
NO: 

464:l 

~,,.,·~=·TL"'• r .. ,.,.,.-.1,··~·-., ....:,,,-:-~,.,:,: :::: l.,...,f::,'ii:1,r-.i.~, .:i:o.::} 

lflJ,EDTAlYYCA 
R(:SEQlDNO: 
461) 

D!OMTQ omsvv LN':/iYQ­
:SPSSl.S (SEQ iD QKPGK 

CP.A.SQS!:5VY'L I A.SVGD Ni): APKLU 
.,,.M,,',~r~;;rors.• .. , "'<fT'""''- ,.,...,_.i V •'•1";;;;,~,. r"< * ~· r :...:.::,;...;.,. ~:• -;:J~~ n ,~ ~ ~ ,_,.. :1-f± ~ ,.,,._ ·~ ;_~.::,,:._i,.,,:,.: 

PKLUYGA.SNLCl RAS !D NO: 
{SEC~ H) 474} 
NO: 
472) 

GAS 
(:SEQ ID 
N0:47S} 

/,REEfl ga:g{,ltgr.a:g,;:;tgtt-ggagt::.lggg:g{,lagccrt EVQLLESGGALL 'ffGQG 
VKGHF DTEMl":, gd13,cz;gccgggg9g:gtccctg<">g,~,;:;tctcd QP-GGSL:RLSCAt, TlVT/ 
T:SR:DN TQBDF gtgc.ai;icctc-tggattcacctt!a:gca.•grA~~tg :SGFTFS:SY.AMS SS 
SKNTLY GY c-catga,;ctggg!ccg,::Cl3:gcctcc:agg,g.a.s V-.'VRQ.PPG!o;;GLQ (SEC/ JD 
LQMNS t:SEQ lD gg~tc:tgc:a~tg•JQ:!t:!caatta}-gagtg:g1:ag 'h'VS!MSGRGD-T t.K!: 
LRAEDT NO: g:;i:gtgata.u:,3tgcagl . .acgc.a:gactcr,gtg MC[YADSVKGRF 47:[l) 
AJYYG 4f?} aa:gggc,cggttci::3cc.at:Ctcwgotgau.~.ati. H:SRDNSKNTLYL 
(SEQ lD c-cm,gcm,ci:,r.,ac!tta!c!:gc;aaa!:gm~r:i:,g Q-MNSLFtAEDTAl 
NO::: c-ctgag,:3-g,:i>e1agga:i:;a,cgg;ceat!:!:a.ttact YYCAREEFTDTE 
4\3:u I g!gcg.sga;g~:gagtttBccg~C:<'!Ci:lg:~ga MTfTQG[!FGY'l:t 

tgactat~aco:aagg,gcga-ctttggcll:ld•;g_1 GQ{3 TLVTVSS 
gg,cmg:g,g,~.a,cwtg,Jto:::c.cgtdct:trng; (SEQ m NO: 4&9) 
cgtcgaccaa,Jggcctatcggtc:tlcc-c c::,:Jg 
gc:Bccct~-cto::ca:iigBgcacctc,tgggggc0: 
c:agcggccdgg;gdgc.dgg:kaBggoc:lii 

NUJSG QRSVH 
VPSR.fS. PfT 
G5GSE fSEQ lD 
TDFfLTi NO: 
SSLOPE477} 
DFATYY 
C {SEGl 
!DNO: 
47:&) 

cttc.cl.':-c (SEO m NO As&;; 
gm::;a:tc1;,3_-g'°tgi:,cc.i::'°g~tccatccte:~r.:! DIQMTGSPSSL.S fGPGT 
g!t:lgcatctgtag,g.a§,'IC&•g:<1•;;;teac-ca:!c.a .A:SVGD:RVl"!,'fCR: KVD'IK 
cttgccg,;igc:Bagic-agagc;3,tt,:3-g\gfohtti ASQ.S!.SVYU-NlY' (SEQ lD 
a.aattgg;1akaacaaaa;:1ccaggg:a,'.:lag,c Q·Cli-'\:PGKA,PKLLI ;:,IO: 
c0cdaagctcct;;iakm!,;ig!J;lcatc-cmitttg YGi=,5-MLOSG \/PS :Wffl 
cao=3,g:!g;g:fgti:::tcatt:;:iaggttcagig:g;::;ag R:fSG·SGSETDFT 
lg~irlc<::\;l8►J@c..aga:!rtca-ctckacc.atea l TfS::S-lQPE!)FA T 
gcagtdgca;,1cc!,;i:aagaltttgcaa:::tt;;;;ct ·,'{VCQRSY!TPfTF 
i.:id,;ifoaacg,~agttm::,'.:ltcadce,:a:rtcacttt GPGTl<VDIK 
c,;igccct_ggg.accao113:gtg,g.itatcam,cgt (SEQ m NO: 479) 
8£:ggtg,l}ctgc~cc«:l!::tgl!::t-:r.:./3tc'ttcccgc 
,:,:3b:::!gatgag:rn,git-gaaz;tctgill3:@ctgcct 
ctgllgt:;itg,:::dg.::,tgaafaadtetatceca::;i 
;;ig.;:iggc:ca;:ragmc.,'.:lgt:;igai.:ig,;;it:;;,;;iut::.u 
c,;ir,cctcca:,skgg:gmaclccca,;ig:;;,ga:g 
(3EQ ::D NO: 4i'8j 

FIG. 12 (continued) 
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QSG.SE C.f 
\'Rl(PG {SEO ID 

f ·1:H:1.,<>vor;,. nr,'Jl '"''''--'i'{".NO ··•[-'· • •'I'· ❖ ,,~.,,-:....;(x.r::.:,-.,_ ~--' ,,,., .. ~.;:;- s:.J._i_ 

GLE'N:t.AGFUNP'S CKAS 48:3} 
{SEC),ID 

482) 

mOMTQSPSS:L rnaMTQ QDFS.N 
-SA;SLG·DR\,rr::T SP:s:s:Ls -,'{ {:SEC.~ 
CCJASQDFSNYL A5LGD- ID NO: 
NVVYOQi!(PGKAc RVT::TC 4:!J3} 

TGVPS:f?.FSGSGl{s __ E.Q m 
5GTE'ffl TlSSl NO: 
OPEDSATYYCQ 4il2j 
O(SEQ fD NO: 

C:APGQ 
G.LE'/'/M 
GR 
(SEQK;i 
NO.: 
454) 

lNWYQ 
QKPGK 
APKlU 
Y(SEQ 
!DNO: 
•Hl4} 

T fS-E,] fD IR:GRVS GDYR>\ 
NO: 48$) MTRDM ADVF(H 

AlNTAY {SEO 1D 
MDMSR HO: 

D.AS 
\SEQ ID 
NO: 4~~5) 

LGSDD 4B7} 
TAVYYC 
l,$EGllD 
NO: 
486) 

NlETG\.' OCR TT 
F'SRfS {SEQ1D 
e:;s:i:;:sG ~JCi: 
TEYTLT! 497} 
SSLQPE 
DSATYY 
C(5EQ 
!DNO: 
496) 

e:~ggtg,:<0gttggtgca,Jtc:tgggtc1:gag,~t QVQL':/QSGSE\1 
gJg;;iaa:gcdggg,g,;:::,tca,;rt,;,aJg;;itc:tcc R,1>:;PG.t--,S:VKVSCK TM\'lV 
tgca,aggcttc:zjgattcac:a!f:cac,r:gai::t;;,c ASG:fTFiDCFIH SS 
titataca:i::lgg:gtg:q,,arng@Ct::Cdgg,3;-;a 'i\'\i'RCJ,AF'GQ-GtE (:SEQ- HJ 
g~gactt;,Fl@~:gatg\;"lgkgg,ak.aakda \/\'MGRlNP·SRGTT f•J:0: 
gt."'!:gag:ga:/ICCac:g:aaataf:ge:g:_g:;ig:::emal KYAEKFHGRVSM 4£/::'.lJ 
ti cgg:-~,g ccgggti:!cgatgacccgggacat TROMA.:,NT.A.Y-MD 
gg=cc:atca,,3c.a,:,agccta.:.3tg,;;iacatg.3.g MSRLQ:SD=D=T AVY 
,:,agg:ctgr.:ai1sdgacga,c:acg9,:r.::{ltg:t,a!\ '!CARDIDSGDVR 
attgt,;iq3;:;gag=acl3:lzj=m.::tccg,;;_itg,actac .AAD\if,2:l%VC-lC1GT 
C::;lC-J<:,c,;,ctgatgttttc~:gatc~:sl\;_icta MVTVSS {SEQ tD 
agggac:aa:tg~J-:::.~ccgl.dcth::@gcgttga NO: 489) 
,:,i:,2,am:ig,cccatcg,gtctt~.:ecc ci.g,;;,eac-c e 
!cctcca,aga,;Jtacct:~g,ggggc~,;:;ag1.:,,;ig 
,;,~,dg:ggdg=cdggtc.i.::aggadac:tkcc,; 

~=rii::,c (SEQ tD.t·J0:4>::-8) 
fli3:Ca:tcca,;:i;.'ltg:acccB:QtCtt:>::::Jtc:>:'tccc:t Dl{JMTQSF'S:SLS fGPGT 
gtcig:c,;;,i.r.:tct@;:igag=ar,,1-ga,;;,!cllC:!::131CZl A$:LGDRVT::TClJ :-::.V=DIK 
digc1.::,aggcgagt,~agg,actt:agcMctati ASC}:DFSU'flNW (:SEQ lD 
~a..!l:ggtatci;;;gci.g,aa,;J:CC::l:~ggl:laag 'i·QQKPGKAPKlt NO: 
,;-~,i::cta.;1g-::,tcctg:atcl..acg,;J:tg,cakcm,ttt ffD,il..SNLET GYPS SQ::)) 
gg:azi;3:;:,3g,g:g,g~cccatc:aei:g,a!:Ica,;;itg,;,ia r<;FSGSGSG-TEYT 
agtg,gatlotgg,;;,aci.gc2at&tadttam:,cc21c l TlSSlQ:PEDSAT 
a9.ca9=cet;;icagcd9m,.-gatl,;:;-tgcaaca1 v·vca{1L T:TFGPG 
attadgte,2,ac.agttg:a:d:iJccgtt.c::,~gccctg TKVD!I< {SEQ HD 
gg,:,3.cc@agtgga,iatca:a.ao,:1tacggtf,gc NO: 4£19) 
j,Jl'.¼l,ccatc1gtetic,.3tcl!r.:cr,gr.:c.atr.:tgatg 
ag,cB:gIIga::aaict-g,;12:adg~r.:k:t~;:ittglgig 
c,~,~;dgaataactt.c::tatcll::Cl<igagaggcca 
aa:gtacag:tg,;-r:;iaggtgg:ataacgcccti;;,(>'.:J 
atcg,g:gi,'.'la:ckc:'.;13ggag,,:,gtgkac.a,J.ag 
c (SEQ ;[l: NO: 498;; 

FIG. 12 (continued) 
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\-: {SEQ 
le!} NO: 
5'13} 

C:APGQ [T {SEQ ID ILGRV:S 
GLEflM MO: S0:5.l MTRDT 

t-iiggtgcag:ctggtg,ca.g,tctgggg,c:t{lf>Qgt OVQL':{{JSGAEVK \."f{G-QG 
GDY:RA gaai;i;aa-g,cctggggcctt:aglg@:fj:<;!tekc KPGAS':/KV'SCKA TMVTV 
AD\lFQ :; tgca;;;ggctldggatre,aggt!c.agcgatttgt SGFR:F SDI..YI HW SS 
{SEQ H) aratacactgg;gtg;cgac.agg,cccd:ggaca VRQ·APGQGLEV-i' (SEQ- 10 GR 

(SEO 1:D 
NO: 
504) 

lNWYQ IDAS 
G:KPGr:: 
.A.PKlU 
Y(SEQ 
!DNO: 
5:14) 

(SEQ tD 
N-0: 515} 

AJSTAY 
LDVTRL 
QSDDT 
ALYYC 
(SEJJ ID 
NO: 
506) 

N<): JJgggett,;a~gatggg;kgg,afa.aakda MGR!NPTRGTTK NO: 
507} 

m.ETGVIQC.KAT 
,:- :{:>- ,,,,..,, -~ :i· ~ p_,Rf--" ,,_:c:,EO .,II 

GSG-St3 N=O= 
TEYTLT!l5l7} 
SSLQ.PE. 
DfATYY 
,r-. .i.t:'!:'{;;,r~ 
... _. -: . ..J.:;,_-..J 

ID,M:O: 
516) 

ceag;aggaa:e.cacaaaa!.atgcagagzmat YAEKFLGRVSMT 1,510} 
ttctgg,gcc:gggtt1c:g;aig:a,;:.cagg,;,ac,'.3C RDT,A,lSTAYLD\iT 
ggc{;atca,gcac,ag,cctatttg,;ai;;:gzj,:;,,;;:c m..1:;S:DDT.AD·'YC 
aggctgcaatt:!g;atgaca.::,ggcccttlatta !'tRDIDSGDVRt<.A 
c1g~c.g;cgag,aca!tg.ac-tc,q;ig,!gactacc DVFQ-IV-/GDGTM: 
g,::;gc,;.:;;1cigatgl:l:W'..c:ag,atttg,g,ggcc .. ag VT\/SS i.,SEQ :::D 
ggac~'.3afg,;;_it,::;ac,:::,~i>:::ttt,-,,ge~te::;m£,>::: NO: 5!JS} 
aag:gg:c,~catq;igtcttcc:c-c:ctggca,ccct:c. 
ct.::,casga,;;ie.acctc:t-;;i:ggggci.\:c:ag,:c9,g:c 
cctg-ggctgcc:tggl.,.;,a.agg,c,ctsctt,.;,cc-:::g, 
aact (SEQ m, NO: SOffl 
gacatCT::sg8tg8cc:c:13:g!ctcc::;atci::1:cc:ct D!·QMTC!SPSSLS fGPGT 
gtdgtfj:i:ctgta,;i:gaga,c;a.<J:agkar.:caii::B: A-SVGD:RVT!TCQ K\:I}lK 
r.:ttgr.:cagg:c,;;iaglc.rn;g,;actttagcaedatt .t:,SQDFSN'{LNlN (SEQ lD 
tru1,;attgg:l:;;tc:;agcagaaa:cc.a,;;iggmm,g Y{}QKPGltAP:r(i.l NO: 
,;ccckiagct,:dg:8kt:;acg<ll:grnt.::,caa!tt :,YD.4.Sl-4LETGVFS 52:::-i:) 
ggm:r:1cag;gg,gtcc,;:atcaag.::M:te,1gt~:& Rf:SG.SGSGTEYT 
agtgg:aict-;ggat:ag:aatafa'iclliaaccak l TlSSLQPEDFAT 
:ag:cag:cctg<:: .. gc,;:ti;;It,:3-g,~tttti;;,cam:,'.3ta YYC·OC.!LATT'GPG 
ttact~:reaaca;;irt,Jgdaci:ll:,::g:g;cr,dgg:g TKVDII< {SEQ ::D 
acr.:aa;agtgg:;atareas,aq,fa-cggtggdg: No: s ·i fl} 
car.:catctgir.:tt::atc'ttcccgcc.,t,.;tgatg:a 
gmgt~:aaaM~:ga,ae~cdttgtlgt,;_:itgr.: 
<:::tgdgaafa&~1tctalcccagaga,;i,gcc,:;,a 
agtacagtg,gatsgi;itggat;a:ar:g,(;i;:,ctcc.a:a 
tr.:gggfa:aetcc-c.,gg:;;:.g,agtgk;a1;:ag:ag:c 
iSEQ: ED NO: 5·18) 

FIG. 12 (continued) 
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::tVGt.J.G 
Cf 1◊APGQ IT (SEQ m IRGRVS IGDYRA 19"-'{!fi;a9cd9>,l:;J:f;CCtcait-~a:a,J9lc':~,:: IRKP{,A:':<''/K\/SCK ITM\iTV 
{SEQ lD GPEWM NO: 525; MTRDT ADVFQ! tg;.,;;a.aggcttr:tg-g8lttc.acl3.tt~ccg::.11cl:gc ASGfTFH}CflH ss 

523J 
GF.: 
{SEQ lD 
NO: 
524} 

DlQMTQ IODF. SN I.U·{~'it'-f.'O ID·'. AS. .. { {SEG: Q~(PGK {SEQ ~D 
ID NO: fi.PKLU !-if): 535} 
5:13J -... l (SEQ 

il)NO: 
5.34} 

A.lNTAv· l{SEQ !D ltttararoctgggtg,cg,a,r:aggcccctg,l,,a>::a IVVVR(Jt,.,PGQGPE l(SEG lD 
MDVSR NO: {lQ:,;J:cgCdiJf!IJl.gg,i.:m;-ggt.c,gg:atellato~t..i l;VMGRlNFS:RGTT NO'. 
LQSD[l 1527} 
TAVVYC 
/,SEQ!D 
NO: 
525) 

N:LETGV OQLTT 
PSRFS (SEQ ID 
GSGSG NO: 
TEVTLTf 53.7} 
SSLClPE 
DSATYY 
C {SE{J 
!l)NO: 
53:8) 

g!aga9ga,accac:,'2i:llillitat'sCfliJ'3g,::mat !'i:YA.EKfllGRVSMl51iJ} 
tt:eg:siggccgg:sit:eteg .. ~:;m:e,x:ggg.acm; Tm)T,.:i,iN1 AYMD 
gg:c,::atcaacB:c.a,;icc·tac;atg:;;a,:gtga:,1 VS0'.i.QSDDTi?:.\/Y 
r.,agg,clgr.a:;2:!:et{lacg::;.car::.{l',lCr.glgtatt \'CARDlDSGDYF.: 
act,,1tge::gagrigllc:ati>;i:actccgg,!ga,et.ic AADVfQl'W'GQGT 
cg,:gccgi:,t;;;at;ttrtca,Jnt,:!~•,J'JiJCC.aa MVTV.:SS {SEO iD 
gg,g.icaatggtcm:cgtr-tcttc:agcgteg8lc NO: :~,29') 
c:aag.gg,~cc·at>.::ggtcttcf.::;;;;:,i:;J:l,,g,;:::acc&t 
cc.1:cca:;;:gagc;ae,:tczjt1';.lg{l,cB:o::s.gcg{l 
[,cc!g:g:@ctg:c:ctg~!:caa{l•ga:ct,~,:,tl:cccc 
g::.s,rmct,;;;1glloggtd.cgigga,@del'!ggcg 
1:;.c,:::tgB:e.c~c.g,Jcgigca,:::acctto:,!>Jg>: 
tgs:c:cl:-,t1.:a,,;;t;;t::t:ci3:g:g,2:J::t:ct (SEC: m 
N0'.528) 
ga::c.2tf.:,:ag:at~}Z!C,Z::CB;g:tr!cca!r:ctcce1 DH~MTQSP:SSLS FG.P·Gr 
gtctgcgtct,1aggag:@,,ag:a,giw,:;catca A:SLGGRVTffCQ K'/D:iK 
ct!g:cc-2:g,;icgagt,;:agg,!.'<crtia,,;;,ca:.2cta,tt A.SODFSNYlM\>'V ($EC; l.D 
m.aaffg,:;tat!'.8![:Jt;;',Q.a8ll3:C ,:::;;:ggg:@.a:,u;; Y{)QKPGK<l:.P:i":LL WJ'. 
[:r,:c:ctaagct[:Ci{l:Z!iCtc'!<.:!Jlitg::c.::.tr.t:.;2llttl !YD.t:..SNt.ETGV:FS 54[Q 
g~:~a;»c.agg:9:gtc-::;catc0a:-;-:0~tZlgtg:ga Rf:SG-St3SGTE .. {T 
<1g:tg-gatct9,;igarngal3:tatat:trt;aa:::;rntc: l TlSS!.. QPEDSA.T 
i;,g,c,2g,:,e.tg::;;;ag:cf.:1!JllZ!!Jf::1i.:;:,lg:ca,aca1. YYCQQL TTFOPG 
titta,::.1gt,:aB:c.a:gttg:;:i,:;;tz;;:::gtk';l:gcc,:tg T!(\JDIK {SEC ID 
gg:m::c:aa.,glgg.al&tcaGlacgta:cmJtg:gf.: NO: 5,39') 
tgca~>::riti::i.gret!e::rito::tl:;:::;:::cgct:<11:tctgatg 
a1;;:ca:gt!g,aaa:tctg9:&a:dgcddgtt9tg~ 
,,ct,~:ctg:rl'3t;:1:acttctatcci:,@g,;:1:gag:gc<::.a 
a<1:gtm::.E.,,;;:tI:i:;;angg:il:H,-ataacgc,::,:tcca 
s!:C{!QQ!t::!ac,lccca:gga,:;i:agtgttac'2gag 
c (SEQ· tD N})·: s:~-:6} 
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E"~/Q:LV:ES(:iGC~l E\/Ql\lE ·G:FTF~SS M-S:~\< ... ,JR 
\/{}P:G:::~.31.fiLS:C. SGG·GL '•{S Q:A:PGK 
AA.SG:f1fS.S'i'S \?QPGi; {:SEQ i:D G1.E\:\l\l 
MSWVRQAPGK SLRLSC NO: AN 1545) 
GLEW\i'ANMNK AAS 543.} ('::,EQ lD 

(SEC~ :ID 
:N(}: 
542/ 

N(): 
544) 

D,lQMTQl{JRJSNY ILNVVYH INAY 
_,,.., ' p. .-.: ,,... ,, . ...,._ '· ..... • . ., . ...,.~ • .,. I"'. ·.-.. , .:::-Po-~,L::, ,,::c,EQ !D U{)P<.;;i\ t ~-fa~ m 
ASVGG NG: APKLU NO: 555) 
GVT!TC ISSJ} 
:RAS 

~-:...:=t<i- ::;.-t-ti;: ".;::t~- ·d t-~ ~....t :. l"'·r•·· ''P· ~-~f'"'!~T·!~ I ''"E'"' ·,o 
SGTDFT!.TlSSL NO: 

.,{ fSEtJ· 
i:DHO: 
554) 

Vl•(G:RF EE:'h'AT 
Ti:SRDN VDDPH 
At,STLY DYYYM 
LQMNS DV 
LR.A.EDT {SEQ lD 
,i:J..VYYC NO: 
(SEQ lD :'41) 
NO: 
546) 

TLQSG OOSYll 
VPSRfS SLFT 
GTGSG {..SEQ ID 
TDfTLTI MCt 
SSlQPEISS7} 
DFGTFY 
C(:SEO 
!:DNQ: 
5'5!.:<} 

ga:g,gtgt,aQ,c.tg,gtggagtct:;i:ggggi.,19,g,;! EVQLVESGBGL V 
lg::;itccag·cctgg,;p;ig::;itcc.ci'g3:gactctcd G:Pl'.:~GS.LRLSCAA TTVTV 
g,;ge;agcctctg:g:attcac,:;-tttr;gt,;i:gttatic SGFTFSSYSMS ss 
gat>;;;agc{g:ggti::,o;;;cc3::g,gd;CC>&@lJi.'ii:I. VV-VR.QAPGKGLE ('SEQ lD 
gg,g,gcl:g:<;;flgtg~:gigg,ccaafat,Jar;;ca0 ','\}\i.il.NMNKEGGE NO: 
ag,13,gggr;ggtg:i3:::Tii3.Mat::ccstgtg:Qt'.3:CJ>;J: KNHVDVVKG.F'.FT 5:S:G_) 
tgtgaag:gge,;g,zfi,:a<:t::ateJc,;a,;iagaca !SRDNf:!..KSTLYLQ 
acg<.::rnagag:ta:cactgtat::;tgi;:;.:matgaflt MNSLRAEDT AVY 
agt::!g,ag,ag:,;cga::;igawe.,;igcggtgtatt 'YC.ARVSREEV1/,t,.. 
adgt~;cgi:igi:igtctccri¥.;,gl:lagagtgggc 'T:VDDPHDY'i'YM 
gaca:,;,tl•,J'acgacc..:tca,;::,gi:lc:ta~,ra!rac.a DVWG!JGTfVTV 
!ggacgktg,g:gilC:Ca,~ggaceacggtc;;:i SS {SEO !D N::): 
c,cgtctt,ctcag,c;tcgac,r,'.:a.3,g::g;;_rccc~tc 54 9,l 
ggkttCC◊tC~gt,H';(;Ctc.ct◊C,'.:sdgagca 

c-dr-~ggg,gcacag-cgilc~,cl:gggcI:g..:,ct 
akaami f5ECi H) NO: 5413} 

g;;;i:catcca,;;;atg,&cc,i::.i;:;gktcei;:;tcctccd DlQMTQSPSSlS fGGGT 
9k!gcalctgig9:gaggcggf:lgt.;;-accak:a A.SVGGG/T!TCR K:iE:,K_ 
ctt1Jccgg.;;i:caagt,;:aga,~,,;1attJ.'lgea:ad:a .ASQRJSN~'LNVV'i (SEQ ID 
>.:tl1,1ai;:;!tg:gl:atc:accaacm~ccaggcm:1a HOCWCW~APKLU NO: 
gccc:c:taa.adcctg<1tcrafa1ac9c:atamd Yt·-!A"-17tQSi.3:VPS SS:rl} 
tta:c:a~:a:gi:tg,Jggtc:ecm:c-~a,ggtt1:;a:~:g;:g RF SGTGSG TDFT 
cadgglli!dggg;,taI;iarttcactdccac:rnt LTISSlOPEDfGT 
c,a§c.a,;_itdgc:aai:ctg,ilaglli!itt@gfacthc FYCQ:QSYNSlfT 
mclg!cB:acag:a,Jttacaata,;1c:c:tgttcB:,:.tt FGGGTKVE!K 
tcggc:g-:;;,,;igg,gacca,ig,;tggagt~tc~atu: (SEO 10 NO: 5S9} 
gt:-J1cg:1,;itggc:tgc:acc:atc:!gtc:t!catcttc:cc 
gc:,:::1itdgatgag,,:,.agrtg2H18tc!,,ID8ac:~g 
tddgttgtgtg,c:,:.:lgdg;,;;3:!a:adkta:kce 
ag:agagg,u;:aaagracl3,Ql!J,gt'!aggtg,£,tfl! 
aac:gc1;dcc,,mk!,1ggtaB:ctcccagg8g 
(SEQ !D NO: 55::'i j 
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QSGAE IYA IQAPGQ 
Vl<XP-G {SEQ 1D GU::W:M 

''l''•:-,::--,1'1·.n_, ,..,,·,··n ,. _,.,_,.,-,·.,,-c• 1Mfl· ~ .,;;., to 'i.: ·,. ,:...,,.,.fi/...r ,._7<.:,; :--t•,:,.'!! ·-: ;:~. ·,· ... .::. :•:~ ........ 

GLEll>/MG:,'VIST CK~5 563} 
YN{;N.SYYft;m{L {SEQ fD 
QDRVTMTTDT5- NO: 
TNTit,YMELRSL ~2) 

G"V'i 
(:SEC,! m 
N:O: 
5fi4-} 

EIVL TCl ·QSLS:SX lA.'-NVO 
s:PG'TtS ~{ f:5:E(~ QKPGO 

o,-.:c•_r"'''l'-,,:c;yvL Ii ·"'·:i:.ws,E '1;[< -~,r,- "''"''LL' i~--"I.~.--• . ._.._.,.';. ..... ~.;::. .•. "--'· . ; •,'!('.....,. • ...... :;-~~ ' 

A~'iYQQKPGQA. R,ULSC 573} Y (SEO 
PRUJYGAS~;R:A RA.$ ,:D NO: 

:[S:EQ ~D 574} 
NO: 
5:72) 

!STYNGt.·l IYYAQ_~_:1 AREGY l:@9gt9c.&g-ctg.g.tg1:,:,g~tg9~gctga9gt Q\'Q_ t VQz_'-GAEVK W·GQG 
S {SEO i:D QDRVT OHLVVG i;iaa,;iaa:;;Jct:tg,J-g:gfcctca'.;,ltg2mggktcc KPGASVK\/S:CKA. TTVTV 
NO: 565} MTTDT TYRf:EA t-gca,agg,cttctg9gta;c<1ccffiac:eag:tf,::it-J S(;'(TfTSY.A,t3V,1 '5S 

GAS 
{S.EQ tD 
NO: 575) 

STNT.AY JD Y'•(':o"T Ct8icag:~t;g,ggtgr:ga,c<1,Jgt:rx~t;g:i;.1aca '·{R-QAPGQ-Gl:EW (SE.Q lD 
MELRS:t D\? agcggdl>,,agl:ggatgg-g;ai{l-gaka9rnt:i.i MGWiSTYNGNSY NO: 

RSDDT l{SEQ ID 
AVffC NO: 
~SEQ :jD SS:7) 
NO: 
se:s) 

SRATGl HQYGS 
PDRFS STGT 
GSGSG {SEQ ID 
TDfTLTt NO: 
TRLEPE 577J 
DSA\t"f 
YC 
(SEQ lD 
fKL 
57:fi) 

a,::aatggta13:et:::.a,actal,JcacB::;pB,aetc 't.A-QKL Q:DR:VTMT I 57f(l 
caagat,aga:l!l::::.a,;:i::m:g:i:lccat:aga:c:;;,c TDTSTNI A.Yl,!EL 
.itc,;:acga:r~cac.~gc-:::.t~catggagclga,g RS LRSDDT A\NF 
i;i~im:::tgag&td:;ia>:::Qarncgg-ccgtdart CAREG-Y[lHt WG 
ttl..'gfJJ:cga,;i.:ig.agg,gatatgai.m:ettltg£,g TYR:fEA!GYY YTD 
gg,Bdt:1tcg,rtttgagg,:,;3BtagadBCt81:Ct VV</GOGIT:/TVS 
<3Ci:l<'..QQ.ae;;itdggggcca<l'gga:a,:;cacg $ (SEQ lD NO: 
gtci:l,ccglct(;:::.-\cagcgh>ga~,i::a,agggcc 56Il) 
c@kggktt:::cccct~;gcau;c--tcctcc..al,'):a 
§Caccictggggg,mca:;icggccctg,;ig,cti;i 
t:ct:-~glt {SEQ i:D N:~)~ f:68:} 
i;iaa-'.3tlg!gttgBt.::gr,~gtckca,;i:gca,::ci:t EtVL TQ:SPGTLSL fGQGT 
gtcttigt:ekcagg,gga.aagag-c,::,~tcctctc SP{3:ERA.TLSCRA KVEi:K 
ctgcaggg,;.cagtc.a,Jagtctlw,;icagcrn1n .S-QSLSSXYL.A',Y'{ (.SEQ l!) 
tadtagcctggtllceagcagi::;aa-cdg,;_icc QCJKPGQAPRLU i-.io: 
.3ggctcc,;,;;ggc.!cc1cataratggtgcatcca '•{GASS.RATCi!PD S,:H)) 
gc:::.agggccm:t{$gcatcccag,acaQgt!cr; Rf5-G.SG.SGTDf1 
§tgg:cag~gglctg>Jg,a:;:::agadt,;adct,::. l TlTRLEPEDSA.V 
a:ccatrncca:;;r2dgg.:1-g:cctgaagatt..:tg YYCHGYGSSTGT 
cagtg!l:ltlattg,i.cl:lccagta!ggta,;ictc:m3c_ fG·QGH'.VE!K 
ggcgflacg1tcmiceaBgggacca,a,;igtg,{lil fSEQ lO NO: 579} 
.iatcaai.cgtacggtgg,ctgc.?,tcoii.ctgtctl 
rntd.cccgc:,~atct:;i;;:,tga,;:;,,;.a,Jtig:::i:aak 
t-;;;g'-1:ia,,:;~cdctg#.gi',;;;!.gcdg,:;~,13_atiaac 
tlctatcccagi1ga,~gi:em1a;:;ita1:,::i:g!g,;:;a 
aggtgga!aacgccct<:::i::aatcggg,lm,,~k 
c.ci.,Jgag,ag1gt1:scagag,ca,ggacBg,::::13 
agcgfl:f:.ag,ca:c.ctacagcs1cagea,-;i:ca~ci:: 
t-;;;ac:gdgi.g,caaagc@9:~,ctacg:ia. (SEQ 
:D NO: S?Sl 
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Q.A:PGC!: 
•r•E<-, •·[• r•L·-,·••·•··•· 1~:«·•· -1s<;;> {~':> '-:.I! i: ,;i, \J · :!:: x:s•::V-: ~·<,1._}. ~h . .,,:...,.) 

NG: GR 
SB3} (SEQ lD 

N:~~­
S84J 

{;iDV:RA: 
Tl TRnA .A,:DVF!:·H 
SINTA·t '(SEQ ID 
ME S:R:L NO: 
GTGDT :SB?} 
.A.'lYYC 
(SEQ!D· 
NO:: 
~5f;J 

FIG. 12 (continued) 

caggtgc.8gi::tj'J-glgi::,13,g,t;;:!fJgggct:;i:ag{~t QV:Q:LV:QSG-AE\/K \/\'GOG 
ga:ag&:g;;ici::tgggg;;:ctc:i;,gtgaa:cgktc.i:: RPGASVN\! SCRA TMVT'/ 
t-gcag,r1gctti::tggaUciagttti::,13gcgacac:i:: SGfSfSDTY!H'# 33 
t2i!i3,ti3cactgggtgq:.,ai::a:ggcti::c1gggi::a: \:·RQAPGQGU:V-.' (SEQ iD 
ggg,gcta,;iagtgga:tg-ggacga:ct:::.aatcrt MGRUPKR GTTK NO: 
aa,;;,ag,a-gI:1aac.::acaaaatati;;c@•!,'Q•:;rca Y.AGHFDGRL TLT 59:[)} 
cttt~i;m:g:!'.aggctc.3cglJ:ga(:(:a,g{1>;}ac ROASiMTAYM!::L 
gc-gkcakaa:cacagc•::;"ti.Katl;\-ga-gt!ga SRL G TGDTA.VYY 
§:C&>J-gctgc,;ig-gi3:C~-g;,:,;ia:c!3:(:§gc:c-gtc:t CAR:Dl[}FGDYRA 
8:ti:&ctgcgc:gcga-gi3:Ca:1t;gacttcggj-ga:ct ADV fMiV,1G:QGT 
nccg,cgccg:etgatg,tffit,:,13.t~\ggggcc MVlVSS {SEQ ID 
ngggg,B.e.aatggtcai::cgtc:!cttt:.3g~t;,::g NO: 588'} 
a,:ci3:a,;;iggc,:;,:;,:&kggtct1:.:,~ccctg-g:eBc 
cdcct,:;,:,aag:0:gca.:,ctc:tgg§gguu::,ll-g.:, 
g,;.Kccti;;ggctgccti;;¢,c:0:agg,:::c:ta-cticcc 
cc:;Jl3:ao::tglgacggtdc•Q,!Qga~,dcagg 
cg<ccctg:0:,:;,i::i3:g,ci;ig:cgtgcaca.:.ctt,:;,:,c9 
gdgti:da:&:i3.g!.ci::tcB,ggadc. (SEQ ID 
NO:: 588} 
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SPSSLS If fSEQ 
A:S\1GD lD NO: 
R.,.,,,,rr· r·q~·,. Iv ,,=:r::0 . "i !, ~. , V .._;.,_ . ._,,) '• 1;_._~-:_. , 

,DNO: 
{SEQ j[l I j594J 
NO: 
5fft2) 

PSRPS 
GRKS.G 
AH YTL T ls&7} 
!SSLQJ, 
HHATV 
·ye 
(SEQlD 
NO: 
5H:6) 

FIG. 12 (continued) 

gaa3t~:c.3,g..3t§<1:ccca§ti:::tccatcct;;::ix:t D,iGMTQSP:SSt S 
\;jtdgcaktgrng;mg.ica;agt~;~ccat~a .,A.SVGDRVTffCQ 
d:tgccaggqiagtc!3ggacttt8gl.iattttert .ASQDFSNFLNW'Vll:SEQ ID 
.,iattggt.». ,lcaaca~a{iacctgg;maagc. cc c.i. QR. P~~. K.A.P~.~l.~ ~,O: 
cumactccig,Mcmcg«tgwih::;::;;aa:ttt:gg YDASt·-iLETGVP:'.:c, t,00} 
agac:~_ggggfct;c~tr:asgg:tt~a:g·~l98$3:Q R:fSGR~~ S.G.AJ-f{T 
aaaatciggggu~ci1x:ti.t::1tti.:tcat.catcia: L TlSSLQA.EWAT 
gcagcc~gcagg:ctg,l:lagamttgca,;:-,=c.afat YYCQQLD Tf GPG 
ttlttgt:::a,:;;(:aglt;1ga:ti.ctttcggc,::.dg,1;i.ga TKVDH<. {:SEQ :D 
1.:,ci.aagtggl:l!atcaaacg:tllcggtggctgc NO: 5§-:(l 
ac,:::a!:::;:!gtcttca!ct!cccg,cca:tctg,,;itgJl3:g 
,::,1ig1tga:aak!g9,3adg,:::d,:::~ti,;itg:tgi.:::;c 
t.gctgalltll:acttctatcc<::a;,;iiti;iaggccmzll: 
g\a,ca~ggaB,ggt;igatas,qieccicca.f3t 
cg:ggtaadi:::ceaggagagtgkac,;;,,gricg,c 
aggacagca:Bggacag,i:::t'H::dai::B:sl:Cdc 
;~>Jca:,;J,c,accc~,;J;<lCgctgacg£ai3,8g£aga 
cfo,:;9.i,:;i .. .a&c-2:c0,,1agk:t.,1c,g (SEQ 

lD NO: 598; 
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Q.A:P::.}Q· 
{SEO ID IGLE\-<VM 

ND} 
GR 
(SEQ lD 
Ni(): 
504J 

:N-O-= ~,os) 
YGDYR 
GSAfl)!: 

!!i .. S.lST·A.'. l{SEQ iD 
fMELS NO: 
RUSDD 5ffl} 
T.A:,J-~f\fC 
(SEO !D 
ND: 
@Sl 

FIG. 12 (continued) 

c;i:ggtgcagrJggtgcB:gldg,;:i,-ggctg:ag,;rt QV:QLVQSGAEVK \0.;tG:QG 
<1aa:ga,:3g;:;dgggac•,:::t,:,agi-;,a::m,gl:ci,x KPGTSV:KVSCKA AM:VTV 
t:g-:::aB:gg<::t!ctgga!i3c.atcttck<:gg:c:t,:ct :SGY,lFSGSYlCi\>'\/ SS 
at.<tt!:caatgg:g!:aq1;ac:a:ggu:c.,::tgg,:a<:a VRQA:PGQGlEV.' (SEQ !D 
<l~l'gt:!1gagtg,galgggaaggak:iiac::cct MGR(NPKTGGTM t:K,: 
&ag,aclggtggcacia:.1;;1tlE:tCC'.:l:Caflaagtl YPQ:KFQGRVT M 51 Oji 
tcag:g,gcaggi;W.:aci::a!g,accaggg;acat TRDM,S,STAYME 
gkcak;ag:rncagcdatl<tgg,agcig;agi;a LSRl.JSODTA\:YY 
ggdg,l<t~;tctg,;;;cg,~eacgg,ccgtgtattad C AR:DFO YGDYR 
gzjcg:;;;gaga:d:tr,;1att-a;.::.ggtga~hc1ccge GSAFDfNGQG/i.. 
ggddgdtttg.ataictg:gggccai..,~gggcci MVT'/S:S (SEO iD 
&tg,;1,ccic,~gti:otctre.agcgicgci,>~~aggg, NO: 1109) 
c.c~tc:,;H,t•:trccr:,cctgj;i,ca:ccc·tcct~.caa 
g3g:~a:c<:t:d9ggg:ge,~.r:a~:cggcc•ctg9g: 
ctgcctggti::aa,Jga,::tai::tti:::eccgar1i::d.gt 
gm::g@ktcgig,;£,8.<:tcllg!.:,lcgccctg;acc 
agcg~:cglgc.;;:1,cxi,::,ctt,:::l::cg,;_;:dgtcctm::l:l: 
gli.:::<:te . .:,gg;act:,::!:adcc (SEO ID NO: 
60:S} 
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<::·. ,:,.,,_,,,..,o,•!:l\ ,.,.,, .... I <'·,.,.·C'•1':·L;:> , .... ;,:,r=r, 
..:)rt.~,:,,." -._1 ~,,;:. • :n_: .. :.:- ~ :, ~ . -~'.re;~ .• .::.,. .J : 'I:. ,.:-.:."t. ...... __ '"' 

COTSQDFSNYL AS'':/GD tD NO: 
ff:F!TfC e• •Bi 
QTS 
{SEO lD 
NO: 
6l2) 

QKP_ GK ll:C_ i NO: 
APKLU 615) 
H{SEQ 
!DNC!; 
614} 

,...-...... ,..I""" ,.;,.t~•~,,,7.,f-1,;,-..z.; :t'•,p._.,-( 

TYFTLTI £-11) 
NGlOP 
ED::.4TY 
)-l·lC 
(SEQ!O 
NO: 
131§) 

FIG. 12 (continued) 

,g~tatrca;-;}~~>~acr:tagtct-::c~:ttt-1t.J~tJ D~O"t:1t:TQSPS·SLS f G-P·GT 
gktg,i::;:at,:'i:~>;;i9i,ga,:,,3g,,39\,::;13,c:e:zitc::1,i::; AS\!GDR':/T!TCQ KVDH( 
ttgctai;;:a,:,ga:;;itt.s:~g:1&,!·!i:fa,,Jcaa:ttattta TSQDFSNV"LN'#Y (SEO fD 
aattggt;;;!cagcaga,"a:::,:,"-ggflal3:agct OQKPGf';:.APKLU ~10 
Gda-aad:e,;:iga:icc;;;c-galcm:,;:;fae,::.agtt-g HDTS;'(U:TGVPS i£,W} 
gl!Mcag:gggtceattc/3:ag.attcagtgg,13:g fffSGGGAGTYFT 
g1ggggc,cgggac:a!atttliocldcatt::a:tt1o L TiNGLQFECHtl.T 
acgg,;;ctg~.gc,ct~agacmtgcaac.a!ia YWCQQLNTfGP 
ttgg!,;atcm~c8gttga,!3tai::;c~i:ggtc;:;;t.@g GT!(Vf.HK (SEQ 
a:;:::;:;aa;a.gtggzita[cm;;:a,;,:;ita,c,;;;gtggdg, !D NO: fl 8 l 
cm~ca!;:;t-gte.tl1.::atctccc,;;ccatctgatga 
gmgi~ai:la!dgga,~dgufatgttgtg'i:i;;c 
eJg,::;tg:a,::ila.aG,1:tct~ta;c:agaga-;;,gcc.all! 
::1gtat,ag:tg:gaagglgg<i'ta<i'cgcccctc:QJ.a 
tc:ggfl!:a::1!:ctcc,:,;;~i;rnag2:gt:;;,lci:J:cagagc 
a,;:i,gac:ag,caa1J:g.ao:::ag-ca:cd;;;cB:gcctc 
a,;;;ca§caccctg:i:li:QCtga-g,~:a;;;g:[;aga 
dac-gaga;a,acllta:aagi:1:fa::: (SEQ: !D 
N:Ct ,ij'::8) 
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'-tA. 
/SEO ID 
NO: 
623) 

G!:A'.PG~~ 
G.LE\,\<V INO: 62:S} 
SM 
(SEQ !D 
NO: 
624) 

AREEfT ga,;:;gt,;:1c~::1gctgtigg2,gtctggg{;c;,;a,~,a,:;tt 
DTEMT: ggtllcagc,;;gggggggtccctgcw,i&l:tCtt:c QPGGSLR:LSCAA fl\TV 

T:::SRDN INC!GDf !gtf,ca,;icctd§gatlcatc1t!&gaagttatgc SGFfFRS'tA.MSW ss 
SKNT'lY AY . . ca!gagdgggtc;:;gi;;:;.agg:::.kca;;iggaa VRQAPGKGLE\<,,' {SE!) ID 
LR!'>,~m¾ {SEQ lD gggtd.gg0gtgggtdc0.atgattagtg·gM,g \'SMtSl)SSEDTH NO: 

LRA.EDT lf~O: 
A.FYYC l:,7Ji 
(SEQ :!D 
NO: 
625) 

cagl-gaagall:!c,13cadi1iq:Jci?i1J=i?it:€r,cg,lg 'i ADSVKGRFT!S Ii.BO) 
aa@\;KJCcggttrnix:a!dc~ag~~g,ataatt FtCiNSKNTVYLRM 
ccaaga.acai::cgttiatdgci;icatg,;;:at;;:at NNLRAEDTAfYY 
ctt;ia\;:ag<7;cgagg,~c~::1~gc~tt:tl8ff,::tr:i,g:l C:l,.REEFTDTEMT 
gcgagag;;~ggagtttaccgacac<Xi:3:>;;,atg !NQGDF:AYWGH 
acta:t.~aaccaaggg-gai:ttl§cdactg,Q-gg GTlVT=tSS: (SEO 
(;J.:,::iC{!fl<cflC(:d>Jgtcaccgti:ctcdc~gtg,t 1D NO: 629) 
(:!J=~o::c.3aggg1:r.:r.;a!r.:ggtctto::1:,~cctggc 
acccti::::<.::tcc,aZ>gcagcacctt:!>;i-,.:g§g,:;,ac:a 
gcggcixtgggct;tct~mtci;,ag~,ada:1.:tt 
cc,r.cgaacctgtgai:ggtd,:;gtggaa:e.tcag 
g,;;gccc1,;i,.30::~g,cqg,t,;itg1::llca1:.:.1tctc 
g-gel,;.,!,:cra~ti¢ecka,::.i:,;., (SEQ lD 
N10: :5-:28! 

FIG. 12 (continued) 
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SPSS.LS 
A:S'/GD 
TVTITC l:::B}) 
"'. ,:, 
~.•J 

{SEQlD 
SGTDfTLTISSL INO: 
t~PEOfATVYCQ 6:32) 
RSFfT (SEQ H} 
N0:6:}1} 

QKP:GK l{SEQ ID 
<-p:~"-L' I :M:Q· f""c·, A .. , ••: ,_ ,,,,. .. 2.:;.~-"-t 

Y(S£Q 
:,D t<fO: 
{5:34} 

PSfffS IPFT ~-.. ·<-~ •.-~ ~~ '. 
bh->~.:...~ T (SEQ ID 
Df'TlT! NO: 
SSLOPEl\337) 
DFAWY 
C{SED 
ff.\NO: 
B3fl 

FIG. 12 (continued) 

gai::..at,::o.igatgaccc<?gletccat,::dccct DJQf>,1H:CSPSSLS 
9,ct<;icalctgt-iig,gagaca,::a:gtca,::rn1ca ASVGD PiTff C:R 
cttgce,;Jggcai:.gtcag0:g,::0,tt(!gtgtet0:lrt ASQS.!SVYLNV\?''l 
aaattg{l"latc.iacaa:Ma,ccagg,gaaa,~c QQKPGKAPKLU 
c.e,:fa.a:gi:::tcctg(jte:!B,tgglg·cakcaW.gc YG.A,S.!LQ:S.G\'PS 
. .si'lag!~gf:>;;itc:tx:¢1;;13agg i:!:ca,;;itgg:csi:ttg Rf-SG!GSGTO=FT 
{;li'lleei;itmanct~::af:ttcactdcl3,e.catcagc: L T!SSLQP!:DfAT 
.i9ktg,,,3a,::;ctgaagat!rc:gc:aactiacta,c YYCt.JRSF!TPfTF 
!gt~a,,ggagt!tr,;ikacti:,:,~tt~::::t~cg GPGTKVD!:K 
gcn:tg,g,;;iaccaaa§!g~Jl3:tati:mmrgtac (SEQ m NO: 6-3':J): 
§gt~ge:lgc:au::atd§k!lcak:ttc:,rcgi:,:::i1 
tctgatga,gc13:g1t-;.maatdg,,;_imid!J 8 c:k:t 
gtlg1<;1tg cctg,ctgaatae:cttd;;it:r::e:u,,gag 
aggi;,,;;.iz;;f!agtacagtgga~g,gtg,g,awacg 
(;Cdcea-i1:tegggt!.'l;::icteccagg:a:gagtglc 
a,r-t1gag,;:aggm:;ag,;;aag,;:1aca,:Jca,;;.cta 
ca,:;icetc:e,gcag:cacc:;:;{g:i;;:cg,ctgagei;;;a 
agc,a,~i,;,ctrieglJig,;;,aaca {SEO !D 
N:0: ·62;a) 

K\'D,K 
{SEQlD 
NO'. 
Ufl} 
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DSY IQAPGQ 
{SEQ HJ GLEWM jNO: 5~5) 

84:3} 
GR 
/,SEO ::D 
NO: 
644} 

'fGDYR 
GSAHH 

MS6::A tt>Eci ID 
'tMDLS N:O: 
RUSDD £47l 
TA·',/'fYC 
(SEQ !D 
t--::o~ 
64'5) 

FIG. 12 ( continued) 

caggtgcagc~gt;icagt::tg{l@<.:tg,aggt QVQU/QSGAEV!K WGQG 
t:1.ai;;;ga,a<,1ccf..ggg,;;ic,t,tcagt-gaaa:gtc.tc::::: KPGTS\!KVSCKA. AM1/T\1 

tgc&l.3:Qg,cttct;;gatJ.'.3(',gt.cft~-t.c,cgl!-C1>:d: SG YVf SDS"'l' 10¥"4' ss 
I1rnttcailltgggt1:1cg:ac-Jggccc.crgg,~c.a \/RQAPGOGU:.'ls'° (SEQ !D 
zigggctigagtg,ga1ggf;aa9,g;atc~a,::::cct MGR!NPKTGGTN NO: 
aai;;,adg:gtg,gcac~ast!ftgt:;lca:;iaagtt fA:QK:FOGRVTMT S~,D} 
t:::agg,gcagg;;itcaccati;iaccaggg;;.cat RDMS,:ST.A,YMDl 
gir,caicag,c;;icagce.iatatgy:a-;:;ct-,;;;a,;ifa SRUSDDTAV.'f YC 
ggctg,&tetclg.acgarn.cgg,ccgtmatta,ct AROfDYGDYRG 
g:tgcg:&g.ag.acttc~,att,:,cggtg<1ctac,:::-.gc SAFDPliiGQG,(:,M 
ggctdgc-tm-g.ataic1g,gggccaa:ggggca VTVSS (SEQ ::D 
t:1tg,;itcae-cgfctcit<::agc:;itcg&cci.mgg9 NO: &4g} 
cc:~tc:g:J,tdt::ci::,cctg:g,cmxct,:r.:tcc:a13: 
gagc:::£cctci-g,ggg,§c.ai,,~,cggccctggg 
c1gcctggti:a:a,;;lg8ctaetti:,::ccgaac:i::lgt 
gacggtt:!q:;1g,;;!@8ctcll.-g;;icgecctgs,cc 
wJcggcgt-,1-cae:m;;,1:Jti;.c,;:,gg,etgtcetaell: 
gtu,tcagga<:ti::ii.ct {:SEC. lO NO: 
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<:.·,r-,.«·<YL<:·1Vt<";,E1":: ._--.r -.=!-.~· --~ ~ .:,·_. .•...: 

ASVGD lD :1•~0'. 
ff~✓-Trrc ,.:;;s'.3•J 
QTS 
fSEQlO 
NO: 
~52) 

QKPGK Im- NO: 
APKLU &55) 
H(SEQ 
:,OMO: 
654} 

PSRF5 
r,.-;r:;,,,•.1:r,1n· "::,, -...;r. ,::,,)'-'.J::J ., ·~-- ' 

T··tFTL T:: :6:57J 
NGLQP 
ED::.ti.TV 
tttC 
(SEQu:I 
NO: 
tlS&l 

FIG. 12 (continued) 

Ilat:at:::ca-g,a1-g,ac<:cagtctcc;.,t,:,ct'"cd DlQMTOSPSSLS fGPGT 
Qkzjcaktgii-g,gl,;acag~gk;ai::,cllti:::ac ASVGD,RVTffC:G! KVD:!K 
ttgcc,2ga.::ga,~tl:'.agg,;,,;tt::agcaatl:attta T5QDfSNYLN\NY (SEQ iD 
1:mttggt::itc.agc~a.aacwggaa,:::ag,cc QQK.PGKAPKU.i NO: 
~.ct,3aa<=tcctgatix:.acg,atl3:c.a1:cca:agtl:g HDTSKLET G\!PS •36{;<:l 
·§:aa~t·aggggk:t>cah::Biaga~<;-a~;Jtgg~g RfS:E}J3-G:~,~3I.._,lFT 
Qtggggccgggam,t1lt!t!l?lcfa::!<:acc~tc.a l T!NGLQPEDlt..T 
1J,:;;ggcczjc;agc~tQaagai;,:artgcaacata Y'NCQ-QlNTfGP' 
ttggigtcaac;2gtlga.alacdicggecdgc1J G TKVO!K (SEQ 
gai:;,c;,;aagi:ggat.itc,,m;;,;cgt::i:cg,gt@:gct ,:D NO: 6:59) 
gwc,~ntctgctcttu1,tcttcr,cgcca!·ctgntg 
a,;_ica:g:!t..g,;3a::.1:tc!ggaao::t~;,icc:tdgttgtg,!g 
z,ctgc:tgaafa,.,n::ttctatcc:ca-ga~ag>11cca 
aagt.ica,;;;;tgg:aa:g,gtgga,t::ro,:::gcccte:c.i 
atcglj:gta:;Jctccca:gga:gagtgtcac::.1:9ag 
c.a,ggr::cagca:r::gg11cr;:gcm:x,ta:;:::&gcctc 
a,icas=C~secct.g.ac:gi::tgagca&:a,gca~iia 
dacga9a.aa,:,~ca,3,agtdr::c f SEC: :D 
N:O: £:5:tlli 
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ESt3G~t3 ll.J:YP 
:rH•&·r:fX.>Cf:~j···· 1:: vr,p,-- 1.-i;·En 'D' l' .. l~;.1,,1;:: IM~- i,c;:::r-: ._, ~,tJ,,,;;,;,~, i:(:~ · .!" ~ ·-.·-t •.:.e. ~ ·J,_,.:.,, ~} · -~ .i....!d' ~ ~"i>~_l_ ·u~-c.~j 

RSL:RLS NO: A_V 
,,,.·_;-_-,:lE-''~s-::r_• ,,1>,-..f I,~,,,,._,::, 1-i::~'s_\ .r;; . ...z: 9.~' ~ c""': ~ ~ !, '· ·--·~--~---- •✓vv)' 

DGSDKYY,ADSV {SEQ lD 
KGR:fT!SRDN:S NG.: 

fi€2) 

(_SEQ lD 
NO: 
664} 

L\t:/t·:-.(y 
T!SRDN FDF 
SKDT:LY {SEQ ID 
LEMNN N(J: 
LRSEDT 6£7} 
fa.:L '("iC 
(S:E:C~ ~D 
NO: 
l.366) 

FIG. 12 ( continued) 

raggtgrngr;tg,~tgg?ig:ictgggggagg:ct QVGL VESGGGLV 'NGQG 
tggtcc.ag-telggg ::riggfc'"-ctgaga:ctctc-ct QFGR SLRLSC\ft.. 1"L\?T\:' 
g~gt@gcetdgg,attr;am:;tt:r;ltta.attatccc SGFN FFNYPMH 'S s 
a1g:c,a~.tgggtr.q;,ccaggc!1o,;.agg:caag 'tef'/RQ,~.PGKGLE (SEQ !D 
gg:gd!ga:;_;iig',!:1Jl{!,gd4t1.::atm,c,atatgat V-tVA'!1TYDGSDK NO: 
QQ'!tagtgat~aametstgrog,adc1cgtga YYft.DSVKGR::FT! 670} 
ag:ggecgatlcai::c.,mccaga,9isi.::am::tcc SRDl--lS,!'(D Tl YU: 
as:gI,ia:i::ac;:a<::t§!:affl,J-gagatgaarna,cct MNNLRSEDTALY 
-Qi3:g:ato;igBg§a~c;,J-gc::kttti3ttartgc:§c 'fCARDQEL VV:L V 
g;3g,e:igatc:.aggasctggt,;igtcc;ttiattat!tt YFDf'l'lG{JGTLVT 
gi3ct!cti;;i:i;ii;;igcc:,B:ggfiMrcclggtcac:cg \,·ss {SEQ lD NG: 
tctcctca;;;,cg:tcg$C-Cml:gg:,;;,,;ccatc,~,lc 8E:9") 
tt,:;;u;cc;tg9c:,acc:ctc:ctcc,:mg~:;icacctct 
Qb!g9gc.i1;c.ageggc,:;;etgg,gc:19;.:;etggtc 
@ag:gm:::rnc,ttcc,ccg:.:i:ac.ctg,lg,acg-gtctc 
.gigg,aack.aggcg,ccdga,i:.ca{,cg:gcgl; 
-gcac.acctl.:cct'.ggct.gtcc!aca,,;;tcctcag 
gsctr;tactcc:i::!:cagc (SEQ fD NG: 
·66:B] 
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67::C} 
APV"l"V\' 161'~,;; 
Yi,::iEQ 
!:DNO: 
614) 

GS.SSE. l\t {S.EQ 
NTATH l!D' NO; 
::::.~-(_;~/Q(i i-l~7 :f ~ 
GD:f:.A{.l 
YS-C 
(SEQlD 
NO 
iH6) 

t<::cro:igl'lgci.,gac.11c;;;gccacci::Jcg,g,tgtc 
agt{lgc,;:,::i:,:;g;gsci3gacg-gcr:;3ggfa;g:ac APGQ T ARL TCGG KLT':/L 
ctgtggggga,::1ac0.aca:!t.gg,0agtaaa'"°at NJ,HGSKNVHW'YQ \SEC: lD 
gtgca:ct:g-gtl:!tt'a:Jc:a:ga9.g,;:§:J:!gg,c:t.ag !JRPGQ,.&P'VL VVY WJ: 
gc,:ci:1gttct!clgl>:>;_;:!:ctat{l.?<t!.'>Ct.agqia,cc DTSDRPSGIPER fo:l{H 
miccci;:.::1,;iggr~ccc!gr;ge,gattr.tct,;_;:g,ct f SGSSSENT ATl 
ccag,ctctga§,aac,acg,;icc,aci::,:::ig:accai HSGVQGG:[JEAD 
c@gcggggtcca::tgf}cgg:0gat,Jaggccg YSCQVYDNS\'D 
acl:ac,1:l::d:gicam;itttrn:gataa:l«gi\,lttgat r.A \i'fGGGT:Kl T"./ 
c.al>;}cggtcttcg,~cggaggg.11cca:;:,g-~tg,0 L (S:E:r.;:i ,D NO: 
ccgtr,ctag'.Jtcago,~c<'lagg,,:;~,ccccctC' Hri) 
,:;i,;:itcm::tdgt1cccg;,:,::,:tr::gag:i:gaggagr,t 
t ►::,.aag,cca,a,:a:a::;i;;iccMa►::~:ggtg~i•::ic 

ak,.11gtgactti:.1a:::,c,~ggg,o:gcegtga,t,'.!lgt 
gg,ccf:gga:a:ggcagatagi:::1J:gi::o::E:>;itc,a& 
gg,cgggag~g,gagacc,;,crac:m:;<::cfa;;caiJ 
ac .. aagcaacaa~:a::;itacgcggceagc., 
gtlatctg6gctig0.-c,:;ic~:rg,":1gcg,:;i~ 
(SEQ: H'.I ND: i:<?f.) 

GFPFSSIMS\NVR llSGGGD,t>,ISYADS IAKEPY 1ga,;igtg,ci1-gt:!,;ittg,;1B:;:j!ici:g.;g,;ig:ga:-;i-gi::i, IEVQtLESGGGl V 1\•,<GQG 
fA {:':IEQ OSPGK f: {SEQ ID VKG:RF Fi:DYLG ggtauigc,:,tgg,ggggt:ccci.g'.'lgadctcct QPGGSU'i:LSCAA Tl'/T'/ 
lDNO: 
:Sl::3} 

GLChVV INO: 685) 
ss 
(SEQlD 
NO: 
634} 

T::SRl:>N NWPDl? 
SKNTLY{SEQID 
lQMN:53 N:O: 
lRAEDT 5JJ7) 
AVYYC 
(SEQ!D 
NO: 
ii!3.B) 

gzjc:g;g,:;tktggatt:r;:r;c,:;tt;;:g,-:;;;,g:r;ttlgc SGFPFS-SFAMS SS 
i::1itga~ctgggtcc;;icc2:gt;::tcca~~ga:1i:g 'J'iVRtJSPGKGUJ (SEO lD 
gggdac.iatggg,ictcgk.i:a:ttagtg,g'-'lggl V'lV 55; SGGG[LA. T ?Kl: 
gg,1<gaigccacahx:tacgcagRd.::cg,1g:;; SYAD:.:?lKG:RFTl 6Slil 
ag:ggrcga~tc2:~c::1tctc.ca,;i:ggac:3atlcr SRDNSKNTlYlQ 
aoiga.::,c:;;cgctat':!tctg;;:,oiga\g:;;a,,::,gcc MNSLftA,EDT AYY 
t-g81:-;iag:crg:agga,:acgg~:{:i,lt,;itllttm:c!gt YCl,.KEPYRDYLG 
gc:g.iaS1g.3:,;l:Cf;i3tar;c,;;1tgt.rtac:c:~-gg %1NPDP'-NGQGTt 
aa,i::tl;,gc:cr.g;ac:.:,~,i::tgg9~1ctoaggga1<cc VT-:/S.S {SEQ- in 
c:tggt.::0c-cgktcdo::agcg~c:g,3ccaaggg NO: &tl8l'} 
c:t:~ttg:~t:::1f.(:t:e~e;,;:Jg~:e~~-cc-ttcc:te;c.:a:a 
ga,;icac:,::ti:;:ig;g,;,1g,gc:acag~,;ig,::c1::tj,i:gg 
ctge:etggte~'.!l:i:,ggact'.!lcttccct:ga:acetgt 
g:a,r-0 (SECl ED NO: 6'::!-6,l 

FIG. 12 ( continued) 
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A\i'SLGERAT\iN ?::,P:D.SLA NSNNK Q~:PGQ 
CRA.SQSVLYNS VSLGE NY SPKU.J 
NNKMYLTWYO RATVN f5EG! !D ''{ (SEQ 
CJKPG,QSP~l.U CRAS- NO: m NO: 

{SEQ lD IS93J 
NO: 
€=:321 

6f¾4j 

r~.;;-o: B93:) "'·G~,~,.· 1;•~E,~, 'D 
;-,· -.y.'::r . ._3:, ·.k?. '.·"".· ~ ., 
GTDfTL NO: 
T!SSLQ· 5§7l 
AEDV'/:1. 
··:{''fYC 
(SEQ!ri 
NO: 
59:ffi 

FIG. 12 (continued) 

gac.atcgtg.atgm::i::-rngtctce::!igack.cct 
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QSGAE 1r·r,a. I.A:PGGG l{.S.EQ tD 
S/K::<.PG fSE.:tJ 1:0 lE\~fMt..=~ :f~(J:: 7fl5) 
s.:s\.:-K_\:'S: IN(~: 
CKP:S 
{S:EO tD 
NO~ 
702) 

7D3) 

S>lEl TQ :□:::i}SK'f 
r-•r·~·· .. •~s:. ;,f;::-:=0 '.E} 
P,:PGQT NO: 
ATCTC: 713) 
~3GD 
(SE{~~[} 
NO: 
r·12} 

C~ {S:EO 
:::D HG: 
704) 

'•/HViYO IDD:S 
GRPGQ {SEO m 
.'A:P\::'l\/.: l:f~-Ct: 7·1:5·) 
S-(5:EQ· 
::ONG: 
7H} 

Q·GR\t5~ A n."V¥F 
TA.DEST DP 
NT\tYM !SEO fG 
DlTGLT NO:. 
SDDTA 7fl7i 
\lYf(: 
(SEQ=ID 
NO: 
706} 

caggtgcag1ctg.gt,;;1cag:lctg§ggctgii,;;igl (JVG!L'·iQSGAEVK 'll-GGiG 
gaaga;:.g,:;;l.':igggkdcggtca::;;:ggtdc d KPGS5VK':/SCKP TL'JT\I 
!':jCaa,;;iccttctgga,ga:i;;13,cz;t,;::r.:ag,:s.ccta:t SG.QTSSTY.AlfW 55 
i;icta,tcacc:;,;_.ggtgcgaclllg:gcr::,:;~,iggi:ic VRQ:APGQ:GLE'N 1SE,) !D 
i.><l{l,;){';C~<1:gtg,;;iat.ggg<1:ca:;,;i:otcatct.~t MGQl I Pl T GKDIY NO: 
~,tca.:cqgaaaagllli::a!cracg=cm:,agaac AQNFQGRVSff A 71 l:i} 
tt,~cag',lg::;;;2ga::;itdc<;1t>1:f/::l{;Cg::;;:;igacg DESTNTVVMD-i:. T 
Mtcca,::g3:a,caca:gtdarntf;:ga;:d,gai::; Gl 1'S!}DT4 \i'YfC 
cggcctga{;atc:tgatgiitt:acgg,ccgtc!i.ttt ARRCNATYWF[} 
ctglgcg,s:1gaagac<li-,;1gt.gg:ctac.atattggt PWGQG TLVTVS 
tl:;gacccctg~;;i,gg,:rng;;;:gam::cc:~,;_,:g!c:~c S (SEQ ID NO: 
c,gtc1C.r.tc,agcgtcg:accaagg:gcccatt:g 7U9) 
gt-.;tti::.ccc.ctg,~cai, r,ctcctr.:<.:::ao1g,agr.:i:ic 
ejctgggggwcagcggt<'.;c1.g;,;:gc:tgcctg 
gt,::::a,agga,:tactt;.:i::;ccga,;:i,cB.tQl:;:,acggt 
ctcg,!gg,aack;eg;,icg,:;,;,;:igiit~r,llgcgg:r.: 
gtg@r..aurtcct:ggctgtcctauagttcte,'l 
gg:ai::;tctac!cc:<:1cagBa:gcgt,;;ig {SEQ 
tD N0:7=:}8} 
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;;itgg:g,ggagacgacatt,;,,i,,atr:caa:!3ac:tgt GDDIGSr:;TVHVi?Y 11SEO !D 
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c~.attct:t~~:gat!:::;a:i:;9g:c·t&:cectg:9ec~t LT:: SS':.tEA.{;:D EAD 
l::1J;gc;agtgtcga.1igi:zggg,;;i:algi3:g§cc•ga YfCOVWDSNSG 
datttet-;;1::;;;2ggig:tg,ggaca,gtaiit::;;a,;;!gg HFVFG.SGTK'•/TV 

71:f!il I lt-:::a'tt.tlg!~tcgg.;:itctggga:.cca,s;.,ggtca~c 1~ fS:EtJ ,D NO: 
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AVYFC 
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gggcctri:tcggtcttrc;::;cc (SEQ lD NG: 
7-4:a;! 
g~:lcatct=fi?ir~i~c~c.agt:ct;.;::c:e:tttt~c:et CHQ~fTO=SF~ssts FGPt3T 
gl!":»;;i-ci:1tckttggagacag8gtrnccatca ASLGDRVTffCRT K\/rnK 
cttgccgg1.3,ca:13gtcaaa-;:;ca:!tagta:IBcta:;:: SQSl:Sl{':tlNWYO (SEQ ID 
!tga.;ttggtllt:::agca;i&a;,,cca,ggg:aa;:;,g Q-KPGMPKLUYA NO: 
ccccta;:;,.ackd~,atctatgd,1:eatccag:dt TS SLHSGVPSRF ?SD) 
gmt.;,gtggggto:cri:tc.amJa!k.agt:ggca SGSGSGTDfTL Tl 
glgg1.3l:,;:~,;;:gg:BC.~::?.:tlicacict::;m::;::;at,::;;a SSUJPEDFA.SYY 
g,;agtctgcaacdg::it.f3§:«tt:i.tgr;.a::.1g:it-ati:::1 CQQTYRTP-!TFG 
ttgtt<IB:Cagadrawgg=BCCCWBctc:actt1 PGTl(VD!K :[SE.Q 
cggccdgg,;:r .. :::c.m&~tooatateal1ae>;;it :D HO: 7591 
acggtggd:g;caccatr,tgtdka:tct!:cc1::gc 
ca:t:ctgatgagc..::lgttg&a:&i.ctg,;:1aa,ctgc:r:t 
ctg!igt,;it<;;,ccigctgas!Bactttt:lltctt:~g 
;:;,gagg:cc.;aiagta{;a,;;itg,;iaaggtgga;l;aa 
tget=.ctc e.~catc~gt,ia:a;.:;te~x:a;.~g.a.ga;.~t 
g·tcaca~i3gt:.3@1.l.:CS!_lC?icl@l.l.:CS!_lC2!C 
ct~~:a.g~:k=-~~~<:iagc~-t:e:r.:t-s:0::r:~o;t~~53-g:r: 
;,,a:llg~nact-,;ic9i1.ga:aac {SEQ lD 
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tN'll\/RQKA,GK ESLR!:S NO: 
CKAS 763J 
{SEQ ~[l 
}~0 

762j 

ElVt T:Q IGSLSN 
.SP·~JTLS ISY 
L5PGE l(SEC, ID 
RATl:5C NO: 
RAS 173} 
{SEO ~D· 

772'} 

LNF'SDS'{ NYSPSF TRDSFY gaa:gt>;lc.a.gdggtg(;:3:gtctgg2:gcagag 
QK.AGK P {SEQ ID· Q·GHVT! DVDL:SS gtg,;:rn;:1aa:i;,[c:>::ggggagtc:i:d:ga:gg~t>::! KPGESLRl:SCKA TTVT\:' 
GlEWM NO: 765) SADNS F'{MOV c<:t,;;!aa:-;;igc!l,ct,;;:gat;;cag-,:tttai::,::i;g\t<: SGYSFTSS'J'i'!N'N SS 
GR ':/TTA.Yl (SEC! fD ctgg:t.>.:1r.:lladg,;g:t-;q;1cc,i;ga:i;gg<:cgg VR!JKAGKGLEVf (SEQ !D 
fSECl lD QVlSSL NO: gaa~oo:::ctl;!gal;!tgg:aig:~~gag:gcrta,-:,t MGRLNFSDSYP NO; 
NCI'. KASDT.4 767) cda:gtg:@ctctl,::1ccccai.:-~ct.3:cag:cc<:gk HYSPSfQGH\'Tf 7W}. 
764} 1YYC ctte:.::1rng,;;;:c:i::a:cgtcacc:13te;te;:13:g(;!g:a:ca S.ADNS':/TT.AYLQ 

LA.'.;,~iYQ 
QK:PGC! 
APRLU 
y ;SE!) 
!ONO: 
774} 

G:A.S 
{SEQ ID 
:NC~:: 775} 

(SEQ !D 13.c·tccg,te::B<:cactgu.:ree:r.:tg:zagtgg:a:gc. 'iVSSLKA.SDTl>JY 
NO: Bg!:::dg:.,mg'!lcctr:>;;igi,ca~gc,:statBtt Yt::TR:DS:FYDVDL 
76.$) B<;lgtar.:llflgllg:i!ttcctttta{;ga~tgg.acct SSfYMDVVi{3:Ki3 

g1C:C(u;:ttctl.1'c.atgg,<1cgtc!ggg,gcaa:rig TT':/TVSS (SEQ 
ggaccz,cggte:au;gtck.e:tr:l3,gcglc:ga;,;; H) NO: 7t::9) 
caa,;irniccc:a!!.:;-ggtc1tccccc,m:g;;-acc~,t 
C{;tccawJ:llgtacdctgg,gg,~cat:agc.g:g 
C{;dg,;,,gclgc,i:tgg:tcaag:gadactt.<::,c.cc 

NRATG:! :Qf}''fGS 
PDR:FS S:Rfff 
G.SGSG {:S-E{J fD 
TDFfLTl NO: 
SRLEPE Tl7} 
DfAVF'f 
C{SEQ 
§DNO: 
776) 

aac~ro (S.EQ rD_N~J:_J:iz8) 
gam~tt,Jtg:ltg:l3cgr.:l3.g\ctccaggcac.ezA EIVL TQSPGTlSL FGQGT 
gtc:\itgtctc.csggg:ga:l3.a•;,t«g:c<:m:,;:::ctc:ti::: SP!JE.RA TlSCRA KVE.:,K 
ct-;,:::r~g;9~~:-:2¢r-=-~gagk::i:~:~ca.a.:::~g<: S(lSlS:r~.JS'·{LA\~r~/ (5E·C :iD· 
!lldtagcctggtabigcl3g,lf!aCG1f,lgcc;2 QQKPGQAPRLU NO: 
11g<1:!cccaggctc:::;i::;;..:z~cta~Jgtgcakc;;.;a YGA:S-NR4:T G!PD ?oD) 
cag,;;ig[:<:0:ctggcatc (:,::llgs<:aggt!c1?19i RfS.GS{,S-GTD:FT 
gge3gtgg;;iktg:g.gi!ca:;iadtcadctcac l Tl:SRLEPEDFAV 
ci:,tr.;;.;gcJ::igac,ggag:cc,gaagl:iittttgcgg f YCQ:l) YGS.SfU-i 
i.gtttta:t.i.g1:1.:.age,'.:l:at'.:ltg:g'rtcgtcacggc<1 TFGQJ'.; TKVEtK 
c@ttttg,gce2:gggga,ccia,'.l:ggtg,gagatr; (SEQ m, NO: 779) 
3:,iac-~t2:r;g:gtggl':;tg~<:calctg!crtc,13tc 
·~r:ccg:;:;rntd;;iaf:9;;1,;_icagl:t;;,13.aatetgga 
a<;i.gcdd~gigtgc dg<;i.911atacacrtd;2 
!i::ecag,ag:agg,c.<::aaagtaz.agtl,,gaa9gi.. 
11galsiacgcc>.:tcca<1t<::gggt>;i;a,~tcc.;;ag 
(SEO fD NO.'. 778;: 
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(SEQ lD GLE'il">'L NO: 7a5}. TVTTDT AFrn 
,--:..·1•:::::.,<r,;qQ,.,Prc ,,:;;,,,,.,,.,,,.•r.;l:p,-.._. 
i:,.,;; . ..._-.,c:Qo' !<," :··'\:~ .r'!• . ..... , } ..... ...__~ 'i !'.:~--- ,...., ·,~-~ ...... 

QG1.EWLfN/lS\i' CK.AS 783} 
YNGDTNYAQ~; {SEQ :lD 
\:'ODFtt. TVTTDT NO: 

7:B.2) 

DJQMTQ QHiSG 
S.&.S\lGDRVT~T SPSTLS -~~/ {S:E,Q· 
CRASQRISGWL A.SVGD !D NO; 
AW'{QQKPGKA RVT!TC 793} 
PKlUHFIASiLE RA.S 

{SE:i:2::0 ..,,.,. n,,_;o_ 

1§2i 

G'.V 
(SEO lD 
NO: 
784) 

LNNYQ IRi&.S 
,. 11··~·-·· ,, ....... ,..., ·r.-i oi-~F,""'i. t.'.:l-EI~ 1:u 

,t.;P!<UJ NO: 79'5} 
H{SEQ 
!ONO: 
1:3-4) 

:::;.,,T'51VY ll.'SEQ lD 
MELRSLWO: 
RS!JDT 787) 
AVYYC 
/,_SEQH) 
NO: 
7f>Dl 

"'E'-.. ~,, ,_,.., .. vn.o 
(·1... ,.:,,:._"l'.\:· •t..s:L·~ .-..; 

SSRF'S FRT 
GS.GSG {SEQ lD 
Ti=FT: LT::: I""')' ........ . . v.c~. ~ 

SSLQP T97} 
ODS.AT 
7-.-(YC 
(SEQH) 
NO: 
7§€-) 
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cw;mtgcagctm;itgcag~tgg,::1g9tg.ag9 
tga~:9m,g:c::.:tgggg,eckag:t9°"a\igtctc KKPG.A:S'fl(VSCK TM\.,iT\! 
ctgcaaq;gcttct,r,i:gttacaccffiacc:tl;9tcat ASG YTfTSHGIS SS 
ggtlti:tl;9itg:9gtg,r;:9acag9cc,r;ctg:gac@ I,t:JVRQi&.FGQGLE (!SEQ lD 
ag,~}gdtg,::.gtg:gttg:ggatggflk~gcgtlra VVLGW1SVYNGDT NO: 
caat,;i,gtg:B.C.8C2i8f!C'tatgcae!3.gaaggte:: NYA:QKVQDRt TV 78:[l} 
caagacagactca.:,r;gtgac:{;,M.:;&gacacg TTDTSTSTVYME 
t..c.c,;,cg.rag~ea:gfil.atBl:ggagi:tgn::;l'ga LHSLRSDDTAVY 
gcctgag,&tctg:B:cgac:sqmccgtgl-Btl&C YCARDR::DYVVY 
ffjtg:ci;1:B:g•B.gat<1ga.ittgac~2,tgtggtgtB:t Di•.FD:i'NGQGTM 
gati9: ►:::!:ffl@&8-3tctgg~~g:r:cB:a~;l9~J:a►::a~~ VT\:'SS {SEQ· :::o 
ggti:accgktr:ttct=tQcg\cgmxaagggce:, NO: 76§} 
c,atcggtcttcc,ccctg:gcaccctcctcc,&a,~a 
9ca:eddggg,gg,cacagc,gg,~,cdg1,1gctg 
c,r.t,Jgka&g,;iat:::tactkcccga.:2cc tgtg:a 
-:i_ f;5EQ lD NO: 78:5} 
gac;;ikcagatga:eccagtdccttci:acr.;d DlQM:TQSPSTLS fGQGT 
gtctgu1tdgta,~rnagaca:gagt,r;acc:rttc::tl; ASVGDRVTffCR ~:VE,:K 
e-tl{,lccgggcca,gtcagr±gg:attagtggctgg ASQRlSGWLZ<.':NY (SEQ lD 
ttg,q;r:i:tggt:l:tca:gc,.g~,rn,r;cai;1,,3g:M:@g Q:Q:KPGKAPKLLl NO: 
ccr:;;:t1oaa:ci~.ttgatr.;c,:.lbgg,gcatcaatttt H:RA.'5::LESGVSS 61.}:0} 
ag,,3,gagtggggtctcatc.aa.ggiica9,,::gg:;:; fi',:f SGS·GS:GTEfT 
agt;;;:gJ?.:k:tggi;;,m::agaa:ttc.a:cMi;iai::crnt l T!SSLGPDDS.AT 
cagc.agi;;,:;:\g:c:a:g:c:ctga:tga:l!ctgcaadl YYCQLYDDFRTf 
atta:c:tgti::axKi{!:latgatga:ttt:ecg§'1!~>,JtlK: (lQGTKV!:JK 
ggccaag,;igacca&ggtg:QaaJ?.:!i:,;;,a,3i;;g! (SEQ :!D NO: 7§9) 
ai::ggtgg1:.l-gcaci::atctgtdicat1:.tti::ccg:c: 
c:atdgatgB.gcagltgaaare:t<ii;;,aadgcd 
;;:tgttgtgtgc,etgdgal:li!.aac,tlctatccc.ag 
ag,agg,ccaa.igtm:~gtggaag:gtggara.a 
;::,~c,cdcc:aai:t:g,~;9ta.'.3d,1:;t:::c.;.:g,gaga,~t 
(SEQ lD NO: H8j 
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G. SSS.:'h. 'A.[15\/Kl(SEi.:;) !D 
GRfflTRDSA::K NO: 
NTVFU.)U{SlR SIJ2) 

.i>.R{;DL gagcr,ii2;i,::agcl:gg¼!:gag:tcci;;;ggg,;;{a1gg:c EVQL\:'ESGGGL\i' 
V',N QVP-::;!l: S {SEQ !D ·,;ft:f,fff \/STANf t!a:g:tt>:a;:;rccg;J,:;-1\,1\,:g,~.tccctgar:actgre QPGGSl TLSCfa.A Tl':/TV 
(SEO ID GPVl>Vl NO: S(J;fil frr:s:ns DY ctgtg,i::m;;ti::tt't>;;:gatl[:,B(:(;ti,::ag,:;i;a,g;::t:!]!; SGfTfRSY,•tMH ss 
NO: SFI .t.KNTVf {SEQ !D ctgg.a!Qcilczj,;igkcgo~i:oilg:!tcuiggc. 'tA'FtQ'/PGKGF\:' (SEQ lD 
so::n (SEQ lD LQLNSL NO: aa:ggg~,;;c,~:gi>Jtggddca-cgialtaa,caa WlSR:::r•.JNDGS::,S ~-lO: 

NO: R:VEDT :007} IJJatgg:c~:i,;;ta,:JCt':;>~:m;n;itacgoJg:ai:tcc R:YADSVKG=RFft 81:u}: 
$04} AIYYi.:: gtga;zgg>;J:C{;\;!Ctl~tte,::,tea,:,;:e;:;;;~=1ga~:i9 TRDSAKNT\ffLQ 

(SEQ !D q;:ci::aagilcaca,::g,~tgtt,~,:::!u:a:a,::!gaa,~ UlSLR'•JE:.ffA::":{Y 
%0.: agt;::tcBga,J:icg:a,J:gacao;r,:icc.alttBtta CARGDl.. VST ANF 
60B) dgtg,r,aaga:ggagatrta:gtck1at~ggc.ca DYWGR:GTLVTV 

a~ttt~a:ct::ictg~=QQ{;Cg:'d:~ga.acctt~t~- SS -{SE(J tD N{3: 
l<CCgti::tcdc-&g:r9to;im:,;:a1<g@CC@t $09) 
C\]gt~uc,~,;;cctggu~,;;cctc,:.i1~f.:a;2\lag,:;: 
a,i;ctctggggg:,::a,:;;.3:gcgg,cr,ctggg~tg-cc 
l.ggt;:::Elagg11ct'.:!ctt;:::cccgaav:lgtgav;i: 
~tct:eQ (SEQ lD Nf): 808} 

EiVLTQSPGTl..S ElVLTQ QHVDR LA',,VYR IGTS 
l.SPOERATLSC SPG1LS SY QKPGG:: !SEQ ID 
RASCJRVDRSYL LSP-GE (SEO ID APSLU NO: 615) 

TRAPrn QQYEN 
A:C}Rf:iG -SOHGS 
SG.SGT $FtPYT 
[)F:fl.. Ti {SEQ !D 
SGtEPE NO: 

g:rHlS:ttg:tgttgac,g~::gtctcc~g.ge.ae::ct:t ErlL TQS.PGTl:5L fGQi;T 
gtcittgt:;:tr.rngg,:Jg<'iaa:gag,c.caccctctc SPGERATLSCf<;,t,,, K\/E!K 
ctgc21,;J:ggc,;a,;itc;;ig,:;g21g:tlga,;,J:gg21g S-QRVORSYLA\N {SEQ lD 
,:t.icttag[:l:c:',lgtB!::Cgccaa:;;i;;3as:i::i.g:gcc YR:QKPGQAPSl:L r,10: 
ag~1ciccc.agctJ~cf,::att~~:c~:~gacatc:;:: fSG·TSTRAPG·~A:D B2iJ} 
~.{:c_ag,~g:c.e.ct.t~~c.a:t~~ccga~8:~;}i3f.tca R:f~'fiStZ.SGTDfT 
ttggeagfg-ggg-tggg:ae,'lg&,;;tkaclclc:!:: LTlSGLEPEDFA'.J 
ccakiigcgga,;lggagcc::tga.ag.attttg(:,a YYCGt)VENS{;iH 
gfai.::ltt&ctgk;;ig,:a:9.tatg::smrnltt-gcaa GSSPPYTfGQGT 
rntgg8iagtlt:rn:;r.ccr:gta[~cttttgg,r.,ci<g KVfJK (Sf.Q ;:e, 
ggg:accaagg:tgg.oig,atw1Ie,c.gt,3cg;_;,!g NO: 8'19} 
,;i;:,-tg;,;acc;;;t,;t_g,kcitMkt~c,;;c,;i:::;r;13t(J9 
«t{Jag,~"1gtig,.:,aalctggMdg,eetdgrtgi 
gt.;lc<:tgi:{?;:;aia;:,,;;ttr.:t;,;lc,;;c.igagagg 
c@,&a~;itaca~;:_.tgga::sggt;;i.,;,at:mt-gtcd 
,:c21,;;it:::gg!,ltaa[t1::cc3gg.ig.aglr,itca,::a 
g.ag;:::agga;;,agca,::;;gg.ac::ag,c.ac,~ta:cil,:;i 

A.':.<V'V:RCfl<.PG{J:A. :RA.TlSC· tiCl:. S. (SE.Q 
s·tJ-J: !DNO: 

814) DfAVYYlg1?) 
r i'-,EQ 
[o't~!O: 
6HJ) 
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\i~'JP:Gt3·S.tRLSCISGGK'.;/ 1s►-l./ i)fttPGO 
(SEQ 10 GLV'NV jNO: 825} 
N{}:: SR 
&21} (SEQ iD 

NO: 
824) 

rnaMTO aovsNY LNWYO IDAS 
C-: ·~:,;:- C· •'-!:"· -,,. r'!, ,.,~ ~..;-., .. ~ lC--~.P-~ ..;;,-. L.-:, \..::_e ... I:.. Qr,J''-"!'>, ;, . ..iEQ ID 
A:S\/G.[} no: A.PKUJ NO: 83:5} 
RVT!TC B:'..B} Y (SEQ 
OAS 10NC: 
{;SEQ iD 
NO: 
§;}2) 

834} 

''f'G[}'tR: 
GNAFD 

AKNTLV M {SECl 
lQMNS IDNO: 
lRGED R:17) 
TAVY\'C 
(SEG1 ,iD 
NO: 
62f:) 

KLETGV QQUiT 
PSRFS (SEQ!D 
GHQSG NO: 
TDYTFf e;:rn 
!SSLClP 
EDF.ATV 
FC 
(SEQ ID 
NO.:. 
B:3:5} 

FIG. 12 (continued) 

ga,ggt11ca-gdg:gtggagt;:,cgg,gg,gflang EVQl\iESGGKVV 't-lGLGT 
:;tcgti~g,:;;;;,ggggg,Jgtcc<.::tgagfl:s:ktc Q:POGSlRLSCA,&.. MVlVS 
ctgtgcage~tct-;9.attc;acctl~gtagttcct S G.fTfSS5l'WMH S (SEO 
ggatg,c;;,1:r;tg,;;:gtccgcca;;,ge.tcca,;i,Jgc WVRQAPGQ,GLV :,D NO: 
r.g,~ggctg:gtgigg:,;itck0,::,;;it;,;tta.acagt lN\/SR!NSA~},SSK S3fi} 
go::-lgggB.gtagca .. aa:go::tm::gcg,g,1.clcc S'!..a.DSVKGR.Fr:l 
g1g,aa,~,ggcc,,;m:ttr.:ace::3t,:;tr.:cagag::3ca SRDNAKN,TLYlQ 
:3,:;gccaagzi:3,cacg.::tgtatc:li,;,!C.a.3:atg:aa MN:SLRGEDTAVY 
::::agktg:ag::;g,;i:cg,:3g,;i:acacg,;;1d~!:gt~ti VCAR Dr.DY GOY 
;adgt-;r.:aaglltg:catr.,~g:13:ctf8cggtgBct~c RGNAfDM\NGLG 
;ag,:3ggg:ai1cg,cttttga;:atgtgg:gg:ccrai.,g TMVTVS.5 {SECl 
ga,i:,2,atgg:tcllt,i::ei.,i.:di::ttc8gI>;;Jti.::,~<ll:tei. H) NO: 829') 
ag,;igtccatcggtcttccccctggc;accctcd 
r:c:aaga:gearct,tggggg,c.a:i;:;ag=~:gt:cc. 
!gggdgcct•;:igt;,;aa:ggBc:1:-:;cfu:cccgB:a 
~ct~t{SEQ j[;: NtJ: .s.2a·· 
gs-ca:tcca,;;i:at•~;?,IIXCa,;tct::::catcct(:;(;d: D!QM:TQSPS.SL.S FGGGT 
gl::::tgcat,::tgtggg:3,g,3,c:a:ga,;;itcaccatc;;1 A.SVGDRVTffCGI K.VE!l!i: 
cUgccaggcgagtc13:g,;;1a,::att-:;.g,,:m.'lcmt A.SQDlSNYU,.f\"lY {SEQ lD 
tt3:aattg::;ifa,tcm;ic~:asm::i::s:gggm.'lag O·QKPGKA.PKU.J NO: 
:::i.::ectaa.g,..:tcct~;:,:t-i:rai.::g:a!gcatcca,:i:13!t YDA.SKlETGVPS a,K:J 
1gg:a:aaca-gg£,gkccakaag:gttca:gzjg: RFSG R:QSGTD\:'T 
;,jf!::J&C,lSk~g:>Jatagllttatattti:c::.lCC,::it FH3SLO:PEDF/l:.T 
e,llgcrig,cctg,c,;;:g,~c1:gsB;Q.Jti:ttgcaacst YFCQ·QL,HTfGG 
attlcl-Jtcsawg,c-lttafacfilc.gg,tgg,agg GTKVE!K (SEO m 
,gs.;::•t~:a.,ggt~~;sa=-~~~caa::;:ttgtac=-~g~=-~g=-:t NO::: 832-} 
gcaccs!t:tgtctti;.ati:::tlc~,cgccatczg,i:l1g 
ag-ca,Jtlgaoo:tdgg&ac1:gt:cMgttgig!g 
cctgctgaB:!aac,ttd-'.:ltc,::1;;:i1gagagg,cca 
;aag:tarn:gtgg3a1Jg1f,;igataacg,ecct,::ra 
;at;:g.g,gt:aact,;::e,eag,ga,£!ll!Q:tgkai.::a.g,ai. 
e {SEQ- !D NCt 83ffl. 
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0${3AE l'tG 
i-:r-..:-"'l;~;:_,,. \_..:, ~ .!;_} 

.ASLKVS NO: 
CKAS 8:43! 

"'". , . ...,,.,.., ... -, l"'-'En. 1r• 

'TYN:GYTNVAQRl{SEQ :iD , 
LQGRVTMTTD"T NO: 
STGTA.YLELRS !342) 
L T'YDDTAVYYC 
AR {SEC! fD NO:. 
&11} 

).:\PGQi3 
U:'ti'MG INO: ti4S}: 
'l'{ (SEQ 
mNO: 
844) 

c:aggtgc;;;gctggtgc.agtdgg.ig,ctgagg,l Q·\,'(lL':/{lS.GA.EVK W'G(lG 
LQG:fi':V' '\"GDYR ga,agag:gcctggg,gcc.tcactga:agg~tcc RPGA:SLKVSCKA TMVTV 
TMTTDT GD;:11;,FD! lgca:i;3ggr;ctz!g:~itta:c:~;gcttt."!C:l'.:i;3CCt!'.3C SiGYSfTTYGffW ss 
STGT AY {SEQ lD Ql;!',l<-'3iC>~{;.Ctg,~glgc:g:13,::;aggc:c.r;ctooa ':/fi:QA:PGQ-GU:.'N (SEQ H) 
LEL:RSL N{'J: ,::zag,~:g:r:tt:;i.agtgga!gg!;;;a\,;;;:gatrngc~ MGWlSTYNGYTN NO: 
TYDDT t,;, IJ.41'.i ctt.acm:1:tgg:tta,~caaa;::ll,fzjc::;i!::i2gaga ''{ft.G;,RtQGRVTM 65{l} 
VYYC ctc,c.agggca:gagtcae.c:af.l;ifll:Cm:;a:g.a,c TTDTSTGT,t,,YLEL 
(SEQ lD <1t.atccaclg:g:ga,cage.ctacttg:gi:.gctga RSLTYDDTAVYY 
NO: ggagceigacrnai>Jacgawcg:gccg:t:::'t~ C:ARRGDYGD'{ii 
84:6) t!'3ttQ:tgcg,a,;p1c:~,1gm;igt1c.tac<;mtgact GDA.FDi'l>iGOGT 

.:1ccg9ggtga\g:,;:.:itttI}l3:l.:itci~gg:>;1•CC..:!l3: MVTVS.$ {SEGl fl} 

gggi.:lcaatggkaccgtdcttrag,:;gft-gl:lc NC\: M£!} 
c::m&gg:g:i::cc.alcggtcttceccctggc:acc:::1 
,:,ctccaa(,;;:a;;i:cacctf:!:gggg:gca,:::ag:cgg, 
,:::;:dg§gd,;rcd,;;;i;;,ti:,za§gacl~i:::tk ,:::,:::c 
::iaccM {:S.EQ ID NO: MS} 

D<:.·:.·'<•~rr:,,;'P"'""l l,.'jQ•n-r',IQ',.,.''···•,;'M l •... ❖;~.·,v,<.•,,, fY'l"<-': ,(•~EQ) .,,,: E7V····.:- ....... ,<"'<'•i'fT > . ...,.t½,! t~,J ~::-~---· . i/ ..a.:1¥!, ~ ~ L.> i",J~~ ~-❖ ¾'9 l ~- .~ :i:~.:.:- ·1;.._i: M•,:.... :~ •...,7.",; ,.~-~\: ,. 

SP:S-$iLS Y {SEQ t,)·KPG!{ lD NO: PSRfS (SEQ lD 
CQASQDVSNY!.IASVGD !D NO: A.PKlU 855) GTGSG NO: 

ga:c<1tccagatga,:;ccagl:-::.t,:catcctct.d DiQMH.l'SPSSlS FGPGT 
gtcigc.al,tgifl:@gcgaci:gaglcac,;i:.:tca ASVGD::"{VTffC:·Q KVCJ:lK 
,:'tfgi::,:,:3ggi:9agt,:agg:30::g,!ta,;c.::!ia:Ctat ASQCf1:/S.NYLN:'~V (SEQ: lD 
t,;a,aattg,gtakagrngaaacca:-;.tl•J@@l?,g YO,)KPGKA.PKll NO: 
c~.(::Ctaa,::::i:t:ectg:::3tc:i,3cg,atat-::3t>.:,t-l3::i!ttt !YGTSNtETGVP:5. c:f:ifi:1 
g~al:;;ac::~g:gg:gtcee,.at:e ... 5l~g:gtf.e~"3gtg:g.a R:FSG:TGS-G TDFT 
adg,;;;at,:lm:,;;_iac,:3:gatttt,3.drtca,:c13:t,:a fTlSStQPEDVAT 
gcagc,~tgc:2:gectgal.~Ql3:tg:!tg,cB,acatat YfCQ-0,V:FTfGPG 
tktg,k-2:ac@gi)ttttcacittcg:!]lt..:r.:,tgg,;;ia TKVD!K (SEO 1D 
crn,aag:tr,igat~u:a.aacgt;J:cggtggc~c NC<: £!5£1} 
aco;i;tclgtcttca:lcttcccgc,cructgatgag 
ragtlg,0a<?idggaad,;icctctgttgtgtg,cc 
tgctg:l3:@!l3:adtctatcccaga!]laggt:,i::,aaa 
gl*c:agtgg,aa,,;;:gtgg;&tat'!cgcct:tcc:2:al: 
.:,g:ggh?.1acktcagg,i.gagzjkae;;;ga,Jt. 

T~.-. .:,~./PSRFSGT··(:·';l{SEC~ :l:D 
SSTOfTFTi:SSl NO: 
QPEDVft,iYFCQ 852) 
G(SEQ10NO: 

853} Y (SEQ TDFffT 657} 
mNo: issu:;;;p 
8541 EDVATY 

FC 
(SEQ !D 
NO: 
85:6) 
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!D NO: GlE',NV 
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NY 

ss 
(SEQID 
t..;c~: 
C:fr~} 

Fil>:WVG 
QKPGQ 
P:PKMU 

.,,,~,-. 'D 1·,., '"E,.._ t..::·t: . .__. t ll ~,,is l;.:..! 

NO: ,:DNG: 
673) S74} 

fSEO lD 
NO:MSl 

._l'?AS 
{5-EQ tD 
N·O: -815) 

gaggtg[;:,gctg1Jt:;l\;l81(J!CP~:ggg{l81g',lC 
"/KGRF RDGDN rtggt,;,::;;;::g,::,~tg,Jggg,;ilccctgzi1iao::tgk KP,],GS•l:R:l..9.2:.::l,.t,. MVTVS 
TlSRDN DV.'DSV ttgtg•cago:::icigg81rtc:at81t:wg,igact.ai81 SGF!fS[n'Hl.l:N:W $ (SEQ 
AK:KSLY DJ,Tf'N cc:atg:;,:@ffg:ggtccgtc81ggi:i.tcm;.1gg8::,,, VRQVPGKGLEV:f ::D NO: 
lQt"1J-::N: t3YG\?F 9~~Jt:c:tfJQ~fJtg.-J-gl..::tc.::s:ag~;1:tt.a~ft;2~t~.a \-'SS~SSYS·GF{f{'i 87H) 
lRA1::[il" DT 
.A.V\'\'C: 
(S:EG ji) 
NO: 
8%) 

{S:EJJ }D 
MCJ: 
.8-f]?J 

:t{~,~G I{)~)_~. "'+(Rj 
··,.PURf PC!: .-.,.,.~,.,.~ 1•~·-,--. 'D ~0 .:.--. ..:.2=~ t.:."!t:::-.~ ~ . 
GTDfTt NO: 
T::ssto· 8.77J 
t:,ED\/A 
\?YVC 
(SEQlD 
NG: 
67:5) 

e:l:tQ1:g9tt:a;catatf1:~J;J;C;;J(;~.gack.:t1gt~:::'a _/),QS\:'KG·RfTL5R 
agggccgcttcl:3CCCfflst:WJ'3,f;!81Ci:3'3,C{lC, DNfo.KKSLYU]MM 
r,;::;agaa,;;tcai::t(.ltais:t,;ic::::aai,;iaa,:z.:sc t{i.R.AEDTAVVYC 
c.tgagag,;;,::;g:3.gg,li'C:3.<::9g,::;t,;;tctatl:a.ctg /;,l([)RVRDGDND 
tgc9maagara9ggtgcga{l81tg,;:cgacal.'l \~DS '/DA.TY'i-\'G'Y 
~g:~t1:g9i3:0ttca:-Jtg·g:::.:::::g~cact.:;::::t:,1g9g &\':F:c.rrsGs;)GJ:~{'1 
gtt;;;c>,Kl!:.J!itt!g;;;mcs1t:ggg,,:;caa\)gga VTVSS (SEO =D 
caat',l{ltCaGt\i<C:tt-'tt<;ai,icgt,:;gaccclilg: NO: f6S} 
m;;,ccc akm;;tdt,:t:,i:,,:;,:;,i\ig'cm::,,:;,:;kck:c 
@a{,ag,:;:iici:Jctggg,;i-,:;ca,:a-;icg'g•::e:,: 1,;1 
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c:atm1ctgg,;ic-aMa{,:,c;;igga1:1tccgg'!:!g 
kcct9a,:;;::,~:<.-ttcag!;,;,:gcag,;:;:gggt>:¼:lgg 
ai:a,;;i,11,ttt,:;actctc:accasc;;9cavrctgca 
gg·ctg<a1agatgtggc,@gtttmtzl,ctgtc0gca 
&ctitlat=2gaattcctca'f<.at.:~tt;.z9gcc-2.ag: 
gg,mcc:aag,;itgga:1:1-atsa,3,:3,cgtacggtgg 
r~gcac:c:aicigtcW.:,;;Jctto::ccg;::,:z,ld:,:a~ 
~:a-ge:a~f.:gaaatttg~;.:Bat::t~cc~ctgttt~t-g:t 
g,~et,;icigm:ii;Jae:i!:ct..itc·:::<::.ag,agag,gcc 
aaa,;:'1:ac.a,;:tggai:.ggtggm,'.:l':.l-cgc,;;d.:e 
aatcg9:;itaacke,ei1gg,ag<'>gt>;itc.::ica;ga 
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DHJMTQ QDMSN 
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GLlV•.l\? 
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KNlUJL {SEQ ID 
HMSNL NO: 
RVEDS f8J} 
A.LYFC 
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FIG. 12 (continued) 

gag,gtg,cll.•gct,ggt.gg.3,gtcq;i;,ggg~ggc 
ll<:>g:!ka'.;.ccg,ggg,ggg:kct'!,;.agact,:;k G!PGGSLRLSCAA TMVT':/ 
,;:tytgc,:;,gcctc¾J;gatictce'ilc:agta:;;itltc1 SGFSfSSFV\!MH SS 
g,;p,tgcaclggg):{;cg~cllag:ttcc&>;:iggaa VtVRQVPGKGLL (SEQ iD 
g,;.g,adgci.gtg,;_rgk§{;m:,;ita!i;;a:ataa e:g W\f ARlNNDGTFT NO: 
atg:ggacmca,~63:C:1:!i'>cg:r;ggadctgtg Tr ft.DSVKGRFTl 5 8$[)} 
aag,g,Jco:::;.;iattcacccatci::::eag:3.gacam::; RDNAKNTLNlHM 
gcrnagaa:tacgdga,;:;tctgcacatga:i;ica SNlRVEDSAL 'ff 
sit,;tcsigagtcgiggattcg:gctctgtattt::r;tgt (."m;DND YGDY R 
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.itg:ittatcttctggatt.cacctt~gt:gm::;taia SGfTFSDYTMN S {.SEQ 
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affi:~,::;if!ggcatctacccg,gg,~afocg,,:l-g(,lt RES·GV:i="DR.f:S.GS 
i::i.:ctgac::c-;;;trtc~i@tg,;_1ca!;ic:~rngtctgg:g:a GSGTDFH. HS:GL 
cg-gsttlca,;:;:gdrac~te.agcgg,;:;ctg.::,ag Q:AEDV A'-/Y'<.tCQ 
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.i,:::e.aag:gtggi.:is,al(.;~':la2:c:gt:-2J:cggtgg:::-tg NO: :919:} 
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ES?.~P·G ISS{::'·{ 
SVSGD. ·:;_-·,,j·T·CSS l\:':,(FSE l{SEQ tD 
CY'#i:WV::RQPP TL5L TC NO: 
GKGlE\1\/IGSt,,W· SVS l123l 
YSGRTNYN:PSL (SEQ ID 
r;:SRVTl:SVDTSK NO: 

822i 

',NCNl.!R MYYSG:R NYN:PSL ARLFGE i::iig,:::!gca-g,ctgca,;;igagkg,g,;;iet:eagga Q-LQ:U)ESGPGLV 
1)PPGK T {Sf;) H} KSRVT! l:Vi:;YQ dggtg,a;agi::ct!cggag,accdgi:ccctc;.:ii: KPSETLSL TCSV 

GL:.EVVlG NO: 925) SVDT.• :S,.K .AF.DV ~,tgc.agtj. ::;i•.:.t:ti:tg. g!ga·e.·k.cl'l.tt;,c····t!,J.ta,;ita .SGU.SITCS·S·,CYW Is·· {S·,. EQ-
S (SEQ SQVS!..K {SEQ ID :r,ittg,ctac!ggggctggi;at.::.cg,::;;;:,~g;;:cuca G'i'.'/RQPPG::-(GlE :D NO: 
,:D NO: LRSVT:A NO: :ggg:1.'la:gg~ctggagtggattg,;itl:d;atgtai 1N:,GSMYYSGRTN £<?,l)_i 
824} ADA.il,"/ 927} t:3c:~tgg9agn;ac,::13,a;:cfa:c:8a~ccgkcc YNPSLKSR',JTtS\/ 

YVC 1caw;;,a,;;iti::g1agka,:::c~ta:t:::i::{ltagat:a<:: DTS~;SQVSLKtR 
(SEl) ![! gt,::,::;.a;.:ig,agcc~ggtgtcc,:tgaagt!gt:,;ict SVTAA:DAAVYYC 
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ciii;rntla1gtcttcgg.1.mct>;;ig~acc•:,;aggtcci Vl {SEQ tD NO: 
ccg:tcctagg:tt;.a:r,icccaf!g§lc<::.a•r,,cci::rn 9::J.9) 
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TLSlTC NO: 
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SLKMS NO: 
SVTG.~ l::-47) 
DTfi.SYf 
CfSEQ 
HJNO: 
Mfl 

i::i1ggl:gcagctg;;:,3:ggag1i::,Jg,g,;;;ci::i1-gga Cl'\iC.\LQ·ESGPG:LV 't'lGQ·G 
~'iggtg-i,e1,gcc--ttc.ac@gaccf.tgt.:,cck.a>::; KPSQT!..SL TC SV TTVTV 
dgctcta1ctctgg!:gactccakaa;:.agtg;;:it Sl.3D".SINSGGf:SW ss 
ggtttct,;ilgg,;;i;,;ctggu1c,;,gcwg:c<1ccca l"l'>'iRQHPGKGtE (SEO lD 
gggzi:a:gg-g,:;:i~;,ig,a{,t-ggatlg,;tl:i::i::zitct,:} W!GSISYN:GK!Of NO: 
!atimim;icaa~attcBP-itt~B.3:CC!':gtcCctc NPSU.:.SRl£iMSV ~i:S.D} 
ar~ga:gl,:gg;:t:;;tccr-rtg!::}@gt:gg:i'lCB:Cg:!:t:; [1TSKN QFSLJ;;Ms 
s:~0=9:s-10.c:c<1:gttct;;:.;:ccigr.t:0:aatga:gctc.a S'\fTGAD:f ..4~.,/YF C 
g&3Mt:gg:cgi;:;i1-ga:!::ll-cggccgtfu?.:cltll;g:l A.RELGDYPYYVA 
g,:::g&gaga,'.:lcttgg:cga,ct«tc;;;clu~,'.:lcta MD\<'WGOGTTVT 
~ca.atgg?l<:gb::tgg~~ce.~g:~~:a:c:t:a<: \/S:S {SEC~ tO- NO: 
ggtc.accgtctcctcago;-;l!::.g.i:cca,:1ggg~ 94Sf:, 
~,c::z:ti.:991:cttccccctgg:cui.:cc.tcctcca:;;,g 
a~;,icaczJdg:gggg,:~cag,r;ggc;:,cf:9ggct 
gci;:,tggtc.iwoor;c!acttcccc.,,-;-aacctgt~ 
@:~ fSEQ lD NO: !:}46) 

AAS {SEQISLQTG :QQ\iffF gac~1-t1:.-r;:,';!,~:ai.gf:lcc-cagktcwb:jiutg DJQMTQSPSFLS fGOGT 
HJ t:,,O VPS:RfS PR'f !ctgi::&l{:tglggg:.sgm::aga:gtcacci3::1:t:ac ASVGDRV1TfCR i,;i/E;:K 
9;55) GGG:St; ·(SE:Q HD ;;tgetg~g:e:tagt,ca~;ggt;;;a;ttrct:agtttttta j~SQ:Gtl!..SFL~/:y\t'{ (SE(J ID 

TEFTL T:, NO: gc,:::.-tggt.;3tca.i:ca,imagcc;agg~agag:~c Q:Q~~PG.fU-,PNllV t-,Ct 
NS:l..OP '957} cct;,:3r;ct<::,clg,gtclat9d:gr;g:tcc~t:i~:ca YAJ!..S:SLQTGVPS %D} 
EDfATi 
'-""' P..-

(SEQj[I 
N~): 
95:&.l 

FIG. 12 ( continued) 

aac!:ggg-gtccrotca:13gg!reagcg;gcggt R:FSGG-GSGTE'FT 
-'iilgrifotg,,:::ga~:;,cgag:ti.-cadctJ.::.ac:,,ak;;.e1, LTlNSLCl:PEOFAT 
r,i<gc.:!acagcctgaagattt!f,lccactt::z:tta YYCQQVffF?RT 
c.tg!.caa:c0:ggi;catt .. -ctttr;cf.'.1,cggacgttc FGQG rn:✓E ti{ 
ggcc&a:~gg13CC.:!ll\;l<;;:t,;ig,aaB:\c.aa:a,::~t (SEQ JD NO: 959} 
@,cggi;ggc!g,cacc.,t:::lgt<:ttcmcttc,~cg,c 
;::;:;tdg;:;tg;:;g;&a;!,_ltl:9'3<1:t'iktg~:13:3:i::;i:4!CCt 
~1gitgtgt-Jcctgdgaafaa~--ttdatcccag 
agar,ig;:::waagt&;:::a,;itggaag';,tgija@a 
c,9:cccicc.e1a!.-cg9::g:ta..ict;cc<1~g.i:ga,Jt 
gu:,:a-c@Jll3gt:.:a~:ga:ca,;i{:?.l&Q!::;iar.:agca1;; 
cf21c<1gcd,~agcagcaccd:gacgci.gi:::g,c 
:2aag-::;:ag:13.;:t~t:g:agn:aa {SEC~ lD 
r:-l:o: ~ss) 
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ESGPG 1sssYY li::iPPGK. IT rsE:;:~ 10 IKR:RvT:, IGELDV 
A,.<c•r-,s·<,:•u:Rs/~ 1, -:,«·p•=·E i·>=·:=n 1::-•, r•L,:::x,-1r •,w·,- g·~,,,_, C·\1«T<'·:= ,..,.•,c·c,1.t ,.,,:J•',-,j._"".:.J~:<-:• • . ,._,_._ l..,.,,., .:.J, l,;-_:._, ___ . ._, ,::,. C.-f~--~~ )'❖'--'- ~--·-J ,:.}V•;,,.f •:.>.L.. $ ,.,i..:.:,, •)"y 

TLSUC INO: 
n.,.,,.c,•:,,-.:, E"""G"'~ _,,,t,-:c ~,,.,.,.j_ r.,_.,;;,~,,.~.~ .-t-.., ~~=> ,""'>:..,. ~-( .,,,.,:,u,,,;, 

M'l"YSG-'ST-t'{SP (SEQ ID 
SU(HRVTlSVDT NO: 
SENHfSLl\LTS 9;52) 
VT.4. ... t..DT P,\r~~'';{C 

Qt'VLT·QSPSAS IOl\tLTC~ ISG::<ss 

Gt.SEC, 
:,ONO: 
96-4) 

;::A)t,tH)( 

"-•"'-'·F"'' 'K,•-c--•·· 'In ~ -4:; ,: .. ...::, .. _. ·t-J·t:·tJ · ::;_._ 

LTS\/TA NO: 
ACTAVV %7} 
·,··c 
(SEQ!O 
t.,(.,_ 

%l:l) 

VNXDGS IYKEDGl ICffWGT 
t-.SLGTS\:'KLTC lsp:;:,,t..S.AISP <:K~:PEK H tsEo m PDRfS o::<:,av 
TLSSGXSSSPlA. SL:G-~1"-SV (S_·BJ ID G_~PRFL NO: S7S} G-~"Kc.,L-_. :.S_E_ -Q hJ 
lNl--f>::aoPEl(GP KLTCTL NO: MK SERYL T N-0: 

Tt:SNLQSED:EA. 
DYVCQTV'l"GTD 
:X{SEQfDNO: 

~72) 

9"l3.l ('SEQ ~D ~SNLQS ·g.?J}: 
NO.: 
974) 

EDEAD 
YYC 
(SEQ tD 
NO: 
ff?&~ 

FIG. 12 (continued) 

r.:i-gt!gca~}ct-gt~g-g~gteggg,ez,:;;ig:g;a 
i::lggib)-aa1icc lltilgai,:lll>::t d:;itcc,:;:ii:.::ic 
c.tgcgt:tgtcict,;.;:gg~:gctr;wtg.~:.Jga:gt.:=t S-G:G s~~1RSSS\'""':{ SS 
gk1-g;t:;;3cta;;::!ggg::;ictm~~!,:;:;:::;icca,;iccc 'NGW"!RQPPGKG (Sf.Q lD 
r.:cagggao1gm}adggag1g::;:,mtggg-ggt LEV:flGGMYYSGS NO: 
ai>;}tilitllta:;itgg~,;,g:ci.cc!actaf.:.z;g:c,:;:;; TYYSPSLKRRVTI rm:)} 
g::::::eeti::B.agi-ggi:g.ag:tcacr:at.at,:::r.:gta SVDTS!:J!Hf SLK 
:;!flt:ac\]tf.:,:;g;1gal1c:rndtctccci.:;i:aa\]tl: LT:S\rTAA.DTAVY 
gacctdgtg:acr.:g-tc,gc@gar.:,3-cggctgt~t YC.t.H.R.WFGELD 
aF:i.llCtgl;;_;;cg:13gai:,~a!g\]i!,:;m:;;,g,;}B:g:i::ra YYG:SDV'NG:JGT 
gat:t:3da{:ggtto~ga,i:gtetggggu;aag T:\<TVSS (S:EG ID 
:;,gaceB:cg,:;,kac1::Qtd<:dcB:';Jr->,1tcg,::ic NC'.<: Ii69l 
i::Bcag:-:;i-g;::1:,;::i3tcg9tctt,:,i::r,i::i::tg!;ic;a-c,:: ,:t 
z,ekr.:aag:agcacdrJ',!gggg;:,::ic&g,c.-;ig 
c.cd,:;ig,gdgc;::t,;i:gkrn3gg.3_-ctacitcc,::;:: 
.:sailtct-Qt {SEC~ i:D NC~: ~168) 
ca§ctlg:!gct~,i1ctc:a;13tcg,ci::ctctgcctctg Q-lVl TQSP:S:C:S,ti-, FGGGT 
r.:ctci::clgg,:;;i;i:ac.c.i,::ggtci;iagctca,cdgc SLGTSVKL TCTL:S i''<'.L T':ll 
B,ctclg11-g,::BgcgiJg::i:a:c:agr:Bg,:'ti::cccc SGXSSSPIAWHX (_SEQ lD 
atcg,r,3tggc~tcn,;;tcagc;:_,:gc.,c.g,Jag-aag Q:DPEl</:i,PRfLM NO: 
g~;_i:ccctq;:gtlc:ttgatg:;a:aggtlioaca:ntg:s;:t KVNX,i)GS.HYK:ED 8,9:fi; 
ggca;;itr.:ai::t:;,caaag.agg a~gg.,1:ci::d G-::PDHf SGSXSG 
gatcgc:tictc:gggd:,:;:ro:ag!dgg::;;Jtdg:13{1 SER YtTtSN:LC"J:SE 
~:gc:ti.,cctc.ac:i::::,tctct;8J:(,CtJX::3gtccg:a DI:A:G"\'YCQTWG­
@gatgagg:dg:attat!:ac:i~ka~;_i:llcc:zjgg TDXQVFGGGT!<:l 
gwctg&cr.:ttcag,gtatle>Jgq;_i,Jagggac T':/l :(SEQ fD NO: 
cms-gc:tgac,::gti::ct{mgtca,:;icce®@J::::t B78) 
;JCC.:Cccfo~"9.kcid:Clgltcf,qj'Cl:cl.Cg&Qi 
gaggagdtc;;:,:;;gr;::e,:;i:;;;;c:a:agflCC'>lC:BCtg 
gtgtgtct>~8t"3:&gtgw.:ttct:t::cccggga1;;:cc 
@tgacllgtggc:d:;ig:;m-g:g[:aga:!:ag[:Bgt· 
e:e~~f.t.aii {5:EQ ~D NCt ::E7S} 
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QSP:GK IT {SEQ fD I f{SHV!lS i,,':.,LVSVD 
::..VKPSE l(SEQ ID 

NO: 
..,., ,,,. 1,~,>:'>\ 
~ :.:..::. ::,-.J.,,;,.Jj.: 

{SEC~ r□: 

NO: 
SttiJ 

Gl:E~-,..nG.jN:O: 9:8.S) 
Y(SEQ 
i:DMO: 
'984} 

S.YEl TQ IN1GSK:3 l\':Q''lfYQ IYN:R 
:;::.«-,,◊.,,.,,~.•,, 1·,;•Er', i'D c,«·i:c,.G·r·, .,·.,;::E(:S 1:n 
, ·f""-.-_t -.: ·--~ V ,_,:.:,. ""'(. •· ~,•-..::- ,.,,,;, S~--• ~ -L.( 

APGKf !NO: 
993i 

~:f'ft2) 

AF<VLV,: jNO: 99:5} 
Y(SEQ 
!:DNO: 
'9t~4) 

VDTSK 'ti'YYV 
NQ:F:S·l f.1.!tD\-1 
NLSS\/S {SE{) fD 
AADTAVNO: 
YYC :S'B?J 
(SEQ!D 
N(}-: 

98&) 

DRP:SGIQVWDR 
PERfS H!DPH 
:GSNS>:'.; (SEQ lD 
NT.A.TL 'f NO: 
!SRVEA 997} 
GDE,A.D 
YYC: 
(SECIID 
NO: 
9%; 

FIG. 12 (continued) 

c.aggtgcagctgca:g,gcagtcgcgtccagga 
r,-tggtg-l::3.ag;ccttcgg1:1.::;i-l::3ce.ctgt,:cdc3ig KPSETLSLSC Tv TTVTV 
ctgc0.dgtc:t1;.tg,;ircJgctcce1s:tg1:1:gZ3.agtta SGGSMR:SYYWS SS 
ctac!:gg,1s.g,;;tggatccggr.;agtccc!::Z3.@& W!ROS.?G:i{GlE (SEQ JD 
B.a~ggadgg~gi.:-;igattg,;;d~tgkta!tat '#!GYVYYSGGTE W): 
agtgg:ggi:gi.:accgi:l,,;itai.:ai;,e.(::Cdf::c:etca YNPSLKSRVHSV 9I}B} 
a<;:1:agtcg,&,;it::.al:c.etatf:,'.:lgt;i:gacac:gtf::c. DTSi<.J--'lQFSLMLS 
aaga:aci;,2:gtt:::,i:;;cctg;,,a:e.ci:gagf::tct:gt SVSAA.DTA\/'f'YC 
gagcgc1g;.;ggi:;,,::.-..:,;c;gg;;;cgttt'.:lttact:gtg ARG\!S . .A.LVSVDY 
c~:illgaggg;gtatcagctr;ttgtttco,;itg;gact YYY\'MD\/'NGKG 
a.ciadf!ctac1,w0tg;gacgtctgg:gg~,.:m TTVTVSS {':i-EQ 
g9g.acmcggtcoecgtet:;cte:,~gcgtr,~,a iD NO.: 9B=9 ;i 
co::i:2:,;:mgcccatc.ggtc!:8rccc,i:tggcm: ci: 
tc,~.tc,:;.aB:ga.gc,B:c.t:ictg,gggg,::arii!grgg 
cc:dgggd,,J:cdggtciilai:;;:gaclacttr.,ccc 
aa:ac (SEQ !:D M(} Jf8:i 
toitalgagct,;im:acagcc,<1wctcagJgtc SYEL TQPPS\:'SV F'GTGT 
a,;itg,;i,cccrn,g:gi,~0.agacggcrn:ts0ttJ.1:c .t.:PGKTAHTC,GG~,i E'./'i\il 
e1gtggggg,8m,ac.aar;attgg,r,.agraagagt NJGS,KSVQ:WY<1R (SEQ lD 
gigc~!j.:gg,tatrag~gm~gc.r.ag,gcrag KPGQAF'VLV!YY NO: 
gcccci.gtgllggkakfa!!',ai.aam,gggacc N:RDRPS:GlPERf W@) 
ggcccte.agg,;a!ccdgagcgalt,:1ct~d :SGSNSGNTATL Tl 
c<:aact~tgg@~acat:g.gt:e,3:~:r::r:~:g~c<:at s:R:\lEA..GOE.A[f'(":{ 
c1:1grng,l;;lgtcga:gg,ccg:;,iggi.tgi.g~lcc:g CQVWDRN!DPHF 
ac:tatt .. dgtcag::gtg:tg,,;i:gataggau:attg GT GTEVT:/L 
;,,tc:ccrndt:cg:gaac1g:gg:<1CC:'9flg,,;itc:,'.3C (SEQ !D NO: 9'f~9} 
c,;;tccbggt.rag,cr:ce.%:ggcco,%ccrc:;,:d 
gtcaz:tdgttcc~ccere,g&gtgai;;,gagc:tt 
caa,;;:cc:.m,c,i3il!>;l·,;;,c:,~;::actg,;itgtg:tc:tr;a 
!;aa:~tgB::::t!ctar.:ccg,g:g,agc:r.,gtg,a:::a:gtg 
t1i::dgga:1:1g:~cagat:lg:cag,cc c:c:gtc:aB:g 

c:ciqm,<:ittig f"',EQ lD MC,: 9,%) 
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Q\lQLC~ES:GPG l(t:/:QLC!: 
lVKPSETlSL TC :ESGPG YY 

l\!KPSE {SEG; ID 
Tl.SLTC NO: 
TV.$ HJQ3} 
{SEQ lD 
NO 
JG02) 

y· {S:E(:J: 
::Df>W: 
1:0N) 

10.05) 

S'fELTQPPSVS- SVELTQ N!:GS=KS VH'h_Y_Cl IHNN 
LAPGKT.ts.rrn:G PPS\/SL /SEQ tD QKPGO {SEO ID 
GNN1:GSKSVH::N ,t..PG:KT NO: ti,PVL\/:: NO: ·m·,,5) 
YOQ!{PGQAPV ATITCG l0:1'.3; Y (.SEQ 
lVfYHNNNRPT GN !:D MO: 
c<·p•-·o:c::;:c,-•,··,·," 1 ··,·E·-, 'D ~.:n:. :t; Pi,-.:;,_ ~""=•,..:~:~•.;:,,_i; ~.-~· \~ i 

GNT.A TL TISRAA NO 
Wl4) 

·1012} 

E"c'NSSL .ARt..VST caggtgcagctge::13:g,;_,0,g1cgg:gci::ci3gg1i Q\1QLQESGPGLV WGKG 
KS:RVTl U/S\/OY ctggtg.;aafl<:dti::-.g-ga•,;;:a{:cctg!;;:;cd,;:,:3c KPSETLSL T CT•/S TTVT1/ 

5V:DTSK YFVVlD ctgcactgtctrct:g,gl:ggdcca:i\:::agmdhact G(I5!5TYY\-\t'T\i\/l SS 
NQfSLK V (SEQ .ict:gg..,cctg:gatcoJa,~.;gtccu;,;1:gg,g.i RQSPGKGlE\~-l!G (SEQ iD 
lNS.4Tt... ID NO:: ag,g:gactg-grigtggattggtlaigk1att@c,a '::"\/YYTGG'TEYNS NG.'. 
.A:1:rr.A.\ttl 100:7) 
·ifc: 
(SEQ H} 
NO: 
KifH'il 

NRP1>:.3! :Q':/'NDF: 
PERE, NNDPL 
GSNSG :(SEQ ID 
NTATL'T NO: 
ff,R.A.A.A. 1017) 
Z3:DE:.A;E 
YFG 
(SE?:1lD. 
NC~: 
1016) 

ct£n'l':1fl':J>:::accg:ag!a<:aact:::ctccct:::a:13 SLKSRVTlSVDTS I 10 l01 
ga::gtcs,iaglcti;:;;::.atttcflglfl,g,;1:ca~s,itcc.a !'{NQFSU(LN:5AT 
.ig,aetco,:gl.t;::.1:::,;;::,ci>Jaagt::ga,ad.::,;;::,gcc A.ADTAV'iYCl<.Rl<. 
acc,gc!gq_1ga~:acgg=ccgtttattm:.t~c V STL\/SVD Y'{fY 
g;ag,,3gca-g!:ltcgactcttgtticagt.9,gact«:it YI DVW'Gi'!';G TT:VT 
a:ctlct2,ctac:at2gacgtdgg,:;igca&a'\'lgg VSS (SEQ 1D NO: 
a,:wcggtci.,,ccgtctcctwgi:gkgB:eca :: nO'a::;-
3gg:i:;,cB ,:atcggtdicco:::cc\;;-ge,3cc.dcct 
~,i::-,::1af,)i2:£iClll~!::ictgf,lg9;;i=ca,c<l:gq~gc,::,c 
t;gg:g,etgcr:tggtca.::ig:g,a.;;:1-acrtccccga« 
c,c (SEQ ID NO: ·mt.ff) 
tccta:tg=a::gctg,,3caci1-gi::ca:t:t::i:::i<:c1{:,:l:gt~ SYEL l'QPPSVSL FGTGT 
adg9ccc1:,;:iggaai.gacgg,c<:=a.:f::ifilti.c APGlH.A1ffCGG i',VTVL 
ctg~g,g@a.2at;1:ac.a.tt1ga:agt::maagt NN!GSKS\:='H\~/YQ (SEQ iD 
gi>Jcac.1g:;iz.itwgcag,1.,agce::,3;ggccag QKPGQAPVL''/,,·{ NO: 
g;:;,:,;::;ctgkdg:gl:catcfa!:c.ataat;a:ah·:1,al,:, HN NNRPTG!PER 1020 j 
g,;iccca,:;a9ggatcc.c::gagcgati..ejctggc FSGSNSGNTATl 
tcusaclctgg,;iaac.ac-;igce::accc:::ga,~e::a Tl:S.RAAAG.DEAE 
tc21g-c.21,;;1-ggccg;:;n.-g[:c,;;;@Jgalgm;igc:i: YFCOV1Nf}RNND 
ga:gtocttc¾!t:::a:Qg~tg~ga:tag,Q~ata:at PLFGTGH{VTVL 
ga:kccctcttcg:ga,adoogaccaa,~,9kac. (SEQ H:} NO: 
cgl.ccta':lgtc,ag,cce,.;iaggc,ca,aee,cce:d ·: (Vi i:l) 
gt:::m:;tctg'tt.cci::acccte::gagtgaggagcti: 
c=a3gc:r:aaci::,aag,Q-cc:ac=2:s:¾!g!:Qtgtctca 
t.aag;l:9,l.">cUcta:::ccgg,g,a-gc:::gtgaragtg 
gcctgga.ag~,cB:€J=Bt&gca,;i,cec,~tea,,3g 
gcgggaotgga {SEQ lD NO: 1D:1B} 
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'li'SWlR \/YYTGG IEYNPSl IARGVS 
LVKPSETLSLTdESGPG ''{'( QPPGK T fSEQ !D KSRVliS Al\/SVD 

l\iKPSE (5ECi ID GLE\,VlG NO: :W:2':<l VDTSK Y'l"'YYY 
TLSl TC NO: '•{ (SEQ NQfSL MDV 
TVS lOZ:!) :::D NO: MLSS\/T (SEQ ID 
{SEQ lD W24} AADTAV NO: 
NO.: 

F,;,, °"L'::':~"c•·r~ ., 1-1-"·"Y'\ -""L"l's} .-;j.;::,, :t P.r-. u ..... ..:::: ,l 

Y)··c 11{~27} 
(SEQ lD 

DTAVYYC.AR 
{SEQIDNO; 
1f.l2·Q 

NO: 
1025l 

SYELTQ N1GSKS './QVh'Q \'NR. D,RP:SGI QVWDR 
PPSVSV i_SE:Q ID GKPGQ (SEQ ID PERfS N!DPH: 
APGKT NO: A:PVL\i! NO: :W35l S:3SNSG (SEQ fD 
AlffCG 1033) ',{ (SEQ MTATLT MO: 
mI H) NO: tSRVEA Ul3?} 
{SEQ in 

SGNT.4TL risHvlfm: 
EAGDEft,DYYC 1032} 

-~034) GDEAD 
'•t'tC 
(SEQ lD 
N,n· 

1036) 

FIG. 12 (continued) 

caggtg:::agt:l.~;f:.:agg,ll:gl-cgggf:.:,:cc:&gga 
:;;tggtg-aagf:.::<:.ttf:.:gga~;a,ccdg:kf:.:dc:at:. 
::;-t-gcadgtcMggt,1gd:cf:.:atc~:aagtt,3 GGSIRS'f'i'WSV\/i SS 
::;-ta-c{ggagttgg,a:tcc,gg;::..3gcc-ccf:.:agg,3 RQPPGKGU:W!G (SEQ lD. 
aa:aggadgg:agtggatt:ggd:atgkmt.t~t YVYYTGGTEYNP NO: 
&-c{JJ,;;:;ggg,cf!:ec,;;:agtacflat-cc:etccctcia SLKSRVilSVDTS ·11BO) 
&gagtcgagwat<::-..:ltal:cagta-g:a<:-&:e!J:t:c:e K:NQfSLNLSS':/'f 
&&gaacca-gftd:ccctga<1:cdg:ag>.::fo!gt A,d.DT AVYYCA,RG 
gac.cg1,;tli):f.;g,;;;acao;igc,cgttmttflCt(,l{g VS,«.LVSVDYYY''{ 
~-,;;,ag,a-gg::;,gtat:cagdcti,:Jttt<.:cg~:;igact YMD'</VVGKGTT>/ 
r,c~':ld2:.:.fad-ill.tf<l.ggaegtdg99,gi:maa TV-SS {SEQ m· 
-gg-:;mcc.acggtcaccgtctccicagcgte::g,a no: ·mn} 
c-caagg:g::: crat;::g,,;i:1c:tt~,ccc c-~>J-gc,ac.,::c 
lcctc{:;aa:ga,,l-ca:cddg;gggg:ca:eagr.:g,g 
c-cctgg9-ctgc,~tggtc3;ag:ga:ctadtce,:x, 
;;,a:a:c.(SEO m NO: HJW;-
k~fal',;ragctgll:dcf:igcca_• ,ccctr:ag§!;;tc:a 1-~ 't'H :~PPS"lSV 
gtgg~:cccagg,~.iag,acg:gccat-a,anacr,1 .A.P:G::<,.T:A.HTC:GGN 
glgggggt~am:.aat:.atlgga~tMgagtgi N!GSKSVfIWVQ 
grngtggmk:age~:;;ia:gccagg,cca,ggf:.:. CiKPGQAPVL V!Y 
cc,clgtgt:ggtc:akk:i!t:lta:atagg:ga,c-cgg YNRDR:PSC~=PER 
e.c:c1cag-ggatecdga:gcg:mtttcl.gg<.:tc:c fSGSNSGNTA Tl. 
a.3c1c-tggg:a:ac.acggccau;ctgac,~tca T:!SR\iEAGDEAD 
-grng,~-gtcga:ggcc§.mgg.atgaggt,::::ga:cl YYC:QVWT)RN!DP 
att:a,::.1gt:;;::a~I¢£l'tggg,atagga-.3t&tt9:,3tc Hf GTB Tf.VTVL 
e~c:c~c~cg~a-»ctg~~9.:~c·c~aggtc.l'.3ce,-~:f: (S:EQ :jD NO~ 
~-:ctaggtc-i:lg:cccaa,ggcca:,3ccc:cactgtc 'l 039J 
a:r.:tctgrtc,ccace::ctcg,a,gtgi.g-g-i:lgctt~-a:a 
;;,c€::a:a€:IBl:lg:gt:l::1acactgI1tgtg;!dcatm 
g1g,:2dtcta:cceg,gg,~g~cif.,;_t:2,,:agt:ggs 
ctg>J,aeigg,rn,g1atagc,3g~:i:;.-ccg\c<1a,gge 
~g~;ac~tg,;_i {SEQ m NO: ·m38) 

FGTGT 
EVT'/L 
(SEQm 
NO: 
·/040; 
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ESGPG· IYY QPPm, lfS-EQ ID 
LLKP_ SE l(SEQ 10 lru_=-. -.-,u_J-, INO: W45J 
TLSlTC NO: Y fS:E.Cl 
Ti<; 

f. Y!GATN.'t•,•'NPSLl(~EQ lD 
¥~5RVTISV:i:JiAK. MO: 
NQVSlF!L TSVT 1042} 

tM3} 

D'IQMT(.! QG!GN 
SPSStS D(SE~"). 
A.3VG.D !D NO: 
RVTffC tDSJ} 

PKRU'fDASSUJI RCI:.$ 
s~3\/PSRFS·GS {SE{] :~c~ 
GSGTEfTLT1S3 NO: 

Hl52i 

::ONO: 
lU44:: 

tAV'iY{) 
QKLGT 
APKRU 
Y CSIEQ 
::ONO: 
·,:054) 

DAS 
(SEQID 
N0:WSS) 

NP-SLKS I.ADGQS 
CC•'•··'T'<"'•,i E'"'f>'~'•/ I''', ·.r ;:.;_- •!> .,_-.: "V -~ 

[HAKN HYGMD 

',.,_, ·,._,._"'' ·R:l I'·' '"'E;-,, .....i: ••• .:SL v -;_~~ ~...,;: 

TS'·.ff.Z!-.A lD NO: 
Dl'AV H:l47) 
(:5;:Ec~ tD· 
W.}: 
104f<) 

SLQSG lQHNO 
\'P:S$;fS VPl T 
(iSGSG {SEO· tD 
TEFTLT! NO: 
SSt{:i:PE 1:0S7} 
DfA.TYY 
C,{SEQ 
!DNC: 
·10':£) 

c.aggtgcag ~g,ta!c,gZlgt,:;:gg,g,:,cc13-g,;p, 
ctgd:ga;~g,:;:1::!kgg,i1,gaccchJtc-cch:,:3c 
CtQ.C!.l:{,igtctdgg!'g,~dt:Cl'i'icagtaamat GGS.ISK'tY'NT'l'n 
tzic'i<;,H}/ltcl;ggatcc.ggca,JCCtC.Ctlggg1.:1 RQPP-GKTlEWTG 
ag:ar.::~ctgg-ag!.g,gattggafa,tgk,ca!f,;~tg '{VH YAFYlG,A,TN 

s:s 
(3:EQ )[) 
NO: 

•. ,,-,.~•"'"""·~'"'·"~~--,-~~-.. ~•~~~ •• ,..~ v~ •p•:•, 'K'~.,,.,.T'"'"'· I ·..-,-c,,,1, C.:...-~.l;.i.l;(:-,l;t_.,i;,~~.::,\'.::;f-:::f'•' .-...-.,:ih,..:,.,..~<>:H>...-:<1•k~u.-...-.t~t".-;,,.:t.'I..• '• -I "t ...;. -:.,.. ....:i·: .._ ·~· ~~--,-·,;. -: :.J. __ _.i.,,l J 
,:,ctc;aagag:tc,gagtcacc,a,atca:QtagiM: DTAi•{NQVS:LRLT 
acgg:ct:::.=-,-a:g;~-s::aec~;g:9:tr.:tc:t:cttag:g#.go S\.rr A.A:D T 1:,,. v···r:,{c 
cc1r.tgtgaccgct,';!Cg:gat$Cgg,ccg,ttt2:il VHADGDSEGf-G 
;:,,:;:1g~1,;;i:aga.g,::~gaq,,gi,;r2,,:tr:1>;;,i'l{l'Ji.l YHYGM:DV\NGRG 
gttcgggt.@c-cacie:c.gga<11gg,@·cg!c1ggg TTVTVS.S {SEQ 
,;;ccgg;;;ig,;}:3:Ci:8Cg:g!:ca;:q;itct;:dcB:gr: l:D ND: '1:G4'i:l:) 
gtcg:/!lcca.;,gg,:;wcc,atcg,gtcttt.i:c:;;;c%Ji;;: 
,:,~cc,;:1,:::;;::tcca.igagca.:,::tctggg-g,;.,cai;: 
ag:cg~c-cczjg,g:etg:c;:J1;;igtrnag,gm::tac 
tt,~c (SEQ !ONO: 1l}4tl' 
r,ia,catccag,atg,acBcagt;:\ix:lltt:,;1cc>.:,t DlQMTQSPSSLS fGGl.3T 
gi,:;1g,rn1d9tagga9,3ca':I,agtmc·n:.tca, ft,:SV13.Dff/TffCR K'iE::K 
cttgccg,;i,Jca.,3gtwgg:gc.at!;gg8llatga ASQGiGNDlA:WY i,$:EQ D 
ct!agcczj.g,!atcaacl?lgi3-aactagggarn i)Q!<';tGTAPKRLl NO 
gcr.cctcsa:~,.-;go,:;i.ga,matgatgc<otccagt ::·'DASSlQSGVPS ~!;f,i'.l) 
ttg,c.2a.a',;)tggggtc,:;,;:g!tgag:atlcli1g.egg RfSGSGS:GTEFT 
c@gt>Jgatct:@Q:3:c:Bga,13:ttei;idc!w:cm:i LT!3SlQPEDf AT 
k:~g~.:-:3g,::r::ige~cdg;a,agaU!:lg:caact1 YYCLQHNDYPLT 
attadgcda::::aaca:t.aatg,«t!aei;;ctcs{.l-a FGOGTK!EtK 
cgttcgg,ccaa.gmi:13,::;e.al:l:;,gjg,gi;iamca /,_SEQ lD NO: 
aa:e:;:;ta,::gg'igg,~t,iear:e,:at,:tgki.icr,:at,;ti l 058') 
cccget&tr,t:;i:atg:age<1gtlga,a<1td~-galil 
ctgr:ctctg!tgt!c,tg~:1::Jg,:t§aa,taa:i::,tl:ctat. 
c-ccag:2,g,2ggc~ai1:gsi1c:aJ;t~Jg,mggtg 
ga:ta@,::;gccctc,c,;i:akg,;i,gt<l!actcccagg 
S?,la {SEQ ~['J N:(c: t05.8.} 

FIG. 12 (continued) 
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'"{A 
(SEGID 
NO: 
·10!331 

ARAARL ,::e;:ggifjcagc1ggt,;rcag;r:f,ggfj•,;,,:ig::3gg:l QVOt'-/QSQ.AE.V!!; ',''.'G{JG 
Q:AJ!)~3C· {SE(~ ID FCtGFf/ YG:Q:.i:i, Y ga~ga~g:ct:tg,J~:t?.:ct~ftgtga~ggtt;tc;~t KPfiS:5\tK\ISCKA T~~<J\/l"\i 
GlE',i'iV NO: ~G:55i 7Tl"ADE D! fSEQ gcaa-;;;,g,:cfct-gg,:3-gir:@tctt,:agc~mctat S-G':/lfSf•.:YAIGlilf SS 
G>:3 STS11Y 10 N{l: gct.'lkggciggg,;gcgaciliggcc{;,;.-t99::a;c '/RQ:A:PGQ,GLEV\< (SEQ: ID 
(SEQ lD MEl..SSL HJ67l a;a-gg,;icttg:e;:;it[:l•;t-Qtg',lga,Jgg:;at,~etr,1:;;:J \IGlJl:L.PlfGT.A,N"'{ NO: 
NCt 
10:€-4) 

RSDDT 
A.V\·~·V·C 
1,SEQlD 
NO: 
106~-~ 

afttl:t(J,Jtm:::ggt.::rnacia:q;;,c.a.::13g:;:,:,;Jg!t! AQR:fQGRVTIT.A I ~ mm 
ca:ggg:~cllgg:gt;;::a:~g;.;;tt.accgcggcic9l1:a DESTSITiMEU3-
tcca;:>J&gi::-3caa,::ctacat',lg:a,Jctga1c SLRSDDT.AVYYC 
i;:gt:;:;tga902tct.:g,02cgaci1..;;g9co;it.'lllrtta ARAA:RL\':,)QA.'-{[f 
,:tgtgi:,;;:i.gg:gcgg,cccg,ai:.1itatr,ea,:a,;i ,:'>'"JGQGTMVTVS:S 
gctratgrnaidgg:ggccaa,~:g-ga:caatggt (SEQ lD NO: 
c:m;i;:glct;;-ttcag;;.gi.e:;i:m:::e.al?lgim;;;;ea:i ·1 Ofi9} 
cg,gt:ctl;;;;;;i:,~t,;ig,ear,c:ctcd,:,:,;z0ga:gc 
;;i;;:ctctggg,ggea:t~~';!,C!Jg!C{;ctggJdg:cc 
!g;;;t;;a13g,;i,;3:ctae,1:t:ccccga13.cctgtgai:;,~ 
oick ('SEQ H) NO: ·rnSt) 

·QGJSS:A LA~~~i:-lfi:; D.~~S SLQ·SG -QC:fHS gcc;;ifoca:g~acu:agtcti:::cat:c:c-t,;;cdg A!QL TQS.PSSL:5.A FGPGT 
tc·tg,::;:itcigt1&g1J:llgarngagtca~c,3tcm:; SVG[JRVTffC:RA. K\iD!K 
ttge:~9.ggc.::J:&.:Jt~.~g99wtta.geagtg:~ttt S•Q·G.iS:5..6,L.&,\l'~tif~ (SEQ'. lD 
a;;;c-:::tg,;;!tatro,~:cagaaaccag!;itga13,::;;;t ClKFGEr:•PKLUSD NO: 
cdu-ag,ch:::cta,ah:tc1gatgcdcc:e;gtttgc ASSLQS:GVPSR.f ·i DBD_j 
m.,;.;;gtg:gg:i,w:s-i:::atc,.;,1:1ggtt~:.;,;;cggcag ~{t.:,~b-~<-la:,, TDFTL Tl 
tgg,s3t;;tg:qg:;:,;,;::,:sg,ai:ttcactr:tcac,::mc:;:,;g S.SLQPEDfA TYY 
@:g,::;~tgc0gcctg2:<1:gatttigt?:8Ctt<1tta COOfHSYPLfTf 
dgrea,;zcag1:ttc-ai,agtlaccdc!g,ltca;;tfa GPGTKVD\K 
c:g,gccctg,ggaeca@.a:gtg,gat;itr21;@acgt (SEQ lD NO: 
~t:ggt:gg:c1,;ica~,~:3M9!r;tli:::a:t:cttci:::1:3Jc ·1079} 
>c:i?~dgragagc.&gtlgaa,@tc':>;iga;;i,ctg,ect 
:ctgttgtgtgu1gctg;1,.a:!@ecttct@tccc&g 
ag;::;g,;tccaai3g"tac,:;igtggai3ggt;;;gaii3,a 
cgeccfocaa'tcg:9,',l'tza.:kcc@,gg,;i.gagt 
Qii;:aci3gaQ<:a~:gtctcag-:::flaggacw;is:ac 
:ct@,cagcctcag,wg,rnccdg&cg.:;:!g,zg.:; 

rSEQ ID GK,PGE {.SEQ ID \fP:SRfS YPlfT 
NO: PFKU..l NO: ·ffl:75) G-SG.SG {SEQ fD 
"1073/ S (Si:.Q TOfTLTI NO: 

1D NG: SSU)PE H:i1T) 
Hl74) DfA,TYY 

CtSEQ 
!ONO.·. 
107:B:} 

ai.agrngad;:;i:::g@ga (SEQ m NO: 
,ffl81 

FIG. 12 ( continued) 
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ESG?i; 1c~ss:c·v 
lVKP~.~E. l{SEG.l !D 
TL:.::,uc NO: 
S\!S 

vn-:::R..,.'":":'-"P':;l I »:;En '·"' ( -: ~- ,: ._-i.~ ,,,:s;,: .. ._l ~:•-l \:.,1. HJ 

KSRVTISV[rfS.K :NO: 
HJS.2} 

1{JB3l 
S fSE:(~ 
i:DNO: 
·im,4) 

Sr.:YTGR .1 SH NP.SL ARLfl3E. cagct~.~c. a. g,ctg.~. -~g,i;1agtcg:gg!:::,..•,c. c. gga OLQLOE:SGPGL V \'IGL. GT 
T (S.E<:l ID KSRVTl lVGYQ ct,;g;b~a:gc,:tk:g,;;i~:acct,tl,,l!cectcatt! KFSETL.SUCSVS MVTV~S. 
N(): ·HJ:S5) SVDTS:r., AfDf g!c.agvJMc!:gg~actr.c:atg,agt:l{rtagta GDS-MSCSSCY\-V S {SEQ, 

R:OLSLR: {SEQ ID gttg::;:ractgg;g.,;ic~;;igatccgcceigccc;.:,c,::.; GW!RQPPGKGLE K>. NO: 
LSSVT . .\ NO: {l9'\}2!agggg,e:tggia;atiH::iitt~;gagttcce ·,ilGSSHYTGRTS ·ffJ:90) 
.A.OTA 1-/Y" I 1£.t:~37} 
··~··.r; 
(SEQ lD 
NO: 
'HJ:a6i 

a:i:atacti1g9;.:g,c::1!:Cctccca:~13:CC:t:!;'lct HNPSLi<.SR\<'TiSV 
ct,:,~a::1!:13:g1cg:l>g~,:i'.3:CC8tl!>,;;:Cgttga~c DTSKRQLSLRLS 
p,:ca::1!:g,agg,:,~.g,:tctc,::,ctgaggctgoi:gc SVT AADT A\/'t''f C. 
tc.tgtg.a.cq,:ccgrngatacgg:i::tgt.:ita:!ta:c ARLfGEl VGYOA. 
tgl:gcg:~g::8c:lgtt,:gggg,mattagttggt'i~ti; fD-fWGLGTMVT 
&g:gcttttgatttczjggg,lc:t.ag;ggac,Mtggt VSS {SEQ lD NO: 
c:1,r.:,c,;i,t1::tctt1.:.ag,;;,gtcgm::r.:.i::,ag,;;,gcccl:l;l ·1 C:6SH 
cggtcttcc<::.c::ctg\j cac cctcctccaa:,;;agc 
a,::..::.1ctgggggui:ea,;icgg:cc,::.1ggI1ctgcc 
tg,;_,tcmagg:a,:i~!'::'l-tccc:,::,;_,aacctg:tga 
iSEQ 10 NQ 10:8-8) 

QS\''l..T 
QPPSA 
SCiTP~3 
QR:\rr::s 

SSNJGS j\:·:N\i\f''{C~ ISNN ERPSG LA-AV\:'D-D- ;.:,;;gsd:g!gdg=2dc:agcca~:cctca-,1cgtct QSV:l.. TClPPS~SG fGSGT 
ggg,~ccr,cq;;ggcaga{l'Qi:\lteaccatctc1t TPGQRVT!'5CSG K\ff1!L 
gt:ct,;igaagcagc~cca&cafagga,:,igt;J:i;:;~ SSSMGSNSVNW {SE:Q !D 
t.ctgfum.,;:zggrnctagcaa,ttr:ce~;1gg:aac YQ:QLPGTAPKLL/ NCt 
gg:J;;ccccaaadccii:.atctttag,taa;ta,'.lllga fSNNERPSGVPD ·tlOO) 
gcggcct:tS::i&:Jg•ggtct::C!gaccgattt:tctg !'tFSGSKSGTSAS 
9ctc~:;;i;:;g:k~gcac,;-k:2gr::.ck:;;dg-g,;;,c LA.lSGl QSEUEA. 
atca:ytgi;iadccagt;:t,;;:aggazjaggctga DYYCAAWDDSL 
ttm;taGiglge,:,ig;;mg:g,9atgaca,;icct:;rn DGYVFGSGTKVT 
atg9,ttatgtc:ttcg\j,a.agtggg:Jce~;1,aggtc VL {SEQ lD NO: 
a,:cgt,:c1ag:gtcagcci:a:Jg,gci:aa:ci:cc ·; 0:99:J 
a,:tgic::adc:tgttJ;CC'JCCCt~ag~g;:igg.i:g 
dtca:23,gc::i:,aac:aa:g:gK:ca ►:::8ctggtglgt::::t 

,::,;;ta::ag\g:;;1r.:!ttfact:,:,;,gg:i3:gccg!9:a,::El 

PSGVPDRfSGSl{SEO m 
KSGTSA,SLAiS :NO: 

1l:J:92} 

NS 
(SEQ ID 
NO: 
H)91) 

QLPGT l{SEQ lD IVPDRF ISWGY 
APKLLlf NO: Hl9~} SGSKS V {SEQ 
(SEQlD 
t-.::fJ: 
HJS4i 

GTS.ASl.. llD MO: 
❖ ·C'- ·t~. ,:,; ... ,; .. .,.~-.A.bGLU ,:-:.,9, i 
SED-E,A, 
r::rtvc 
fSEQlD 
NO: 
10~5) 

9!:g~:cclgga,~g,i;1caij:at:2gi: ... :a,;,::cccgtc 
a~,:;i f5EQ ID NO: HJ:9Sj 

FIG. 12 (continued) 
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\!\?Q:P{;R/5LRLS I E:Sf~G:G h:-~; 
VVQPG lfSEG, lD 

GtH'if.'f:<,RRVPGK!RSLRLS fH): 

GLEWV.t.L/:StiD I CAAS 
;JYN!<:YYADSVl>;; (SEQ lD 
:3RfUSRDN:5RN NO: 

·1-Hll} 

QSVLT 
QFPS-A 
S!7;·TPG 
QT':/PlS 
CS.G·S 

RPSE\:'PGRFSG!(:SEQ lD 

wq 

1 ·~0.::1,} 

SSl'.i:\lG 
S!-JP 
{:S-EQ lD 
NO: 
'!H3l 

GLE',NV 
AL{SEQ 
::ONO: 
·iE}4) 

\·
1H:1NVQ 

QLPGT 
AP:i<Ltl 
Y (SEQ 
::DNO: 
11 'lc4) 

lS'1.·'DG·)···N IY't4.DS A.~;Jfs·,,-v i:,aggtge:ag;:;t@Jlgg.sgtctg,1:;;,g,:;i1.s•;mc C.tJ.'{}LVESGGGV 
K (SEQ !O VKGRflt QQLDY f,ltggkcagc,;;!gg',!aggtm:;tg,2:gadck: VQP{3RS.LRLSCA 7'T/TV 
NO: :J 185) SR:ON:s. ''i'VYAM dgtgc:,;:gcc1eti-;;:gart;:-.accttcagttcetatg ASGFffSSYG::1-{ SS 

SDR 

RNRVD DV guitctf.l:Ctgg:(Jt'C:C!JCCQ:lj'Qli'!CC!l@:Ci.:!8 Wti:Rrl':/PGKGLE (SEO lO 
LQMNS (:SEQ lD ggg,aczjga'ljtgggtggca,r..-tt1.1t.ah:1a:tatg l;,•,-:\,·.t,;:;.JSYDGVNK ND: 
L:RAEDA. Ni): atgi:l'afata:1:itaa~wtlalg,::agactcc,;_,tga YV'AD-S\:'KGRfllS t1HJ) 
.AVYYC 1107'; agg@CC:Qtrticca!;;.atc!ccag;a,g,2ca.actc~- RDMSRNR'lDLQ 
{SEQ lD agg,aa~J::igagtt:g:atctg,ma,:itg,aac.agcc. MNSLRAED:AAV'i 
NO: tgiag:ag:d:gaggo:cgegg,dgigtatrad¢ 'iCAK':FS'iiQ:QLD 
-; lfl5') gcg.al.l,aatcttti:£.tt>;;;,gc;;.g,e,;,gdcg.a,::;tac: ·yyyy,A,MDVWGQ 

tatt~tl:&C:ii'Ctaigg:.scglctg:ggg:ccaagg:g G TTVTVSS {SEQ 
a~i.:::aeg:gti:accgktc,f.'.tc~gcgk:gm::ca ff) ND: 1109":­
agg,gectatcggu:tt,~cct,c:tgg,::.ict,cl:ci::t 
c.cs,1,gagcm:;d~:tgggggcam:§!C:ggccc 
tggg,,::tgc,.;tggtc2:r,iggact1.1:ctti::;x:cg,8a, 
~SEC! IDNO: 1·108} 

QRFSE. l~A'.'::'JDD 
{SEG fD IVPI3RF ISLDGV 

,.~~.. . -. r.-, .. ~ ... ~· .... , , .. ..,.. .. Nv. H'!5J .:::rGE,f.,S,. ,, ,.S.E•;.., 

~:a.gtetg~g;i1gf::cge:~gcca:ectttg:~cg1:; QS\lL TiJ:PPSAS{; Fs3GGT 
~@iac,:::i;;e;:;g,gccag:a:eggteeccah:;1ct~ TP.GQTVP!SCSG KL T':/L 
gttdggm~geagtt;;:;,::,a;;.cgtcg,911aagt:e.at SSS.NVGSHPVH (SEQ lO 
CC:l>Jti.l:CB,C:iggtaccagca:a,ctccmgga<'l ':f{'{QQL PG TAPKL ND: 
c.@cc.;,:,cc._:m,13ct,:,ctcattta1agir,;atcgtc UYSDRQ:RPSE\.-' 1121.l) 
agq;ic;:;cdc~g&:ggtcc:t:tgg,ecgattc!J.:::t PGR.FSGSKSG TS 
ggdcw.agt:;'l.g,;;,r,m::ctc:;i:g,ci:tccct:g.ag A.SLR !SGLOSD-D 
aatcagtgggct£.cagtc:t:-Jaq;_iatga~ggtg EGD YYG,4.A>NDD 
~tt:a:t~~t~gtg>::;agu:tg:ggZscga<:a~:cct,g:g SL[~:::; \/V:Ft]-f~GTK 
;31\,;i-g,a-g,lg':dtcttcg:gcg,;:ig,;_,iws,ccaa,ad: l TV:!. fSEQ !D 
ga.ccg':cctag-g!mg:cccaaggctg:i::.cccc NO: 1·11£1; 
t:;:ggfo,actctgikccg,::,cdcg,:3gt:;iiag:ga',! 
cttCl3:i.ls}C:::::,$!3,Cl.l;iag>JCCl.l;Cl3:Ctggtgtgtct 
c.ataagtg.i:c:ttct'.:lu;cg,gg;;;.1§ccg!g:::1c,1 

crr.·>-<>>1·1'"'•''•'r',• ~-> .~,f<o;._;}.t_ {.,!'· :,:~,._ •• 

R~'SGlQ 1·1: 17) 
S0=0Ef3 
ov··~T 
(SEQlD 
~-10: 
-111:6) 

g!>;ig,,: dggs,agg,:agata,;_,cag:ccc.cgk 
aa{; {SEQ lD NO: ·tH5:} 
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:5.·G:(;Ol s:·•,t•l 
VQPGG (SEQ ID 
SLRLSC NC-; 
A:GS ·l-1:23) 

SGGNfKW{A.Dsl (SEO m 
VRGRfTtSRDN NO; 
TRNTL'fLHMSS 1122} 

(il \t'lf\l 
SR 
(SEQ lD 
NO: 
jJ24) 

K (SEQ IDIVR.GRf VGDYR 
MO: i ·125) Ti:SRDN GNAYDl 

TRNTL Y {SEQ HJ 
U-tM:SSL NO: 
RHEDT fi:27) 
AL''{YC 
(SEQ Kl 
NO: 
1126-) 

OlQMTQ QD!SNY FNWY:Q OTS {SEQ KLETGV QQLDS 
SP:S:SLS {SEO ID QKPG~: iO: NO PSRfS (SEQ JD 
.ASVGD NO: A.PKLUF 1t35} GRQ:SG NO: 
R''/THC H:B) ('SEQ 10 TDYTFT ·f13{) 
i~s 

TGVPSR·f·SGR lf.:SEQ H) 
QSGTD'{TFT:S NO: 
S::..QPED,:,t;TiFC 1132} 
00 (SEQ !D NO: 

NO: 
H34) 

i:::i5t-G.~P 
ED::,ti.TY 
FC 
(SEQ ID 
?:-HJ: 
l13tl 

g;a;gcgtgr;l3:gttg:g!ggi3gtD;!';ll,;lgggag;ac: 
itag!reail<::cg,Jgg{l'g:Jtct:,:::lga@a1:i:ctc 
;;:tgf:gc;aggct;;iggattt:.m;;,:,-ttc,:3gt::3gtl:cc SGFTFS:SSV~'MH S.S 
!ggaig;;adgggtccg,;;ca:agctc~:'l:gg:g-a W\,'RQAPGKGL'i (SEQ lD 
a§l:g-ggctg:;;ftgtgg,;;;td:r.:B.t,gta,tt.i,'3:t.igtg w,,rs,~JNSGGNFK NCl: 
gtgg:g:asrttc;;,aaB:aatacgtgg:ach::-:::,;;,tg KYA.DSVR:GRfn j t30) 
aggggi::;::g;att:c;ac1;;:istf.'.tcc;a9<1,Jac;aac SRDNTRNTlYLH 
accaggaa,ca,c.cctati:.1dgcatl:1i.:gs:g,ca MSS:LRHEDTAL Y 
gtc~a;;;JaCoiC::;)flgg:B:C.i:.lCQ,g>:1:cttm:tmc:t YCA,RDHDYGfJY 
gtgc;:mga:gat;::;atgaeta:cg:gig,&-:::ta:cag RGNAYO!\NG-QG 
;ag,1ga;aqcgtatgatatc!gi;Jgg,c-:::;aagg TMVTVS:S (SEQ 
ga:caalgg,lc1w:::qiti;tdtcag:cgtcga::::c,::, ,D NO: 112'3} 
ag:g-g,:::;::;cai,::ggtcttcc,:,cdg;;icat;:::i::tc:!::t 
c ca,1&ga{;'C ar,ctctgg£1:gg,J::;B,ca,;cgg-::: cc 
tg{1-g,c~gct:tggt1;::af:!g:g,acl~r.tt{;cf.'.cg;aa 
cs1gtg {SEQ 1D NO: i 126\ 
ga,cat,::::c:3:gnt.gncc.ca:~:!::!ccatcctcc:i:t. D1QMTQSPSSLS FGG:GT 
gt,:::l?JC:lltc:tglgg:gag~=t(:>]:-,;,a>,Jtcac{:alcB: .A.SVGDR.\ffffCQ K\ic;I":; 
ctti;i-:::caggcgeiglcii!iJg::,catlag,caB:t:i>:St ASCiDISMYfN'l:r'Y (SEQ 1D 
tt:ea:attggtakagcagaaim::agggaaag QQKPGKA,PKLUF MO: 
cccct&a:gdcda-aticttcg:;,IBcat<::,r;i:.la-gtt !::HSKLETG\/PSR ·l 140) 
gg,aaa<::ai;Jgg:!;ltc:e:,::::at:e:aiigi;::itl<.:::-:sg,t,~g,a FSGRClSGTDYT:F 
agacaatctgggacagatl&mcrttcaccatc TiSSLQPEDlATY­
ag,wg,~,r;t;_ic.i:.lgc,r;tgaiclg,amtt,;;:ca.i:cat f C:OOLDSfGGG 
nttt~1gtwgc~cttgati3gilicgg-:::gga:g:g TKVE!!>:; {SEC! l'D 
~;a;;:,:::aa:ggtggag,3t;:nMcgt.:;:cg~;ilggct r,m: 1 ·j 3'.;l} 
9cm::r.:eit;;1gtcttc~tctk:cqJccaf:dg.f'ltg 
ag:r.:a1tt<J~a.~tc!ggais;;lgcddg!t1:1tg,ig 
cct:;:,~tgaat~acttcti3tccc1➔.:;mgag:gr.,c.a 

a:3:gfl:l.cag,tg,;iaai;;,glgg,3:ta.s.cgi::cct~:E& 
at:::g,gg1a~~icc-:::agga:gil~;Jtgic;;;,t:,::l:!;,,a~;i 
;;: fSEQ :l} NO: 1 fi:SJ 

FIG. 12 (continued) 
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tl\\'"-' 
LVKPSE l1;E; !D 

N(}: 

11:4:11 

Q·S\lS.S 
NfSEQ 
IDNO: 
1t51} 

'"'.·-.,, wt·R· ll ··r·,.rsGis. J. i 
OPPGK (SEQ ID 
GLE't>'IG NO: l 145) 
S.(SEQ 
!:D NO: 
1144) 

lAWYQ 'DAS 
OKP:GCi· {SEQ ID 
AP:RLU NO: ·l 1S5) 
·:t (SEQ: 
::ONO: 
1154) 

KSR\iTl IGTGPE 
SVDTSKl\':GOV{f 
WJf:S.lK DP 
lRSVTA (SE·O !D 
:4DTA\!Y NO: 
''{(; 1'!47) 
(SEGH} 
~-io: 
·1146,i 

TRATG! {:JQYNS. 
PA:f<:FS '~VFPMY 
G.SGS:G T {SEO 
TEFH. T:: ID NO: 
SSLQSE H57l 
DfA\/YY 
C: (SEO 
HJNC:: 
·115,6) 

,::iig:i:::t,;icagctgcl:llggiligtcggg:c:i::1:,;:iggei 
dggt;;1aag,cdh::g98g.acc d';;!tt.;;dcae 
ctgtactgtctctg,gtgg,r,t:::c.atcag,ceiawa GGSlSNNffYVfl' ss 
t.attt.ai:tiactggacctggatccgcrngcc,,cc ·wiRuPPGKGH:'. (SEQ !D 
a,;,t;}ga11g!;ig,81ctggag,tgg,;:itl81~gagtatc V'l!GStYYSGNf:fY NO: 
l;;ittat<:1:g!gggaac1ol.chii:tac.a.;1ccq;;:lccc NPSLr(SRVTlSVD ·l 150) 
ctcl.<•iag'-'>gt;.;;g.agka•ccatJ.?!:cc,;ifag'-'>ca TSKNC1'F.SlKlRS 
cgtcca::l,;i,,mr=c~mttctccctg,13ag:i;tg.ig VTAADTAV'fYCA. 
gk!gt9;:ic:i::,;icc-g:c;:igmx~c@gt:!,;;it-g111tt RHRVGTGPEVG 
l:lltf,Jtgr,;;i.ag,l:llcal.&g:;;igt;;ig:£;,cadgg<.:cc D'i'ffDP'NGOGTL 
€:§a~=-Jtl§g{Kta=-:::tg~tt:cgacce:&t@gg~~c ~vT',/SS f5:E{J ~D­
•::iigg,;;iiliaccct,;:igt,,;,;3c,:;g!ctc<.:•l;:::;3,g<.::gt:i:: NO: tH-?:i? 
ga:ccl:lla:ggg,u,calccggtctt:cccu;lgg:ca 
eut:::c.tcr;;aagagcaectct:;mg:ggca::::;;ig 
,:ggi:,: ctg,gg:c11:icctg,gteaB:~l>;:!B:•:t.;:ict!i.;;: 
,:;e.cga:acttgtgacggtdcgt•;ig {SEO i:D 
NO: :'148) 
g;a,aatagtgatgacg,:.agkkca,<lccac:cc EJVMTCSPATlS\i FGQGT 
\9tctgtgt;::kcagg,;,1,~:aaag,~gr,;::::1,:;,:;;::!r; SPG:ERATLSCRA K''=/E,K 
i;;;:c.t;;:cagg,gcca¢::;a,;;iagtgttagcc1g,r.=2 S{lS':/SSNLAWY (SEQ, !D 
adfa:gcctggtacr;13gcsg'-'>MCf.:tg:g:cca QQKPGQAPRLU NO: 
9',;i'C~:CCB:g',;ldI.:,;::!catctai!Jatgcasr.cl:llC . .,..DASTRA TGiPA 1 ·1so1 
cagg,gccactggt@tt-ccggccaggttt.a,gt 1':f SGSGSG TEFT 
gg,rn.gtgggtctgg,g13cagag:lt,::.adctcac l TlS:S:lQSEDF ft, V 
c;.:,;\rng;::sg€::ci'gcagtdgasgalttlgc~~g:! 'fYC·Q{)YNS'NP!3 
tta,tra<.:tgtc,;lg<.:agta!:.,a!ag:ctgg:cctzc,c MYTfG(lGTKV:E! 
m.;tacai1tttggciag,g.ggi1cc.m.g::;itg::;i.i K (SEQ lD NO'. 
g;;i:tcm.'\a:r;g:t&cggtgg,ctgc,Bcr.atctgtctt 1 ·1 ::',fl} 
ccatc!!:i::c<.:,;;ic c a,tctg,;14l,;1g<.:agtt;;il:l:aatc 
~ga.ectgcetitgtlgt:;i~cr;~c~:;,:att::at 
rtctatce:::.aga:g.i,;;;:gcc.::ma:gtaca:gtg,;a 
a,;igt,ggai:aacgzci::;tc,:;:i!s.t,:gggt1:iazic 
(SEQ iD NO 1 fiS) 

FIG. 12 ( continued) 
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VQFGGSLRLS.C-ISGGGL IYA QAPGK T (SEQ ID VKGRf IG {SEQ 
)l;J:.,SGFl:FSDYA VQPGG {SEQ ID GLEV1tV NO: iH.':S) 1T3RDN ID NO: 

NO SG SQNfl Y 1 rnn 
116.:'!;} (SEQ i:D lQMl:SL 

,,.,"lc-r,.r,:A,>r.·-1·K lr-=:::E,.... 'D 
~~.i..; ,;.., ~ ·l~:.• ~:~)·~:~--.-~ ... i .. .,,..~. >,,;,(- :~ 

GRfT!~,i:RDN:::,l..il: NO: 
NTlVU:lMtSlR:A 1·162} 

MO: 
i1€4} 

DlQMTQ l:QDISNY ILNW'YQ 
SPSSL:S {SEQ ID Q!(SGft 
A •:;\..:-C; "> 1:r,.1· .p, ... ..... 'I' ,,_~•Ii..:• '• ._ •. ,, 

R\iT!TC 1H3} 
QP,S 

T·G\;'PSRF:SGSC, {SEC;: :IC} 
SGTDFTHlSSL NO: 
QFEDf A T""t"'tCQ '.i 172} 
QFDKfP{SEQ 

APKLU 
'·{ (SE() 
10NC: 
'1174) 

RAEDT 
AEYYC 
(SEQ ID 
NO: 
·HS!:P 

{SEO lD \JPSR,FS fF'INT 
DAS INLDTG QQfDi{ 

f-io: i 175) GSGSG (SEQ lD 
TDFTFT HO: 
!SSLQP 1177} 
EDF.A.TY 
vc 
(SEQlD 
NO: 
1'17&) 

FIG. 12 (continued) 

g,i,ggtgca:gctg:tt.gga:gtc!gg,;i:ggagg,:tt EVQLLESGGGLV 'NGQG 
ggta:cagc-ctgggg::;1',Jk:i:dgagactdcct QPG(,S.LRLSC:AA Tl VT/ 
glgc:Bgce1r,tggattcaccttta:gJ:gm~ratgc SGFTFSDYAMS SS 
c,;itg:!lqctoogtccgtc!lggr.:tcca@gi:Hl \,V':/R.QAPGKGLE (SEQ m 
QQ::;igdgg:agtgg:lsl:l.<.:trnggfaii.2,gtggtc Vl':/SG!SGRGDST NO: 
gtgg:tgB:!a-g,,::rac<1!:actB£t,;ica,~actcc.gtg 

0

'::'YADSVKGRfTl 1110) 
~a,;ig;,_tccg,;ittc~,::,::Btctccx1gag:~cm1tt SRDNSQNTLYLQ 
cccaig:aiar.:a:cg,::i,gt,~Mfl:cazi0:t9x1k0:g M ISL RA.EDT AEY 
cctg,~g:1&gi::cgag:g,3,ca,cgg:ccg.st~t1&~:1& YCA:K.DHRGV\<GQ 
ctglgcg;aaa;;.rnt..:,1&taggggctJ;1ggg,.;e;ag GTl VT':/SS (SEQ 
gg,;;;;a::::ectg9te,:-iccgk·kdcag.ccb::m:, ,D NO: ·1 %)9) 
c:/ilagg,:;ic::::.::,;;;tc:;igtel:ic,e,ccctgg;;;ai:;cct 
cctccaagagr.:ar.:ctctg<;,gggr.:awgcgg 
ccctggiSEq.lDN0:.11Ei-0 
g.icakca;ga:1t9<1ccc~gktr.:c.atcdcr;d DlQMTQSPSSLS 
glctgr;atctgia:;igagacagagtc~c.catc.a ASVG.D:R\1TffCQ 
..:Hg,::,::iag>JC9i3SJtcagg:acB:t!Eg>::aa,:::rat ASQ[HSNYLN'-NY 
tt.i,aatli1:fit~tcagza:g,a,3,atc;ag:g,gMag OOKSGKAPKLU 
t:c:icctasg~:h::d,;i!Z!l:ictao;;;,.:i:tg:catcc.ss,ts YDASNLDTGVPS 
ggafait:ag,gggtcccatca.sggtl<~;agtgga RfSGSGSGTDfT 
agtg:i,;;atctggg.sca~:;ia!lttacmcac.:r;at,:::a FTlSSL OPEDf AT 
gcagcc~gr.:agi::.e.tgaagatttlgr.:a,i>tatatt 'l"YCQOFDKf'FVi 
&ctgti::a.icagtttgati>ai.mC.CCtlggacg:lt TFGQGTKVEIK 
o;gcca.agggcacc.iaggtrm$.a,~t.c.&.i.ac (SEO iD NO: 
g.iactgt;g,;;,cigwci::atctgte-ttr.:atcitc;.:;c ·; 179} 
gc,:;;,atelJJ:r;fJJ<:1,gcagrt~aa;;rt:;;t>;;.g:,H,dg 
cctdg:ffJ;Jtg~-cctge..tgao1:m,o1r;t (SEQ 
!D NO: 117/3} 

FG:QGT 
KVE::K 
(SEQ!D 
NO: 
'l1EO) 
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E.SGPG ISTYY 
SVSGGSlSSST IL VKPSE (SEQ ID 
YY\i'efGV'fiRQP:P TLSL TC HO: 

;~.,1,·- I.~.,,,,, ... 
. .:::-•.,~... ,: ,:Q...,:.:~ 

{SEQ lD 
NO: 
1'162} 

QPPGK {SEQ ID KSRVTl ,~PD.SF 
GLEWfG NO: H85) SVDTS GGAEY 
S (SEO NNHVS FDY 
iD f..!O:: tJ,;:LR.S? {SEC ID 
·/ H1'4) TA.A.OT.Ac NO: 

VYYC HBT) 
(SEQ !D 
NO.'. 
ilt6) 

Ef\/MTQ IQS'/SS. ILAWYQ 
SP.t'.'TlS N iSEQ QRPGO 
VSPBE ID NO: APRLU 

DAS ITR:!!,TG :QQ'tN:E 
(SEQ ID VP,4RFS WPF'MY 
NO: HS5) GSGSG T {SEO 

GATLSCl·t l§3) 

PRLUYDASTRA I RAS 
,.......... .,..._ ............ (-· ·-~ . T,,;;,vPARf.::,,,;:,S:b ,~E·,..., lD 

SGTEFTL T::SSL NO: 
1192} 

Y ("SEQ: 
1DNC: 
11$<4) 

TEFTL Ti: ID NO: 
SSLQSE HST) 
[}fAVVV 
C{SEO 
::DMO: 
l19f.,j 

FIG. 12 (continued) 

rngclg;::ag;:;tg;:;,':lgg:&gtc,~g<;JCCCi:ligga Qlt)l QESGPG:l V 'NG:QG 
ctggtga;,.,g,ctttc,;i:gagacccf:glc,::;i::it8<: !'fPS.ETLS.L TCS:V Tl\ff,/S 
ctgct,:tg1etctggtggdi:::;:;;atc!3.g,;,.igeagJ SGGSJS:SSTYYW S {SEQ 
8:Ctlacractggg,gctgi;i:~tecgr.c,J::gccc;:;,c G',N,:RQPPGKGLE ::0 NG: 
8:gggaa;;i@gcl;,;gBg!ggatlg,,;gagi,::;tc '-N::GSLYYSGSTD ·l 1f0) 
!:&i:ci:'itagtggg;;,ge,2,ccg~ctl.::.:?iaec cg:!.:: FNPSLKS:f.:VT::SV 
cdi;ai,;gagtcgag,1,;;.acca!ate.cgtaga,c DTSNUR}/SLKLR. 
acgltaiaca,a,,;;;:;.gggtc1cctlgaagt!ga SVTAADTA:VYYC 
ggtctgtg,i:3ccgccg;:;a:g;;sta;:;ggctg~1::1tt ft.HHAKAPDSFGG 
ad:gt-;:ic,g<3gi:3caci;;,t-Q&:a&gc::!3(;.CCQ:i3:tt AEVfDY,tlG:QGT 
qiil:§gg,;:igag,:iga,;:itadrt~:1aciad§gg L\JNSS (SEQ ID 
gccB:g,;igst~i:ix,-tg,gtcBrogkti;:,:tcqg.cc NO: 1 WfEJ 
tccaccaagg,g,c;:;e,::itc,1gt:::ttcc;:;e.,Jggc 
ac {SE(HDNC,: 116-f.:\} 
ga,3.at;;sgt-;;;at-;;;ac.,ge.8gtct1x:agccaccc E!\!l,H03 PA.TlSV fGQGT 
!gtclgl,;itc:i,:rn§.,g,g,;;;aagg.3gce;ai::z;ctc SPGEG.t:TLSCR.A. KLEIK 
!:cd§ca,;.ggecw;itc:a:g,a,;;;tglt&gci:lge;a SQ$.,</$$,NLtl,~VY lSEQ HJ 
;;,eti2gr,etggtate;;igca;;;;;gacc~g,:;,e;;, Q·CJRPGQAPRLU N:O: 
gge.kccagg,r.tccko:tr,wli;io:1f,icakc;;i:e YDAS TR.ATG\i:Pt. i ::m(J) 
ci.;;99g1:ci.;;,::;tgg:igt:e~:cag,cce<;igttcagt RfS!JSGSGTEFT 
gg;:;,~gtgg,gt;;tggg:,,:;:;.agagttcactetui:e L Tl.SSL QSEOFAV 
ci.,teag!::l3,gcctg;:::l3g!etg<3~"1~l3tttigi:;sgt YYCOOYNE'#PP 
ttatra~tgt,:,ag,;:-agtata,atg,~,;i>,g,gtct~i;;>, MYTf GC~GTKLEl 
;;:tg,ti..cacttttg9wagg91,:ai~c.2;agdgga K (SEQ lD NC: 
gatc;:;ia<1,cg,aac~tggd',l,t..'!ccatctgldt ·i 199} 
ci,;tcttccc,gccatctgm,,;i:;agca,g!tg@ak 
!ggaa:etgcet,;-;tgttg1g,1:gccigctga 
(SE.GLD NO: '119B} 
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:Gf·SFS 
NYG G!A(,!GK 
{SEC, lD GlE\.~iV 

o<;:l'"'L,;;:, l'NF''· • 1.; r,~-•· -~"i:- .;,..oi · -~_,;_ A.:, 

121:l:3) (SEQ lD 
NO: 
rn34j 

mQMTCl IOS::-ST'li LAWVQ 
{SEO lD C;,~;PGK 
NO: APNLU 
l2l3} Y (SEQ 

!DNO: 
1214) 

K {~E'.~ -'~*IV!?~RF D'.:'.~E-~' 
NO. l2f/.$J T:-.~-R:DN G:::~Su 

SKNMl '(YYGl 
·'(LQ:MN nv 
SlRVED{:SEQtD 
T/•.VY'(C NG: 
(SEQ ID 1207) 
NO: 
lW6.j 

:" ,.,:• ;_··,·Ee,.lr.::LK<::i':;Ulnr,·,a,·••1· .o".-A~ , .. J ')..,...; ._., . -~•..., ❖ '".«~~ ,! ,_ 

lD ~~O: PSRFS NS:RM 
12·15:J: ~"'-'""''~ 1•'<.::E•-· 'D ~~.z._~:.:,.___~~ ~.~.::.- ~\..! f ,t 

TDf'iLTf Na 
SSLQP 1217) 
DDFATY 
'"{f) 

{SEQ!D 
NO: 
.•,2-1:~} 

FIG. 12 ( continued) 

caggtgcagd:i;;g\,:;iga-;;tct,,;mi;rn,:;i;;;,;1g£: QVQLVESGGGV 
g:ig,;its:c:agcdggfl<''!:fJ'Jtt.cd-g:agadd,::: VOPGRSLRL5CA 
~1gi:g~.agcetctggat!J:agttleagtm.'llfuig .ASG:FSFSN'f(HH 55 
gc&1aem:;tgg,gtcc:g,ci;;ag,gcl:caa,Jgea 'l{.:/RQAQGKGLE (SEQ lD 
@;;g~ggcig:gagtg,;:igtgg~o3gttamtcm;;a 'l{':;:'}:.V,:S:HTGS.NK NC.l: 
tm~tg,;iM;g1ziatsaa1ali13:!geagac1ceg1 YYADSVKGRf'Tl ·12·10) 
;;si..~gggi::cgatlt:aetatct1::r-agaga,c:iat SRDNSKNMLYLQ 
kc,aag;;;aca{11tigta!dg,e:ia-:.stga;acag MNSLRVEDTAVV 
cdyagagttg.;;;,g:g:m.:"-'lcggctgl.gta'rtaetg 'iCATLGG[HVlEP 
{gcgae:m::tgggtgggg,.;,ca'rtgttct&ga&c G TR3-DYYY GlDV 
ta!;mtacfa,gg~cgga;,:,iar:l..2,ct<!cggtl:tgg V'lG-Q,GTT':/TVSS 
a.i:,gtcty:gggecaa:gg:gaccacggtcaccg, (SECl m NO: 
-tctcctcag,rntcc:::cgaceagc•cc,::::sagg~c l 20'3: i 
l (SEQ iD NO: 120:B} 
g;u::.atcc.,;1gal:g,2cc1.:,<!gsdcdtccac,cct DlOMTQSPSTLS FGC-GT 
,;itcn:gcatc1gta:Qgg,,;ica,c,1£HJ:gtrncc.<!tr: ASVG:DRVTff CF{ KVEOK 
a,:.1',.gccg:ggtca:gtcal:")agtattagtacc~ ASQS!STW'U~:wy (!:i,EQ lD 
g1tggcdgg1atcag,caga:fl::.:ICC!3.ggg5!3:5 QG:KPGKt,PNlU %0'. 
gcccc~a:3:,:ctcclga:!cl;:;tt.laqg,:gt:::cll!~ YK.,,33Li'tSG'iPS ·12:m:i 
·ttaaaaagtg,gg!~tc,::~,t,::acg!tt,;~,cg:g RfS.G:SGSGTDfT 
rng1gga:ictg.gg,11ca,;ia,:'itcadct,:,11cca L TlSS-l Q:P[@F4T 

!cagct~9c.::,i9cagcc19~"tg~~ttttgrn,a[:tt YYCQ:{)YYTNSR 
i31tactgcc:aacaatalra!a<:.ia~tldagga!: MfGQGT¾:"lElK 
:;::fu:.gg;;;,cmt\W:<Jat:,caa,g:gt:;igai;,akaa (SEQ ID NO: 
&cg;,.:m;;;tgt_1:g,:::tgcac~atctg1cti;:;atctic 12 rn; 
u:g<.: c,Jtctl:"),@'l;;;ag,cal:")1'.,g~a<'itr,tgg,ai;i,::: 
igc-:::t.i:tgtt,~tg~,i:e::1:ge:t~a~ta,:.ct!c1:i.'lti:. 
(:Cagagag;gc,caai:lgtarngtgg:aaggig 
i;iatirnt:;g:ct:!.::tcca,att:ggg:h.~aett:1.:,i:-.agg 
,3gag~kacagagrng {SEQ ::D NO: 
12·rn) 
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LVKPGGSLRL-:, IESGGG DYY 
lVKPG {SEQ ID 
GSLR:LS HO: 

f(HLE)r.f.\ts·:t;:ss CA.A.S 1223} 
SGDNTLY/:,DSM {SEQ lD 
RGRfT,:SfWNA NO: 
KKSLYLQLSi.Si. 1222} 
RAEDTAVFYCA 

$'{ 

(SEQ !D 
NO: 
122:4) 

yvyns 
HSR:DN 1Si3-R:AA 
i<i•,;1>:.·sLY AflJ! 
·- r, .. ,--,_----1·,-~--, ·1n :.:.)· . .,.~L-.::'-~L {~·t:::..;.- · :!;_., 

RAEDT NO: 
.A}/f···tC: t22?} 
\SEQ HJ 
N:{): 

122t) 

:[JiVMT!J QS.l..LHS LE',NYV tGS (SEQ NRAS-G MCf:fLG: 
-S:PtSLP NGYNV" QKPGQ !D NO: VPDRf TPLFT 
VTP{}E {SEQ ID SPQlL ·l 235) St3SG5 {SEQ ID 

C'•i'fiV_L· r-:. ;*t'''_~,n ID;!,_•C;F"',-~ .... u·,. '-" 1:;-,;;:n. f~o:,r',fTl ••n--.::, ,. ,;: ,· ·.:... s·. ~ ~• .,~: •• , ,.r .... • ...:,.__,, l·~ . •, ,;;·;;_:,,:...,".:< ~;;:;~:'1 .. -l./ .__ -1)1:~-~. 

KPGQSPQLUVi. RSS 1233) \D NO: KiSRVE 1237} 
G.SNRASGVPD {SEQ lD ·12:C:4:, AED\i'G 

NO: ,r-r{C 
12:32} (SEQ:D 

r:·{Cs: 
12:%) 

FIG. 12 (continued) 

ct~ggtg;:::agctggtgg,a,;fictg,;_,-g,g,;r&,figcl 
lggkm.'lgi.:dg:,_g,g9g:li:::c;:dga\la:Ch::t;:9 KPGGS-lRLSCAt<. TRVTV 
lgtgc:igtc1,:;tggatt:ea~ttlc:ag!gactu:Ct 5GFNFSDYYM5 ss 
aca~agi::-1gg,.i,tc:tg-ccaggc1c-caggga 'lt!R:QAPGKRLE. (SEQ ID 
~,;i.cg~~ctg~a:§tg§gffl:c~til-ca!:fa~=~B:gt .,,./~\!S'.{::sss(;DNT r::lC::­
agt<Jgt<J-atRa,cacm:tdacgi.:.;;i:ga,~!i::tat LYAGSMRGRFTl l 230'• 
goaggg,<Jccgttt<::atcate-1ccagg,;m-caac 5R!JNAK~SLYLQ 
gcc.aaga.3.gh'.::@ctgtatttgc,Ba&,_!agc:ag l33L:RAEDTAVf 
>:l::t-:;;,a,;iag-ccg~:g;13,ca,1:>;;;gci::;-,;tglttl<3{:t YCA.RA.SA"f-·:t't,DS 
gt;gi.:1',1:;;;g;;g!:'.:etccg,c~~attattatr,i:aU;gU SG,RAAAFG1WGQ 
gt,J.gt.c,~g,;icg,gc!g,:tmgatatctggggcc GTH''/TVSS fSEQ 
a.::1,J<;;:Ql3.t.al3:gijgli:::l3.co;itctc~tcl3:gcctec m NO: 122S} 
.,,,x;m;1',lgr,ic:::-zat,;:ggtcttccc:::-cti;1gzac 
(SEQ_{.l_P-JQ:_J22B} 
g;13ta!tgt:gat:gal::,t3{l:!:Ct~ cl3ctci~cctgc DF:/MTQSPLS-lPV FGPGT 
,;t:~;it,;ac-cccti;iga;i;1a~ccg:i;1cr::t..:,;;:.i3:t..:k-c 1PGEF.ASi:·S:C:R:S: KVDlK 
i_lJcaggt:et2,;itc&g:ag:ectcctge::a:la'Qb:2t Sl)SlU-!,SNGVMV (SEQ lD 
gg:iJ:t-:ima.:tatttgg,agtgglu:e.gt;;i:c.;2ga.; LEWYVQKPGQS NO: 
9eea99::Jc.:i!!gtckcac39,etectgat1:,t:i!!:l:tt P·QLU'tlGSNRA3 l'.141'.l) 
gg!;:ifi,::t;a,ai;::gg,~c ,:~i:;cgg,~g!iccctga-ca GVPOR:FSGSGS 
ggttca,Jt-;i,Jcagtggi1t,::iiggcagagatffi GRDFTL:.;.:JSRVEA 
3eactg;.;:aa,:3.te;.;:g,;a,;;,?1,;_,tg,;_,ag,J-ct,;i:l:lg E"DVGVYYCMQV 
gatgtagg,;igf::ira!\n,::t~-cai{;-caa~cta,:: LGTPlFTFGPGT 
aaactcd-ctatkac,ltl:cg.g:cr.:,;:;lgg:g!.'l:r.:.;:;a K\''DH·{ {:S-E{:l tD 
&a:gtgg-at~t,:;;0,f,;;ir.:g-aactgtgg-ct,,1,:;;0,u, NO.: 1:22,fl}. 
8tctgt◊tec:1>tcttcccgceatEtg:a!gag-ca~ 

ttgaa:atctggaact:gi::E!cl[M!;rtfttge,::19ct 
g;aa!nai::,tktak,::caga,gaggcca;:.ca~ta 
wgtggi.mggt.ggat8ac:g:cr.:,ctewatcgg 
i:aadcew-::;, (SEQ lD NO: "!238} 
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L~/KP:S-i.(f!lS-it.S:C c.-r~~}P(}, GSY':{ OP.A.GK {SE.Q lD K:s:R:\rr [fVf~G:G 
NVSGGS!SSG.S LVKPSQ {SEQ ID GlE1NfG NO: n'45J MSVDT AN\>\'fl) 
YY',,VS'l,'tfi:QP.A. llSLSC NO: R i,SEQ SiKNQf P {SEQ 
GKGlE\l'{fGRl't NVS n43; !D no SLKLSS ID NO: 
TSGTTNYNPSl {SEO lD 1244) VT.A,.,ADT t247} 
J<;SRVTMSVDTS NO: .AVY'iC 
KN(,lFSL:KLSSV ·1242} i_SEQ !D 
TA/:IDTAV'(YCA NQ: 
R 1,SE-Q iD NO: t:!46) 

.i<:.at<::cagc:.:it.g.a<::{;('.;:lgtctc<::at<::tgcca,tgt Q VQl.QESG P·GLV -~VGQG 
ci:ge.3tctgt&gsiragz;;cagagtca<::c&!<::att KPSQ:,lSLSCNVS TlVT\i 
tgto;igg,~gagtr.:a~:ggeattBffC:B:attat!t::t GGSISSGSYY'NS ss 
gcc.tggtttcagcag;a.iacca:gg:g:.iaBglc<:: W!R.QPAG1'::GLE (SEQ lD 
ctaa9cgc-ct.1.l!lti::t.~tl<::tgcatccat!ttgea W!GRl YT:S:GTTN r,io: 
aag!ggggtt:.ccakaagg'!l:za§cg:g;c:agt YNPSl KS.RVTMS l 250/ 
ggf::!C!:gfil,mag11ia:lkactdt::acaat1::ag ':/DTSKNG!FSLKL 
::;:a:Q~ct~ft:Z3ffC~.:twr~gattt~gt".a;2:f;tt~tta SEt~./TA.ADT.A>IV':./ 
~--tgtt:!a<:a:gc::;,tJat;aglta,c<:c,i.;:;:tc::;,cttt;:;g C.i'::.RG!KGDYGGG 
g;;:ggaggga;:;:r;m.'l,;;;gtggmx:::.f;:;;.'i::;,ac .ANV'IFDPV\i'GQGT 
(SEQ: tO MO: 1248-} LV-fVSS {SEQ lD· 

NO: 'l24':'i; 
E!Vf1HQ -QSVS:S 
:SP.ATLS N (SEQ 

CRASOSVSSNL \/SiFGE !D NO: 

ll-•}J'\f''{Q 

Q:KPGQ 
APRLU 

RAS ITRATG:: QQYNN caggtgc.agt~g(:aggagtcgg@ccc:ag,J0: EIVMTQSPATL:S''/ fG:Q-GT 
{SEO ID P.AIRFS \fF?PYT dgg!gaa:-;(:cttqrnagl!li;r.:<::tgh::cctc:ac SPG:ERATl:S:Cft4 !!:VE!~; 
NO: -USS) GSGSG {SEO !D :::tg;:;:;;:dgtct~-'rn~'l:ra,:h'.;atccag<:ag!:ggtt 5:0SVSSNlAW'Y (SEQ lD. 

A':NYOOKFG(:i:A, RATlSC 125'.Ji 
PRLUVRASTRA RAS 
TGiPA,RfSGSG {SEC/ lD 
SGTEFTLnSSl NO: 

,1252} 

)'' {SEQ· 
muo: 
US4) 

TEFTLn NO: ada<:tg,ggg:ctg:ga!u;ggcagc,:t::c<:agg QOKPGQAPRlU !::W• 
SSL{~SE 1257} §aagg:g-gd.gg11igtgg:<:1-i.tggaagt-aktak YRASTRA.TG\PA -12§0) 
Df.8.,VYY r:itagtg:g.gaccaee!acta<:l:la<:ccgtcc;:;tc R:f5GSGSGTEFT 
C: {SEC/ .:!a~,;:;-;g:tcg,'.3atrn;:;;;:"rcatcagta-ga1::aegt lTlSSlCISE[>FAV 
H) NO: :;;cc:aa:gmicc.agtlctc<::d:ga;;;;:acigac::Jd YYCOQYNN\NPP 
1256) gtg:accgc:cgeagac:aq;_i~«:,~gtgt'.3tfilttg YTFGQGTKVEli<. 

FIG. 12 (continued) 

!gt>J'3:g,]tai_;atiag_ ti;;.t:::t;ac,JB,_ti.:;ru'l.:1:tacfti: l(S~Q- !D NO 
§&C;J,&>:tggf!gr,ca9gg;a,accctg:gt,:Bcc ·i2::>9·)­
~tt:kcte·a:ij (SEO fD N:i): ·r:;25;~) 
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NYN,PSl IARA.RFf lgaa:att-;;i~gttge,c,;1c.ag1c1:c,c.&g,gcac,~ct IQVQLQESGPGL',/IWGQG 
l{SHITM G.JSNVff' gtcttt~:kkrngggg.at::agagccaccdctc KPSQTLSl TCT\' TlVTV 

Q\!QLO: Gcts::::ss 
ESGPG G.l<JYY 
l..V:KPSQ: (SEQ ID 
rts.nc NO: 

GLEWlG!NO: U:55)!SVDMS- D'P 
KNOfSL {SE,) ID 
KLS.SLT NO: 

ctgc;agggccagtr,2gagt¢gaacagcatc SGGSlSSGN'f··1w SS 
ta:;;Jtagcccl'gg'k1t,cagcagaaac,cl:ggu: SWtRQPA{3KGLE (SEQ: lD 
ag1,:ctccca,~ggtcd,:;akfatggtaca~cca \3l!GRlYTSGSTN NO: 
gc;agg,g::x;a,::tg,;;icarec,r~g,;;.caggltca YNPSLKSRffMS ·1270') 
gl:ggcagtg,ggkli;iggac.agm::tti::ac!dc VDM:5KN·OfSLKL 
accaita~cag:actgg:agcdgacl:gatffi:gJ.:: SSL T A/lDT A\/YY 
agtgtattad:gtcflgdgtaiggiggdc:::lcdt C AF:;ARFF GtS-NW 
!atti::,gctttcggc:cctgg:ga,.;;8aaag\,Jgata FDPVlG,)-GTLVT 

"f':/S 
(SEQlD 
HO: 
t262} 

t2€3l 
R(SEQ 
HJ NO: 
l2£4j 

l)!(JMTQ QT!SS'{ LNVi/''fQ 
SPSSL:S {SEQ fD QKPGK 
A[NGD MO: APKlLI 
RVTffC 1273) Y (SEQ 

iSEQlD 
GSGTDflL T1ss1 i-m: 

t272} 

!DHO: 
1274) 

~:;la.s 
{SEQ tO 

A.&.DT.A,V '!:167} 
YYC 
(SE{J:tD 
NO: 
"l266:) 

SLQSG 
VPS:R\I 

QQ:SY·.s 
APLT 

., .. ,,--,. ••')·7,:,-,,...,-,,:-r..~• 1··,q=r, 'D ::"<V·~ i, . ..:..;_. :::iJ ;.;:;,'(..-,..:4..-,;,;::. f ... ~.,_-!-__. t ·" 

G"H):FTL NO: 
T:S.SLQ 
PEDFAT 
YYC 
(SEO :~D 
NG: 
127'6:) 

1:'277) 

FIG. 12 ( continued) 

k:;azm,c (SEO H) HO 1213:S l VSS {SEQ !D NO: 
1:2l'3S} 

98!:!;,;glgc:~-g,;::t:gtll;jg£<gtGi~-ggggag:g,::tl Di·QMT:QSPSSLS FGQGT 
ggt,1e:i3gcctg:g;ggg:gte:i::ctgn.g:i3.tti::rr; ct ft, SVGDfF/FiCR K\'E!K 
gt:ge:;3:g;::ct,::igg::e:ttc&i.'::t"::;lrtB.g>::~cratg ASQTlS:S'',:'U-!VlV {SEQ: lO 
c:ciitg:agttg:g:gio::;g:xag:g:ct,::8agg;g:3,a QQKPGKA?KLU NO: 
ggg:g,;:;!gg.ragtgg:g:t,:ka<Bcta.ttag:tggg& YGJ..:SSLQSGVPS l 2F.{lj 
gzjgtggt,.;i:g:rncal;::tetac,;ic&g.a:ereegt:;i RV:SGSGS:GTDFT 
aai;:,ggc:eggtt:caeci3t>.:!cc.agagacaa'tt L TlSSLQPEDF t-.T 
c.ta,~:g:aa:c,~:cgtt'.:it:e:1:::.tgt:a.a.itg>.J.a:cri:gc '-iYC,Q-C!SVSAPL T 
ctgia,aag,e.egaggm:acg;gcc,gtata::::!uc.t F GQ·G-TKVEI K 
gtgc;:;i,aa,:a9::atc:ccc,g!a:9,ra,Jtg~cce:ctgg (SEQ lD NO: 
9tgg,>.::ctz:l:lgg9gs:: .. .ig:9,ga,e,~.cctggk.i l 2 ?B) 
ce.;;:tdr:ctrng; (SEQ iD NO: 1278} 
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KPG:S.SVRVSCK :SGDF/ 
TSGSTFS.T'lP!S KKPGS 
V{.J\tRCsA.P·GQt3l S\t:Ft:lS 
E'NMGGHPfVGT C:KTS 
.t,NYJl,QKFQDR {SEO lD 
VA.ff-AD-QSTSTA NG: 

t28£} 

VP QAPGQ {S-E{} ID FQD:fN 
{SEQ ID GlE\.'lM NO: ttf.l5J J:.ITAD:Q IGS:[Pi' 
NO: GG STSTAY (SEQ lD 
"1283) (SEQ tD MDL 1SL NO: 

NO: 
1284) 

R:SE□-T I ns:n 
,1..·-.,,-.{··tc 
(SEQ!D 
no: 
·1286) 

lQMTQS ·QG!SNY LA.Wfl;). SA.S {SEQ TlQ:SG LQHNS 
PSA.MS {SEQ ID QKPGK iD NO: VPSRFS YPL T 
ASVGD NO: VPKRU 1285) GSGSG {SEQ tD 
RVT!TC i293.l Y (:SEQ TEfTLTi NO: 
RAS H) NO: SS.LQPE t:297} 
{SEOlD 
:N(}: 

1292} 

12:S-4) DfATYY 
C['SEQ 
i:DNO~ 
-~2S:6) 

FIG. 12 ( continued) 

tt¢@atijacti::&JtCcti::ac-tdc{:diJ{:,:;,;:,@1 VQL':/C!SGDE':/KK V'-lGQG 
,;:,;:;c,;:ctt-;;,gae:2gcc9g,:;,;:kcakti.:dg,;:,;:l P-GS-SVRV-SCKTS Tl VT:V 
ggtcra,;itca,-3,a,;;i-c,:k:-gtB:,::aca,;;itgBtgga GSTFSTYPJS';ff:/ S.S. 
a;ac,3cc~.sct'tgoottgg~cag,::ia-ga-ggcc RQAPGQGLEWM (SEQ !D 
Bg§.1:ccaatctcc.a;ag,;;!C@Cda&t!btaa'.;;!9 GG!\P!VGT.ANY'A. NO: 
ttletasc,:;gggB,>::ktgggft>::€::Cl.'!:QlH:!89:8 QKFDC:·RVAffAD 12:00 :, 
ttcagc,i;;gc;agtg,;_,-g!c;~gi;;,csct~;;.~t't!:c.m; Q:STST A YMDLTS 
ad9a.a.a,:atcagrog,g-gtgg:B:gg-ctg:ag9a LRSEDT:AVYYC:A 
t-gtt-g,;_,ggtttsttsct@cal9e:l3-g>;_,,J\sca:rac RVGGALffi:;SSGS 
t-g•;;!:C c~ecg!l3,C8Cttl:tg,;;!CC:~9g,;;;'g:ac.,:::.3,a D Y'/'J GQGTL'-/T\'' 
gg:t:g:gaga~:a1:1c {SEQ ID NO: SS {SEQ lD NO: 
nm:,1 nag} 
g:ag;gtgcagct>;;ittg-gsgtcl@ggg&J-gd:t !QMTQSF'Sft,M.S-t,.. FGGGT 
ggt,;,cagaaggggggt:ec,cl:g;.:,g,actctcc SVGD:RVT:iTCR:A. KVE,:/( 
t.:g!i;;,ragzctctggatlcacatttagc,l3ar;!,::t!g SQGlSNYLt>:lffQ {SEQ !D 
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FIG. 12 (continued) 

lJ8l:l'3:3ittgt>;ittgc::H:ge.agtr,;~JX:3iggo3cct:t O:\!QLOESGP·GLV 'NGQ·G 
gt:-::;itl,;iJcte:ca::;ig-ggam.,;g~cc;ae;,:dctc r~P:SETLSL TCTVS Tl '>'TV 
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.::.afoagcag;acig,:J-i.gcdgagg:afittg,~ag TAADT AVY''i'CAR 
tgtatmcig;k:llg,c.:;;,g,latggtaccte2g<::Jaa YlVS "flN 'l:FDD1NG 
am;ttttggcrn,;m Q',l:i:.lCG<l:i:'iQ,gtg,,;i:~gat::.: QGTLVTV ss 
ai.o:i:l:c. (SEQ: m NO: t308} {SEQ :iD NO~ 

13-Q~} 
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FIG. 12 (continued) 

gaaR1agtg:a!g=acg1.:agtctc::r;;sgccat:,;:;c 
tgtcigtgtct-r::cagggg:a,:llil{l@!,lCCacC':::lc 
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acrtag,,:.cl!;gtacca,gcagaR@Xtg,gcca ',NV:P.:QAQG!<O::GLE 
ggckceagg:ctc:gtc:a!:datg,i;_:;tgc0:!ccac 'l'l':i:ST:!:SGSGG:ST 
cagg~:ccactggfakc:,i::,:2gcc1;ggt!c:agt YYADSVKGR,FT: 
98lct'!~:tggg\ctg:;;!•gScaga:gt!;:;Rcld:c:ac SRDN.SKNTl ''fLQ 
ca!<:agca,;cc:t,;;,8agtdgat~g:ati.ttgn'tg:t M NSLKAEDTAVY 
ttattactgtcag-:::a.3,g,13ta1:3:taB:ctggccrni:: YCA:KDPRSSVP 
glggacgttcg:,;Jc:rna,,K1gac,caagglg!tll \/\'V.AY'J'JGQGTL\/ 
ai.1-tca:a.ac (SEO ID t,JO: 1328) TVS.S {SEQ !D 

NO: 132':ll 
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TDFfLTi f"l'O: 
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FIG_ 12 (continued) 

g.11ta-ttgtgatgactcagti::lc,;;g,ctctc,:;ctgc 
r.z>;itcacccctgga:gc,;iccgg-cttl::catl::1cc. QPGGSLRLSCAA TL \.'TV 
l§C<'!{}m,:cagtcg{l:;.'l@CCtc,:tg,cafl~g&,g SGFTFSNYfo.MS ss 
atgg:;3ta;ciHiaatgt-:-i,ga,ttg~Jrar,c!gcag 'iVVRG;.APGf.(GLE (SEO U) 
aagt,cf!{!ggc,agtr.ttti.'iC<ligckd\}ail.;t<li '-NVSG!SAGGS:NK NO: 
tttGog,gtlcta,mcgg:g,:ctc.cg,gggtccctg,8: YYADS':/KGftFrV 1 J;:.-0) 
,mgg~tcagtg:gc:8:g~ggatcag:gcacagBtt SRDNSKNTLfLG 
k:1lt8:d:gm~~rntgi'l.grng,;,gt~:g8g:gd:g MNSl.RVEIJTA'\/Y 
agg.;tgtl:gg,gg,ttta,fu'!!>:lgcatg,,:aag:ct,::t YCANRMGLRPD 
aclil:a,ack,i::,;.tac<liattffa;;gr,cB:9•,1{;:,;ii&a:i:: Vfl)\'\'VGQGTLV 
aa,.Jgtgg:ag:st~.,,!'$il<3t {..SEQ :l:D NO·: TVSS- {SEQ H} 
1346) NO: 1549l 
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NO: gtg,acq;,w;;;,c.;,gacaeggccc;;;igtattattg YC AKSP.AS S'WY'f 
1.Jf:;6_) tgcgnggtl3itatagtgJcbcgnto::a;1,cta:cttt D:!-l.1NGClGTl"/TV 
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RfSGSGSG'fDF NO: 
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FIG. 12 ( continued) 

gIBggtgca,;J:i:tgttgg:agsctg,ggg.ga~g~tt 
g~,1tac1:1gcctg,g-g,;i-ggtcc:i:,tga,ga:i:tctc d 
gigcagccktgg:alkaccttia-g.::,agd::.tg SGFTSNSfVMN SS 
ceatga-gttgggte1::gcc,2ggctca1:1g,ggal.l \'\i':/RO.APGKGLE {SEQ !D 
gg,;:ig,~t,gcgagtgggtctca~-ctartagtggga .,.N':/S.4JKGTVNST NO: 
g1gg!;;;;g!;~g,cac::l=3tacta~e-agacetccg,tg FYADSVKG:RFTl.:Si 13:SO;; 
aIBgggc:c,;;;gttccacc:atrtcc:aga,~at:aatt RDNSl'<.NTVYLQM 
cb.agaacacgl:fata!clgc:.3.ai'.3lgm¼c:age: SSLRVEDTAiiYYC 
ctgam¼g=c<:gag§.,acacgg<=cgtafai<:ta:ct RGNi/:fGEG!NGW 
gsgcg.<1aa,;Jatc:i:ccgtagt;a.gt§t!:CCCtg§ DVWGi:.1l.3TT'/TV 
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ANTIBODIES DIRECTED AGAINST 
INFLUENZA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This Application is a continuation of U.S. application Ser. 
No. 14/350,632 filed Apr. 9, 2014, which is the National 
Stage of International Application Number PCT/US2012/ 
060912 filed Oct. 18, 2012, which claims priority to U.S. 
Provisional Application No. 61/603,895 filed Feb. 27, 2012 
and to U.S. Provisional Application No. 61/548,704 filed 
Oct. 18, 2011. The entirety of each of these applications is 
hereby incorporated by reference for all purposes. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

2 
in humans had close to a 50% mortality rate (Subbarao and 
Joseph, 2007, Nat Rev Immunol 7:267-278). Emergence of 
a zoonotic or antigenically distinct strain that combined even 
a fraction of the morbidity and mortality of the pandemic 

5 HlNl and H5Nl viruses would have dire consequences. 
Antibodies play a key role in protection against influenza 

infection in vivo (Gerhard et al., 1997; Immunological 
reviews 159:95-103; Luke et al., 2006, Annals of internal 
medicine 145:599-609; Puck et al., 1980, Journal of infec-

10 tious diseases 142:844-849; Simmons et al., 2007, PloS 
Medicine 4:el 78). The fact that there was little or no 
pre-existing antibody titers present prior to the emergence of 
this pandemic virus, and that the virus atypically caused 
such severe disease in young adults illustrates the impor-

15 tance of comprehensively understanding the B cell 
responses and antibody specificities induced by infection 
with this influenza virus. A need remains for reagents to treat 
and diagnose an influenza virus infection in a subject. 

This invention was made with government support under 
AI057266, HHSN266200700006C and RR025008 awarded 20 

by The National Institutes of Health. The government has 
certain rights in the invention. 

SUMMARY 

Antibodies that specifically bind influenza virus hemag­
glutin A (HA), and antigen binding fragments thereof are 
disclosed herein. In some embodiments, these antibodies are THE NAMES OF THE PARTIES TO A JOINT 

RESEARCH AGREEMENT 

There is a joint research agreement between Emory 
University and The University of Chicago. 

25 broadly cross reactive. In additional embodiments, the anti­
bodies inhibit hemmagglutination activity and neutralize 
more than one ofHlNl, H5Nl and H3N2. In some embodi­
ments, the antibody specifically binds HlNl and H5Nl. In 
other embodiments, the antibody specifically binds HlNl 

INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED AS A TEXT FILE VIA 
THE OFFICE ELECTRONIC FILING SYSTEM 

(EFS-WEB) 

30 and H3N2. In yet other embodiments, the antibody specifi­
cally binds HlNl, H5Nl and H3N2. In further embodi­
ments, the antibody specifically binds HA of one or more of 
Pandemic (HlNl) 2009; A/Brevig mission/1/18(H1Nl) 
1918; and A/Brisbane/59/07(H1Nl) 2007A/Indonesia/5/05 

35 (H5Nl) 2005; A/Brisbanel0/07 (H3N2) 2007. The antibody 
can bind the HA globular head and or the HA stalk. In some 
embodiments, the antibody specifically binds a complex of 
HAI and HA2. 

The Sequence Listing associated with this application is 
provided in text format in lieu of a paper copy, and is hereby 
incorporated by reference into the specification. The name of 
the text file containing the Sequence Listing is 
11177USCON_ST25.txt. The text file is 604 KB, was cre­
ated on Jan. 4, 2016, and is being submitted electronically 40 

via EFS-Web. 

FIELD 

This relates the field of influenza viruses, specifically to 45 

monoclonal antibodies, and antigen binding fragments 
thereof, that specifically bind an influenza virus protein. 

BACKGROUND 

In several embodiments, nucleic acids encoding these 
monoclonal antibodies, vectors including these nucleic 
acids, and host cells transformed with these vectors are also 
disclosed. Compositions are disclosed that include these 
antibodies, antigen binding fragments, nucleic acids, vectors 
and host cells. 

Methods of using these antibodies, and antigen binding 
fragments, nucleic acids, vectors and host cells, such as for 
diagnosis and treatment of an influenza virus infection are 
also provided. In some embodiments, these antibodies and 
antigen binding fragments are used to diagnose an influenza 

50 virus infection is provided. In other embodiments, these 
antibodies, antigen binding fragments, nucleic acids, vec­
tors, or host cells are used for the treatment and or preven­
tion of an influenza virus. 

Influenza is the seventh leading cause of death in the 
United States (Beige! J H (2008), Crit Care Med 36(9):2660-
2666). The elderly, the very young, pregnant women and 
otherwise immune-compromised populations account for 
over 90% of influenza-related deaths. The pandemic HlNl 
influenza virus strain is immunologically distinct from other 
influenza viruses, leaving large population groups suscep­
tible to infection (Brockwell-Staats et al., Influenza Other 
Respi Viruses 3:207-21, 2009; Dawood et al., N Engl J Med 
360:2605-2615, 2009; Garten et al., Science 325:197-201, 60 

2009; Hancock K, et al. (2009) N Engl J Med 361 (20): 1945-
1952). The Center for Disease Control (CDC) reports that 
the 2009 HlNl pandemic strain caused an estimated 60 
million cases and 256,000 hospitalizations. An unusually 
high frequency of severe disease occurred in younger and 65 

otherwise healthy patients (Hancock et al., 2009, supra). In 
addition, rare infections with avian H5Nl influenza strains 

The foregoing and other objects, features, and advantages 
55 of the invention will become more apparent from the fol­

lowing detailed description, which proceeds with reference 
to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA-lD. Rapid and potent plasmablast and sero­
logical responses after vaccination with the monovalent 
pandemic HlNl 2009 vaccine. Healthy adult volunteers 
were vaccinated with the pandemic HlNl 2009 monovalent 
vaccine. A control group was vaccinated with the 2008/09 
TIV in 2008. FIG. lA shows fold change in serum antibody 
titers between day O and day 28 were determined by HAI. 
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FIG. lB shows the number of vaccine-specific IgG-produc­
ing plasmablasts were determined by ELISPOT at 0, 7, 14 
and 28 days post-vaccination. FIG. lC shows the number of 
vaccine-specific plasmablasts correlates with improved 
serum antibody titers by HAI (Spearman's rank correla- 5 

tion). FIG. lD shows the numbers of vaccine-specific IgG-, 
IgA-, and IgM-producing plasmablasts at day 7 after vac­
cination as determined by ELISPOT. Dotted lines=limit of 
detection. 

FIGS. 2A-2D. Stem-binding antibodies are induced fol- 10 

lowing pandemic HlNl 2009 vaccination. Human mAbs 
were generated from plasmablasts isolated from individuals 
vaccinated with the pandemic HlNl 2009 vaccine. FIG. 2A 
shows binding to the pandemic HlNl 2009 virus by ELISA. 
FIG. 2B shows binding to pandemic HlNl 2009 HA by 15 

ELISA. FIG. 2C shows all HA-binding mAbs were tested 
for HAI and neutralization activity. Three putative stem­
binding mAbs are highlighted in blue. Dotted lines represent 
the highest concentration of mAb tested. Data are represen­
tative of 2-4 repeat experiments. FIG. 2D shows the 3 20 

putative stem-binding mAbs were tested by competition 
ELISA with 2 known stem-binding mAbs (70-1F02 and 
70-5B03)(8). Percentage inhibition is the ratio of binding 
with or without competitor. The reciprocal stem-binding 
mAb for each assay in the pair was used as a positive control 25 

and EM4C04 which binds the HA head was used as a 
negative control. Bars represent means+/-SEM for three 
repeats. The V H gene usage of the individual stem-binding 
mAbs is indicated on the right. 

FIGS. 3A-3C. The pandemic HlNl 2009 vaccine induces 30 

highly cross-reactive HA-specific antibodies. FIG. 3A 
shows twenty-eight pandemic HlNl HA-binding mAbs 
were tested for binding to HAs from the indicated influenza 
strains by ELISA. FIG. 3B shows twenty-five HA head­
binding mAbs were tested for neutralizing activity against 35 

the indicated panel of HlNl virus strains. Two mAbs 
(20-3G06 and 15-1A03) expressed poorly and were not 
tested for cross-reactivity (ND). FIG. 3C shows three stem­
binding mAbs were tested for neutralizing activity against 
various influenza virus strains. Influenza strains are arranged 40 

from left to right in order of sequence similarity to the 
pandemic HlNl 2009. Monoclonal antibodies are arranged 
according to degree of binding by ELISA to pandemic HlNl 
2009 HA and grouped according to cross-reactivity by 
ELISA (blue: stem-binders, bind all HlNl, H5Nl and 45 

H3N2; black: bind all HlNl; red: bind A/California/04/09 
and A/Brevig Mission/1/18; green: bind A/California/04/09 
only). Dotted lines represent limits of detection. Data are 
representative of 2-4 repeats. 

FIGS. 4A-4B. Monoclonal antibodies induced following 50 

the pandemic HlNl 2009 vaccine display high levels of 
somatic hypermutation consistent with a recall response. 
Variable genes from plasmablasts induced following the 
pandemic HlNl 2009 vaccine were amplified by single-cell 
RT-PCR and scored for numbers of somatic mutations. FIG. 55 

4 
activation followed by detection using ELISPOT. The per­
centage of IgG-secreting memory B cells compared with 
total IgG-secreting cells is shown in subjects from FIG. SA 
the year that the pandemic HlNl 2009 emerged (2009/10) 
and FIG. SB the previous year (2008/09). 

FIG. 6. A model contrasting the antibody response 
induced after vaccination with seasonal versus pandemic 
influenza vaccines. The pre-existing influenza-specific B 
cell pool primarily consists of memory cells that recognize 
epitopes in the globular head of HA from recent seasonal 
strains that undergo antigenic drift and thus change rela-
tively little year to year (shown in green). These are highly 
expanded due to recurrent stimulation over several winter 
seasons while memory B cells specific for epitopes in the 
stem of HA (shown in red) are crowded out. Following an 
infection or vaccination with drifted seasonal influenza 
strains, the large numbers of immunodominant head-reac­
tive memory B cells undergo re-expansion while those 
against conserved epitopes cannot compete. In a pandemic 
strain, many epitopes in the HA head are replaced while 
conserved epitopes in the stem and head remain. Cross-
reactive memory B cells specific for the conserved epitopes 
now have a greater chance of being recruited into the 
response. 

FIG. 7. The 2008/09 trivalent inactivated influenza vac­
cine induces a rapid plasmablast response. Healthy adult 
volunteers were vaccinated with the 2008/09 TIV. PBMCs 
were taken at 0, 7, 14 and 28 days post-vaccination and the 
number of vaccine-specific IgG-producing plasmablasts 
were determined by ELISPOT. Dotted lines represent the 
limits of detection for each assay. 

FIG. 8. Sequence homology of HAs from HlNl strains. 
HA sequences were obtained from GENBANK®. 
Sequences were aligned using ClustalW2 and displayed as a 
phylogenetic tree. Numbers in brackets represent pairwise 
alignment scores. Correlation analysis was done using 
Spearman's rank correlation and comparison between 
groups using Student's t-test. 

FIGS. 9A-9D. Plasmablasts induced by the monovalent 
(HlNl) 2009 vaccine cross-react with the 2009/10 seasonal 
TIV. Healthy adult volunteers were vaccinated with pan­
demic (HlNl) 2009 vaccine. FIG. 9A shows the numbers of 
IgG-producing plasmablasts in day 7 PBMCs that reacted 
against pandemic (HlNl) 2009 virus or the 2009/10 TIV 
(which contained the A/Brisbane/59/07 HlNl strain) were 
determined by ELISPOT. FIG. 9B shows example of plas-
mablast isolation by flow cytometry. FIG. 9C shows repre­
sentative ELISPOT images showing total IgG-producing 
plasmablasts and those reactive against indicated HA pro­
teins. FIG. 9D shows ELISPOT scoring of sorted plas­
mablasts reactive against HA derived from the indicated 
viruses. ELISPOT for 1 donor is not shown due to insuffi­
cient plasmablast numbers post-sort. 

FIGS. lOA-lOC. Patterns of crossreactivity among HA 
specific vaccine-induced monoclonal antibodies. The 28 HA 
specific monoclonal antibodies were analyzed by ELISA for 
their binding to HA proteins derived from either the pan­
demic HlNl 2009 or the Brisbane HlNl (A/Brisbane/59/07 
(HlNl)) influenza strains. The antibodies showed binding 

4A shows the number of mutations per V H gene following 
pandemic HlNl 2009 vaccination are compared with pre­
viously published data (12, 27-29). The red line shows the 
mean (p-values are from Student's t-tests). FIG. 4B shows 
the number of mutations per V H gene in HA-specific mAbs 
only. Colors represent the degree of cross-reactivity as in 
FIG. 3. 

FIGS. SA-SB. Memory B cells reactive to the pandemic 
HlNl 2009 influenza are detectable even prior to the 
emergence of the pandemic strain. PBMCs obtained prior to 
vaccination were tested for the presence of memory B cells 
reactive against the pandemic HlNl 2009 HA by polyclonal 

60 patterns that conformed to three distinct categories. One 
category (9/28 antibodies) showed very similar binding to 
both HAs (FIG. lOA). Another category (14/28) showed 
better binding to the pandemic HlNl HA, likely represent­
ing ongoing adaptation through affinity maturation (FIG. 

65 lOB), while the last category (5/28) bound better to the 
Brisbane HA (FIG. lOC), consistent with OAS (original 
antigenic sin). 
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FIG. 11. Cross-reactivity of HA-specific monoclonal anti­
bodies by HAI. Twenty-eight pandemic (HlNl) HA-bind­
ing mAbs were tested for neutralizing activity against a 
panel of HlNl virus strains. Influenza strains are arranged 
in order of sequence similarity to the pandemic (HlNl) 5 

2009 and mAbs are arranged according to cross-reactivity 
and degree of binding to pandemic (HlNl) 2009 HA. Dotted 
lines represent limits of detection. Data are representative of 
2-4 repeat experiments. 

6 
influenza viruses and certain subtypes have been shown to 
cross the species barrier to humans. 

The influenza A virus genome encodes nine structural 
proteins and one nonstructural (NS!) protein with regulatory 
functions. The influenza virus segmented genome contains 
eight negative-sense RNA (nsRNA) gene segments (PB2, 
PB!, PA, NP, M, NS, HA and NA) that encode at least ten 
polypeptides, including RNA-directed RNA polymerase 
proteins (PB2, PB! and PA), nucleoprotein (NP), neuramini­
dase (NA), hemagglutinin (subunits HAI and HA2), the 
matrix proteins (Ml and M2) and the non-structural proteins 
(NS! and NS2) (Krug et al., In "The Influenza Viruses," R. 
M. Krug, ed., Plenum Press, N. Y., 1989, pp. 89 152). 

HA is a viral surface glycoprotein generally comprising 
approximately 560 amino acids and representing 25% of the 
total virus protein. It is responsible for adhesion of the viral 
particle to, and its penetration into, a host cell in the early 
stages of infection. Cleavage of the virus HAO precursor into 
the HAI and HA2 sub-fragments is a necessary step in order 
for the virus to infect a cell. Thus, cleavage is required in 
order to convert new virus particles in a host cell into virions 
capable of infecting new cells. Cleavage is known to occur 
during transport of the integral HAO membrane protein from 
the endoplasmic reticulum of the infected cell to the plasma 
membrane. In the course of transport, hemagglutinin under-
goes a series of co- and post-translational modifications 
including proteolytic cleavage of the precursor HA into the 
amino-terminal fragment HAI and the carboxy terminal 
HA2. 

Antibodies, including human and/or humanized forms, as 
well as fragment, derivatives/conjugates and compositions 
thereof that bind to an HA domain of influenza A are 
provided herein. Methods of using these antibodies are also 
provided. 

In several embodiments, these antibodies are broadly 
cross reactive. In additional embodiments, the antibodies 
inhibit hemmagglutination activity and neutralize more than 
one ofHlNl, H5Nl and H3N2. In some embodiments, the 

FIG. 12 (Table 1). Amino acid sequence information for 10 

HlNl binding antibodies. Table 1 provides detailed infor­
mation, including sequence information, about each of the 
antibodies that were confirmed to bind influenza. Each 
antibody is identified in Col. A by antibody name and an 
indication of whether the heavy or light chain is being 15 

described. Heavy chains are indicated by H and light chains 
are indicated by Lat the end of the identifier in Col. A. For 
example, line 2 of Table 1 discloses 005-2G02H, which is a 
heavy chain for one of the cloned antibodies, and line 3 of 
Table 1 discloses 005-2G02L, which is the light chain for the 20 

same antibody. Accordingly, each pair of rows (2/3, 4/5, 6/7, 
8/9, 10/11, 12/13, 14/15, 16/17, 18/19, 20/21, 22/23, 24/25, 
26/27, 28/29, 30/31, 32/33, 34/35, 36/37, 38/39, 40/41, 
42/43, 44/45, 46/47, 48/49, 50/51, 52/53, 54/55, 56/57, 
58/59, 60/61, 62/63, 64/65, 66/67, 68/69, 70/71, 72/73, 25 

74/75, 76/77, 78/79, 80/81, 82/83, 84/85, 86/87, 88/89, 
90/91, 92/93, 94/95, 96/97, 98/99, 100/101, 102/103, 104/ 
105, 106/107, 108/109, 110/111, 112/113, 114/115, 116/117, 
118/119, 120/121, 122/123, 124/125, 126/127, 128/129, 
130/131, 132/133, 134/135, 136/137, 138/139, and 140/141) 30 

represent paired heavy and light chains from a cloned human 
antibody. Col. G provides the V region amino acid sequence. 
Col. H provides the FRI amino acid sequence. Col. I 
provides the CDRl amino acid sequence. Col. J provides the 
FR2 amino acid sequence. Col. K provides the CDR2 amino 35 

acid sequence. Col. L provides the FR3 amino acid 
sequence. Col. M provides the CDR3 amino acid sequence. 
Col. N provides the nucleotide sequence. Col. 0 provides 
the translated V region amino acid sequence. Colunm P 
provides the FR4 amino acid sequence. 40 antibody specifically binds HlNl and H3N2. In further 

embodiments, the antibody specifically binds HA of one or 
more of Pandemic (HlNl) 2009; A/Brevig mission/1/18 
(HlNl) 1918; andA/Brisbane/59/07(H1Nl) 2007A/Indone­
sia/5/05 (H5Nl) 2005; A/Brisbanel0/07 (H3N2) 2007. The 

FIG. 13. Clinical characteristics of study and control 
groups (Table 2). Number of subjects, age, gender and time 
interval between receiving pandemic (HlNl) 2009 vaccine 
and 2009/10 TIV are shown. Age and interval between 
vaccinations are expressed as median and range. 45 antibody can bind the HA globular head and or the HA stalk. 

FIGS. 14A and 14B. Sequence, mutation and V-gene 
rearrangement data for pandemic (HlNl) 2009 virus-spe­
cific mAbs (Table 3). Variable genes were amplified from 
plasmablasts stimulated by pandemic (HlNl) 2009 vaccine 
by single-cell RT-PCR and then determined using in-house 50 

analysis software compared with the Immunogentics V gene 
dataset and the IMGT search engine. FIG. 14A discloses 
SEQ ID NOS 1401-1478, residues 2-28 of SEQ ID NO: 
1479 and SEQ ID NOS 1480-1498, respectively, in order of 
appearance, and FIG. 14B discloses SEQ ID NOS 1499- 55 

1540, respectively, in order of appearance. 

DETAILED DESCRIPTION 

Influenza viruses are segmented negative-strand RNA 60 

viruses that belong to the Orthomyxoviridae family. There 
are three types of Influenza viruses, A, B and C. Influenza A 
viruses infect a wide variety of birds and mammals, includ­
ing humans, horses, marine mammals, pigs, ferrets, and 
chickens. In animals, most influenza A viruses cause local- 65 

ized infections of the respiratory and intestinal tract. Ani­
mals infected with influenza A often act as a reservoir for the 

In some embodiments the antibodies are broadly cross­
reactive and provide heterosubtypic protection. 
Terms 

Unless otherwise noted, technical terms are used accord­
ing to conventional usage. Definitions of common terms in 
molecular biology can be found in Benjamin Lewin, Genes 
V, published by Oxford University Press, 1994 (ISBN 
0-19-854287-9); Kendrew et al. (eds.), The Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). Terms describing protein structure 
and structural elements of proteins can be found in Creigh­
ton, Proteins, Structures and Molecular Properties, W.H. 
Freeman & Co., New York, 1993 (ISBN 0-717-7030) which 
is incorporated by reference herein in its entirety. 

Unless otherwise explained, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure belongs. The singular terms "a," "an," and "the" 
include plural referents unless context clearly indicates 
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otherwise. Similarly, the word "or" is intended to include A, 
B or both unless the context clearly indicates otherwise. 

It is further to be understood that all base sizes or amino 
acid sizes, and all molecular weight or molecular mass 
values, given for nucleic acids or polypeptides are approxi­
mate, and are provided for descriptive purposes, unless 
otherwise indicated. Although many methods and materials 
similar or equivalent to those described herein can be used, 
particular suitable methods and materials are described 
below. In case of conflict, the present specification, includ­
ing explanations of terms, will control. In addition, the 
materials, methods, and examples are illustrative only and 
not intended to be limiting. 

To facilitate review of the various embodiments of this 
disclosure, the following explanations of terms are provided: 

Administration: The introduction of a composition into a 
subject by a chosen route. Administration can be local or 
systemic. For example, if the chosen route is intravenous, 
the composition is administered by introducing the compo­
sition into a vein of the subject. In some examples a 
disclosed antibody that specifically binds HA, or a nucleic 
acid encoding the antibody, is administered to a subject. 

Amino acid substitution: The replacement of one amino 
acid in peptide with a different amino acid. 

Amplification: A technique that increases the number of 
copies of a nucleic acid molecule (such as an RNA or DNA). 
An example of amplification is the polymerase chain reac­
tion, in which a biological sample is contacted with a pair of 
oligonucleotide primers, under conditions that allow for the 
hybridization of the primers to a nucleic acid template in the 
sample. The primers are extended under suitable conditions, 
dissociated from the template, and then re-annealed, 
extended, and dissociated to amplify the number of copies of 
the nucleic acid. The product of amplification can be char­
acterized by electrophoresis, restriction endonuclease cleav­
age patterns, oligonucleotide hybridization or ligation, and/ 
or nucleic acid sequencing using standard techniques. Other 
examples of amplification include strand displacement 
amplification, as disclosed in U.S. Pat. No. 5,744,311; 
transcription-free isothermal amplification, as disclosed in 
U.S. Pat. No. 6,033,881; repair chain reaction amplification, 
as disclosed in PCT Publication No. WO 90/01069; ligase 
chain reaction amplification, as disclosed in EP-A-320 308; 
gap filling ligase chain reaction amplification, as disclosed 

8 
antibodies, Fab fragments, F(ab')2 fragments, antibody frag­
ments that exhibit the desired biological activity ( e.g. the 
antigen binding portion), disulfide-linked Fvs ( dsFv ), and 
anti-idiotypic (anti-Id) antibodies (including, e.g., anti-Id 

5 antibodies to antibodies of the invention), intrabodies, and 
epitope-binding fragments of any of the above. In particular, 
antibodies include immunoglobulin molecules and immu­
nologically active fragments of immunoglobulin molecules, 
i.e., molecules that contain at least one antigen-binding site. 

10 Immunoglobulin molecules can be of any isotype, for 
example, IgG, IgE, IgM, IgD, IgA and IgY), subisotype 
(e.g., IgG1 , IgG2 , IgG3 , IgG4, IgAl and IgA2) or allotype 
(e.g., Gm, e.g., Glm(f, z, a or x), G2m(n), G3m(g, b, or c), 
Am, Em, and Km(l, 2 or 3). Antibodies can be derived from 

15 any marmnal, including, but not limited to, humans, mon­
keys, pigs, horses, rabbits, dogs, cats, mice, etc., or other 
animals such as birds ( e.g. chickens). 

Native antibodies are usually heterotetrameric glycopro­
teins of about 150,000 daltons, composed of two identical 

20 light (L) chains and two identical heavy (H) chains. Each 
light chain is linked to a heavy chain by one covalent 
disulfide bond, while the number of disulfide linkages varies 
between the heavy chains of different immunoglobulin iso­
types. Each heavy and light chain also has regularly spaced 

25 intrachain disulfide bridges. Each heavy chain has at one end 
a variable domain (V H) followed by a number of constant 
domains (CH). Each light chain has a variable domain at one 
end (VL) and a constant domain (CL) at its other end; the 
constant domain of the light chain is aligned with the first 

30 constant domain of the heavy chain, and the light chain 
variable domain is aligned with the variable domain of the 
heavy chain. References to "V El' or "VH" refer to the 
variable region of an immunoglobulin heavy chain, includ­
ing that of an antibody fragment, such as Fv, scFv, dsFv or 

35 Fab. References to "V L" or "VL" refer to the variable region 
of an immunoglobulin light chain, including that of an Fv, 
scFv, dsFv or Fab. Light chains are classified as either 
lambda chains or kappa chains based on the amino acid 
sequence of the light chain constant region. The variable 

40 domain of a kappa light chain may also be denoted herein as 
VK. 

Light and heavy chain variable domains contain a "frame-

in U.S. Pat. No. 5,427,930; and NASBA™ RNA transcrip- 45 

tion-free amplification, as disclosed in U.S. Pat. No. 6,025, 
134. 

work" region interrupted by three hypervariable regions, 
also called "complementarity-determining regions" or 
"CD Rs." The CD Rs are primarily responsible for binding to 
an epitope of an antigen. The precise amino acid sequence 
boundaries of a given CDR can be readily determined using 
any of a number of well-known schemes, including those 
described by Kabat et al. ("Sequences of Proteins oflmmu­
nological Interest," 5th Ed. Public Health Service, National 
Institutes of Health, Bethesda, Md., 1991; "Kabat" number-

Animal: Living multi-cellular vertebrate organisms, a 
category that includes, for example, marmnals and birds. 
The term mammal includes both human and non-human 50 

mammals. Similarly, the term "subject" includes both 
human and veterinary subjects. 

Antibody: A polypeptide substantially encoded by an 
immunoglobulin gene or immunoglobulin genes, or antigen 
binding fragments thereof, which specifically binds and 
recognizes an analyte (antigen) such as HA or an antigenic 
fragment of HA, such as a conserved domain from the stalk 
or head of the HA protein. Immunoglobulin genes include 
the kappa, lambda, alpha, gamma, delta, epsilon and mu 
constant region genes, as well as the myriad immunoglobu­
lin variable region genes. encompass monoclonal antibodies 
(including full-length monoclonal antibodies), polyclonal 
antibodies, multispecific antibodies formed from at least two 
different epitope binding fragments (e.g., bispecific antibod­
ies), human antibodies, humanized antibodies, camelised 
antibodies, chimeric antibodies, single-chain Fvs (scFv), 
single-chain antibodies, single domain antibodies, domain 

ing scheme), Al-Lazikani et al., (JMB 273, 927-948, 1997; 
"Chothia" numbering scheme), and Lefranc, et al. ("IMGT 
unique numbering for immunoglobulin and T cell receptor 

55 variable domains and lg superfamily V-like domains," Dev. 
Comp. Immunol., 27:55-77, 2003; "IMGT" numbering 
scheme). The CDRs of each chain are typically referred to 
as CDRl, CDR2, and CDR3, numbered sequentially starting 
from the N-terminus, and are also typically identified by the 

60 chain in which the particular CDR is located. Thus, a V H 

CDR3 is located in the variable domain of the heavy chain 
of the antibody in which it is found, whereas a VL CDRl is 
the CDRl from the variable domain of the light chain of the 
antibody in which it is found. Light chain CDRs are some-

65 times referred to as CDR Ll, CDR L2, and CDR L3. Heavy 
chain CDRs are sometimes referred to as CDR Hl, CDR H2, 
and CDR H3. The location of the the framework region and 
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CDRs readily can be identified (see, Kabat et al., Sequences 
of Proteins of Immunological Interest, U.S. Department of 
Health and Human Services, 1991, which is hereby incor­
porated by reference in its entirety). Thus one of ordinary 
skill in the art will recognize the numbering of the residues 5 

in the disclosed antibodies when made with reference to the 

lost on treatment with denaturing solvents. An epitope 
typically includes at least 3, and more usually, at least 5, 
about 9, or about 8-10 amino acids in a unique spatial 
conformation. Methods of determining spatial conformation 
of epitopes include, for example, x-ray crystallography and 
nuclear magnetic resonance. 

Kabat convention; the Kabat database is now maintained 
online. The sequences of the framework regions of different 
light or heavy chains are relatively conserved within a 
species. The framework region of an antibody, that is the 
combined framework regions of the constituent light and 
heavy chains, serves to position and align the CDRs in 
three-dimensional space. 

A "monoclonal antibody" is an antibody produced by a 
single clone of B-lymphocytes or by a cell into which the 
light and heavy chain genes of a single antibody have been 
transfected. Monoclonal antibodies are produced by meth­
ods known to those of skill in the art, for instance by making 
hybrid antibody-forming cells from a fusion of myeloma 
cells with immune spleen cells. These fused cells and their 
progeny are termed "hybridomas." Monoclonal antibodies 
include humanized and fully human monoclonal antibodies. 
In some examples monoclonal antibodies are isolated from 
a subject. The amino acid sequences of such isolated mono­
clonal antibodies can be determined. 

A "humanized" immunoglobulin is an immunoglobulin 
including a human framework region and one or more CD Rs 
from a non-human (such as a mouse, rat, or synthetic) 
immunoglobulin. The non-human immunoglobulin provid­
ing the CDRs is termed a "donor," and the human immu­
noglobulin providing the framework is termed an "accep­
tor." In one embodiment, all the CDRs are from the donor 
immunoglobulin in a humanized immunoglobulin. Constant 
regions need not be present, but if they are, they must be 
substantially identical to human immunoglobulin constant 
regions, such as at least about 85-90%, such as about 95% 
or more identical. Hence, all parts of a humanized immu­
noglobulin, except possibly the CDRs, are substantially 
identical to corresponding parts of natural human immuno­
globulin sequences. A "humanized antibody" is an antibody 
comprising a humanized light chain and a humanized heavy 
chain immunoglobulin. A humanized antibody binds to the 
same antigen as the donor antibody that provides the CDRs. 
The acceptor framework of a humanized immunoglobulin or 
antibody may have a limited number of substitutions by 
amino acids taken from the donor framework. Humanized or 
other monoclonal antibodies can have additional conserva­
tive amino acid substitutions, such as in the framework 
region, which have substantially no effect on antigen binding 
or other immunoglobulin functions. Humanized immuno­
globulins can be constructed by means of genetic engineer­
ing (for example, see U.S. Pat. No. 5,585,089). 

Antigen: A compound, composition, or substance that can 
stimulate the production of antibodies or a T cell response in 
an animal, including compositions that are injected or 
absorbed into an animal. An antigen reacts with the products 
of specific humoral and/or cellular immunity, including 
those induced by heterologous antigens, such as the dis­
closed antigens. "Epitope" or "antigenic determinant" refers 
to the region of an antigen to which B and/or T cells respond. 
In one embodiment, T cells respond to the epitope, when the 
epitope is presented in conjunction with an MHC molecule. 
Epitopes can be formed both from contiguous amino acids 
or noncontiguous amino acids juxtaposed by tertiary folding 
of a protein. Epitopes formed from contiguous amino acids 
are typically retained on exposure to denaturing solvents 
whereas epitopes formed by tertiary folding are typically 

Examples of antigens include, but are not limited to, 
peptides, lipids, polysaccharides, and nucleic acids contain­
ing antigenic determinants, such as those recognized by an 

10 immune cell. In some examples, antigens include peptides 
derived from a pathogen of interest. Exemplary pathogens 
include bacteria, fungi, viruses and parasites. In specific 
examples, an antigen is derived from influenza, such as HA 
or antigenic fragment thereof, such as the HA stalk or 

15 globular domain. 
A "target epitope" is a specific epitope on an antigen that 

specifically binds an antibody of interest, such as a mono­
clonal antibody. In some examples, a target epitope includes 
the amino acid residues that contact the antibody of interest, 

20 such that the target epitope can be selected by the amino acid 
residues determined to be in contact with the antibody of 
interest. 

Binding affinity: Affinity of an antibody or antigen bind­
ing fragment thereof for an antigen. An antibody specifically 

25 binds its target epitope. In one embodiment, affinity is 
calculated by a modification of the Scatchard method 
described by Frankel et al., Mal. Immunol., 16:101-106, 
1979. In another embodiment, binding affinity is measured 
by an antigen/antibody dissociation rate. In yet another 

30 embodiment, a high binding affinity is measured by a 
competition radioimmunoassay. In several examples, a high 
binding affinity is at least about lxl0- 8 M. In other embodi­
ments, a high binding affinity is at least about 1.5xl0-8

, at 
least about 2.0xl0-8

, at least about 2.5x10-8, at least about 
35 3.0xl0-8

, at least about 3.5xl0-8
, at least about 4.0xl0-8

, at 
least about 4.5xl0-8

, or at least about 5.0xl0-8 M. 
Chimeric antibody: An antibody which includes 

sequences derived from two different antibodies, which 
typically are of different species. In some examples, a 

40 chimeric antibody includes one or more CD Rs and/or frame­
work regions from one human antibody and CDRs and/or 
framework regions from another human antibody. In other 
examples, a chimeric antibody includes one or more CDRs 
and/or framework regions from one human antibody and 

45 CDRs and/or framework regions from a chimpanzee anti­
body. 

Contacting: Placement in direct physical association; 
includes both in solid and liquid form, which can take place 
either in vivo or in vitro. Contacting includes contact 

50 between one molecule and another molecule, for example 
the amino acid on the surface of one polypeptide, such as an 
antigen, that contacts another polypeptide, such as an anti­
body. Contacting can also include contacting a cell for 
example by placing an antibody in direct physical associa-

55 tion with a cell. 
Epitope: A protein determinant that is specifically bound 

by an antibody. Epitopes usually consist of chemically active 
surface groupings of molecules such as amino acids or sugar 
side chains and usually have specific three dimensional 

60 structural characteristics, as well as specific charge charac­
teristics. Conformational and non-conformational epitopes 
are distinguished in that the binding to the former but not the 
latter is lost in the presence of denaturing solvents. 

Framework Region: Amino acid sequences interposed 
65 between CDRs. Includes variable light and variable heavy 

framework regions. The framework regions serve to hold the 
CDRs in an appropriate orientation for antigen binding. 
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Fe polypeptide: The polypeptide comprising the constant 
region of an antibody excluding the first constant region 
immunoglobulin domain. Fe region generally refers to the 
last two constant region immunoglobulin domains of IgA, 
IgD, and IgG, and the last three constant region immuno­
globulin domains of IgE and IgM. An Fe region may also 
include part or all of the flexible hinge N-terminal to these 
domains. For IgA and IgM, an Fe region may or may not 
comprise the tailpiece, and may or may not be bound by the 

12 
enkaryotic. The term also includes any progeny of the 
subject host cell. It is understood that all progeny may not 
be identical to the parental cell since there may be mutations 
that occur during replication. However, such progeny are 

5 included when the term "host cell" is used. 

J chain. For IgG, the Fe region comprises immunoglobulin 10 

domains Cganrma2 and Cganrma3 (Cy2 and Cy3) and the 
lower part of the hinge between Cgammal (Cyl) and Cy2. 
Although the boundaries of the Fe region may vary, the 
human IgG heavy chain Fe region is usually defined to 
comprise residues C226 or P230 to its carboxyl-terminus, 15 

wherein the numbering is according to the EU index as in 
Kabat. For IgA, the Fe region comprises immunoglobulin 
domains Calpha2 and Calpha3 (Ca2 and Ca3) and the lower 
part of the hinge between Calphal (Cal) and Ca2. Encom­
passed within the definition of the Fe region are functionally 20 

equivalent analogs and variants of the Fe region. A func­
tionally equivalent analog of the Fe region may be a variant 

Immunoadhesin: A molecular fusion of a protein with the 
Fe region of an immunoglobulin, wherein the immuno­
globulin retains specific properties, such as Fe receptor 
binding and increased half-life. An Fe fusion combines the 
Fe region of an immunoglobulin with a fusion partner, which 
in general can be any protein, polypeptide, peptide, or small 
molecule. In one example, and immunoadhesin includes the 
hinge, CH2 , and CH3 domains of the immunoglobulin 
ganrma 1 heavy chain constant region. In another example, 
the immunoadhesin includes the CH2 , and CH3 domains of 
an IgG. 

Immunologically reactive conditions: Includes reference 
to conditions which allow an antibody raised against a 
particular epitope to specifically bind to that epitope to a 
detectably greater degree than, and/or to the substantial 
exclusion of, binding to substantially all other epitopes. 
Immunologically reactive conditions are dependent upon the 
format of the antibody binding reaction and typically are 
those utilized in immunoassay protocols or those conditions 
encountered in vivo. See Harlow & Lane, supra, for a 
description of immunoassay formats and conditions. The 
immunologically reactive conditions employed in the meth­
ods are "physiological conditions" which include reference 
to conditions ( e.g., temperature, osmolarity, pH) that are 

Fe region, comprising one or more amino acid modifications 
relative to the wild-type or naturally existing Fe region. 
Variant Fe regions will possess at least 50% homology with 25 

a naturally existing Fe region, such as about 80%, and about 
90%, or at least about 95% homology. Functionally equiva­
lent analogs of the Fe region may comprise one or more 
amino acid residues added to or deleted from the N- or 
C-termini of the protein, such as no more than 30 or no more 
than 10 additions and/or deletions. Functionally equivalent 
analogs of the Fe region include Fe regions operably linked 

30 typical inside a living manrmal or a manrmalian cell. While 
it is recognized that some organs are subject to extreme 
conditions, the intra-organismal and intracellular environ­
ment normally lies around pH 7 ( e.g., from pH 6.0 to pH 8.0, 
more typically pH 6.5 to 7.5), contains water as the pre-

to a fusion partner. Functionally equivalent analogs of the Fe 
region must comprise the majority of all of the lg domains 
that compose Fe region as defined above; for example IgG 
and IgA Fe regions as defined herein must comprise the 
majority of the sequence encoding CH2 and the majority of 
the sequence encoding CH3 . Thus, the CH2 domain on its 
own, or the CH3 domain on its own, are not considered Fe 
region. The Fe region may refer to this region in isolation, 
or this region in the context of an Fe fusion polypeptide 
(such as an immunoadhesin) 

Hemagglutinin (HA): An influenza virus surface glyco­
protein that is a homotrimeric integral membrane glycopro­
tein. HA mediates binding of the virus particle to a host cells 
and subsequent entry of the virus into the host cell. The 
nucleotide and amino acid sequences of numerous influenza 
HA proteins are known in the art and are publically avail­
able, such as through the NCBI Influenza Virus Resource 
database (Bao et al., J Viral 82:596-601, 2008). HA (along 
with NA) is one of the two major influenza virus antigenic 
determinants. The crystal structure of hemagglutinin is 
deposited as PDB code 5 hmg. The three identical mono­
mers that constitute HA are constructed into a central a helix 
coil; three spherical heads contain the sialic acid binding 
sites. In nature, HA monomers are synthesized as precursors 
that are then glycosylated and cleaved into two smaller 
polypeptides: the HAI and HA2 subunits. Each HA mono­
mer consists of a long, helical chain anchored in the mem­
brane by HA2 and topped by a large HAI globular head 
which contains the sialic acid receptor binding sites. The 
HA2 protein chain facilitates membrane fusion; the C-ter­
minal end of the protein is embedded in the viral membrane. 
The stalk of HA is comprised of portions of HAI and HA2. 

Host cells: Cells in which a vector can be propagated and 
its DNA expressed, for example a disclosed antibody can be 
expressed in a host cell. The cell may be prokaryotic or 

35 dominant solvent, and exists at a temperature above 0° C. 
and below 50° C. Osmolarity is within the range that is 
supportive of cell viability and proliferation. 

IgA: A polypeptide belonging to the class of antibodies 
that are substantially encoded by a recognized immuno-

40 globulin alpha gene. In humans, this class or isotype com­
prises IgA1 and IgA2 . IgA antibodies can exist as monomers, 
polymers (referred to as plgA) of predominantly dimeric 
form, and secretory IgA. The constant chain of wild-type 
IgA contains an 18-amino-acid extension at its C-terminus 

45 called the tail piece (tp ). Polymeric IgA is secreted by 
plasma cells with a 15-kDa peptide called the J chain linking 
two monomers of IgA through the conserved cysteine resi­
due in the tail piece. 

IgG: A polypeptide belonging to the class or isotype of 
50 antibodies that are substantially encoded by a recognized 

immunoglobulin gamma gene. In humans, this class com­
prises IgG1 , IgG2 , IgG3 , and IgG4 . In mice, this class 
comprises IgG1 , IgG2a, IgG2 b, IgG3 . 

Influenza virus: A segmented negative-strand RNA virus 
55 that belongs to the Orthomyxoviridae family. There are three 

types of influenza viruses, A, B and C. Influenza A viruses 
infect a wide variety of birds and manrmals, including 
humans, horses, marine mammals, pigs, ferrets, and chick­
ens. In animals, most influenza A viruses cause mild local-

60 ized infections of the respiratory and intestinal tract. How­
ever, highly pathogenic influenza A strains, such as H5Nl, 
cause systemic infections in poultry in which mortality may 
reach 100%. In 2009, HlNl influenza was the most common 
cause of human influenza. A new strain of swine-origin 

65 HlNl emerged in 2009 and was declared pandemic by the 
World Health Organization. This strain was referred to as 
"swine flu." HlNl influenza A viruses were also responsible 
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for the Spanish flu pandemic in 1918, the Fort Dix outbreak 
in 1976, and the Russian flu epidemic in 1977-1978. Influ­
enza A viruses are categorized into subtypes based on the 
type of two proteins, hemagglutinin (H) and neuraminidase 
(N) that are on the surface of the viral envelope. Different 5 

influenza viruses encode for different hemagglutinin and 
neuraminidase proteins. Influenza A viruses include the 
following subtypes: HlNl (Spanish flu or Swine flu), H2N2 
(Asian flu), H3N2 (Hong Kong flu), H5Nl (bird flu), H7N7, 
H1N2, H9N2, H7N2, H7N3 andH10N7.Anantibodythat is 10 

"broadly neutralizing" or "broadly crossreactive," specifi­
cally binds to a polypeptide on more than one subtype and/or 
strain and inhibits viral entry and/or replication. For 
example, a broadly neutralizing antibody can specifically 
bind HA from at least two of HlNl (Spanish flu or Swine 15 

flu), H2N2 (Asian flu), H3N2 (Hong Kong flu), H5Nl (bird 
flu), H7N7, H1N2, H9N2, H7N2, H7N3 and H10N7. 

Inhibiting or treating a disease/infection: Inhibiting the 
full development of a disease or condition, for example, in 
a subject who is at risk for a disease such as an influenza 20 

infection. "Treatment" refers to a therapeutic intervention 
that ameliorates a sign or symptom of an infection or 
pathological condition (such as the flu) after it has begun to 
develop. The term "ameliorating," with reference to a dis­
ease/infection or pathological condition, refers to any 25 

observable beneficial effect of the treatment. The beneficial 

14 
receptor for the viral HA by cleaving terminal sialic acid 
residues from carbohydrate moieties on the surfaces of 
infected cells. NA also cleaves sialic acid residues from viral 
proteins, preventing aggregation of viruses. NA (along with 
HA) is one of the two major influenza virus antigenic 
determinants. 

Neutralizing antibody: An antibody which reduces the 
infectious titer of an infectious agent by binding to a specific 
antigen on the infectious agent. In some examples the 
infectious agent is a virus. In some examples, an antibody 
that is specific for HA reduces the infectious titer of influ­
enza virus. 

Nucleic acid: A polymer composed of nucleotide units 
(ribonucleotides, deoxyribonucleotides, related naturally 
occurring structural variants, and synthetic non-naturally 
occurring analogs thereof) linked via phosphodiester bonds, 
related naturally occurring structural variants, and synthetic 
non-naturally occurring analogs thereof. Thus, the term 
includes nucleotide polymers in which the nucleotides and 
the linkages between them include non-naturally occurring 
synthetic analogs, such as, for example and without limita­
tion, phosphorothioates, phosphoramidates, methyl phos­
phonates, chiral-methyl phosphonates, 2-O-methyl ribo­
nucleotides, peptide-nucleic acids (PNAs), and the like. 
Such polynucleotides can be synthesized, for example, using 
an automated DNA synthesizer. The term "oligonucleotide" 
typically refers to short polynucleotides, generally no 
greater than about 50 nucleotides. It will be understood that 

effect can be evidenced, for example, by a delayed onset of 
clinical symptoms of the disease in a susceptible subject, a 
reduction in severity of some or all clinical symptoms of the 
disease, a slower progression of the disease, a reduction in 
the viral load, an improvement in the overall health or 
well-being of the subject, or by other parameters well known 

30 when a nucleotide sequence is represented by a DNA 
sequence (i.e., A, T, G, C), this also includes an RNA 
sequence (i.e., A, U, G, C) in which "U" replaces "T." 

Conventional notation is used herein to describe nucleo­
tide sequences: the left-hand end of a single-stranded 

in the art that are specific to the particular disease. A 
"prophylactic" treatment is a treatment administered to a 
subject who does not exhibit signs of a disease/infection or 
exhibits only early signs for the purpose of decreasing the 
risk of developing pathology. 

35 nucleotide sequence is the 5'-end; the left-hand direction of 
a double-stranded nucleotide sequence is referred to as the 
5'-direction. The direction of 5' to 3' addition of nucleotides 
to nascent RNA transcripts is referred to as the transcription Isolated: An "isolated" biological component (such as a 

cell, for example a B cell, a nucleic acid, peptide, protein or 
antibody) has been substantially separated, produced apart 40 

from, or purified away from other biological components in 
the cell of the organism in which the component naturally 
occurs, such as, other chromosomal and extrachromosomal 
DNA and RNA, and proteins. Nucleic acids, peptides and 
proteins which have been "isolated" thus include nucleic 45 

acids and proteins purified by standard purification methods. 
The term also embraces nucleic acids, peptides, and proteins 
prepared by recombinant expression in a host cell as well as 
chemically synthesized nucleic acids. In some examples an 
antibody, such as an antibody specific for HA can be 50 

isolated, for example isolated from a subject infected with an 
influenza virus. 

Kd: The dissociation constant for a given interaction, such 
as a polypeptide ligand interaction or an antibody antigen 
interaction. For example, for the bimolecular interaction of 55 

an antibody (such as 05-2G02, 09-2A06, and 09-3A01) and 
an antigen (such as HA) it is the concentration of the 
individual components of the bimolecular interaction 
divided by the concentration of the complex. 

Label: A detectable compound or composition that is 60 

conjugated directly or indirectly to another molecule, such 

direction. The DNA strand having the same sequence as an 
mRNA is referred to as the "coding strand;" sequences on 
the DNA strand having the same sequence as an mRNA 
transcribed from that DNA and which are located 5' to the 
5'-end of the RNA transcript are referred to as "upstream 
sequences;" sequences on the DNA strand having the same 
sequence as the RNA and which are 3' to the 3' end of the 
coding RNA transcript are referred to as "downstream 
sequences." 

"cDNA" refers to a DNA that is complementary or 
identical to an mRNA, in either single stranded or double 
stranded form. 

"Encoding" refers to the inherent property of specific 
sequences of nucleotides in a polynucleotide, such as a gene, 
a cDNA, or an mRNA, to serve as templates for synthesis of 
other polymers and macromolecules in biological processes 
having either a defined sequence of nucleotides (i.e., rRNA, 
tRNA and mRNA) or a defined sequence of amino acids and 
the biological properties resulting therefrom. Thus, a gene 
encodes a protein if transcription and translation of mRNA 
produced by that gene produces the protein in a cell or other 
biological system. Both the coding strand, the nucleotide 
sequence of which is identical to the mRNA sequence and is 
usually provided in sequence listings, and non-coding 
strand, used as the template for transcription, of a gene or 
cDNA can be referred to as encoding the protein or other 

as an antibody or a protein, to facilitate detection of that 
molecule. Specific, non-limiting examples of labels include 
fluorescent tags, enzymatic linkages, and radioactive iso­
topes. In some examples, a disclosed antibody as labeled. 

Neuraminidase (NA): An influenza virus membrane gly­
coprotein. NA is involved in the destruction of the cellular 

65 product of that gene or cDNA. Unless otherwise specified, 
a "nucleotide sequence encoding an amino acid sequence" 
includes all nucleotide sequences that are degenerate ver-
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sions of each other and that encode the same amino acid 
sequence. Nucleotide sequences that encode proteins and 
RNA may include intrans. 

"Recombinant nucleic acid" refers to a nucleic acid 
having nucleotide sequences that are not naturally joined 
together. This includes nucleic acid vectors comprising an 
amplified or assembled nucleic acid which can be used to 
transform a suitable host cell. A host cell that comprises the 
recombinant nucleic acid is referred to as a "recombinant 
host cell." The gene is then expressed in the recombinant 
host cell to produce, e.g., a "recombinant polypeptide." A 
recombinant nucleic acid may serve a non-coding function 
( e.g., promoter, origin of replication, ribosome-binding site, 
etc.) as well. 

A first sequence is an "anti sense" with respect to a second 
sequence if a polynucleotide whose sequence is the first 
sequence specifically hybridizes with a polynucleotide 
whose sequence is the second sequence. 

Terms used to describe sequence relationships between 
two or more nucleotide sequences or amino acid sequences 
include "reference sequence," "selected from," "comparison 
window," "identical," "percentage of sequence identity," 
"substantially identical," "complementary," and "substan­
tially complementary." 

For sequence comparison of nucleic acid sequences, typi­
cally one sequence acts as a reference sequence, to which 
test sequences are compared. When using a sequence com­
parison algorithm, test and reference sequences are entered 
into a computer, subsequence coordinates are designated, if 
necessary, and sequence algorithm program parameters are 
designated. Default program parameters are used. Methods 
of alignment of sequences for comparison are well known in 
the art. Optimal alignment of sequences for comparison can 
be conducted, e.g., by the local homology algorithm of 
Smith & Waterman, Adv. Appl. Math. 2:482, 1981, by the 
homology alignment algorithm of Needleman & Wunsch, J. 
Mal. Biol. 48:443, 1970, by the search for similarity method 

16 
and a comparison of both strands. An oligonucleotide is a 
linear polynucleotide sequence of up to about 100 nucleotide 
bases in length. 

A polynucleotide or nucleic acid sequence refers to a 
5 polymeric form of nucleotide at least 10 bases in length. A 

recombinant polynucleotide includes a polynucleotide that 
is not immediately contiguous with both of the coding 
sequences with which it is immediately contiguous ( one on 
the 5' end and one on the 3' end) in the naturally occurring 

10 genome of the organism from which it is derived. The term 
therefore includes, for example, a recombinant DNA which 
is incorporated into a vector; into an autonomously repli­
cating plasmid or virus; or into the genomic DNA of a 
prokaryote or eukaryote, or which exists as a separate 

15 molecule (e.g., a cDNA) independent of other sequences. 
The nucleotides can be ribonucleotides, deoxyribonucle­
otides, or modified forms of either nucleotide. The term 
includes single- and double-stranded forms of DNA. An HA 
polynucleotide is a nucleic acid encoding a HA polypeptide; 

20 and an HA antibody polynucleotide is a nucleic acid encod­
ing an antibody that specifically binds HA. 

Pharmaceutically acceptable carriers: The pharmaceuti­
cally acceptable carriers of use are conventional. Reming­
ton's Pharmaceutical Sciences, by E. W. Martin, Mack 

25 Publishing Co., Easton, Pa., 19th Edition, 1995, describes 
compositions and formulations suitable for pharmaceutical 
delivery of the disclosed antibodies. 

In general, the nature of the carrier will depend on the 
particular mode of administration being employed. For 

30 instance, parenteral formulations usually comprise inject­
able fluids that include pharmaceutically and physiologi­
cally acceptable fluids such as water, physiological saline, 
balanced salt solutions, aqueous dextrose, glycerol or the 
like as a vehicle. For solid compositions (e.g., powder, pill, 

35 tablet, or capsule forms), conventional non-toxic solid car­
riers can include, for example, pharmaceutical grades of 
mannitol, lactose, starch, or magnesium stearate. In addition 
to biologically neutral carriers, pharmaceutical composi­
tions to be administered can contain minor amounts of of Pearson & Lipman, Proc. Nat'!. Acad. Sci. USA 85:2444, 

1988, by computerized implementations of these algorithms 40 

(GAP, BESTFIT, PASTA, and TFASTA in the Wisconsin 
Genetics Software Package, Genetics Computer Group, 575 
Science Dr., Madison, Wis.), or by manual alignment and 
visual inspection (see, e.g., Current Protocols in Molecular 
Biology (Ausubel et al., eds 1995 supplement)). 

non-toxic auxiliary substances, such as wetting or emulsi­
fying agents, preservatives, and pH buffering agents and the 
like, for example sodium acetate or sorbitan monolaurate. 

Pharmaceutical agent: A chemical compound or compo­
sition capable of inducing a desired therapeutic or prophy-

45 lactic effect when properly administered to a subject or a 
cell. In some examples a pharmaceutical agent includes one 
or more of the disclosed antibodies. 

One example of a useful algorithm is PILEUP. PILEUP 
uses a simplification of the progressive alignment method of 
Feng & Doolittle, J. Mal. Evol. 35:351-360, 1987. The 
method used is similar to the method described by Higgins 
& Sharp, CABIOS 5:151-153, 1989. Using PILEUP, a ref- 50 

erence sequence is compared to other test sequences to 
determine the percent sequence identity relationship using 
the following parameters: default gap weight (3.00), default 
gap length weight (0.10), and weighted end gaps. PILEUP 
can be obtained from the GCG sequence analysis software 55 

package, e.g., version 7.0 (Devereaux et al., Nuc. Acids Res. 
12:387-395, 1984. 

Another example of algorithms that are suitable for deter­
mining percent sequence identity and sequence similarity 
are the BLAST and the BLAST 2.0 algorithm, which are 60 

described inAltschul et al., J. Mal. Biol. 215:403-410, 1990 
and Altschul et al., Nucleic Acids Res. 25:3389-3402, 1977. 
Software for performing BLAST analyses is publicly avail­
able through the National Center for Biotechnology Infor­
mation (ncbi.nlm.nih.gov). The BLASTN program (for 65 

nucleotide sequences) uses as defaults a word length (W) of 
11, alignments (B) of 50, expectation (E) of 10, M=5, N=-4, 

Polypeptide: Any chain of amino acids, regardless of 
length or post-translational modification ( e.g., glycosylation 
or phosphorylation). In one embodiment, the polypeptide is 
an HA polypeptide. In one embodiment, the polypeptide is 
a disclosed antibody or a fragment thereof. A "residue" 
refers to an amino acid or amino acid mimetic incorporated 
in a polypeptide by an amide bond or amide bond mimetic. 
A polypeptide has an amino terminal (N-terminal) end and 
a carboxy terminal end. 

Purified: The term purified does not require absolute 
purity; rather, it is intended as a relative term. Thus, for 
example, a purified peptide preparation is one in which the 
peptide or protein (such as an antibody) is more enriched 
than the peptide or protein is in its natural environment 
within a cell. For example, other molecules, e.g. polypep­
tide, nucleic acid molecules that have been identified and 
separated and/or recovered from a component of its natural 
environment. In some examples, purified antibodies have 
been separated from one or more components of their 
natural environment. In one embodiment, a preparation is 
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purified such that the protein or peptide represents at least 
50% of the total peptide or protein content of the prepara­
tion. 

The antibodies that specifically bind HA as disclosed 
herien can be purified by any of the means known in the art. 
See for example Guide to Protein Purification, ed. 
Deutscher, Meth. Enzymol. 185, Academic Press, San Diego, 
1990; and Scopes, Protein Purification: Principles and 
Practice, Springer Verlag, New York, 1982. Substantial 
purification denotes purification from other proteins, anti­
bodies, or cellular components. A substantially purified 
protein is at least 60%, 70%, 80%, 90%, 95% or 98% pure. 
Thus, in one specific, non-limiting example, a substantially 
purified protein is 90% free of other proteins or cellular 
components. 

Outbreak: As used herein, an influenza virus "outbreak" 
refers to a collection of virus isolates from within a single 
country in a given year. 

Recombinant: A recombinant nucleic acid is one that has 
a sequence that is not naturally occurring or has a sequence 
that is made by an artificial combination of two otherwise 
separated segments of sequence. This artificial combination 
is often accomplished by chemical synthesis or, more com­
monly, by the artificial manipulation of isolated segments of 
nucleic acids, e.g., by genetic engineering techniques. 

Sequence identity: The similarity between amino acid 
sequences is expressed in terms of the similarity between the 
sequences, otherwise referred to as sequence identity. 
Sequence identity is frequently measured in terms of per­
centage identity (or similarity or homology); the higher the 
percentage, the more similar the two sequences are. 
Homologs or variants of a polypeptide will possess a rela­
tively high degree of sequence identity when aligned using 
standard methods. 

18 
at least 90%, at least 95%, at least 98%, or at least 99% 
sequence identity. When less than the entire sequence is 
being compared for sequence identity, homologs and vari­
ants will typically possess at least 80% sequence identity 

5 over short windows of 10-20 amino acids, and may possess 
sequence identities of at least 85% or at least 90% or 95% 
depending on their similarity to the reference sequence. 
Methods for determining sequence identity over such short 
windows are available at the NCBI website on the internet. 

10 One of skill in the art will appreciate that these sequence 
identity ranges are provided for guidance only; it is entirely 
possible that strongly significant homologs could be 
obtained that fall outside of the ranges provided. 

Specifically bind: When referring to an antibody, refers to 
15 a binding reaction which determines the presence of a target 

protein, peptide, or polysaccharide in the presence of a 
heterogeneous population of proteins and other biologics. 
Thus, under designated conditions, an antibody binds pref­
erentially to a particular target protein, peptide or polysac-

20 charide (such as an antigen of a pathogen, for example HA) 
and do not bind in a significant amount to other proteins or 
polysaccharides present in the sample or subject. Specific 
binding can be determined by methods known in the art. 
With reference to an antibody antigen complex, specific 

25 binding of the antigen and antibody has a Kd of less than 
about 10-6 Molar, 10-7 Molar, 10-s Molar, 10-9

, or even less 
than about 10-10 Molar. Generally, an antibody specifically 
binds the target antigen with a Kd of is less than 1 o-s Molar. 

Therapeutic agent: Used in a generic sense, it includes 
30 treating agents, prophylactic agents, and replacement agents. 

A therapeutic agent is used to ameliorate a specific set of 
conditions in a subject with a disease or a disorder. 

Therapeutically effective amount: A quantity of a specific 
substance, such as a disclosed antibody, sufficient to achieve 

35 a desired effect in a subject being treated. For instance, this 
can be the amount necessary to inhibit influenza virus 
replication or treat the flu. In several embodiments, a thera­
peutically effective amount is the amount necessary to 
reduce a sign or symptom of the flu, and/or to decrease viral 

Methods of alignment of sequences for comparison are 
well known in the art. Various programs and alignment 
algorithms are described in: Smith and Waterman, Adv. Appl. 
Math. 2:482, 1981; Needleman and Wunsch, J. Mal. Biol. 
48:443, 1970; Pearson and Lipman, Proc. Natl. Acad. Sci. 
U.S.A. 85:2444, 1988; Higgins and Sharp, Gene 73:237, 
1988; Higgins and Sharp, CABIOS 5:151, 1989; Carpet et 
al., Nucleic Acids Research 16:10881, 1988; and Pearson 
and Lipman, Proc. Natl. Acad. Sci. U.S.A. 85:2444, 1988. 
Altschul et al., Nature Genet. 6:119, 1994, presents a 
detailed consideration of sequence alignment methods and 45 

homology calculations. 

40 titer in a subject. When administered to a subject, a dosage 
will generally be used that will achieve target tissue con­
centrations that has been shown to achieve a desired in vitro 
effect. 

Vector: A nucleic acid molecule as introduced into a host 
cell, thereby producing a transformed host cell. A vector 
may include nucleic acid sequences that permit it to replicate 
in a host cell, such as an origin of replication. A vector may 
also include one or more selectable marker genes and other 
genetic elements known in the art. 

The NCBI Basic Local Alignment Search Tool (BLAST) 
(Altschul et al., J. Mal. Biol. 215:403, 1990) is available 
from several sources, including the National Center for 
Biotechnology Information (NCBI, Bethesda, Md.) and on 50 

the internet, for use in connection with the sequence analysis 
programs blastp, blastn, blastx, tblastn and tblastx. A 
description of how to determine sequence identity using this 
program is available on the NCBI website on the internet. 
The BLASTP program (for amino acid sequences) uses as 55 

defaults a word length (W) of 3, and expectation (E) of 10, 
and the BLOSUM62 scoring matrix (see Henikoff & 
Henikoff, Proc. Natl. Acad. Sci. USA 89:10915, 1989). 

Homo logs and variants of a V L or a V Hof an antibody that 
specifically binds a polypeptide are typically characterized 60 

by possession of at least about 75%, for example at least 
about 80%, 85%, 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 
97%, 98% or 99% sequence identity counted over the full 
length alignment with the amino acid sequence of interest. 
Proteins with even greater similarity to the reference 65 

sequences will show increasing percentage identities when 
assessed by this method, such as at least 80%, at least 85%, 

Virus: Microscopic infectious organism that reproduces 
inside living cells. A virus consists essentially of a core of a 
single nucleic acid surrounded by a protein coat, and has the 
ability to replicate only inside a living cell. "Viral replica­
tion" is the production of additional virus by the occurrence 
of at least one viral life cycle. A virus may subvert the host 
cells' normal functions, causing the cell to behave in a 
manner determined by the virus. For example, a viral 
infection may result in a cell producing a cytokine, or 
responding to a cytokine, when the uninfected cell does not 
normally do so. 
Antibodies that Specifically Bind Influenza HA 

Antibodies and antigen binding fragments of these anti-
bodies are disclosed herein that specifically bind HA of 
influenza virus. In some embodiments, the antibody or 
antigen binding fragment specifically binds to HA of HlNl 
influenza. In some embodiments, it specifically binds the 
HA of H5Nl influenza. In some embodiments, the antibody 
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or antigen binding fragment specifically binds the HA of 
both HlNl and H5Nl. In some embodiments, the antibody 

20 

or antigen binding fragment also specifically binds to the 
HA of H3N2. In further embodiments, the antibody specifi­
cally binds HlNl, H5Nl and/or H3N2. Thus, in some 5 

embodiments, the antibody, antibody fragment binds to the 
HA domain of two or more different subclasses of influenza 

Compositions comprising the monoclonal antibodies spe­
cific for HA can be used for research, diagnostic and 
therapeutic purposes. In one embodiment, the monoclonal 
antibodies disclosed herein can be used to diagnose or treat 
a subject having an influenza infection. In another embodi­
ment, the antibodies can be used to determine viral titer in 
a subject. The antibodies disclosed herein also can be used 
to study the biology of the human immunodeficiency virus. A, such as HlNl, H5Nl and/or H3N2. These antibodies are 

broadly cross reactive. In some embodiments, the antibodies 
bind the stem of HA. 

Naturally-occurring antibodies are immunoglobulin mol-
10 ecules comprised of four polypeptide chains, two heavy (H) 

chains and two light (L) chains inter-connected by disulfide 
bonds. Each heavy chain is comprised of a heavy chain 
variable region (VH) and a heavy chain constant region. The 
heavy chain constant region is comprised of three domains, 

The antibody, antibody fragment can cross-react with two 
different influenza strains/subtypes (e.g., two or more dif­
ferent strains of HlNl such as the 2009 pandemic strain or 
the 1918 pandemic strain). In some cases, the antibody, 
antibody fragment or peptide may cross-react with three or 
more, five or more or ten or more different influenza strains 
and/or subtypes. Thus, the antibody, antibody fragment 
binds to the HA domain ( and in some cases can neutralize) 
two or more of the following HlNl strains: Pandemic 
(HlNl) 2009; A/Brevig mission/1/18(H1Nl) 1918; and 
A/Brisbane/59/07(H1Nl) 2007. Some antibodies, antibody 
fragments immunospecifically bind to a particular type of 
influenza, e.g., HlNl or H5Nl. In some cases the antibody, 
antibody fragment immunospecifically binds to an influenza 
virus, e.g., influenza A, HA domain. In some cases the 
antibody, antibody fragment or peptide binds or binds and 
neutralizes a HlNl strain and/or subtype and an H1N5 strain 
and/or subtype. In some non-limiting examples, the purified 
antibody or antibody fragment binds to at least three Hl 
influenza strains selected from the strains in panel A of FIG. 30 

3. 

15 CHI, CH2 and CH3. Each light chain is comprised of a light 
chain variable region (VL) and a light chain constant region. 
The light chain constant region is comprised of one domain, 
CL. The VH and VL regions can be further subdivided into 
regions of hypervariability, called complementarity deter-

20 mining regions (CDR), interspersed with regions that are 
more conserved, called framework regions (FR). Each VH 
and VL is composed of three CDRs and four FRs, arranged 
from amino-terminus to carboxy-terminus in the following 
order: FRI, CDRl, FR2, CDR2, FR3, CDR3, FR4. 

25 CD Rs and FRs may be defined according to Kabat or IMGT. 
Thus, antibodies are provided herein that include the CDRs 
of the variable domains presented in FIG. 12. Antibodies are 
also provided herein that include the CDRs presented in 
FIG. 12. 

Each CDR can include amino acid residues from a 
complementarity determining region as defined by Kabat 
(i.e. about residues 24-34 (CDR-Ll), 50-56 (CDR-L2) and 
89-97 (CDR-L3) in the light chain variable domain (SEQ ID 
NOS 11, 31, 51, 71, 91, 111, 131, 151, 171,191,211,231, 

In specific non-limiting embodiments, the isolated anti­
body binds the HA stalk. The HA stalk includes portions of 
the HAI and HA2 subunits of HA. Thus, the antibody can 
bind epitopes on HAL epitopes on HA2, or an epitope found 
on a complex of HAI and HA2. 

In other non-limiting embodiments, the isolated antibody 
binds the HA globular head. In further non-limiting embodi­
ments, the strain and/or subtype antibody neutralizes one or 
more strains and/or subtypes of HlNl influenza, one or 
more strains and/or subtypes of H5Nl influenza or one or 
more strains and/or subtypes of both HlNl and H5Nl 
influenza. In yet other non-limiting embodiments, the anti­
body has hemagglutination inhibition activity. In additional 
embodiments, the antibody binds one (e.g., 2, 3, 4 or 5) or 
more of: Pandemic (HlNl) 2009; A/Brevig mission/1/18 
(HlNl) 1918; andA/Brisbane/59/07(H1Nl) 2007A/Indone­
sia/5/05 (H5Nl) 2005; A/Brisbanel0/07 (H3N2) 2007. 

In other embodiments, the antibody is an IgG antibody; 
such an IgGl antibody; is an IgGl, kappa antibody; is an 
IgG 1, lambda antibody, or a IgM, IgA, IgD or IgE antibody. 
The antibody can be a humanized antibody or a fully human 
antibody. Antigen binding fragments of these antibodies are 
also provided herein. In some embodiments, that antigen 
binding is selected from a Fab, a F(ab')2 fragment, a Fd 
fragment, an Fv fragment, a scFv, and a domain antibody 
( dAb) fragment. 

Generally, an anti-influenza antibody immunospecifically 
bind an epitope specific to an HA domain of an influenza A 
virus and does not specifically bind to other polypeptides. 
Isolated monoclonal antibodies that specifically bind HA are 
disclosed herein. Also disclosed herein are compositions 
including these monoclonal antibodies and a pharmaceuti­
cally acceptable carrier. Nucleic acids encoding these anti­
bodies, expression vectors comprising these nucleic acids, 
and isolated host cells that express the nucleic acids are also 
provided. 

35 251,271,291,311,331,351,371,391,411,431,451,471, 
491, 511, 531, 551, 571, 591, 611, 631, 651, 671, 691, 711, 
731,751,771,791,811,831,851,871,891,911,931,951, 
971, 991, 1011, 1031, 1051, 1071, 1091, 1111, 1131, 1151, 
1171, 1191, 1211, 1231, 1251, 1271, 1291, 1311, 1331, 

40 1351, 1371, and 1391) and 31-35 (CDR-Hl), 50-65 (CDR­
H2) and 95-102 (CDR-H3) in the heavy chain variable 
domain (SEQ ID NOS 1, 21, 41, 61, 81, 101, 121, 141, 161, 
181,201,221,241,261,281,301,321,341,361,381,401, 
421,441,461,481,501,521,541,561,581,601,621,641, 

45 661,681,701,721,741,761,781,801,821,841,861,881, 
901, 921, 941, 961, 981, 1001, 1021, 1041, 1061, 1081, 
1101, 1121, 1141, 1161, 1181, 1201, and 1221, 1241, 1261, 
1281, 1301, 1321, 1341, 1361, and 1381) (Kabat et al., 
(1991) Sequences of Proteins of Immunological Interest, 5th 

50 Edition, U.S. Department of Health and Human Services, 
Public Health Service, National Institutes of Health, 
Bethesda, Md. (NIH Publication No. 91-3242, which is 
specifically incorporated herein by reference in its entirety). 
In some embodiments, the antibody includes those residues 

55 from a hypervariable loop (i.e. about residues 26-32 (CDR­
Ll), 50-52 (CDR-L2) and 91-96 (CDR-L3) in the light chain 
variable domain (SEQ ID NO:1) and 26-32 (CDR-Hl), 
53-55 (CDR-H2) and 96-101 (CDR-H3) in the heavy chain 
variable domain (SEQ ID NO:2), see Chothia and Lesk J. 

60 Mo!. Biol. 196:901-917 (1987)). In some instances, a 
complementarity determining region can include amino 
acids from both a CDR region defined according to Kabat 
and a hypervariable loop. 

Framework regions are those variable domain residues 
65 other than the CDR residues. Each variable domain typically 

has four FRs identified as FRI, FR2, FR3 and FR4. If the 
CDRs are defined according to Kabat, the light chain FR 
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residues are positioned at about residues 1-23 (LCFRl), 
35-49 (LCFR2), 57-88 (LCFR3), and 98-107 (LCFR4) of 
SEQ ID NO:1) and the heavy chain FR residues are posi­
tioned about at residues 1-30 (HCFRl), 36-49 (HCFR2), 
66-94 (HCFR3), and 103-113 (HCFR4) of SEQ ID NO:2. If 5 

the CD Rs comprise amino acid residues from hypervariable 
loops, the light chain FR residues are positioned about at 
residues 1-25 (LCFRl), 33-49 (LCFR2), 53-90 (LCFR3), 
and 97-107 (LCFR4) in the light chain (SEQ ID NO:1) and 
the heavy chain FR residues are positioned about at residues 10 

1-25 (HCFRl), 33-52 (HCFR2), 56-95 (HCFR3), and 102-
113 (HCFR4) in the heavy chain (SEQ ID NO:2). In some 
instances, when the CDR comprises amino acids from both 

22 
12). In certain embodiments, the anti-influenza antibodies or 
antigen binding fragments comprise a V H CDRl having an 
amino acid sequence identical to or comprising 1, 2, or 3 
amino acid residue substitutions relative to a V H CDRl in 
colunm I of Table 1 (FIG. 12), a V H CDR2 having an amino 
acid sequence identical to or comprising 1, 2, or 3 amino 
acid residue substitutions relative to a V H CDR2 in colunm 
K of Table 1 (FIG. 12) and a V HCDR3 having an amino acid 
sequence identical to or comprising 1, 2, or 3 amino acid 
residue substitutions relative to a V H CDR3 in colunm M of 
Table 1 (FIG. 12). In another embodiment, the anti-influenza 
antibodies comprise a VL CDRl having an amino acid 
sequence identical to or comprising 1, 2, or 3 amino acid 
residue substitutions relative to a VL CDRl in colunm I of a CDR as defined by Kabat and those of a hypervariable 

loop, the FR residues will be adjusted accordingly. 15 Table 1 (FIG. 12), a VL CDR2 having an amino acid 
sequence identical to or comprising 1, 2, or 3 amino acid 
residue substitutions relative to a VL CDR2 in colunm K of 
Table 1 (FIG. 12), and a VL CDR3 having an amino acid 

The monoclonal antibodies can also include heavy and 
light chain variable domains including a CDRl, CDR2 and 
CDR3 with reference to the IMGT numbering scheme 
(unless the context indicates otherwise). The person of 
ordinary skill in the art will understand that various CDR 20 

numbering schemes (such as the Kabat, Chothia or IMGT 
numbering schemes) can be used to determine CDR posi­
tions. This numbering also can be used in reference to the 
heavy and light chains sequences disclosed herein. FIG. 12 
provides the CDRs and framework regions according to the 25 

IMGT numbering scheme. 
In certain embodiments, the anti-influenza antibodies are 

isolated and/or purified and/or pyrogen free antibodies. The 
present anti-influenza antibodies include at least one antigen 
binding domain that comprises at least one complementarity 30 

determining region (CDRl, CDR2 and CDR3). In one 
embodiment, the anti-influenza antibodies or antigen bind­
ing fragments thereof include a V H that includes at least one 
V H CDR (e.g., CDR-Hl, CDR-H2 or CDR-H3). In another 
embodiment, the anti-influenza antibodies include a VL that 35 

comprises at least one VL CDR (e.g., CDR-Ll, CDR-L2 or 
CDR-L3). In further embodiments the anti-influenza anti­
bodies or antigen binding fragments thereof include three 

sequence identical to or comprising 1, 2, or 3 amino acid 
residue substitutions relative to a VL CDR3 in colunm M of 
Table 1 (FIG. 12). In certain embodiments, the anti-influenza 
antibodies or antigen binding fragments thereof comprise a 
V H CDRl having an amino acid sequence identical to a V H 

CDRl in colunm I of Table 1 (FIG. 12), a V H CDR2 having 
an amino acid sequence identical to a V H CDR2 in colunm 
K of Table 1 (FIG. 12) and a V HCDR3 having an amino acid 
sequence identical to a V H CDR3 in column M of Table 1 
(FIG. 12). In another embodiment, the anti-influenza anti­
bodies comprise a VL CDRl having an amino acid sequence 
identical to a VL CDRl in colunm I of Table 1 (FIG. 12), a 
VL CDR2 having an amino acid sequence identical to a VL 
CDR2 in colunm K of Table 1 (FIG. 12); and a VL CDR3 
having an amino acid sequence identical to a VL CDR3 in 
colunm M of Table 1 (FIG. 12). In certain embodiments the 
V Hand V L CD Rs are all from the same antibody in Table 1 
(FIG. 12). 

In some embodiments, the antibody or antibody (antigen 
binding) fragment comprises a CDRl, CDR2 and CDR3 
(V Hor V L) having 1, 2, or 3 amino acid residue substitutions V H CDRs (e.g., CDR-Hl, CDR-H2 or CDR-H3) and or 

three VL CDRs (e.g., CDR-Ll, CDR-L2 or CDR-L3) 40 or deletions relative in Table 1 (FIG. 12) to a CDRl, CDR2 
or CDR3 Table 1, wherein the substitutions are conservative. 
In some embodiments, a CDR contains 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 15, 16, 17, 18 or 19 contiguous amino 

Disclosed herein are antibodies, antibody (antigen-bind­
ing) fragments wherein the antibody or the antibody frag­
ment or the peptide binds to an HA domain of influenza ( e.g., 
HlNl, H5Nl, H3N2 or two or more of HlNl, H5Nl and 
H3N2) virus and comprises: (a) a V H CDRl comprising or 45 

consisting of an amino acid sequence identical to or having 
1, 2, or 3 amino acid residue substitutions or deletions 
relative to a V H CDRl in colunm I of Table 1 (FIG. 12); (b) 
a V H CDR2 comprising or consisting of an amino acid 
sequence identical to or having 1, 2, or 3 amino acid residue 50 

substitutions or deletions relative to a V H CDR2 in colunm 
K of Table 1 (FIG. 12); (c) a V H CDR3 comprising or 
consisting of an amino acid sequence identical to or having 
1, 2, or 3 amino acid residue substitutions or deletions 
relative to a V H CDR3 in colunm M of Table 1 (FIG. 12); ( d) 55 

a VL CDRl comprising or consisting of an amino acid 
sequence identical to or having 1, 2, or 3 amino acid residue 
substitutions or deletions relative to a VL CDRl in column 
I of Table 1 (FIG. 12); (e) a VL CDR2 comprising or 
consisting of an amino acid sequence identical to or having 60 

1, 2, or 3 amino acid residue substitutions or deletions 
relative to a V L CDR2 in column K of Table 1 (FIG. 12); and 
(f) a VL CDR3 comprising or consisting of an amino acid 
sequence identical to or having 1, 2, or 3 amino acid residue 
substitutions or deletions relative to a VL CDR3 in column 65 

M of Table 1 (FIG. 12). In certain embodiments the V Hand 
VL CDRs are all from the same antibody in Table 1 (FIG. 

acids of a CDR depicted in Table 1. In certain embodiments, 
the anti-influenza antibodies comprise a heavy chain V-re­
gion having an amino acid sequence identical to or having 
1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid substitutions relative 
to a heavy chain V-region in colunm G or O of Table 1 (FIG. 
12) and/or a light chain V-region having an amino acid 
sequence identical to or having 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 
amino acid substitutions relative to a light chain V-region in 
colunm G or O of Table 1 (FIG. 12). In other embodiments, 
the antibody or antibody (antigen binding) fragment 
includes a deletion, such as a deletion of contiguous amino 
acids, such as at the amino or carboxy terminus. 

In some embodiments, the isolated antibody or the anti­
body (antigen binding) fragment: (i) comprises a V Hdomain 
comprising three CDRs and a VL domain comprising three 
CD Rs; and (ii) binds an HA domain of influenza virus (such 
as HlNl, H5Nl or both; or such as HlNl, H5Nl, H3N2 or 
two or more of HlNl, H5Nl and H3N2) wherein the three 
CDRs of the V H domain comprise: (a) a V H CDRl com­
prising the amino acid sequence of a V H CDRl in colunm I 
of Table 1 (FIG. 12); (b) a V H CDR2 comprising the amino 
acid sequence of a V H CDR2 in colunm K of Table 1 (FIG. 
12); and ( c) a V H CDR3 comprising the amino acid sequence 
of a V H CDR3 in column M of Table 1 (FIG. 12). In 



US 10,208,107 B2 
23 

additional embodiments, the isolated antibody or antibody 
( antigen binding) fragment: (i) comprises a V H chain domain 
comprising three CDRs and a VL chain domain comprising 
three CD Rs; and (ii) binds an HA domain of influenza virus 
(e.g., HlNl, H5Nl or both) wherein the three CDRs of the 5 

VL chain domain comprise: (a) a VL CDRl comprising the 
amino acid sequence of V L CDRl in colunm I of Table 1 
(FIG. 12); (b) a VL CDR2 comprising the amino acid 
sequence of a V L CDR2 in colunm K of Table 1 (FIG. 12); 
and (c) a VL CDR3 comprising the amino acid sequence of 10 

a VL CDR3 in colunm M of Table 1 (FIG. 12). In certain 
embodiments the V Hand VL CDRs are all from the same 
antibody in Table 1 (FIG. 12). 

An antibody or antibody (antigen binding) fragment can 
optionally comprise: (a) a V H FRI having the amino acid 15 

sequence of a V H FRI shown in Table 1 (FIG. 12) (b) a V H 

FR2 having the amino acid sequence of a V H FR2 shown in 
Table 1 (FIG. 12); (c) a V H FR3 having the amino acid 
sequence of a V H FR3 shown in Table 1 (FIG. 12); ( d) a V H 

FR4 having the amino acid sequence of a V H FR4 shown in 20 

Table 1 (FIG. 12); (e) a VL FRI having the amino acid 
sequence ofVL FRI shown in Table 1 (FIG. 12)1; (f) a VL 
FR2 having the amino acid sequence of a V L FR2 shown in 
Table 1 (FIG. 12); (g) a VL FR3 having the amino acid 
sequence of a VL FR3 shown in Table 1 (FIG. 12); and (h) 25 

a VL FR4 having the amino acid sequence of a VL FR4 in 
shown in Table 1 (FIG. 12). 

In additional embodiments an antibody or antibody (anti­
gen binding) fragment is disclosed, wherein the antibody or 
the fragment binds HA of an influenza A virus (e.g., HlNl, 30 

H5Nl or two of more of HlNl, H5Nl and H3N2) and 
comprises a heavy chain variable domain having an amino 
acid sequence identical to or comprising up to 10 ( e.g., up 
to 9, 8, 7, 6, 5, 4, 3, 2 or 1) amino acid residue substitutions 
relative to the amino acid sequence of the heavy chain 35 

variable domain (G or 0) of a selected antibody in Table 1 
(FIG. 12) and comprises a light chain variable domain 
having an amino acid sequence identical to or comprising up 
to 10 (e.g., up to 9, 8, 7, 6, 5, 4, 3, 2 or 1) amino acid residue 
substitutions relative to the amino acid sequence of the light 40 

chain variable domain (colunm G or 0) of the selected 
antibody in Table 1 (FIG. 12). In certain embodiments the 
heavy chain variable domain and the light chain variable 
domain are from the same antibody in Table 1 (FIG. 12). In 
additional embodiments, disclosed is a purified antibody or 45 

antibody (antigen binding) fragment, wherein the antibody 
or the fragment binds HA of influenza virus (e.g., HlNl, 
H5Nl or two of more of HlNl, H5Nl and H3N2) and 
comprises a heavy chain variable domain having at least 
90% or 95% identity to the amino acid sequence of the 50 

heavy chain variable domain ( colunm G or 0) of a selected 
antibody in Table 1 (FIG. 12) and comprises a light chain 
variable domain having at least 90% or 95% identity to the 
amino acid sequence of the light chain variable domain 
( colunm G or 0) of the selected antibody in Table 1 (FIG. 55 

12). In certain embodiments the heavy chain variable 
domain and the light chain variable domain are from the 
same antibody in Table 1 (FIG. 12). In some examples, the 
antibody or antibody (antigen binding) fragment binds HA 
of influenza virus (e.g., HlNl, H5Nl two of more ofHlNl, 60 

H5Nl and H3N2) and includes a heavy chain variable 
domain having the amino acid sequence of the heavy chain 
variable domain sequence (colunm G or 0) of a selected 
antibody in Table 1 (FIG. 12) and the light chain variable 
domain having the amino acid sequence of the light chain 65 

variable domain sequence (colunm G or 0, respectively) of 
the selected antibody in Table 1 (FIG. 12). 

24 
In yet other embodiments, disclosed is a purified antibody 

or antibody (antigen binding) fragment, wherein the anti­
body or the fragment binds the same epitope on HA of 
influenza virus (e.g., HlNl, H5Nl or two of more ofHlNl, 
H5Nl and H3N2) as that bound by an antibody comprising: 
(a) a heavy chain variable domain having the amino acid 
sequence of the heavy chain variable domain sequence 
( colunm G) of a selected antibody in Table 1 (FIG. 12); and 
(b) a light chain variable domain having the amino acid 
sequence of the light chain variable domain sequence ( col­
unm G) of the selected antibody in Table 1 (FIG. 12). 

In yet other embodiments, disclosed is a purified antibody 
or antibody (antigen binding) fragment, wherein the anti­
body or the fragment binds to an HA domain of influenza 
virus (e.g., HlNl, H5Nl or both), comprising: (a) a poly­
peptide comprising an amino acid sequence identical to or 
having 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid substitutions, 
or having up to 5 amino acid substitutions, as compared to 
a V-D-J sequence (FIG. 14); and (a) a polypeptide compris­
ing an amino acid sequence identical to, identical to or 
having 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid substitutions, 
or having up to 5 amino acid substitutions compared to a V-J 
sequence (FIG. 14). In certain embodiments, the anti-influ­
enza antibodies comprise a heavy chain VDJ-region having 
an amino acid sequence identical to a heavy chain VDJ­
region in colunm F of Table 1 (FIG. 12) and a light chain 
VI-region identical to a light chain VI-region in colunm G 
of Table 1 (FIG. 12). In certain embodiments, the anti­
influenza antibodies comprise a heavy chain V-region hav­
ing an amino acid sequence identical to a heavy chain 
V-region in colunm G of Table 1 (FIG. 12) and a light chain 
V-region identical to a light chain V-region in colunm G of 
Table 1 (FIG. 12). 

In one embodiment, the anti-influenza antibodies bind HA 
of an HlNl influenza virus, or an antigenic fragment 
thereof, wherein the antibody has at least 60%, 65%, 70%, 
75%, 80%, 85%, 90%, 95% or 100% identity to the amino 
acid sequence of an antibody disclosed herein. In a further 
embodiment, the anti-influenza antibodies bind to HA of an 
HlNl influenza virus, or an antigenic fragment thereof, 
wherein the antibody has at least 90%, 91 %, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99% or 100% identity to the 
amino acid sequence of an antibody described herein. In 
other embodiments, an anti-influenza antibody binds HA of 
an HlNl influenza virus and an H5Nl influenza virus, or an 
antigenic fragment thereof, wherein the antibody has at least 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 100% 
identity to the amino acid sequence of an antibody disclosed 
herein. In further embodiments, the anti-influenza antibodies 
bind to HA of an HlNl influenza virus polypeptide and an 
H5Nl influenza virus polypeptide, or an antigenic fragment 
thereof, wherein the antibody has at least 90%, 91 %, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity to 
the amino acid sequence of an antibody disclosed herein. In 
yet other embodiments the an anti-influenza antibody binds 
HA of an HlNl influenza virus, an H5Nl influenza virus, 
and an H3N2 influenza virus, or an antigenic fragment 
thereof, wherein the antibody has at least 60%, 65%, 70%, 
75%, 80%, 85%, 90%, 95% or 100% identity to the amino 
acid sequence of an antibody disclosed herein. In further 
embodiments, the anti-influenza antibodies bind to HA of an 
HlNl influenza virus polypeptide, an H5Nl influenza virus 
polypeptide and an H3N2 influenza virus polypeptide, or an 
antigenic fragment thereof, wherein the antibody has at least 
90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 
having at least 100% identity to the amino acid sequence of 
an antibody disclosed herein. 
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Conservative variants of the antibodies can be produced. 
Such conservative variants employed in antibody fragments, 
such as dsFv fragments or in scFv fragments, will retain 
critical amino acid residues necessary for correct folding and 
stabilizing between the V H and the V L regions, and will 5 

retain the charge characteristics of the residues in order to 
preserve the low pl and low toxicity of the molecules. 
Amino acid substitutions (such as at most one, at most two, 
at most three, at most four, or at most five amino acid 
substitutions) can be made in the V Hand the VL regions to 10 

increase yield. In particular examples, the V H sequence 
and/or VL sequence is shown in FIG. 12. Conservative 
amino acid substitution tables providing functionally similar 
amino acids are well known to one of ordinary skill in the 
art. The following six groups are examples of amino acids 15 

that are considered to be conservative substitutions for one 
another: 

26 
RGLLYIDGNTYLNWFQQRPGQSPRRLIHNVSNRD 
SGVPDRFSGSGSRTDFTLKISRVEAEDVGVYYC 
MQGTYW (SEQ ID NO: 11) or comprising the 05-2G02 
light chain variable domain sequence provided in O of 
Colunm FIG. 12. 

In some embodiments the antibody (09-2A06), antibody 
fragment or peptide comprises: 

a) a CDRl comprising at least 8 contiguous amino acids 
of GGSFTSFV (SEQ ID NO: 23); a CDR2 comprising at 
least 7 contiguous amino acids ofVIPIFATP (SEQ ID NO: 
25); and a CDR3 comprising at least 14 or 15 contiguous 
amino acids of ASPDLTMVFVPHTGPLDF (SEQ ID NO: 
27); 

b) a CDRl comprising GGSFTSFV (SEQ ID NO: 23); a 
CDR2 comprising VIPIFATP (SEQ ID NO: 25); and a 
CDR3 comprising ASPDLTMVFVPHTGPLDF (SEQ ID 
NO: 27); 

1) Alanine (A), Serine (S), Threonine (T); 
2) Aspartic acid (D), Glutamic acid (E); 
3) Asparagine (N), Glutamine (Q); 
4) Arginine (R), Lysine (K); 
5) Isoleucine (I), Leucine (L), Methionine (M), Valine 

(V); and 

c) a heavy chain variable domain comprising: a CDRl 
comprising or consisting ofGGSFTSFV (SEQ ID NO: 23); 

20 a CDR2 comprising or consisting of VIPIFATP (SEQ ID 
NO: 25); and a CDR3 comprising or consisting of ASPDLT­
MVFVPHTGPLDF (SEQ ID NO: 27); 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 
In further embodiments, the antibody, antibody fragment 25 

or peptide comprises a heavy chain and/or light chain CD Rs 
of an antibody selected from: 05-2G02, 09-2A06 and 
09-3A01. 

In some embodiments the antibody, antibody (antigen 
binding) fragment or peptide comprises: 

a) a CDRl comprising at least 7 contiguous amino acids 
of GYTFSNYG (SEQ ID NO: 3); a CDR2 comprising at 
least 7 contiguous amino acids ofISAYNGHT (SEQ ID NO: 

30 

5); and a CDR3 comprising at least 14 or 15 contiguous 
amino acids of ARDRRDLLTGSLGDY (SEQ ID NO: 7; 35 

b) a CDRl comprising GYTFSNYG (SEQ ID NO: 3); a 
CDR2 comprising ISAYNGHT (SEQ ID NO: 5); and a 
CDR3 comprising ARDRRDLLTGSLGDY (SEQ ID NO: 
7); 

c) a heavy chain variable domain comprising: a CDRl 40 

comprising or consisting of GYTFSNYG (SEQ ID NO: 3); 
a CDR2 comprising or consisting of ISAYNGHT (SEQ ID 
NO: 5); and a CDR3 comprising or consisting of 
ARDRRDLLTGSLGDY (SEQ ID NO: 7); 

d) a heavy chain variable domain comprising: 45 

QVQLVQSGPEVKKPGASIKVSCRAS 
GYTFSNYGITWVRQAPGQGLEWMGWISAYNGHT 
NSAQKFQGRVTMTTDTSTSTAYMEVRSLRSDD­
TAVYYCAR (SEQ ID NO: 1) or comprising the 05-2G02 
heavy chain variable domain sequence provided in column 50 

0 of FIG. 12; 
e) a CDRl comprising at least 5 contiguous amino acids 

ofRGLLYIDGNTY (SEQ ID NO: 13); a CDR2 comprising 
at least 2 contiguous amino acids ofNVS (SEQ ID NO: 15); 
and a CDR3 comprising at least 8 contiguous amino acids of 55 

MQGTYWPFT (SEQ ID NO: 17); 

d) a heavy chain variable domain comprising: 
QVQLVQSGAEVKRPGSSVTVSCKASG 
GSFTSFVISWVRQAPGQGLEWMGGVIPIFATPK 
YAQKFQGRLTITADKSTNTAYMELTSLRSED-
TAMYYCA (SEQ ID NO: 21) or the 09-2A06 heavy chain 
variable domain amino acid sequence provided in colunm 0 
of FIG. 12; 

e) a CDRl comprising at least 5 contiguous amino acids 
ofQSIDNW (SEQ ID NO: 33); a CDR2 comprising at least 
2 contiguous amino acids of KAS (SEQ ID NO: 35); and a 
CDR3 comprising at least 8 contiguous amino acids of 
QHYDTYSGT (SEQ ID NO: 37); 

f) a CDRl comprising QSIDNW (SEQ ID NO: 33); a 
CDR2 comprising KAS (SEQ ID NO: 35); and a CDR3 
comprising QHYDTYSGT (SEQ ID NO: 37); 

g) a light chain variable domain comprising: a CDRl 
comprising or consisting of QSIDNW (SEQ ID NO: 33); a 
CDR2 comprising or consisting of KAS (SEQ ID NO: 35); 
and a CDR3 comprising or consisting of QHYDTYSGT 
(SEQ ID NO: 37); 

h) a light chain variable domain comprising: 
DIQMTQSPSTLSASVGDRVTITCRAS 
QSIDNWLAWYQQKPGKAPNLLIYKASSLRSGVPS 
RFSGSGSGTEFTLTISSLQPDDFATYYCQHYDTY (SEQ 
ID NO: 31) or the 09-2A06 light chain variable domain 
amino acid sequence provided in colunm O of FIG. 12. 

In further embodiments, the antibody (09-3A01), anti­
body fragment or peptide comprises: 

a) a CDRl comprising at least 8 contiguous amino acids 
ofGGSITSNTYY (SEQ ID NO: 43); a CDR2 comprising at 
least 7 contiguous amino acids of ISFSGRT (SEQ ID NO: 
45); and a CDR3 comprising at least 14 or 15 contiguous 
amino acids of ARQLTGMVYAILLPSYFDF (SEQ ID NO: 
47); 

f) a CDRl comprising or consisting of RGLLYIDGNTY 
(SEQ ID NO: 13); a CDR2 comprising or consisting ofNVS 
(SEQ ID NO: 15); and a CDR3 comprising MQGTYWPFT 
(SEQ ID NO: 17); 

b) a CDRl comprising GGSITSNTYY (SEQ ID NO: 43); 
a CDR2 comprising ISFSGRT (SEQ ID NO: 45); and a 
CDR3 comprising ARQLTGMVYAILLPSYFDF (SEQ ID 

60 NO: 47); 
g) a light chain variable domain comprising: a CDRl 

comprising or consisting of RGLLYIDGNTY (SEQ ID NO: 
13); a CDR2 comprising or consisting ofNVS (SEQ ID NO: 
15); and a CDR3 comprising or consisting of MQGTY­
WPFT (SEQ ID NO: 17); 

h) a light chain variable domain comprising: DVVMTQS­
PLSLPVTLGQPASISCRSS 

c) a heavy chain variable domain comprising: a CDRl 
comprising or consisting of GGSITSNTYY (SEQ ID NO: 
43); a CDR2 comprising or consisting ofISFSGRT (SEQ ID 
NO: 45); and a CDR3 comprising or consisting of ARQLT-

65 GMVYAILLPSYFDF (SEQ ID NO: 47); 
d) a heavy chain variable domain comprising: 

RLQLQESGPGLVKPSETLSLTCTVS 
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GGSITSNTYYWGWIRQPPGKGLESIGSISFSGRTYY 
SPSLKSRVTMSVDTSKNQFSLKLSSVTAADTAFYY-
CAR (SEQ ID NO: 41) or the O 9-3A01 heavy chain variable 
domain amino acid sequence provided in column O of FIG. 
12; 

e) a CDRl comprising at least 5 contiguous amino acids 
ofQSIGSW (SEQ ID NO: 53); a CDR2 comprising at least 
2 contiguous amino acids of KAS (SEQ ID NO: 55); and a 
CDR3 comprising at least 8 contiguous amino acids of 
QQHNSYSGA (SEQ ID NO: 57); 

f) a CDRl comprising QSIGSW (SEQ ID NO: 53); a 
CDR2 comprising KAS (SEQ ID NO: 55); and a CDR3 
comprising QQHNSYSGA (SEQ ID NO: 57); 

g) a light chain variable domain comprising: a CDRl 
comprising or consisting of QSIGSW (SEQ ID NO: 53); a 
CDR2 comprising or consisting of KAS (SEQ ID NO: 55); 
and a CDR3 comprising or consisting of QQHNSYSGA 
(SEQ ID NO: 57); 

h) a light chain variable domain comprising: 
DIQMTQSPSTLSASVGDRVTITCRAS 
QSIGSWLAWYQQKPGKAPKLLIYKASTLESGVPS 
RFSGSGSGTEFTLTISSLQPDDLATYYCQQHNSY (SEQ 
ID NO: 51) or the O 9-3A01 light chain variable domain 
amino acid sequence provided in colunm O in FIG. 12. 

In some embodiments, antibodies are disclosed herein, 
wherein the antibody includes: 

a) a heavy chain variable domain comprising: a CDRl 
comprising or consisting of GYTFSNYG (SEQ ID NO: 3); 

28 
amino acid sequence set forth as SEQ ID NO: 45 and the 
amino acid sequence set forth as SEQ ID NO: 47 [09-3A01]. 
In further embodiments, the antibody or antigen binding 
fragment thereof includes a) a heavy chain variable domain 

5 including the amino acid sequence set forth as SEQ ID NO: 
3, the amino acid sequence set forth as SEQ ID NO: 5 and 
the amino acid sequence set forth as SEQ ID NO: 7, and a 
light chain variable domain including the amino acid 
sequence set forth as SEQ ID NO: 13, the amino acid 

10 sequence set for the as SEQ ID NO: 15 and the amino acid 
sequence set forth as SEQ ID NO: 17 [005-2G02]; b) a 
heavy chain variable domain including the amino acid 
sequence set forth as SEQ ID NO: 23, the amino acid 

15 
sequence set for the as SEQ ID NO: 25 and the amino acid 
sequence set forth as SEQ ID NO: 27, and a light chain 
variable domain including the amino acid sequence set forth 
as SEQ ID NO: 33, the amino acid sequence set for the as 
SEQ ID NO: 35 and the amino acid sequence set forth as 

20 SEQ ID NO: 37 [09-2A06]; or c) a heavy chain variable 
domain including the amino acid sequence set forth as SEQ 
ID NO: 43, the amino acid sequence set for the as SEQ ID 
NO: 45 and the amino acid sequence set forth as SEQ ID 
NO: 47 [09-3A01]; and a light chain variable domain 

25 including the amino acid sequence set forth as SEQ ID NO: 
53, the amino acid sequence set for the as SEQ ID NO: 55 
and the amino acid sequence set forth as SEQ ID NO: 57. 
These monoclonal antibodies and antigen binding fragments 

a CDR2 comprising or consisting of ISAYNGHT (SEQ ID 
NO: 5); and a CDR3 comprising or consisting of 30 

ARDRRDLLTGSLGDY (SEQ ID NO: 7) and a light chain 
variable domain comprising: a CDRl comprising or con­
sisting of RGLLYIDGNTY (SEQ ID NO: 13); a CDR2 
comprising or consisting of NVS (SEQ ID NO: 15); and a 
CDR3 comprising or consisting ofMQGTYWPFT (SEQ ID 
NO: 17); 

specifically bind influenza HA. 
In further embodiments, the heavy chain variable domain 

of the antibody or antigen binding fragment includes one of 
a) the amino acid sequence set forth as SEQ ID NO: 1; b) the 
amino acid sequence set forth as SEQ ID NO: 21; or c) the 

35 
amino acid sequence set forth as SEQ ID NO: 41. In other 
embodiments, the heavy chain variable domain includes or 
consists of one of: a) the amino acid sequence set forth as 
SEQ ID NO: 9; b) the amino acid sequence set forth as SEQ 
ID NO: 29; or c) the amino acid sequence set forth as SEQ 

b) a heavy chain variable domain comprising: a CDRl 
comprising or consisting of GGSFTSFV (SEQ ID NO: 23); 
a CDR2 comprising or consisting of VIPIFATP (SEQ ID 
NO: 25); and a CDR3 comprising or consisting of ASPDLT­
MVFVPHTGPLDF (SEQ ID NO: 27) and a light chain 
variable domain comprising: a CDRl comprising or con­
sisting ofQSIDNW (SEQ ID NO: 33); a CDR2 comprising 
or consisting of KAS (SEQ ID NO: 35); and a CDR3 
comprising or consisting of QHYDTYSGT (SEQ ID NO: 
37); or 

c) a heavy chain variable domain comprising: a CDRl 
comprising or consisting of GGSITSNTYY (SEQ ID NO: 
43); a CDR2 comprising or consisting ofISFSGRT (SEQ ID 
NO: 45); and a CDR3 comprising or consisting of ARQLT­
GMVYAILLPSYFDF (SEQ ID NO: 47) and a light chain 
variable domain comprising: a CDRl comprising or con­
sisting of QSIGSW (SEQ ID NO: 53); a CDR2 comprising 
or consisting of KAS (SEQ ID NO: 55); and a CDR3 
comprising or consisting of QQHNSYSGA (SEQ ID NO: 
57). 

In some embodiments, an antibody or antigen binding 
fragment thereof is provided that includes a heavy chain 
variable domain and a light chain variable domain, wherein 
the heavy chain variable domain includes one of: a) the 
amino acid sequence set forth as SEQ ID NO: 3, the amino 
acid sequence set for the as SEQ ID NO: 5 and the amino 
acid sequence set forth as SEQ ID NO: 7 [005-2G02]; b) the 
amino acid sequence set forth as SEQ ID NO: 23, the amino 
acid sequence set for the as SEQ ID NO: 25 and the amino 
acid sequence set forth as SEQ ID NO: 27 [09-2A06]; or c) 
the amino acid sequence set forth as SEQ ID NO: 43, the 

40 ID NO: 49. In further embodiments, the heavy chain vari­
able domain has an amino acid sequence at least 90%, 91 %, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% 
identical to the amino acid sequence set for the as the amino 
acid sequence set forth as SEQ ID NO: 9, SEQ ID NO: 29 

45 and/or SEQ ID NO: 49. In yet other embodiments, the heavy 
chain variable domain includes 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 
amino acid substitutions in the amino acid sequence set forth 
as SEQ ID NO: 9, SEQ ID NO: 29 and/or SEQ ID NO: 49. 
These monoclonal antibodies and antigen binding fragments 

50 specifically bind influenza HA. 
In additional embodiments, the light chain variable 

domain includes one of a) the amino acid sequence set forth 
as SEQ ID NO: 11; b) the amino acid sequence set forth as 
SEQ ID NO: 31; or c) the amino acid sequence set forth as 

55 SEQ ID NO: 51. In other embodiments, the light chain 
variable domain includes or consists of a) the amino acid 
sequence set forth as SEQ ID NO: 19; b) the amino acid 
sequence set forth as SEQ ID NO: 39; or c) the amino acid 
sequence set forth as SEQ ID NO: 59. In further embodi-

60 ments, the light chain variable domain has an amino acid 
sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 
97%, 98%, 99% or 100% identical to the amino acid 
sequence set for the as the amino acid sequence set forth as 
SEQ ID NO: 19, SEQ ID NO: 39 and/or SEQ ID NO: 59. 

65 In yet other embodiments, the light chain variable domain 
includes 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 amino acid substitutions 
in the amino acid sequence set forth as SEQ ID NO: 19, SEQ 
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ID NO: 39 and/or SEQ ID NO: 59. These monoclonal 
antibodies and antigen binding fragments specifically bind 
influenza HA. 

In some embodiments, a) the heavy chain variable domain 
includes the amino acid sequence set forth as SEQ ID NO: 
1 and the light chain variable domain includes the amino 
acid sequence set forth as SEQ ID NO: 11; b) the heavy 
chain variable domain includes the amino acid sequence set 
forth as SEQ ID NO: 21 and the light chain variable domain 
includes the amino acid sequence set forth as SEQ ID NO: 
31; or c) the heavy chain variable domain includes the amino 
acid sequence set forth as SEQ ID NO: 41 and the light chain 
variable domain includes the amino acid sequence set forth 
as SEQ ID NO: 51, wherein the monoclonal antibody or 
antigen binding fragment specifically binds influenza HA. In 
yet other embodiments, a) the heavy chain variable domain 
includes or consists of the amino acid sequence set forth as 
SEQ ID NO: 9 and the light chain variable domain includes 
or consists of SEQ ID NO: 19; b) the heavy chain variable 
domain includes or consists of the amino acid sequence set 
forth as SEQ ID NO: 29 and the light chain variable domain 
includes or consists of the amino acid sequence set forth as 
SEQ ID NO: 39; or c) the heavy chain variable domain 
includes or consists of the amino acid sequence set forth as 
SEQ ID NO: 49 and the light chain variable domain includes 
or consists of the amino acid sequence set forth as SEQ ID 
NO: 59, wherein the monoclonal antibody or antigen bind­
ing fragment specifically binds influenza HA. 

In some embodiments, an antibody is provided that binds 
the same epitope of HA as does the monoclonal antibodies 
05-2G02, 09-2A06 and 09-3A01. These antibodies can be 
identified using assays such as, but not limited to, competi­
tive binding assays. 

Also disclosed herein is a sterile composition including 
the purified antibody or antibody fragment and a sterile 
composition comprising the purified antibody or antibody 
fragment and a pharmaceutically acceptable carrier. Phar­
maceutical compositions are disclosed below. 

The antibodies can be modified in the Fe region to provide 
desired effector functions or serum half-life. With the appro­
priate Fe regions, the naked antibody bound on the cell 
surface can induce cytotoxicity, e.g., via antibody-dependent 
cellular cytotoxicity (ADCC) or by recruiting complement 
in complement dependent cytotoxicity (CDC), or by recruit­
ing nonspecific cytotoxic cells that express one or more 
effector ligands that recognize bound antibody on a influ­
enza cell and subsequently cause phagocytosis of the influ­
enza cell in antibody dependent cell-mediated phagocytosis 
(ADCP), or some other mechanism. 

Where it is desirable to eliminate or reduce effector 
function, so as to minimize side effects or therapeutic 
complications, certain other Fe regions may be used. The Fe 
region of the antibodies of the invention can be modified to 
increase the binding affinity for FcRn and thus increase 
serum half-life. Alternatively, the Fe region can be conju­
gated to PEG or albumin to increase the serum half-life, or 
some other conjugation that results in the desired effect. 

30 
the anti-influenza antibodies include an altered Fe region 
(also referred to herein as "variant Fe region") in which one 
or more alterations have been made in the Fe region in order 
to change functional and/or pharmacokinetic properties of 

5 the antibodies. The serum half-life of proteins comprising Fe 
regions may be increased by increasing the binding affinity 
of the Fe region for FcRn. The term "antibody half-life" as 
used herein means a pharmacokinetic property of an anti­
body that is a measure of the mean survival time of antibody 

10 molecules following their administration. Antibody half-life 
can be expressed as the time required to eliminate 50 percent 
of a known quantity of immunoglobulin from the patient's 
body ( or other mammal) or a specific compartment thereof, 

15 
for example, as measured in serum, i.e., circulating half-life, 
or in other tissues. Half-life may vary from one immuno­
globulin or class of immunoglobulin to another. In general, 
an increase in antibody half-life results in an increase in 
mean residence time (MRT) in circulation for the antibody 

20 administered. In a specific embodiment, the present inven­
tion provides an Fe variant antibody, wherein the Fe region 
comprises at least one non-naturally occurring amino acid at 
one or more positions selected from the group consisting of 
252, 254, and 256. In one embodiment, the non-naturally 

25 occurring amino acids are selected from the group consisting 
of 252Y, 254T and 256E. 

Diabodies are also provided herein. Diabodies are small 
antibody fragments with two antigen-binding sites, which 
fragments comprise a heavy chain variable domain (V H) 

30 connected to a light chain variable domain (V L) in the same 
polypeptide chain (V Hand V L). By using a linker that is too 
short to allow pairing between the two domains on the same 
chain, the domains are forced to pair with the complemen­
tary domains of another chain and create two antigen-

35 binding site (see e.g., Bolliger et al. (1993) Proc. Natl. Acad. 
Sci. USA 90:6444; Poljak et al. (1994) Structure 2:1121). 

Linear antibodies are also provided herein. Linear anti­
bodies include a pair of tandem Fd segments (V 1,CH1 -V H°" 

CH1) which, together with complementary light chain poly-
40 peptides, form a pair of antigen binding regions. Linear 

antibodies can be bispecific or monospecific. 
The antibodies disclosed herein specifically include chi­

meric antibodies (immunoglobulins) in which a portion of 
the heavy and/or light chain is identical with or homologous 

45 to corresponding sequences in antibodies derived from a 
particular species or belonging to a particular antibody class 
or subclass, while the remainder of the chain(s) is identical 
with or homologous to corresponding sequences in antibod­
ies derived from another species or belonging to another 

50 antibody class or subclass, as well as fragments of such 
antibodies, so long as they exhibit the desired biological 
activity. 

An antigen binding portion of an antibody specifically 
binds to an antigen (e.g., HlNl, H5Nl and/or H3N2). It has 

55 been shown that the antigen-binding function of an antibody 
can be performed by fragments of a full-length antibody, 
including: 

It is known that variants of the Fe region (e.g., amino acid 
substitutions and/or additions and/or deletions) enhance or 
diminish effector function of the antibody (See e.g., U.S. Pat. 60 

Nos. 5,624,821; 5,885,573; 6,538,124; 7,317,091; 5,648, 
260; 6,538,124; PCT Publication Nos. WO 03/074679; WO 
04/029207; WO 04/099249; WO 99/58572; and US Pub­
lished Patent Application Nos. 2006/0134105; 2004/ 
0132101; 2006/0008883) and may alter the pharmacokinetic 65 

properties (e.g. half-life) of the antibody (see, U.S. Pat. Nos. 
6,277,375 and 7,083,784). Thus, in certain embodiments, 

(i) a Fab fragment, a monovalent fragment consisting of 
the VD V H, CL and CHI domains; 

(ii) a F(ab')2 fragment, a bivalent fragment comprising 
two Fab fragments linked by a disulfide bridge at the 
hinge region; 

(iii) a Fd fragment consisting of the V HandCH1 domains; 
(iv) a Fv fragment consisting of the V L and V H domains 

of a single arm of an antibody, 
(v) a dAb fragment (Ward et al, (1989) Nature 341:544 

546), which consists of a V H domain; and 
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(vi) an isolated complementarity determining region 
(CDR). 

Antibody portions, such as Fab and F(ab')2 fragments, can 
be prepared from whole antibodies using conventional tech­
niques, such as papain or pepsin digestion, respectively, of 
whole antibodies. Furthermore, although the two domains of 
the Fv fragment, V L and V H' are coded for by separate genes, 
they can be joined, using recombinant methods, by a syn­
thetic linker that enables them to be made as a single protein 
chain in which the VL and V H regions pair to form mon­
ovalent molecules (known as single chain Fv (scFv); see 
e.g., Bird et al. (1988) Science 242:423 426; and Huston et 
al. (1988) Proc. Natl. Acad. Sci. USA 85:5879 5883). Single 
chain Fv and other forms of single chain antibodies, such as 
diabodies are also encompassed by the present disclosure. 

Any of the antibody or antigen-binding fragments dis­
closed herein can be part of a larger immunoadhesion 
molecule, formed by covalent or noncovalent association of 
the antibody or antibody portion with one or more other 
proteins or peptides. Examples of such immunoadhesion 
molecules include use of the streptavidin core region to 
make a tetrameric scFv molecule (Kipriyanov et al. (1995) 
Human Antibodies and Hybridomas 6:93) and use of a 
cysteine residue, a marker peptide and a C-terminal poly­
histidine tag to make bivalent and biotinylated scFv mol­
ecules (Kipriyanov et al. (1994) Mal. Immunol. 31:1047). 

Human antibodies are also disclosed herein that include 
antibodies having variable and constant regions derived 
from ( or having the same amino acid sequence as those 
derived from) human germline immunoglobulin sequences. 
Human antibodies can include amino acid residues not 
encoded by human germline immunoglobulin sequences 
(e.g., mutations introduced by random or site-specific muta­
genesis in vitro or by somatic mutation in vivo), for example 
in the CDRs and in particular CDR3. 

The antibodies or antibody fragments disclosed herein can 
be derivatized or linked to another molecule (such as another 
peptide or protein). In general, the antibody or portion 
thereof is derivatized such that the binding to HA is not 
affected adversely by the derivatization or labeling. For 
example, the antibody can be functionally linked (by chemi­
cal coupling, genetic fusion, noncovalent association or 
otherwise) to one or more other molecular entities, such as 
another antibody (for example, a bispecific antibody or a 
diabody), a detection agent, a pharmaceutical agent, and/or 
a protein or peptide that can mediate associate of the 
antibody or antibody portion with another molecule (such as 
a streptavidin core region or a polyhistidine tag). 
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oxidase and the like. When an antibody is labeled with a 
detectable enzyme, it can be detected by adding additional 
reagents that the enzyme uses to produce a reaction product 
that can be discerned. For example, when the agent horse-

5 radish peroxidase is present the addition of hydrogen per­
oxide and diaminobenzidine leads to a colored reaction 
product, which is visually detectable. An antibody may also 
be labeled with biotin, and detected through indirect mea­
surement of avidin or streptavidin binding. It should be 

10 noted that the avidin itself can be labeled with an enzyme or 
a fluorescent label. 

An antibody may be labeled with a magnetic agent, such 
as gadolinium. Antibodies can also be labeled with lan­
thanides (such as europium and dysprosium), and manga-

15 nese. Paramagnetic particles such as superparamagnetic iron 
oxide are also of use as labels. An antibody may also be 
labeled with a predetermined polypeptide epitopes recog­
nized by a secondary reporter ( such as leucine zipper pair 
sequences, binding sites for secondary antibodies, metal 

20 binding domains, epitope tags). An antibody can also be 
labeled with a radiolabeled amino acid. The radiolabel may 
be used for both diagnostic and therapeutic purposes. 
Examples of labels include, but are not limited to, the 
following radioisotopes or radionucleotides: 3 H, 14C, 15N, 

25 
35 S, 90Y, Y 99Tc, 111In, 1251, 1311. In some embodiments, 
labels are attached by spacer arms of various lengths to 
reduce potential steric hindrance. 

An antibody can also be derivatized with a chemical 
group such as polyethylene glycol (PEG), a methyl or ethyl 

30 group, or a carbohydrate group. These groups may be useful 
to improve the biological characteristics of the antibody, 
such as to increase serum half-life or to increase tissue 
binding. 

Means of detecting such labels are well known to those of 
35 skill in the art. Thus, for example, radiolabels may be 

detected using photographic film or scintillation counters, 
fluorescent markers may be detected using a photodetector 
to detect emitted illumination. Enzymatic labels are typi­
cally detected by providing the enzyme with a substrate and 

40 detecting the reaction product produced by the action of the 
enzyme on the substrate, and colorimetric labels are detected 
by simply visualizing the colored label. 
Polynucleotides and Expression 

Nucleotide sequences encoding the amino acid sequences 
45 disclosed herein, including V H, VD CDR and FR sequences 

can be prepared; exemplary nucleic acid sequences encoding 
a V Hand a VL are shown in FIG. 12. Expression vectors are 
also provided for efficient expression in cells (e.g. mamma-
lian cells). 

Recombinant expression of an antibody, antigen binding 
fragment thereof or portion thereof (such as a CDR or FR) 
generally requires construction of an expression vector 
containing a polynucleotide that encodes the antibody or 
antibody fragment. Replicable vectors are provided includ-

One type of derivatized antibody is produced by cross­
linking two or more antibodies ( of the same type or of 50 

different types, such as to create bispecific antibodies). 
Suitable crosslinkers include those that are heterobifunc­
tional, having two distinctly reactive groups separated by an 
appropriate spacer (such as m-maleimidobenzoyl-N-hy­
droxysuccinimide ester) or homobifunctional (such as dis­
uccinimidyl suberate ). Such linkers are available from 
Pierce Chemical Company (Rockford, Ill.). 

55 ing a nucleotide sequence encoding an antibody molecule, a 
heavy or light chain of an antibody, a heavy or light chain 
variable domain of an antibody or a portion thereof, or a 
heavy or light chain CDR, operably linked to a promoter. 
Such vectors may include the nucleotide sequence encoding 

60 the constant region of an antibody molecule (see, e.g., U.S. 

An antibody that specifically binds HA can be labeled 
with a detectable moiety. Useful detection agents include 
fluorescent compounds, including fluorescein, fluorescein 
isothiocyanate, rhodamine, 5-dimethylamine-1-napthalene­
sulfonyl chloride, phycoerythrin, lanthanide phosphors and 
the like. Bioluminescent markers are also of use, such as 
luciferase, green fluorescent protein, or yellow fluorescent 
protein. An antibody can also be labeled with enzymes that 65 

are useful for detection, such as horseradish peroxidase, 
~-galactosidase, luciferase, alkaline phosphatase, glucose 

Pat. Nos. 5,981,216; 5,591,639; 5,658,759 and 5,122,464) 
and the variable domain of the antibody may be cloned into 
such a vector for expression of the entire heavy, the entire 
light chain, or both the entire heavy and light chains. 

Nucleic acid molecules (also referred to as polynucle­
otides) encoding the polypeptides provided herein (includ­
ing, but not limited to antibodies) can readily be produced by 
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one of skill in the art. For example, these nucleic acids can 
be produced using the amino acid sequences provided herein 
(such as the CDR sequences, heavy chain and light chain 
sequences), sequences available in the art (such as frame­
work sequences), and the genetic code. Thus, degenerate 5 

variants are provided herein. 
V H nucleic acid sequences are set forth as SEQ ID NOS 

8, 28, 48, 68, 88, 108, 128, 148, 168, 188, 208, 228, 248, 
268,288,308,328,348,368,388,408,428,448,468,488, 
508,528,548,568,588,608,628,648,668,688,708,728, 10 

748,768,788,808,828,848,868,888,908,928,948,968, 
988, 1008, 1028, 1048, 1068, 1088, 1108, 1128, 1148, 1168, 
1188, 1208, 1228, 1248, 1268, 1288, 1308, 1328, 1348, 
1368, and 1388 and include degenerate variants; VL nucleic 
acid sequences are set forth as SEQ ID NOS 18, 38, 58, 78, 15 

98, 118, 138, 158, 178,198,218,238,258,278,298,318, 
338,358,378,398,418,438,458,478,498,518,538,558, 
578,598,618,638,658,678,698,718,738,758,778,798, 
818, 838, 858, 878, 898, 918, 938, 958, 978, 998, 1018, 
1038, 1058, 1078, 1098, 1118, 1138, 1158, 1178, 1198, 20 

1218, 1238, 1258, 1278, 1298, 1318, 1338, 1358, 1378,and 
1398, and include degenerate variants thereof. One of skill 
in the art can readily use the genetic code to construct a 
variety of functionally equivalent nucleic acids, such as 
nucleic acids which differ in sequence but which encode the 25 

same antibody sequence, or encode a conjugate or fusion 
protein including the V L and/or V H nucleic acid sequence. 

Nucleic acid sequences encoding the antibodies that spe­
cifically bind HA, such as the stalk of HA can be prepared 
by any suitable method including, for example, cloning of 30 

appropriate sequences or by direct chemical synthesis by 
methods such as the phosphotriester method ofNarang et al., 
Meth. Enzymol. 68:90-99, 1979; the phosphodiester method 
of Brown et al., Meth. Enzymol. 68:109-151, 1979; the 
diethylphosphoramidite method of Beaucage et al., Tetra. 35 

Lett. 22:1859-1862, 1981; the solid phase phosphoramidite 
triester method described by Beaucage & Caruthers, Tetra. 
Letts. 22(20):1859-1862, 1981, for example, using an auto­
mated synthesizer as described in, for example, Needham­
VanDevanter et al., Nucl. Acids Res. 12:6159-6168, 1984; 40 

and, the solid support method of U.S. Pat. No. 4,458,066. 
Chemical synthesis produces a single stranded oligonucle­
otide. This can be converted into double stranded DNA by 
hybridization with a complementary sequence or by polym­
erization with a DNA polymerase using the single strand as 45 

a template. One of skill would recognize that while chemical 
synthesis of DNA is generally limited to sequences of about 
100 bases, longer sequences may be obtained by the ligation 
of shorter sequences. 

Exemplary nucleic acids can be prepared by cloning 50 

techniques. Examples of appropriate cloning and sequencing 
techniques, and instructions sufficient to direct persons of 
skill through many cloning exercises are found in Sambrook 
et al., supra, Berger and Kimmel (eds.), supra, andAusubel, 
supra. Product information from manufacturers of biological 55 

reagents and experimental equipment also provide useful 
information. Such manufacturers include the SIGMA 
Chemical Company (Saint Louis, Mo.), R&D Systems 
(Minneapolis, Minn.), Pharmacia Amersham (Piscataway, 
N.J.), CLONTECH Laboratories, Inc. (Palo Alto, Calif.), 60 

Chem Genes Corp., Aldrich Chemical Company (Milwau­
kee, Wis.), Glen Research, Inc., GIBCO BRL Life Tech­
nologies, Inc. (Gaithersburg, Md.), Fluka Chemica-Bioche­
mika Analytika (Fluka Chemie AG, Buchs, Switzerland), 
Invitrogen (Carlsbad, Calif.), and Applied Biosystems (Fos- 65 

ter City, Calif.), as well as many other commercial sources 
known to one of skill. 
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Nucleic acids can also be prepared by amplification 

methods. Amplification methods include polymerase chain 
reaction (PCR), the ligase chain reaction (LCR), the tran­
scription-based amplification system (TAS), the self-sus­
tained sequence replication system (3 SR). A wide variety of 
cloning methods, host cells, and in vitro amplification meth­
odologies are well known to persons of skill. 

Any of the nucleic acids encoding any of the antibodies, 
CDRs, FRs, V Hand/or VD disclosed herein (or fragment 
thereof) can be expressed in a recombinantly engineered cell 
such as bacteria, plant, yeast, insect and manimalian cells. 
These antibodies can be expressed as individual V H and/or 
V L chain, or can be expressed as a fusion protein. An 
immunoadhesin can also be expressed. Thus, in some 
examples, nucleic acids encoding a V Hand VD and immu­
noadhesin are provided. The nucleic acid sequences can 
optionally encode a leader sequence. 

To create a single chain antibody, (scFv) the V Er and 
V cencoding DNA fragments are operatively linked to 
another fragment encoding a flexible linker, e.g., encoding 
the amino acid sequence (Gly4 -Ser)3 (SEQ ID NO: 1541), 
such that the V H and V L sequences can be expressed as a 
contiguous single-chain protein, with the V L and V H 

domains joined by the flexible linker (see, e.g., Bird et al., 
Science 242:423-426, 1988; Huston et al., Proc. Natl. Acad. 
Sci. USA 85:5879-5883, 1988; McCafferty et al., Nature 
348:552-554, 1990). Optionally, a cleavage site can be 
included in a linker, such as a furin cleavage site. 

The nucleic acid encoding the V Hand/ or the V L optionally 
can encode an Fe domain (immunoadhesin). The Fe domain 
can be an IgA, IgM or IgG Fe domain. The Fe domain can 
be an optimized Fe domain, as described in U.S. Published 
Patent Application No. 20100/093979, incorporated herein 
by reference. In one example, the immunoadhesin is an IgG 1 

Fe. 
The single chain antibody may be monovalent, if only a 

single V H and V L are used, bivalent, if two V H and V L are 
used, or polyvalent, if more than two V H and V L are used. 
Bispecific or polyvalent antibodies may be generated that 
bind specifically to HA and another antigen, such as, but not 
limited to another influenza protein, or that bind two differ­
ent HA epitopes. The encoded V Hand VL optionally can 
include a furin cleavage site between the V H and V L 

domains. 
It is expected that those of skill in the art are knowledge­

able in the numerous expression systems available for 
expression of proteins including E. coli, other bacterial 
hosts, yeast, and various higher eukaryotic cells such as the 
COS, CHO, HeLa and myeloma cell lines. Once the expres­
sion vector is transferred to a host cell by conventional 
techniques, the transfected cells are then cultured by con­
ventional techniques, such as to produce an antibody. Thus, 
host cells are provided containing a polynucleotide encoding 
an antibody or fragments thereof, or a heavy or light chain 
thereof, or portion thereof, or a single-chain antibody of the 
invention, operably linked to a heterologous promoter. In 
certain embodiments for the expression of double-chained 
antibodies, vectors encoding both the heavy and light chains 
may be co-expressed in the host cell for expression of the 
entire immunoglobulin molecule, as detailed below. 

Manimalian cell lines available as hosts for expression of 
recombinant antibodies are well known in the art and 
include many immortalized cell lines available from the 
American Type Culture Collection (ATCC), including but 
not limited to Chinese hamster ovary (CHO) cells, HeLa 
cells, baby hamster kidney (BHK) cells, monkey kidney 
cells (CL)S), human hepatocellular carcinoma cells (e.g., 
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Hep G2), human epithelial kidney 293 cells, and a number 
of other cell lines. Different host cells have characteristic 
and specific mechanisms for the post-translational process­
ing and modification of proteins and gene products. Appro­
priate cell lines or host systems can be chosen to ensure the 
correct modification and processing of the antibody or 
portion thereof expressed. To this end, eukaryotic host cells 
which possess the cellular machinery for proper processing 
of the primary transcript, glycosylation, and phosphory­
lation of the gene product may be used. Such mammalian 
host cells include but are not limited to CHO, VERY, BHK, 
Hela, COS, MDCK, 293, 3T3, W138, BT483, Hs578T, 
HTB2, BT2O and T47D, NS0 (a murine myeloma cell line 
that does not endogenously produce any functional immu­
noglobulin chains), SP20, CRL 7030 and HsS78Bst cells. In 
one embodiment, human cell lines developed by immortal­
izing human lymphocytes can be used to recombinantly 
produce monoclonal antibodies. In one embodiment, the 
human cell line PER.C6. (Crucell, Netherlands) can be used. 
Additional cell lines which may be used as hosts for expres­
sion of recombinant antibodies include, but are not limited 
to, insect cells (e.g. Sf21/Sf9, Trichoplusia ni Bti-Tn5bl-4) 

36 
tion of mRNA, and stop codons. The vector can encode a 
selectable marker, such as a marker encoding drug resistance 
(for example, ampicillin or tetracycline resistance). 

To obtain high level expression of a cloned gene, it is 
5 desirable to construct expression cassettes which contain, at 

the minimum, a strong promoter to direct transcription, a 
ribosome binding site for translational initiation (internal 
ribosomal binding sequences), and a transcription/transla­
tion terminator. For E. coli, this includes a promoter such as 

10 the T7, trp, lac, or lambda promoters, a ribosome binding 
site, and preferably a transcription termination signal. For 
eukaryotic cells, the control sequences can include a pro­
moter and/or an enhancer derived from, for example, an 
immunoglobulin gene, HTLV, SV40 or cytomegalovirus, 

15 and a polyadenylation sequence, and can further include 
splice donor and/or acceptor sequences (for example, CMV 
and/or HTLV splice acceptor and donor sequences). The 
cassettes can be transferred into the chosen host cell by 
well-known methods such as transformation or electropo-

20 ration for E. coli and calcium phosphate treatment, elec­
troporation or lipofection for mammalian cells. Cells trans­
formed by the cassettes can be selected by resistance to 
antibiotics conferred by genes contained in the cassettes, or yeast cells (e.g. S. cerevisiae, Pichia, U.S. Pat. No. 

7,326,681; etc), plants cells (for example, see US Published 
Patent Application No. 20080066200); and chicken cells 25 

(for example, see PCT Publication No. WO2008142124). 

such as the amp, gpt, neo and hyg genes. 
When the host is a eukaryote, such methods of transfec-

tion of DNA as calcium phosphate coprecipitates, conven­
tional mechanical procedures such as microinjection, elec­
troporation, insertion of a plasmid encased in liposomes, or 
virus vectors may be used. Eukaryotic cells can also be 

The host cell can be a gram positive bacteria including, 
but not limited to, Bacillus, Streptococcus, Streptomyces, 
Staphylococcus, Enterococcus, Lactobacillus, Lactococcus, 
Clostridium, Geobacillus, and Oceanobacillus. Methods for 
expressing protein in gram positive bacteria, such as Lac­
tobaccillus are well known in the art, see for example, U.S. 
Published Patent Application No. 20100/080774. Expres­
sion vectors for lactobacillus are described, for example in 
U.S. Pat. No. 6,100,388, and U.S. Pat. No. 5,728,571. 
Leader sequences can be included for expression in Lacto­
bacillus. Gram negative bacteria include, but not limited to, 
E. coli, Pseudomonas, Salmonella, Campylobacter, Helico­
bacter, Flavobacterium, Fusobacterium, Ilyobacter, Neis­
seria, and Ureaplasma. 

One or more DNA sequences encoding the antibody or 
fragment thereof can be expressed in vitro by DNA transfer 
into a suitable host cell. The cell may be prokaryotic or 
eukaryotic. The term also includes any progeny of the 
subject host cell. It is understood that all progeny may not 
be identical to the parental cell since there may be mutations 
that occur during replication. Methods of stable transfer, 
meaning that the foreign DNA is continuously maintained in 
the host, are known in the art. 

The expression of nucleic acids encoding the isolated 
proteins described herein can be achieved by operably 
linking the DNA or cDNA to a promoter (which is either 
constitutive or inducible), followed by incorporation into an 
expression cassette. The promoter can be any promoter of 
interest, including a cytomegalovirus promoter and a human 
T cell lymphotrophic virus promoter (HTLV)-1. Optionally, 
an enhancer, such as a cytomegalovirus enhancer, is 
included in the construct. The cassettes can be suitable for 
replication and integration in either prokaryotes or eukary­
otes. Typical expression cassettes contain specific sequences 
useful for regulation of the expression of the DNA encoding 
the protein. For example, the expression cassettes can 
include appropriate promoters, enhancers, transcription and 
translation terminators, initiation sequences, a start codon 
(i.e., ATG) in front of a protein-encoding gene, splicing 
signal for intrans, sequences for the maintenance of the 
correct reading frame of that gene to permit proper transla-

30 cotransformed with polynucleotide sequences encoding the 
antibody, labeled antibody, or functional fragment thereof, 
and a second foreign DNA molecule encoding a selectable 
phenotype, such as the herpes simplex thymidine kinase 
gene. Another method is to use a eukaryotic viral vector, 

35 such as simian virus 40 (SV40) or bovine papilloma virus, 
to transiently infect or transform eukaryotic cells and 
express the protein (see for example, Eukaryotic Viral 
Vectors, Cold Spring Harbor Laboratory, Gluzman ed., 
1982). One of skill in the art can readily use an expression 

40 systems such as plasmids and vectors of use in producing 
proteins in cells including higher eukaryotic cells such as, 
but not limited to, COS, CHO, HeLa and myeloma cell lines. 

Modifications can be made to a nucleic acid encoding a 
polypeptide described herein without diminishing its bio-

45 logical activity. Some modifications can be made to facilitate 
the cloning, expression, or incorporation of the targeting 
molecule into a fusion protein. Such modifications are well 
known to those of skill in the art and include, for example, 
termination codons, a methionine added at the amino ter-

50 minus to provide an initiation, site, additional amino acids 
placed on either terminus to create conveniently located 
restriction sites, or additional amino acids (such as poly His) 
to aid in purification steps. 

Once expressed, the recombinant immunoconjugates, 
55 antibodies, and/or effector molecules (such as a label) can be 

purified according to standard procedures of the art, includ­
ing ammonium sulfate precipitation, affinity colunms, col­
unm chromatography, and the like (see, generally, R. 
Scopes, PROTEIN PURIFICATION, Springer-Verlag, N. 

60 Y., 1982). The antibodies, immunoconjugates and effector 
molecules need not be 100% pure. Once purified, partially or 
to homogeneity as desired, if to be used therapeutically, the 
polypeptides should be substantially free of endotoxin. 

Methods for expression of antibodies and/or refolding to 
65 an appropriate active form, including single chain antibod­

ies, from bacteria such as E. coli have been described and are 
well-known and are applicable to the antibodies disclosed 
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herein. See, Buchner et al., Anal. Biochem. 205:263-270, 
1992; Pluckthun, Biotechnology 9:545, 1991; Huse et al., 
Science 246:1275, 1989 and Ward et al., Nature 341:544, 
1989. 

38 
contacting a cell with an effective amount of the monoclonal 
antibodies disclosed herein that specifically binds HA, or an 
antigen binding fragment thereof. The method can also 
include administering to a subject a therapeutically effective 

5 amount of a monoclonal antibody, or a nucleic acid encoding 
the antibody. The subject can be a human or a veterinary 
subject. 

Often, functional heterologous proteins from E. coli or 
other bacteria are isolated from inclusion bodies and require 
solubilization using strong denaturants, and subsequent 
refolding. During the solubilization step, as is well known in 
the art, a reducing agent must be present to separate disulfide 
bonds. An exemplary buffer with a reducing agent is: 0.1 M 10 

Tris pH 8, 6 M guanidine, 2 mM EDTA, 0.3 M DTE 
(dithioerythritol). Reoxidation of the disulfide bonds can 
occur in the presence of low molecular weight thiol reagents 
in reduced and oxidized form, as described in Saxena et al., 
Biochemistry 9: 5015-5021, 1970, and especially as 15 

described by Buchner et al., supra. 
Renaturation is typically accomplished by dilution (for 

example, 100-fold) of the denatured and reduced protein 
into refolding buffer. An exemplary buffer is 0.1 M Tris, pH 
8.0, 0.5 M L-arginine, 8 mM oxidized glutathione (GSSG), 20 

and 2 mM EDTA. 

Methods are disclosed herein for reducing the risk of 
infection with HlNl and/or H5Nl and/or H3N2 influenza 
virus in a human subject, the method including administer­
ing the antibody or antibody (antigen-binding) fragment. 
Methods are also disclosed for treating a human subject 
infected with HlNl and/or H5Nl influenza virus, the 
method including administering the antibody or antibody 
(antigen-binding) fragment. Methods are also disclosed for 
preventing HlNl and/or H5Nl and/or H3N2 influenza dis-
ease in a human subject, the method including administering 
the antibody or antibody (antigen-binding) fragment. Meth­
ods are also disclosed for ameliorating one or more symp­
toms associated with an HlNl and/or H5Nl or H3N2 
influenza infection in a human subject, the method including 
administering the antibody or antibody (antigen-binding) 
fragment. The method can include selecting a subject with 
an influenza virus infection. 

In certain embodiments, the anti-influenza antibodies and 
compositions including one or more of the antibodies can be 
administered for prevention and/or treatment of influenza 
disease caused by an HlNl influenza infection. Methods are 
provide for preventing, treating, ameliorating a symptom of, 

As a modification to the two chain antibody purification 
protocol, the heavy and light chain regions are separately 
solubilized and reduced and then combined in the refolding 
solution. An exemplary yield is obtained when these two 25 

proteins are mixed in a molar ratio such that a 5-fold molar 
excess of one protein over the other is not exceeded. Excess 
oxidized glutathione or other oxidizing low molecular 
weight compounds can be added to the refolding solution 
after the redox-shuflling is completed. 

In addition to recombinant methods, immunoconjugates, 
effector moieties, antibodies, antigen binding fragments, and 
CDRs and FRs of the present disclosure can also be con­
structed in whole or in part using standard peptide synthesis 
well known in the art. Solid phase synthesis of the poly- 35 

peptides of less than about 50 amino acids in length can be 
accomplished by attaching the C-terminal amino acid of the 
sequence to an insoluble support followed by sequential 
addition of the remaining amino acids in the sequence. 
Techniques for solid phase synthesis are described by 40 

Barany & Merrifield, The Peptides: Analysis, Synthesis, 
Biology. Vol. 2: Special Methods in Peptide Synthesis, Part 

30 or reducing the risk of an influenza-mediated infection, 
disease or disorder, wherein the methods comprise admin­
istering anti-influenza antibodies of the invention. 

A. pp. 3-284; Merrifield et al., J. Am. Chem. Soc. 85:2149-
2156, 1963, and Stewart et al., Solid Phase Peptide Synthe­
sis, 2nd ed., Pierce Chem. Co., Rockford, Ill., 1984. Proteins 45 

of greater length may be synthesized by condensation of the 
amino and carboxyl termini of shorter fragments. Methods 
of forming peptide bonds by activation of a carboxyl ter­
minal end (such as by the use of the coupling reagent N, 
N'-dicylohexylcarbodimide) are well known in the art. Once 50 

an antibody molecule has been produced, it may be purified 
by any method known in the art for purification of an 
immunoglobulin molecule, for example, by chromatography 
(e.g., ion exchange, affinity, particularly by affinity for the 
specific antigens Protein A or Protein G, and sizing column 55 

chromatography), centrifugation, differential solubility, or 
by any other standard technique for the purification of 
proteins. Further, the antibodies or fragments thereof may be 
fused to heterologous polypeptide sequences (referred to 
herein as "tags") described above or otherwise known in the 60 

art to facilitate purification. 
Compositions and Therapeutic Methods 

Methods are disclosed herein for the prevention or treat­
ment of an influenza virus infection. Prevention can include 
inhibition of infection with influenza. Treatment includes 65 

diminishing signs and symptoms of an influenza virus 
infection and/or reducing viral titer. The methods include 

Influenza virus infection does not need to be completely 
eliminated for the composition to be effective. For example, 
a composition can decrease influenza infection in a popu­
lation by a desired amount, for example by at least 10%, at 
least 20%, at least 50%, at least 60%, at least 70%, at least 
80%, at least 90%, at least 95%, at least 98%, or even at least 
100%, as compared to the rate of infection in the absence of 
the composition. 

Compositions are provided that include one or more of the 
antibodies that specifically bind HA, or antigen binding 
fragments, and nucleic acids encoding these antibodies (and 
antigen binding fragments) that are disclosed herein in a 
carrier. The compositions can be prepared in unit dosage 
forms for administration to a subject. The amount and timing 
of administration are at the discretion of the treating physi­
cian to achieve the desired purposes. The antibody can be 
formulated for systemic or local administration. In one 
example, the antibody that specifically binds HA is formu­
lated for parenteral administration, such as intravenous 
administration. 

The compositions for administration can include a solu­
tion of the antibody that specifically binds HA, or an antigen 
binding fragment thereof, dissolved in a pharmaceutically 
acceptable carrier, such as an aqueous carrier. A variety of 
aqueous carriers can be used, for example, buffered saline 
and the like. These solutions are sterile and generally free of 
undesirable matter. These compositions may be sterilized by 
conventional, well known sterilization techniques. The com­
positions may contain pharmaceutically acceptable auxiliary 
substances as required to approximate physiological condi­
tions such as pH adjusting and buffering agents, toxicity 
adjusting agents and the like, for example, sodium acetate, 
sodium chloride, potassium chloride, calcium chloride, 
sodium lactate and the like. The concentration of antibody in 
these formulations can vary widely, and will be selected 
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primarily based on fluid volumes, viscosities, body weight 
and the like in accordance with the particular mode of 
administration selected and the subject's needs. 

40 
tion are usually around 0.5 mg/kg to about 50 mg/kg, and 
typically are about 0.005 mg/kg to about 5 mg/kg (see, e.g., 
U.S. Pat. No. 5,589,466). 

A therapeutically effective amount of an HA-specific A typical pharmaceutical composition for intravenous 
administration includes about 0.1 to 10 mg of antibody per 
subject per day. Dosages from 0.1 up to about 100 mg per 
subject per day may be used, particularly if the agent is 
administered to a secluded site and not into the circulatory 
or lymph system, such as into a body cavity or into a lumen 
of an organ. Actual methods for preparing administrable 
compositions will be known or apparent to those skilled in 
the art and are described in more detail in such publications 

5 antibody or antigen binding fragment ( or the nucleic acid 
encoding the antibody or antigen binding fragment) will 
depend upon the severity of the disease and/or infection and 
the general state of the patient's health. A therapeutically 
effective amount of the antibody is that which provides 

as Remington's Pharmaceutical Science, 19th ed., Mack 
Publishing Company, Easton, Pa. (1995). 

10 either subjective relief of a symptom(s) or an objectively 
identifiable improvement as noted by the clinician or other 
qualified observer. These compositions can be administered 
in conjunction with another therapeutic agent, either simul-

15 
Antibodies may be provided in lyophilized form and 

rehydrated with sterile water before administration, although 
they are also provided in sterile solutions of known concen­
tration. The antibody solution is then added to an infusion 
bag containing 0.9% sodium chloride, USP, and typically 20 

administered at a dosage of from 0.5 to 15 mg/kg of body 
weight. Considerable experience is available in the art in the 
administration of antibody drugs, which have been marketed 
in the U.S. since the approval of RrTUXAN® in 1997. Anti­
bodies can be administered by slow infusion, rather than in 25 

an intravenous push or bolus. In one example, a higher 
loading dose is administered, with subsequent, maintenance 
doses being administered at a lower level. For example, an 
initial loading dose of 4 mg/kg may be infused over a period 
of some 90 minutes, followed by weekly maintenance doses 30 

for 4-8 weeks of 2 mg/kg infused over a 30 minute period 
if the previous dose was well tolerated. 

A therapeutically effective amount of a nucleic acid 
encoding the antibody or an antigen binding fragment 

35 
thereof can be administered to a subject. One approach to 
administration of nucleic acids is direct immunization with 
plasmid DNA, such as with a mammalian expression plas­
mid. The nucleotide sequence encoding the antibody or 
fragment thereof can be placed under the control of a 40 

promoter to increase expression of the molecule. Immuni­
zation by nucleic acid constructs is well known in the art and 
taught, for example, in U.S. Pat. No. 5,643,578, and U.S. 
Pat. No. 5,593,972 and U.S. Pat. No. 5,817,637. U.S. Pat. 
No. 5,880,103 describes several methods of delivery of 45 

nucleic acids to an organism. The methods include lipo­
somal delivery of the nucleic acids. 

In another approach to using nucleic acids, an antibody or 
antigen binding fragment thereof can also be expressed by 
attenuated viral hosts or vectors or bacterial vectors, which 50 

can be administered to a subject. Recombinant vaccinia 
virus, adeno-associated virus (AAV), herpes virus, retrovi­
rus, cytomegalovirus, poxvirus or other viral vectors can be 
used to express the antibody. For example, vaccinia vectors 
are described in U.S. Pat. No. 4,722,848. BCG (Bacillus 55 

Calmette Guerin) provides another vector for expression of 
the disclosed antibodies (see Stover, Nature 351:456-460, 
1991 ). 

In one embodiment, a nucleic acid encoding the antibody 

taneously or sequentially. 
In one embodiment, administration of the antibody ( or 

nucleic acid encoding the antibody) results in a reduction in 
the establishment of influenza virus infection and/or reduc­
ing subsequent disease progression in a subject. A reduction 
in the establishment of influenza virus infection and/or a 
reduction in subsequent disease progression encompass any 
statistically significant reduction in viral activity. In some 
embodiments, methods are disclosed for treating a subject 
with an influenza virus infection. These methods include 
administering to the subject a therapeutically effective 
amount of an antibody, or a nucleic acid encoding the 
antibody, thereby preventing or treating the influenza virus 
infection. 

In additional embodiments, the subject is also adminis­
tered an effective amount of an additional agent, such as 
anti-viral agent. The methods can include administration of 
one on more additional agents known in the art. For any 
application, the antibody, antigen binding fragment, or 
nucleic acid encoding the antibody or antigen binding frag­
ment can be combined with antiretroviral therapy. Antiret­
roviral drugs include, but are not limited to, a neuraminidase 
inhibitor or an M2 protein inhibitor. Exemplary antiretrovi-
ral agents include oseltamivir, zanamivir, flutimide, riman­
tadine, adamantane derivatives, umifenovir, laninamivir, 
favipiravir, peramivir, and nitazoxanide. 

Single or multiple administrations of the compositions 
including the antibody, antigen binding fragment, or nucleic 
acid encoding the antibody or antigen binding fragment, that 
are disclosed herein, are administered depending on the 
dosage and frequency as required and tolerated by the 
patient. In any event, the composition should provide a 
sufficient quantity of at least one of the antibodies disclosed 
herein to effectively treat the subject. The dosage can be 
administered once but may be applied periodically until 
either a therapeutic result is achieved or until side effects 
warrant discontinuation of therapy. In one example, a dose 
of the antibody is infused for thirty minutes every other day. 
In this example, about one to about ten doses can be 
administered, such as three or six doses can be administered 
every other day. In a further example, a continuous infusion 
is administered for about five to about ten days. The subject 
can be treated at regular intervals, such as monthly, until a 
desired therapeutic result is achieved. Generally, the dose is 
sufficient to treat or ameliorate symptoms or signs of disease 
without producing unacceptable toxicity to the subject. 

Controlled-release parenteral formulations can be made 
as implants, oily injections, or as particulate systems. For a 
broad overview of protein delivery systems see, Banga, A. 
J., Therapeutic Peptides and Proteins: Formulation, Pro­
cessing, and Delivery Systems, Technomic Publishing Com-

or an antigen binding fragment thereof is introduced directly 60 

into cells. For example, the nucleic acid can be loaded onto 
gold microspheres by standard methods and introduced into 
the skin by a device such as Bio-Rad's Heliosa Gene Gun. 
The nucleic acids can be "naked," consisting of plasmids 
under control of a strong promoter. 65 parry, Inc., Lancaster, Pa., (1995). Particulate systems 

include microspheres, microparticles, microcapsules, nano­
capsules, nanospheres, and nanoparticles. Microcapsules 

Typically, the DNA is injected into muscle, although it can 
also be injected directly into other sites. Dosages for injec-
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contain the therapeutic protein, such as a cytotoxin or a drug, 
42 

with the antibody under conditions conducive to the forma­
tion of an immune complex, and detecting the immune 
complex, to detect the HA in the biological sample. In 
another example, detection of HA in the sample confirms a 

5 diagnosis of an influenza infection in a subject. The method 
can detect HlNl, H5Nl, H3N2, or combinations thereof. 

as a central core. In microspheres the therapeutic is dis­
persed throughout the particle. Particles, microspheres, and 
microcapsules smaller than about 1 µm are generally 
referred to as nanoparticles, nano spheres, and nanocapsules, 
respectively. Capillaries have a diameter of approximately 5 
µm so that only nanoparticles are administered intrave­
nously. Microparticles are typically around 100 µmin diam­
eter and are administered subcutaneously or intramuscularly. 
See, for example, Kreuter, J., Colloidal Drug Delivery 10 

Systems, J. Kreuter, ed., Marcel Dekker, Inc., New York, 
N.Y., pp. 219-342 (1994); and Tice & Tabibi, Treatise on 
Controlled Drug Delivery, A. Kydonieus, ed., Marcel 
Dekker, Inc. New York, N.Y., pp. 315-339, (1992). 

Polymers can be used for ion-controlled release of the 15 

antibody compositions disclosed herein. Various degradable 
and nondegradable polymeric matrices for use in controlled 
drug delivery are known in the art (Langer, Accounts Chem. 
Res. 26:537-542, 1993). For example, the block copolymer, 
polaxamer 407, exists as a viscous yet mobile liquid at low 20 

temperatures but forms a semisolid gel at body temperature. 

In certain embodiments, the anti-influenza antibodies and 
compositions thereof can be used in vivo and/or in vitro for 
diagnosing influenza associated diseases. This can be 
achieved, for example, by contacting a sample to be tested, 
optionally along with a control sample, with the antibody 
under conditions that allow for formation of a complex 
between the antibody and influenza. Complex formation is 
then detected (e.g., using an ELISA). When using a control 
sample along with the test sample, complex is detected in 
both samples and any statistically significant difference in 
the formation of complexes between the samples is indica­
tive of the presence of influenza in the test sample. The 
influenza virus can be HlNl, H5Nl, H3N2, or combinations 
thereof. 

In some embodiments, the disclosed antibodies are used 
to test vaccines. For example to test if a vaccine composition 
can induce or bind neutralizing antibodies to HA. Thus 

25 provided herein is a method for detecting testing a vaccine, 
wherein the method includes contacting a sample containing 
the vaccine, such as an HA protein, with the antibody under 
conditions conducive to the formation of an immune com­
plex, and detecting the immune complex, to confirm the 

It has been shown to be an effective vehicle for formulation 
and sustained delivery of recombinant interleukin-2 and 
urease (Johnston et al., Pharm. Res. 9:425-434, 1992; and 
Pee et al., J. Parent. Sci. Tech. 44(2):58-65, 1990). Alterna­
tively, hydroxyapatite has been used as a microcarrier for 
controlled release of proteins (Ijntema et al., Int. J. Pharm. 
112:215-224, 1994). In yet another aspect, liposomes are 
used for controlled release as well as drug targeting of the 
lipid-capsulated drug (Betageri et al., Liposome Drug Deliv­
ery Systems, Technomic Publishing Co., Inc., Lancaster, Pa. 
(1993)). Numerous additional systems for controlled deliv­
ery of therapeutic proteins are known (see U.S. Pat. No. 
5,055,303; U.S. Pat. No. 5,188,837; U.S. Pat. No. 4,235,871; 
U.S. Pat. No. 4,501,728; U.S. Pat. No. 4,837,028; U.S. Pat. 35 

No. 4,957,735; U.S. Pat. No. 5,019,369; U.S. Pat. No. 
5,055,303; U.S. Pat. No. 5,514,670; U.S. Pat. No. 5,413,797; 
U.S. Pat. No. 5,268,164; U.S. Pat. No. 5,004,697; U.S. Pat. 
No. 4,902,505; U.S. Pat. No. 5,506,206; U.S. Pat. No. 
5,271,961; U.S. Pat. No. 5,254,342 and U.S. Pat. No. 40 

5,534,496). 

30 vaccine will be effective. In one example, the detection of 
the immune complex in the sample indicates that vaccine 
component, such as such as a HA antigen, assumes a 
conformation capable of inducing neutralizing antibodies, 

Diagnostic Methods and Kits 
A method is provided herein for the detection of the 

expression of HA in vitro or in vivo. In one example, 
expression of HA is detected in a biological sample, and can 45 

be used to detect an influenza virus infection. The sample 
can be any sample, including, but not limited to, tissue from 
biopsies, autopsies and pathology specimens. Biological 
samples also include sections of tissues, for example, frozen 
sections taken for histological purposes. Biological samples 50 

further include body fluids, such as blood, serum, plasma, 
sputum, spinal fluid, nasopharyngeal secretions or urine. 

In one embodiment, methods are provided for determin­
ing the presence of influenza in a sample suspected of 
containing influenza, wherein the method includes exposing 55 

the sample to an anti-influenza antibody, and determining 
binding of the antibody to the influenza virus in the sample 
wherein binding of the antibody to the influenza virus in the 
sample is indicative of the presence of the influenza virus in 
the sample. In one embodiment, the sample is a biological 60 

sample. In another embodiment, the sample is a nasopha­
ryngeal wash. The method can detect HlNl, H5Nl, H3N2, 
or combinations thereof. 

In several embodiments, a method is provided for detect­
ing an influenza infection in a subject. The disclosure 65 

provides a method for detecting HA in a biological sample, 
wherein the method includes contacting a biological sample 

such as broadly neutralizing antibodies. 
In one embodiment, the antibody is directly labeled with 

a detectable label. In another embodiment, the antibody that 
binds HA (the first antibody) is unlabeled and a second 
antibody or other molecule that can bind the antibody that 
binds HA is utilized. As is well known to one of skill in the 
art, a second antibody is chosen that is able to specifically 
bind the specific species and class of the first antibody. For 
example, if the first antibody is a human IgG, then the 
secondary antibody may be an anti-human-lgG. Other mol­
ecules that can bind to antibodies include, without limita-
tion, Protein A and Protein G, both of which are available 
commercially. 

Suitable labels for the antibody or secondary antibody are 
described above, and include various enzymes, prosthetic 
groups, fluorescent materials, luminescent materials, mag­
netic agents and radioactive materials. Non-limiting 
examples of suitable enzymes include horseradish peroxi-
dase, alkaline phosphatase, beta-galactosidase, or acetylcho­
linesterase. Non-limiting examples of suitable prosthetic 
group complexes include streptavidin/biotin and avidin/ 
biotin. Non-limiting examples of suitable fluorescent mate­
rials include umbelliferone, fluorescein, fluorescein isothio-
cyanate, rhodamine, dichlorotriazinylamine fluorescein, 
dansyl chloride or phycoerythrin. A non-limiting exemplary 
luminescent material is luminol; a non-limiting exemplary a 
magnetic agent is gadolinium, and non-limiting exemplary 
radioactive labels include 1251, 131 I, 35 S or 3H. 

The immunoassays and method disclosed herein can be 
used for a number of purposes. Kits for detecting an HA 
polypeptide will typically comprise an antibody that binds 
HA, such as any of the antibodies disclosed herein. In some 
embodiments, an antibody fragment, such as an Fv fragment 
or a Fab is included in the kit. In a further embodiment, the 
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antibody is labeled (for example, with a fluorescent, radio­
active, or an enzymatic label). 

44 

In one embodiment, a kit includes instructional materials 
disclosing means of use. The instructional materials may be 
written, in an electronic form ( such as a computer diskette 5 

or compact disk) or may be visual (such as video files). The 
kits may also include additional components to facilitate the 
particular application for which the kit is designed. Thus, for 
example, the kit may additionally contain means of detect­
ing a label (such as enzyme substrates for enzymatic labels, 10 

filter sets to detect fluorescent labels, appropriate secondary 
labels such as a secondary antibody, or the like). The kits 
may additionally include buffers and other reagents rou­
tinely used for the practice of a particular method. Such kits 
and appropriate contents are well known to those of skill in 15 

the art. 

recognize not only Hl and H5 but also H3 influenza viruses. 
This exceptional cross-reactivity indicates that antibodies 
capable of neutralizing most influenza subtypes might 
indeed be elicited by vaccination. These antibodies can be 
used to design influenza vaccines that can elicit these 
broadly cross-reactive antibodies at sufficiently high levels 
to provide heterosubtypic protection. 

Example 1 

Monovalent Pandemic HlNl 2009 Vaccine Induces Rapid 
Expansion of Antigen-Specific Plasmablasts 

Humoral immune responses in 24 healthy adult volunteers 
immunized with the monovalent pandemic HlNl 2009 
vaccine was examined (FIG. 1). Subjects entered the study 
approximately 6 months after the first reports of pandemic 

In one embodiment, the diagnostic kit comprises an 
immunoassay. Although the details of the immunoassays 
may vary with the particular format employed, the method 
of detecting HA in a biological sample generally includes 
the steps of contacting the biological sample with an anti­
body which specifically reacts, under immunologically reac­
tive conditions, to HA. The antibody is allowed to specifi­
cally bind under immunologically reactive conditions to 
form an immune complex, and the presence of the immune 
complex (bound antibody) is detected directly or indirectly. 

The following examples are provided to illustrate certain 
particular features and/or embodiments. These examples 
should not be construed to limit the disclosure to the 
particular features or embodiments described. 

EXAMPLES 

Described below is an analysis of plasma blast and mono­
clonal antibody responses induced by pandemic HlNl 
infection in humans (see FIG.13). Unlike antibodies elicited 
by annual influenza vaccinations, most neutralizing antibod-
ies induced by pandemic HlNl infection were broadly 
cross-reactive against epitopes in the hemagglutinin (HA) 
stalk and head domain of multiple influenza strains/sub­
types. The antibodies were from cells that had undergone 
extensive affinity maturation. Thus, it is possible that the 
plasmablasts producing these broadly neutralizing antibod-
ies were predominantly derived from activated memory B 
cells specific for epitopes conserved in several influenza 
strains. Consequentially, most neutralizing antibodies were 
broadly reactive against divergent HlNl and H5Nl influ­
enza strains. Certain of the antibodies generated potently 
protected and rescued mice from lethal challenge with 
pandemic HlNl or antigenically distinct influenza strains. 

Described below are studies in which the B cell responses 
in 24 healthy adult volunteers immunized with the monova­
lent subunit pandemic HlNl 2009 vaccine were studied. In 

HlNl 2009 cases. The vaccine administered contained the 
HA subunit from the pandemic influenza A/California/04/09 
and was given separately after the 2009 seasonal influenza 

20 vaccine which contained a different HlNl strain (A/Bris­
bane/59/07) as well as H3N2 and influenza B strains. 
Seventeen individuals (71%) receiving pandemic HlNl 
2009 vaccine demonstrated an increase in hemagglutination 
inhibition (HAI) titer at 28 days post-vaccination (accepted 

25 as at least a 4-fold increase in HAI titer) (FIG. la). Eighteen 
individuals (75%) exhibited HAI titers conventionally con­
sidered protective (1:40) at day 28. Seroconversion rates 
were comparable to those seen with seasonal influenza 
vaccination (Hancock et al., 2009, N Engl J Med 361(20): 

30 1945-1952). 
An earlier study using seasonal TIV demonstrated that 

seroconversion is associated with a large, transient expan­
sion of antibody-secreting cells (plasmablasts) in the blood 
(Wranrmert et al., 2008, Nature 453(7195):667-671). The 

35 current study quantified the plasmablast response to pan­
demic HlNl 2009 vaccine in PBMCs at day 0, 7, 14 and 30 
post-vaccination by ELISPOT using this approach. The 
vaccine-specific plasmablast response was found to peak at 
day 7 before returning to background levels by day 14 (FIG. 

40 lb). These kinetics were the same as those seen in controls 
who were given the 2008/09 TIV, which contained compo­
nents from influenza A/Brisbane/59/07 HlNl, A/Brisbane 
10/07 (H3N2) and B/Florida/4/06 (FIG. 7). Following 
immunization with the pandemic HlNl 2009 vaccine, there 

45 was a positive correlation between the increases in HAI titer 
and peak plasmablast numbers (r=0.53, p<0.000l)(FIG. 
le). The rapidity of the plasmablast response strongly sug­
gested a recall rather than primary response. Indeed, IgG­
producing cells greatly outnumbered IgM-producing cells 

50 (p=0.0483, mean+/-SEM: 520+/-254 SFU/106 vs. 5.36+/-
1.48 SFU/106

). This was also seen in the response to 
2008/09 TIV (p=0.0066, 535.8+/-154 SFU/106 vs. 63.3+/-
50.0 SFU/106

), a known recall response (FIG. ld). Together, 
these data show that the B cell responses induced by all cases a rapid, predominantly IgG-producing plasmablast 

response was found. These plasmablasts were isolated and 
monoclonal antibodies were generated by single-cell PCR. 
Over half ( 45/78) were virus-specific and 62% (28/45) 
bound to the pandemic 2009 HA. Strikingly, the majority of 
these antibodies (25/28) neutralized more than one influenza 
strain and exhibited high levels of somatic hypermutation, 60 

suggesting they were derived from recall of B cell memory. 
Indeed, memory B cells that recognized the pandemic HlNl 
HA were detectable prior to vaccination not only in this 
cohort but also in stored samples obtained prior to the 
emergence of the pandemic strain. Three antibodies dem- 65 

onstrated extremely broad cross-reactivity and were found to 
bind the HA stem. Furthermore, one of them was found to 

55 seasonal TIV and the pandemic HlNl 2009 vaccine were 
similar in terms of speed and isotype, suggesting that both 
are due to memory recall. 

Example 2 

Plasmablasts Induced by the Monovalent HlNl 2009 Vac­
cine Cross-React with the 2009/10 Seasonal Vaccine. 

Since features of the plasmablast response to the pan­
demic HlNl 2009 vaccine were suggestive of memory 
recall, the extent to which plasmablasts could also be 
induced that were reactive against the seasonal influenza 
strain from the previous two years found in the 2009/10 TIV 
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(A/Brisbane/59/07) was examined. The HA of the pandemic 
HlNl 2009 strain diverged considerably from that of influ­
enza A/Brisbane/59/07 with only 79% sequence homology 
(FIG. 8). Despite this, most individuals, after vaccination 
with the pandemic HlNl 2009 vaccine, generated a large 5 

number of plasmablasts that reacted with the 2009/10 TIV 
(FIG. 9a). In order to enrich for plasmablasts, next these 
cells by flow were sorted by cytometry from 10 individuals 
at day 7 (FIG. 9b ). A high proportion of sorted plasma blasts 
were antigen-specific (representative donor in FIG. 9c ). This 10 

was similar to previous findings with seasonal influenza 
vaccination (Wrammert, 2008, supra). In addition, plas­
mablasts with specificity for A/Brisbane/59/07 HA as well as 
pandemic HlNl 2009 HA were detected in all sorted 
samples (FIG. 9d). Thus, the bulk of the humoral response 15 

to vaccination was against HA and that the pandemic HlNl 
2009 vaccine induced a plasmablast response against both 
the homologous antigen and a heterologous antigen from the 
seasonal influenza strain of the preceding two years. 

46 
stem-binding mAbs (70-1F02 or 70-5B03) (Wrammert et al, 
2011, supra). The putative stem-bind mAbs were bioti­
nylated and added, according to a standard ELISA protocol, 
to either pre-incubated or non-pre-incubated plates. The 
amount of antibody binding in each plate was determined 
and percentage inhibition of each mAb was subsequently 
calculated using the ratio of binding in the pre-incubated 
plates to binding in non-pre-incubated plates. 

Whether in competition with the previously described 
70-1F02 or 70-5B03, all 3 potential stem-binding mAbs 
were inhibited by greater than 80%, which was comparable 
to the stem-binding mAbs used as positive controls (the 
reciprocal antibody of either 70-1 F02 or 70-5B03 depending 
on which was used to pre-incubate). This contrasted with a 
previously described negative control (EM4C04), which 
was highly specific to pandemic HlNl 2009 HA and 
mapped to an epitope in the head region (Wrammert et al., 
2011, supra). Thus, by competition ELISA, it was demon­
strated that the mAbs 05-2G02, 09-2A06 and 09-3A01 all 

Example 3 

The Pandemic HlNl 2009 Vaccine can Induce Antibodies 
that Bind the HA Stem 

20 compete for binding to an epitope in the HA stem. The three 
stem-binding mAbs all used different V H gene segments 
(FIG. 2c & FIG. 14), compared with the pandemic HlNl 
2009 infection where the majority of mAbs induced by the 
infection used the V Hl-69 gene segment, also shared by 

To examine the specificities of the antibody response to 
pandemic HlNl 2009 vaccine at the monoclonal level, 
single-cell RT-PCR of sorted individual plasmablasts was 
used to produce mAbs as previously described (Wrammert 

25 other reported stem-binding antibodies (Ekiert et al., 2009; 
Science 324(5924):246-251; Sui et al., 2009, Nat Struct Mal 
Biol 16(3):265-273). Here, only one mAb used the V Hl-69, 
although a second used the highly similar V Hl-18. Together 
our data suggest that stem-reactive antibodies can indeed be et I., 2009, supra; Smith et al., 2009, Nat Protoc 4(3):372-

384.). The advantage of this method lies in the ability to 
generate mAbs from B cells that are proliferating acutely in 
response to vaccination as opposed to resting memory B 
cells. Furthermore, bias is reduced by analyzing the whole 
vaccine-induced plasmablast response without preferen­
tially selecting for particular sub-populations using an anti- 35 

gen bait. In total, 78 mAbs from 8 subjects were generated. 

30 elicited by the pandemic HlNl 2009 vaccine, but occur at 
a lower frequency. 

By ELISA, 58% (45/78) bound to purified pandemic HlNl 
2009 virus (FIG. 2a). Of these, 62% (28/45) bound to 
recombinant HA from the pandemic strain. 

As ELISA is only capable of demonstrating binding of the 40 

antibody to antigen, functional assays were used to charac­
terize HA-specific mAbs. The hemagglutination inhibition 
assay (HAI) measures the concentration of antibody 
required to inhibit the agglutination of red blood cells by the 
virus and is indicative of the capacity of the antibody to 45 

prevent viral attachment to cells. In contrast, neutralization 
assays show how effectively the antibody prevents viral 
infectivity by measuring the concentration required to block 
lytic infection of cultured cells. Out of the mAbs that 
demonstrated HA-specific binding, 89% (25/28) were 50 

shown to have functional activity against pandemic HlNl 
2009 virus by HAI and/or neutralization assay (FIG. 2b). 

It was previously shown that mAbs recognizing epitopes 
in the globular head of the influenza HA demonstrated 
binding by ELISA, positive HAI and neutralization of 55 

infectivity (Wrammert et! a., 2011, J. Exp. Med. 208(1): 
181-193, 2011). In contrast, stem-binding mAbs showed 
binding by ELISA and neutralization, but negative HAI. In 
this set of mAbs, while there was generally good correlation 
between HAI and neutralization activities, three mAbs 60 

(05-2G02, 09-2A06 and 09-3A01) were found to have no 
HAI activity despite binding by ELISA and neutralization, 
a pattern suggestive of stem-binding mAbs. In order to 
confirm their HA binding site, their binding was compared 
with known stem-binding antibodies by competition ELISA 65 

(FIG. 2c). ELISA plates coated with influenza A/California/ 
04/09 HA were pre-incubated with one of two known 

Example 4 

Monoclonal Antibodies Elicited by Pandemic HlNl 2009 
Vaccine Cross-React with Antigenically Divergent Strains 

All HA-specific mAbs were tested for binding, HAI and 
neutralization capacity against a panel of antigens and virus 
strains, including antigenically similar strains such as the 
pandemic HlNl 1918 strain and antigenically diverse 
HlNl, H5Nl and H3N2 strains. Strikingly, the majority of 
mAbs that bound the HA head also demonstrated broad 
cross-reactivity (FIG. 3a) with three-quarters binding to 
bothA/Brisbane/59/07 HA and 1918 HA. The majority (18 
of 28) were able to bind all 3 HlNl HAs whilst 6 out of 28 
bound both pandemic HlNl 2009 and 1918 influenza HAs, 
in a similar manner to several antibodies previously 
described (Wranimert et al., 2011, supra; Xu et al., 2010, 
Science 328(5976):357-360). The high degree of cross­
reactivity suggested that many of these plasmablasts had 
arisen by secondary expansion of cross-reactive memory B 
cells that presumably targeted conserved epitopes. Compar­
ing the binding of these antibodies to the most recent 
seasonal HlNl strain in circulation prior to the emergence 
of the pandemic, A/Brisbane/59/07, the patterns of cross­
reactivity generally conform to three categories (FIG. 10). 
Most (14/28) of the antibodies bound better to the pandemic 
HlNl HA, suggesting ongoing adaptation through affinity 
maturation. Other antibodies bound equally well to both 
HAs (9/28) while the last category (5/28) bound better to the 
Brisbane HA, consistent with OAS (original antigenic sin). 

Next, HAI and neutralization assays were performed 
using a more extensive panel of HlNl virus strains includ­
ing recent seasonal strains (A/Brisbane/10/07, A/Solomon 
Islands/3/06 and A/New Caledonia/20/99) and historic out­
break strains (A/New Jersey/76 and A/Fort Monmouth/1/47) 
(FIG. 3b & FIG. 11), which displayed a broad range of 
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sequence divergence compared to the pandemic HlNl 2009 
virus. As expected from sequence homology (FIG. 8), the 
highest degree of cross-reactivity by neutralization assay 
was seen with A/New Jersey/76, with 68% of mAbs cross­
neutralizing. Of the more recent seasonal strains, up to 43% 5 

of mAbs demonstrated cross-reactivity between the seasonal 
strains and pandemic HlNl 2009 virus. In general, the 
fraction of cross-neutralizing antibodies paralleled sequence 
homology. Still, given the large antigenic differences mea­
sured by standard reference sera, the fraction of cross- 10 

neutralizing antibodies was much larger than expected. 
The three stem-binding mAbs demonstrated the widest 

cross-reactivity by ELISA with detectable binding to all the 
Hl HAs tested plus HA from the H5Nl strain (A/Indonesia/ 
05/2005)(FIG. 3a). Furthermore, 05-2G02 displayed even 15 

greater cross-reactivity by also binding H3, albeit weakly. 
Their ability to neutralize both HlNl and H3N2 strains were 
tested (FIG. 3c). Once again, all three stem-binding mAbs 
demonstrated broad cross-reactivity with the capacity to 
neutralize all HlNl strains tested. In addition, the excep- 20 

tional breadth of 05-2G02 was again shown, with neutral­
izing activity against H3N2 as well as the HlNl strains. 
Antibodies that neutralize influenza strains from both phy­
logenetic group 1 and group 2 are exceedingly rare and have 
only been reported once in the literature (Corti et al., 2011, 25 

Science 333: 850-856). These data demonstrate the high 
degree of cross-reactivity of mAbs generated following 
pandemic HlNl 2009 vaccination. This is true not only of 
the stem-reactive mAbs, one of which had unusually broad 
cross-reactivity against Hl, HS and H3, but also of the 30 

majority of non-stem-binding mAbs, which demonstrated 
substantial cross-reactivity within HlNl strains in contrast 
to the more strain-specific mAbs generated following sea­

48 
were already present prior to vaccination. Thus, samples 
from pre-vaccination subjects were analyzed with a memory 
B cell assay (Crotty et al., J Immunol Methods 286(1-2): 
111-122, 2004) (FIG. Sa). Using this technique, all subjects 
had detectable memory B cells reactive against pandemic 
HlNl 2009 HA prior to vaccination (median 0.4%, range 
0.013%-1.98%). However, subclinical infections with influ­
enza that induce seroconversion without symptoms do occur 
and go unreported (Papenburg, Clin Infect Dis 51(9):1033-
1041, 2010). It was therefore possible that vaccinees had 
been exposed to the pandemic HlNl 2009 virus at some 
point between its emergence and their vaccination. In order 
to exclude this possibility, baseline samples were retrieved 
from a different healthy cohort taken in 2008/09 before the 
emergence of the novel pandemic strain (FIG. Sb). Once 
again the majority of these specimens contained detectable 
memory B cells which reacted against the pandemic HlNl 
2009 HA. In summary, these data show that the pandemic 
HlNl 2009 vaccine preferentially activates cross-reactive 
memory B cells generated by encounters with HA from 
previous influenza strains, including broadly cross-reactive 
stem-specific Abs with neutralizing activity. 

Following infection with pandemic HlNl 2009 influenza 
virus, an earlier study showed that the humoral response was 
dominated by antibodies that bound to the conserved stem of 
HA and neutralized multiple influenza subtypes (Wrammet 
et al., 2008, supra). A vaccine that could induce these 
antibodies might provide heterosubtypic protection but sea­
sonal influenza vaccines had not been shown to induce them 
(Hancock, 2009, supra; Wrammert et al., 2008, supra). The 
question therefore remained as to whether broadly cross­
reactive stem-binding antibodies could, in fact, be generated 
following influenza vaccination. The current studies have 
shown that these antibodies could be induced by the mon-sonal TIV (Wranimert et al., 2008, supra). 

Example 5 

Pandemic HlNl 2009 Vaccine Induces Monoclonal Anti­
bodies with High Levels of Somatic Hypermutation 

35 ovalent inactivated pandemic HlNl 2009 vaccine. Healthy 
adults were vaccinated with the pandemic HlNl 2009 
vaccine and mAbs generated from plasmablasts isolated at 
the peak of the response. These data suggest that, like the 
seasonal TIV, the pandemic vaccine induced an antibody 

Together, the kinetics of the response, the dominance of 
IgG-secreting cells and the remarkable cross-reactivity of 
individual plasmablasts point to a memory origin for most 
clones. This was further supported by sequence analysis of 
virus-specific mAbs (FIG. 4a). When the somatic mutations 
per V H gene were calculated, the majority of clones showed 
an exceptionally high number of mutations (median 21 
range 8-41). This was significantly higher (p<0.0001) than 
the average IgG-producing memory B cell or germinal 
center B cell (median 11 range 1-35) but similar to the 
number found following the recall of the memory B cell 
response by the seasonal influenza vaccination (median 18.5 
range 6-51 ). These were also similar to the results of a 
previous study of mAbs from patients infected with the 
pandemic HlNl 2009 virus, where high levels of somatic 
hypermutation were observed. When the HA-specific mAbs 
were analyzed alone (FIG. 4b ), they displayed similar levels 
of mutation compared to the virus-specific mAbs as a whole. 
Furthermore, there was no obvious correlation between the 
number of mutations and the degree of cross-reactivity of 
each individual mAb (FIG. 3). 

Example 6 

Presence of Memory B Cells Reactive to the Pandemic 
Strain Present Prior to its Emergence 

It appeared possible that cross-reactive memory B cells 
capable of reacting to the pandemic HlNl 2009 vaccine 

40 response by stimulation of pre-existing memory B cells. 
However, in contrast to the seasonal vaccine, mAbs induced 
by the pandemic HlNl 2009 vaccine displayed striking 
cross-reactivity. Furthermore, although they were less fre­
quent than with infection, stem-binding mAbs could readily 

45 be detected and one was even capable of neutralizing both 
HlNl (phylogenetic group 1) and H3N2 (group 2) strains. 

The approach used here for the cloning of mAbs from 
plasmablasts has two major advantages. Firstly, these were 
influenza-specific B cells proliferating in response to the 

50 challenge of a specific vaccine and not just resting memory 
B cells, which consist of a range of clones generated by a 
variety of previous antigenic challenges. Since plasmablasts 
generated in response to vaccine disappear within 14 days, 
those induced by seasonal influenza vaccine administered 

55 several weeks previously would not have directly contrib­
uted to the plasmablasts that were analyzed. Memory B cells 
against the HAs of seasonal strains may have been boosted 
by seasonal vaccination but would not have fundamentally 
changed in terms of repertoire. Secondly, while other tech-

60 niques use antigen to preferentially enrich for B cells with 
the specificities of interest, analysis of all the proliferating 
plasmablasts allowed examination of the repertoire of influ­
enza-specific antibodies with minimal bias. Using these 
techniques, the current studies showed that the B cell 

65 responses to the pandemic HlNl 2009 and seasonal vac­
cines were comparable in many ways (Wrammert et al., 
2008, supra). Both vaccines induced large and rapid plas-
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mablast responses with similar magnitudes and kinetics. In 
addition, both responses were predominantly made up of 
isotype switched IgG-producing plasmablasts and mAbs 
generated from these plasmablasts showed evidence of 
extensive somatic hypermutation. These features character- 5 

ize a secondary response (Schittek and Rawjewsky, 1990, 
Nature 346(6286):749-751; McHeyzer-Williams et al., 
1991, Nature 350(6318):502-505; and Aprin et al., 1997, J 
Exp Med 186(6):931-940) and imply that the response to the 
pandemic HlNl 2009 vaccine is derived from pre-existing 10 

memory B cells in a similar fashion to the seasonal vaccine. 
This was conclusively demonstrated by the presence of 
memory B cells specific for pandemic HlNl 2009 HA in 
individuals even prior to the emergence of the new virus, 

15 
strongly implying they were induced by exposure to previ­
ous seasonal strains. 

However, the antibody response to pandemic HlNl 2009 
vaccine clearly differed in one important respect: the high 
degree of cross-reactivity. Unlike previous studies of sea- 20 
sonal TIV (Hancock et al., 2009, supra; Wrammert et al., 
2008, supra), the current data suggest that cross-reactive 
antibodies against both the head and stem of HA were 
readily induced by the pandemic HlNl 2009 vaccine and 
made up a large proportion of the response. Cross-reactive 25 

antibodies against both the head and stem of HA from the 
seasonal TIV have been described in humans using a number 
of systems (Thorsby et al., 2008 PLoS One 3(12):e3942; 
Ekiert et al., 2009, Science 324(5924):246-251; Sui et al, 

30 
2009, Nat Struct Mal Biol 16(3):265-273; Cori et al., 2010, 

50 
served. In addition, while 2 stem-specific mAbs came from 
one subject and one from another, several subjects had none, 
suggesting that some individuals might have a stronger 
propensity for developing cross-reactive antibodies by 
nature of their underlying B cell repertoire and their previ­
ous antigenic history. In animal models, sequential immu­
nization with different HAs can preferentially stimulate 
broadly cross-reactive antibodies (Wang et al, 2010, PLoS 
Pathog 6(2):e1000796), a phenomenon recapitulated in 
nature with the emergence of a pandemic strain. 

The low frequency of broadly cross-reactive stem-binding 
antibodies following the pandemic HlNl 2009 vaccine 
contrasts with the antibody responses seen following natural 
infection. Earlier studies demonstrated that broadly cross­
reactive antibodies that bound to the HA stem region domi­
nated the humoral response in patients infected with pan­
demic HlNl 2009, with as many as half of these 
neutralizing mAbs recognizing the same epitope (Wrammert 
et al., 2008, supra). These stem-binding mAbs shared a 
common V H gene rearrangement which was not observed 
following vaccination. Immunization with the subunit pan­
demic HlNl 2009 vaccine, which primarily consists of HA 
and NA, induces a quantitatively and qualitatively different 
immune response. Specifically, subunit vaccines cannot 
infect cells, therefore preferentially utilizing extrinsic anti­
gen presentation pathways as well as inducing less potent 
inflammatory and innate responses. Infection also results in 
greater antigen load and duration, leading to increased 
recruitment of precursors and signals for differentiation. 

Unlike the humoral response to the seasonal vaccine, 
cross-reactive clones against the pandemic HlNl 2009 

J Clin Invest 120(5):1663-1673). However, the antibodies 
that were identified previously were not effective. While 
different stem-binding antibodies have been identified fol­
lowing vaccination, these have primarily relied upon phage 
display libraries (Thorsby et al., 2008, supra; Ekiert et al., 
2009, supra; Sui et al, 2009, supra) and immortalization of 
memory B cells (Corti et al, 2010, supra). A recent study has 
shown that the MF59 adjuvant can enhance the diversity and 
affinity of the antibody response to pandemic influenza 
vaccine (Khurana, 2011, Sci Transl Med 3(85): 85ra48). 

35 vaccine could be readily detected from acutely responding 
plasmablasts. The current studies also showed that they were 
derived from memory B cells that recognized conserved 
epitopes across virus strains. Thus, it might be that broadly 

The majority of the cross-reactive mAbs here were 
directed against the globular head of HA. However, three 
stem-binding mAbs were identified and shown to be broadly 
cross-reactive. One of them, 05-2G02, demonstrated an 
extraordinary breadth of neutralizing activity, with activity 
against all HlNl strains tested as well as binding to H5Nl 
HA and neutralization of a H3N2 strain. The capacity to 
recognize HAs from both phylogenetic groups does not 
appear to be dependent on a unique antigen-binding struc­
ture. The antibodies provide important proof of concept that 
a universal vaccine capable of stimulating antibodies that 
neutralize all influenza subtypes. 

It is also clear that cross-reactive stem-binding antibodies 
are very rare after vaccination with seasonal strains. Studies 
that have found stem-binding memory B cell clones have 
required high throughput techniques to screen large numbers 

40 
cross-reactive antibodies are produced by low-frequency 
memory B cells reactive against conserved but subdominant 
epitopes (FIG. 6). In the context of seasonal influenza, these 
are not recruited into the response, remaining relatively 
quiescent due to competition by the more numerous B cells 

45 specific for immunodominant epitopes exposed in the globu­
lar HA head. However, following a major change in the HA, 
most of these immunodominant epitopes are replaced with 
novel structures. With their disappearance, cross-reactive 
memory B cells against conserved epitopes in both the head 

50 
and stem no longer need to compete with memory cells 
specific for the previous strains. Thus, cross-reactive anti­
bodies make up a greater proportion of the humoral immune 
response following antigenic shift. 

55 This also offers an explanation as to why the preceding 
seasonal HlNl strain almost completely disappeared fol­
lowing the emergence of the pandemic HlNl 2009 virus 
(Palese P & Wang TT (2011), MBio 2(5)). The current 
studies in individuals infected or vaccinated with pandemic 

60 HlNl 2009 have shown that in either situation large num-of cells (Corte et al., 2006, supra). In the work disclosed 
herein, stem-reactive antibodies were readily found with 3 
out of 28 HA-specific mAbs generated from 8 vaccinees 
showing stem-reactivity. This implies that the pandemic 
HlNl 2009 vaccine induces these antibodies more fre- 65 
quently as a consequence of the major change in epitopes 
from the HA head while the stem remains relatively con-

bers of cross-reactive antibodies with activity against 
A/Brisbane/59/07 are generated (Wrammert et al, 2008, 
supra). Thus, most individuals who have encountered the 
pandemic HlNl 2009 strain will also have developed pro­
tective immunity against A/Brisbane/59/07 leading to a 
rapid decrease in the number of susceptible hosts. 
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The data herein show that broadly cross-reactive stem­
binding antibodies can be induced by the pandemic HlNl 
2009 vaccine, thus demonstrating that productive infection 

52 
analysis data were derived from clinical studies of 2008/09 
and 2009/10 season TIV vaccinees. Peripheral blood mono­
nuclear cells (PBMCs) were isolated using Vacutainer tubes 
(BD for immediate use or cryopreserved. Plasma samples 
were saved at -80° C. for subsequent analysis. All vaccines 
were obtained from Sanofi Pasteur Inc. 

Viruses and Antigens: 
The pandemic HlNl 2009 influenza virus (A/California/ 

is not required. Furthermore, stem-binding antibodies with 
the capacity to neutralize a broad range of influenza sub- 5 

types can be induced by vaccination. However, the fre­
quency of these stem-binding antibodies following the pan­
demic HlNl 2009 vaccine was low and not all vaccinees 
were found to generate them. In order for a truly universal 
vaccine to be effective, it must induce cross-reactive anti­
bodies to a high level in all recipients to provide robust 
heterosubtypic immunity. 

10 04/09) was utilized. Other influenza virus stocks used for the 
assays were obtained from the Centers for Disease Control 
(CDC), grown in eggs and purified as described (Wrammert 
et al., 2008, supra). Recombinant HA proteins were provided 
by the CDC and by the Biodefense and Emerging Infections Example 7 

15 research repository. 

Detailed Information Regarding Antibodies that Bind Influ­
enza Virus 

Table 1 (FIG. 12) provides detailed information, including 
sequence information, about each of the antibodies that were 
confirmed to bind influenza. Each antibody is identified in 20 

Col. A by antibody name and an indication of whether the 
heavy or light chain is being described. Heavy chains are 
indicated by H and light chains are indicated by L at the end 

ELISPOT and Memory B Cell Assay: 
Direct ELISPOT to enumerate the number of either total 

IgG-secreting, pandemic HlNl influenza virus-specific, 
vaccine-specific and recombinant HA-specific plasmablasts 
present in the PBMC samples was performed as previously 
described (Crotty et al., 2003, J Immunol 171(10):4969-
4973). 

Flow Cytometry Analysis and Cell Sorting. 
Analytical and cell sorting flow cytometry analysis was 

performed as described (Wrammert et al., 2008, supra). 
Generation ofmAbs and Variable Gene Repertoire Analy­

sis. 
As previously detailed (Wrammert et al., 2008, supra; 

Smith et al., 2009, Nat Protoc 4(3):372-384; Wardemann et 
al., 2003, Science 301(5638):1374-1377), V Hand VK genes 
were PCR-amplified from the transcripts of single ASCs and 
then sequenced. These variable genes were then cloned into 
IgGl or IgK expression vectors and co-transfected into the 
293A cell line for expression. Variable genes were analyzed 
for identity and mutations using in-house analysis software 
and the IMGT search engine (Ehrenmann et al., 2010, 
Nucleic Acids Res 38(Database issue ):D301-307; Lefranc et 
al., 2009, Nucleic Acids Res 37(Database issue):D1006-
1012). Background mutation rate by this method is -1 

of the identifier in Col. A. For example, line 1 of Table 1 25 
(FIG. 12) discloses 005-2G02H, which is a heavy chain for 
one of the antibodies, and line 2 of Table 1 (FIG. 12) 
discloses 005-2G02L, which is the light chain for the same 
antibody. Accordingly, each pair of rows (2/3, 4/5, 6/7, 8/9, 
10/11, 12/13, 14/15, 16/17, 18/19, 20/21, 22/23, 24/25, 30 

26/27, 28/29, 30/31, 32/33, 34/35, 36/37, 38/39, 40/41, 
42/43, 44/45, 46/47, 48/49, 50/51, 52/53, 54/55, 56/57, 
58/59, 60/61, 62/63, 64/65, 66/67, 68/69, 70/71, 72/73, 
74/75, 76/77, 78/79, 80/81, 82/83, 84/85, 86/87, 88/89, 35 

90/91, 92/93, 94/95, 96/97, 98/99, 100/101, 102/103, 104/ 
105, 106/107, 108/109, 110/111, 112/113, 114/115, 116/117, 
118/119, 120/121, 122/123, 124/125, 126/127, 128/129, 
130/131, 132/133, 134/135, 136/137, 138/139, and 140/141) 
represent paired heavy and light chains from a cloned human 
antibody. Col. G provides the V region amino acid sequence, 
colunm O provides the full translated V region amino acid 
sequence. Col. H provides the FRI amino acid sequence. 
Col. I provides the CDRl amino acid sequence. Col. J 

provides the FR2 amino acid sequence. Col. K provides the 
CDR2 amino acid sequence. Col. L provides the FR3 amino 
acid sequence. Col. M provides the CDR3 amino acid 
sequence. Col. N provides the nucleotide sequence. Column 

40 base-exchange per 1,000 bases sequenced (based on 
sequences of constant region gene segments). Comparisons 
were made to previously published data (Wrammert et al., 
2008, supra; Zheng et al., 2005, J Clin Invest 113(8):1188-
1201; Zeng et al., 2005b, J Exp Med 201(9):1467-1478). 

P provides the FR4 amino acid sequence. FIG. 14 provides 
the V gene, J gene D gene allele, and provides the V 
mutations, CDR lengths and AA junction sequence ("AA 
junction" sequences are disclosed in FIGS. 14A and 14B as 
SEQ ID NOS 1401-1540, respectively, in order of appear­
ance). 

Example 8 

Materials and Methods 
Patients and Vaccines: 
All studies were approved by an institutional review 

board). Twenty-four healthy adult volunteers were given the 
monovalent pandemic HlNl 2009 vaccine. Subject 2 was 
given the seasonal 2009/10 TIV only 4 days before receiving 
pandemic HlNl 2009 vaccine and was excluded from all 
cross-reactivity assays. Memory B cell and mutational 

45 Antibody sequences were deposited on GENBANK®. 
ELISA, HAI and Neutralization Assays. 
Whole virus, recombinant HA, vaccine-specific ELISA, 

HAI and neutralization assays were performed as previously 
described (Wrammert et al., 2008, supra). For competition 

50 ELISA an additional pre-incubation with unlabeled com­
petitor antibodies to the HA-stalk epitope at a 10-fold molar 
excess was then performed prior to application of the mAbs 
to the plate. Competitors consisted of one of two known 

55 
stem-binding mAbs (70-1F02 or 70-5B03) or a negative 
control antibody specific for the HA globular head (EM-
4C04). Competition level was calculated as the percentage 
inhibition of the half-maximal binding concentration of test 
antibody relative to the absorbance without competitor. 

60 In view of the many possible embodiments to which the 
principles of the disclosed invention may be applied, it 
should be recognized that the illustrated embodiments are 
only preferred examples of the invention and should not be 
taken as limiting the scope of the invention. Rather, the 

65 scope of the invention is defined by the following claims. We 
therefore claim as our invention all that comes within the 
scope and spirit of these claims. 
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SEQUENCE LISTING 

The patent contains a lengthy "Sequence Listing" section. A copy of the "Sequence Listing" is available in 
electronic form from the USPTO web site (http://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US10208107B2). 
An electronic copy of the "Sequence Listing" will also be available from the USPTO upon request and payment of the 
fee set forth in 37 CFR 1.19(b)(3). 

We claim: 8. A composition comprising an effective amount of the 
1. A non-naturally occurring chimeric antibody, wherein 

the antibody comprises a heavy chain variable domain and 
a light chain variable domain, 

15 non-naturally occurring chimeric antibody and a pharma­
ceutically acceptable carrier, wherein the antibody com­
prises a heavy chain variable domain and a light chain 
variable domain, wherein the heavy chain variable domain comprises the 

amino acid sequence set forth as SEQ ID NO: 23, the 
amino acid sequence set forth as SEQ ID NO: 25, and 20 

the amino acid sequence set forth as SEQ ID NO: 27 
and the light chain variable domain comprises the 
amino acid sequence set forth as SEQ ID NO: 33, the 
amino acid sequence KAS, and the amino acid 

25 
sequence set forth as SEQ ID NO: 37, and 

wherein the antibody specifically binds hemagglutinin 
(HA) of HlNl and H5Nl. 

2. The non-naturally occurring chimeric antibody of claim 
1, wherein the antibody specifically binds HA of H3N2. 

3. The non-naturally occurring antibody of claim 1, 
wherein the heavy chain variable domain comprises an 
amino acid sequence set forth as SEQ ID NO: 21. 

4. The non-naturally occurring chimeric antibody of claim 

wherein the heavy chain variable domain comprises the 
amino acid sequence set forth as SEQ ID NO: 23, the 
amino acid sequence set forth as SEQ ID NO: 25, and 
the amino acid sequence set forth as SEQ ID NO: 27 
and the light chain variable domain comprises the 
amino acid sequence set forth as SEQ ID NO: 33, the 
amino acid sequence KAS, and the amino acid 
sequence set forth as SEQ ID NO: 37, and 

wherein the antibody specifically binds hemagglutinin 
(HA) of HlNl and H5Nl. 

9. The composition of claim 8, wherein the pharmaceu­
tically acceptable carrier is a physiological saline or bal-

30 anced salt solution. 
10. The composition of claim 8, wherein the pharmaceu­

tically acceptable carrier comprises a buffering agent. 

1, wherein the light chain variable domain comprises an 35 
amino acid sequence set forth as SEQ ID NO: 31. 

11. The composition of claim 8, wherein the pharmaceu­
tically acceptable carrier comprises sodium acetate, sodium 
chloride, potassium chloride, calcium chloride, or sodium 
lactate. 5. The non-naturally occurring chimeric antibody of claim 

1, wherein the antibody is an IgG, IgM or IgA. 
6. The non-naturally occurring chimeric antibody of claim 

1, wherein the antibody is labeled. 
7. The non-naturally occurring chimeric antibody of claim 

6, wherein the label is a fluorescent, enzymatic, or radioac­
tive label. 

12. The composition of claim 8, wherein the pharmaceu­
tically acceptable carrier comprises aqueous dextrose or 
glycerol. 

40 13. The composition of claim 8, wherein the pharmaceu-
tically acceptable carrier comprises sorbitan monolaurate. 

* * * * * 


