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Supplementary information

Table S1: GC conditions for the determination of the conversions and
enantioselectivities

The following columns were used for the determination of conversions and enantiomeric

excesses of the sulfoxides by GC: A: Alltech GT-A (30 m x 0.25 mm x 0.25 um), B:
Hewlett Packard HP-1 (30m x 0.32 mm x 0.25um, 12.2 psi N;), C: Chirasil Dex CB (30
m x 0.25 mm x 0.25 um, 12 psi N»)

Substrate Program Column | ti (min) substrate tg (min) products
. 14.9 (sulfoxide)
thioanisole 70/5/10/200/2 B 114 15.6 (sulfone)
thioanisole 40/0/10/160/8 A 7.5 14.3 (R); 16.7 (S)
. 15.1(sulfoxide)
p-tolyl methyl sulfide | 70/5/10/200/2 B 11.5 15.9 (sulfone)
p-tolyl methyl sulfide | 40/0/10/160/8 A 8.3 15.6 (R); 16.5 (S)
. 14.7 (sulfoxide)
benzyl ethyl sulfide 70/5/10/200/2 B 12.5 16.9 (sulfone)
. 14.4 (R); 15.5 (S)
benzyl ethyl sulfide 40/0/10/160/8 A 8.8 19.0 (sulfone)
benzyl phenyl sulfide 100/5/5/200/5 B 21.7 27.3 (sulfoxide)
2-indanone 70/10/3/180/5 B 22.3 32.7
cyclopentadecanone 70/10/3/180/5 B 46.5 50.4
14.9 (ester)
phenylacetone 70/7/5/120/2 B 13.5 10.3 (alcohol)
. 13.3 (abnormal; AB)
bicyclohept-2-en-6-one| 70/5/5/150/0 B 6.6 13.4 (normal: N)
(AB: 1R,55): 17.6
. 130°C (N: 1R,55): 18.0
bicyclohept-2-en-6-one sotherrm C 9.7 and 9.9 (AB: 15.5R): 18.3

(N: 18,5R): 18.5

* Program: initial T (°C)/ time (min)/ slope (°C/min)/T (°C)/ time (min).




Figure S1: CLUSTAL 2.1 multiple sequence alignment
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Sequences used in tree and alignment

Newly cloned Rhodococcus jostii RHAl type II FMO & NMO-H

>a
MSEHQVAIVGAGTSGVAAAVALADRGINPLLIDRADQVGSSWHSRYDRLRLNTGRQF SHLPNRPYPKGTP
TEFPTREQVIEHLERHARADGIELRLGCPVERLDLTDGHWRLTTAAGSVDAAEVVVATGEFDHEPFVPDWPG
RGDWRGALVHSSQYRNPSQYNGKRVLVVGAGCSGMEIAYDLATGGAAKVWLSARTPPNIMLROQGPGGIPG
DFIATPLYHAPVPIADATIARFGRERSIGDLREFGLPIPDEGIFARSARLGVAPAIVDKELIAATRDRSIE
VVRGVESLDADSVWLVDGVRIDPEAMVCATGFRQELEKLVGHLGVLDERGWPHATGEKPAAERLREIGEV
PRPSQIGFAAKQARRAARATIARELR

>b
MTEQHTVVVIGGGQAGLSISWHLVQRGIDHVVLERESIAHEWRDSRWDSFTLVTPNWQCTLPGYTYSGGD
PDGFMNREQTYQFVRGYADTFDPPVREGVAVVAVRQSGSGGFDVDTTEGPMHADHVVVAVGGYHTPVVPR
FAERLPADITQLHSSQYRSAGALPAGEVLVVGNGQSGAQIAEDLHLAGRTVHLVTGGAPRVARFYRGRDC
VAWLHDMGTYDVSIADHPGGLGKRENTNHYVTGRDGGRDIDLRAFALAGMRLYGRLLDVVDGTLRFAPTL
ESSLDAADAVSESIKDSIDAYIDRAGIDAPREERYVPVWRPEREVTELELPTSGITSVVWSIGFRTDYRW
LHAGVEFDGEGHPTHNRGVTAVPGLYFLGLPWQHTWGSGRFAGVARDAEYLADRIELEAGVLPATATLA

>C
MSTERFETIVIGAGQAGLATGYHLTRCGQRFVILDAHDRVGDVWRERFDSLRLYSPARYDGLPGWGIPAP
AWSWPGKDEVADYFEAYAQRFALPIRTGTTVDGLSRDGDRYVVTAGTDRFEADNVVVASGTWQSPVVPDL
AERLDPRIRQLHSSDYRNPSQLODGPVLVVGCSHSGADIALEASRSHRTTICGPVRGEVPFDIEGRLAHL
AVPIMWEFMANHVLTERTPVGRKMCTHVRSGGGPLLRVKRADLAAAGVEHFPAKVTGVHDGRPVLDDGTAF
DVRNVIWCTGFRKDTSWIQIPVIGSDGWPEQSRGVSPDHPGLYFVGLPFLQAFASMLTGGVGRDAAYVAK
HIAKRVVVRSPEAVA

>d
MNSEVDVAVIGAGQAGLSAAYYLRRFGVEPESGEFVVLDHAPGPGGAWQFRWPSLTLSTVNGVHDLPGLGF
ADTIGVDPNDPEAALVHAASAVPQYFATYEKQFELPVHRPVHTRVVCARDERLRIETDRGVVSARGLINA
TGTWERPFIPRYPGAESFTGRQVHTKDYSSAQDFAGQHVLVVGGGISAVQLLDEISRVTITTTWVTRRPPE
FRDEPFTPEIGRAAVALVEDRVRRGLPPGSVVSVTGLPVTPAIRAARERGVLARQPMEFGEITADGVRWPD
GRELKVDVILWCTGFRSSLDHLAPLRLRGPGGGITMTGRLATQVASDPRIHLVGYGPSSSTIGANRAGQA
AARELTRHLGLSAGSARPT

>e

MTTTFSDTDLRTDAQAWLDGEF SRELAAELAPTAVFAPQAYWRDVLAFTGDLRTFSDEIPAELLRRQELTK
ATNIRIAEDRTPPRLVERAGIPCLEVIFEFDTLAGSAVGVARLVDVPERGLLVRSLFTTLDQLADHPERT
GEHRPVGQADSSKFGGPNWLDRRIAAQAYENRDPDVLIVGGGQSGLTLAARLGQLDVDALVVDTHARPGD
NWRTRYHALTLHNAVWLNDLPYMPFPATWPQFVPKDKLAGWFEAYVEAMEINFWGTTAFIGGDYDEQSQS
WVARVRRGDGTVRTLRPKHVVIATGVSGIPYVPELPGLSQFAGRTLHSSEYDDANDEFAGQRVVIIGTGNS
AHDVAQDLHAHGIDVTMVQRSSTTIVSVDPSAAAADASYLTAPTLEDCDLLSMATVYPDLYTGSQMITAT
MKELDKDLVAALNRIGFRTDYGEEDTGQOMKEFMRRGGGYYLNVGCSDLLISGQVGLVQYADTAGEFVAEGL
SLTNGDVVEADAVILATGYQTQQEGVRALLGDEIADAVGPIWGYDDEGEVRNTWRRTAQPGLWE SSGNEQ
LCRIYSKVLAMQIRTELDNG

>f

MTQTVQPAAVQTSLTPQERVDLWLASFESALAARDVDRAAGMEFAVDSEFWRDLVAF TWNLKTVEGRDAVAA
MLHARLDDTDPVNFRTTETPDEADGVTSAWIEFETATGRGKGHLRLKGDEAWTFLTTMQELKGHEERRGR
NRVKGAVHGSGGDTLSWAEKREIEERELGYTRQPYVLVIGGGQGGIALGARLRQLGVPAIVVDKNERPGD
OWRNRYKSLCLHDPVWYDHLPYMPFPDNWPVFAPKDKIGDWLEMYTKVMEIPYWSSTTCTSATFDDETKE
WTVVLDRDGEDVVLHPKQLVLATGMSGKPNVPSFPGQDVFRGEQHHSSRHPGPDAYVGKRVVVVGANNSA
HDICKALFENGADVTMLQRSSTHIVKSDSLMDLGLGDLYSERAVAAGMTTEKADLTFASLPYKIMHEFQT
PIYQKIAERDRDFYDRLEKAGFKLDFGDDGSGLFMKYLRRGSGYYIDVGASELVADGSIHLVSGQVDHLT



EDAVVLTDGTELPADLVVYATGYGSMNGWAADLMGQEVADKVGKCWGLGSDTTKDPGPWEGEQRNMWKP T
QOEALWEHGGNLHQSRHYSLYLALQLKARHEEIPTPVYGLQEVHHLS

>g
MTATLDAPVDTNIPQPGDIARRWLAGFGATLERGDARGAAQHFLVDGWWRDLLSEFTWDLHTTHGRADIES
RLADSVPVHEPRHLVLSPAHPAEAVADPEGDWIQAFFTFETTLARSRGEFVRLRRDDDGEWRAWTLI SAME
EIKGHEEKKGHRRVQGTNHGAHRGKINWLDRRTAKGEFETEQPAVVIVGAGQGGLALAARLGQLGVDTLL
VERNDRIGDSWRKRYHSLVLHDPVWYDHLPYLNFPDHWPVF TPKDKLANWFEFYADAMELNVWTGTEFTG
GSYDDATGEWTVTVARDDGSTRTLHPRHVVLATGMSGVPNIPRIAGADTFEGTIEHSSWEFVGGREMQGKK
ALVVGCCNSGHDIAQELNEQGADVTILQRSSTYVMSSKHGIPGLFGGVYEEGGPAVQDADLIFASLPYPL
LAGIHAGATEAIAEKDAEMLDGLRKAGFKVDEFGEDGSGLEFMKYLRRGGGYYIDVGASELIASGEVSVKQG
TEIDHFTPDGVVFADGTEMPVDVVVLATGYKNMRESARKEFLGDAVADRCQDVWGLDAEGELRTVWRRSGH
PGFWFMAGNLHQSRHYSKYLAFQIKAQEEGLQPIR

>hNMO
MLEHLDLVGIGAGPSNLSVAALSAPVGRLRCKFLDRQPTQRWYPGLMLSAAVLQVSHLKDLVTLVDPTSR
YTEFLNFLARTGRLHRFASLHTPLIARREYESYLRWVSDQLDEVQFGCAVEEVTFDGQAFRVESTRGTYAA
QHLSIGVGPRPYVPELATGTLGEDVFHSSDEFGYHTDSLAGRDVVVVGGGQSGAEVVEHLLQRSGRDAVGS
LTWASRRIGFQPLDESPFTNEWFHPDYVRYFHGLSQSRRSQLLDAQQLASDGISKGLLESIYRRLYYNDF
VDSDRIRTTLLPGRELTGLCRGPGGKGWRTTLTHIDTGEIDSVGADIVVLATGYHFPLPEFLHTLGGRIA
RTNCGLPQLAADYSVSWAGPAGNKMFFLNAGKLSHGIADPNLSLASWRAATVLNTITETPLYPDLRSSTC
SWDVADRAATHPPVDSGVDLLTESSRQ

>X (FMO Grogan)

MDSVDVVVIGGGQSGLSAGYFLRRSGLSYVILDAEASPGGAWQHAWHSLHLEF SPAGWSSIPGWPMPASQGPYPARAEVLAYLAQYEQKY
ALPVLRPIRVQRVSHFGERLRVVARDGRQWLARAVISATGTWGEAYTPEYQGLESFAGIQLHSAHYSTPAPFAGMRVAIIGGGNSGAQTI
LAEVSTVAETTWITQHEPAFLADDVDGRVLFERATERWKAQQEGREPDLPPGGFGDIVMVPPVLDARARGVLAAVPPPARF SPTGMQWA
DGTERAFDAVIWCTGFRPALSHLKGLDLVTPQGQVEVDGSGLRALAVPSVWLLGYGDWNGMASATLIGVIRYAREAVRQVTAYCADHQD
R

Rhodococcus jostii RHA1l type II BVMO:

>9
MTVQDNDEFDAVVVGAGISGLYAVYKLRQRGMRVHGFESAEGVGGTWYHNRYPGARCDVESIDYSYSFDEELQQEWTWTERFATQDEILR
YLEHVADRHDLRSAYDFLTRVTSATYDEETTRWSITTDTGONVTARFCVLATGVLSATNKPDIPGRDTFGGATYHTGEWPHEPVDFAGK
RVGVIGTGSSGIQSIPVIAEEAAEVFVEFQRSPNYSIPAGNRPLTGEYIAEVKANYAERRRLSRMSGGGTPNSAYPKGALEVDAEERRRV
YDEWWQRGGYLFAKAFPDQTISQAANDTAREYVEAKIREMVTIDPDIADQLVPTDHPIGTKRIVIDNGYFKTENRGNVTLVNLRRTPITE
ITEAGVLTTNSFYGLDMLVFATGFDAMTGSLSRIDIRGRAGRNLRDEWSAGPRTYLGLSVAGEFPNMFILAGAGSPSVLANMVLMAEQHV
DWISNCLDYLDEHNIETIEATDESVDEWVAECNEKAAGTLFPTADSWYMGANIPGKPRVFMPYIGGEFGNYNTICAEVAAAGYKGFELGE
RRVDVDQ

>15
MSARTEVDARANRIGDVDAVVVGAGFAGLYAVHKLRSLGLTVQGVEAAGGVGGTWFWNRYPGARCDVESVDYSYSFSRELEQEWDWSEK
YATQPEILAYINHVADRFDLRDRFLFGTRVTSAELDEESLRWEVRTDRGDVLSARYCIFATGALSTANMPNIAGRESFTGDTHHTGQWP
HEGVDFTGRRVGIIGTGSSGIQSIPLIAEQAEHLYVEFQRSANYSVPAGNQAWDDEMRRATIKAGYEERRRLSRESGGGSPYNAHPKSALD
VSDEERREAYETRWKLGGVLFAKTFPDQTKTEAANATAREFAEEKIRLLVDDPAVADKLIPNDHPIGTKRIVIDTHYFETYNRPNVTLV
DLKAAPIESITPSGITTADADYALDTLVFATGFDAMTGALDRMRIVGRGGVPLSEYWSEGPKTYLGLGVPGFPNLEFVVTGPGSPSVLAN
MVLGAEQHVDWIADCIEHLWEKDYDAIEASVPATEQWVEHCRDLAAQTLFPLANSWYMGANIPGKPRVFMPYLGGFGAYGRICADVAEE
GFRGFEFSRSRTRLADPVG

>14
MSKTISADVDVVVVGAGFAGLYALRKLRDTMKLSTRVFEAGSEVGGTWFWNRYPGARCDIESVHYSYSFDEDLQQEWQWSERFAGQPET
LRYLEHVADRFDLRKDITFDTRVVGVHWDDENSVWIVRTDDGAVVRSRYFISGAGNLSVPKTPEFGGIDNFRGEVLLTGNWPREGADET
GKRVAVIGTGASGIQAIPFIAEDAAELVVFQRTPNFATPLGNGPMDPNELADIKSNYADVRTAARNHFLGVPFNQVQPSALAVDAEERR
RTFDERWNAGGFRLFIDSYQDILEFDKKANDTIADYIRDRIHERVODPAKAATLAPTGYAYGTKRPPLETNYYEAFNRDSVSVVDVKSTP
IDEITPTGVRVGDRVYEVDTIVLATGFDAMTGPLMAMDIRGRGGLPLAEKWEHGPRTYLGIMVNEFPNLFLITGPQSPSVLYNMPLATE
DHVDFATDAIDYLDRRDLDVIEPTAQAESDWGALTNEIADQTLLPETNSWYMGANIPGKPRACMVYLGGAPTYRATCDEVVAGGYSGFA
LTRAEARAASTVS

>24
MTTSMKAANPMNFPSTSDTGIVDVLGVGAGEFSGLYLSHRLTTAGWTFAGFEAGPSVGGTWEWNTYPGARCDVESIYYSYSFDEALQQEW
TWSQRFAPQAEILSYINHVADRFDLRKHFTENTRVVGATWNAAERLWEVQLDNGETRRGRYLISGAGGLSTPKDFDVPGLGNEFTGLQVS
TSRWNISLDDLAGKRVAVIGTGSSGVQAIPLIAEVAEHVIVFQRTPNYVMPARNAELPLERVDSIKDDYPAIREECRHSPGGIPDRPVT
DKAFDVSAEERQRRYEAAYERSGEFNGVGGEFADLLTDVEANRTASEF IHDKIREIVEDPATAELLVPRYHPLGAKRSVFGTDYYETYNR
PNVSLVSLRDEPIETMTANAIVTSKGTYEADAVVLAIGFDAFTGPLYGLGLTGASGRKLQETWQDGIRTYLGMMT TDFPNFFMVAGPQS



PALASNVVMTIEQAVDWIADLIEHARDSGATLVEATPEGONDWVDITEETVAQTLYATTDSWYRGSNVEGKPNTFMGYVGGVGKYRRMC
TEIAKRGYPGVRIDGETESPHLGPIHREIS

>1
MSTAAPAVTEVLDVLVVGAGFAGLYQLENLRSRGYSVKVVEAGEGLGGIWHWNRYPGARVDSEGPIYQFTRPDLWDEFAFSELYPGGDE
LRRYFKYVDAKLDLSKDIYYNTRIISAEFDDTANTWTIVTAENGSSFVCKYFVLCTGFAAKPIFPKLPGMDSFTGINHHTGLWPEGGIEF
AGKRIAIIGTGASGVQVAQEASKKAAQLTVFQRTPVQALPMRORQLTDEDNAKIKFDLADRFSRRSASFSGEFDFDFIPKSALGVSDEER
ITTYERLWECGFEFWLGTYQDVEFVDDDANDTAYEFWRDRTRARIKDPVIAEKLAPTKKAYPFGVKRPSLEQTYYDIFNQDNVRVVDLHE
DPIETITPTGLKTTSEQHEFDIIVYATGFDAVIGGLTAMDIRGTDGTLLRDKWSNGVRANLGVATAGFPNLLFLYGPLSPSGFCNGPSC
AEIQGDLIVNTIDYMRDNGLNRIESEADADAAWSDHVAELTAEALYDKADSWYMGANVPGKPRQLLNYPGGLPLYLAKWDETVCAGYKG
FTLS

>11
MTTASIDTRELDEANGVLDVLVVGGGFAGLYQLDQLRSRGFSVKVVEAGDSLGGIWYWNCYPGARTDSTGQIYQYSREDLWKDWSYDEL
YPSWSGVRDYFAYVDRKLDLSRDIIFSTRVTSADFDGERNQWTVRTDTGRMLRARSVVICTGFGAKPHIPSINGLNSFAGESHHTALWP
QEGLDMAGKRVGIIGTGSSGVQVTQEAAADAEQITIFQRTPNLALPMROQQLTGQLKEKLKENLPERFAQRRRSFAGFDMDF IPKSVEE
VSDEERADTYERMWATGGFELWLANYQDILLDERANRIMYDFWRDKVRQRVTDPVKAEKLAPMDPPHPFGTKRPSLEQNFYDVVNQENV
DIVDVNEDPIERITPAGVQTKSGLHEFDILVFATGFDANRGGITSIDIRGTNDQLLSHKWSERLDTFMGLTTAGFPNLMFVYGPQSPAG
FCNGPTCAEVQGEIVVDFLTHVRDGGYQRFETSEDAEQSWTAHVEEVFHMSLEFPRAKSWYHGANIPGKPSQMLNYSGGLPSYFDHWEEN
VAAGYKAFTLS

>20

MTASQADTATRTGKHSNNDVLDVLIIGGGFSGLYALDRIRDLGF TAKVWDAAGGLGGIWWWNCYPGARTDSTGQIYQF SHKDLWKKYDFE
AELYPGHDGVRNYFEYVDSQLDLTRDVVEDTFAESCTWDEETRQWTARSADGKVQNARQVIVATGFGAKPLYPNLEGLDLFAGDCYHTA
RWPQEGVDMTGRKVVVMGTGSSGVQVVQEAGHVAEHVTVFQRTPNLAIPMOQRALTHDDNEQFRKGLPERFEARYKAFAGFDEDFLPQON
AADLSMEERDAIYEKMWAEGGFEMWLGNFQDILVDEDANRTEYDEWRNKVLERVTDPKKAAIVAPETPPHPYGVKRPSLEQDYFDVINQ
SNVEVIDSNLTPIRRVLPHGIETDDGVIECDLLVLATGEFDNNSGGIMAIDITGVDGLSIQDKWKSGVDTCMGLSTRGEFPNMMEFLYGPQS
PSGFCNGPTSAEYQGEIVVEFLQHLRDNGITRFENTEESEKQWRAHVDELFVNSMEFTKARSWYWGANVPGKPAQMLNYSGGVPQYFARW
DKIKANGYAAFETN

>4

MTATHAPKNDLAQSAETPTYDVIVVGGGFGGIYQLRHLRDRGF SVILLEASGGFGGAWSLNRYPGARVDSHAPVYQFTDEYLWKDWDE'S
OMYPDHEEMRSYFNYVDSKLDLSKDSRENTKVVGATFDEEQRMWSLETQDGATFRARFVVFATGSTTEPYTPSIPDMDAYQGELVHTAR
WRSDLDMTGKRVAIIGTGASAVQVVQEAGPVVENLTVFQRTPNISLPMQQKYLDDEEQAALKNKMPDVAAKCRETHAAIDYDEFDPRSGFE
ETPEDERNAVFERLWNQGGFAFWLGNEF SDYLEFNDKTNALTYEFWKNKIKPQIKDPVKAELLVPEIAPHPFGAKRPALHONYYEVMNQTN
VSLVSTKETPIVGFTETGIRTADGVEHGEFDIIVLATGENNNTGALTSIDVONANGVTLRDKWSQGVDAYLGAVTAGEFPNAIFVYGPQS
PAAFANGSTNAELQGEVMVDFFEFLRSNGLTRFESTVEADKAWTAHINETDDTALENRAKSWYNGGNIPGKKMOMLQYLNGVPTYLQEFW
QKEKESGYTDGLTVS

>7
MVSYMSLPVTDTSAPPAGVRHIDTLIIGSGFAGLGAAIKLTQAGKTDFLVLERGSDVGGTWRDNTYPGAACDVPSHLYSYSFALNPEWT
RSEFSTQPEIQKYIQSVADKYKVRNKHLFGCDVQSAHWNESTTRWEVTTTKGNEFVAKVLVSAVGALCEPSLPDIKGIEGFEGEIFHSARW
NHDADLTGKRVAVIGTGASAIQIVPAIGKKVSHLDVYQRTAPWILPRADREYTKLEHTAFKYLPGFQKLCRTGIYWMRESQVVGLAKAP
VFMKPLQFAAERHLRRQIKDKALRKKVTPNFQIGCKRMLISNNYYPTLAQDNVDLVTDGIAEVTADSVVSKDGTVREVDAIVVATGFHV
TDSPTFEGIFGKDGRSLADVEFDEGGQOQOGYKGAAIANFPNMEFFLVGPNTGLGHTSMVFMIESQLNYLVDALQTLDKYDIGKIEVRQDAQD
RYNAELQEKLSHSVWNNGGCASWYLDKHGNNTTLWPGFTFQFRNETKRFDLTAYDSVATADLPAPVHVNGKTPGPAAIPAQIDLDDDKV
TAQ

>10
MTETIAAGLAVPSDRDAQLYNAIAESDPAPLLMALVHATGDTGLLDEFGARLTIEEPGNHYRTGIRPTAPPGIYPEDVAEDIRIRARETL
LTPDVVAELGVPDDELFVRMATVCTSQRVDAEFAPILLEQAGF TKNRRHVPVTVAPPADFDVIVIGAGIVGINAGIKLGEAGFRYTIIE
EREDVGGTWYRNTYPGAAVDTPSHYYSYSFELNPNWSKYYPTGPEYQONYLLDVVEKYRLREHIRFRTRVLSARWLDDEHRWEVVTEDGE
GSVVRHRARAVITAMGMLNAANIPEVDGLDSFAGRVVHTAEWDSDLDLSGKRVVVLGTGCTSVQVVANIVDQVEALDVVVRSPHWLVPE
KAVSGDVTEGEKWALANLPFYDRWFRLRSYWFASDNLYPLPRIDKEWAATHLSASPANDMVLRTAQEYLQTSFTDRPDLIAKLTPDERP
YAKRIVKDPGFFAALNREHVSLHRASFEKVIPEGVYTTEGAFIPADVIILATGFKLQFTTSIEIEGRDGRTLSEVWNGGDDPRAYLGVQ
VAGFPNLFITAGPNSAPNHGAGHNILSEEHVHYIVECLQYLLENGHDAMDVRODVLDTYNRKVDAALDDTVWVHPGAEVNGYYRNSSGR
AIVPCPWRLVDYWTMLREPNPDDLTFIGRRAEGRREASAR

>2
MNLPQHVHTLIVGAGFAGMGLAARILOTQPQADVLIIERGDDVGGTWRDNTYPGCACDVPTSLYSYSFAPSADWSHTFARQPETHRYLK
KVAADTGVRSRVVTDCELQEAHWDADEAVWTVRTSRGTVTADVVVAATGALSTPSVPDMPGLETFGGTTFHSATWNHDHDLTGERVAV I
GTGASAVQFVPEIAPVAEHLTVFQRTPAWVIPRLDRELSGSEKRLYRRLPLVQKAVRGTVYGFREALGGVLAHATGLLPVFEMVAKAHL
RRQVRDPELRRKLTPNFTIGCKRMLLSNDWLRTLDRPDVTLVDAGLAGVTPDGVVDALGNEHKVDTIIFATGFTPTEPPVAHALRGANG
RTLAEHWDGSPSAYKGTTVAGFPNLFLMYGPNTNLGHSSIVYMLESQSAYIADALNVMHHSEITAFEVTEEAQRRYNTRIQSELQTTVW
NKGGCSSWYYDSEGRNSVOWPTFTWKEFRSQLQORFDQENYVSRRRAAKETVA

>17
MTTGTTEPDVLVVGTGFAGLCMAIKLKEAGEENVVVLEKADRVGGTWRENTYPGCGCDVMSLMYSFSFAPNRKWTRMYARQPEILDYIE
RVVRDYDLAPHIRFGAEVISYEFDETTDRWRVETRSGSVYHPRIVVAGPGPLHKPSVPDLPGRKSF SGVAFHSAEWDHSVDLTGKRVAV
VGTGASAVQFVPEVAKTAAHVDVFQRTPHWILPKLDRPITAGEKAVFKAVPGVOKAYRGAIYWSHESLIAGFLHPRLMTVLESAARGLL
RRQVRDPELRATLTPDYIIGCKRILVSSNFYPALQRGNVDLVTSGISEVTERGIRTDDGTMHEADVIVYGTGFAAGDRFENEHIVGRRG
LTIQRAWRDGMEAYLGVAVAGFPNFFLMMGPNSGGGNQSIVFVIEAQAHYITRCLALMKKRDATRIEVRAGAQREFNRVVHRKLAGSVW
NSGGCDSWYLDSTGHNRAAWPGSSASYWRRMRTPDDRHFELSSLAEREDDTEYRGPGVLTSGDLTVAVEVFLNGHIEPLDGLYHWYGRV
VGDGVDAAKGRNRTPLFLTIGDGPEVPAALAERDPWGHFRIAGVGTPPFPLAPVEVEVPISRAKLASAE

>18
MKAAQQVQEAGAATDDRINPDRLTESEIRTAVARANVPSLLMVVFQTTGDEKWLAAPYRPTRGKGLGDHDSGGLEEPIQDEIREAAVKA
ILDLONGALPAVETPSPELTVRMISVCTGEEVGEEYGPMLSLELARRAAPDAPSLALEPVDAPEGYSVVVIGTGVAGIAAAQQLEDMGI
DYVILEKQPEAGGNWWONTYPGAGVDTPSHLYSEFSFAKNDWTTHFELRNELQAYFGAVLKDLGAGERVRYGTEVRSTRYDEAAAQWSVD
MINPDGSSSTLRADVVISAVGVLNRPKTPNVPGMDSFTGTSFHSAAWPDDLDLDGKRVAIVGTGASSMQIAPATADRVAHLSIYQRSPQ



WVAPFEKFRAPIPMELRRLMOTCPIYHSWYWIRLFWQFGDKVIESLRVDPEWEHPERSVNARNDAHREYFTRYITSQVGDRTDLLDKVM
PDYPPFGKRILLDNGWYSTLRKDNVDLVDRSVTAVRPEGLVDDQGAENDVDVIVWATGFEAARFVSSMDVVGMDGRTLREVWNDDDPKA
YLGVSVPGFPNFFMLGGPNSFPGSGSFMFFMEVOMRYIRGLLTEMFKKGIKAIDARPEANEEYNELVDSTHARTVWTHRGMSTYYRNSH
GRVVFVMPFLNVEYWOMTRRPDLENYTAR

>12
MVRSAIPVELPVDSVDHPPEVVDVLVVGAGFGGLGTAIRLKQAGIDDFVVLDRAEDIGGTWRVNTYPGAQCDIPSILYSFSFAPNPNWT
RLYPLQOQEIHDYLRSCAENFGIVPHLRMGHDVQDAAWDDDSQVWHVTTSRGTWEARILVGAMGPF SEPAVPNLPALESFRGAVEFHSAAW
DHEHDLAGERVAVIGTGASAVQIIPRIQPIVGSMTVEFQRTPTWILPHPDOPMTGWPRKLFARVPVAQRLARSGLDLVQEAMVPGEVYKP
ALLKGLAALGRAHLRRQVHDPELRTKLTPTYAFGCKRPTFSNSFYPALAQPNVDVITDGIREVRSNGIVTEDGVLHEVDTIVMGTGFRL
TDNPAFDVVRGRDGRTLAEAWNGNARAYLGTTISGFPNFFMLLGPNSVVYTSQVVTIEAQIAYILSCLQEMNAQGAASIDVRPEIQQAF
VDEVDERLQTSVWNTGGCNSYYLSGEGRNFTFYPGFNRRFRARTRRVDLHHYITISGAGASAKSIVRTAG

>6
MTHYDILIVGAGISGIGAAIRLKQSGIDNFAILEKGDALGGTWRDNTYPGCACDVPSALYSYSFAPNREWSRLFAGQDEIRRYIERTAA
EHGVPAHVKFGTEMQRAQWSEQSRRWTVDTSAGTF TANAVIAAAGPWNEPLVPTVPGLDTFTGEVFHSSRWNHTYDLTGKRVAVVGTGA
SAVQFVPAIQPTVESLHLYQRTAQWVLPKPDHTLPGVERAILRRVPGAIRALRRVEYAIMESLGLGFRHPWILRVIQQVGKAQLRAQVR
DPKLRKALTPDYTLGCKRLLLSNTYYPALTRPNVEVHANAVESVRGNVVVGSDGAEREVDAITIFGTGFHILDMPIGSKVFDGDGRSLDD
HWKGSPQAYLGTTVAGEFPNAFVLLGPALGTGHTSAFMILEAQLDYLIQAVTAARSNGWTRMEPRREVQDAFNAQVQEALATTVYNAGGC
QSYFLDVNGRNSFNWPWSTDRMRQRLGRFDEAAYDVSREPASATATSR

>5

MGGEVHRCRVLVIGTGFSGLGTAIQLRRRGRDDF ILLEKAREVGGTWRENTYPGCACDVPSHLYSFSFEPNPDWTRMWSGQEEIFDYLR
GLADKYDLRRNIHFGRTMTGGHWDAERRRWHVHTESGDEYVAQFVVSGIGALHIPNVPDLPGADTFDGTEFHSARWNHDYDLRGKKVAV
IGTGASAVQFVPEIVGDVAELHLYQRTPPWVIPGLNFGIPPEARRLFGRVPLARRMVRAAVYWTYESLALGFNGHSRLMRPIESMARKN
LNRTVADPELRRKLTPSYRIGCKRILGSDVYYPALISPKTVVITEGIAEVRPHSIVAGDGAERVVDAIIYATGFHVTDGFDNVELTGVG
GRRLADEWEEHGIRTHLGITVAGYPNAFFLEFGPNTGLGHNSVVEFMIESQIRYALELMDLVDRRGADSAAVRPAVQSGEFNADIQRKLARG
VWSTGGCVSWYLDSHGVNRTIWPGSTVRYWQRTRSVEPADFEFTPG

>19
MTATTTQHAAAPDGGGDERHLRVVVVGAGLSGIAAAVKLERAGITDFVVLEKSDRVGGVWRENTYPGCGVDIPAPVYSEFSFHPNPRWRS
NFALQPELLSYIEDTVDTFGLQSRISMOTDVREAAWSDERRRWILDTSRGTIVAQHVIFAAGPITEPSTPAVPGIDRFDGDVEHSARWN
HDVDLTGKRVAVVGTGASAVQFIPEIQPDVEELYVFQRTPAWVVPRLDFPFPRIAQWAFARVPAVORALRRLLDVILRTLTWVMRCERT
ARLLNPIGTRWLARQVPDPALRAALTPNFTLGCKRLLLSNTYLPALTKSNVELIPHALAEVDGRVVVGADGTRREVDVIIFGTGFDVSH
PPIASRIRGRDGTLLSEKWSKSPEAYLATTTPGAPNAYIMLGPNILVYNSFLGLAETQLDYVIDGLTTAERQGIEVLEVRDQPFRREND
AVQKGLEPTVEFNNGGCSSYYLDADGRNFAAWPWSTGSLRRRLAREFDLENYAIRPYRTEQSPALHPSGKSR

>16
MSHTETAAETTGAKTPVEHVDVLIIGAGLSGIGAAYHLODNFPRRTYAILESRESIGGTWDLFRYPGIRSDSDMYTLGYRFKPWSGEKS
IADGPSILEYVKDTAAEHGIDRNIRFRHKVVRAEWSTADSHWTVDAERTDTGETVRLTADFLMSCSGYYRYDEGYTPEFPGLDRFGGRV
VHPQOWPEDLDYEGKRVVIIGSGATAVTLAPSMAADAAHVTMLORSPTYITISMPAKDKLANKLRRHLPAKLAYGLTRLKNASVATAIYQ
LCORYPEFMKGRIRQLOQEKWLPKGYDIDTHEF TPRYNPWDQRLCLVPNGDLFRAIRNDEVSIVIDHIDTFTETGITLKSGEELHADVVVT
ATGLNLLAFGGMTLAVDGHDIDLTETMAYKGMMLSGVPNFAFVIGYTNASWTLKADLVCEYVCRLLAHMDANGF TQCAPERDSSVEEEP
FLDFAAGYVLRSVESFPKQGSKAPWRLRMNYFRDLVALRHGKILDDAMTFEF SRP

>13
MKHITTSHDSDQETPVTITTIPEVETMDEFDVLIIGAGISGIGAAYHLKTRRPDTTFAILEGKDAIGGTWTQFRYPGIRSDSDMPTEGEG
FKPWTHKKAIADAHIILDYLQETVTENHIDEHIRFGYRVSSAEFSSSAGRWIVTAQRSGSDETVQITARFLFSGTGYYNHEAGFTPEFD
GIEDFTGQVVHPQHWPEELDYSGKKVVVIGSGATAATLIPAMAGTAAHITMLQRSPSYVLSLPAEDATIANTLNKLIGPKRAYPIIRRKN
IMMHRGIFKACRRSPKLMRKLLIANARRQLPKNFDVDTHE TPRYNPWDQRLCMVPNGDLFKAISTGHASVVTDRIERFTATGIRLESGQ
ELEADIVVTATGLNMLAFGAIQLSVDGEPVNPPDTTVYKSMMLSGLPNFVFALGYTNISWTLKVDLISEHFCRLLDHMDERGYTTVEPV
LTDPGMERVPLLDLTSGYVQRAVAAFPRAGTSGPWTAAMAYEKDVERLREGPIEDADLRFTANQPALLAS

>3

MNTTLLEELDVLVIGGGEFSGVYQLDRLRTLGYNVKIYEAGTGLGGVWHWNSYPGARVDTWAPVYQF SREELWRDWNWSEMYPGRDELVR
YFEYVDEKLDLSKDVRYETRVLAGRFDEETHRWTLVSRNERTGEEFTTQAQFVIMCLGAGSKPLFPNIPGLEKFGGDCFHTARWPLEGY
DLAGKRVAVIGTGASGVQVIQEASKVADHLTVFQRTPNTALPMNQRALGEADNAEMKKTYPERFANRKNTWAGEDYDFLKENIQDLTEE
RRNEILEELWINGGLQPWLGGFLNVLEFDKDDNDILYAFWRDKTRQRITRPELVELLAPTEPTHPWGVKRVSLEQNYFESLCRDNVELVD
TSANPIREVASDAIITADGTRHEVDVIVLATGFDSVTGGLTAIDIRGTGNETFEEVFRGGSRTALGKATVGFPNLLYVYGPQSPNAFCN
GPTCAELEGEHLIQIVEHMRNNGYTRIEAKPEAQQYWGAHIAELTSATLFPLAKSWYMGANVPGKTVEMLMYPGGLSVYLEILEKAAAG
GYQEQFELV

>21
MSTTASAPTETSATESLELDALIIGAGVAGLYQLHQLREQGLRVRAYDTAGDVGGTWYWNRYPGARFDSEAYIYQYLFSEELYKNWSWS
ORFPGOPEIERWMHYVADTLDLRRDIQLSTMITSAHYDERADKWIVRTDRGETITTRFLVTCSGMLSAPMSYVFEGQEEFSGPIFHTSR
WPKEGADLDGKRVAVIGVGATGIQVIQTVADKVEHLKVFIRTPQYALPMKNPTFDESDVAAYKSRFAELKETLPNTEF SGFEYDFEHVWA
DLTPEQRNDVLEEIYENGSLKLWLASFGEMFYDEEISEEISEFVRRKMRARLQDPHLCDLLIPTDYGFGTHRVPLETNYLETYHRPNVE
AIGVRDNPITRIVPQGLVLADGTLHEVDVIVMATGFDAGTGSLTRIDIRGRGGRALKDDWNRDIRTTMGLMVHGYPNMLTTGAPLAPSA
ALCNMTTCLQQQTEWIAECIRYMRAHDHTVIEPTLAGEDEWVAHHDETANATLVSKTDSWYNGANVPGKPRRVLSYIGGVGTYREKTLA
AAAAGYKGFQLS

>23
MSTTASAPTETSATESLELDALIIGAGVAGLYQLHQLREQGLRVRAYDTAGDVGGTWYWNRYPGARFDSEAYIYQYLFSEELYKNWSWS
ORFPGOPEIERWMHYVADTLDLRRDIQLSTMITSAHYDERADKWIVRTDRGETITTRFLVTCSGMLSAPMSYVFEGQEEFSGPIFHTSR
WPKEGADLDGKRVAVIGVGATGIQVIQTVADKVEHLKVFIRTPQYALPMKNPTFDESDVAAYKSRFAELKETLPNTEF SGFEYDFEHVWA
DLTPEQRNDVLEEIYENGSLKLWLASFGEMFYDEEISEEISEFVRRKMRARLQDPHLCDLLIPTDYGFGTHRVPLETNYLETYHRPNVE
AIGVRDNPITRIVPQGLVLADGTLHEVDVIVMATGFDAGTGSLTRIDIRGRGGRALKDDWNRDIRTTMGLMVHGYPNMLTTGAPLAPSA
ALCNMTTCLOQQQTEWIAECIRYMRAHDHTVIEPTRAGEDEWVAHHDETANATLVSKTDSWYNGANVPGKPRRVLSYIGGVGTYREKTLA
AAAAGYKGFQLS

>8



MITEIRKRAREVLTNDLTAVLGVPDPELFRRMASLRTAGTVAEEFVPILLEQAGFQIGQRRVPVTKKPPADLGVIVIGAGMIGLNAATIK
LGEAGFGYRVFESRDDIGGTWSRNVYPGAAVDTPSHYYSYSFELNPDWSRYYPTGPEYLDYMHAVAEKYDLYKNIELSTAVVTAEWDEA
AQKWTVVTRRTDGSTPRHRASAAITGEFGFLNSPNKTDIPGLDTFEGTVVHTAEWDPSLDLTGKRVVVVGTGCTAVQIVASIVDDVATVD
ATVRSPHWIVPEKLWSTRYRPGRSGQCGTCRTSRIGSGSEPTGLPQNNLYMMPRIDPEWAATHLSVSPVNDLVMQTSLQYLEQTLPDRP
DLREKLTPSIRPYAKRIVKDPGFLEALERDHVSLHRASPKHVHPGGVSLSSGEFVEADVIVLATGFKVEYASFIDITGRNGKKLADKWD
HGQDPRAYLGIQVSGFPNLFVTAGPNAAPNHGAGHNITSEERVHYIVECLQYLVENDF SAMDVKPEALTVYNEKVDEALDQTVWAHPGE
GVTGYYRNQQG

Type II BVMO

>PAMO
MAGQTTVDSRRQPPEEVDVLVVGAGFSGLYALYRLRELGRSVHVIETAGDVGGVWYWNRYPGARCDIESIEYCYSFSEEVLQEWNWTER
YASQPEILRYINFVADKFDLRSGITFHTTVTAAAFDEATNTWTVDTNHGDRIRARYLIMASGQLSVPQLPNFPGLKDFAGNLYHTGNWP
HEPVDFSGQRVGVIGTGSSGIQVSPQIAKQAAELFVFQRTPHFAVPARNAPLDPEFLADLKKRYAEFREESRNTPGGTHRYQGPKSALE
VSDEELVETLERYWQEGGPDILAAYRDILRDRDANERVAEF IRNKIRNTVRDPEVAERLVPKGYPFGTKRLILEIDYYEMFNRDNVHLV
DTLSAPIETITPRGVRTSEREYELDSLVLATGFDALTGALFKIDIRGVGNVALKEKWAAGPRTYLGLSTAGFPNLFFIAGPGSPSALSN
MLVSIEQHVEWVTDHIAYMFKNGLTRSEAVLEKEDEWVEHVNEIADETLYPMTASWYTGANVPGKPRVFMLYVGGFHRYRQICDEVAAK
GYEGFVLT

>CPMO
MTTMTTMTTEQLGMNNSVNDKLDVLLIGAGFTGLYQLYHLRKLGYKVHLVDAGADIGGIWHWNCYPGARVDTHCQIYQYSIPELWQEFEFN
WKELFPNWAQMREYFHFADKKLDLSKDISENTRVQSAVFDEGTREWTVRSIGHQPIQARFVIANLGFGASPSTPNVDGIETFKGQWYHT
ALWPQEGVNMAGKRVAIIGTGSSGVQVAQEAALDAKQVIVYQRTPNLALPMHQKQLSAEDNLRMKPELPAAFERRGKCFAGFDFDFIAK
NATELSAAERTEILEELWNAGGFRYWLANFQDYLEFDDKANDYVYEFWRDKVRARIKDPKVAEKLAPMKKPHPYGAKRPSLEQWYYEIFN
ONNVTLVDVNETPVLRITEKGIVTAEGEAEFDLIVFATGFDAVTGGLTSIDFRNNQGQSFKDVWSDGIRTQLGVATAGFPNLLEGYGPQ
SPAGFCNGPSSAEYQGDLLIQLMNYLRDNNISRIEAQSEAQEEWSKLIADFWDSSLEFPRAKSWYQGSNIPGKKVESLNFPLGLPTYISK
FNESAEKGYAGFSLAS

>HAPMO
MSAFNTTLPSLDYDDDTLREHLQGADIPTLLLTVAHLTGDLQILKPNWKPSIAMGVARSGMDLETEAQVREFCLQRLIDFRDSGQPAPG
RPTSDQLHILGTWLMGPVIEPYLPLIAEEAVTAEEDLRAPRWHKDHVASGRDFKVVIIGAGESGMIAALRFKQAGVPEFVIYEKGNDVGG
TWRENTYPGCRVDINSFWYSFSFARGIWDDCFAPAPQVFAYMQAVAREHGLYEHIRFNTEVSDAHWDESTQRWQLLYRDSEGQTQVDSN
VVVFAVGQLNRPMIPAIPGIETFKGPMFHSAQWDHDVDWSGKRVGVIGTGASATQF IPQLAQTAAELKVFARTTNWLLPTPDLHEKISD
SCKWLLAHVPHYSLWYRVAMAMPQOSVGFLEDVMVDVGYPPTELAVSARNDRLRQDISAWMEPQFADRPDLREVLIPDSPVGGKRIVRDN
GTWISTLKRDNVSMIRQPIEVITPKGICCVDGTEHEFDLIVYGTGFHASKFLMPINVTGRDGVALHDVWKGDDARAYLGMTVPQFPNMEF
CMYGPNTGLVVYSTVIQFSEMTASYIVDAVRLLLEGGHQSMEVKTPVFESYNQRVDEGNALRAWGF SKVNSWYKNSKGRVTQONEFPFTAV
EFWQRTHSVEPTDYQLG

>CHMO
MSQKMDFDAIVIGGGFGGLYAVKKLRDELELKVQAFDKATDVAGTWYWNRYPGALTDTETHLYCYSWDKELLQSLEIKKKYVQGPDVRK
YLOQOVAEKHDLKKSYQFNTAVQSAHYNEADALWEVTTEYGDKYTARFLITALGLLSAPNLPNIKGINQFKGELHHTSRWPDDVSFEGKR
VGVIGTGSTGVQVITAVAPLAKHLTVFQRSAQYSVPIGNDPLSEEDVKKIKDNYDKIWDGVWNSALAFGLNESTVPAMSVSAEERKAVE
EKAWQTGGGFRFMFETFGDIATNMEANIEAQNFIKGKIAEIVKDPAIAQKLMPODLYAKRPLCDSGYYNTFNRDNVRLEDVKANPIVET
TENGVKLENGDFVELDMLICATGEFDAVDGNYVRMDIQGKNGLAMKDYWKEGPSSYMGVTVNNYPNMFMVLGPNGPFTNLPPSIESQVEW
ISDTIQYTVENNVESIEATKEAEEQWTQTCANIAEMTLFPKAQSWIFGANIPGKKNTVYFYLGGLKEYRSALANCKNHAYEGEFDIQLQOR
SDIKQPANA

>EtaA
MTEHLDVVIVGAGISGVSAAWHLQDRCPTKSYAILEKRESMGGTWDLFRYPGIRSDSDMYTLGFRFRPWTGRQAIADGKPILEYVKSTA
AMYGIDRHIRFHHKVISADWSTAENRWIVHIQSHGTLSALTCEFLFLCSGYYNYDEGYSPRFAGSEDFVGPITIHPQHWPEDLDYDAKNI
VVIGSGATAVTLVPALADSGAKHVTMLQRSPTYIVSQPDRDGIAEKLNRWLPETMAYTAVRWKNVLRQAAVY SACQKWPRRMRKMFLSL
IQRQLPEGYDVRKHFGPHYNPWDQRLCLVPNGDLFRAIRHGKVEVVIDTIERFTATGIRLNSGRELPADIIITATGLNLQLFGGATATI
DGQQVDITTTMAYKGMMLSGIPNMAYTVGYTNASWTLKADLVSEFVCRLLNYMDDNGEFDTVVVERPGSDVEERPFMEFTPGYVLRSLDE
LPKQGSRTPWRLNQNYLRDIRLIRRGKIDDEGLRFAKRPAPVGV

>CPDMO
MSQLIQEPAEAGVTSQKVSFDHVALREKYRQERDKRLRQDGQEQYLEVAVTCDEYLKDPYADPIVRDPVVRETDVFE IIGGGFGGLLAAV
RLQQAGVSDYVMVERAGDYGGTWYWNRYPGAQCDIESYVYMPLLEEMGYIPTEKYAFGTEILEYSRSIGRKFGLYERTYFQTEVKDLSW
DDEAARWRITTDRGDKF SARFVCMSTGPLQRPKLPGIPGITSFKGHSFHTSRWDYSYTGGDQTGNLEGLKDKRVAIIGTGATSIQAVPH
LAAYAQELYVIQRTPISVGFRGNKPTDPEWAKSLQPGWQQARMDNENAITHGMPVDVDLVQODSWTIKIFGEIGVFLGSDGSRAQMVDFEQL
MEQIRARVDQEVKDPATAESLKPYYNIMCKRPGFHDSYLPSENKPNVTLVDTQGAGVERITEKGLVVNGREYEVDCLIYATGFEYQTKL
SRRNGYEIHGRNGQPLSDKWKDGLSTLWGYHIRDEFPNCFILGNGQSAVTPNF THMLNEAGKHVAYVVKHCLDERVDVFEPTAEAEQAWV
DHVMSFAGIKQQYDRECTPSYYNNEGQVNDVALTRNNFYPGGAVAFINILREWREKGDFAQFQQRKR

>STMO
MNGQHPRSVVTAPDATTGTTSYDVVVVGAGIAGLYATHRFRSQGLTVRAFEAASGVGGVWYWNRYPGARCDVESIDYSYSFSPELEQEW
NWSEKYATQPEILAYLEHVADREDLRRDIRFDTRVTSAVLDEEGLRWIVRTDRGDEVSARFLVVAAGPLSNANTPAFDGLDRFTGDIVH
TARWPHDGVDFTGKRVGVIGTGSSGIQSIPITAEQAEQLFVFQRSANYSIPAGNVPLDDATRAEQKANYAERRRLSRESGGGSPHRPHP
KSALEVSEEERRAVYEERWKLGGVLEF SKAFPDQLTDPAANDTARAFWEEKIRAVVDDPAVAELLTPKDHAIGAKRIVTDSGYYETYNRD
NVELVDLRSTPIVGMDETGIVITGAHYDLDMIVLATGFDAMTGSLDKLEIVGRGGRTLKETWAAGPRTYLGLGIDGFPNFENLTGPGSP
SVLANMVLHSELHVDWVADAIAYLDARGAAGIEGTPEAVADWVEECRNRAEASLLNSANSWYLGANIPGRPRVFMPFLGGFGVYREIIT
EVAESGYKGFAILEG

>ACMO



MSTTTLDAAVIGTGVAGLYELHMLREQGLEVRAYDKASGVGGTWYWNRYPGARFDSEAYIYQYLFDEDLYKGWSWSQRFPGQEETERWL
NYVADSLDLRRDISLETEITSAVFDEDRNRWTLTTADGDTIDAQFLITCCGMLSAPMKDLFPGQSDFGGQLVHTARWPKEGIDFAGKRV
GVIGNGATGIQVIQSIAADVDELKVFIRTPQYALPMKNPSYGPDEVAWYKSRFGELKDTLPHTFTGFEYDFTDAWEDLTPEQRRARLED
DYENGSLKLWLASFAEIFSDEQVSEEVSEFVREKMRARLVDPELCDLLIPSDYGFGTHRVPLETNYLEVYHRDNVTAVLVRDNPITRIR
ENGIELADGTVHELDVIIMATGFDAGTGALTRIDIRGRDGRTLADDWSRDIRTTMGLMVHGYPNMLTTAVPLAPSAALCNMTTCLQQQT
EWISEAIRHLRATGKTIVIEPTAEGEEAWVAHHDELADANLISKTNSWYVGSNVPGKPRRVLSYVGGVGAYRDATLEAAAAGYKGFALS
>CDMO

MTTSIDREALRRKYAEERDKRIRPDGNDQYIRLDHVDGWSHDPYMPITPREPKLDHVTFAFIGGGEF SGLVTAARLRESGVESVRIIDKA
GDFGGVWYWNRYPGAMCDTAAMVYMPLLEETGYMPTEKYAHGPEILEHCQRIGKHYDLYDDALFHTEVTIDLVWQEHDQRWRISTNRGDH
FTAQFVGMGTGPLHVAQLPGIPGIESFRGKSFHTSRWDYDYTGGDALGAPMDKLADKRVAVIGTGATAVQCVPELAKYCRELYVVQRTP
SAVDERGNHPIDEKWFAQIATPGWQKRWLDSFTAIWDGVLTDPSELATIEHEDLVODGWTALGOQRMRAAVGSVPIEQYSPENVQRALEEA
DDEQMERIRARVDEIVTDPATAAQLKAWFROMCKRPCFHDDYLPAFNRPNTHLVDTGGKGVERITENGVVVAGVEYEVDCIVYASGFEF
LGTGYTDRAGFDPTGRDGVKLSEHWAQGTRTLHGMHTYGFPNLFVLQLMQGAALGSNIPHNFVEAARVVAAIVDHVLSTGTSSVETTKE
AEQAWVQLLLDHGRPLGNPECTPGYYNNEGKPAELKDRLNVGYPAGSAAFFRMMDHWLAAGSFDGLTFEFR

>MEKMO
MSAQSKLAAGSCAYGNVTSLDAMVIGAGVAGLYQLYRLREMGLTVRAYDTASGVGGTWYWNRYPGARFDSQAEIYQYWEFSEELYKSWQP
TERFPAQPETEEWLNEFVANRLNLKKDIQFNTRIASAHFCEDSGRWVVTTAAGETINTQYLISCCGMLSAPLSDRFPGQADFQGQIYHTG
LWPKDPVDEFNGKRVAVVGTGATGIQVIQTIAPTVGSMTIVFVRTPQYVIPMRNPKYSKADWEKWGTQFHQLKKRVRETFAGFDYDFDAGP
WAEKTPDERQAVLEQLWKDGSLAMWLASFPEMFFDEQVNEVVSQFVRIKMRERLRSRPDLCDLLIPTDYGFGTHRVPLENNYLEVYLQS
NVKAVDCKQSPIERIVPQGIQTADGKIHEVDIIVLAVGFDAGSGALSRIDIRGRDSRSLKEQWQQETIRTAMGLQIHGYPNLFTTGAPLA
PSAALCNMTTCLQQQVDWITGCIEFAAEHGKHVVEASKALEDNWVQHHDETAAKTLVVKTDSWYMGSNVDGKPRRLLSYIGGAGDYHRR
CAEIAAQGYPGFEMA

Type I FMO

>FMOlAra
MASNYDKLTSSRVAIIGAGVSGLAAAKNLVHHNPTVFEASDSVGGVWRSCTYETTKLQSARVDYEFSDEFPWPNNRDDTTFPPYLEILDY
LESYAKHFDLLKFMKEFGSKVIEVRFIGDGETPOMVDLGAYGNLLPGKPVWEVAVQIGDSGDIQWHAFEFVVVCTGKYGDVPRIPAFPAK
KGPEMFQGKVMHSMDYCKLEKEEASTLLSGKKVAVIGFKKSAIDLALESALANQGEGGKACTMVVRTTHWGIPHYWVWGLPFFLEFYSSR
ASQFLHDRPNQSFLRTLEFCLLFSLLRAVVSKFIESYVLWKLPLEKYGLKPNHSFEEDYASCQMAIIPENFFEEADKGMIREFKKS SKWWE
YEEGIVFEDGTTLEADVVILATGYDGKKKLKAIVPEPFRTWLEFPSGVMPLYRGTIHPLIPNMGEFVGYVQSSSNLHTSELRSMWLSRLV
DEKFRLPSKEKMLDQFLKEMEVTRNSSREFYKRHCISTEFSIQHADDMCNDMGLNPWRKSNFLLEAF SPYGSQDYRLGQEEKEDMTA
>FMOldog
MAKRVAIVGAGVSGLASIKCCLEEGLEPTCFERSDDLGGLWRFTEHVEEGRASLYKSVVSNSCKEMSCYSDFPFPEDYPNYVPNSQFLE
YLKMYANRFSLLKCIRFKTKVCKVTIKCPDFTVIGOQWEVVTQHEGKQESAIFDAVMVCTGFLTNPHLPLDCFPGINTFKGQYFHSRQYKH
PDIFKDKRVLVIGMGNSGTDIAVETSRLAKKVFLSTTGGAWVMSRVEDSGYPWDMVEMTREFQNMERNSLPTPIVTWLMARKMNSWENHA
NYGLVPEDRTQLREPVLNDELPGCIITGKVLIKPSIKEVKENSVVENNTPKEEPIDIIVFATGYTFAFPFLDETVVKVENGQASLYKYT
FPVHLPKPTLAVIGLIKPLGSMIPTGETQARWAVRVLKGINKLPPQSAMTEEVNARKENKPSGFGLCYCKALQSDYITYIDELLTNINA
KPNLFSLLLTDPRLALTIFFGPCTPYQFRLTGPGKWKGARNAILTQWDRTFKVTKTRIVQESPTPFASLLKLLSLLALLMAIFLIFL
>FMOlhum
MAKRVAIVGAGVSGLASIKCCLEEGLEPTCFERSDDLGGLWRFTEHVEEGRASLYKSVVSNSCKEMSCYSDFPFPEDYPNYVPNSQFLE
YLKMYANHFDLLKHIQFKTKVCSVTKCSDSAVSGOQWEVVTMHEEKQESAIFDAVMVCTGFLTNPYLPLDSFPGINAFKGQYFHSRQYKH
PDIFKDKRVLVIGMGNSGTDIAVEASHLAEKVFLSTTGGGWVISRIFDSGYPWDMVEFMTREQNMLRNSLPTPIVTWLMERKINNWLNHA
NYGLIPEDRTQLKEFVLNDELPGRIITGKVFIRPSIKEVKENSVIFNNTSKEEPIDIIVFATGYTFAFPFLDESVVKVEDGQASLYKYT
FPAHLQKPTLAIIGLIKPLGSMIPTGETQARWAVRVLKGVNKLPPPSVMIEEINARKENKPSWEFGLCYCKALQSDYITYIDELLTYINA
KPNLFSMLLTDPHLALTVFFGPCSPYQFRLTGPGKWEGARNAIMTQWDRTFKVIKARVVQESPSPFESFLKVFSFLALLVAIFLIFL
>FMO2Ara
MAYNYNMHTSSRVAIIGAGVSGLAAAKHLARHHPQVFEASDSIGGVWRKCTYETTKLQSVRVSYELSDFLWPNRGESSFPTYVDVLDYL
EAYAKHEFNLVKFEF IKFNSKVVELREF IGDGKTLOMGDLGAYGNLLPGKPVWEVAVNTGDGDIQWHAFEYVVVCAGKYGDVPRTPTFPVKKG
PEIFKGKVLHSMDYSKLQKEKASQLLHGKKVAVIGFKKSAIDLALESALANQGKEGKTCTMVVRTPHWVIPHYWRATVSKFIESYVLWK
LPLEKYGLKPDHAFEEDYASCOMALVPEKFFEEADKGMIRFKRTTNWWEYDEGIEFEDGTTLEADVVILATGYDGMKKLKAIVPEPFRS
WLEFPWGIMPLYRGTIHPLIPNMGEFIGYVQSSSNLKSSELHSRWLSQLLDGKFTLPSKEKMLDQFLKEMHVMRRSSREFKNHCESTE ST
QHADDLSKDMNLKP

>FMO2hum
MAKKVAVIGAGVSGLISLKCCVDEGLEPTCFERTEDIGGVWREFKENVEDGRASIYQSVVINTSKEMSCE SDFPMPEDFPNEFLHNSKLLE
YFRIFAKKFDLLKYIQFQTTVLSVRKCPDFSSSGOQWKVVTQSNGKEQSAVEFDAVMVCSGHHILPHIPLKSFPGMERFKGQYFHSRQYKH
PDGFEGKRILVIGMGNSGSDIAVELSKNAAQVFISTRHGTWVMSRISEDGYPWDSVFHTRFRSMLRNVLPRTAVKWMIEQQOMNRWENHE
NYGLEPQNKYIMKEPVLNDDVPSRLLCGAIKVKSTVKELTETSAIFEDGTVEENIDVIIFATGYSFSFPFLEDSLVKVENNMVSLYKY T
FPAHLDKSTLACIGLIQPLGSIFPTAELQARWVTRVFKGLCSLPSERTMMMDIIKRNEKRIDLFGESQSQTLOQTNYVDYLDELALEIGA
KPDFCSLLFKDPKLAVRLYFGPCNSY

>FMO3hum
MGKKVAIIGAGVSGLASIRSCLEEGLEPTCFEKSNDIGGLWKESDHAEEGRASIYKSVEFSNSSKEMMCEFPDFPFPDDFPNEFMHNSKIQE
YITAFAKEKNLLKYIQFKTEFVSSVNKHPDFATTGQWDVTTERDGKKESAVEFDAVMVCSGHHVYPNLPKESFPGLNHFKGKCFHSRDYKE
PGVEFNGKRVLVVGLGNSGCDIATELSRTAEQVMISSRSGSWVMSRVWDNGYPWDMLLVTREGTFLKNNLPTATISDWLYVKQMNARFKHE
NYGLMPLNGVLRKEPVEFNDELPASILCGIVSVKPNVKEFTETSAIFEDGTIFEGIDCVIFATGYSFAYPFLDESIIKSRNNEITILEFKGV
FPPLLEKSTIAVIGFVQSLGAAIPTVDLOSRWAAQVIKGTCTLPSMEDMMNDINEKMEKKRKWEGKSETIQTDYIVYMDELSSEIGAKP
NIPWLFLTDPKLAMEVYFGPCSPYQFRLVGPGOQWPGARNAILTQWDRSLKPMQTRVVGRLOKPCFFFHWLKLFAIPILLIAVFLVLT
>FMO4hum
MAKKVAVIGAGVSGLSSIKCCVDEDLEPTCFERSDDIGGLWKEFTESSKDGMTRVYKSLVTINVCKEMSCYSDFPFHEDYPNEFMNHEKEWD
YLQEFAEHFDLLKYIQFKTTVCSITKRPDFSETGOQWDVVTETEGKQNRAVFDAVMVCTGHFLNPHLPLEAFPGIHKFKGQILHSQEYKT
PEGFQGKRVLVIGLGNTGGDIAVELSRTAAQVLLSTRTGTWVLGRSSDWGYPYNMMVTRRCCSFIAQVLPSRFLNWIQERKLNKRENHE



DYGLSITKGKKAKFIVNDELPNCILCGAITMKTISVIEFTETSAVFEDGTVEENIDVVIFTTGYTFSFPFFEEPLKSLCTKKIFLYKQVE
PLNLERATLAIIGLIGLKGSILSGTELQARWVTRVFKGLCKIPPSQKLMMEATEKEQLIKRGVFKDTSKDKFDYIAYMDDIAACIGTKP
SIPLLFLKDPRLAWEVFFGPCTPYQYRLMGPGKWDGARNAILTQWDRTLKPLKTRIVPDSSKPASMSHYLKAWGAPVLLASLLLICKSS
LFLKLVRDKLQDRMSPYLVSLWRG

>FMO5hum
MTKKRIAVIGGGVSGLSSIKCCVEEGLEPVCFERTDDIGGLWREFQENPEEGRASIYKSVIINTSKEMMCE SDYPIPDHYPNEFMHNAQVL
EYFRMYAKEFDLLKYIRFKTTVCSVKKQPDFATSGQWEVVTESEGKKEMNVFDGVMVCTGHHTNAHLPLESFPGIEKFKGQYFHSRDYK
NPEGFTGKRVIIIGIGNSGGDLAVEISQTAKQVFLSTRRGAWILNRVGDYGYPADVLFSSRLTHF IWKICGQSLANKYLEKKINQREDH
EMFGLKPKHRALSQHPTLNDDLPNRIISGLVKVKGNVKEFTETAAIFEDGSREDDIDAVIFATGYSFDFPFLEDSVKVVKNKISLYKKV
FPPNLERPTLAIIGLIQPLGAIMPISELQGRWATQVFKGLKTLPSQSEMMAEISKAQEEIDKRYVESQRHTIQGDYIDTMEELADLVGY
RPNLLSLAFTDPKLALHLLLGPCTPIHYRVQGPGKWDGARKAILTTDDRIRKPLMTRVVERSSSMTSTMT IGKFMLALAFFAIIIAYF
>FMO1Dro
MMSVCIIGAGTAGLCCARHSIANGFETTVFELSDRIGGTWVYNEATGAVNGIDVHSSMYKNLRTNLPKEVMGFPDFEIGANEASYVRSD
EICDFLNQYANHFDLKKHIKEFDSYVIRVLORKTKWQVLEFKDLVTINKIEFQYFDKVLVANGHYHTPNYSQIPNMERFKGQFLHSHDEFRSR
EVFEGKSVLVIGAGPSGMDLSNIISRTADRVTISHHLTDIGQHSFFENVQQKPDVRELDEKGAFFVDGSYQEFDTVFFCTGYKYAFPFL
TVDSGIYVEDNYVQELYKQCINIRNPSMALIGLPFYVCAAQMMDIQAREF IMSYYNGSNELPSTEDMLKDTRDRMGKLWAEGLRKRHAHM
LGPKQIDYFTDLSQTAGVKNIKPVMTKLHNESSKCEFNENLLHFREDNFAILDDETF IKLN

>FMO2Dro
MIKTSVDKRRVCVIGAGTAGLCALKNSLEAGLDAVAYERGTEIGGTWIFSEEMPKDEYDEVHSSMYEGLRTNLPKEVMGYPDYSYPDDI
TESFITSNQVLEFLRSYAEHFKLKAHIKLQHEVIRVRPRLDDWEVYVWDHSTDTCDPVYYDEFVYVCNGHYTEPDLPEVEGLDLFEGNKM
HSHLYRKADKFKDARVLIIGAGPSGMDITNHVRLAAKQVFLSHHLSTTPNTAFMGNVTQKPDVKREFTKDGAVEFTDGSTESFDHVMECTG
YKYTFPCLSTDVGVQVIDNEFVQPLWKHCININHPTMAFVGLPEFNVIPTHIFDMOQVRFTLKFFTGOQRKFPSREQMIADLEQEIGERWGCG
VRNQKKAHQMGERQFVYYNELASIAGIENIKPVIHKLMKDCGKKYIFELDTYRSNKYTILDDENFLKNGEAIV

>FMOMeth

MATRIAILGAGPSGMAQLRAFQSAQEKGAEIPELVCFEKQADWGGQWNY TWRTGLDENGEPVHSSMYRYLWSNGPKECLEFADYTFDEH
FGKPIASYPPREVLWDYIKGRVEKAGVRKYIRFNTAVRHVEFNEDSQTFTVIVQODHTTDTIYSEEFDYVVCCTGHF STPYVPEFEGFEK
FGGRILHAHDFRDALEFKDKTVLLVGSSYSAEDIGSQCYKYGAKKLISCYRTAPMGYKWPENWDERPNLVRVDTENAYFADGSSEKVDA
IILCTGYIHHFPFLNDDLRLVINNRLWPLNLYKGVVWEDNPKFFYIGMQODQWYSFNMFDAQAWYARDVIMGRLPLPSKEEMKADSMAWR
EKELTLVTAEEMYTYQGDYIQNLIDMTDYPSFDIPATNKTFLEWKHHKKENIMTFRDHSYRSLMTGTMAPKHHTPWIDALDDSLEAYLS
DKSEIPVAKEA

>FMOTyr
MGYRTYAILLCFFNWLHGGDTFPQETTTPVMLDCERVTIRLEAPAPLKAVLLPQASLTPRVCIIGAGYSGLATARHMIDYGLNLTVFEA
SSYIGGTWKYTPRVGTDENGAPLFTSAYKNLRTNSFYQTMEFPDYPFPQGSSSYLSGPCIYKYLQGYTKQFNLEKHIKFQSLVTSVERV
GDMWNVTYMKTDTKENVSEECGFVVVANGEYIAPHIPYFAKQEDFQGKMPHSHDYRDSEDYRGLRVLVVGAGPSAFDLATHLINVTSME
IHSHHLDAKLPEVYGNYKRKPDIKHFTPTGAVFVDGSTEEFDVAILCTGYKYSFPFLNYKSSGVAWTDKYVMPLYNQLININYPTMTEV
GTGKYSIGLVRDRQGHYSAQLAAGLVKLPSQDEMFKQWEDYTKHQTAKEINLIGYSNTESYMETLLNGTDIPRPPPVETTILRNHIDIW
YTEFLTFRNYQINLLSDTEYEMIYKPQKKVCPLDVQV

>FMOFish
MVRTVAVIGAGPSGLTSIKSCLDEGLEPTCFESSDDIGGLWKFKEVSEPNRASIYRSLTINISKEMMCE SDFPIPADYPNYMHHSRILQ
YFRLYAEHFKLLQHIHFQTSVRSVRQRPDF SHSGQWEVVTENREGQEERHMFDSVIVCSGHYSYPHLPLKDFSGIESFEGKYFHSWDYK
GPEDLRGKRVVVIGIGNSGGDIAVESSRVAEQVYLSTRRGAWVIRVMSDNGLPVDMKYNTRFVHILFQLLPVNWLSWFGEKKLNAMYDH
TMYALKPKHRLFSTIPVINDELPNKILTGGVMVKPNVQQIRGSSVVFEDGSVVDKVDVIVFATGYNYDFPFLPPNVMHKSGHRLGLYKH
VFPPTLEHPTMAVVGF IHALGAIMPQAEMQSRWVTRVFKGHKKLPSNRAMLKAVECDTKDMDKNY IVSKLVPLQVDFVSYMDDIAGEVG
VRPSLAWLFFTDYPLFKRVLWGPVTAYQYRITGPGKWSGARRAIFTQFERMFQPFKTRQVEEKQGCSVAGRLLKLSLTAMVGGAAAYYF
HLQPPSSLTYLLSKLTPQRV

NMO

>NRho_Orn
MSESPETVGTDLPVRDVVGVGFGPANLALAIAIEEHNAECPPRERISAQFFEKQDRFGWHPGMLLDGATMQIAFPKDLVTFRNPRSAFT
FENYLFDQGRLVDFVNHQTFFPTRHEFHDYLQWAARRVDADVRYGTAVETVRGIRGDDGVIDRFEVRTADGSTVIARNVVMGAGLRERT
PEWANPSARCFHNHQFLFRLGEMPAPVHHRFVVLGAGQSAAEIVQYLHGNYPEAEVHSVFSRYGYSPADDSPYANRIFDPEAVDDLHGA
PEAERLRLLDVHRSTNYSVVDIELINELYATEYQERVRGRRRLFMRRASEITAVDETSDGIEVAVRSGVDGLTDTLACDALILATGETP
APLEPLLGDLAPKIHPPREVGRDYRLAVSPDVTAGIYLQGGTEKTHGITSSLLSNVAVRAGEIVTSVVTRRGRNGTLASVNAQDTYATS
EAR

>PVDA_Orn
MTQATATAVVHDLIGVGEFGPSNIALATALQERAQAQGALEVLFLDKQGDYRWHGNTLVSQSELQISFLKDLVSLRNPTSPYSFVNYLHK
HDRLVDF INLGTFYPCRMEFNDYLRWVASHFQEQSRYGEEVLRIEPMLSAGQVEALRVISRNADGEELVRTTRALVVSPGGTPRIPQVF
RALKGDGRVFHHSQYLEHMAKQPCSSGKPMKIAIIGGGQSAAEAFIDLNDSYPSVQADMILRASALKPADDSPFVNEVFAPKFTDLIYS
REHAERERLLREYHNTNYSVVDTDLIERIYGVEYRQKVSGIPRHAFRCMTTVERATATAQGIELALRDAGSGELSVETYDAVILATGYE
RQLHRQLLEPLAEYLGDHEIGRDYRLQTDERCKVAIYAQGFSQASHGLSDTLLSVLPVRAEEISGSLYQHLKPGTAARALHEHALAS
>TIucD_Lys

MKKSVDFIGVGTGPFNLSIAALSHQIGELDCLFFDEHPHF SWHPGMLVPDCHMQTVFLKDLVSAVAPTNPYSFVNYLVKHKKEFYRFLTS
RLRTVSREEFSDYLRWAAEDMNNLYFSHTVENIDFDKKRRLFLVQTSQGEYFARNICLGTGKQPYLPPCVKHMTQSCFHASEMNLRRPD
LSGKRITVVGGGQSGADLFLNALRGEWGEAAEINWVSRRNNEFNALDEAAFADEYFTPEYISGFSGLEEDIRHQLLDEQKMTSDGITADS
LLTIYRELYHRFEVLRKPRNIRLLPSRSVTTLESSGPGWKLLMEHHLDQGRESLESDVVIFATGYRSALPQILPSLMPLITMHDKNTFEFK
VRDDFTLEWSGPKENNIFVVNASMQTHGIAEPQLSLMAWRSARILNRVMGRDLFDLSMPPALIQWRSGT

>SidA_Orn
MESVERKSESSYLGMRNMQPEQRLSLDPPRLRSTPODELHDLLCVGFGPASLATATALHDALDPRLNKSASNIHAQPKICFLERQKQFA
WHSGMLVPGSKMQISFIKDLATLRDPRSSFTFLNYLHQKGRLIHFTNLSTFLPARLEFEDYMRWCAQQFSDVVAYGEEVVEVIPGKSDP
SSSVVDFFTVRSRNVETGEISARRTRKVVIAIGGTAKMPSGLPODPRITHSSKYCTTLPALLKDKSKPYNIAVLGSGQSAAEIFHDLQK



RYPNSRTTLIMRDSAMRPSDDSPFVNEIFNPERVDKFYSQSAAERQRSLLADKATNYSVVRLELIEEIYNDMYLQRVKNPDETQWQHRT
LPERKITRVEHHGPQSRMRIHLKSSKPESEGAANDVKETLEVDALMVATGYNRNAHERLLSKVQHLRPTGQDQWKPHRDYRVEMDPSKV
SSEAGIWLQGCNERTHGLSDSLLSVLAVRGGEMVQSIFGEQLERAAVQGHQLRAML



