Article

Contrasting Health Effects of Bacteroidetes and
Firmicutes Lies in Their Genomes: Analysis of P450s,
Ferredoxins, and Secondary Metabolite Clusters

Bridget Valeria Zinhle Nkosi !, Tiara Padayachee !, Dominik Gront 2, David R. Nelson 3*
and Khajamohiddin Syed 1*

1 Department of Biochemistry and Microbiology, Faculty of Science and Agriculture, University of Zululand,
KwaDlangezwa 3886, South Africa; brilenhle@gmail.com (B.V.Z.N.); teez07padayachee@gmail.com (T.P.)

2 Biological and Chemical Research Center, Faculty of Chemistry, University of Warsaw, Pasteura 1,
02-093 Warsaw, Poland; dgront@gmail.com

3 Department of Microbiology, Immunology and Biochemistry, University of Tennessee Health Science

Center, Memphis, TN 38163, USA; drnelsonl@gmail.com

Correspondence: drnelsonl@gmail.com (D.R.N.); khajamohiddinsyed@gmail.com (K.S.);

Tel.: +1901-448-8303 (D.R.N.); +27-035-902-6857 (K.S.)

Supplementary Dataset S1: P450 sequences identified in Bacteroidetes species are presented along with their
annotated name, followed by protein ID (in parenthesis) and species name.

>CYP236A2 Zunongwangia profunda (FP476056.1 prot CAZ98812.1 4632)

MKKSELPDPFEKARESKGYGEMNDQDDPVTMLLRHKDVRKSAHNYKTFQSGAVPGRIVIPSEVDIRDTRQIPFEVDPPVHGVY
RAIVEPWFKRPLOAEYQEKLTAQISEIVEETLLKGSVEVVTDFALRLOSRALTLLLNTPESESETWISWGTHVFRSEGEALDG
DKANILYHYIDEQIDRASENPGDDMYSVLLNSEFEGRKLTKEEVKGVMVLTFAGGRDTVINAVINSIAYLAEHPEALERLRKE
PEITGRAVEEMIRYFSPLTQMGRVVTEDTHVCEHAVKADSRISLCWASANRDAAVFENPNE IVLDRKVNPHVGFGEFSHHNCLG
ATHARQILKILLOTLAQKVASFEILDYKENIEDLDHFQRKVGFHNIQIKEFNPLTK

>CYP236A21 Tenacibaculum jejuense (LT899436.1 prot SNR16610.1 2800 )

MKSEFSDPFEEARKKTGLGHIDDONDPVAMILRHKDVRKTAHNWKTYQSSAVPGRIVVPSEVNIRDIRQIPFEVDPPLHKDER
DLLEGWFKRPNREEYQKTLKNQVSNLIDDVLSEDEIEVVHDFSLKLOSRALTILLNTEYSESDTFISWGTHVFRSEGDSLDAS
KANVLYDYLDAKINGARENLGEDLY SVLLOAEVNGKKLTHDEIKGIMILTFAGGRDTVINAVTNTVAYFADHPKSLLDIKNNP
EKINKAVEELIRYFSPLTHMGRVVTEDTQVCEHAVKNDTRVSLCWASANRDETVFENPNOQVNFDRKINPHVAFGEFSHHNCLGA
THARQIMRTLLQLLADKVSSIDIIDSRENIEEWGEFKRKVGFHELKVKENK

>CYP236A23Wenyingzhuangia fucanilytica (CP014224.1 prot ANW97227.1 2616 )

MEKSKISDPFEKARVEKGYGNMDDONDPVTILLRHKDVRKTAHNWKTEQSGGDEVGRIVIPSEVAIRDTRQIPFEVDPPLHKE
FRNLLDGWFKRPNGEEYQAKLAAQIETLVNEVLNKDEVEVVRDESLKLOSRALTLLLNTPEFSESETWISWGTHVFRSEGESLD
ADKANVLYNYIDEKIIEASKNPGEDLYSVLLNSEVNGNKLTHEEVKGIMILTFAGGRDTVINALTNSIAYFAEHPKSLOATKE
NPEMINNAVEELIRYFAPLTHMGRVVTEDTQVCEHAVKANTRVSLCWASANRDATVFENPNEVDEFNRKMNPHVSFGEFGTHNCL
GATHARQIMRTLLEILANKVATIDIVDTDENIEELGEFNRKVGYNSITVKENKY

>CYP236A26 Cellulophaga lytica DSM7489(CP002534.1 prot ADY30302.1 2467)

MAKCKFADAFKEEREKSGIGKMDDQGDPVVMLLNHKDVRKAAHNYKAFSSEAVPGRIVVPSEVNIRTTRQIPFEVDPPMHKEY
RSLLEAWFKRPLODTYKEKLTTIIGTVLDDVLSKDKVDVVSDLALVIQSRALTLLLNVPFDKSVKWISWGTHVFRSEGEALDG
DKAAILYNYIDEEIDNAIANPTDNLYSTLLAAEVNGKKLTKEEVKGVLILTFAGGRDTVINALTNMMSYFSANKKALDYIRSK
PEIIKTAVEEFIRYFSPLTHMGRVVTEDTTVCEHAVKADSRISLCWASANRDEKVFENPDEVILERKVNPHVGEFGFSHHNCLG
ATHARQIMRITLKLLAEKVSDITVLEAEENTIENLGEFTRKVGYNSLKATFKKR



>CYP236A32 Cellulophaga algicola (CP002453.1 prot ADV50295.1 2933)

MKESTFTDPFKKARQETGIGEMDDONDPVAMILGHKEVRRAAHHWKSYSSGAVPGRIVIPSEVNIRSIRQIPFEVDPPQHGAY
REVVEKWFKRPLEKKYEEELTLQIEALVTKVLDODSFEVIHDFALVLOSQALTLLENVSFEEAQTWISWGTHVFRSKDSALDG
AKATVLYDYIDLKLAESSSNPGKDEFYAVLLAAEVDGKKLTAEEAKGVLILTFAGGRDTVINAVTNSIAYFAEHPKSLEWLRKE
PELLPTATEELIRYFSPLTOMGRVAMQODTMVCQHAVKADSRISLCWASANRDETVFENADEVVLDRKANPHVAFGFGTHNCLG
ATHARQVMKVLLRTLIAKVKSIDIHEAKDNIEDLGDFKRKVGEFDSLTVKENKL

>CYP288B4 Runella slithyformis (CP002859.1 prot AEI46894.1 446)

MDISACPYHSQLSKEFKPFDLTDPFPVYKKAREEEPVEYSEELGYYVVSRYADIQETFRNWQVEFTSENAQTPPKPVPDAVRQI
MVEGGIVGLSGLSGRIPPDHTRIRRIVTMAFTPKRLRKLEPDIRALATEMIEKFQDKKHAELVKELVYDLPAFVIFMLLGVPK
EEVTOQVKAWAISRMMLTESDTSEEEQLFHARQVVKYWDYCKEMVARRKQOQLGDDFPSDLVRLOOEGYEISDRETAAMCYNQLEFE
AGHETTTSLMGNGIRELLKYRHNWEKLCADASLIPGAIEEILRENPSVITWRRKATEEATIGGFTFPKGADILLLMGSGNRDE
AVFENGETLDIERKNAKEHLSEFGSGIHYCLGAPLAKLEFKIVLEELTQRIPNLOQLTPDOTFEFAYNTSFRAPVALEVEW

>CYP1099C1 Kordia sp. SMS9(CP031153.1 prot AXG69493.1 1675)

MPYHYPNTIPFYKILFKSSSITRNPIPFHKENFEKHGDTFAISPPEFSKRIMLTCDAEI ILYLLRKNHRNYKKSKIQTKEFLSKY
VGKGLLTSSGEYWLKORRLIQPAFHKEKLOQKLVTIMESTIETQLONLPKNTKVDSYPIMNELAFHVVAKSLENYSSDEHTMHR
LOETIETLODFITREIRQPHKOWWYKASGLVKKHMTLVKESRDI INTVIDERRNSDKEHDDLLDMLLKAKYEDDGTSMTNEQL
IDEILTIFFVAGHETTANALTFTFHLIAKNPEVYAKVLTEIDAIDDAISPMEKIAKLNYVKNCVEESMRLYPPAWITDRVALED
DSEFGGENVQKGTMIGISFYELHRNKKYWENPNDEFIPERFSDENRKATTGYYFPFGAGPRMCIGNSFALYEMMLSVYQMMKKY T
IATDPKKVATIAPLITLKPIDLPLTEFTKRTV

>CYP1103A8 Dokdonia donghaensis (CP015125.1 prot ANH59975.1 1031)

MSNDIPAVSVLKFLANAGSILKNPLPFHHDNFESKGDTFKLOLGFGNEVVEFSRDPGFAKYALOKNOQRNYTKSPIQTKDLAKYV
GEGLLTSEGSLWKKQRKLIQPAFHKKQLAQLIEAMHTVIKEELONIKTGEAFDVFEIFNDLAFNTVAKSLFQTEVDRKKINRL
QYITEQAQKMLVKELRQPYKSWYFKYAGPIDKHLALTQEARDILMELVEERRASHQKVGDLLDMLLESTYEDGTGMNDEQLID
EILILFTAGHETTSNALTFAASLLARHPEWQDKIYEEYAFAKANSTSLNEFLRHCTVTKQVLEETMRLYPPAYFIDRVNLEED
EYNGMKIPAGSNLLFSCIEIHKHDDEFWKDPLOQFNPTREFDENAGMYHDAYFPFGAGPRMCIGNNFAMYEMILAVTEMVSREKIT
PINTPIEILPLITLKPKNAILEFTAR

>CYP1103A13 Salegentibacter sp. T436(CP012872.1 prot APS38407.1 1110 )

MTEDGKIPEVSLLKFLKHSANILKNPLPFHHNNFOKKGDTFRLNIGENKSVIFSRDAGLVEYVLOKNQKNEFVKSEIQTKDLVK
YVGKGLLTSEGEHWKKQRKLIQPAFHKKQLANLLDSIKQAILLEYKKITVNEELDIFPIYNDLAFQTVVKSLESSAANQEEIN
RLOYITEETQKMLVKELRQPYLGWWFKASGKIDSYLKLTAEARNILRKIVQERRESNEKYDDLLDMLLEAKYDDGNFMDEEQL
IDETILILFTAGHETTSNSLTFTAQLLALNPEWQEKIYEEISSLKEQDLDLMSYVIKCQITOQVIEESMRLYPPAYFIDRVNLE
EDEFEGKYFQPGSNLLEFSIHEVHRHPDLWEDPDAFKPERFAEGGRKYSSQYFPFGAGPRKCIGNNFAMFEMITIAVTELVSQYK
IVPGFDEIDIKPLITLKPKNAILKFQSRS

>CYP1103C1l2 Arenibacter algicola(CP022515.1 prot ASO05733.1 2230)

MPFHHENFEAYGDCFRVQLSTKEIVLFTRNPGLIKHILOKQHRKYEKSPLOTVDLAKYIGHGILTSSGEHWRTHRRMVQPAFH
KKKLONLMGVMREAILMELERTIEPDKVODVFPLMGDLAFQVVAKSLESSSDIREKMSRLOHTITEANQRMLIKEMROPY LKWWY
RLSGKIDKHLKMAGEAKRLLLDITIEERRSSGLEKDDLLDMLLRARYEDGSPMPDGQLLDEVLILFTAGHETTANALSFTLFLL
ARKNPAIQDQVYEEVSKVDFEDSNIDLLOGVMQLQFVKQCIEEALRLYPPAYVIDRVATEDDTFEDILLLKGTMVLMSIYELHR
YSNFWERPLEFDPSREFKETDKKDYGDYYYPFGAGPRMCVGNNFAMYEMITALAEIVKKYSISSDLKNIEINPLISLKPKAVPL
MFTER

>CYP1103Cl6 Cellulophaga algicola(CP002453.1 prot ADV49365.1 2003 )

MKOTPITSQFEVLMNSKRILKNPLPFHRENFEKHGDLFRVPVGIRNELAFTRDPKLIKHILOKOHRKYQKSTLOTKDLAKYIG
HGILTSNGEHWRTHRRMVQPAFHKKKLRNLMGTIREATILLEIDGLSTSNTIDVYPIMSNLAFQVVAKSLESSDDIQKEMSELQ
YITETNQRMLIKEMROPYLNWWFQLSGKIKKHLNLAKDGOAILHQLIEERRNSEIEKDDLLDMLLOARYEDGTAMAKEQLIDE
VLILFTAGHETTANALSFLVFLLAKHPDIQEKAYQEVKNISLEGDDVLTQILELKYIQQCVEEAMRLYPPAYIIDRVSIEDDE



FEGLQIPKDSLVLMSIYELHRNEDEFWEKPNEFNPEREFDASRKKEYQEYYYPFGAGPRMCVGNNFAMYEMVIAVTELLQKYKMT
TPLKAVTVNPLISLKPVDVLINEFRNRN

>CYP1139B1 Pedobacter cryoconitis (CP014504.1 prot AMQ01269.1 4293)

MDTGIILDWNTIEPYTEFYTORRATHPLYYAKAQQSWLIYAYPOAKEVLLHODALIPELNTSQTGLNKNAVQLTIQQLARLNNFEE
QHOQOSRAAALQIYNOMQPVATODLLDLLLKPVITGIPVDWVEVVCKRLPALYILKSLNVEAKDCTFLIDHLPVLVKIMSPQON
PATIKQLNELINLIFPLLEKYLPDGAFAPNYIAAEEWETLLVSNLIGLLIQSYDAGRGLLTNTLLOLSNQQLSLSEAENYFEQ
AVVETLRFDPPIHLTRRVAGKDLLINDQLIKKGEMIIILLAAANLDPQIFESPLTYNPSRGNNKAHLTFGAGHHQCLAKHLTM
RLTAETFKILYHQIQILPQOSFTYEPLLNARLVKNLETIIFKNQEK

>CYP1144A1 Hymenobacter sp. DG25B(CP010054.1 prot AIZ63510.1 1220)

MDTQASDTAAKPFPWVPRWRTLLSSVAMARDPIGNLDRAHAHHGDTVGMHLGGVRPIIVTRDPVLAQHILOKNHRRYLKSDLT
HGLIRYIGRGLLTNEGADWLROQRRLIQPGFHROQRLAGLTRLMQAAAEEWTQELRTRTAAGPALLDIHEAMTRVAFRIISQATE
GTGMSEAERERLSDILTQIQAFYVRTIRQPYLRPWWHLTGSYRYHDALSQELRELVRGY IRRRQAAPNSQTHDDLLOMLLDAR
YEDTGEPMTEDRLLDEANILLLAGHETSANALSWLEYLLATHPQEAVKLREELQAAGLANRPPAFDELSRLPYSLOVIQETMR
LYPPAWIVDRVAQEEDEYQGQRIPKGTLFSVYLYGLHRHPOQLWSAPNEFRPERFAPHAQPPVPAYGYLPFGAGPRLCIGNHFA
LTEIQLVVLETLRHFTLELPPNTASVPVPLITLRPPHGMVLREFLSV

>CYP1144A3 Hymenobacter sp. DG25A(CP012623.1 prot ALD21354.1 1672)

MDTRTTDTAAEPFPWVPRWRTLLSSVAMARDPIGNLDRAHAGRGDTVGMHLGGIRPIIMTRDPALAQHILOKNHRCYLKSDLT
HGLIRYIGRGLLTNEGADWLROQRRLIQPGFHRORLAGLTRLMQAAAEEWTQELROQRTAAGPALVDIHEAMTRVAFRIIAQATE
GTSMGDTERERLSTILTQIQAFYVRTIRQPYLRPWWHLTGSYRYHDALSQELRELVRGY IRRRRAASNSQPHDDLLOMLLDAR
YEDTGEPMTEDRLLDEANILLLAGHETSANALSWLEYLLAAHPEAAAKVRAELQSAGLANRPPVFDELPRLPYSLOVIQETMR
LYPPAWILDRVALEEDEFQGOQRIPKGTLFSIYLYGMHRHPOQLWAEPDEFRPGRFAPHAQPPVPAYGYLPFGAGPRMCIGNHFA
LTEIQLMLVETLRHFSIELPPDTASVPVPLITLRPPHGMLLREQQIQ

>CYP1144A4 Hymenobacter sp. APR13 (CP006587.1 prot AII50755.1 395)

MSEFPELPPAALAGPLPRVPRWRTLLGSLAMARQPIRNLDRALAHHGDTVGLHLGGVRPCIVTRDPALTQHILOQKNHRRYLKS
DLTHGLIRYLGRGLLTNEGADWLRORRLIQPGFHRQRLAALTRLMOAAAEEWSQELRARLAAAGGRLTVDIHAEMTRVAFHIT
AQATFGTSMTDAERDRLSEVLTQIQAFYVRTIRQPYLRPWEFTARGAFRRHDALSQELRELVRGY IRWROQAAPGTLASPEIAAP
FTNNPPPVTPNLSPVTPTPPNDLLOMLLDARYEDTGEGMSEEQLLDEANILLLAGHETSANALSWMLYLLARHPEAAAQVROE
RTAAGLARRPPEFAELAQLPYSMQOVVQETMRLYPPAWILDRVALEDDEFRGLPIPKGTLFSLYTHGIHRHPGLWPEPNAFRPE
RFAPGOEPPIPAYAYLPFGGGPRLCVGSHFALTEIQLVLLEALRHFTFVPVAEAPAATDPLITLRPKGPLWLAVGSA

>CYP1144A5 Hymenobacter sp. PAMC26554 (CP014771.1 prot AMR26880.1 1392 )

MVDTPLPTPAWPRIPRLITLRSSLOAARDPVGNLNKLLAHYGDTVHLFLGGARPSVVTRDPALVOHILOKNHRRYAKSDLTHG
LVRYLGRGLLTNEGADWLRQRRLIQPGFHRORLAGLTRLMRRAAAEWVODLATQLTDOOAVAELDAHAAMTRVAFRIVARSVE
GDSLGEEQLTRLSDWLTAIQAFYVGTIRQPYLRPWHWVRGSYGRHDQLARNLRELVRGAILRHEAALAAAPADALPPDDLLOM
LLDARYEDDGTAMSENQLLDELNILLIAGHETSANALAWAFALLAHHPEKQDKLAAEIERELPGGQPVEFEDLPRLPYALHVV
QEAMRLYPPAWIIDRTATEADEFEGVPIAKGTIFSLYIYGLHHHPGLWPEAEVFQPERFAPGAEPVPPPYGYLPFGGGPRLCV
GOOFALTELOQLVLIQALREFRVEPANAPIPGMNPLITLRPAGELRLRFRRRVTG

>CYP1144A7 Hymenobacter sedentarius(CP013909.1 prot ALW86816.1 3553)

MGEVETLEKAVAPFSLPRVPRWRSLLRSFALAKDPLPVLDATLARYGDTVELFIGGVEKSILTRDAGLTQHVLOKNSRNYAKS
KFTQOGFSRYVGHGLLTNEGPDWLROQRRLIQPGFHRQRVAGLTGLMOEITAETLAPLAAQAAGGGGAVAVPVHELMTRLTFRIT
ARSVEFSTNFPEAELDRLAQLITEIQAFFVRSIRQPYLKPWFRLRGRFRYHDALSAELRALLGRYTIAQROQANAQPNATPPDDL
LOMLLDVRYEDTGEPMTPDRVLDEALILLIAGHETSANALTWLIYLLAHHPEEAASIRAETEAVLAGRSPTFDDLPRLGRALY
AVQEAMRLYPPAWMVDRVALADDHYQGLHIPKGTLFSLYFYGLHHDAKYWANPHEFRPARFAPGOARALOQPFAYVPEFGGGPRL
CIGMQFALTEMQLVTLALLRQFEVEWVEGQPAVTMQPLITLRPKNDFRVRLRLR

>CYP1144A8 Hymenobacter sp. PAMC 26628 (CP014304.1 prot AMJ65095.1 1186)

MADDTLGPRPPHAPLPQVPRWHSIRGSLRLVADPIGALDAVHADYGSTARLYIGGVQPSVLTRDPGLVOQHILOKNHRNYAKSK
FTLGFARYIGHGLLTNEGPDWLRQRRLIQPGFHRORVAGLTGLMQEVVADTLGPLAQAAARAGGAVAVPAHALLTRLTFRIIA



RSVEFSTRFAEAELDRLAQLITEIQAFYVRITIROPYLNWWRRLRGOFRHHDRLTAELRALLGRYTIAQRQAASAAPGAPAPPDDL
LOMLLDARYEDTGEPMAPARVLDEALILLVAGHETSANALTWLLYLLAHHPAEAQATIQAETAAVLGTRAPTFADLPRLGRALQ
AVQETMRLYPPAWMVDRVALADDDYQGLRIPKGTLFSLYLYGLHRDPOHWDAPAEFRPARFAPDAPRPLVPFAYAPFGGGPRL
CVGLQFALTEMQFVAVELLRTFDVEWPAGQPLVVKQPLITLRPRGDFQVRLRLREGPRAAAG

>CYP1144A10 Hymenobacter nivis (CP029145.1 prot AWM35248.1 4395)
MADDDLGGRVPRWALPQVPRWVSLRNSLKLVADPLGALDATHARFGATARLY IGGVQPSVLTRDPGLVQHVLOKNHRNYAKSR
FNLGFARYIGHGLLTNEGPDWLRQRRLIQPGFHRQRVAGLTGLMQEIVADTLGPLAQDATRLGGAVAVPAHALMTRLTEFRITIA
RSVFSTSFADAELDRLAQLITELQGFYMSTIRQPYLNGWRWLRGQFRYHDARTAELRALLGRY IAQRQAASAAPGAPAPPDDL
LOMLLDARYEDTGQPMAPDRVLDEALILLVAGHETSANALTWLLYLLAHHPAEAQATIQHETAEVLGNRAPTFADLPRLGRALH
AVQETMRLYPPAWMVARVALADDDYQGLRIPKGTLFSLNLYGLHHDPQHWDAPAEFRPARFAADAPRPLVPFAYAPFGGGPRL
CIGLQFALTEMQLVVVELLRVFDVEWPVGQPPVAKQPLITLRPRGDFQVRLRLR

>CYP1209C1 Runella slithyformis(CP002859.1 prot AEI47158.1 716)

MKYSKSGVSTIPQAKKNPEFEFGNTPDEFVRNPLRFLEKMOKEFGHVGVVKLSLVNRDFFLVLTPEDTKHVLOQENNRNYHKSEAYK
VLAIFLGNGLLTSEGDFWRRORKLTQPAFYKQRLALMVEMMNREVATAVEGWERKNGEEAFDTTEEMLNLTLKIVTRALESTD
VKHRLGGISESLNEIMHFADSTLKSFIRLPLTVPTPRNLRFKRAVAKVEAVIYSITIEGRREETIKQNAHVRYNDLLDMLIHTRD
EETGETMTDOQVRDEVTTIFMAGHETTANALSWALYLLSKHRDVLHKLREEVKMVLGEEGMPTFETIRELKYTLQVVQEVMRL
YPPAWVMGRKALGDDQLSGYSTAAGTYLLLPIYLLHRDPKYWQKPNEFYPDHFLPENIKARPTYSYIPFGGGPRMCVGNNFAL
MEMQIVLALWVRRLDFTLIDQKAMEADPLVTLRPKKSLKMYVKAFRQT

>CYP1252B2 Flavivirga eckloniae (CP025791.1 prot AUP81007.1 4099)

MTDNQLVEVRELKSPKGAFLLGHLPOFNTYNKHQVLERWVEECGDLFKIHEFVGKEFVVSANPDINNKMLRLRPEGFKRESKID
EILKEMGVDGVENAEGDTWKRHRKPIAEALSVKNVKAYYPIILDKTNRILEKFKNY SQOKTIVDVOQKEFMAFTIDITTEIAFG
HKLDTINNRADSFQKHLEVIFPMINTRVTAPIPIWRYFKRKKDKTLDDSLKAIEKVIYEFIDGAKKRIAENPKLKEHPSNFEFLE
ALLVENGDVNFTDKEIYGNVFTMLLAGEDTTSNSLSWAMFYLAQHPETVEKVREEAKRVYTEDAPNNYENVEDLKYANAVAQE
TMRLKPTTPOQLYLESNDDIIVEHVVIPKGTSIILONKVAQTQDDYEFSSPDDEVPERWLSGGCPMHENHAPNVMRAFGGGARYC
PGMHLAKTEMVVLISTLCKHFNFELEVAPEDVREKFEFTMYPGNLKVTETPVVD

>CYP1318B1 Sphingobacterium sp. 21(CP002584.1 prot ADZ77824.1 1231)

MDLLTDKNIPFGPKEASEVEEGPOQALSNILNLFHQYGDIYKIYSERRNNYTYVISDPEMVKHVLITNNRNYEKGVGIDRVKIL
LGNGIMVSEGNYWKRORRMIQPAFHKRVIAKLTDDIAQANETMLSNWLTGNKEINLTAELSSVTLRIVLQALFSVDEFQQLEKR
EGVNPFALLTEVHERNLVFAMKFRALAKTIQEITINLRRKEHRVEEDFLSMIMEAKNDEGQGMSDREIIDEMMTLIVAGHETTA
SALTWAWYLLHKHPEVYARAKQEALQVONVHLGFHHLEQLPYIRQVIEETMRLYPPGWLLTRRAMODDVIGGYHVPPKTDIFI
SPYVIHRHPRYWEQPDLENPERFDASYRRERHRFEYFPFSGGPROCIGDFFALVEMOLHLALTLRTTDMEILVDEPTISMEAQT
NLRPDKPLEFARLINPRN

>CYP2220A1 Pedobactercryoconitis(CP014504.1 prot AMP98147.1 1172)

MTTNADEPRYSVADPYPWYKWVOQOKKPIYRTPEGMWMITGYEDAMMLLSDPRCSHWGODSKTEFQYLSPVEKATAQTLHALAPG
NTPAFRKOIMHQLAARTLQIDEDDMKRQADEILDGLRSSSGMEFMNDYAHPFTEFGTICSVMGVPQEEVGAFSKIVGRLOGGYL
SEFIDEKSWSNGEDEQKKIFIDTLRRLIGLKRQTPGKDLCSAILAVVPADEQDDSYLISLMVLLEYAGHONMMNEFMGNALVALQ
DRVEDQSMLRESLPFAITSVDELIRYDSPLOSVLLITQESINLHGTIIPAGSQLLVSIGAANRDAAKFDDPDOQLILARRPNHL
GFGAGAFRCIGARLAQIQGGIGLHREFFAHVNSYAPVADPISWSHESVQRGPSSILLDINWNHER

>CYP2312A1 Pedobacter sp. PACM 27299 (CP012996.1 prot ALL05083.1 1150)

MSTTPVKVHKLPRLALLLANHDRALEFYRKLNETGDAFLIEEDRHWLINSPNLITQLFHEPSLDSNRONLKKLLIGQGTPDSIN
FEYONWLMYMSGAEHQFWREKFIACEFPKRMELSYKYFDMANAIGTSIKEEFDLIKQVINPYVVHMLCETIAGMKVTAFONAYHL I
NPILOLLHGRGQVDNPTTKHNALDEWSTIIERLTREQKLTKOGFLSQLAKTGKLGLAVGLLPFLDVVDALIALCGRVVIDYAA
LKOOONIKIQQEKLLDLIKLYSPFQVCNRKVINPITHFPELDFQYGDKVSLMIGAANSNTPKRDVAEIQSIPNLKNESEFGIGQ
HSCPGRNWSITIVMEFYKSLDNYLTEYKASIKVKNINHREEFGFQGIQNMIVLLKLP

>CYP152AP2 Pontibacter actiniarum(CA264 05980 K15629 )

MKNIPHDNTLDSSISLLLEGYPFLKKRMEDHQTDIFQTRLLGEKVICIHGKEAAALEFYDNAYFWREGVLPKRVOQTLMGKNGV
OMLDGEAHRHRKALFMSEFMSRDRIDDLMGLMLRYWRAYARKWEKMERVVLEFDEAREVLCLAACEWAGVPLKPTEVREHAQEYT
EMIYGFGGATTRYWRGIHARNVSEKWNKKIIEDIRSRKLEVPENSAAYQIAWFRDLDGELLDLHVATVELMNVVRPIVATIATY
VAFSALALHEHPEQVEKIRTGEEKYAQLEFVQEVRRFYPFTPFLGARPHRDFEWKGHOQFKEGTLVLLDVFGMLHDPEMWPDPYA



FKPERFTEWSGSPFDFIPQOGGGDHYTGHRCAGEWITIKAMKVALQFLTQEVKYIVPEQDLEVDIHKMPTLPKSGFEISDVQYT
GSNVYAEV

>CYP109AE2 (Cpin 4098)Chitinophaga pinensis

MTPSTLKSPLSWHQQLODEQAVYFDPAFREYFGGQGAWQVFRHKEVQRVLSDHEVESNEY
MPKSDDNLLGSNLNQTDPPRHRQLRALVSKAFAPAVIAKLEAWIHHECKELLQTVLAKGE
MDEFVKVFSIPLPGRVTAQLLGVPDQODHDQVNAWVNAISSDPAVIGMDAYFQAQQEMGRLE
TALLEERAKTPQSDLISHLLHAEIDGERLSMPDTLAFCIALLIAGNETTNGFLANAMYTF
ATTPDVQSHLQAHIEDLPSALNEVLRYAPPVQSMCRIAKMDVELGGQLIRKGDLINAWLS
AANRDPSVFRNPDTFDIHRNNIKMVSFGHGAHYCIGAMLARMEAKIAFEITFSAIKNVTL
KPGVTPARNPSTIVAGFLDLPIVFEPK

>CYP107DB1 (Cpin 5300)Chitinophaga pinensis

METTTQTAKCPFAGKAIPDIDFSDSAFIKNPFATYAAMRDEAPVHRVAFSSGQPFWLITR
YEDAMLVFKDPRFTKDIKKTLPPDHKAPASPLAMSQLEFSHHVLYMDPPDHTRMKQLVQKA
FTPKLVEGMRAHIQDITNNLLDKHIPSGRIDIINDYALPLPISIISGLLGIPEKDQQLFR
RWSNIILNIDINVTREERMOMMPEAIGGFTNYLREIFASKQVHPADDLITHLVQAKEGSD
KLNETELMSTVFLLFAAGYETSVNLIGNGVLALLQYPEQQLALRNDPALINTAIDEVLRL
DPPVSLASERYTLEDVEMNGVTIPKGELVHICITAANRDPRRFESPDAFDITRKDNKHLS
FGOGTHYCVGSALGKLEGEIAINTLLKRIPAFSVEGGDIDALKYKNNSVMRGLEALPIVEF

>CYP2726A1 (FLA_4362)Filimonas lacunae

MSISNSLKVWVSSAPVLRPVESILRKYKPVARIGKTVVVTRYKDVMDVLKRETDFTVYET
DGYKMERMGNPEFVLGMDASPETTRDRDILRQVIKREDLKTIRVMIRHIANDLLEQAQPNH
TIDTVNGYARLASVRVVAQYFGVPADEATMMRWQRSIFSEAFANLNDNKAIRERGMIAAK
ETAAHLNQLIQQROQQTTPLEDNVLNRLIQLOPYNSWLNNDAVRRNILCILGVVENTSKV
VTHIIDQLLKRPDIMKACQQAVHANDMETLRSYCFDILRENPHNPIILRYCKHGAVIGKD
TPYERRVPAGSTIYAATLSAMFDEDIVHNAKQIDPNRNVEYMHFGYGPHVCSGKYISEVT
VPELVAGLLRLKNLQRAPGKAGKIQYEEVVEFPKSLSLTEN

>CYP2727A1 (D3H65 00195)Pseudoflavitalea sp. 5GH32-13

MOHHTKQKTEFMQPVLFPQSTVNNPFEIYARKLQESPVYRDEAQQVWGIYSYEHCLQLLTG
NDAHIPALPVLPAGTLNDQVLTITEHHTRLNNGTAHRSTREIAMGLYNARLPISPIGLLA
TSLSHKNLRNEIDWVQEVGKQLPLACMLOEFQFNEKDRESILMYIAVLVKIMVPDKTAQQ
IAAINAATREVYQLTERHILHTPSLYAIAHNVSKVSFPTALAMTVANLVGLMIQSYDAGR
GILCNTLLQALQHRELAGQPGKEKAMGQLVMETLRYDPPVHHTRRVLTNDVLLHGQELKK
GDTAILVLAAANRDAMHFERPDAFDIYRANNEAHLTFGAGAHRCMANHSTVRFATEILNY
LLTRYPRLOQLLTTEITYEPAMNVRLPKEMMLSLS

>CYP102AQ1 (SGRA_1002)Saprospira grandis

MKSPVSKPIPHPPIYPIVKSVLSLDIKRPVQSMMALAEKYGGIYRLEVPNDSLVIVSGLE
YVQEFCDEDRFDKKVESALEKVRDLTGDGLFTAHTEEPNWGKAHRILTPAFGPHAMQDMF
DKMYDVAEQLCVKLERLGPDEPFNVPANMTRLTLDTIALCAFDYRENSFYKNEMHPEVEA
MLFILHEANQHMRRLPIMNRLMYKTKERYNKDIQYMYTVAQKILDQRRKADKAEQVDDLL
GRMLEGVDPDTGEKLSDONIIYOMVTFLIAGHETTSSMMAFTFYEMLKQPHILARVQAEV
DEVLGQEKLQFHHLSKLKYMDMVLKECLRLWPIASGENLRSFKDEQVGEYLIKPTDSIFI
FLPSLHRAPIWGEDPKLENPENFSPENEAKIPPSAYLPFGNGRRSCIGRPFAFQEAKLAT
AMILQRFDISLADPNYELVLDETLTIKPDNYFLKFKKRPGFKPVENGPKVPASQSLKLKG
GKQIYVONKPLLYLAYGSNMGSSKKEFIQQLAETAQALGYQPSVHSLNETKALMAQNKGHY



VIITASYEGQPTHDAEEFVDWIVEQPEGSLDQVQYSLEFGCGNSDWIHSYQAVPRKIDAQL
KRLGAQPFLAPGEGNAKQONFFASEFNQWHDELWPALAKSLGQDAISPINKKSYKVQLLHDW
HAQTLGENDEFVRAQLLSKKELVQOESPFASSKIELQIEVPEGQSYQTGGYIDILPQONSPA
TIQRVLRHFQMQHDPYIKLESEEQSVALKLPLDQHIRLTDLLKYYVELQRPAGKKWLEEV
LAQTRCPEFSAQGLOQFIEQYESEVLOKNRSLLSITIEQFPGAKIDLGQFISALPAMRPRTY
SISSSVKQSTDKASLVVSCIKGAAWSGQGEYQGLASGYLSQLEEGQLLWLRESPNLPNEP
APKSEDKLILIAAGTGIAPFRAFMQERSLEKTPEKAVEFEFYGCRAKEVDQLYAEEFAQWEK
EGWLDLRPVYSKAPEKEGQTYVQHRLWADRDAFWAAWEAGAKIYICGDGEGMAPAVRQCL
MDIYQEKAQATEAQALDWLMQIAGKDKRYFTDIFS

>CYP1072A1 (Dfer 0326)Dyadobacter fermentans

MQAIPEFKISSVPLVSPIRFARDPLRFLRQGFDECGDTFKIKLFREFIVTRDPAFFRHVL
QQHHKNFKKGNSVKMLRPVLGNGLVISDGDFWLRORRLVQPAFHRERLQELFVTMGGLTA
AFLDEMEQFRGKAPVDVDAKMMGITSDIALKTLEGNMNTEDKEQIYNQVSRTQTYLVTRV
RKPYRLPLMAINGEDRRFKSDLAYEFNSLVYDFIRKRRLSGETPNDLLQLLLDSTDEETGE
OMTDEQIRDEAITMFAAGHETSATGLSWLLWELSAQPEIVARIRQESSIFETVPSFEQLI
OMPYTRQVVEEGLRLYPPAWTMTRESTVDQKIEDYPVPRGSSVEFMSIFELHRNPNLWHNP
AAFDPERFQPEAVKNRAKENYLPFGAGPRICIGQQFALMEMQLVLAALVKREDFVREPGY
SVGMHPQIVLKSTNGIKLNIR

>CYP1071A1 (Dfer 1634)Dyadobacter fermentans

MQOQTPLMSATSIWSAKKEVNONYTELIADVRKSDPLHINMEFGDLVAMDYANVKKILADSDN
FKNFDFTERFKVVSALSDNDPGLLEFGESLRYWLLEFMNGEKHAEHRREVNQKFYQANYEQ
ITLDAITEVIAALDGQEEADLVEMARQFSFLITISKIIDLDKADFDFIQKEFSYVITFIFEK
TLSVTELLECASMSRTFHSYLSETFSRHEREATNSLLLEMREVMGSARAPQLIGTWEFLV
NAATETTTLLLTKSIAALIENRDKVINWNAHNECATIAVEELIRYVSPVNWIPRQVAAEME
FEGLQLRKGQTVLLGLASANRDPAVFONPDTFTPTRKPNPHIGFGFGMHHCLGARLSRFE
LOKFLPREFMAAFPDIRLHPTKAPQWDSKIFFRGFKTLPVLLK

>CYP1209A3(Slin 0451)Spirosoma linguale

METTAAPTRPVPLHPGLPFLGNTIAFVRDPLSILHTLOQRKQERIVHLRIGGRHQYLVEQP
EDSKHILQENNRNYGRSPAFEVLKIFLGNGLLTSDGDFWRRORRLAQPAFHRQKLAALAD
AMVAETADWLDTLNPSDIRQPINVSQAFMDVTMRIVCKTLFGSDTNGKLDGLSHALDSLN
YLANSRMLSPIRFPMSWPTPHNQRSKRAQRQVDEFIYGLIDQRRQOHEDKDDLLGMLLSA
EDEETGERMSDQQLRDECVTLFSAGHETTAVSMAWTTYLLTONPDILARLQVESETILGD
ARTPPADAFRRLTYTMQVVQESLRLYPPAWIMSRRAREDDHIGPYTIPAGDTALVCPYLL
HRDPVNWPDPERFDPDRFAPGGPKDQLHSYAYLPFGGGPRLCIGNQFALMEMQILLALEFV
RKFSVSGPPNQRIVPKPLITLRPNQPIKAILSKP

>CYP1209A8 (SD10_05640)Spirosoma radiotolerans

METSTAPTQPVPLHPGLPFLGNTLAFLRNPLGTLDTLOQRNHDRLVHLRIGGRHQYLVLQP
EDAKHILQENHRNYGRSPAFDILKIFLGNGLLTSDGDEFWRRORRLAQPAFHRQKLAALTQ
TMISETADWIDELSGHNLKEPVNVSQAFMDVTMRIVCKTLFGSDTNGKLDGLSNALDTLN
YLANNRMLSPLRFPYSWPTPNNQRSKRARMQVDSFIFGLIDERRKALDERDDLLGMLLSA
EDEETGERMSNQQLRDESVTIFSAGHETTAVSMAWTIHLLTKHPDVLARLKAESQSVLGD
ARTPPPEAFRALTYTMQVVQESLRLYPPAWIMSRRAHQONDHVGPYTIPAGDTALVCPYLL
HRDPANWPNPDRFDPERFAPGGLKDRLHSYAYLPFGGGPRLCIGNQFALMEMQILLALEFV
RRFTPKAAGNQRIVPKPLITLRPNQAIRAVLE

>CYP1209A10 (AWR27_00395) Spirosoma montaniterrae

METLTSSTRPVPKHPGLPMLGNTLPFMRDPLAILQTLQORYDRLVHLNIGGRHQYLVMTP
EDAKHVLQENHRNYGRSPAFRVLOQIFLGNGLLTSDGDEFWRRORRLAQPAFHRQRLAALAQ
TMISETTDWITELSRLDKSKPVNISQAFMDVTMRIVCKTLFSSNVVGKLDGLSEALETLM
HLSNNRMLSPFRFPMSWPTPPQRREFRRAAQVVDTEFIYGVIDQRRRSNERYDDLLDMLLYA



EDEDTGDWPNSGRMSDKQLRDECVTIFAAGHETTAVSMAWTMHLLTQHPDVQARLRDEVN
ERLGDAATPAPETFRSLTYAMQVIQESMRLYPPAWIMSRLAHADDQIGPYTIPAGDTALV
SPYLLHHDPANWPDPERFDPERFAPGWEKERHSYAYLPFGGGPRLCIGNQFALMEMQILL
TMLVRAFAFQPIPNQRVKPQPLITLRPKRPVWLLMSNQIS

>CYP1209A9 (CWM47 09250)Spirosoma pollinicola

METTVISTQPVPLHPGLPFLGNTLAFLRNPLGTLHTLQONHARMVHLRIGGRNQYLVLKP
EDAKHVLQENNRNYGRSPAFEVLKIFLGNGLLTSDGDEFWRRORRLAQPAFHRQKLAALTQ
TMIAESADWIDELKGHNPKEPVNVSQAFMDVTMRIVCKTLFGSDTTGKLDGLSTALDTLN
YLANKRMLSPLKFPYAWPTPNNLRSKRARMQVDTFIYGLIEQRRKASEERDDLLGMLLSA
EDEETGEGMSDQQLRDECVTIFSAGHETTAVSMAWTIHLLTNHPDVLARLKAESHSVLGD
ARTPAPEVFRGLTYTLQVVQESLRLYPPAWIMSRKAFNDDHIGFYTIPAGDTALVCPYLL
HRDPANWPDPGRFDPDRFAPGGPKDSLHPYAYLPFGGGPRLCIGNQFALMEMQILLALEFV
ROFDLKAVPHQRIFPKPLITLRPNQSIWVTLN

>CYP288B2 (DR864 05055)Runella sp. HYNOO85

MSTCPYHKISEEFKPFDLTNPFPEYKKSRDEQPVEFYSQELGYYVVTRYEDIKAVESNWKT
YTSENAQSPFKPIAPKAKKLMEDQGMIGLSGLSGRIPPDHTRIRRIVSMAFNLSREFKKLE
PGIRALAIEMIEKFENEGHAEIVKQLAYDLPALVIFMLLGVPKEDVQQVKSWAESRLLIT
WGDLTEEEQLVHAQNMVRYWEYCONLVALRKENPTDDLPGDLVRLOQAEGHEISDREIAAT
CYSQLFAGHETTTSLMGNGIRELLLHPDSWKAICENPSLIPNAIEEILRFSPSIVSWRRK
ALDDSEIGGVTIPAGSNLLLVMGSANRDEANFENGETFDIQRPNAKEHLSFGYGIHECLG
SPLAKLEFKIVLEELTRKIPHLTIKENQVFQFALNTSFRAPVALEVEW

>CYP1209C2 (DR864 21885)Runella sp. HYN@@85

MLFLLDIKEHFLGKVQKNVTKIGKENDISEGYSNILCTTIMRTIMMNYSKSALSTIPEAK
KSPFFGNTSAFVRNPLGFLEKMOKEFRGAGLVRLNLVNRDFILVLNPEDTKHVLQENNRN
YHKSEAYKVLAIFLGNGLLTSEGDFWRRQRKLTQPAFYKQRLALMVAMMNDEVTNLVQRW
EQHEKTETLNMSEEMLNLTLKIVTQALFSTDVKHRLGGISESLNEIMHFADNTLKSFIRL
PLYVPIPRNLRFKRAVKKVESVIYSIIEGRRQELKHNPEVRYNDLLDMLIHTQDEETGET
MTDQOLRDEVTTIFMAGHETTANALSWAFYLLTKNGDVLHKLREEVKTVLGEEGMPTFEN
VRELKYTFQVVQEVMRLYPPAWVMGRRALGADQLSGHPIGPNTYLLLPIYLLHRDPLHWQ
KPHEFYPDHFLPENVKQRPTYAYIPFGGGPRMCVGNNFALMEMQIVLALLVRKEFDFLLVE
RKDAVADPLVTLRPKKALKMNIKALSRLEVN

>CYP1072A4 (DTQ70 11480)Runella sp. SP2

MPVLPTYKPSKIPLTIPLRFAKDPLSFIRSGFSACGDTFRLOQLFRDIIFSRDPAFFRHVL
QONHRGYAKGKAFTELSKVLGKGLLTSEGDFWLROQRRLIQPVFHRERMLGLYQIMAELTA
QFVKDFEANRNQSAIDLDEKMMAITADIALRTLETTITNEDKATIYQQINRTQEFITANTI
RKPFLKPWMAINGANRRFRADLSYEFNRLIFDIIEQRRASSQPQODDLLOMLLDCTDEETGQ
OMNDQQVRDEAITMFAAGHETSANGLNWLLLELSKHPEVVQKIREECSIFDTVPTWEQLL
QLTYTRQVVEEGLRLEFPPAWAVAREATIADDVIEGFEIRKGTIVFLPMYELHRNPEFWHQP
LSFDPSHFAPENVKNRPKFAYLPFGAGPRICIGQQFALIEMOQLILASLLKRFTFIPDDTH
NPKMEFPLITLKPMNGIKVWVK

>CYP288B3 (Emtol 3245)Emticicia_oligotrophica

MNTAIGCPYHKVSESFKPEFDLTNPFPFYKQAREEEPIFEFSEELGYYVVTRFQDIKEIFGN
WKVETSENAQSPFKPIAPKAKALMEEGGLIGLSGLSGRIPPDHTRIRRIVSMAFNVGRER
KLEPKIRELAINMIEDFAAKGKTNIIKDLAYDLPAYVIFMLLGVPNEEVQOQVKSWAESRL
LLTWGDLSEDDQLMHAQNMVKYWNYCQGLVAKRKENPTDDLPGDLVRYQAEGYEISDREI
AAMCYSALFAGHETTTSLLGNGIRELLIHRKSWESLCTNHEMIPNAVEEVLRYSPSIVSW



RRRSTEEATVGGITIPAGSNILLVMGSGNRDEAQFENGEDFDIERKNANQHLSMGSGIHF
CLGAPLAKLEAKVVLEELTKRLPSLRLTPEQTFAFAQNTSFRAPVALEVEWDV

>CYP1209A2 (FAES_4882)Fibrella aestuarina

MDAPIHPGLPEFVGNTLEIARDPLAMFGRLEFQRYDRIVKINIGGRNQYLVFRPEDAKHVLQ
ENHRNYGRSPAFLILKRFLGEGLLTSDGDEFWRQQRRLAQPAFHROQKIALLGETMVQESAA
WIDELAQHDLTTPVNTSQAFMDVTMRIVCKTLEFSTDVTGSDALDGLSNALDTLNRLANDS
LLSPIKWPQHWPTPRNIRFROQARERVDKLIYSLIADRQRTGERHDDLLDMLMYAEDEENG
RMSEQQLRDECVTLFTAGHETTAVSMAWTTYLLARHPDVLARLRAEVDATLGPYAPGTLP
STAAFRAMPYTLQVVQEGLRLYPPAWAMSRMALGEDQIGPFRIPKGDTVLVSPYLLHRDP
AHWPDPDRFDPDRFLPEQEKERPAYAYLPFGGGPRLCIGNQFALLEMQILLALLVQREDF
QPANTRLVRPKPLITLRPNRPIELHLTARP

>CYP1209A7 (a6C57_23025)Fibrella sp. ES10-3-2-2

METLVPVHPGLPLLGNALSLARDPLGLFTKLHRTYGRVVRISIGGRRQYVLFQPEDVKHV
LOENNRNYVRSPAFMVLKRFLGEGLLTSDGDFWRKQRRLAQPAFHROQKITMLAETMVQES
AAWVGDLRQLDLSKPVNISQSYMDVTMLIVCKTLFSTNVEGRLDGLSHSLETLNVLANKA
LLSPIKVPRTWPTPNNIRYNQSLERVNALIYEFIHTRKQTGDRHDDLLDMLLHATDEDTG
ESMSEQQLRDECVTLFTAGHETTAVSMAWLTYLLAQHPDVVTRLRTEADAVLGDNVPGKV
PPVAAFRTMPYALQVVQEALRLYPPAWAMSRMALADDQIGPYRIPKGDTVVVSPYLLHHD
PTNWPDPDREFDPDRFAEGRDKDRPTYAYLPFGGGPRLCIGNQFALMEMQILLTFEFVRTED
FOLVNAASIKPKPLITLRPNRPIQVKLTPRS

>CYP2230B1 (HME7025 02477)Allopseudarcicella aquatilis

MDGKSTIKWNPFAPDYFNDPYPIYALCRQHNPIQKDSEGNILLFRYRDIAPILDSTDEFEV
SSLVTYFESKESYIFKNSPQCPFLAKTTSKWLMYLNGDIHRKLRIALGKVLESYDFDRLI
QEAVKDSVNHFQDYQELDLVHFSKYFIFHILGQFIGLKDFASFEKVVEYSNLAARSQDIF
VSKOMYLEINQCFLWGKGLESETGFKAKLVKELDGFEFEEDDYYSILAVTLMAFFETSKD
NLALTLHSILSNPSLKEYVLNADQKAIKLVSEECIRYTSPLQFTVRISKNEVITHGQQFA
ASTRFVLGIASANRDEEIFESPDEILPNRKVNPHLAFGAGAHLCLGALTIARKEMEFGLKP
MVEFLQKFNIDSTQPLEWGNQIFMRTLERAMVKMH

>CYP236A29 (DJ013 00490)Arcticibacterium luteifluviistationis

MDKKISEFKDPFSTARKEKGIGEMDDONDPVOMLLRLKDVRKTAHNWKTFQSGAKPGRIV
IPSEVDIRETRQLPFELDPPEHTEFRGIVEDWEFKRPONEEYAQNVKKQISSATIDDAMLKE
SFDMVTDLALPIQSRALTLLENIPLEEAKVWISWGTHVFRSEGEALDKDKANVLYDYIDE
QLEKAAKNPGEDLYSVLLOSEYQGRKITKEEAKGVMVLTFAGGRDTIINALTNATAYFAE
HPESLNRLKEEPQLIGKAVEEFVRYFSPLTOMGRVVTEDTYVCEHAAKADTRVSLCWASA
NRDETVFENPNEIQIDRKMNPHVGFGFSHHKCMGAPHARQVMKIFIEVLTEKVGQIEILD
FKENIEELGEFERKVGFHNLQINLKPIA

>CYP1144A10 (DDQ68 22250) Hymenobacter nivis

MADDDLGGRVPRWALPQVPRWVSLRNSLKLVADPLGALDATHARFGATARLYIGGVQPSV
LTRDPGLVQHVLOKNHRNYAKSRENLGFARYIGHGLLTNEGPDWLRQRRLIQPGFHRQRV
AGLTGLMQEIVADTLGPLAQDATRLGGAVAVPAHALMTRLTFRIIARSVEFSTSFADAELD
RLAQLITELQGFYMSTIRQPYLNGWRWLRGQFRYHDARTAELRALLGRYIAQRQAASAAP
GAPAPPDDLLOMLLDARYEDTGQPMAPDRVLDEALILLVAGHETSANALTWLLYLLAHHP
AEAQATIQHETAEVLGNRAPTFADLPRLGRALHAVQETMRLYPPAWMVARVALADDDYQGL
RIPKGTLEFSLNLYGLHHDPQHWDAPAEFRPARFAADAPRPLVPFAYAPFGGGPRLCIGLQ
FALTEMQLVVVELLRVFDVEWPVGQPPVAKQPLITLRPRGDFQVRLRLR

>CYP11442A6(D3Y59 07700) Hymenobacter sp. sh-6



MNASAPAASPTLPQVPRLRAFRNSLALAENPIPVLTQYLDELGDTIGLHMGGIKPTLLTR
DPGLIQHILOKNHRNYPKSEMSHGVARYLGHGLLTSEGSYWLOQOQRRLIQPGFHRQRIAAL
TETMLQVIEECLEPVAAQARQQGGATTVAVHELMTTTAFRVIARSVESTSMSEAELQQLA
HLLTDIQAFYTRTLRQPYLKPWLAVKGQFRYHDQLAAQMRQLVLKYIRQROQOEGGAGKDD
LLOMLLDARYEDTHEPMTEAQVLDEAIILLVAGHETSANALSWLWYLLAQHPEVVTKLRA
EMAAALGERRPTFODLPQLPYSLOVIQETMRLYPPAWIVDROQALNDDEYNGLPLPKGTLI
SAYIYGVHHLPRLWPEPEAFRPERFGKEQLREQPAYAYLPFGGGPRLCIGNQFALTEMQL
VLLETLRRFEVEWEAQPAPGMRPLITLRPRAEITLRFRVRA

>CYP152AP1 (PKOR 18110)Pontibacter korlensis

MRKIPKERTIDNTLAVLMDGYPFLTKRMEKFNSKIFKTRLLGEEVICLYGKEAAALMYDN
SYFWRONVIPKRVONTLMGTNGVOMLDDEQHHHRKALFMSFMSRDKIQRLMELMLRYWRA
YAQKWEKMERVVLFDEASEVMYLAASEWAGVAVDPTKVREHAQEY INMIFGFGGVAMRYL
RGVKARNKREQEIGQVIENIRSGKLDVPKNTAAYQIAWFRDLDGELLDTKIASVELINVI
RPIVAIANYVAYSALALHEHPEQRNKLASGEDKYSQYFVQEVRRLYPEFTPFLGARTRKGF
EWNGYQFDEGKLVLLDAYGMLHDPEIWPEPYEFKPERFSNWSGSPEFDFIPQGGGDDEFYTT
HRCAGEWITIEAMKVALKFLTLEVQYEVPQODLSISLVQIPTKPKSGIEISNIVYKGHGL

>CYP152AP2 (CA264_05980) Pontibacter actiniarum

MKNIPHDNTLDSSISLLLEGYPFLKKRMEDHQTDIFQTRLLGEKVICIHGKEAAALEYDN
AYFWREGVLPKRVQQTLMGKNGVOMLDGEAHRHRKALEFMSFMSRDRIDDLMGLMLRYWRA
YARKWEKMERVVLFDEAREVLCLAACEWAGVPLKPTEVREHAQEYIEMIYGFGGATTRYW
RGIHARNVSEKWNKKIIEDIRSRKLEVPENSAAYQIAWFRDLDGELLDLHVATVELMNVV
RPIVAIATYVAFSALALHEHPEQVEKIRTGEEKYAQLFVQEVRREYPFTPFLGARPHRDF
EWKGHQFKEGTLVLLDVFGMLHDPEMWPDPYAFKPERFTEWSGSPEFDFIPQGGGDHYTGH
RCAGEWITIKAMKVALQFLTQEVKYIVPEQDLEVDIHKMPTLPKSGFEISDVQYTGSNVY
AEV

>CYP1252A5 (MY04 1413)Flammeovirga sp. MY@4

MNYSKTFKDLDGPKGKPEFVGNIFDLEKERLHLQYEDWSRIYGKMYNLKFLSTNVTVCTDP
DINAYILKNRPTKFRRLKKLADVINEVGVEGVFTAEADSWRKOQRKVTQKALDKRHIKTFEF
PKILLVASRLENYWNEQLKIKKSHEDLPKDFIRATVDVTTNLAFGYDMNTVENLENITQK
HVEKIFPKMNQRVNSPIPFYKYFKSKSDKEFDESMSYLREMLGEITIKITKEKLNDQPELI
EQPTNFLEAMIASQEKDNPFTWDEIFGNLYTMLLAGEDTTSNTLTWTSYFLSKYPDVQNK
IREETALTLPNGEMNDIDQLKNLRYVNAVMKEVARLKPVTPNLYMOANEDIVINDILEFPK
GHFFITQLSFASRSEEFFEDALEFKPERWLTEPSVNKVCPFSGHMKPDAAKPEFGGGPRLC
PGKYLAEVEFAVFLVTLMKNFELGFAQSEDKVEEEFAFTMVPKNLHIVIKKIKTPQILRI
KNWIILTLIIIILRY

>CYP236A22 (MY04 2085)Flammeovirga sp. MY04

MEHQTETQKKVKTSEFPDPFEQARIERGYGDIDDONDPVTMLLRLKDVRKTAHNWKTETIS
GATPGRIVVPSEVAIRDIRQIPFEVDPPEHKDYRNLVEPWFKRPLEEEYTAKMTKIIEEL
VDEVIAKDDIEVVSDFSLKLQSRCLTLLLNIPYEEAETWIGWGVHVEFRSEESSTDADKAN
ILFDYLDEQIDRAAENPSDDLYSLLLSSEVNGKKMTKEEVKGVMILTFAGGRDTVINAVT
NSLAYFAEHPKSLERLRQEPEIVGKAVEELVRYFSPLTHMGRVVTEDTKVCEHATIKNDSR
VSMCWASANRDSAAFENPNEVVLDRKINPHVAFGFSHHNCLGATHARQILKVLINTLANK
VGSIEIKNYKENIEEWGEFNRKVGEDNITMNIKGK

>CYP1252A3 (EI427 08965) Flammeovirga sp. L12M1

MTNQDYTRTITDIKGPKGIPLEGNLFQIEREQIHLYYEKWAKEFGDFEFEVNEFLGKKILIS



SNPONNANILKNRPTKFRRLSKMAEIIEEVGEFYGVFTAESEEWIKHRKVTQQOALSNKNVK
SFFPQIVKVAERLDNFWESNLIDEVTKYQISNDFTRATVDVTTNLAFGYDMNTVENHENE
IODHIAKIFPKVNERVNSPLPIWRYIKSSSDKGLDQSMDALKITIGEFIKKAENNLEKDP
SLKENPSNFIEALIASQDKENPFTWDEIFGNIYTMLLAGEDTTANSLSWLTYFIASDNEL
ONKVYNEIKEVLGEKEQITTFEEVARFKYLSAVLKEVLRLKPVSPSLYFQANEDVVVGDL
LIPKDTEFVLTQLRVGALSDDNFENAAEFIPERWLSAKETTGGCPFTGKHKAEVAMPFGGG
PRFCPGKFLSETEMILFAVTLFKKFELTLSVPKEDIKEKFAFTMSPENLAVNLKKRKQVS
ISNLTKEKVSI

>CYP1252A4 (EI427 08970) Flammeovirga sp. L12M1

MELTKDVHYKQTINDLKGPKGLPLVGNLEFQLDKIKIHNQYEDWADEFGELYALNFLGRKV
VVSTSPINNDFILKHRPTKFRRESKMAEVIENVGIDGVESAEGDVWKKQRQVTQKALDSK
NVKSFFPKIVLVANRLEEYWNTLIASSQNKNHEIMHDFMRITVDITTLLAFGYDMNTINN
KTDPTQEQIAKIFPKINERINSPLPFWKYIKTTSDKEFDOQALAHIKSEFFGDFISNTNQKI
EDNPELLENPSNFLEAMLASQDKENPYTWEEIFGNLYTMLLAGEDSTSNTLSWVSYFLAS
KKDVQIKVQKEISDLLAGNVELKSFDQLKLFKYTSAVIKEAMRMKPASPNLFMEANEDVV
IGDVLFPKNSLIITQLSKSARSEDHFENSQDFLPERWMOKEEGCPFTGRHNEKALKAFGG
GTRTCPGKLLAETEILVFIITMMKNEDIKLSVPEKEIIEKYAFTMSPKNLFVEITPKEKK

>CYP152A24 (D770_07040) Flammeovirgaceae bacterium 311

MPKAINFRLTIDFSHQPITAFFTQDLPMNNIPKDKNPDSTLSLMLEGEPFIRNRCQORYGS
DIFETRLMLOKTVCLHGEEAAKIFYDPARFKRKGAAPKRIQKTLFGEKGVQTLDGEAHRH
RKAAFMSLMTRDHIQLLMOMLENNWRLY IHKWETVDSLVLYDEVQELLCRASSKWAGVPM
QESEVKNRAKDYGLMVDAFGAIGPRHLRGRLARTRAENWMKGIVKQIRSGQLTPEPGTAA
HLFSWHQDLKGKLLPEKVAAVEIINIIRPIVAIARYITFSALAMHEHPEYROKLQTGEAD
MEEIFAQEVRREFYPFGPFLGARVKKDFEWGGYHFPKNRLVLLDIWGTNRDEKQWEEPDRF
WPERFRNWNGSPENFIPQGGGDEMANHRCAGEWITIEVMKQAINILANKINYRVPEQDLG
FSLVRMPTIPRSREVISDVKVK

>CYP1103A11 (GFO _0170)Gramella forsetii

MNNNNKIPEVSLLKFLKHSANILKNPLPFHHONFTEKGDTFRLNIGFKKSVIFSRDAGFEFL
EYALQKNQRNYIKSEIQTKDLAKYVGKGLLTSDGEHWKKQRKLIQPAFHKKQLANLLGSI
KEAINTEYDKIQTDKEIDIFPILNDLAFQTVVKSLESSAANQEEINRLQYITESAQKMLV
KELRQPYLGWWFKASGKIDSYLKLTAEARTILKRIVHERRESNTRYDDLLDMLLDAKYDD
GNFMDEEQLIDEILILFTAGHETTSNALTFISQLLALNPQWODRILGEIQNLNTETDDLM
GEFVTQAKVTQQVIEEGMRLYPPAYFIDRVNVEQDEFGGMLLEPGENLLFSVHEIHRHPNL
WEKPEEFLPERFEDGGKKYSSQYFPFGAGPRKCIGNNFAMFEMITIAVSELVSREFKIISVA
DEIDIKPLITLKPKNAILKEFTKR

>CYP1103A12 (LPB144 08270)Gramella salexigens

MGESRKIPEVPLFRFLKHSANILKNPLPFHHRNFEEKGDTFRLKIGYGTSVIFSRDAGLA
EYVLOKNQKNYIKSEIQTKDLAKYVGKGLLTSDGEHWKKQRKLIQPAFHKKQLANLLNS I
KEAIHAEYQKIETDKEVDIFPVENDLAFQTVVKSLESSAANQEEINRLQYITEAAQKMLYV
KELROPYLGWWEFKMSGKIDKYLDLTNEARLILKRIVAKRRNSEERYDDLLDMLLDARYED
GEFMDEEQLIDEILILFTAGHETTSNALTFTTELLALHPEWQEKIFKEVSELKKKDEDLM
SLVTGAKYTQQVLEEAMRLYPPAYFIDRVNVERDEFEGKEFKAGSSLLEFSIYEIHRHPAL
WDRPDDFLPERFEEGGRQYSSQYFPFGAGPRKCIGNNFAMFEMITAIGELVSRFKITHIS
GAIDIKPLITLKPKNAILKFKKR

>CYP1103A15 (GRFL_1964)Gramella flava

MGKNDHIPEVSLFRFLKHSLEILKNPLPFHHONFEQKGDTFRLNIGPGKSVIFSRDPALA
EYVLOKNQKNYSKTEIQTKDLAKYIGRGLLTAEGDHWKRQRKLIQPAFHKKQLAQLLDSV
QRAIQQELRRIEPEKSIDIFPIFNDLAFQTVVKSLEFKDAASKEEINRLOQFITEEAQKMLV
RELROQPYLGWYFKLSGKLESYLALTRESREILKKIVHDRRESGKKYDDLLDMLLDARYED
GNFMDEEQLIDEILILFTAGHETTSNALSFIAQLLAHHPEWQDKIFAEYAKLSSENDLMS



LVTQTPSTOMVIEESMRLYPPAYFIDRVNIEKDEFQNMKFEKGSNLLLSIYEMHRHPDEW
EDPDDFKPERFGGNSMKYSSQYFPFGAGPRKCIGNNFAMFEMILAVLEIISKYKIKPVKP
QIDIKPLITLKPKNAILKFEQRS

>CYP1103A16(C7520 _08530)Gramella fulva

MKONELSMKKENNIPEVPLSKFLKHSANILKNPLPFHHENFEEKGDTFRLNIGIGKSVIFE
SRDAAFAEYVLOKNQKNYIKSTIQTKDLAKYIGRGLLTSDGEHWRKQRKLIQPAFHKKQL
AKLLGAIKQAILEEIPKLKTDETEFDVFPEFENDLAFQTVVKSLESSAATQEEINRLOFITE
SAQKMLVRELRQPYLGWWEFKISGKIEHYLKLTRESRQILOKIVDERRRSDEKYDDLLDML
LEARYDDGNSMDDEQLIDEILVLFIAGHETTSNALSFISQLLALNPEWQDKIFEETQNQA
SEDLMAVVTNSPVTQQVIEEGMRLFPPAYFIDRVNIEDDEFNGKFFPAGSNLLFSIYETH
RHPDLWQRPDEFLPQREFSENPKQYSSQYFPFGAGPRKCIGNNFAMFEMIIAVQEITISKYT
ILPVKDEIEIKPLITLKPKNALLKFMNRT

>CYP109924 (Fjoh 1643)Flavobacterium johnsoniae UW101

MSEKQKHTYPEKLSILRFFRDAEGVRRNPIPFHKKYFDKLGDSFSIRIGFSKYIILSRDN
ETAQYILVKNQKNYHKSKFQSVYLSKYLGKGLLTSDGDEFWLKQRRLIQPAFHKQKMNQLV
DNMNAVIALELENLIEEKPIDLFPVMSNLAFNVVAKSLEQLSTAENKFQRIKFIIEEVQON
FLIKEIRLPHKAWWFSLSGQVKKHLKLAEENNHIIQEITEERKASGEEINDLLNMLLETR
YEDTGESMSVEQLIDEIKVLFIAGHETTANALTFTLHLLGRNPEVQOKIFEEIIEIESQT
DNVIEQLOKMTYTNAVLNESMRLYPPAWITDRONLEDDSLAHFKIKKNTLIGVSFYELHR
NPKYWKNPDEFIPERFLGDQKKESMQYFYPFGAGPRMCIGTGFAIYEMCLTIAQVVKKYI
IKSNNDVIQFNPLITLKPVNVEVSEFEFKR

>CYP1103A18 (ZzPR_0586) Zunongwangia profunda

MILIMKREIPEVSTLTFLKNAARIVKNPLPFHHENFQKHGDIFRLNIGPKKSVIFCRDAE
FAQYVLOKNQKNYIKSEIQTKDLVKYVGNGLLTSNGEHWQKQRKLIQPAFHKKHIANLLD
TVLEAIRVEYVKIRAGKTIDIFPVENDLAFQTVVKSLESSAASQEEINRLOQYVTEENQKM
LVKELRQPYKRLWFSLSGKLKYHLKLSEESRLILRNIVHKRKONPKRYDDLLDMLLDARY
EDGOQPMREEQLIDEILILFVAGHETTSNSLSFTTQLLAQNPQIQDKIYSEVKVASEATTS
LMEFVQGCPYTQONVILESMRLYPPAYFMDRVNLEEDEFNGIKLDKGSDLLFSEFYETHRSE
KHWEQPLEFNPDRFTSEKNPMAYFPFGAGPRKCIGSNFAMYEMILAVSELILNFKILSVK
EDIEILPLITLKPKNAYVEFEKRA

>CYP152AQ1 (zPR_3345) Zunongwangia profunda

MVEESSIGFWEKGYDYFLDQFNATKNNVLKRRLLFKKYYILRGEEATALFYDQERFEFSRHK
ATPKRFKKTLEFGLNGVQGLDGEQHKARKQLFMHCMNVDSLNQLNTYFDEAWFEAVEDWKA
KNTINYFDEMERILFKCACKWIGLPETKKDIVNQVPRISRMISSAGKIGIQHWRGRSARK
ATENWVKSLIKNYRNKKKNSDTIFDHFIGYKNPKGKHLPDQIVAVEILNLLRPIVAVARY
MTEFNLKALEDYPSYKEKLRENYEEYGENFIQEVRREFYPFFPVISGRIRKNFEFKGHKETK
GORVLLDLYATNHYAKLWKAPERFYPERFMNAQISPENLIPQGGGDHYKNHRCAGEWITI
NLMKRNLYFLIYDINYTVKSKNLRIKKNQFPPLPANGIKISKITKLRLME

>CYP236A34 (Y022 01795)Maribacter sp. 1_2014MBL_MicDiv

MESDAFKDTRVSKGTCPENDQDDPVTMLLRFKDVRKTAHNAKDFSSAAKPGRIVVPSEVN
IRDARQIPFEVDPPEHTEYRALVEDWFKRPLDIDYEFKLTRIVEAEIDRVLQKGAIEAIS
ELSLPIQSKALTLLLNISLSEAETWISWGTHVFRSEDSDLDADKASILYDYIDAEIDKATI
AAPDDSLYSVLLNSEYQGRKMTKEEVKGVLILTFAGGRDTVINYLTNTISYLAEHPDATIE
KLNDNPALVNTAIEEFVRYFSPLTHMGRVVKEEQEISGHIAKEDTRVSLCWASANRDES I
FENANKIVLDRKMNPHVAFGFGAHKCLGATHARQLMKVEFLRVLTEKVSTIEIIDAVENIE
DWGAHKRKVGEFDKLTIRLNTK

>CYP236A24 (EJ994 03085)Maribacter sp. MJ134

MDESVFKDPFKTARIEEGIGHMTDONEKVKMILRLKDLRKTAHNWKTEFQSGGKEIGRIVV
PSEEKIRKTRQIPFEVDPPEHGQYRELLEAWFKRPLDSEYEEKLRVQIATITIDSVIKKDR
VEIVSELALLLOSRALTLLLNIPLEESEVWINWGTHVFRSEDTALDKDKANILYDYIDHQ
IDKAIANPGEDLYSVLLDADFQGRKLNKEEIKGVMILIFAGGRDTVINAITNTIAYFAEH
PEALRRLNEEPDVIGKAVEEFIRYFSPLTHMGRVTTEDTQICEHAVKANSKVSLCWASAN
RDETVFEKPNDILLDRKMNPHVGFGFGHHKCLGATHARQLLKILISVLVQKIDNIQILDY
KENIEDLEQFERKVGEDNIHVKENSIQ



>CYP1103C14 (EJ994 09855)Maribacter sp. MJ134

MKKLPVVSRTHVFKNRKQILKNPIPFHHDNENRLGDTFEVAVGLKKRIIFTRQAKFIKQI
LOTKOKHYQKSSLQTVDLAKY IGRGLLTSNGEHWRNHRRMIQPAFHKRKLOGLLQIMYQA
IKGELSKIKAGEIQDIYPLMGDLAFQVVATSLESRDDIQVOMSALKEITEANQRMLIQEM
ROPYLNWWYKFSGKINRHIKLSLEARAILSSIIKERLAQDSEKDDLMDMLLKATYEDGSR
MPEKQLIDEILILFAAGHETTANALGFILFLLAKHPEKQGKAFAEINAIDWTEGIEMESL
RKLGYVKQCIEEGMRLYPPAYYIDRESIIKDEIEDYEIPENSMLLLAIYELHRDSREWES
PNAFKPERFDPANKRDYSDYYFPFGGGPRMCIGNNFAMQEMILTVAEILRSYTLRPVDDE
VLINPLISLKPVSVKLHFIPR

>CYP236A26 (I1x49 12470)Cellulophaga lytica HI1

MAKCKFADAFKEEREKSGIGKMDDQGDPVVMLLNHKDVRKAAHNYKAFSSEAVPGRIVVP
SEVNIRTTRQIPFEVDPPMHKEYRSLLEAWFKRPLODTYKEKLTTIIGTVLDDVLSKDKV
DVVSDLALVIQSRALTLLLNVPFDKSVKWISWGTHVFRSEGEALDGDKAAILYNYIDEET
DNATIANPTDNLYSTLLAAEVNGKKLTKEEVKGVLILTFAGGRDTVINALTNMMSYFSANK
KALDYIRSKPEIIKTAVEEFIRYFSPLTHMGRVVTEDTTVCEHAVKADSRISLCWASANR
DEKVFENPDEVILERKVNPHVGFGFSHHNCLGATHARQIMRITLKLLAEKVSDITVLEAE
ENIENLGEFTRKVGYNSLKATFKKR

>CYP1103C15(M667 07630)Cellulophaga baltica NNO16038

MOKTPIVSQFEVFKNSRRILKNPLPFHRENFEKYGDVFRVKIGVKEELAFTRSPQLIKHI
LOKQHKKYHKSSLOQTKDLAKY IGHGILTSNGEHWRTHRRMVOQPAFHKKKLONLMATIREA
ILLEIKNIPVTHPIDVYPIMSNLAFQVVAKSLESRDDIQEEMSQLQYITETNQRMLIKEM
ROPYLNWWFQLSGQIRKHLNLAKDGQAILHQLIEGRRNSAVEKDDLLDMLLOQARYEDGTA
MAKEQLIDEVLILFTAGHETTANALSFLVFLLAKHPEIQEKAYQEMKNITLEGDDVLIQL
LELKYVQQCIEEAMRLYPPAYIIDRVAIEDDEFEGLNIPKDSLVLMSIYELHRNENEFWEA
PNEFNPERFDASKKKEYQEYYYPFGAGPRMCVGNNFAMYEMITIAATELLQKYEMTTALPE
VTINPLISLKPENVLISFTARN

>CYP236A32 (M667 11705)Cellulophaga baltica NN©16038

MKESIFTDPFKKARQETGIGEMDDONDPVAMILGHKEVRRAAHNWKSYSSGAIPGRIVIP
SEVNIRSIRQIPFEVDPPQHGAYREVVEKWFKRPLEKKYEEELTLQIEALVIEVLEQDSF
EVIHDFALVLOSQALTLLENVPFEEAQTWISWGTHVFRSKDSALDGAKANVLYDYIDQKL
AESSSNPGKDEFYAVLLAAEVDGKKLSAEEAKGVLILTFAGGRDTVINAVTNSIAYFAEHP
KSLEWLRKEPELLPTAIEELIRYFSPLTOMGRVATQDTMVCQHAVKADSRISLCWASANR
DETVFENADEVVLDRKANPHVAFGFGTHNCLGATHARQVMKVLLRTLIAKVKSIDIHDAK
DNIEDLGDFKRKVGEFDSLTVKENKI

>CYP1103C15(M666 07665)Cellulophaga baltica 18

MOKTPIVSQFEVFKNSKRILKNPLPFHRENFEKYGDVFRVKIGVKEELAFTRSPQLIKHI
LOKQHKKYHKSSLQTKDLAKYIGHGILTSNGEHWRTHRRMVQPAFHKKKLRNLMATIREA
ILLEIKDIPVTHPIDVYPIMSNLAFQVVAKSLESRDDIQEEMSQLQYITETNQRMLIKEM
ROPYLNWWFQLSGQIRKHLNLAKDGQAILHQLIEGRRNSAVEKDDLLDMLLQARYEDGTA
MAKEQLIDEVLILFTAGHETTANALSFLVFLLAKHPEIQEKAYQEVKNITLEGDDVLIQL
LELKYVQQCIEEAMRLYPPAYIIDRVAIEDDEFEGINIPKDSLVLMSIYELHRNENFWEA
PNEFNPERFDASKKKEYQEYYYPFGAGPRMCVGNNFAMYEMITIAATELLQKYEMTTALPE
VTINPLISLKPENVLISFTARN

>CYP236A32 (M666 11750) Cellulophaga baltica 18

MKESIFTDPFKKARQETGIGEMDDONDPVAMILGHKEVRRAAHNWKSYSSGAIPGRIVIP
SEVNIRSIRQIPFEVDPPQHGAYREVVEKWEFKRPLEKKYEEELTLOIEALVTKVLEQDSFE



EVIHDFALVLQSQALTLLENVPFEEAQTWISWGTHVFRSKDSALDVAKANVLYDYIDQKL
AESNSNPGKDEFYAVLLAAEVDGKKLTAEEAKGVLILTFAGGRDTVINAVTNSIAYFAEHP
KALEWLRKEPELLPTAIEELIRYFSPLTOMGRVATQDTMVCQHAVKADSRISLCWASANR
DETVFENADEVVLNRKANPHVAFGFGTHNCLGATHARQVMKVLLRTLIAKVKSIDIHDAK
DNIEDLGDFKRKVGEFDSLTVKENKI

>CYP1103A9 (Krodi 1564)Dokdonia sp. 4H-3-7-5

MPDKIPAVSVFKFLANAGSILKNPLPFHKENFESKGDTFKLKLGFGNDVVESRDPEFAKY
ALQKNQRNYSKSPIQTKDLAKYVGEGLLTAEGDHWKKQRKLIQPAFHKKQLAQLLDAMHE
VIKEELLRIETHKPFDVFEVENDLAFMTVVKALFKTDVDRDKINRLOHITEQAQKMLVKE
LROPFKAWYFKYGGAIDKHLALTKEARVILKELVKERKDSGDKPGDLLDMLLDSQYEDGG
FMDNKQLIDEILILFSAGHETTSNALTFTAELLARNPIWQDKIYEEYAFAKANSTNLNEFE
LRHCTITKQVLEETMRMYPPAYFIDRVNIEDDDHNGMEVPAGSNLLEFSVIEIHKHKDEWE
RADQFDPTREFDDNAGMKHPAYFPFGAGPRMCIGNNFAMYEMILAITEMVSMYKITPKNTP
IEILPLITLKPKNALLEFIPR

>CYP1103A8 (MED134 11416)Dokdonia sp. MED134

MSNDIPAVSVLKFLANAGSILKNPLPFHHDNFESKGDTFKLOQLGFGNEVVESRDPGEFAKY
ALQKNQRNYTKSPIQTKDLAKYVGEGLLTSEGSLWKKQRKLIQPAFHKKQLAQLIEAMHT
VIKEELQSIKTGEAFDVFEIFNDLAFNTVAKSLEFQTEVDRKKINRLQYITEQAQKMLVKE
LROPYKSWYFKYAGPIDKHLALTQEARDILMELVEERRASQQKVGDLLDMLLESTYEDGT
GMDDEQLIDEILILFTAGHETTSNALTFAVSLLARHPEWQDKIYEEYAFAKAYSTSLNEF
LRHCTVTKQVLEETMRLYPPAYFIDRVNIEEDEYMGMKIPAGSNLLFSCIEIHKHNDEWE
DPLOFNPTREFDDNAGMYHDAYFPFGAGPRMCIGNNFAMYEMILAVTEMVSREKITPINTP
IEILPLITLKPKNAILEFTAR

>CYP1103A9 (DCs32 04110)Dokdonia sp. Dokd-P16

MPDKIPAVSVFKFLANAGSILKNPLPFHKENFELKGDTFKLKLGFGNDVVEFSRDPEFARY
ALQKNQRNYSKSPIQTKDLAKYVGEGLLTAEGDHWKKQRKLIQPAFHKKQLAQLLDVMHE
VIQKELLRIVMHKPFDVFEVENDLAFMTVVKALFKTDVDRDKINRLOQHITEQAQKMLVKE
LROPFKAWYFKYGGPIDKHLALTKEARVILKELVQERKDSGDKPGDLLDMLLDSQYEDGG
FMDDKQLIDEILILFSAGHETTSNALTFTAELLARNPIWQDKIYKEYAFAKANSISLNEF
LRHCTITKQVLEETMRMYPPAYFIDRVNIEDDDHNGMEVPAGSNLLFSVIEIHKHKDEWE
RADQFDPTRFDDNAGMKHPAYFPFGAGPRMCIGNNFAMYEMILAITEMVSMYKITPKNTP
IEILPLITLKPKNALLEFIPR

>CYP236A2 (ZOBELLIA 4677)Zobellia galactanivorans

MKKSELPDPFEKARESKGYGEMNDQDDPVTMLLRHKDVRKSAHNYKTFQSGAVPGRIVIP
SEVDIRDTRQIPFEVDPPVHGVYRAIVEPWFKRPLOAEYQEKLTAQISEIVEETLLKGSV
EVVTDFALRLOSRALTLLLNTPFSESETWISWGTHVFRSEGEALDGDKANILYHYIDEQI
DRASENPGDDMYSVLLNSEFEGRKLTKEEVKGVMVLTFAGGRDTVINAVTNSIAYLAEHP
EALERLRKEPEITGRAVEEMIRYFSPLTOMGRVVTEDTHVCEHAVKADSRISLCWASANR
DAAVFENPNEIVLDRKVNPHVGFGFSHHNCLGATHARQILKILLOTLAQKVASFEILDYK
ENIEDLDHFQRKVGFHNIQIKFNPLTK

>CYP1103A10 (Aegsu_0891)Aequorivita sublithincola

MKAKKIPSVSAFRFLTHSIQILKNPLPFHHKNFETKGDTFRLKLGFGKSVIFSRDAGLAQ
YALQKNHRNYTKSPIQTRDLAKYVGHGLLTSEGELWQKQRKLIQPAFHKKQLINLLDTIN
SATIKLELTKIETGKPKDIFPVENDLAFQTVVKSLEFSSAVNQKEINKLONITEAAQOMLVK
ELRQPYLIWWFKLSGTIKKHIAETEEARATILMKLVYERRNSGKREDDLLDMLLDARYEDG
SVMEDRQLIDEILILFTAGHETTSNALTFTCELLARNPDIQEKLFEEVIFAEVNSETLMD
FIKNLSFTKNVIEESLRLYPPAYFIDRVNIENDEFDGMEFIPKNSNLLESLLEIHTNPANW
EEPQKFRPERFSDVNPNHEFSGQYFPFGAGPRMCIGNNFAMYEMILATAEIIKTYKIAEKK
TSIEMKPLITLKPKNAILEEFNFEFR



>CYP1144A9(P700755 002170) Psychroflexus torquis

MTSSTHFPEVPVIEFLKHAGNILKNPLPFHOKNFEALGNTFRLNLGLGNSVVESRDPEFA
IYALRDNQKNFKKTDIQTKDLAKYVGHGLLTSEGQKWKSQRKLIQPAFHKKNIYSLLDVM
VEAIDKELERIEVDTPIDIFPIFNDLAFKVVVKSLESDAINAEEISRLQYITEETQKMLV
KELROQPYKKWWEVLSQELKRNLNLSREARDLLIRITKRRONSNSESKDLLDMLLALTYED
GSKMNQEQLIDEILILFTIAGHETTSNALSFTVQLIGODEHVQEKLVSEIDLLEDHSFFDI
LKDSKYTENVIQESMRLEFPPVYFIDRONIERDTFKGFEIPQGTTLLEFSVHQIHRNATNWE
NPNKEFMPERFODSRSVSNFYFPFGAGPRKCIGNNFAMYEITLAINRLLKTYKIEQVNKET
EIQPLISLKPKNAIVKESKR

>CYP1103B3 (DDD_1081)Nonlabens dokdonensis

MKQIEQVPTLTFLAKSRQIYKDPLPFHRENFKKYGNTFKISPKPGLLIHFTCDEKLTQHT
LOKNQKNENKSTLQTEDLGKY IGHGLLTENGEKWRANRKLIQPAFYKKSISSLMNVMDEV
IQEEIGKIKEDVATDVYEIFNDLAFKVVARSLEFDFADIDNLDSKISRLOYITEKAQKTLI
KELRIPWMKWYFDREWLSGKKSIPHSLSLIEEAREILRNIINNRRSGNKEPGDLLDMLLH
STYEDGSHMEDDQLIDEILVLFIAGHETTANALSFAAQLLAQHPETITKATQELQHLENE
NLMEGLMSMPYIKQCVEETLRLYPPAYVTDRVALEADSCEDVEIEKGSIWLVSFYEMHRR
ODLWERPEEFIPERFEKEKAKSYRDEYFPFGAGPRMCVGNNFAIFEMVLTSARLLERFEV
KPVHDTIDYHPLITLKPRNAQLIFKRK

>CYP1103B5 (aAT17 08830)Nonlabens sp. MIC269

MEIPQVPFIEFFSKSRQIYKDPLPFHRYNFKKYGKTFKIKPKSGLVIHFTCDEDLAQYML
OKNQKNFHKSTLOQTKDLGKY IGHGLLTANGEQWKANRKLIQPAFYKKSIATLMNKMEEVV
DEELGKIKPNETQDVFEIFNNLAFKVVAKTLFYIEDIDDKINRLOQEITEKAQKMLIKELR
LPFLLWYYKREWLSGSGSIPYHLELINEARKLLSDIIDDRKTSQKHFGDLLDMLLHSTYE
DGSYMSKEQLIDEILVLFIAGHETTANALSFATELLAQHQONAQDLVLQOSLODVDKESDLM
TOQIMRSQFTKQCVEETLRLYPPAYVTDRVALKDDECGSIKIDKNTNWLISFYELHRREDL
WESPDDFKPERENPDKVKEYKNEYFPFGAGPRMCVGNNFAMFEMVMVLNKLVSKYHLVPT
RERIEYNPLITLKPKKAIVMFKER

>CYP1103B2 (cw736_02995)Nonlabens sp. MB-3u-79

MRKIEQIPALTFLAKSRQIYKDPLPFHRENFKKYGNTFKISPKPGLMIHFTCDEKITQHI
LOKNQKNENKSTLOQTEDLGKY IGHGLLTENGEKWRANRKLIQPAFYKKSISSLMRTMDEV
IQEEFSKIKTDQAIDVYEIFNNLAFKVVARSLEDLGDIDDLEEKISRLOFITEKAQKMLI
KELRIPWMKWYFDREWLSGDNSVPHALELIEEARDILRNIINNRRSSDRESRDLLDMLLH
STYEDGSYMEDDQLVDEILVLFIAGHETTANALSFAAQLLAQHPETIAKASKEISHLDNE
DLMTGLMAMPYIKQCVDETLRMYPPAYVTDRVALEADSCEDIAIEKGSIWLISFYEMHRR
KDLWKDPEVENPDRFAPGKAKEYRDEYFPFGAGPRMCVGNNFAVFEMILVIARMLEREDI
TPVHDFIDYHPLITLKPRNAQLLFKKKVTTDY

>CYP1103B4 (EJ995 01145)Nonlabens sp. MJ115

MRKIDKVSAFRFLSKSAQIYKDPLPFHRENFQRYGHTFKISPKPGLVIHFTCDTTLTQHT
LOKNORNYHKSSLQTDDLGKY IGHGLLTANGENWRKNRKLVQPAFYKKQLATLMDSMNKV
ILKELDRIKPDIEVDIHEIFSDLAFKVVAKSLEYLEDMDERINRLQHITEQAQKMLIKEL
RLPFLMWYYDROWLSGNSSVAYHLKLIDEAREILODIIDQRRKEQKEYGDLLDMLLQSTY
EDGTHMSDRQLIDEILVLFIAGHETTANVLTFATQLLAHHPDEAALARDQASQVSTPDLM
TOMKELDHIKRVLEETMRLYPPAYVTDRVAVDDDVCGDIELKKDSIWLISFYEMHRRKDL
WDSPDDFVPQREFDADKRKSYSDQYFPFGAGPRMCIGNNFAMFEMMLVIKNILIKYKLEPV
GDTIEYHPLITLRPKNAQVVEFKSR

>CYP236A31 (BW723_04380)Polaribacter reichenbachii

MKVSEFPDAFKKEREEKGYDSIEDQNDPAMMILGHKDVRKCAHQWQTFQSGAKPGRIVIP
SEVNIRETRQIPFEVDPPEHKSYRNLLEAWFKRPLNEDYKNQLTTQIESIVDEVLNKDAT



EVVGDFSLPLOSRALTLLLNIPYSEADLWISWGTHVFRSEDTALDADKANILYNYIDQETL
DKAIENPSESLYSQLLNSKVNGKKLTKEEVKGVMILTFAGGRDTVINAVTNSIAYFSEHP
NSLKALKENPAMINKAVEELVRYFTPLTOMGRVATKDAEVCEHAVKADSRIALNWASANR
DERVFENPNEVVLDRKVNPHLSFGFGIHNCLGATHARQILRILLATLSKKVTSIDVLEAK
ENIEDLGNFKRKVGFDSLKVQENK

>CYP2728A1 (EAGO8 11490)Chryseobacterium sp. 3008163

MISKTMYAYAPEIDSPYRKNVLHGLAARNLKFEKDEMKASAEKFLKECLEKGKFDEFINDE
AHQYTFETISRIIGIPEEDIAELTEVVSKLNKGYLKLINNLETSDPAEQDFILFLRKEIQ
KKENSLGKDLASALIESCKVTDENSDFALCLLIFLEYAGHDNMMNEFLGNGFLSLYNNPHV
FNELKGKPHFIQNAIDELLRYDSPVQFFTMYTKNDIVIRDTKISAGCQLLVCAGSANRDP
DKFONPDEIKIDRSPQHLSYGFGAYRCIGARLAQLOQSATAFEVLIONLNIEDLKISNPIW
KNEQYIQRGPKKIIVNTK

>CYP1103C7 (SB49 14710)Sediminicola sp. YIK13

MKLVSRFQVLKNARRILKNPLPFHHENFEAHGDSFKVQLTTKETVLETRNPGLIRHVLQOK
QHKKFEKSPLQTVDLAKYIGHGILTSNGEHWRVHRRMVQPAFHKKKLHNLMGVIREAIRF
ELQRIKPNTEEDVFPLMGDLAFQVVAKSLESSTDIRDKMSQLOHITEENQRMLIKEMRQP
YLRWWYKLNGKIDRHLAMAKEGOQKLLLEITEERRTAGLEKDDLLDMLLKARYEDGSPMSD
EQLIDEVLILFTAGHETTANALSFTLFLLASHPEIQEQVYQEVSKVDFEDPEIDLMKGAM
QLOLVKQCLEEALRLYPPAYVIDRIAIEDDSFEGISLPKGTLVLMSVYELHRYSDEFWEKP
SEFIPGRENTTDKKDYSDYYYPFGAGPRMCVGNNFAMYEMILAVAEITIKKYKIKTSLEKV
EINPLISLKPKCVPLLFEER

>CYP236A21 (TJEJU 2941) Tenacibaculum jejuense

MKSEFSDPFEEARKKTGLGHIDDONDPVAMILRHKDVRKTAHNWKTYQSSAVPGRIVVPS
EVNIRDIRQIPFEVDPPLHKDFRDLLEGWEFKRPNREEYQKTLKNQVSNLIDDVLSEDEIE
VVHDFSLKLQSRALTILLNTEYSESDTFISWGTHVFRSEGDSLDASKANVLYDYLDAKIN
GARENLGEDLYSVLLQAEVNGKKLTHDEIKGIMILTFAGGRDTVINAVTNTVAYFADHPK
SLLDIKNNPEKINKAVEELIRYFSPLTHMGRVVTEDTQVCEHAVKNDTRVSLCWASANRD
ETVFENPNQVNFDRKINPHVAFGFSHHNCLGATHARQIMRTLLOQLLADKVSSIDIIDSRE
NIEEWGEFKRKVGFHELKVKENK

>CYP1103A14 (cWw732_00785)011leya sp. Bgll-27

MKNNIPEVSLLKFIKHSLEILKNPLPFHNRNFEEKGDVEFKLNVGEFNSKIYFSRDAGLAQY
VLOKNQRNYVKSKIQTVDLVKYVGEGLLTSEGDKWKKQRKMMQPAFHKKQLONLLTGMQD
TITISEFSKVETNKTIDLFPLLNDLAFQTVVKSLEFTQAANSKDMERLQCITEANQRMLVKE
LROPYLGWWFKIGGALKKHLKLSEEARTILKGIVAERKASGHREFDDLLDMLLETKYDDGK
GMSETQLIDEILIIFTAGHETTSNALTFTFQLLAKHPEWQDKIYDEWSELGGDDVDLMTR
VSTSKICQQVLEESMRLYPPAYFIDRVNVEADRFNDMVEFEPGCNLLESVYETHRHPKLWT
NPESFLPERFEDGGRQFSAQYFPFGAGPRKCIGNNFAMFEMITAVTELVKNYKIRPEFDK
IDITPLITLKPKNAFLRLEKRN

>CYP1103A17(DzC78 08210)0lleya aquimaris

MKKIPEVSLLKFIKHSLEILKNPLPFHNKNFTEKGDIFKLNVSENSKIYFCRDAAFAQYV
LOKNQKNYTKSNIQTKDLVKYVGEGLLTSEGDKWKKQRKMMOPAFHKKQLONLLSGMQDT
IVEEFNKIYTNKTIDVFPILNDLAFQTVVKSLFTKPARAKDMERLQFITEANQRMLVKEL
ROPYLGWWFKTGGELKKHLKLSEEARIILKGIVADRKASNKRYDDLLDMLLETKYDDGQG
MSEQQLIDEILITFTAGHETTSNALTFTFQLLAKHPEWQDKIYNEWLTLGGDDADLMTRV
SNSKICQQVLEEAMRLYPPAYFIDRVNIKPDDEFNEYHFESGSNLLESVYEMHRHPKLWDQ
PDTFLPERFKDGGRQYSAQYFPFGAGPRKCIGNNFAMFEMITAVTELLKKYKIKPKSETI
EITPLITLKPKNALLREFQKRD

>CYP1099C2 (c1H87 09385)Flavivirga eckloniae



MPKYKYPNKVHFFKFLIQASSTIAKNPMLERNKWENEIGDTFAIKSPEYGHITILTRDAVIT
KHMLOKKHKVYHKSKIQTLYLSKYVGYGLLTSSGDYWLKQRRLIQPAFHKEKIQNLVETI I
NKAVNEQVESINAEGFVELYPIMNELAFEVVAKSLENFSAEKETLKRLOFITEKLQLEFIV
KELRMPYKKLWYTLTGEIKYHMKLVKESRSIINTIIDQRRKSNEEHDDLLDMLLSATYED
GTTMTNEQLIDEILILEFVAGHETTANALTFTLKLLAQNKDALTKVETEIKETNTKGLTPL
QELSQLNYTKCCIEESLRLYPPAWITDRVNIEDDTIDDYILKKGTIIGASIYELHRNKNY
WDDPESFKPSRFFEENRKEVLPYYMPFGAGPRLCIGNNFAMYEMILAVSAILKKENITTD
NDTIKVNPLITLKPVDVRLKFTLKNDC

>CYP236A27 (C1H87 18040) Flavivirga eckloniae

MKKSALPDPFEEARVNKGYGEMDDONDPVTMILGLKDVRKCAHNWKTFQSGAEPGRIVIP
SEVNIRDTRQIPFEVDPPEHKDFRALVDPWFKRPLEADYSATLTQQINDIVDEMLTKDST
EVVEGFSLRLOSRALTLLLNIPYEESETWISWGTHVFRSEGEALDGDKANILYDYIDEKI
TKAIENPGDDLYSMLLAATVNGKKLTREEVKGVMILTFAGGRDTVINAITNSIAYLAEHP
ESLNRLLNEPEITGRAVEELIRYFSPLTOMGRVVTEDTQVCEHAIKEDSRISLCWASANR
DAKVFENPNDVVLDRKINPHVAFGFSHHNCLGATHARQIMNILLKTLAKKVKSIDIIDYK
ENIEELGEFNRKVGYNSLTVKEFNGR

>CYP236A33(C1a40 12590) Tamlana sp. UJ94

MKKSKIDDPFKEARETKGEFGTMNDONDPVTMILGHKDVRKCAHNWKTEFQSGGDEIGRIVV
PSEVHIRDTRQIPFEVDPPQHKSYRDLVEPWEFKRPLEEAYQEKLTDIINIIVDEALTKGS
MEVVSEFALKLOSRALTLLLNIPFEESELWISWGTHVFRSEDTALDGDKANVLYDYIDAQ
IDKAIANPGDDLYSKLLASEIDGKTLTKEEVKGVLILTFAGGRDTVINAITNTIAYFADN
POALQQLRDQPEHLNSAIEELLRYYSPLTOMGRVVAEDTQVCEHAVKAQSRISMCWASAN
RDERVFENPNEVVLDRKVNPHVAFGEGTHNCLGATHARQILRILLNTLTQKVGCMQITAA
KENIEDLDEFNRKVGEFDSLQVAFHKL

>CYP1099A5 (c5000 03575)Aureitalea sp. RR4-38

MAAKTKYNYPERLPLLKFFLNAEAIRKNPIPFHROQFFNLYGDTFAVKLGRRKHLMLSRDK
DVVQHILOKNHKNYYKSTIQTKYLSKYLGMGLLTANGEFWLKQRRLIQPAFHKKKMDSLL
GLMQKTIAGELDELTTESSIDVFKVMNQLAFNVVAKSLENLSVSTDQLKRLOYIIQEIQL
FLVKEVRLPHKGWWFKLSGQVKKHKLLSEESREIIGKIIEERKASTQSHDDLLDMLLATR
YEDTREPMSTRQLVDEISILFVAGHETTANALAFTSFLLARHPKVQORVFDEVLVAVSAT
ODPLEQIKQLPYTRAVIDESMRLYPPAWITDRENLEDDTIGDYHIRKNTLVGVSEFYELHR
NPKYWENPDDFVPERFLGEHKKETAGIYYPFGAGPRMCIGMGFAIYEMVLAVSHLVYHYK
LNTQLNEPKVNPLITLKPVDILINFERRDHS

>CYP1103C13 (HME9304 02119)Flagellimonas sp. HME9304

MKNLPHVSAFKVLLNSKRILRNPLPFHYENFEKLGDTFRISIPGEGEVLESRDPELIKQV
LOKKHRYYSKSKLQTKDLAKYIGYGLLTSEGEHWRTHRRMVQPAFHVKKLKGLEGIMRNA
IVDELKRIEPNSQONVFALMGDLAFQVVAKSLESSNDIREPMSRLOQITEENQKMLIREM
ROPYFKWWFKASGEIKKHLKMSQIGRDILNDLIEERLTSGQEGQDLLDMLLKATYEDGSR
MPRRQLIDEVLILFTAGHETTANALAFTLYFISKDEELQAKLFAEINTLENENYTLEDLG
KLSLTMSCIKEAMRLYPPVYFIDRVATHENEINGLLMKKGTLVLLSIFELHRHPEFWNKA
TEYIPDRFMKMNMKEASNYYYPFGAGPRMCVGNAFANYEMVMVIMEIIKKFKISTKMTSV
EINPMISLKPKEVTLSEVAR

>CYP236A30 (D1818 05265)Aquimarina sp. BL5

MKKSEFLDPFEKARLEKGIGEMDDQDDHVVMALRHKDVRRCAHNWKMEFQSGAEPGRIVIP
SEVNIRDIRQIPFEVDPPMHGDYRTLVEAWFKRPLEENYQIELKKIITTIVEESLKKDTV
EVIREFALVLOSRALTLLENVPFSESETWISWGTHVFRSEETALDADKANVLYKYIDVQI
ENSIKKPGEDFYSKLLESEVNGRKLTKEEIKGVIILTFAGGRDTVINIVSNSIAYFSEHP
KALEKLRSDPASINFAIEELIRYFSPLTOMGRVVTEDAQVCEHAVKADTRISLNWASANR
DESVFENANTVVLDRKINPHVAFGFGVHNCLGATHARQIMKVLIHTLIGKVQSIDLLDSK
ENIENLGEFKRKVGFDSLKVNEFNSK



>CYP1103C10(D1818 11500)Aquimarina sp. BL5

MVIPKVSFFQVLKNAKNILSNPLPFHNKNFEKHGDVFEVNLGFGNSVIFTRDAGFAKHML
ONQHRKYHKSPLOSKELARYIGNGLLTSNGDHWLRQRRLIQPAFYKKKIDVIANTIRETI
CEELSRIEPNVSADIYPLMNDLAFKVVAKSLESYTDTGNTMARLQHITETAQKSLIREIR
QPYKRWWEFHLSGQIKSTLKLTQEARDILDNIIEERRKSKDTYDDLLDMLLNSKYEDGSSM
DNERLIDEILILFVAGHETTSNALSFCLSLLALHPEIQNKVFKEASEFDSEELSLMEQFQ
KSKYTTQCVEEAMRLYPPAYFSDRVNIENDEYQDIKLRKGTTVLISFFEIHRHESFWENP
TKFDPDRFHSDNKKEYSNWYFPFGAGPRMCVGSNFAMYEMIYTVSELIKKYKISTSISET
EIKPLITLKPVNAILKFEKR

>CYP236A25(D1815 13705)Aquimarina sp. AD1

MKNSKFSDPFDKARQEKGYGEMNDQDDPVTMVLRLKDVRKCAHNWKTYQSGAVPGRIVIP
SEVNIRDTRQIPFEVDPPMHKTYRDLIEDWFKRPLLPEYQAELANIIEDIVDEAVTKDGS
VEVVEEFALCLQSRALTLLLNIPHEESKTWISWGTHVFRSEDSALDGSKANILYDYIDAQ
IEKATIRNPGNDLYSILLNSEIDNRKLTKEEVKGVMILTFAGGRDTVINSISNTIAYFAEH
KESLOQLLKDNPEIISKTVEELIRYFAPLTOMGRVATQDAAVCEHATIKKYTRISLCWASAN
RDETVFENPNEVVLDRKINPHVSEFGESHHKCLGATHARQIMKILLQALTKKVTSIEIVDA
QENIEELGEFKRKVGENSLSVKENK

>CYP1103C9(D1815 19415)Aquimarina sp. AD1

MPVPKVSEFYKVLKNAKNILSNPLPFHNKNFEKHGDIFEVNLGFGNSVIFTRDAGFAKHML
ONQHRKYYKSPLOQTKDLGKYIGNGLLTSNGDHWLRQRRLIQPAFYKKKIDVIAKTIRETI
CEELSRIEPNVSMDIYPLMNDLAFKVVAKSLESYTDTGNTMARLQHITEAAQKSLIREIR
QPYKRWWEYLSGQIKSTLTLTQEARDILNTIIEERRRSEDTYDDLLDMLLSSKYEDGSSM
DNERLIDEILILFVAGHETTSNALSFCLSLLALHPEIQESAYTEIAKYDGQELSLMEQFE
KSKYVAQCIEESMRLYPPAYFSDRVNIEKDEFNDIELSKGTTVLISFFEIHRHKDEWENP
TVFDPDRFHPDNKKKYSDWYFPFGAGPRMCVGSNFAMYEMIYAVSELIRKYKISTSISET
EIKPLITLKPVNAILKEFTPRNK

>CYP236A28 (D1816 09135)Aquimarina sp. AD10

MEKSKLLDPFEEARLSKGYGKMNDQDDPVTMILRLKDVRKCAHNWKAFQSGATPGRIVVP
SEVNIRDTRQIPFEVDPPLHKDYRSLVEPWFKRPLEKEYKQKLTKQIEAIVDEVIAKKTV
EVVODFSLRLOSQALTLLLNIPFEESETWIGWGTHVFRSEGESLDADKANLLYDYIDQQI
IKAERNPGNDLYSMLLSSEVNGKKLTHEEVKGVMILTFAGGRDTVINAVTINSTIAYFAEHP
ESLKQLRENPDVTGKAVEELIRYFSPLTHMGRVATQDTQVCEHAIKADSRISLCWASANR
DASVFENPNDIVLDRKVNPHVSFGFGTHNCLGATHARQIMNILLVSLAKKVKSIEILDHT
ENIEDLEEFKRKVGYDSIKVNEFNAL

>CYP1103C11(D1816 12900)Aquimarina sp. AD10

MSKTIPEVSFLRVLRNAKRILKNPLPFHNENFEKHGDVFEVNLGFGKSAIFTRDAGEFAKH
MLOHQHRSYHKSSLQTKDLGRYIGNGLLTSNGEYWLKQRRLIQPAFYKKKLDLIAGTIKE
TIKEELSKITPNQTVDIHPEFMSDLAFKVVAKSLESYTDTGNTIARLQYITETAQNALIKE
IRQPYKRWWEYLSGOMKSSKMLTNEARDILNTITEQRRNDTATYDDLLDMLLASKYDDGT
SMNNEQLIDEILILFVAGHETTSNALTFSLLLLGMHPEIQEKAYDEVMKSKDEDLSIMDQ
FAKSQYTKQCIEEAMRLYPPVYFSDRVAIESDTYKDLQLPKGTTVLISFFEIHRHLDEWK
EPLVENPDRENPENKKEYADWYFPFGAGPRMCVGSNFAMYEMIVVVSELIQQYTITTTSE
EIQVNPLITLKPQGSTLKEFTQR

>CYP1103C6(D1013 03865)Euzebyella marina

MKKSDDLVTISQVEVFKNRKRILKNPLPFHQENFEKFGDTFKVNIGIGGRVVEFTRDAETI
KYILOKNHKNYYKSSLOTKDLAKYIGNGLLTSNGDFWRAHRRMVQPAFHKRKLQGLLSIM



LSSIEQELERLNQADTIDIFPIMGDIAFQVVAQSLESADNLRKRMRKLOHITETNQEML I
KEMROPYLKWWFQLSGKTNRHLAKAEEARNLLNEITEERVDLAEEKDDLLDMLLKARYED
GSPMSRRQLIDEVLILFTAGHETTANALSFTLFLLAKHPQWQEDIFDEIKELNESEDIMS
ATIGQAQLVKNCIEEAMRLYPPVYVIDRVSLGDDTIKNRSFEKGTVWLMSMYELHRSKKEW
REPEAFDPTREFNELNSKDYSDFYYPFGAGPRMCVGNNFAMFEMIMVISTILKDYRVSAAS
EKVEINPLISLKPQONVEFLKLEKR

>CYP1103C8 (EQY75 01290)Muriicola sp. MMS17-SY@02

MRQLTTVSQWEVIRNRKRILANPLPFHSENFQKYGDTFRVKVGPHQTIVETRDPEIVQQV
LOKQOKKFRKSTLQTKDLAKY IGQGLLTAEGDHWKTQRRMIQPAFHKKKLVGLISTMHEA
IKEELGRIRLNEEQDIFSLMGDLAFQVVAKSLEFSKSDIREKMRELQHITETNQKMLIREM
ROPYLVWWFKLSGQLRKHLNYSEDSRVLLNELIEDRVRRGGEEDDLLDMLLNATYEDGTH
MERKQLIDEVLILFTAGHETTANALSFALFLLAKHPEIQEQVYEEVSSNEITHDDYLSWL
SKENLTQQCIEEAMRLYPPVYVIDRMAKEDIEISGYRFKKGSMLLMSVYELHRYKAFWES
PESFQPERFEKEKKKEMGPYYYPFGAGPRMCIGNNFAMYEMVITISEIVKKYKISTPYPE
VEVVPLISLKPKAVSIRFEKRQ

>CYP1252A6 (Oweho 1887)Owenweeksia hongkongensis

MDTSQRNINDLPSPKGQPIVGHLLQFNSEAKHTVLENWVKEVGDVFRINMLGKPFLVSAN
PDINLEILKSRPDKFQRFFKINEILTEMGVVGVEFNAEGEQWKQHRELTAEALNVKNVRSE
FSTLOMMTERLYGRWCAFAKAKKEIDVQKEMVRYTVDITTSIAFGYDVNTLEKEGDVIQD
HMEKIFPMINSRITAPIPIWRLIKSKKDKELDVALKAIEDLVHQFIEEAKARLHDNSELQ
ENPTNFLEALLVEQKKNPDFTDQEVEGNVEFTILLAGEDTTSNSISWTLEFYLAQHPEVYQK
VREEAQQVFGSTRCATSHEQVAELKYTEAVCMEAMRLKPVTPNLYMQAKEDVVIQDLAIP
KGTTIMMONKVGQTDEAHFTDADQFIPERWIANGCPHHTAHSPQMMRAFGAGPRECPGRN
LAIQEMKMAISMICKNEFDLELAVKPEEVKEIFTFTMFPEGLVVKLGGV



