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Supplementary Figure S1. Phylogenetic tree of selected proteobacterial P450s. A multiple 

sequence alignment of 81 proteobacterial P450 proteins was constructed using the MAFFT version 

7 web-based platform (Katoh et al., 2019) with the L-INS-i strategy. Gappy regions of the 

alignment were automatically trimmed by MAFFT software prior the construction of the tree. The 

phylogenetic tree was constructed using the MAFFT software and the Neighbor-Joining (NJ) 

method (JTT model; Bootstrap resampling = 100). The tree was visualized with iTOL online 

software The red numbers below the branches represent the bootstrap values.  

 



Supplementary Discussion 

The CYP51 clan proteins are often considered the ancestors of the most eukaryotic P450s 

(Yoshida et al., 2000; Nelson and Nebert, 2018). The CYP51s, certainly, played the ancestral role 

for a large diversity of eukaryotic P450 monooxygenases. However, the CYP51s were evolved 

very early in Proteobacteria. Furthermore, they were not the ancestral P450s in Proteobacteria. A 

substantial diversity of P450s emerged from ancestral proteins in Proteobacteria before 

eukaryogenesis, as seen from Nzuza et al. (2021), Msomi et al. (2021), and Msweli et al. (2022), 

as well as from the results of this work. Among the P450s from the Proteobacteria phylum, 

CYP51s are located at the top of the phylogenetic tree. As noted by McLean et al. (2015), 

“although CYP51 is likely an early P450, it is not the progenitor in the P450 gene superfamily.” 

As proposed previously, the hypothetical P450 progenitor was involved in metabolism that was 

not dependent on molecular oxygen and redox partners (Kahn and Durst, 2000; Werck-Reichhart 

and Feyereisen, 2000; McLean et al., 2015). 

As mentioned in the main text of this article, many proteobacterial CYP74s are fusion 

proteins. The CYP74 clan domain from the Methylobacterium nodulans fusion protein has been 

cloned and identified as the hydroperoxide lyase (Lee et al., 2008). The full-length DNA has been 

prepared by PCR amplification and sequenced to confirm the structure (Lee et al., 2008). However, 

the peroxidase (cyclooxygenase-like) domain has not been cloned, and the recombinant proteins 

have not been studied. The M. nodulans hydroperoxide lyase (Lee et al., 2008) remains the only 

proteobacterial CYP74 cloned and characterized to date. Nevertheless, the results obtained with 

the M. nodulans enzyme, as well as its fusion structure (including the peroxidase presumably 

functioning as a dioxygenase), indicate the probable cooperative role of two domains in oxylipin 

biosynthesis. Thus, most likely, the proteobacterial CYP74s are involved in oxylipin biosynthesis 

in Proteobacteria.  
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The FASTA dataset used to generate the multiple alignments and construct the 

phylogenetic trees 
 

>MFO7856649.1_CYP74_Paracoccaceae_bacterium 

MKREGGGGSGRETETARSAATAPAALRPVPGSRGLPLVSAVWHTLKLQFVDGWKRHFEALRRRHRSNVFRVAAFGRAVAV 

TDATAFAVFSDWDGRLEKEYGFGPAVAPPRPLVGPTTPGIFSRGFGHSDPKALHVALLRLRAGRLEPALDRAIDAAFARW 

EAESRVALRDGIEILVEDFLHDWLIGSAPERPVLRPLYPGIFGHRLRWLTRHFPSSAYARAEATRARQMAVLKAAPGFRE 

IAALPEAAPLGGEDAVAGQVAFLMGVNCFLGLQNLFKSVLGELAANPDEAAALRAEVEAASSEAGGPLGLAATAALPRLD 

RFLKETLRLHPPVFFVYGTATRDFALEASDGRYRVERGERVVGVIPMVQRDPARYDRPDAFDPARFEDPAAEAGLVWPHG 

FMHDPAEDPHAHVCPGRDVALSIAKRFCARLVADADWALTATPRWSEGRFELNVAAPEGHLRVARFARRGGD 

>HMG77348.1_CYP74_Xanthobacteraceae_bacterium 

MNAGGAPNTAPIPVPGSYGLPVLGRAIDTLDFLFVSGWTEFFARRQRKYRSNVFKVNLFRPTIVLLDHPAISRLFKSEYL 

VQDYGFSWAIPPRPMVGNVSPSIFEAGAAHDVPKMFYMRLLQKRSSTLVTVFNEVAEEFITRWASLGEFEWRDELEDFAV 

SFLFQWMLGERPDTKDVRFLYNNIFLHVFPAITKHIPWSKYCRSVVIYERLLAFVKGAKNFPEIAALAGEAGLTDREYVA 

KQITFLLGMNSFLGVQCFMKGIVGELGSRAELCDRLRAEMKAALGASQTLTDIKALAAMPTLDKTLREILRMHPPVSFIF 

GRATRDLVIESKTGMFPVATGELVMGVIPFAHLDASSFAQPDRFDPGRFDDPAASAHLIWPRGLHDADVSPQDRICPGKD 

VAIIIAKLFAVTLLLKVDWRLKDGKPEWEQHKFNLNVAAPKGPIAVTGFRRR 

>MFV2060025.1_CYP74_Gammaproteobacteria_bacterium 

MDDFINWLATKYPFVVNIVSKVTWLRHLFSNYYINKYAGAIKPRPHAFTLASSYTSWKSLTDKTFTARHLPETDKTGNQP 

DIKKIVDLWRRRDNKEIPSADTSMLFSFFAQWFTDSFLRTDFRDRRKNTSNHEIDLCQLYGLNEDMTSILRSKEKGKLKH 

QIIDGEVYPPYLFNVKQTTTDNWVFASTEFEKLHPGMALKFIFSNVPEERLKRMFAVGLEQGNSTIGYTALNTIMLREHN 

RVCDQIIVDNPEWDDERLFQTARNIMIVLLLKIVLQDYIGHIAIIDFPFDPSLDMPEKKQWYRSNWVSLEFNLLYRWHSM 

VPEIFTVGNLSLKQDEFRSNTPLVTKLGVGTVISAASRQTAGRIGLYNSPDLFFEPIPIGTDQRSVMERTIDMARNAKLQ 

SFNDYRDAFSLPRLKQFEELTDDIELQIELKNLYNNDIDELEWHVGIFAEKHLPNAMFGELMTHMVAYDAFTHALTNPLL 

SKNVFNKATFSETGLSIINNTNKLEDIIKRNTKNSKFVVANFNSMVKPPGNYGFPIIGVIYDTIDFLFLSGWKNFFLKRQ 

EKYQSSVFKINLFMKTIAILDYEAFEPLFNWDGRLKKDYGFGAAIPPKELVGGIIPSVFQHNPEHQKYKSLYISILKNQV 

STFEKTFNTVFTDYSEQWLAKGQFNWAVELERMSVAFVFEWYFGSQPDIEKVRFLYNNIFSHKKLMLLKLIPWSDFNKSR 

PLFEALLDFVKSSEGFKKHIELAKSCDLYDEDAIAKQILFLTGMNNVLGLQCFSKSLIAELSLHPDLRKELLIEMREVDN 

SAAGKLSLSALNKLPKLDNTLKEVLRLHPPVFFIHGRAEKDFALRSKTGSFAIAKGDNLMGVIPLAQLDPDAFADPESFS 

PERFSSPGSSKKLIWPHGSHNADVSSSGHICPGKNVAIEFGRVLCQALLNGFDWELVEKPTWSDKKYSLNVASPVGLMKT 

TKFNRRV 

>WP_473320196.1_CYP74_Bradyrhizobium_sp_Ken51 

MRSAKDFAFDFVSSYPSFWRLLSKWEWLRRLLNRLFINIITNSSKPRPYPLSLWGAKTPGVSDVYTSWTGLVDRSYSGRH 

LPPDLDENVNCLPDVADVGALFVRGPDQLPCPKSTALFCFFAQWFTDSFLRTDPNDFRKNTSNHEIDLCQIYGLSAADTA 

LLRANKRGRLKSVKIKDEEFPPPLFEEDGKYVRPEFVGLSYIDPRTKDFRKALDDPFNTPNRKKRLFVSGLERGNSTIFY 

SALNTIFLREHNRLCEELAAAHPEWNDDDDRLFETARNVNIAQLLKIIIEDYVNHLSSAQLKFSLETGFSEKQAWYRANR 

ICAEFDLLYRWHALVPTELEMSGRRFPDSIFRYNNKFLVDVGLASAFDAASSQGAGKITLHNTAPFLINAEVEAIRKSRA 

WRLRSYNEYRERFGLQKLISFDELTDDRRLLKELKTLYGHVDRVELLVGLLAESDEDTVLGKLMTLMVGVDAFSQALTNP 

LLAENVYNEDTFTKTGLKSIANTSSLADIVHRNNVAANAKVTFGGEDPPGSYGWPLVGAAWGLLDFFFISGWLEFLRKRQ 

RKYGKTVFKTNLFGPTIMALDHRAIVPLFASKDLVQDLPVAGFKFQLPPMALVGNVSPSIYESGSEHDWPKSLYLDLLKQ 

RSKTLAASFDAVAGEFFNRWSAKKTFSFRDEIEDFVVALIFQWMLGQRPVLTEVRELYSGIFTHTFLSITRFIPGSAYSR 

ALKIFPRLLAFVKQTPAFPEIVDLAKGHKITDEDALAKRVTFLLGMNSFLGTQSLLKSIVGEFALRRELCAELRKEMDEV 

LGSDLKLPPDLQCLHRLKMLDRVLREILRLHPPVFFIPGRATRDRILDSSSGTFRLRKGELVLGVLPLAQRDEANFTQPD 

EFMPGRFMDPAASQHLIWPRGLHDAAVAPNDRTCPGKDLALIIAKLFCITLLRKASWELKQPPTWNTRYFSLNVAAPEGD 

LIVGGFEYRGESAIATPVRGAGERDEAG 

>WP_012335549.1_CYP74_unclassified_Methylobacterium 

MRQVPGSYGPPLLKTLFDTVDFLVVSGWEEFFARRRRRHGSTVFRVNLFKPTVAVLDQTGIGALFGDADLIQDYGFGWAV 

PPLPLVGGVPPSIFGSGEAHDGPKRLYLRLLARRAERLEAVFAETFAEVAARWRAAPGFSFADGIEDLVATFVGRWLIGA 

ALDPADIRLVYNHIFTQRLTAVTQWLPWSNYARSRLAYGRLLAAVRGAPDFPEIAAMAAEEGLPDPEVVAKQLTFLIGMN 

SFLGLQNLLKSLVGEFALHPAWQEEVRREAAAQAGRGATPVLDRVIRETLRLHPPVFFVFGRATRDRVLDTESGSFAIRR 

GELVMGVIPFAQNDPAHVPRPERFDPDRFLDPATGGRPLIWPRGLETATVAARDRTCPGKDAAFATARLFCTALLRDHAW 

SLAAPPAWDRHRFSLNVAAPKGPLTVERFVRKEQTG 

>WP_457117299.1_CYP74_Methylobacterium_sp_JK268 

MRQVPGSYGPPLLKTLVDTIDFLFVSGWERFFARRRARHRSTVFKVNLFKPTVAVLDQTGIAALFGDADLIQDYGFGWAV 

PPLPLVGHVPPSVFGHGEAHDGYKRLYLNLLKARATSLPATFDAAFAAQAARWEATPRFSFADGIEDLVAAFVFRWLVGA 

EIDPADVRVVYNNIFTQRFTAITRFLPASTYARSLDAYDRLLGAVRGALATSDIVAMARDEGLHDREALAKQLTFLCGMN 

SFLGLQNLMKSLVGELTLHPAWREAVRREARAGGATPVLDRVIRETLRLHPPVFFVFGRATRNRVLDGETSRFAIREGEL 

VMGVIPFAQNDPVHVPRAEVFDPDRFLDPATGARPLIWPRGLEHARVEPQDRTCPGKDLAFATARRFATALVRDYDWTLA 

ERPTWSRRRFSLNVAAPAGALTVGRFARSDGTG 

>WP_015932840.1_CYP74_Methylobacterium_nodulans 



MPSANQIALRLVTKAPGFWQFVSDTPALRGWTNRLFINLITGSAPPRPYPFSLWGPGTAPCAPYTSWTGLVERRFSGRHL 

PPATPAEVDALPPVRDLDALFRRTGAMQPCPKSSALFCFFAQWFTDSFLRTDPDDLRCNTSNHEIDLCQIYGLCVADTDI 

LRSHRDGLLKSQIIDAEEYPPFLFDETGEHVRDEFRGLSYVNKDGTGYRNPILTGAFDTPERRRSLFASGLERGNSTIFY 

CALNTVFLREHNRLCRRLRAEHADWDDDRLFETARAVNIAQLLEIVIRDYINHLSTTRFRVFPEVGFAERRPWYRTNRIA 

GEFDLLYRWHPLVPTAMTLEGAPLPDDRFRFNNALLVEKGLVAVLHAAASQRAGKITLGNTPWFLVPADLAAMEKSRAWR 

IKPYNDYRERFGLPRVTSFEELTGDRDLAERLRAVYAHVDQVDFLVGLFAEARAPDAPLGDLMTLMVGSDAFSQALTNPL 

LSCHVYGADTFSPAGLAGLETTSTLEDVVRRNADLGDRRANFTFGAPPERDPPGSFGPPGLRKFFDTVDFLFVSGWERFF 

ARRRTLHRSTVFKVNLFQPTVVVLDQQGIGALFADPDLIQDYGFGRAVPPRPLVGSVTPSIFESGEAHDGPKRLYLRLLD 

WRAATLQPVFAETFGQYAARWTSRPRFAWADEIEDFAATFVFRWLLGTEADPADVRLVYGNIFTQRFTALTQFIPWSNYA 

RSRRAYERILDVVRRAPDFPRIAEMAAEEGLHDREALAKQLAFLVGMNSFLGLQNLMKSLVGELSLHPAWQEALRQEDLR 

QETGLPAGRPATPLLDRVIRETLRLHPPVSFVFGRAIRDRSLDSESGRFRIRKGELVMGVIPFAQNDPVHVPRADVFDPD 

RFADPRTGARPLIWPRGLEHALVRAQDRTCPGKDAAFATARLFCTALVRDYAWTLTERPVWERRRFSLNVAAPKGPLTVE 

RFVRKEETG 

>WP_225161464.1_CYP74_unclassified_Bradyrhizobium 

MRSTKDFAFDFVSSYPSLWRLVSKWEWLRRLLNRLFINIIANSSKPRPYPLSLWGAKTPGGSDDYTSWTGLVDRSYTGRH 

LPPASEKSVSCLPKVADVGALFVRDPDQVPCPKSTALFCFFAQWFTDSFLRTHPDDFRKNTSNHEIDLCQIYGLSAADTA 

LLRAKKRGRLKSVQINGEEFPPPLFEEDGKRVRQEFVGLSYIDPQTGDFRKALDDPFNTPDRKKRLFASGLERGNSTIFY 

SALNTVFLREHNRLCEELAAAHPEWNDDDDRLFETARNINIAQLLKIIVEDYINHLSSAQLKFSLETGFAEKQPWYRTNR 

ICAEFDLLYRWHALVPAEMEMSGRRFPDSIFRYNNEFLVNVGLASAFDAASSQGAGKITLHNTAPFLINAEVEATKKSRA 

WRLRSYNEYRERFGLQKLTSFEELTDDRNLLLELKALYGHVDRVELLVGLLAESDEDTVLGKLMTLMVGVDAFSQALTNP 

LLADNVYNEDTFTKVGLESIANTSSLADIVHRNKVAADAKVAFGGEDPPGSYGWPLIGAAWGLLDFFFISGWLEFLRKRQ 

RKYGKTVFKTNLFGPTIIALDHRAIAPLFASTDLVQDHPVAGFKFQLPPLALVGNVSPSIYEAGPEHDRPKALYLDLLKA 

RSTTLVASFDAVAGEFFKKWSAKKTFSFRDEIEDFVVALIFEWMLGQRPVLADVRELYSGIFTHTFLSITRFIPGSAYSK 

ALKIFPRLLAFVKQTPAFPQIVELAKGHNITDEEVLAKRLTFLLGMNSFLGTQSLLKSIVGELGQRQKVRAGLCDEIDAV 

IGSDPRIADLRCLDKLKMLDRTLREILRLHPPVFFVPGRATRDRILDSSSGTFRIRKGELVLGVLPLAQRDEANFPRPDD 

FIPDRFEDPQASQHLIWPRGLHDAVVDPQDRTCPGKDLALVIAKLFCITLLRKCSWELKQPPTWNTKYFSLNVAAPEGDL 

RVDGFQYRE 

>MCZ6591040.1_CYP74_Alphaproteobacteria_bacterium 

RRRNISNHEIDFNQLYGATKGQTDILRLMKGGKLKHQIIDGAIYPPYLFDVKETSIEKYVYANKEFRELHTEDKLRVIFH 

GVSLDRLRYMFAVGLEHGNSSIGYTTLVTVMLREHNRICDELSAANPDWDDHRLFETARNIMIVILIKIVTRDYIAHIAG 

IPFPFEASPGMAEGQSWYRSNWITLEFNLLYRWHSMVPDKLVVGDQTYGPDEYRSNPPLIVKHGIGALITAFSRQRTGRI 

GLYNSPEMFFAPLPIPNDDGTIDNRSVMRRSVDMTRRFKLRSYNEYREAFSLPRLKNFEELTGGNDKLREDLKKLYNNKI 

DDVEWLVGIYAEKHGGGFVLGDLMARMVAYDAFTHALTNPLLSKFTFNSKTFSPVGMDIIENTKTLSDIVKRNVKGSGRV 

VASFTTPIEPPGWYGLPILGVIYDTVDFLFLSGWKKFFTKRRDKYGSSVFKINLFMKTIAILDHDGFEPLFSWDGRLKKD 

YGFGWAVPPAALVGDIVPSVFQANPEHEKYKKLYIEILKDQAPTFEETFTRVFKDFSDEWVKINRFDWADEIERLCAAFV 

FEWYFGARPNVDHVRFLYPRLFGHKPLALLKLLPWSAYNKSKPMFEELLAFVKKSGRFKHLVDMARKQGLENEGDVAKQL 

LFLTGMNNFLGLQGMSKALIGELSLRPDLREELRNEMREAGQSATSPLDLADLDGLPKLDRTIKEVFRLHPPVFFIYGRA 

EKDFSLYAKTGTYAISTGDHLMGVISLAHLDSDAFEDPEEFRPERFEKPEAIERLIWPHGQHAAPISTSNHICPGKDVAM 

EFGRILCHALLIGFDWELAQKPTWSDTRFTLNAASPEGSMTVTSFTGR 

>WP_283017925.1_CYP74_Bradyrhizobium_barranii 

MRATKDFAFDFVSRYPSFWRFVSKWKWLRRLLNRLFINIITNSSKPRPYPLSLWGAKTPGSSDVYTSWTGLVDRSYTGRH 

LPPDSDENYKCLPKVDDLGGLFVRGPTQLPCPKSTALFCFFAQWFTDSFLRTDPVDVRKNTSNHEIDLCQVYGLSARDTA 

LLRAGTKGRLKSVVIGGEEFPPYLFEDDGKHVRQEFIDLSYINPDTRDFRKPIDDPFNTPDRKRLLFVSGLERGNSTIFY 

SALNTIFLREHNRLCEKLAAVHREWNNDDDRLFEIARNINIAQLLKIIVEDYVNHLSSAQFKFSLETGFAEKQPWYRTNR 

ICAEFDVLYRWHALVPTEMEMGGKRFVDSIFRYNNQFLLDRGLGSVFDAATSQGAGKITLHNTAPFLINAEVEAMKKSRA 

WRLRSYNEYRVRFGLQKLTSFEQLTDDRNLRCELKTLYKHIDRVELLVGLLAESDTDTVLGKLMTLMVGVDAFSQTLTNP 

LLADNVYNQDTFTATGLESIANTSSLADIVHRNNVAVDTKVAFGVEDPPGSYGWPLVGMAWGLLDFFIVSGWSEFLLKRQ 

RKYGKTVFKTNLFGPTIMALDHRAIEPLFASGDLIQDLPVAGFRFQLPPLALVGHVSPTIYETGPEHDQPKALYLDLLKA 

RSETLAASFDAVAGRFFTRWSEKKTFGFRDEIENFVVALIFQWMLGKEPVLTDVRELYSGIFTHTFLSVTRFIPGSAYSK 

ALKIFPRLLAFVKQAPAFPEIVKLAKRHGISDEDTLAKRVTYLLGMNSFLGTQSLLKTIVGELGQRPELRTDLRREMDTV 

LGPNPTLSDLKILNKLPQLDHTLREILRLHPPVFFIPGRATRDRILDSSSGTFRIRKGELVLGVLPFAQRDAVHFKEPDR 

FDPSRFSDPTASQYLIWPRGLHDAVVHPNDRTCPGKDLALVIAKLFCIALIRKSSWQLKQRPTWNSRYFSLNVAAPEGDL 

RVDGFEYRE 

>WP_324088290.1_CYP74_Phenylobacterium_sp 

MTKQPPGSYGPPLLGALFGTLEFFLFGWEGYFARRRRRHGSTVFKVNLFQPTIAVLDRQGIAPLFGDPDLIQDYGFSWAK 

PPLDLVGGVVPSIFEHGPAHDEPKAFILALLRERSPDLANTFAAVAEPFFQRWTAAGAFDWADDLENLALGFVFEWILGA 

RPDVPAVRELYNNIFLHFAPWLERLRPNSVYARSRKTYAALIETIRTAPRYGEVARLAARFGIDEAALPHRLAFLLGMNG 

FLGLQSTFKSIVGELSRNPALCEAIRTGAGGEPELIDRFVWETLRLHPPVFFIFGRAVRARELDTASGRFSIRAGELVMG 

VIPFAQRDANLYPDPDRFDPSRYDEPARRLGLIWSRGVQDQTVQPADRTCPGKDPALLIARLFCARLAQGYRWRLGEPPR 

WTRRAYGLNVAAPVGKLQVRKFEAAG 

>WP_310884857.1_CYP74_Bradyrhizobium_brasilense 



MRSTRDLAFDLVSRYPWFWRLVSKWEWLRRQLNQLFINIITNSSKPRPYPLSLWGAKTPGTSDVYTSWTGLVDRSYTGRH 

LPPDSDKNFNCLPKVDDVRGLFVRGPNQLSCPKSTALFCFFAQWFTDSFLRTDPDDVRKNTSNHEIDLCQIYGLSSRDTA 

LLRANKRGRLKSVIIRGEEFPPRLFEDDGKRVRPEFIELSYIDAKTGDFRRPLDDPFNTSDRKRMLFASGLERGNSTIFY 

SALNTIFLREHNRLCEKLAAANPGWNNDDDRLFETARNINITQLLKIIVEDYINHLSSAQLKFSLETGFAEKQPWYRTNR 

ICAEFDLLYRWHALVPTEMEFGGKRFPDNLFRYNNCFLIESGLASVFDAATSQRAGKITLHNTAPFLIDAEVEAMKKSRA 

WRLRSYNEYRARFGLQKLTSFDELTDNPELLSELKSLYGHVDHVELLIGLLAESDPDNVLGKLMTLMVGVDAFSQALTNP 

LLADNVYNEDTFTKTGLKSIAETSSLADIVHRNNVAKDGRVAFGIEDPPGTYGLPLVGTLWGLLDFFFISGWLEFLRGRQ 

RKYGKTVFKTNLFGPTIMALDHRAIAPLFASDDLVPDLPVAGFRFQLPPLALVGNVSPSIYEAGSEHDRPKALYLDLLKA 

RSRTLRTSFDAVADEFFKRWSAQKTFSFRDEIENFVVALIFQWMLGQRPILTDVRELYSGIFTHTFMSVTRFIPGSAYSR 

ALKIFEELLAFVQKTPEFPNIASRAIEFGITDKDALAKRLTFLFGMNSFLGTQSLLKSIVGEFAQRPELRQDLCKEMDDV 

LGSDLTLPDLQHLDKLQKLDSAIREILRLHPPVFFIPGRATRDRLLDSSSGTFRIRKGELVLGVLPLAQRDEAIFREPDE 

FIPSRFEGPAASKHLIWPRGLHDAIVYPNDRTCPGKDLALIIAKLFCVTLLRKASWHLKQPPTWNTRYFSLNVAAPEGDL 

AVEKFEYRE 

>WP_082222231.1_CYP74_Mesorhizobium_loti 

MGFVSRFPWFWDFISGVPLLRTWVNRFFINFITNSTPARPHPLSLWGPFPAPGVCSDYTSWTGLVDRTYTGRHLPPSDPI 

TVARLPPTAGLAGLFLRQDKLLPCGKSSALFGFFAQWFTDSFLRTDPDDVRKNTSNHEIDLCQIYGLTAADTALLRSRQG 

GELKMQEIRGQFYPPFLFKPDGSRVKDEYLSLSYINKKTGDYRHAVLTPPFDTPERKAGLFVAGLERGNSTIYYSAINTI 

FMREHNRLCREIAKRHPDWEDDRLFETARNVNIACLLKVIINDYINHLTVTLFKVFVEVGFAERQNWYRTNRICAEFDLL 

YRWHPLIPTELNVGKDMLPSTEFRFNNQLLVKFGIEDVLSAATNQRAGRIGLENTAPFLVPADLAAIEKSRAWRLRSYNE 

YRVRFGLPPLTSFMELCGDRRIAEKLGAAYDHDINRVEFLVGLFAEQRAPNAVLGELMTLMVGVDAFSQALTNPLLSQNV 

YGPLAFSEPGLQALNETSSFDSIVRRNSAMGNRRINFSAGLTPPGSYGLPILGTIIDTVDFFLVSGWRNFFERRRKKYGS 

SVFKVNLFRPTIAMMDGKAISALFKSKDLIQDYGFSWAVPPLDLVGNVPPSIFESGPAHDRPKSLYMRLLQANAHVLGST 

FGGIFATFTEKWLSAPRFSWRDELENFSATFLFTWFLGTSPDPVKVRTLYNGIFLHFAVPIARLLPWSSFSKSLVIYKDL 

LEFIKGAPKFSDILVAARERGLTNADVVAKQIAFMIGMNSFLGTQNLLKSIVGELSDRPDLREALRAEITAGLGDASSER 

DITKVAGMPLLDKTIREILRLHPPVFFLFGRATRARLIESDSGSFAIRKGDLAMGVIPFAHLDEFAFPKPEEFNPDRFDD 

PAASAHLIWPRGRHNDTVVPEDRTCPGKDVAILIAKLFTVSLLRDFDWQLSTRKQRWEQRFFGLNVAAPVGPLEVETFRR 

R 

>HUI22595.1_CYP74_Methylocella_sp 

TLMKSRQWRVRPYNEYRKCFGLKPVTSFGDLTGDPALAAELKTIYKDVNHVELLVGLFADRHEDNGVLGSLMRWMVAADA 

FSQALTNPLLSKNVYGEQAFSEVGIESINSTTSFDDIVRRNSSMGNRKATFSTAQPPPGRYGFFPFLKTFLDTVDFLFFS 

GWEEFFHRRQVKYGSTVFKVNLFQPTIAMLDHRAIKALFASTDLVPDGPSRGFQFELPPLPLVGNIPPSMYEAGPKHNDP 

KSLYIRIIQDRKSTLVSTFNSIAEEYTSRWLLLNQFSWRDGLEDFAVSFVFQWLLGIRPDTKAVRYLYNHIFTHYLAAVT 

KYIPGSSYRRSLAIYKRLLVLVKAAPRFGDIIGIAREIGLTDEDVIAKQITYVAGMNSFLGLQNLLKSVIGELSSDPKLR 

DELRQEMEESLVGGDVANINLGHLARLTLLDNTLREILRLHPPVFLISGRATQERFIESDSGTFKIGKGELVMGVIPFAH 

HDPSVFPRPEQFDPHRFEDQAAREHLIWPRGLHDGEISPDNRTCPGKDLAVLVAKLFCFAILTKFDWRLRDPRPGWDTRQ 

FSLNVAAPKGPLDVESFHLRETINPRLTLS 

>WP_218054309.1_CYP74_Phenylobacterium_immobile 

MSETVTPALRPPPGSYGLPFLGKVFGTAEFFLFGWEQYFARRRDIHQSTVFKVNLFQPTIAVLDQQGIAPLFADKTLIQD 

YGFSWAVPPRPLVGDVTPSIFEHGPAHDDPKAFYLALMAARGPALPGVFDAVADEFFGRWTKLEKFDWQGEIEDMAVSLI 

FEWLLGARPSTADVRLIYGGIFLHMAAWAERPFPNSNYNRSLKAYGRLVDFIRTSPRYGEVEALARSHGVSAEALPHQLA 

FLLGMNGFLGTQSMLKSIVGELSRQGGLQDDLQARLVAGDLGAIFTDSLLDGVIREVLRLHPPVFFIFGRATEDRALSTA 

SGDFAIRKGELVMGVIPFALEDPSVYPDPLAFDANRYVEAQAREALIWSRGPHDQAVRPDDKICPGKDPAVLIGKLFCAR 

LATGYRWRLVDPPHWTRKHYGLNVAAPVGALALESFEAIP 

>MCI0466684.1_CYP74_Beijerinckiaceae_bacterium 

MSWTGLADRSYTGLHLGPAPKTYTDYLCTVEESKVVGLFKRGDAMVPCPKSSALFGFFVQWFTDSFLRTDSVDSRKNTSN 

HEIDLCQIYGLNENDTRILRSHKGGELKTELQHEKLKEQEYPPLLFERDGTTIKPEFLKLSYVNDRNSFFSQFVFKAPPP 

GSGRPTVPAEKKAKLFAAGLGNANSTIFYSAINAVFLREHNRLCRAMAERYPAWDDDRLFETARNTNIVQLLKIIIEDYI 

NHLSSAHFKLFVDVGFAENQNWYRTNRIAAEFDLLYRWHSFVPKSVSLRGKPVQVEPMLLDNSLLFDLGVEEVIHAAATE 

RAGRIMLKNTEEFLVNGADRGAVKKSRDWHIRPYNDYREHFGLPRVSSFEELTGEQAIAGELRAIYGSVDKVELLTGLFA 

EHHPHNSVLGELMGWMVGSDAFTHAFTNPLLSKNVYGEDCFSKVGMDSINATRCFDDIVQRNCKMGNRKATFAVAQTPPG 

SYGLPIIEPIRSKLDFFLLSGWEQFFRRRQIKHSSNVFKINLFQRAIAVLDHRAIEPLFESGDLVQDLPERGYKFNLPLL 

DLTGGVPPSMYETGPKHDRPKALYMRLLKAREATLATTFSNVASEYACRWLSLGKFNWASELEDFAADFLFQWYLGTRPD 

SKKVRFIYTNIFTHRLIAVTRFLPWSKYHRSLGNFRELLHFVREAPLFGEVLVLARAEGLNDADEVAKQITFVTGMNSFL 

GIQNLLKSIVGELSLDPELRAKLRREMEGELETEGSSGSLCQLAQLRLPLLDKTLREILRLHPPVYFIFGRATRDRTIKS 

DSGLFAIRRGELVMGVIPMAHLDASVFARPGQFEPHRFDHKEGSDHLIWPRGMHDGEATPENRTCPGKNIAVQIAKLFCF 

FLLTKYEWRLKNPPEWEKQRFRLNVAAPKGTLEVLSFRHRVQQEHCEPASSG 

>WP_379135414.1_CYP74_Methylobacterium_carpenticola 

MPSANQIALRLVTKAPGFWQFVSDTPGLRGIVNRLFINLVTQSAPARPYPLSLWGPGTDPCAPYASWTGLVERRFSGRHL 

PPATPAEIEALPPVAALDGLFRRTGTMQPCPKSSALFCFFAQWFTDSFLRTDPDDIRRNTSNHEIDLCQIYGLSPADTAL 

LRSHQDGRLKSQMIDGEEYPPFLFDAAGERVRPEFLGLSYVNEDGTGYRNPILGENFDTPERRRTLFAAGLERGNSTIFY 

SALNTIFLREHNRLCRRLKAEHPAWKDDQLFETARAVNIAQLLEIIIRDYINHLSTTRFRVFPEIGFAERRPWYRTNRIA 



GEFDLLYRWHPLVPTALTLDGAPLPNERFRVDNSLLLERGPVAVLHAAATQRAGRIGLGNTPWFLVPADLAAMAKARAWR 

IRPYNDYRERFGLSRVTSFEELTGDADLAAQLRDLYAHVDQVDFLVGLFAEARAPDAPLGDLMTLMVGSDAFSQALTNPL 

LALNVYGAEAFSGPGLASLETTSTLADVVRRNADLGERSAAFTFGTPPERDPPGALDPPVLKTLVDSVDFLFVSGWERFF 

ARRRARHRSTVFRVNLFQPLVAVLDQKGIGALFADPDLIQDYGFGWAVPPRPLVGHVVPSIFESGPDHDAPKRLYLRLLA 

WRAETLEPVFAATFGDFAARWAAQPRFSFAEAIEDFAATLAFRWLLGAEVDPADVRLVYGNLFTQRFTAITRFIPWSTYA 

RSLRAYARIVDAVKRAPAFHDIAALAQKEGLADREALARQLAFLAGMNGFLGLQNLMKSLVGELSLHPGWREAVRQEAAG 

GPAGRATPILDRVIRETLRLHPPVFFIFGRATRDRSLDSESGRFRIRKGELVMGVIPFAQNDPTHVPRATVFDPDRFADH 

RDGQRPLIWPRGLERATVGAQDRTCPGKDAAFAVARLFCTTLVREYEWTLAERPVWERRRFSLNVAAPKGPLTVERFVRQ 

EQTG 

>WP_327496930.1_CYP74_Ensifer_sp 

MTRYRRPPGTYGFPQLGKWIDMADFFFVSGWHKFFERRLQQYDSTVFRTPMFQNTVVVMDHMAISALFDTTPFIQDYGFG 

SAVPPRPLVGHVAPSVFETGVLHDNPKAFYFALLRRRATSLPAVFEEVLGEYEMRWAKLGRFSWRDEIETFTMDFVLRWI 

LEVRFDTAKARLIYNNILTDRTWRVAQFFPWTRYSKSLRYYEELLRAIEGADGFEAIMQIARVFGLSDRTYVAKQIAFLT 

GMNSYLGLQNLFKSIVGELSSRADVRAALEQQLAGWSPGPVFSTRLPAVDAFIMEVLRQHPPVFFIFGRAIDEVELQSAS 

GSFSIAKGERLLGVIPFAHSDPEAFPDPTSFKPERFQDPEARMRLIWPRGIHDRPAAIEDRTCPGKDVALLIAHAFCTTL 

VTRYQWTAVQPIKWDNRRYSLNVAAPMGELNVAGFAVRDEQARHARVAQA 

>WP_327512212.1_CYP74_Ensifer_sp 

MASPRKPPGTDGIPFVGKLIDLADFMVLSGWEKFFERRLQRHGSTVFRTPLFQKTVIATDHKAISVLFGSRPFVQDYGFG 

TAIPPRPLVGHVVPSVFETGEPHDNPKAFYFALLRHRAASLPDVFEDVLRDYELRWAKLRRFGWRDEIEDFAMDFVLRWL 

LDLKFDTAKVRLIYNNIFTNRAWRIARHFPWTRYSRSLRYYDEYVRAIEGANGFAAIMKLAGQFGLSDRTFVAKQVAFLA 

GMNSYLGLQCLFKSIVGELSMRPDIHDELARQLQGSTDPFSSPGVGAVDAFIMEILRQHPPVFFIFGRADEDVVLESSSG 

AFEIAKGERLMGVIPFAHCDPAAFPEPGLFSPERFQDAEARARLIWPRGVHDRPAEITDRTCPGKDAALLIARAFCIAVV 

TRYRWKILQPVTWSKRWYSLNVAAPKGELEVRDFTVRRG 

>HVJ24884.1_CYP74_Burkholderiales_bacterium 

FRDDGVGVKPQYRELSYIDASKASGRGDFRHDVLPKAPVNFDTPERKASFFLTGLERGNSTIVYSALNTVFLREHNRLCR 

ELDKAHPDWDDDRLFETARNINIAQLIKIIVHDYINHLSPAQFKLFVEIGFAEKQDWYRTNRICAEFNLLYRWHQLVPTD 

LKLGGRVVANTEFRFKNDLLLSEGMEALLKATSEQAAGRISLKNTAPFLVDADLAAVAKSRAWKIQPYTAYRNAFKNISP 

VRTFKQLTGGDQALAKELEDLYGTVERVEFPIGLLAEERTEGSMLGDLMTAMVGLDAFSQALTNPLLSKNVYGKGAFSEV 

GMATIDATSTLTDIVRRNTNIGHGRASFAMRPRVPGGYGLPLIGWIFDTLDIFAVSGVTRFFRRRQKKLDSTVFKINFFQ 

PTIAMLDHRAISALFRSKDLVQEKPSNRFQFQIPPLPLVGNVAPSMFGDGAAHDLPKQVYLELLKRRANTLVAEFDATME 

EFTARWLELGRFNFRDELEDFVVTFMFRWMLGAKLSPGEVRDVRKLYNGIFSHWAVAVTRYIPGSGLRRSQAIYGRLLKL 

VKSAPLFGEIEQLAAKEGLDNAEVLAKHLTFVLGMNSFLGNQSLLKSIIGELTPRDKLCDDLRSEIRRALPRAAPFNIRG 

LMVPAAMPLLDRSLREILRLHPPVFFIYGRALRDRMIESASGKFAIAKDDLVLGVIPMAHLDETVFPEAAKFKPERFEDP 

SASQHLIWPRGLHDDVVAPDDRTCPGKDTALLIAKLFCARLLPNYAWKLKTKPVWGERFTLNVAAP 

>HVJ11664.1_CYP74_Burkholderiales_bacterium 

MRATPWVRGFFNRLFINTLAGASRPRPHPLSLGMDYASWSGLFDRTYTGRHLPPADPAYVKALPDVEALRPLFARNGAML 

QCPKSSSALFGFFAQWFTDSFLRTDPLDNRKNTSNHEIDLCQIYGLNANDTRIIRGNGKRGALESRTIGGQEFPPKLFRD 

DGVGVKPQYRELSYIDASKANGRGDFRHDVLPKAPVNFDTPERKASFFLTGLERGNSTIVYSALNTVFLREHNRLCRELD 

KAHPDWDDDRLFETARNINIAQLIKIIVHDYINHLSPAQFKLFVEIGFAEKQDWYRTNRICAEFNLLYRWHQLVPTDLKL 

GGRVVANTEFRFKNDLLLSEGMEALLKATSEQAAGRISLKNTAPFLVDADLAAVAKSRAWKIQPYTAYRNAFKNISPVRT 

FKQLTGGDQALAKELEDLYGTVERVEFPIGLLAEERTEGSMLGDLMTAMVGLDAFSQALTNPLLSKNVYGKGAFSEVGMA 

TIDATSTLTDIVRRNTNIGHGRASFAMRPRVPGGYGLPLIGWIFDTLDIFAVSGVTRFFRRRQKKLDSTVFKINFFQPTI 

AMLDHRAISALFRSKDLVQEKPSNRFQFQIPPLPLVGNVAPSMFGDGAAHDLPKQVYLELLKRRANTLVAEFDATMEEFT 

ARWLELGRFNFRDELEDFVVTFMFRWMLGAKLSPGEVRDVRKLYNGIFSHWAVAVTRYIPGSGLRRSQAIYGRLLKLVKS 

APLFGEIEQLAAKEGLDNAEVLAKHLTFVLGMNSFLGNQSLLKSIIGELTPRDKLCDDLRSEIRRALPRAAPFNIRGLMV 

PAAMPLLDRSLREILRLHPPVFFIYGRALRDRMIESASGKFAIAKDDLVLGVIPMAHLDETVFPEAAKFKPERFEDPSAS 

QHLIWPRGLHDDVVAPDDRTCPGKDTALLIAKLFCARLLPNYAWKLKTKPVWGERFTLNVAAPKG 

>WP_175492527.1_CYP74_Methylocapsa_palsarum 

MTLEHRGRRMLKAFVIHLAPRYPWLWRFVSGVPFLRKWANRVFIHLLTSSGPARPYAYSLWGPKRRSETDLEPYVADYVS 

WVGLVDRSVTGRHLSPSPAASSAEPLSLPDPDKVAALFKRRGPMIPCPRSSILFGFFAQWFTDSFLRTDPTDARKNTSNH 

EIDLCQIYGLSPSDASILRSHEGGKLLTESLNGQEFPPLLFEKDEAGTLGVRERFKDLSYVKDKNSFFTRFVNVSASKSP 

AESSGRQAATDKQRECFFASGLGNANSTLFYSAINTIFVREHNRLCDEISRRYPEWDDDRLFETARNANIALLLKVIIED 

YINHLSSAHFQIFTEVGFAETQHWYRTNRITAEFDLLYRWHPFVPDSISLNGEERPIEQLLLDNGPLIALGVENVLHAAA 

TQRAGRLTIRNTTPFLNSMADKAALAKSRAWRIRPYNEYRAHFGLRPASTFEELTGDQALAAELKAIYTDVNQVELIPGL 

YAEKQEERAILGSLMLFMVVVDAFSQALTNPLLSRNVYGEKSFSRVGLESIETTSSFDAIVQRNSSMKDRKATFAAALEA 

PGGYGPPVLGKLVDTCDFLFFSGWERFFRRRQKRYASNVFRINLFQPTIAVLDHRAIKALFASEDLVQDIPSDKYRFSLP 

LLSLTGGLPPGMYESGAAHDAPKSFYIRLLQRRSSSLAAQFHETIEEFSQRWLSKSQFSWSDELEDFSAVFLFRWIFGAR 

PDPKKVRLIYKHIFGHRFVAVTRYIPWSKYAKSKALYPELLAFVKSAPLFREIVELARLEGLTDEEAVARQLMFLVGMNA 

FLGTQNILKSIVGELSLRPELCARLREEMADRLGPGQRTIDDLSVLRSLPLLDKTLREILRLHPPVFLIFGRATRDRTIE 

SDSGLFAVGKGELVMGVIPFAHQDPAVFDNPKEFNPDRFDDEKASEHLIWPRGSHDASASPGNRTCPGKDLAVVITKLFC 

VALLTRFQWRLKDPQPRWDDFRFGAGVAAPVGALDVEWFRSERNAKPARGAVSPQARPDGQCPFKGSPVPSKSVPGKTVP 



GKTAAVDQYEIAQD 

>WP_161490898.1 CYP74 [unclassified Ensifer] 

MGKLFDMVDFMYLSGWQKFFERRLQRYGSTVFTTPLFTKTVVATDHKAISALFDTIPFIQDYGFGSAVPPKPLVGDVAPS 

VFETGVLHDNPKAFYFSLLRHRATSLPAVFEEVLREYEVRWASRGRFAWRDEIETFTMDFVLRWILELKFDTAKVRLIYN 

NIFTNHLWRVARFFPWTRYSRSLRYYGEFVRAIEEASSFEAIMEIARTFGISDRAYVAKQIAFLTGMNSYLGLQNLFKSI 

VGELSSRADIRSDLDLQLRDAAPGALFSPRVRAVDEFVMEVLRQHPPVFFIFGRAIEDVVLESASGSFDIAKGERLMGVI 

PFAHDDPEAFPDPASFQPERFQDDEARAKLIWPRGIQERPADTADRTCPGKDVALLLAHAFCTALVTRYQWTVVKPITWD 

KHRYSLNVAAPMGELEVAGFTIRDERAGRPV 

>MGQ0502624.1 CYP74 [Panacagrimonas sp.] 

MLSHVLNLRRLALRQVVKHRKALTPITAGFPQAWDWINSTTHLRRIINRQFVNVFAYSTEPRPNALSLWGPNASPGSASA 

DYTSWTGLVDRRYTARQLPSASAAWMDSLPPPDSVLPLFKRPKDGAIPCPRSTALLGFFAQWFTDSFLRTDGTDSRRNES 

NHEIDLCQIYGLCAEDTALLRARTGGRLRSQEINGHEYPAYLFEKDGQNVRNEFRGLSYVAQQKDGTWNYRDPRLADHAL 

IKNDPARRARLFATGLERGNVTILFSGLSTLFLREHNRLCAELAAANPEWTNDDDRLFETARNINIVQLLRIVVEEYVNH 

LSPLQFRFLVDVPMAENETWYRTNRINAEFSLLYRWHPLTPDEFELPKKDPLPPSEYMFNNQILLNEGLERLLDAASRQR 

AGRISLFNTSAFLLDAEKAGLKKSRDWRIRSYNDYREHYGLGRAKSLEEISSDPATRAALQKVYGDVDKIEFMVGLLAED 

RVADSPLGELLSLMVGTDAFTHVYTNPLLSQNVFKPETFSPLGMHTIQTTHTLAQLVERNRKPGSAPPLVTFKYPKGIPG 

SYGPPIVGKAWNSLDFLVLSGWETYFLKRQKRSGSTVFKIQLGGNKAIALLDHQAISALFADPDLVQDYGFGSAVPPLGL 

VGDVVPSVFESGPAHDAFKAFYIDLIAARHADLAPAMDKALKRHAQTWLKQKKFALAEELERLAATLPFEWILGADHDAQ 

AVEDVRTIYNQLFVPQTRWAASINETIPFPPYRRRLQMYRRLLRHVMTAPKFNECLQLAQAHGLHDPELVAKQLLFVLGM 

NSYLGFQNLFKSAAGELARQSGMSGALRSEIAAAQSDLAKTPKLDRFLREVLRLHPPVFFVFGRATGTRTLDSASGRFKI 

AKGDLLMGVIPFAHQDPRLFGRDPASFDTDRYDNPSATRHLIWPRGPQDGAVAPSSRTCPGKDASLVFAKKLCIALLTDY 

DWKLEKAPEWTRRKYGLNVAAPIGDMAVASFKRRP 

>WP_086449604.1 CYP74 [Marivivens niveibacter] 

MAFSIAQLVDRYPYVVHQAIKIPFVHKQLNRNIIGRYTSYAPERPRKFSLKSNYTSWSSLTDRSYTGRQLPEDVNLRPKP 

DIKEVAELWRRTEGQEVPSVDTSVLFAFFAQWFTDSFLRTNTEDTRKNNSNHEIDFCQLYGQTQHQTDILRSKSGGKLRY 

TMHDGEMYPPYLFDPDKTTKDNWVFANPEFEKLHDRAVLARNLAHFSEDRIKYVYATGLEHGNNQIGYTMLSVIFLREHN 

RICDELAAAYPEWDDDRLFATARMIMIVLLLNIVLSEYVAQVGVVKFPFQAELGWAEKQPWYRGNWINLEFTLLYRWHSM 

VPDHLEIAGRKLTHMDYRANPKLIQELGIDTIITAASQQKAGKIGLGNTHHMFLDPMPANSNNPSVQELSLRMGRDAKLR 

SLNDYRELFRLPRIRDFNELVDDPVLANRLRELYKHPDDIEWMPGIFAEKHDDGMMLGELMLRMVAYDAFTHALTNPLLS 

KNIYGPDTFSPVGMDIINSTTSFRQIVARNSKKPNAVVCSFQAIKKVPGPQKLAPLRRIVETVDMAAISGWTKYHNTRKD 

RYDSTVFRAHAFKSGVVIMDAKGCEVFTNWDGRLAKTASFGAITVPRELTGRVKPSVFDNTYKHNKYKALYQKILLMRRG 

DFQSTFKSVLNRHADTWAACGTVDFTDDIERFAMEFLFEWYFGVKIDTDDMRDLYNHIFSHQPRILARLNPWSKLKSSKR 

TLDGVLSMIVDSDKFREYSALAAKDRLHDTYELAQQLLFLVGMNNYLGIQSLLKSIIGELSNNSDYATDLRGRLAETDNA 

LDLLQPLIKETLRLHPPVFFIFGVAQKDFTLQSKSGNFEIRKGEHLTGAIPFVQSDEEAYDKPHEFNPNRSFHDPNLIWS 

HSEHSASVTPHDHGCPGKDVAAYIGAMFAQTMLEKFDWTLAKPAEWSTRKYSLNVAAPIGKMTATIKPRG 

>WP_426421754.1 CYP74 [Bradyrhizobium genosp. A] 

MEFLRKRQRKYGKTAFKTNLFGPTIIALDYRAIVSLFASKDLVQDHPVAGFKFQLPPLALVGNVSPSIYEAGPEHDRPKA 

LYLDLLKTRSTTLAASFDAVADEFFKKWAARETFNFRDEIEDFVVVLIFEWMLGQRPVLADVRELYSAIFTHTFLSVTRF 

IPGSAYSRALKIFPRLLDFVKQTPAFPQIVELAKAHDITDEDVLAKRLTFLFGMNSFLGTQSLLKSIVGEFGQRPKLRKD 

LCDEMDAVIGSDPRIADLRCLNKLKMLDRALREILRLHPPVFFIAGRATRDRILDSSSGTFRIRKGELVLGVLPLAQRDE 

ANFPRPDDFRFEDPQASQHLIWPRGLHDAVVGPQDRTCPGKDLALVIDKLFCITLLRKCSWQLKQPPTWNTKYFSNVPAL 

EGDLSVGGFQYREFGA 

>WP_162277362.1 CYP74 [Rhodoferax koreensis] 

MNLWRRCFCEALNHADFFWERVSSIRPLYRWLNGLFIRLTVSSTLARPHPFSLWSPGPATSSPADYTSWTGLTDRSFTGR 

HLPPADPAWTAALPARDQLRALFVREQFAACPRSSTLFCFFAQWFTDSFLRTHPTEPLRNTSNHEIDLCQIYGICASDTR 

LLRSGVGGKLKSQRIGGEEYPEFLFERNGIFVRQQFLGLSYIDAKKRDFATAAVPAGFDTPHRYRSFFATGLERGNSSAF 

YTAISTIFLREHNRLCDEIARTNPTWGDDRIFETARNTNIAQLLKIIIQDYINHISSSAFKLFVDVGTAERETWYRTNRI 

AAEFDLLYRWHALVPNECVVDAQTVANQDFRFNNQFLIDKGLASLLGSASQQQAGNIRLQNTAFFLVDAEMAAVDKSRAW 

QLRSYNEYRQCFSLPPAKSFEDLTGDKAMAQRLEALYGDIDQVELMVGLLAEKRANDVVFGALMTRMVGSDAFSQALTNP 

LLAQAVFGEKTFSKAGLSCLEATSTLDQVVQRNTAMKGATASFEVPAVPRLRAWPWLDRVFDPLEFFFCDWYRFFTRRRS 

ATGSSVFRVHLLQPITVVLDHQGIEPLFAAKKYRQDYGFGWAVPPLPLVGGVVPSLFESGEAHDRPKQLYMAMLAARRGK 

LLPVFEATARRFGQKWAMARRFGFQLELENFSAEFLFKWYFGLDADAADVRRLYFGMFSPRMLLWRLQRFIPGSPFNTTL 

AIYARLLAQVKASQGLGELLTQAHEIGLEDDDATAKQLLFVAGMNSFLGMQNLSKSVIAELSQRTELCAQLREEIQSTLG 

PAFPTSLRELSDAKLPLLSQFLRETVRLHPPVSLIFGRATQDQQINVSDGRSYPVRKGELVMGVLPLAMRDAALFPEPAL 

FKPSRFDDPADRRGLIWPRGRQDEAATATDRTCPGKDVSVELMKLLCIWLLPNYRWRLAEGPVWEQKGFGLNVAAPKGAM 

QVEDFAAA 

>WP_056663157.1 CYP74 [Rhizobacter sp. Root1221] 

MNVTSTTSTAPLPPPTRPRPVPGRRLPGWWATAVQTADYFLWSGPDAFLRHQQRRHGGTVFRVYLWRPVVALVDTQAISV 

LFDSPDLVQEYGFGWSRPPRALVGGVVPSTFENGRAHDVPKALYHDWLQSRLPDLGERFEATADHYLDRWDNGGRPFSFR 

DELENFPAEFLFDWLLGARPDPADVRLLYLNLFGHRFPRLAALFPRSRYRQSLAAFERLLACVLQSPQFPGVLARARALG 

LDDAGEVARQMLCLIGMHAFLGLQSLLKSVVGELSSQPAWALRVRHEVITTFGPLPVLPALRRLEGLPGLDAWMREVLRL 



HPPVANVFARATRDRTLRSQSGAYAIRQGDRLMGAIAAAHRDPTAFDDPGRFDPQRFRQPAGSRHLIWARGPHDAPFCPG 

NRTCPGKDVAVLVAKLFCAKLVTHTHWTLSSPALWRREAHGVNAATPQGPMTVSAFERVR 

>MGI9432787.1_putative_CYP74_Myxococcota_bacterium 

MSTRDETLLEVPGGYGPPVLGKLQQTLSFGRDWRGFLAARSARYGSTVFRTHVGLKAITVIDPDAIRVLF 

DPERVRKPYGFGPRVPPPKIVGEICPTAFTDGERHRKLKSLYIGMMRRGSSDLVSTFDRTATPWFERWAR 

TGHFDLTQGIADVLADFFFEWTLGARLPKDDLNLWVQNAIPFKLLPLPSPRQARVRAAFDRLTAAVRAAP 

RFSELLKEVGDEPGLDEVELSRDLVFTLVINGWAGTVSLVRSVMAELSRHPDHAAALRQALAPFAPRDLD 

LQTLSSLEPLDHFLKEVLRMHPCVPISYGVARADLVLETRTGRYRVRSGEVLMGVIETVQHDPACFEAPE 

EFRPERFADPSALEYLVWPAGSVTAPVAPGDKVCAGRDEAMLIGALFAARLLRGYQWELEEKPEWTKPLA 

SGNVAATPLRVSSFAPIDS 

>MEQ1501905.1 putative_CYP74_Myxococcota_bacterium 

MRDSSTGIAVVRSDVRPVPDLSAAGALGRLGQTRAFLGDWAAFLGRCRAMSGSSAFRVQVGGPVVAVTDG 

LGIRGIRDEARFGRIYGFGPRRPSPKVIGPVVPTMFLDGELHARRKQLHLNLYRGAWPALDGVLTDALDE 

AMPRWERGQVTLLAPELERIVARVLFRWLLGAEPPLADVRAVGSGVIPLRPTDAVPMPGDAKVRAAFERL 

VTFVGRCPRADAIAAAAGAVGIDPRDVARDLVFVLCMNGWAALSGAALSTVAELTRHPAHRDAIAADPGR 

VRDVVREVLRLHPPAPVLFAEAREDVVLETRTGDVQLRGGDVVMGVLAMAHRDPQVFADPDAFDPGRYAA 

DPRLADEVLWTGGPDGLDPTPTDRTCAGRAAVSTILDRLVARIAEGRWALASRPEWGPALTPRNVPKAPL 

VLVAYRRAPAGDRWMVPARTASVGDRLRMGLVAAVRALQRRSVEVWSATTYRTGPRPGPAPRVAPTREVL 

NAPDIPPFLVVPTAMPRHGTMGLRYVAPYYGLAGALFGALERAGLDPRTPFRAGHPSLRRFPAPSEGWGN 

TQDDDAFARLRLQGPNPYLLRADPDGGGFVADYTRAFAGIAPPVVCRFERDGAALQPVSIAIDGRRFTPA 

TDGWRRAKLVANALDARLTVFGEHLGATHLVIAQAFALARFQVPLDHPLRPALDLHAFATLQVNDFAYKL 

LVSPSSYFVRSGFVSRDQVFRLFRNAWPTTDAARLLPAQDVERRGLDAIPDHPYATEALPAWAALRRYTG 

RIVDGLYDGDAAVAGDPGIVRWDRALRLCLPRSAAELLPRPTTRSGLADLLAAWVFNNVSHEVCGDFSPY 

VSGHDEEQARLIDFDRLRMGMEGGPPSLAAVFLMKQGAYAGLFDTRGNSMVGVRPRAVTRCPTHAAALGA 

LQGELRTLSTEVRGRNAARAVPFLRMDPRKWELSIGF 

>WP_263400027.1_CYP169_Pseudomonas_sp_PDM13 

MDDAIRCPIRRTLAHLPWVGDDRAGARHWLAMQRDPLAWLQKVHAEQPDMAVTRMGLSRLWCLFHPRAVQ 

ELMVDHREHLKRWEPSLCMMRQWNGRSFMMREGEPARERRKEMRPHIAAPSAAEILQLAQRWSEGIEPGA 

ERDLDLEMAAYSVTLTGRALFDIDLEPDAFRVARAVRLLSRVALLETSTGIPLGHWFPSKLCPRKRWALA 

QLQEVVGRCADESPRPLAVQRDELATLLMAGHQSTGATLTWAQLLLAQHPEVREALRGELKGVDWSRVQG 

VADLRQCPLLRAVIQESLRIYPPAYGLVPRQLTADVEVFGQELKKGDIVMLSSWITHRDPRWFEAPLEFR 

PQRFIEPSTWPKGAYFPFGLGDRACPGTAMAMMDLAVSLAWWVEHWDVEPLGPIEPQGWFSLRPKRARVR 

FVRRG 

>BW23_4825|KEGG|CYP169A2|[Burkholderia ubonensis]  

MSTDTSTITTCPVRKRLALRRKYWKLPDAGVNHWLDIQRDPLKWLADMHRTSPDLASLRM 

GVKQLWCLFHPDAIRELMVSHRADLRRWEPSLCIMRQWNGSSFMMKEGEAARRQRQTVRP 

HIQSPAVPEIQRIARHWSARIVPGQVVDLDLEMAAYSVTLAGHALFDIDLGPNAVTIAKA 

VRILSRVALLESSTGLPLGHWFPSKMCPRKRWALRVMRAQIEQVAQESQRPLAMHRDDLATLMMASHQATGATLAWAQLL

LARHPEVLAALRTELAAIDWSGVNQLQDLHRAPLLRAVIQ 

ETLRLYPPAYALVPRQLSRAMTVSGTPLRRGDIVMISSWITHRDARWFPEPEAFRPERFL 

EAPTWPQGAYFPFGVGDRACPGTGMAMMDLAVSLAYWIEHWDMTIVGPVTPQGWFSLRPK 

NARVRLEPRMRADREPNETPRR 

>MXAN_4919|KEGG|CYP1069C1|[Myxococcus xanthus] 

MSKTNAPSGLGSEYHPLDSPQLENPHPFLARARSEEPVFFSPALGAWVVTRHADISAVVADTTRFSSAESITVGAATTPP

EVVTALMDGYPLVPSLVDNDPPAHGRFRSLVSKAFTGRRLAEKEPFIRTLVDALIHSFRHERQADLFLRFAHPLSCSIIA

EILGIPSSDIHRFRRWSDELSTVLAAHGPIEHQVACAQGVVEFQRYLASTLKEREVSPREDLLSDIVTGAQGMTPPMSMA

ELVSLLMQVHFAGHETTAGLIVGAVELLLEHPEQLRALRDDPGLIAGAVEEAVRMISPVHAMFRTALEAVEIGGVPIPKG

AHIRIVYASANRDEARFHEPERFDIRRPEVKKHLAFGQGLHFCIGAPLARLEARLAVEALLRSLPGLRLVPGQKPGFLRS

VTVRRHESLEVAWDVQANQAL 

>MYSTI_03599|KEGG|CYP253L1|[Myxococcus stipitatus] 

MDSTQVPSHPPSPWGLPLWGHLLRHDRDPLGFAVESFRKHGDVVRLKLGGETTYLVSHPD 

HVRYFLTENANNYSKPPLVNDPFLGNGLFVSEGTYWRRQRRLVQPSFHRERLNGLLSGMAALIDGMLKSWEERTRAAQPL

DIAEEMGILSLHMTTRALYSEVPDAPTTAAVRRMMHTFNA 

RESLLARVLRLERLPLYRRKWADFFDTQRLMRRKAKEVVERRREGGPEDDIMAMLVAARD 

RDTGEAMTEKELRDEFMNLFSGNEGPGAALAWGWHLLSLHPEIADRLASESAAVLGGRAP 

TLEDLPRLRYATQVFEESLRLYPTAWKLVRVAGAADTLGTYPVAPGTVFMAISYIIHRHP 

EFWSSPEVFDPDRFAPGGPARHKFAYLPFGGGQHICIANNLSLMFGALVLAMVSQRFRLR 

GIPGRRVDIHPGISLLPRGGLPMTLEPRP 

>AA314_06425|KEGG|CYP1502A1|[Archangium gephyra] 

MEPNAPEAAPHDVRDWRDHAAFFLNLSRLCPDEVVPYMAQGRPAFLINRPEHVTHVLSTA 

QANYRNPYHPYAELAGLYQPEGSFLLRLGHRAEHRSAYTHQLTRMVESARARFRVLGESS 



SQGPVEVERELKELLLCVFAQALFGVDVAAESESFVRAVGLLEEVQANHVFARGADTGPL 

RLRYQQAVEDQQRLVERIVQGSTGMREAVEEAPERHSLVHTAIIRTLLNGYNAMATALGW 

TLHLLGQHPETQRQVREEALGLEEELLTIRDLPRLRVTRCVVQESLRLYPPAWMLGRHVR 

EEERLGGITLPTGAIISVSPYTMQRHPRVWEEPDAFRPERFLGAESRQPGAYFPFGGGMR 

SCPAEHSVVGPLQLLVATLVREHQIEPVPGVTVRPRGLVSLRPSPTLRLRFLSLA 

>MHM0957042.1_P450_Pseudomonadota_bacterium 

MARNRSWGYWNKLVGLIARIVRRSPGAEEDVAVPPGSLGLPLLGETVSYVRNPHQFFETRSARYGPVFKTRLLGQNTVCF 

TGPEAFTFFVGQPSFRREGANPRHVQELFCHRSLPLIDGDEHKAMRSAVMLAFGREAIDTYLSIIETATLAHLKRWEGLR 

RFAWASEYKKLSASFCAAMLLGASPEANHDHLVDVLDPFIAGVNSLPVKLPWTTYGKAIKQRDVLLSYIDEAIARHRESP 

HKDMLAELLRAKTIDGSQLTEQQLRAQMVHMFFAAYGNLFRVLTLMCMSLALNPEVLAKARREVLEHASEAPLTLEQLAR 

LKYLDQVTREVRRHNRIFASTFFDKVTLPVDFNGYHIPGGWKATGGIYTTMQDSGVFANPRAFDPDRFGPERAEDQRKEN 

SYIPQGGGPIDGHRCPAEDFTTVAMKAVAVLLLQEYKWELVPQDMRLSREASPLPRDGLKVEFEKL 

>MGA8446449.1_P450_Roseiarcus_sp 

MAVANPLLPGSNGLPVLGETLAFASNPFGFIRQRRERFGDVFRTNILGSQTVFLVGPKLAETYIDPANIQREGAMPANVM 

ALFGGNPDIVPLLDGEAHAQRKRSLLAAFSREAVASYLPSLQRRIETLIAKWLAQGEGPVTADLKTLAIESLAGAILGLE 

PGEELTRLLADNAILGSAFVALPINLPGTAYSNGLKARDRILALLEEIAQRHIDSPPAEPDGLSRILAAAREAGAPLDAR 

TAAREMHHFVLAGQIVYAELAATLRALHEHPEIRERLRAEVLDKAPSGPIGPAQLRSMPYLTQVVDEVKRTCPNVPMSFG 

RARRDFDVAGYAIPQGTLVMMAIHESNLDPIFTAPGTFDPERFSPERDEKNRAPDAFMPQGAGAITFHKCAGYDFATVMM 

QLFAALALRTTTWDLPPQDLSLKWVVPPEQKSGLLVRWSRRG 

>HTP72059.1_P450_Burkholderiaceae_bacterium 

MATANPLPPGSNGLPLLGETIAFASNPFGFVSERRARHGDVFRTHILGKPTVFIAGPKRVGVWLDPAAVQREGAMPANLM 

ALFGGSADIVPLLDGEAHAQRKRSLLAAFAPEAIASYLPGLQQRIEARLAAWLARGEGPVTAELKTLAIESLAGAIIGLE 

PGDEITRLLADNAILAKAFVALPIGLPGTAYTKGLQARDRILALLETVAQRHMDAPPAQPDGLARILAAARAAGAPLDAK 

TAARELHHFLLAGMIVYAELAATLRALHEHPSVRERLRTEVLAHAASGPIGPAQLRAMPYLMQVVDEVKRTCPNVPMSFG 

RARRDIDVASYTIPQGTLVMMAVYESNIDPIFTSPRQFDPDRFSAERDEKRRAPDAFMPQGAGAMTGHKCAGYDFATVMM 

QLFAVLAVRTARWDLPAQDLSFKWVVPPEHKSGLVVRWSRAD 

>WP_230530893.1_CYP152_Microvirga_roseola 

MSRIPRDKSWDSTRALLSEGYAFIPERCRRYQSDLFETRLMLTKAVCMSGPEAAREFYEPGRFTRRQALPKTALWLLQDQ 

GSVQTLDGEAHDHRKQMFMSLMSPRAIRQLADLMARHWQARIPKWGGMSEVVLHSEVQEILCRAVCEWAGVPLTEDEASR 

RTQEFAAMVDGAGKVGPRNWRGMALRRRSERWARSIIEGIRSGTVKIPEKAPAHVIALHRNQDGAHLDVKVAAVELINVL 

RPTVAVARFIVLGALAMHEHPTFASRLRTGDDEDIELFIQEIRRFYPFFPLVAGRVLQDFDWKGYRFEKGAWVLLDIYGT 

NRDPRTWNEPERFDPDRFRSWDGSAFNFIPQGGGDHYAGHRCAGEWITIELMKQALRLLAREMRYDVPEQDLRIDLAYMP 

ALPESAFRIANVRAAS 

>WP_207461507.1_CYP152_Azospirillum_sp_SYSU_D00513 

MAQIPRDSALDSTLSLLSEGYRFIPERCRRYRSDLFETRLMLRRAVCISGEEAARLFYDTGRFTRNGAMPQTTLRLLQDK 

GSVQTLDGEAHRVRKRMFLSLVAPEALRRMREVFAAQWRSAIPKWQDMGEAVLFPEAREILCRGVCAWAGLPLGDEEARQ 

RTAEFGAMIDGAGSAGPRAWRGLLLRSKTERWARGVIDRVRAGDLKAPEGSAVQLIAAHRDADGSLLDRSTAAVELINLL 

RPTVAVDRYIVFAALALHEHPEFREQLASPAATDEDRERFVQEVRRFYPFFPFVGGRVTRGFTWKGHDFAEGAWVLLDLH 

GTNHDPRLWEEPETFRPDRFRAWNGSPFNFIPQGAGDVAKDHRCPGERLTIELVKEAVALLTGAMRYEVPEQDLTIDLSR 

VPAIPKSRFVIRNVRSA 

>HLT02896.1_CYP152_Geminicoccaceae_bacterium 

MSPIPREEALDSTLALLSEGYRFIANRCRRLGSDVFETRLMLQPVFCMLGEEAAEVFYEPDRFTRVGAMPSPTVRLLQDR 

GSVQLLDGDAHRWRKAMFMSLMTSDAIQHLVDLTEEEWRAAAARWRTMDRIVLLDQAHAVLCRAVCRWAGLSLTESEAER 

RTREFAAMIDGAGALGPRHWWGVGLRARSERWARQVIENVRIGALAPAAGSATHVIGWHKDRDGRLLDGEVAAVELINVL 

RPTVAIGHFVMFGAVALHQHPQCREMLQGDGDDLERFVHEVRRFYPFFPCIGGRVRRPFAWRDHRFEKGAWVLLDLYGTN 

HDPRTWQDPEAFRPERFRAWNGSAFNFIPQGGGDHHEGHRCPGEWITIEVLKRAMRLLATGIRYDVPEQDLTIDLSRMPA 

LPASRFVMTKVRPAG 

>WP_326505270.1_CYP152_Noviherbaspirillum_album 

MKPIPKDKALDSTLALLREAYNFIPNRCGRLRTDMFETRLVGQKVICVSGEEGAGMFYQPDRFTRRHAIPPTALLLLQDL 

GSVQLLDGEAHRLRKQMFMSIMRPERIAELTQRFAGQWHQRLRQWESAEQVVLHHEVERLLCGAVCEWAGLPLTEAALQQ 

RTREFSAMIDGAGAVGPRNWRGMRLRSRTENWIRSVVTMIRAGHMQVPDNSAAQIIALHRDADGKLLDTDVAAVELINIL 

RPTVAVARYITFAALALHRYPDVRQRLLAEDADENDYLGCFVQEVRRFYPFFPAVGGRVREEFTWRGLNFAKGSWVLLDI 

YGTNHDPRIWKDPQTFNPEHFREWNGSPNNFIPQGGGDFDLGHRCAGEWLTIELVKTATRLLLSSMTYEVPRQDLRIDMS 

RMPAIPESRFVISKVRHVFRTAPPVMELEHGERSRFDG 

>WP_445617465.1_CYP152_unclassified_Gilvimarinus 

MARTDLPRDKAFDSTLALLNEGYNFIRNRCSRYQTDVFATRLLMRPAVCAMGEDAARMFYTPDRFTRQGAMPPTILVSLQ 

DRGSVQLTQGMDHRQRKHLFMGLMTPESIGRLDLLMEDEWRRRLPLWSESLQVELHREFQGILCRAACRWVGVPYSEAEA 

ERRTEEFAAMIDGAGAAGPKNWRGLLLRRRTEAWARKLVEDLRGHRMDAPPASALYLFSWYRENGKLLSSKVAAVELLNL 

LRPVVAVARYLTFAAMALHEYPRCREAIESGDEVFLHHFVQEVRRFYPFFPFIAGRVQQPFQWRGHRFGKGDWVLLDLYG 

TNHDERSWEHPERFMPERFRSWNGSPYNFIPQGGGGFDEGHRCPGEWSTIDLIKTGVRLLVNEMQYHVPDQDLRLDLSRM 

PALPEAGFVVEQVKVLNSGNRSRAKVCPFPEYRRVRH 



>WP_377004928.1_CYP152_Coralloluteibacterium_thermophilum 

MPGIPRDSAFDSSIAFMREGYAFIPRRRARYGSDLFQARIMLRKAIFVGGPDAARMFYQPDRFTRKGALPPSAVALLQDY 

GSVQLKDGAAHRSRKRLFTGLLDVQGTADLATAAEDAWAREVPAWTGRVVLHDAFQALLCRAACRWAGIPEAQADLPRRT 

REFAAMIDGAGAVGPRNWRGLLLRARCERWARGLVRAVRDGSLDPGSGSPLAAVAAHCDPDGEPLPVKIAAIELLNLLRP 

TVAVARFLTFGALALHAHPEWRARLAQGDRGDLERFAQEVRRFYPFFPAVGGRATHDFEWQGHRFRKGDWVMLDLYGSNR 

DPRLWNDPERFDPERFRDWQPDPYTLVPQGGGELGVTHRCPGERATVEIMMRLMRRLAGEIDYAVPAQDLGIDLGRMPTL 

PASGFVVEDVRPRGAGKAASGHEKAGAGPASSSNLGRGDRI 

>MGD9511040.1_CYP152_Geminicoccaceae_bacterium 

MMQDRLSAEAVARPPPFRSFADFFPYYLREHGRPATRALHLAGTGLAAACLVAAMADRRRRPWYLLAAPVAGYGSAWLAH 

ALVERNHPATFRHPVWSLRADWRMLCLWATGRLAESVRAAQGERPGSATPREQGLDHSWALLSEGYSFFPDRFRRYRSDI 

FSTRLMLNEAVCVLGAEAAEEFYRPGRFTRQGALPVTTLKLLQDRGSVAMLDGPAHRRRKDLFLALLKPPAPVRLGNIME 

ACWRACLPAWEAGGPIVLLDEVQKILCATVCAWSGISLTAPELGRRTTELAAMVKSAGTVGPRNWRGMLLRSRAERWVRN 

IVRAVRAGALDPGRGTVLDAVAWHRDLDGALLTPEIAAVEVLNVLRPTVAVAWFVAFAALALHEHPAWRERLSRGDDEDL 

HLFVQEVRRFYPFFPAVAGRVREPFVWRGHRFVRHDWVVLDLYGTDHDPRSWHDPGTFRPERFRRWSGSAFDFIPQGGGD 

HRTGHRCPGEWITIELVKRAVKLLTTAMRYDVPEQDLRVDLARMPTSPASGFVISSVRAQPRTRAPLGSYGGSRKTSAET 

RSPATSSW 

>WP_229421482.1_CYP152_Telluria_antibiotica 

MSNTDFPHHHADALDAAPHTPGVDNTFAFLAEGYDFMPRRHAALGSDTFATRLMLRRALCVRGEDAARMFYQPGRFTRRH 

ALPATTMALLQDFGSVMALDGDAHRKRKAMLMSLFGPLERQRLVGLAAAEWRTQFARWPSEARVVVHEAAQEVLCRAVCR 

WAGIPVSAGEAAQRAREFARMIDGAGSAGPRNWRGLLVRTRTEQWARALVDAVRAGQVQPAFDSPLNVVARHRDADGELM 

NRKQAGVELINLLRPTVAVARYVVFALLALHEHPHCRARIAAGDDDYATWFVQEVRRFYPFVPAMGGRALHGFDWHGLHV 

KKGTWVLFDLYGTNRHPALWGDPDVFRPERFERWQSSGFDYVPHGGGDPYSGHRCPGEAVTGDLVRSALQLFSEEIAYDV 

PPQDLTVSLRRIPALPASGFVITNVRAPGSGT 

>WP_051933128.1_CYP152_Massilia_sp_BSC265 

MSFSDNQSLHVPVEQGVPRTRSLDSTLKLLSEGYPFFQRRCAELDTDVFTTRLMGRRAVCVSGHEAARMFWQPNRFTRRG 

AIPPTTLMLLQDVGSAQTLDGEDHRHRKAMMMSLQTPGDRARMVTIAQEEWRAHFARWPTLRRVTLFDETESVLCAAACR 

WAGIPPSHIDRPRLAQEFSAMIDGAGNVFRRTMRGLLLRRRTEAWAKGLIEAVRAGQVAPEPGSPLAVIARHRDRDEQPL 

GVDIAANELINVLRPVVAVARFIVFGAHAMHEYPEWRPRIATGDDAALTAFAQEVRRCYPFFPAVGGRVLNAFVWRGLHF 

AEGTWVLFDMHGTNHDPRLWPEPQRFKPERFMAWQSDSFDLVPQGGGDYLTGHRCPGEAMTVDLVKTALHLLASEVVYTV 

PRQDLSIDLSRMPTGPASRFQIEVAPPVR 

>WP_424139811.1_CYP152_Roseomonas_chloroacetimidivorans 

MPEIPRAPGLDNTLSFLREAYSFVSRRCDRLGSDLFRTRIMLTPVVCMRGAEAARIFYEGDRFTRRGAMPQTTLRLLQDK 

GSVQSLDGVAHRHRKGLFMSLMTPDSVVRTADLLEKHWRDVLTRWQAAKEVVLMREMGELLTRTACDWTGVPLAPRDVPA 

LAHELQMMIRQAGHLGPATLWALHLRRRTERRIRRLVGQVRAGEISLSEDSALSAIVRHTDQAGKPLDTATVAVEIINLL 

RPMVAVRRFITFAALALYEHPSWRERLATAEEDLEPFVQEVRRFYPFFPVIGGRVRQGFDWSGHHFAKGDWAILDLYGTN 

HDCRSWDEPEQFRPERFRNWKGDAFTLVPQGAGDFMGGHRCPGEWITIALMKRAVRLLCAMRYDVPPQDLSISLSRMPTA 

PRSGFVISRVRMAQH 

>GDX81301.1 CYP5164_like [Deltaproteobacteria bacterium] 

MANEPDNAHLRGQWYGPLSLGPAREVMKFVTECDDYTKELRHEAGASVFKAHPGIRSTMITDMAGLDFVFNAPVEQMDRL 

DDAEPGFGGLAFNRELLGGITPALMAHGKDHGPARQLVIEAIKLRRAQFAPACAKVHHYGIPMLREPARGVEVDFQNAIH 

HAAVSISFEWLFGITPGPDGAELRSWLKGCFGMKSDQPVANALVRSASRMKNGPTAAHRAFSEKHLAAIRRCAPYASYLE 

VAKRLGVPEADVAAHLMFAAAFNSTGGTFTTLYPAMAQLSVDLVNRERLQSELRDFSGTLWELNKLPFLEDFFLESMRLF 

GRPRHYYRRALVDLEIPTSGGEKVPVKAGTTLCLVATVARQDRAVWGDDASVFDPERYARSPELRARVLPFGPPSPGGNE 

FGCAGASEGMASILWKSLAAALGRSVDWRLEPWPEPDVDAFEGVRPAELKWVRL 

>TAK25207.1 CYP5164_like [Myxococcaceae bacterium] 

MADEPRNEGLPGIWHGPLSLRPVKEVMRFVDECDNYTKELRATHQAAVFKAHPGIRSTFVTDMAGLDFVFDAAPDVLDRL 

EDPGFGGLSFDADLLGGVIPALLRDADDHGPARAVVGQCMGLRCRQFEPACRKVLHYGIPMLRSAARGQRVNFQHAMHHA 

AVGVAFEWLFGLTPGPEGADAQRWIKACFGLKSDQLLADTVARAASWAMGRLTNGAKARSVAYAAGWMEKIRASAPYQSD 

FKRVAHERGVPEGELPAHLMFAASFNATGGAWATLHPALAQLSVDPMTRDRLAAELKDFNGSVQELNRLPFFHAFFLESM 

RLFGRPRHYYRRVMPDPAKGDPTKYALRLPISDGTTVALKPGTTLCLVATVARQDPAVWGDDAAVFDPERFIRTPELKGR 

VRAFGPSRGGPAGYGCVGAGTVDDAAVAAGAPDDRFATMLWKTLAAPLARATDWRLLPWPEPDVDAFDGVRPGELEWVRT 

>MDO9016435.1 CYP5164_like [Myxococcales bacterium] 

MADESKVTVIPGEWCHPLSLDPVKQVLRFVQDCDDYTKELRFKHQSPVFKAHPGIASTFITDMAGLDYVFDAPPEELDRL 

DGDPGFGGLAFNVDMLDGVVPALMGHAGNHGPAREVVVEAMKLRRDFFEPACLKILHYGIPMLRVASRGEKVNFQHALHH 

AAVGIAFEWLFGITPGPEGAAAQGWIKACFGLKADHALANAVARGASGLKGRLTNGPVSAHRKYGKRWMDEIRRSAPFQE 

QFKRLRVVASGAVPERDLPAHLMFAASFNSTGGAWSTLHPALAQLSVDAVTRARLAQELKVFHDAIKADEDQPGTIRKLD 

QLPFLEAFFLESMRLFGRPRHYYRRAMRTFDLPVSTLPGEAPRAVEIKEGTTLCLVATVARQDRAVWGDDASVFDPERYL 

RDDLEVQSALLRGEIRRPLRERVRAFGPSPKGKNAYGCAGGDVGKMLWKTLAAALARSTDWQLSPWPEPDVDAFDGVRPG 

EFDWLRK 

>MBP6830392.1 CYP5164_like [Deltaproteobacteria bacterium] 

MADEPLNEGIPGTWRGPLSLGPVREVVRFVEDCDNYTKELRATHQAAVFKAHPGIRSTFVTDMAGLDFVFDAAPDVLDRL 



EDPGFGGLSFDPDLLGGVIPALMRDADDHGPARAVVGQCMGLRCQQFEPACRKVLHYGIPMLRSAARGQRVNFQHAIHHA 

AVGIAFEWLFGLTPGPEGADAQRWIKACFGLKSDQALANTAARAASWAKGRLTNGAKSVSRAYAAEWMEKIRGSAPYQSD 

FKRVAHERGVPERELPAHMMFAASFNATGGAWATLHPALAQLSVDAVTRDRLAAELKGFHGSVQALNRLPYFHAFFLESM 

RLFGRPRHYYRRAKVDLALPVSDGSTVALARGTTLCLVATVARQDPAVWGDDAAVFDPERFLRAPDLQRRVRAFGPSRVG 

PTGYGCVGAGTVDDAAVAAGAADDRFAAMLWKTLAAPLARATDWRLLPWPEPDVDAFDGVRPAELEWVRT 

>MBK7069544.1 CYP5164_like [Deltaproteobacteria bacterium] 

MADEPLNEGIPGMARPALARPGEGGRAVRRGLRQLHRELRATHQAAVFSNPPGIRSTFVTDMAGLDFVFDAAPDVLDRLE 

DPGFGGLSFDPDLLGGVIPALMRDADDHGPARAVVGQCMGLRCQQFEPACRKVLHYGIPMLRSAARGQRVNFQHAIHHAA 

VGIAFEWLFGLTPGPEGADAQRWIKACFGLKSDQALANTAARAASWAKGRLTNGAKSVSRAYAAEWMEKIRGSAPYQSDF 

KRVAHERGVPERELPAHMMFAASFNATGGAWATLHPALAQLSVDAVTRDRLAAELKGFHGSVQALNRLPYFHAFFLESMR 

LFGRPRHYYRRAKVDLALPVSDGSTVALARGTTLCLVATVARQDPAVWGDDAAVFDPERFLRAPDLQRRVRAFGPSRVGP 

TGYGCVGAGTVDDAAVAAGAADDRFAAMLWKTLAAPLARATDWRLLPWPEPDVDAFDGVRPAELEWVRT 

>MEZ4382947.1 [Nannocystaceae bacterium] 

MAKKVAGRGGDASPKEVPGRWYSRLSLRPLTQLGPFLTAVDDYVRERRASAGGAPVLRAHPGLRSVLLTDHVSGSFFVAA 

DEALLDREPLPRFGPVATQSQLTGGCAAALISHGAAHRRARAFAAAVLRERRQAWRPALEDTLEAALREWRGRGRVALDD 

ALQRTLSRFAFRWILDVAPDDADVRAWQENITTLVTDSYLANAVLRRKLPPLPEAAVRAAGRLVEAVRGSPHLDRLTELG 

RESDVAGDELAQQLVFLCAFNIGGGISRFMTPSLLRVAVQPGLRDRLRDALAGWSWDDDGARPLVDAVLLESLRLFPQPR 

FLHRRAARDFVLPSAAGPYRVRRGDLLVALMPMIHRDPAVFADAERFAPQRFLDDPDLGARVLTFGWSPDARHEFHCLGR 

VAAQAVWRRVAARLFTGFTWYTPALDFEVNHLRDVDPVDVVLEDFRALPPRGAASPTR 

>MCA9657191.1 cytochrome P450 [Myxococcales bacterium] 

MVDEADTTDDGEPVEVKGRWYSRLSPQPLLQMKPFLTAVEDYVRDRRTAAGGAPVFRAHPGLRSVILTDHVSGSFFITAG 

EELLEREPYPRFGPIATPEELTGGSAAALISHGAVHRRSRAFAAAVLGERREAWRPSLEAAVEGGVADWLASGSVALDAE 

VQRVLSRFAFRWILDVAPDDADVRAWQDNITTLVTDSYVANLIARFTLPRLPEEAVRAAGRLVDVARSSPHLGRLRALGR 

EHGVDGDELLHQLVFLCAFNIGGGISRFATPGLLRVAADPALGERLRGELSGWTWEDDGERPLLDAVLLESLRLFPQPRF 

LHRQAVRDFILPSAAGRFRIHRGDLLVALMPMIHRDPTVFADADRFAPQRFLDDPSLGEKVMTFGWAPATRHEFHCLGRH 

AAQAVWRQVAARLFSGFTWRTPTLDFHVNHVRDVDPVDVVLEEFTARGEASEGGSA 

>MEZ5509719.1 CYP7 [Gammaproteobacteria bacterium] 

MHAPPAVPFVRSPLPWLGHGIAFGKDADALLQRLRARHGDAFTLLLGGKRMTFLLNPHDAPAFFKQSKTLVAGPISKEIS 

GKAFGIDWSQYAVDVHEVQVPFDKSMRKSVIGPMTLHMQEKAAARLQALGRHQWQSGELFRFVAKLVFDAGGEAMLGDGL 

FDDPALFEEFLHFDKQFPLLVSGLPRQIFFRRAERFLQKLSLQLQSPRPGQAPVMDTRFDTLKDVTSVREIGRNNAGLFW 

ATQANTVVMAFYAVFFILRDAQARRQILAELDAVAGSVQQPTLALEQLDQLEKLDACLDEVLRLKTSPMPIRVATQPVTL 

PLYSGRECLLNTGDIVCLFPRLTHMDPTIYPQPELFIWDRFLQRQGPNQFSYRGEPLKYNLLPFGGGQSICPGRHFARSE 

FKILTALLLRQFDIELLDTAIPPHDKSRSGLGALTPLQDVPFRFRLREPATHAWQGSHPLVSTLEG 

>MHF1317966.1 CYP7 [Ketobacteraceae bacterium] 

MHSDVPFVKSRIPWLGHGVAFGKDADLMLADLQQRYGDEFTVVLGGKQFTFLLNPHDYPDFLKQSKTLKADEISMEISAK 

AFGIDWSQYSVGVEEVQVPFDKSMRRNKIGPLTENMHRILDRKIFQQASTDWQNGELFRFIARLMFDAGGEALMGPDLFD 

DDELFDEFLHFDSQFPLLITGLPRKLFFRRSDRFLRKMYALLNSPNPGQSEILDERFRTMESITTREEMGRNNAGLFWAT 

QANTVVMAFYAVFFILRDPQASSAVSAELHAVLDPVTDRTENGSPIMSLDVLEKLQILDACLDEVLRLRTASMPIRKAME 

DTSLSLRSGRNLNIKKGNIVTLYPRLTQMNPEIYPQPEQFIWNRFVGKQGPNKFYFQGEPIKYNLLPFGGGKSICPGRHF 

ARNEFKVLTAELLYRFDFELLDTKVPDFDKRRCGLGALTPISGIPFRYRLKRPG 

>HSC76070.1 CYP7 [Pseudomonadales bacterium] 

MPAGSSIPRVPSYVPYLGHGLAFGRDADRLMNECQKKYGDVFELNLAGKRCTFFLNPRDYPAFIRQSKYLRSEDISLEIA 

APVFGFDKQHLQDKVDVEHVTHLSQRMMMGDELVPLTERMQDKVEEILLDARHQQGFSGSLFDYALELIFMAGSDALFGE 

GVASPEVLADFKVVDKFFPQLVGGIPKWLLPGVRKALAGLIKPMGFAREGQSRLMEERFKYFASLDYRAAEELPKTDASL 

LWAAQANTAVVAFFALFFILRDAAVKQQVQEEVRIALAASDKHSARGTPYLTLDVLNRMEKLDSCISETLRLVSSPLPMR 

EVMQDLDIELVTGNSVHLQKGQFAAIYPRYAHMHPAIYANPEAFQWDRFLGKQKPNSFSYQNEPLKYSLLPFGVGLSMCP 

GRHFARNEFKVVTALLLNWCDMTVQETVMPALDKSRIGLGSFTPKSAIPFHLQRRT 

>HQQ63574.1 [Pseudomonadales bacterium] 

MITAIPRVPSYVPYLGHGLAFARDADTLMQDCQKKYGDVFQIRLAEKPCSFFLNPRDYPAFIRQSKFLSSEDNALDIAAS 

VFGFDKQHLQEKVDIEHVTHLNQRMMMGDELVPLTERMQDKLEEILLDERHRAGFSGSLFDYALELIFMAGSDALFGEGV 

ASPQLMEDFKVVDNYFPKLVGGVPKWLLPGARKALAGLTKPMGFAREGQSRLMEERFRYFAGIDYRAAEELPKTDASLLW 

AAQANTAVVAFFTLFFILRDPVVKKTIEDEVRSVLATSDKQSARGTPYLTADVLNRMEKLDSCISETLRLISAPLPLREV 

TQDIEIEMVSGKTVQLRKGEFAAIYPRYTHMHPAIFQNPDSFQWDRFLGKQKPNSFSYQGESLKYALIPFGVGLSMCPGR 

HFARNEFKVITALLLNWCDIHLQETAMPALDKSRIGLGSFTPKSTIPFRLQRMAA 

>NRB41410.1 [Pseudomonadales bacterium] 

MDQRVNIQPVEKVKSWLPWIGHGLQFIKDADKLMAQCYAKHGHEFQLTLGGRKVTVLLNPHDIATIFGESKRLTGEALNA 

EISLKVFGMDYQYFNSNKQWAFHSLSQDFAKHLRGDALDEMTQVMHQHMEDAMFRRVGEQPFEGQLFDFVGRLIVEAGGE 

AMFGQGFAEDADQLYDDFALIDDHFQSFIGGTPKWLVRGARKAEQRLNARFGNIRKGQAKVMDSRFKLVQGADSFKMAQQ 

DTAMFWAAQSNTVAIAAYTVFHVMRDPAVKEIIVQEVTAAVQKSSATTRLAKPLITQGVLDKMPKLDAVIDETLRLYSTG 

FNMRQIAQTVEQRIDSVDIGLDSGRVLSLDAAEFVAIYPRFMHMHPDIYSRPEQFQWDRFLGKQGPNKFSYQSKPIKNSL 

SVFGGGVGMCPGRHFARNEFKLIVAALINDFDLEILDATIPANDTNRVGLGSYRPLQDIPFTCRIRG 



>MCO4745231.1 [Pseudomonadota bacterium] 

MAVLSRLRSQYRRAVDDPPHTPGPLPWLGVAIQYGKDAGAMLTRLRAEHGDTFSVFLAGDRVTFVTNPLDYQAVLACRDL 

DFHELANDISSMAFDHGHGSLPRLEEAGVSEVGITRMRGDDLADMTGRVQACFEEVLLDQEVPSDTETFYDWLGDVVFSA 

TGRAVFGDGFEQDVSRADFHAVDDAFPLLLAGLPARLLGVHSARNALKKVMAIERSNAAAVTIERFKLFHTHGDPSELGA 

YQLAFLWATQANTLPAAFWTLAFLMNDASALERVSEEVRSVLDEAPTVDGRPQMSMAILQRLVHVDSAINEALRLTSGSL 

TIRVALQDVELHLEGGKTLKVRAGERVGLYPWLTHHDARIYEAPDTYRFDRFVENGKRRRSFSLDGRKVAHFLMPFGGGV 

SMCPGRHFARNEIKILTALMLYHFSLEAKWNALPGFVEGRAGLGVFGPAEDVAARLTRRQP 

>MDP2310708.1 [Pseudomonadota bacterium] 

MVSGRAPEVGGALRIVGHAIAFGRDPDGFLARCRHEHGDTFRLRLPTERTFVLDPLDHPAVFQSRTLSFSAPALEMAGRV 

FGFDGEAAKRWHFDDADLSDPLKGPELALLSERVHTRLAARLADAIGEGASGDGLYEFLARPAFAAGVDTLFGDGFDSDS 

VYRHYVHLDRFFPLVAAGLPPALIPGFRAAQRALAAASAPARPGRARVFEARAAHFEREAIPERVRPALDAAIVWASQGN 

TLPTVFWSVLFAFRDPALLALLRAEVAEHAADGPLVDAVKKMVHLDSALSEILRWANLSMVIRRATAPTTLPLTAGGALE 

LGTGEEICLYARATHMDPEIYPEPQTLRFDRFLGSPSFTRRGQRVVFPLLPFGGGAHACPGRFLARSELKLIVALLVRGY 

DIALDAPTIPEIDFARVGFGMPPPKKDIAFRITRRA 

>MCB1614501.1 [Pseudomonadales bacterium] 

MMIKHIPVVSGGLPLIGHMLDFGKDPDGFMQRCYAQYGDTFKIRLGKEAMNILINPHDIHEMYANKQRAFSATKSNRLIS 

QHVFGSSLDAYDRTVHAQIDIMRKHLAKNNLHDYNLKMQNTLEAVIFQESSAHWQDIELYSFLSRLIYKAGSAALVSDTF 

ASDDSYRDFKVFDDNVFYILGGAPKVFFRKAIAARNRINQRFQQTSQVSNAMQLERYHCFEENGIRAYDVAANDTSIFWA 

ANSNTIVVAYWVILHLYRDPSVRGLLQEEMNTALQDSHEYSATGKPVLTLPVLEKLKKMDSFIDEALRHYSSIFSRRIAV 

KDTAFETRNGIYHIEEGEYVAGFSRICSFFPEIYEDPYTFQWDRYLNQKSFYYQGDKIKSMQFAFGGGQNICPGRWFSRN 

EFKIVIATLLQFFDFQLMESHLPEVNLTRSGTGTLPPKDKIKARYKLK 

>HSC76297.1 [Pseudomonadales bacterium] 

MTNRVTAKRVKGGHLPFVGHGLRFMGDCDNFIDACQREYGDVFKLQLGNKTITLLVNPHDIDHFFRAADKMLGTQQVFID 

ASRNAFGISADTYVNLSDTEFGIIKDELKKNKLEPYNRHMQAALEDQLFKEVTAEYQVNGLYDFAGRLIFIAGSNAIFGK 

DLLGESDYTDFRDFDSYTHFLLNNMPSFLFPKAVKARKRLLKATEKTDRNRNPFMVARYELYDKVNLCPFQRSALTFAMF 

WVTNTNTVNAMFWIISIMLQNKEVSDAIMSDINSLLQKDYEVTEHGLPKLTNELMADMKNIDSITEEALRLTTSVMNMRQ 

TPDDLDFLLHSGETLSVKKGDFLAVYPRWSQLSAEVFPEPERFKWDRHINNPEFSYKNEKLKTVSYAFGAGSHICPGRFF 

ARNEFKITLLTLLLTLDIEAMTNNVPVVNQTFAGTGVMPPVGDIQVRYRLKPAK 

>WP_222559338.1 CYP51 [Caenibius sp. WL] 

MSEASAQTTVRLAPPLVSGAVPGTGHYEEFCRNPAPFLMRCHAECGEVSSFDLAGLQTTLLVGEEAHEAVYRAPDSQLSA 

AQAYQFMVPVFGQGIQYGAPPVIERQQLKIQAAGLRHDRMVLYAPIVAQEVRDWIADWPDEGEEDFYEKFTELTLKTSTH 

CLMGADFRANMSDEFRGLYHDLEMAVDPEGLADPDQHGVMAERRDIARARLGELIGERVAQRRAALARGETFHDMFQHYL 

DATYADGTPLSDHEIAGMVVWFMFAGHHTSGNTSSWMLVELARHPDLMAEVVAELDGVLGDSEEVSFQSLREMPLLEAFL 

EEVLRLHAPLVTLTRRVMTDFHYKDYLIPAGGNVMVSPYVAHRQPEAFADPLTFNPGRTFPDGPFAYLPFGGGRHKCVGN 

AFALLQIRTIFAYLLRKFTFELSEPPEYYRDIMPSLILRPSDPCRLRFRRRAR 

>MFT5576464.1 sterol 14-demethylase [Bermanella sp.] 

MIMATNQQANTIPMVSGAAEQGGHFAEFISTPLEFLKRVYDECGEVGEFDMGGLSTVLMIGPDAHEAFFRAPDEQLNAAE 

AYQMMVPVFGEGVQYGAEPHIERQQLKIQYQGLKHDKMSNYADVVAREVIDFTKDWGDDGELDFYEAFTNLTLRTSTHCL 

LGSQFRYRLTDEFAELYADLENGIDPSALLDPNQQKDSFKKRDIARERLQELITDEIHRRRDAEATGAEPLDDMLNIYMT 

AKYEDGRTLSEHEITGLVIWFMFAGHHTSSNTSAWTLVEIARHPEYQQELVAEIDRLFEDGQELSFNALREIPLLEGFIR 

EALRLHPPLNAISRRVLKPFEFKGFTVEPGKNVMLCPWVAHKLPEHFPEPERFNPKRPAPDNVFAAIPFGGGRRKCVGNA 

FALLQVKAIFCELLHHFEFELSLTPEQYQEIMPALILRPSDPCKLRYRRRKDS 

>MDB5392599.1 CYP51 [Rhodospirillales bacterium] 

MTAIDISTRPIPFVSGASGPAGHFDEFCDRPLEFMARAYKECGEVSEFDMAGLRTVLMVGPEAHEAFFRAPDDQLNAAAA 

YQMMVPVFGEGVQFGAPPEIERQQLRIQYQGLKYEKMINYAALVAGEVEEFIKDWGDEGEKDFYEAFTDLTLKTSTHCLL 

GSELRYQLTHEFEELYGDLDRGLDPAALRDPYQAKESYRKRDLARTRLQELVSHSVRSRRDRGVVSNDMLQIYMEAQYED 

GTKLTDHEITGMVIWFMFAGHHTSSNTAAWTLVEMARNPQYFADLHAEIDALYAKQKELSMNALRDIPLLEGFVRESLRL 

HPPLNVISRRVLKEFTYKDYTVDVGKNVMLCPHVAHKLPDYFPNPDVFDPKRAAPENVFASIAFGGGKHKCIGNAFALLQ 

VRAIFCALLREYDFALSQGPEDYKEVMPTLILRPSEPCRLRYKRRTH 

>MBK6740450.1 CYP51 [Haliea sp.] 

MSTQIPIVSGAQPTGGHLQEFNTTPLAFLHRAYAECGEVSQFDLGGLRTVLLVGPPAHEAFFRAADEQLSAAQAYQMMVP 

VFGEGIQYGAPPAIERQQLKMQVQGLKHERMVNYAAVVEQETEQFLRDWPAAGEFDIYDAFTRLTLKTSTHCLLGSEFRQ 

QLTEEFAELYHALEDGLAPSSISNPFQDAERFRARDRARERLEALIGERVAQRRQAGGWEHDMLQVYMDATYNDGRKLTD 

HEITGMVIWFMFAGHHTSSNTTAWTLLEIARNPRYRDRLHAEIDALFADTEELTLKGLREIPLLDGFIREALRLHPPLNA 

ITRRVMSDWHYEGYTVPAGSNIMVCPHISHKLPEYFPAPDVFDPERPVPQNPFVEIPFGGGRHKCIGNGFAILQVKAILS 

TLLHQYHFELAAPPGSYTEIMPALILRPSDPCVLRYRRRVAA 

>WP_182173530.1 CYP51 [Sediminihaliea albiluteola] 

MSNSGQNIPFVSGAKPAEQGGHFDEFSQHPAQFLTRAYEECGELAEFDIGGTNTVLMVGPEAHEAVFRADDIKVSAREAY 

QFMVPIFGKGVQYGAPLDIERQQLRMHSRGLASEKMNFYAPIITKETQDWIADWGDEGEFDFYEGFADLTIKTSTHCLLG 

PEFRYSLTDEFASLYHTLGAAADAGGLQDPNARKDAYDARDAARARLEELITERIDIRRESGETHMDLLQVYMDATYNDG 

THLSTSEVAGMIVWFMFAGHHTSANTAAWTLVELARHPELAAEVVAEVDAVIASGEQFDMKVLRRMSKLDGFIRETLRVH 



PPLNTLTRRVIEDFEYKGHIIEKGKNVMLCPYVAHRLESSFEDALAFKPDRPLPDNPFALIPFGGGQRKCVGNAFAMLQV 

KVIFSVLLNEYEFELAGPSGEYAEIMPSLILRPSDPCILRYRRRVDRKGAL 

>MEM1111247.1 CYP51 [Pseudomonadota bacterium] 

MSATDMSTKDATAVRAGGLPFVSGALAPEAGGHFPEFCEHPAYFLQRAYKECGELAEFDMGGINTVLMVGPEAHEAVFRV 

DDEKVCAREAYQFMVPIFGKGIQYGAPLDVERQQLRMHSRGLSSEKMNHYAPIIAREVRDWVSHWDEAGEMDFYEGFTDL 

TIKTSTHCLLGSDFRYSLTEEFSDLYHTLGAAADAAGLQDPNAQKAAYEARDAARARLEELISERVERRRSNKEVHPDLL 

QVYMDATYADGRHLLTREIAGMIVWFMFAGHHTSANTAAWVLVELARNPGLAAELVAEIEQAHEQAEGDLDVKSLRRMKL 

MDGFIRETLRVHPPLNTITRRVIEDFEYKGHIIEKGKNVMLCPYVAHRLDAEFPDAETFDPYRPNPENPFALIPFGGGQR 

KCVGNAFAMLQVKVIFSVLLSQYEFELAGPSETYAEIMPSLILRPAEPCVLKYRKRSA 

>MDB3856184.1 CYP51 [Halieaceae bacterium] 

MTEAVASEKTIPFVSGAKAEGGHYQEYCEHALDFFNRAYKECGEICEFDIGAGLRKFLLVGAELQEQVLRAPEEEMSAAE 

AYQFMVTVFGPWVQYARPFEIEQQQLKMHAKGLHNSRMKNYAPVVTREVEDWIAGWDDEGEMDFVDAFADLTIKTSTHCL 

LGEQFRYTLTEEFAELYHELGAATTAEATADTSAGQAGDIARQRLEDLISERVQARRDSGEQFEDMLQLYMDATYLDGTK 

LNDKEIAGMVIWFMFAGHHTSANTAAWMMVELAKNPQYAQQIRDEVDKVYSEKGSVDHRGLRDMPLLQGFLTETLRCHPP 

LNVLTRRVKKQFEYKGYVIPVGSEVVLAPSISHHLPEHFPDPYVFDPRRPEPDNMFAYIPFGGGPRKCVGNMFAILQVKC 

IFSALFRDFEFELVNSPESYTEIMPSLILRPSDPCIIRYKRRQK 

>MCG8413644.1 CYP51 [Pseudomonadales bacterium] 

MTESTATELKQPPKVSGEKPDSGHMEEFNVNFARFLMRCNAECGELAEFNMGGQQTILMSGPEAQEAFLKTLDKKLSRAA 

SYKATVPVFGEGVIFDAPPDRMKTQLKIQVDALRYQNMKNYASVIAEEVEQWVSGWGDEGELDFVDEFIQLTLHTACHCL 

LGKDFRERMTEEFKNLYHDLEKGLQAIAFVDPYMQQPVFEARDAARARLQELISEIIADRRANSDVEYGDALETFMSGTY 

KDSTHLTDNEVTGLVIATMFAGHHTSSGTAAWALIEFAKNPEYTAEVLEELTELFKDGQELTFEALREIPKLERFVEEVL 

RLHPPLILLMRQLLEDVDYNGTLLEAGKTVAISTYGSHRNPGYFPDPEVFNPHREKPDTLWAYIPFGGGPHKCAGNAFAM 

MQLKSIFAALLPRYDFELVDAPEAYDDDLSAMVLKPTSPSRIRYKRRK 

>MAV75697.1 CYP51 [Cellvibrionales bacterium] 

MKTIPIVSGAKPDTGHIEEYSANFVQFLLRAEAECGVLAEYNLAGQETILLSGVEAQEFFFRGSDENLSRAAAYQAMVPV 

FGPGVIFDAPPDKMKSQLKIQVDALRYQNMKNYAPVIAQEVEDWIADWGDEGELDFMDEFLELTIHTATHCLLGKDFRDK 

MTAEFKTLYRDLEAGLQAIAFVDPYMQQPIFEQRDRARERLEEIITAMIDERRNSDIEYNDALSTFMTGTYADGSYLTST 

EVTGLVIATIFAGHHTSSGTSTWMLTELARHPKETAAIVEELNAIYQQDETLSHNALREMPKMESFLNEVLRVHPPLVVL 

MRRVINDIEFDGHAIPAGKTVAISIFGSHLNPEYFPDPEFFDPRRTEPETMFAYIPFGGGRHKCGGNAFALLQQKAIFSA 

LLRRYSFEIVDHSDSYVDDLSGMVLRPQSPCRLRYKRRVS 

>MFT4517766.1 sterol 14-demethylase [Halioglobus sp.] 

MAEQAAKNTKLPPKVSGASEEGGHIGEFSENFCTFLARAHAECGELAEFDMSGQETVLMSGPEAQELFFRTQDEVFSQAI 

AYQVMVPVFGPGVIFDAPPDRCKAQLKIQVDALRYQNMKNYASVIAKEVEDWIADWGDEGEKELLHEFHELTLHTATHCL 

LGADFRYSMTDEFFELYKHLQAGVQALSFVDPYMQQPLFAKRDESRERLEQIVSELIARRKSDGKEHVDALETFMTGTYP 

DGSHLSDTEVTGLIIATMFAGHHTSSGVAAETLVEIAKRPDYAAELVAELDELYSETEELSNNALRELPVMEGFLREVLR 

LHPPLVVLMRRVMEDVQYKDYLIPEGKTVAVSVYESHMNEEYFPEPLKFDPHREEPEQMFAYIPFGGGRHKCAGSAFALL 

QVKAIFSALLRKYEFQLVGPTEDYVDEVANMTIRPKDPCRIRYKRRTS 

>MEM9255080.1 CYP51 [Pseudomonadota bacterium] 

MSEARAATLKLPPKVSGEQAGTGHMEEFNVNFARFLMRCNAECGELAEYNMAGQQTVLMSGPEAQQAFLKDLDKQLSRAA 

AYQAMVPVFGEGVIFDAPPERMKTQLKIQVDALRYQNMKNYAAVIAQEVRDWVNGWGDEGEMDFLDEFISLTLNTACHCL 

LGADFRNRMTEEFKSLYHDLERGLQAIAFVDPYLQQPIFEARDKARARLQELISDIIAERRAEPDRVFGDALETFMSGTY 

ADGSLLSDNEITGLVIATMFAGHHTSSGTAAWTAVELARHPEYTESLLAEVNGLYAKDGELTFENLRELPKLERFVEEVL 

RLHPPLVLLMRRVMEDIEYKGTLIEAGKTVAISTYGSHRNAALFPDPERFDPGRPRANTPELMWAYIPFGGGPHKCAGNA 

FALMQLKSIFAALLPKYDFELVDTPETYQDDLSAMVLKPSSPCRLRYRRRR 

>WP_011906905.1 CYP4_like [Novosphingobium aromaticivorans] 

MARAATAAGNGLPLLDGGVPLLGHLAQFFRDPVSVLKRGYRSKGRLFAMNFMGQRMNVMLGPEHNRFFFEETDKLLSIRE 

SMPFFLKMFSPEFYSFAEMDEYLRQRSIIMPRFKAASMKQYVPVMVEESLNLVERLGEEGEFDLIPTLGPVVMDIAAHSF 

MGREFHEKLGHEFFELFRDFSGGMEFVLPLWLPTPKMVKSQRAKRKLHAILQSWIDKRRAAPLDPPDFFQTMIETKYPDG 

RPVPDEIIRHLILLLVWAGHETTAGQVSWALADLLQNPDYQKVLRGEISSLLGGSDGRDLGWEQAVAMEKMDLALRETER 

LHPVAYMLSRKARADIERDGYVIRKGEFVLLAPSVSHRMEETFRNPDAYDPERFNPANPDAQIESNSLIGFGGGVHRCAG 

VNFARMEMKVLVAILLQNFDMELMDEVRPIAGASTYWPAQPCRVRYRRRKLDGSEAGADMAALARAAGCPAHT 

>MFM2302466.1 CYP4_like [Pseudomonadota bacterium] 

MASVSTANPGFPLLDGGMPLLGHLAQFFRDPVSVLKRGYRSRGRLFAMNFMGQRMNVMLGPEHNRFFFEETDKLLSIRES 

MPFFLKMFSPEFYSFAQMDEYLRQRAIIMPRFKAASMKQYVPVMVEETLKLVDQLGDSGEFDLIPTLGPVVMDIAAHSFM 

GREFHEKLGHEFFDLFRDFSGGMEFVLPLWLPTPKMVRSQRAKKKLHAILQSWIDKRRSAPMDPPDFFQTMIGTAYPDGR 

LVPDEIIRHLILLLVWAGHETTAGQVSWALADLLQNPGYQNVIRDEVAVMLGGGNGAAMGWEQAVGMEKMDLALRETERL 

HPVAYMLSRKATADIERDGYVIRKGEFVLLAPSVSHRMEENFRNADAYNPERFNPANPDAQIESNSLIGFGGGVHRCAGV 

NFARMEMKVLLAILLQNFDMELIDEVRPVAGASTYWPAQPCRVRYRRRKLDGAAPVATAATLAKAAGCPAHG 

>MDE2436753.1 CYP4_like [Sphingomonadales bacterium] 

MASAPLPLLDGGTPLIGHLAQFFRDPVAVLKRGYRSKGRLFALNLMGRTMNVMLGPEHNRFFFEETDKLLSIRESMPFFL 

KMFSPDFYSFAEMDEYLRQRAIIMPRFKAASMKQYVPVMTEETMALVGRLGDEGEFDLIPTLGPVVMDIAAHSFMGREFH 



EKLGHRFFDLFRDFSAGMEFVLPLWLPTPKMIRSQRAKKKLHAILQDWIDKRRAAPLDPPDFFQTMIETKYPDGRPVADE 

TIRHLILLLVWAGHETTAGQVSWALADLLQNPDYLATIRTELAAVLGGSDGSDLSWEQAIAMEKMDLSLRETERLHPVAF 

ILSRKATQDIERDGYRIRKGDFVLLAPSVTHRMEETFRDPDRFDPERFNPANPDAQIESNSLIGFGGGVHRCAGVNFARM 

EMKVVLAILLQHYEMELIDEVRPISGAGTYWPAQPCRVRYRKRARNGAPATDVAALARAAGCPAHI 

>MCB2065319.1 CYP4_like [Erythrobacter sp.] 

MAAQREAASRSRICGRNALTTATLPPIDGGAPLIGHLAQFFRDPVAVLRRGYQTRGKLFSFKLAGRRMNVMLGPEHNKFF 

FEETDKLLSIRESMPFFIKMFSPDFYSFAEMDHYLRQRAIIMPRFKAASMKQYVGIMAEESLRLVDRLGDEGEFDLIPTL 

GPVVMDIAAHSFMGREFHQKLGHEFFDLFRDFSAGMEFVLPLWLPTGKQIRSQRAKKKLHAILQGWIDKRRAEPLAEPDF 

FQDMIGTTYPDGTPVPDETIRYLILLLVWAGHETTAGQVSWALADLLQNPGYLQVLRDELGTVLGSGDGSDMGWEQTIAL 

AKMDLALRETERLHPVAFILSRKANEDIEREGYRIRKGEFVLLAPSVTHRMTETFRNPDAYDPERFNPENPEAQIESNSL 

VGFGGGMHRCAGVNFARLEMKVLLAILLQHYDMELLDEVKPVAGAGTYWPAQPCRVRYRKRDRGTGSAADIAALAREAGC 

PAHA 

>MBP7136118.1 CYP4_like [Sphingomonadaceae bacterium] 

MSTATLPPIDGGTPVLGHLLPFFKDPVSVLRQGYQSRGKLFSFNILGRKMNVMLGPEHNRFFFEETDKLLSIRESMPFFL 

KMFSPDFYSFAEMDEYLRQRAVIMPRFKAAAMKQYVGVMVEESLNLVNRLGNDGEFDLIPTLGPVVMDIAAHSFMGKEFH 

EKLGHEFFELFREFSGGMEFVLPLWLPTPKMVKSQRAKRKLHAILQGWIEKRRAAPLDPPDFFQGMIESKYPDGRPIPDE 

LIRHLILLLVWAGHETTAGQVSWALADILQNADYEAVLRDELRVVVGGDDGSSIGWEHAVAMQKMDLALRETERLHPVAF 

ILSRKASTDIEREGYTIRKGDFVLLAPSVTHRMTETWIEPDRYNPERFNAERGDAQIESNSLVGFGGGVHRCAGVNFARM 

EMKIILAVLLQNYEMELLDEVRPIAGAGTYWPAQPCRVRYRKRARNSEAGASVAELATAAGCPVNH 

>WP_088473914.1 CYP4_like [Sphingopyxis witflariensis] 

MMAIAMKPPAMSGGIPFLGHLTNFFKDPVGLLRKGYEDHGSIYSFRMAGRNMVVMLGPDNNRFVFQETDKLLSIRESMPF 

FHKMFSPNFYSFAEMEEYLNQRAVIMPRFKASAMKQYVPLMAEEAMALVHRLGDSGEFDLISTLGPVVMDIAAHSFMGRD 

FKQKLGHEFFELFRDFSGGMEFVLPLWLPTRKMRRSQAAKKKLHRILGDWIQQRRANPVEPADFFQDMVASTYPDGRPIP 

DELIIHMILLLVWAGHETTAGQVSWAMIDILQNRDYQDVLRSEIENLLGSASGADLSWEQAIAMQKMDLALRETERLHPV 

AFTMIRKAAADFERDGYQVREGDWILLAPSVTHRMSEIFDRPDDYDPERFNTERADVKVESNSLIGFGGGMHRCAGVNFA 

RMEMKVLIAILLQRYDMELIDTPRPIAGAGTYWPEQPCRVRYKRRTIAARAPADVGALAEAAGCPAHAKGQN 

>MHL7327755.1 CYP4_like [Pseudomonadota bacterium] 

MTAAPLAADPPALPGGAPLLGHLPRFFRDPVAVLREGHERFGSVFAFRMGGRRMVVLLGPDNNRFVFQETDKLLSIRESM 

PFFHKMFSPQFYSFAEMDEYLRQRAVIMPRFKAAAMKSYVAVMAEEAAKLVERLGEAGEFDLIPTLGPVVMDIAAHSFMG 

REFHEKLGHRFFDLFRDFSGGMEFVLPLWLPTRRMRRSQAAKRELHRVLQGWIDKRRAAPLDPPDFFQEMVDAKYPDGRA 

IPDELVIHMILLLVWAGHETTAGQVSWALADLLQNPAHQAKARAEVEAALGGAELRDLTWQQTLAMPALDLGLRETERLH 

PVAFMLARKAAADFEREGYRVRRGDWVLLAPSVSHRMREVFDDPDAYRPERFDAERDDARVESNSLIGFGGGMHRCAGVN 

FARLEMKVILAALLRAYDMELLDEPKPIVGASTYWPQQPCRVRYRRRAPSGRAATTPAEIAATAAAAGCPAHGGGGSGGG 

AGSAA 

 


