
 
Figure S1. Amino acid sequence of putative Mn oxidase enzymes in the multicopper oxidase 

(MCO) family  

CotA [Bacillus pumilus WH4] Accession no. JQ797387  
MNLEKFVDELPIPEVAEPVKKNPRQTYYEIAMEEVFLKVHRGLPPTKLWTYNGSLPGPTIKANR  

NEKVKVKWMNKLPLKHFLPVDHTIHAGHHDEPEVKTVVHLHGGVTPASSDGYPEAWFSRDFEAT  

GPFFEREVYEYPNHQQACTLWYHDHAMALTRLNVYAGLAGFYLISDAFEKSLELPKDEYDIPLM  

IMDRTFQEDGALFYPSRPNNTPEESDLPDPSIVPFFCGETILVNGKVWPYLEVEPRKYRFRILN  

ASNTRTYELHLDNDATILQIGSDGGFLPRPVQHQSFSIAPAERFDVIIDFSAYENKTIVLKNTA  

GCGQEVNPETDANIMQFKVTRPLKGRAAKTLRPIFKPLPPLRPSRADNERTLTLTGTQDKYGRP  

ILLLDNRFWNDPVTENPRLGSVEVWNIVNPTRGTHPIHLHLVQFRVIDRRPFDTDIYQSTGEIV  

YTGPNEAPPLHEQGYKDTIQAHAGEVIRIIARFVPYSGRYVWHCHILEHEDYDMMRPMDII  

CopA [Brevibacillus panacihumi]NCBI Reference Sequence: WP_023554169.1  
MKKWIPLPAILTATLVLAACSNSNQTKMPGHDMSKMDSASTAEHENLKQMSASLDPPFEVLTGN  

TFTLTAKESMLMLDDNTMKTAWTYNGTVPGPQLRVKQGETIKVVLNNELPEPVTIHWHGLPVPN  

NMDGIPGITQNAVKPKESFTYEFKVDVPGTYWYHSHQNGVNQVDKGLYGSIVVEPKDAEPVDKD  

FTLVLDEWMEDDSMAEMHSAGSSHSAHSQSKDSSEHANMDMSGMSDAEMMPLMYTIFSANGKTG  

SAIQPLIVKKGEKVRIRLINAGYLSHKMHLPGHSFTIVSTDGQPIHNPPETQDQLLNIAPGERY  

DVEFVANHPGKWLLDEHSTNPGAKSLAIPIVYEGEEHASVKSESMDLPVVDITKYGEAAKGTFS  

LDDQYDVTYSMDLNTDMSHGDMTFTINGKTYPDTPPLDVREGDLVKVKMVNRSPEDIHPMHLHG  

HFFQVLSKDGQPISGSPLVKDTLNILPGEEYVVAFKADNPGNWMFHCHDLGHAAKGMMSEVKYD  

GFKPDFTIDPTVNNMPE  

MnxG [Pseudomonas putida GB-1] Accession number ABY98346.1  
MTTPRKGPLLSSLVLALLGWESTSEAAVQCQRTLVANVVALDQPLMFNRLGAQNANGMLFALRE  

DVVDDKQVPLSKGGAAVPGKVTLRPDKRPRPIVLRVAAGDCLTVNLTNLLDYRANPNKHGIEAE  

GPEGEEVENEADEGFVADEQVAERMVGFQVNGMQAVNSIADISAYTGRNGNFFVSPGSTRSYTL  

YAEREGAFAATSKAATFGGEGTAGNVANGLFGQVVVVPKLGRTYRNTLTEEEMRLATTGRTATG  

QPVIDYEARYPQVEPWIAEGKAGKPIIAMVNGNEIINSETDAIVMGPNPDGSFPKSTYPLESMG  

KRNPALPNRLEAFRDFASQFADEVAGTQAFPGYWADPVMGHVLEPTRDSFMINYGSGGMGAEVV  

ANRLGVGPMHDCLSCAYEEFFLSAHTVGDIGTLVDVPANVGLEHIRPGEVPPASAVGVKASMAL  

YPSEPANVHHSYIGDFTKFRNTHNGHEQHIFHLHGHQWLFNPNDDNSDYIDAQGIGAGVGYTYE  

IANGGSGNRNRVAGDAIYHCHFYPHFAQGMWAMWRVHDVFEEGTRLEVSGQGENGFHSTPFALR  

SGKPAAGARALPDGEIVAGTPIPAIVPLPGKAMAPMPGKVVVVPKLSETLVAANDDDDDDEEGD  

DDHANQPPVRKAVGSLALVDRTEANRNADGTLKNPGYPFWIGGMESSVGNRPPTPPLDMLDPAL  

ARQLKDSGKALWANLDANQVDGWDGGLGRHALDGVSAGGEAETTTTKLDFTKVVHKAKPIYLPE  

EGTDVEQAAMQFHAMAEHPSYALIPGSQPVAKAFRTNGALPTAGAPYYEPCMDDRGKRLTQSSG  

VGEFFSGESPTGLNFRGASAFTADRPRIYKGANIQFDAVYNKVGYHFPQARIIALWEDAWPVIT  

KQRPPEPLVMRMNTFDCTMYQHTNLIPNIYEMDDYQVRTPTDVIGQHIHLPKWDLTAADGSANG  

WNYEDGILSPGSVVERVHAIRAYNGCTEGDSRDGTAACPKAKQHPYFGRFGRADWLGARTAMQR  

WFADPLVNVYNVDRGLGTIFTHDHLGPSTHQQLGLYATVLAEPAGSTWYHAETGEQLYNPATRQ  



DGGPTSWQAVIQTGDHDGDGKNDSYREFFLEYSDFQHAYEAGVYVGAGPDGIPNAQSYPATADS  

FRYAINPPVRGKASNLLEAIVEERGGINPGCPSRPCPQAISVDDPGMFVVNYRNEPLALRVYDP  

NKVGPDGKRGMQADGLAGDLSYALQTRTDRAIPAMNLSPSAITSAVGPTGGTTLFPPHINKAGA 

EPGDPFTPLLRTYSGDNVRLRMHAGGHEEEHNVTLHGVKWLQNGTGFGNSSNSGWKSSQMIGIS  

EQLGFMAPVSMISSSAATNGDYLYSLDAALEGYWNGIWGIMRNYTVQRADLFALPNNPQPVAMR  

NTVNFDGICPKTTANPNGIGTRTTVKRNYEIVAALANDILENRNGVSINDPAGIGQHVGGALKA  

NGGTLVFNSRRTAIPLVSGVDPEDGEPFTIGGHSAPLHDPTAILYVRKADLDASTGKLKAGVPV  

EPLVLRANAGDCISITLENRLPLVMPDLPSTAVMHNVVKRDRFGSEGSTAFANNLMRPSSHVGL  

HAQLLAYDITKSDGANVGLNPVQTVPPRAGTSGAYPTKVYQYYAGHLEREGKPVSQLGRTVDNI  

NTTAIEFGGLNLTPSDFIKQPQKGLVGAMSILPQTATWTEDTATRAQATVKVSGQPDYRDFVTV  

WQRALNMRWADGRPVEGINTEGNGAAGDPQDNGNMAVNYKTEPLWLRFGMAPDSPFGRANGLGF  

GDVPNAHMAYANALVGGDPQTPVLYAKPGQPVRNHIVMPSGGSRGMVYQLDGHIWPLHNYQAEK  

SDVDGYPMSLPGIGSVRFGNNPMAMYIGAQESVLPAAHFSFMLPSAGGANAVAGDYLFRDYAAY  

GNLSGLWGILRVTNEAPPATAPAQ  

MnxG [Bacillus sp. PL-12] Accession number ABP68890.1  
MLRKFHVVGISTRIVVNTFGDHNPNGRIYVLKENESKLKDLVRKNPYKPIDLVQPLAIRANEGD  

IVEILFENQLSFSAGMHFQEADYSVLSSDGADAGYNPDTTVEPGGEILYRLNVNQEGICFFTDL  

GNVSSTEQGSSVQGLFGALLVQKRGSSWTDPVTGGPINSGVYADIHHPFLPSFREYAWFFNDEM  

EIRDLTGERPLNPMTNQEAESFHGVNLRYEPMTNRKRLMEAGVVCPDCDSEEVHHDSWVFGDPA  

TPILRGYVGDPAVIRLIHGGVKETHVFHYHVHQWLGDSSNINAEILDAQSISPQTHYSIQPLYG  

LGSLHGAIGDSIIHCHLYPHFGIGMWGMNRVFDTLQDGSQCYPNGVRIKALMPLPDRPEPPKPT  

PEKPGFPNFIPGKVGYKAPRPPLGIVGGREMTELERNAAIENPRPGAVFVDPCLDQDPVVVEFN  

VSAIEMPVVYNKQGWHDPKARFYVMDEDLDDILSGKKEPEPLVFHVPAGTCIRMNYTNRMPHIL  

DGDAFQLVTRTYENGFHIHFVKFDVLACDGGNVGWNYDSAVLPGQTIRYEWYAETELKAFFFHD  

HLFANSHQQHGVFGAGVIQPRFSKFLDSRTGDEVDHGTQISVEHPLIPDYRDQTLFVHDFALLF  

DKNGRPIQPPEYPGSEDDPGVFGVNFKCEPLKFRLGEDCDPAYSFSSYVHGDPVTPILRAYEGD  

PIRIRLLQGAHEESHSFNIHGLRWKEERPDLGSSMKAQQHIGISESFTFETEIPASGDYLWAFE  

DEEDVWLGTWGLIRAYKGRMEDLIVLTDREALPEGSAETPKPTGKPPEKANPLASLPPGAYQGS  

PVKKFEVVAFQTPIQYNSYGDHDPYGIIFALKEDVEDILTGKKNPVPLILRANVGDLVEVTLTS  

ELKKELFPFQDGIHPYPPVKEQSFYPPSLRISLHTSLLNYDVKTSSGDTVGYNPDQTVGPGETI  

TYRWFVDGQFGMCSMWDMADLRNHRSFGTFGAFVAESRFTTYLDPYSLEKAITGENVILRHPLL  

PATREFVLILHDGVRLEDKDGKVIIDPMDGVVPDTEELEEVDTYDYGSRGFNYRSERLINRYKE  

HPVMHELFSSEVFGDPATPLFEAYPGEPVVMRITTPAERRRAHTFHLHGHYWKFDSKDLDSRIQ  

SFLGHMVTGHTDDLRLIGGAGGVFNFPGDYLYRSGNIRWDIELGMWGIFRVHKDSKENLPRLEE  

VEGGWDNEEKA  

McoA [Pseudomonas putida GB-1] Accession number ABY98562.1  
MKTPAVIHPNRYVFQLSSVTALMLSLGLITAMASPLDDNSPPPPTDPSAYTDQPDDPTPALLNL  

STLPEANEGSLELTDGVYGNRDTVRTDNVLPPALQTSDRYPTNGKPSPLFGAQPFTQQLLLFEE  

FGPEKLDPTLPPPDLTFPVPTLGAAPAQDPNVVARSGPSGTALEAFLKQPGLYPFPTQFSNVLD  



RNPWKAQIEMFLNRHPVGSPAEGRPPGKGWSHQRWNEFYPQAAFKTAQAGARINLGLRDRRQMH  

NYTVGEFAPGGLYYQTSDIPTTLGTTKGIDTRFHPNFPLQNHKSLWTFDGTFPPKLLMVRYGQP  

ILMRHYNALPIDPSANGGFGLHTISTHEHNGHSPAESDGFANAYFFPGQYYDYRWPVQLAGYDT  

INTRAQDPRAAFPCSPGETLFVNDGTPGLKTCQNGSIKIRGDWRETMSTHWFHDHMMDFTAQNV  

YKGNAVMMNYYSALDRGNEALQDGVNLRFPSGSGMPWGNRDYDVNLVIADKAWDANGQLWFNPF  

NTDGFLGDQILVNWQYQPKLKVRARSYRFRILNGSVSRYFKFAVVREIAGTSGEFKGPSGSNVS  

YARVPFHMIANDGNIMEHAVPFDGTLDLNGDGNLQDNNGILPLQGIAERYDIIINFAKNGIKAG 

DKLYFVNLEEHRTGKGPEGTISLADVLSEKYKAVIKQTSKGPQWDKGDPAVGKFLQLLVQPYTG  

QDLSMDPVAYEPAKPGKAAGLKMLPLPIDRNSATDLAKIKDARHREFIFGRSDGTDTTPWTIKT  

DGGFGYSMDPRRISAAPQLANQSTDGGFSGDGTLEVWKIKNGGNGWSHPVHVHFEEGVILSRDG  

KAPPEWEKWARKDVYRIGPDADSSEEVEMAIRFREFAGTYMEHCHNTQHEDSSMLLRWDIEHPG  

QFQVMPTPLPGWDGVQYMASVGLPTFRTKGHDDNDDPANKPPVAANDSAATTAGKPITLNVLAN  

DTDPDGNVPLTVTGLSQPDSGQGTVSTDGTTVTYTPPATVETPFTASFNYTARDAKGAESVTPA  

TVSIAVSPAAAVDQVQVTSATVQVRSGNRYTWDVAGTTSVATGNSISVTAASTSGPLNLGNATL  

TVATSGARWKLSVTTTGTGPATPATVTVKSALGQSVTVPISIK  

MofA [Leptothrix discophora SS-1] Accession number CAA81037.2  
MRKSTGFHRTPVAAATGLLALLLGAAMPAQAGVGFGAAIDRSGADMNKTNGNAVRSYFAHSPRG  

ERETLNPDSISEADALFGAGKFTGRSATDTGKALRKFIDPLPLPGKLSTLADGVTQRTIPVAVP  

AKWINPQTGAATSDDYFEIALVEYKQKLHSDLKNPTTLRGYVQLSVDGTGLYLYYPNSSGKVAF  

ANAADAPADAKPVMINAVDAKGFMTGAKVQARVVMEPHMYGPLIQARKGTPTRLKFVNLLPGGR  

AETTVGADGKVQVTARNGDIFLPLDKSIAHAGLGPDGFTEFTQNRSNIHLHGGDTPWISDGTPH  

QWITPIEEANAANPKALVNQGIDPEFLPSFLRGASAQNVPDMPDPGAGASTYYFPNGQSARMLW  

YHDHTIGVTRLNVYAGMAAVYTLGDEVDDQLTGKTTGGALNKVLPPAEDTIPLVLTDRTFVPAD  

VALQDARWNTSAWGGESDSWFPHVYETVQDPNQMNGFNSVGRWHWGPWFWPVFPAMYDLPSGEY  

GDVTVTPEAWMDTPLVNGVAYPTIELDPKVYRMKVLNASNDRFFNISLFVADEAQRLNDPLLGG  

ATEVKMVDAAVSATPCAAGVTRAVVATDGSYCTPETWPTDNRPGGVPSPAAQGPSFFQIANEGG  

LLPKVAEIAPTPVGYQLDKGRITVLNVLTTGLYLGNAERADVLVDLSAYAGKTLIVYNDSGAPV  

PAGDPRNDYFTAVGDQSDAGGAEDTKPGYGPNTRTMMQIKVRAAITTPSFDGQIRDARQRGDST  

ALKAEIPKAYAIAQEKPVVGQDVYNQALGTTWGATPSLNGNPGNFADIFTGSLKQPVFNYVPGE  

PHAGFNSVKVTSIGAGYTSAPTVSFADPSVTTESGAKAQATLKIGKVNLTDPGSGYTIAPQVTI  

TAVAGGGSGAMGEHLAVDNVIITNGGAGYTSAPTVKFSSSPKATAGNATATAEGVAVISGGKVI  

GVTVTNPGFGYAARRTVSFQGGLCHQHRASATTTGYVADVSLIAPDPLQPIVIDPATGIRHQPG  

QRGGGGYTDLNQVTVAFNGGVAPAGGHGGHRHVTGSVFDITMLNNGSGYTNATTVTLTGGGAPN  

GSVAKAEVDTKNGVATGSHLVKTKAIHELFEPVFGRMNAILAVEIPFTSALTQTTIPLAMIDAP  

TERFADGETQIWKITHNGVDTHPVHFHLLNVQLINRVGWDGWIEPPAANEIGWKETIRMNPLED  

VIVAVRAKRPPLPGFGVPNSIRPMDPSQPLGSSFGFTQIDPLTGNPQSVVNAVMNYQWEYVWHC  

HILGHEENDFMRPIVFEANEAVPLAPTTLALKNGASTLGATSTAATTVTEITWVDQSQTEYQYL  

VERSLNGGAWQSVGTSLANATSHTLATPVAIDSGSKVDFRVTAVGANGTASASASVSVPPANVI  

ETPTGLVSMGVTSVNNNLRPSVTLNWIDASRTETEFQVWRKVTGSTAPAVLVGTVTRNAAATAA  

LGGVVSFVDGSQPNGQALLRPAFGTSYDYTIVARKTTNPTSKSVDSAALTVKIGTRSPVNAFGA  

DAPVLTSVGAVRAATTGTAANTDTVVLGWTEEATNSNSSYAVQYRSCATQTSTSTTCRYPVTDS  



RYWGAWTAGALVPAAGGAANSTGGSFSITNQRVRNKPAQVQVQARNSIGSSAWSAALDVTLP  

MoxA [Pedomicrobium sp. ACM 3067] Accession number CAJ19378.1  
MSINRRSFMAASGLALAGVSQVSGRAAFANVPEAPTQKSPLMQPPLKPTSGVDYNPVVTLNGWT  

LPWRMKDGWKEFHLVAEPVIREIAPGMKAHLWGYNGQSPGPTIEAVEGDKVRIFVSNRLPEHTT  

IHWHGQILPCGMDGVGGLTQPQIKPGKTMVYEFVLQKSGTFMYHPHADEMVQMAMGMMGFFVVH  

PKDPAFMRVDRDFVFLLNAFDIDAGSYVPKVNTMLEFNLWTWNSRAFPGIDHLVVAKDDRVRIR  

FGNLTMTNHPIHMHGYDFEVSCTDGGWTRPESRWPEVTVDCAVGQMRAFDFKATNPGDWAIHCH  

KSHHTMNAMGHDVKTYIGVDKTEVKQKIRKVVQGYMPMGSTGMAEMGEMEMPLPENTLPMMTGF  

GQFGPIEMGGMFSVVKVREGLARDDYKDPGWYTFPQGTVAFEYDGDKPAAPQPPAPAAPMHGGH  

KKSDVVPNPAVKPVTLRAVKPRGGHGHH  

CueO [Escherichia coli] Accession number OAEC32945.1  
MQRRDFLKYSVALGVASALPLWSRAVFAAERPTLPIPDLLTTDARNRIQLTIGAGQSTFGGKTA  

TTWGYNGNLLGPAVKLQRGKAVTVDIYNQLTEETTLHWHGLEVPGEVDGGPQGIIPPGGKRSVT  

LNVDQPAATCWFHPHQHGKTGRQVAMGLAGLVVIEDDEILKLMLPKQWGIDDVPVIVQDKKFSA  

DGQIDYQLDVMTAAVGWFGDTLLTNGAIYPQHAAPRGWLRLRLLNGCNARSLNFATSDNRPLYV  

IASDGGLLXEPVKVSELPVLMGERFEVLVEVNDNKPFDLVTLPVSQMGMAIAPFDKPHPVMRIQ  

PIAISASGALPDTLSSLPALPSLEGLTVRKLQLSMDPMLDMMGMQMLMEKYGDQAMAGMDHSQM  

MGHMGHGNMNHMNHGGKFDFHHANKINGQAFDMNKPMFAAAKRQYERWVISGVGDMMLHPFHIH  

GTQFRILSENGKPPAAHRAGWKDTAKVEGNVSEVLVKFNHDAPKEHAYMAHCHLLEHEDTGMML  

GFTV  

MokA [Lysinibacillus sp. MK_1] Accession number AANQ47161.1  
MQINPSVPATIPKFVDELPKPMIAKPKYSRGQQKNDYYELVMMEGQHRFHKHFPNTLIWGYNGL  

YPGPTIEASKDKTIYVKYKNQLPLQHFLPVDFTLHAANDSQEVRTVTHLHGANVDWQSDGHPEA  

WYTRDYRHTGPKFNKEIHEYTNHQPGTTMWYHDHAMALTRLNVYAGLAGFYLLRDALEERSNLP  

CGDYEYPILIQDKSFNEDGSLFYPDEPPFPVPVHPSITPGFVGNTIVVNGKLWPYLDVEPRKYR  

FRFLNGSNRRGYVISLSNDQPMFQIGTDGGFLPAPQLIQSVELLPAERTDVIIDFSSCAGQEIT  

LLNTDTDFSDEHTNVIMQFRVTVPLKCEDTSEIPERLAVSMDLHPHHAHIERQLPLTATTDEFG  

RPMLLLNDRMYHDPATEKPSLDSVEVWNFINATPFIHPIHLHLIQFKILERRPFDLEIYQNEGI  

VQFTGPPEEPRDYERGWKDTVKADAGKVTKIIMHWKDHIGNYMWHCHFLEHEDHDMMRPILVMK  

DVHAVQQPHVAVEHPATHQEATAPTNPTSTTSTTHHSESSAPLLNAVEHSSHEEERVDSPTEEE  

SITFHIGDNTQHMPTLLFPALPSNTNTSRNRPQRRTRRF  

CumA [Pseudomonas putida GB-1] AAD24211.1  
MSFTRRQMLKGLTGLVVVGLGAGGAARYWLGKVEDDNAGHDYELIAAPLDVELVPGFKTEAWAF  

GPSAPGTELRVRQGTWLRVRFINHLPVETTIHWHGIRLPLEMDGVPYVSQLPVKPGEYFDYKFR  

VPDAGSYWYHPHVSSSEELGRGLVGPLIVEEREPTGFLHERTLSLKNWHVDEQGAWLPFSIPRE  

AARNGTAGRLITINGQADSVTELPAGQVVRVRLLNLDNTWTYRLNLKGNCEAKIYALDGNPVTP  

RPLEDDYWLGPGMRICLAIRIPQAGEEISLRDGFVRLGTLRSVASNDAPSDWPPALPPNPIAEP  

DLENAEKLNFNFEWAASVTVTPDPDKPSSMWQINGQAWDITDKTCADRPIATLQKGKSYIFELK  

NMTQYQHPIHLHGMSFKVIGSNRHDIKEPWFTDTYLLGKNERAQVALVADNPGTWMFHCHVIDH  

METGLMAAIAVV 

  



 
 Figure S2. Amino acid sequence of putative Mn oxidase enzymes in the animal heme 

peroxidase (AHP) family  

Pseudomonas putida GB-1 MopA ABY99243.1  
MANFSKSDLEFILKQIFIAEAHADGASLIDLLPNSQVPFGLRTVDGSYNNLVAGQSEFGAADNS  

FLRLLDASYRANYVGTGNVVDSQPRTISNLIVDQTANNPAAVEANGGAAPVMSPGIDGVFGTAD  

DKPVFFIPNVSPDVGLTAGFNAWMTFFGQFFDHGLDLVTKSSTDIVFIPLRPDDPLYNASSPTN  

FMVLSRAVRTAGADGVVGTADDGQPNTTSPFVDQSQTYSSHPSHQVFLREYMLDAAGDPVATGR  

LITNRDLGADGKFGTADDGNSENGGMATWAVVKAQARDLLGINLTDADVHSVPLLATDAYGNFL  

RGPNGMPQVVMRVNNGADGIAGTADDVTTLVEGNRAAPISLANAVSTGHGFLDDIAHNAEPVKV  

GGVLQADADSAVGNVQPVGPGGNNLTYDNELLDAHYIAGDGRVNENIGLTAVHHVFHSEHNRLV 

QQTKDTLLAAGDLAFLNEWLIDDVIAIPTTPAGIAALVWDGERLFQAAKFGTEMQYQHLVFEEF  

ARTIQPQIDEFLAPNGYDTSINPAILAEFAHVVYRFGHSMLTETVDRFDPSFNPVSGDPANPDQ  

QLGLIAAFLNPLAFAGSGATADEAAGAIIRGVTRQLGNEIDEFVTEALRNNLLGLPLDLPALNI  

ARGRDTGIPSLNEARREFYGATGDSQLKAYISWADFADHLKHPASLINFIAAYGTHSSITGATT  

EAAKRAAAVALVLGGAGAPADRLDFLNSTGAWANVTLAGKDGIAGTADDIAGVTVSGVDAIDFW  

VGGLAEKKMPFGGMLGSSFNFVFETQLEALQNGDRFYYLSRTAGMNFGTELENNSFAKLIMLNS  

DVTHLSNTVFLTPTFTLEVNQANQFTGLGADGKADPTGGIEINGVEIVPLVIRDNPDTVGPDSN  

YLHYTGEDHVVLGGTSGNDIIISGDGDDTVYGDAGDDVLEGGAGNDAVLGGAGDDIITDSFGDN  

RLEGNAGNDVIVAGSMLAAGNLILGGDGQDFIITTEDISTTFGGQGDDFILGAKTNLPPTGNEG  

DDWIEKGTQDGAPGDNFAPLLGDEVVGNDIFVGGGGFDEMIGEGGDDIFVGSDAQDKMDGMSGF  

DWITNKNDKVGVTVDLSLAALAQPHGNAPNQNAGVFNPVGASPASILDRFAEVEGVSGSNYADV  

LKGDDVDAVTILNHGGATGSALTNVALIRGLQQFLADAGLPTTGFATGNIMLGGNGSDLIEGRG  

GDDLIDGDKWLNVRIAVYAPGDVNHTGPEIASFDSMVDMIPFMLDRTYNPGQLKAVREILPGTS  

TGGAAFDTAIFSGVQSEYVVSQNTKGTADVADDVWTVTDTVAGRDGVDTLLHIERLQFADSQRV  

LVTGVNAQPTGSPTITDGNGAAITVGDLLTVSVAGVRDADNISAGNPLGTLADRSVSYYWQFEA  

DPGSGVFQDIILLPAGDLAFQSADGTSFKVSPDLAGLSLRVKAIYQDAHGTTEVLFSAPTAVVQ  

PGAPVVPTPATPVVDATAGGEGLHMVRSDLNFILAQIKIAEADAAGQDILSLIPNIRAPLGLRA  

VDGSNNNLMNLNGHNNTQFGAADNVFPRLTDPVFNPAEGAPAGFFGPGSPAIPGSSYQQTSGPV  

FDSQPRTISNLIVDQTSNNPAAYATAYDPGADGVLNFGAPGNDDVLKDGVRIVASPGMDGQFGT  

TDDHDVYLFENTAADAGLSAPFNAWMTFFGQFFDHGLDLVTKGGSGTIYIPLQPDDPLYVEGGF  

TNFMVVTRATNLPGPDGILGNADDIHEHTNTTTPFVDQNQTYSSHPSHQVFLRAYVMTDDGPVA  

TGRLITNRDLGADGKFGTADDTEIGGMATWKVVKAQARDLLGINLTDADVDNVPLLATDAYGNF  

IKGPNGYPMVVMKGVDGIAGTADDQQVEGNPLAPISLTNAVRTGHQFLADIAHNAVPVFSGGVL  

APDADNAVGNAVPVNPQTGANLAYDNELLDAHYIAGDGRVNENIGLTAVHAIFHAEHNRLVAQT  

MDTVLDSHDLAFLNEWLLNPVTALPVTPAEIDALVWNGERLFQAAKFGTEMQYQHLVFEEFART  

VQPRVDLFFAPTQVYDVDLDASIVAEFAHTVYRFGHSMLTETVDRFDIDFNVIKDPASANPDQQ  

LGLIAAFLNPLAYAASGVTPEDATSAIVRGVTRQGGNEIDEFVTEALRNNLLGLPLDLPAINIA  

RGRDVGIPSLNAVRRDVYGQTGDTQLKPYTSWVDLVQHLKHPESLINFIAAYGTHSSITGATTL  

LEKRAAAMALVFGGEGAPADRLDFLNSSGAWANVTLPGKDGVLGTADDLKAVTITGVDAIDLWI  

GGLAEEKTPFGGMLGSTFNFVFENQMEKLQDGDRFYYLERTSGLSMNAELESNSFAKLIMANTS  

AAHLPGLVFSDPGLYLELDQSKQYNDGLGHADPLGENGEQVVFRDSPLTAGPDSNYIRYAGAEH  



IVLGGTNGDDILVSSEGDDTVWGDAGNDRIEGGDGNDQLRGGAGDDIISDMGGDDNIQGGDGND  

VLHGGNGVNLIIGGFGNDFIVTGEDASEAIGGQGNDFILGSKANEQDMGNEGDDWIEKGTSDGA  

PGDNFDPLGNDPIIGNDVFIGGNENDKFNGEGGDDIMVGSLGFGDRYIGGSGYDWATFKGLAQG  

VTIDYSDRFFDVPPVPGSGASALVRFDIMEGLSGSAHGDFLRGDNEDAASLPTNGATGSVLTNI  

SLINGLSSLLAAGATFYDGGNIILGGSGSDLIEGRGGDDILDGDKWLNVRISVRANHDGTGPEI  

ASFDSMEPMVPFMLNGTYNPGQLVIVREILNGTDNYDTAVFSGVATDYSVVVDGNAVIVTDLVA  

GRDGVDHLTGIERLQFSDRSQASGVGTAVNAGPTGHLVILDDATGVRDDTPVTGQLLRVTPLAV  

HDADNVSAANLTGAVNGPVAYYWQVENLPGSGVYEDITFVAAGEVSRAIGTTYRVTDDVAGLSI  

RVRAVYQDAKGTLEIVDSSPNSAPSAGPAVTGLLVQNQTLTANPATIVDADGLSNPQFTFQWQS  

NRGVGWVNIAGAISSTFVLTQAQVGQNMRVVVSYVDDFGVHESVASDILDPVANVNDAPTGAVL  

ISDTTPDQGQTLTALTGGIADLDGLGAFSFQWQQGTGGTFANIAGATAATFTPGFAQGNQQLRV  

IVRYTDGFGTLESLTSAATAAVTVPPGVVLTGTNAANTLTGGAGNDVISGLGGNDILNGLAGAD  

QLFGGVGNDTLNGGDDADLLNGEDGNDILNGGLGADVMNGGAGNDTFVVDNVGDTVTEALNGGT  

DLVQTSLASYTLGANVENLTYTGSSAFTGTGNALANTITGGAGNDLLNGGAGADRLVGGVGNDT  

YVVDNAGDVVVEATGAGTDLVRTTLASYTMAANVENLTYTGVGNFSGTGNGLANIINGAAGNDT  

LAGDGGNDILNGNAGNDTLNGDAGNDQLFGGLGADRLNGGGGDDSLDGGDGNDTLLGDAGNDTL 

LGGAGDDSLDGGNGNDSLQGGDGNDTLFGDVGTDTLIGGAGNDFLNGAGGNDTVVGGAGNDTMM  

ATDGNDVFQFAAGFGNDLIINFDAIAAGGQDRLDITALNITAATFAASVTIADVGADTLVSIGA  

ADSIRLVGVADATTVTAADFILAG  

Aurantimonas manganoxydans SI85-9A1 MopA Accession number EAS51309.1  
MAVKLNENDLRFILDQIKIAEAHAAGADLNDLVPDPHVPWGLRTVDGTYNNLVDGREQWGAADT  

VMPRYLDGSFVTDTNSGAFFGVTNNNYAAPGSVVDTDPRIISNLIVDMSVDNPAAVLAFLNNEL  

AVETFKELHGGLEPVAPGTVVNSATQLAVTDADLALIPNIAPDEGISAPFNGWTTFFGQFFDHG  

LDLITKGTNGTVYIPLQPDDPLYVPGGFTNFMVLTRAAKAEHLPGEDGVLGTADDIVSHTNTTT  

PFVDQNQTYTSHASHQVFLREYKFNADGEPVSTGRLLDGLEGGLATWGQIKAEAAAKLGIALDD  

QDALNIPLLRTDPYGEFIRGDNGLPMIVTGLGPDGIPNTADDIVVQGNLTTPVNTMAIGAIRIG  

HAFLDDIAHNAAPVINGGVLQPDADVLTGNTVASQQGQNTEYDNELLDRHYITGDGRGNENIAL  

TAVHHVFHSEHNRLVDATRMEVLKSGDLAFINEWLATDIATLEGIPADGLPLLNFANTLDWDGE  

RVFQAARFGTEMQYQHLVFEEFARKIQPAIDPFVFNSSTDIDPSIFSEFANVVYRFGHSMLTET  

VARTNIHDGSADNIGLIQAFLNPVEFTKNSTVSADEATASIVLGMTSEHGNAIDEFITSALRNN  

LLGLPLDLAAINIARGRDTGMPTLNETREQLYQATGSSFLKPYDSWVDFAANLKNPMSVVNFIA  

AYGTHETIVAAGNNLQERRNAAMALVFNTEGAPADRLAFLNSTGGETAESVGLNDIDLWVGGLA  

EQILLFGGMLGSTFAAIFEAQLEALQDGDRFYYLSRTQGLNLLNELENNAFSKLIIANTDLSDP  

GPDGIRGTGDDVIARHIGVDAFGQYDYVLEVNKSNQLIEDPTGVDPVLEALGLGKVIRDDPRTP  

QDESAVSGYVASINALVKQYDASGTPTGILIDGSENVIPGITVGDLRENAEHLGIILTDEDLAN  

APVLKLNPDGTLRFNPTPGATTTASVLNNDFEATSLADGAPGVTTDANGNYTVGAPVGWEINGG  

SGGLFDPAAIITDQAGPSGNNVVWLRQGATLARNTGESAVAGAVYTLSFDIGDRTDHPWPGGQV  

RISATDGANTTLLAFQLLPEPSNGMWSNVSISTSAIPTNLAGQELRIEIQQDGNGGANQILVDT  

ISFSSTTEVFYSSDLTPAQMGVAYDPAADPFARDADGNVLRTGQAIVDGPATNETVIDPVGLAQ  

AYTPGSYLRFTGGEHVVLGGTSGNDTLIGSFGDDGIWGDAGDDFIQGGQGVDLILGGSGDDVIL  

DDGDSGNFIKGEDGDDVIANSAGPFDILMGGRGKDVIFVGPDDTEVFGGEGDDFIAGGEGVDFL  



LGNEGDDWIEGGGGFDTTAGDNSDLFFDSKILGHDVMFAGNDEHDFDAESGDDIMVQGESVMRN  

EGMFGFDWATFQGNSLDAYADMRIKIFTTEQQDILRNRFDKVEALSGWNGNDQLFGDDRENPIN  

AEEGVGGDTVAANENILFHDGLSQAGVDRIRNLREFLDVLIADRPQLSAEELEEIIAFEDGNIL  

MGGRGNDRIQGNGGNDIISGDHWLHVRISISDPDSGGEIATVTTLRHVFDGISGPAEWAGKSLF  

ELLVERTVKPAQMEIVREILFDADDAATSFDTAIFQGNISEYIIEGAGVGGQNFSDQNGDGFIE  

VRHLDPLVADGVTLGIDGVDYLKGIERLEFADGVIDAAAGLDEVPVGTPTLQVLVDTDGNAIFQ  

AGLPLRIATNPDGSLAGVTDPDNPNGGVITDFTVTWQLEAAPGTGVFVDAQIGGLTFIPNGNPV  

TGIDGERVRAVIRFTDANGVRETVVSAASAPLSPATDLTDINGDLVFVGTHSIDMTMAGNPSFG  

TAFVSQNGQDTITGGAGDDTIQGLSGNDTLNGGAGDDDLLGHGGDDILVGGAGSDIINGGAGND  

TAVLDFTVADATFFLTPSGSLEIAAGADEDELIDIEQVEFSDGQILTTRQAENRIANFQRGNGQ  

DNIINGDLDGVVADDTIRGLNGNDTISGGDGRDLLLGDGGSDTLNGDEDDDILAGGRGNDTVNG  

GAGDDTVFWFTGDGRDSVNGGGGTDTLSINGDEGVAETFRIYTRAAAIAANINPGGPNNEIVIT  

RTVDGAPDSNADRIALVRNIEELEINTRPIGGATVARGDTVQIFGDFTTTSLALNTITIDGASG  

DDTVDITALQSAHRIVFKSNGGNDTIIGTLRPQDVIELAPGATLADYQTTSMNGMTKMTFGGHS  

IAFPSTSHPTFADNSSSQGGSGGGGESAPGGSFALTARDLAGLKNLVNGHQAFEDDDDTAGAGG  

VRELLGRNNNESHPEYGAADEVFIRLTEARYGEYDGTTNNRAINPIFAGLDARTISNVLGHQEA  

DLSPAASGANTFFMAFGQYFDHGLDFLPKNSANGVLAIGGPGTSRAPGVDNPADLTRGEVYTID  

ENGVPQHLNKASPFVDQNQAYGSNALVGQFLRESDGDQGVGMRLLSGATDPSTPDFNLLPTLRE  

LIAHHWENDTIFVDPSLPGGSVSFRDYFTDYPISDNATGSIFDEATGAYDPDVVASMVSNFMGG  

GYPLLLDTNPYINLLDHYVAGDGRANENFALTSMHTIWARNHNFHVEMLLEAGFEGTEEEVFQA  

AKMINEAEYQRVVFTEFADMLIGGIRGEGDHGFNDYNPNADARISHEFASAVYRVGHSLVGQTM 

TVIGPDGQPRQVELFDAFLNPTSELGAFKPGLPDGYVPQPGYAQLGAGAILAGVATQSAEEVDF  

NIVDAIRNDLVRINADLFAFNVARGWDVGLGTLNQVRADLKASGDPYIQEAVGFAGNLDPYASW  

ADFQARNGLSDTIMDQMKVAYPDLILSTPEEIAAFIAVNPDIELTDGANGTKIVKGIDRVDLWV  

GGLAEKHVLGGMVGQTFWVVLHEQFDRLQEGDRFYYLERFDNFDFYDNFIDGQEFSDIIARNTG  

LTGLPEEIFRANDENDDTADNDDGVGDDTSDEDGDSDTVGEDNNDDTVVDDDDALAPVPPVVSG  

LAVTGTAAADVMMGGAEADVLSGGDGDDIILGGFGDDTLMGGSGSDLIKGDAGRDMIFGGAGDD  

VVLGGADNDMIFGDAGDDRMFGDDGDDMLEGGGGFDTVYGGAGNDRFIARQGDGDDIYWGDAGN  

DTLDYAAITANLTIDLGNGTMQHGSVHSSQSGHDAIFGFENVIGGAGNDEITASSVVNVMDGGG  

GNDTFVFRTAADADGDRINGFASGDKIDLSGMNGSEGFTLETTVLTGAGQVLVTHLTGDDGEAL  

TRIQGTVSDGAEADFTLEVAGRHLTQSDFIGVA  

Erythrobacter sp. SD-21 Accession number WP_006834642.1  
MAVKLNKHDLEFILQQIKIAERHAAGENLVDILGNFHLPYGLRTVDGSYNNLVEGRERWGASDE  

IMPRMFTPNYRDDQDGDMMSFGPGMTITNTDYGAAGDVADVDPRIISNLIVDQTAGNPAAISAA  

LTQTGYEGDATAAIQALHSAWADHENGLMTYEEFATLALDTYGLEMQGDTLVIPNTAPDEGLSS  

PFNAWMTYFGQFFDHGLDLIPKADNGTVYVPLQPDDPLFDAGPDGIPFTADDGRTNFMVMTRAQ  

IDENGETMNTTTPFVDQNQTYGSHASKQVFMREYELVNGRPEATGHLLEGVNGGLATWADVKAQ  

ALDVLGIVLSDADVLALPLIRSDPYGNFIPDENGYPQVVVGIGADGIPNTADDVVVSGSPTNPV  

HLLTGMAGEIPPEGVPEGMAVIPVRTAHAFLDDIAHNAVPVFDEGNLAADADTDTGNAVATGTR  

GENLEYDNELLDRHFITGDGRGNENIALTAVHHVFHSEHNRQIDSNKIEILKSGDLAFINEWLD  

VDITAPEVAGLAALTDAQLAAYGESLDWDGERLFQMAKFSTEMQYQHLVFEEFGRRIQPNIDPF  



VFNTTTDINPAIFAEFAHVVYRFGHSMLTEDVNRMFLNDAGEPVFYDELGNETPVTDLEGWGNN  

TGLIEAFLNPVDYDLDGNISAEQAAGAIFRGLNREQGNHIDEFVTDALRNNLLGLPLDLAAINI  

ARGRDTGMPTLNEARAELYDATGSTFLTPYGSWAEFAEGLKNPLSVINFIAAYGTHQTIIDAGD  

NVDARRAAATDLVLGGGAVSEADRLAFLNGPAAETGVNDIDMWIGGLAEAPMAFGGFLGSTFNA  

VFEAQMEALQDNDRFYYLSRTQGLNFLNELENNAFSKMVMANTDMTDPGPDGIRGTEDDILNYH  

SHVDAFTMADFLLHVDPTKQIGPDPQHDDEVLNSIGQTLVQRDDLATAEVEVNYIKFIGADHTT  

INGTAGDDTIIAGGGDDGIWGGAGNDRIEGGHGVDLIIAGAGNDIVTDSGDSDDFIKGDEGDDV  

IANSNGLDVLMGGDGKDAFIVGVDTTEVFGGEGDDFILGGEDADFLLGNEGDDWIEGGGGFDTT  

AGDNSELFFNSTIIGHDVMFAGDNEHDFDAESGDDIMVQGVSVMRNEGMYGFDWASYQGSPVSA  

DADMTVGIFVNDQANTLRNRFDGTEALSGSDHDDILRGDDRGSPDLPDFELTMVNHELTQGGLN  

RIEGLREALGIAPQGDASDDEIVFAEGNVLFGGGGSDYIEGRGGNDYIDGDMRLHVRISILDEA  

GANEIATVTSLKNVVTIDGVTQSLVSHLLEGNVSPGQMHIVRELVNDGQEGDLDTAVYYDNYAN  

YQITAAEGGGLLVTHITPTEGVEDPFTGRSRLSDGMDTVRNVEFFQFADQTISVASLNPDATGA  

AILSDNTPTEGQVISADVSGITDANGIVSSSIQWQVSSNGVDWVDVAGATGPDFTPEDLAGTAF  

GAQAGLFLRAAFMYEDGLGFDNVLYSAMTQPVGVNWEGDGLVNFIGTGGDDIAVGSAAGENLWG  

MEGSDNLSGGAGNDLLNGGVGADTTSGGLGNDDHHVDNAGDVVLEAVGEGTNDRVLSSATYVLN  

AGAEIEVLVAKGSADIDLTGNEFDNVVWGNAGANSVDGADGNDRVFGLAGDDTVEGGDGDDELF  

GGAGVDVSDGGLGNDTHHIQNAGDTVIEGVGQGDLDIVRSSVSWALTAGAEVEVMFAKGSGNID  

LAGNEFNNTIWGNAGMNVLSGLEGDDVLFGAGAADMLFGGEGNDQLFGGVAADTMDGGLGDDII  

HVNNAGDVVEEAVGEGFDQVGTTVNYVLTAGAEVEVFFAKGSGDINLTGNSLANSIWGNNGANT  

LQGGAGDDVIGGGAGDDTIRGGLGNDTLYGVDGNDLFEQRGALDGRDFVNGGAGIDTWQLVAGA  

GEDYTIYTRAEALAAGITGLNIATEIVVTLNGSDNASVIAELDNIEEIVVDSLDVASGGAANGG  

TTASGASVTVVGDFTPTSLDLNTITVNGGNGNDVVDITQLTSPHRIKFDASLGSDQVIGDLRPQ  

DVVTFGDDFGVQMRPERIGEFDLFSHEDGRSDLSSLVSSFVAEARSSNLNASTAAQGSPFGQGP  

AEFLKDDFGSVKFAPFEDGLFETFL  

AhpA Roseobacter sp. AzwK-3b Accession number EDM72824.1  
MVFVNTNDLKHILDQIRIAEQHAAGTPLTDLVANPLLPYGLRLVDGTLNNLTPGREEWGSADQV  

MPRLLESTFLTQPDAAHLADPSPRGAPGAEPTSYLQTSGSVYDAEPRVISNLIADQTLSNPAVI  

AAALSHAGMTGQAMLTTANEIVQAYQRVIDAQAAAGNVDQALELQRQELQTALDTATAELTAAQ  

GDVAAKTTAKNEADQAVTQAQDTLDNAAATMVTLQGQGQVAEMQVALNAAVAAHTQAEADLKAA  

QDELLQAESAAASMLTMHNAKQTTVTNLQGQKATADQELATAEGLLSDARAALALETDAAGAVT  

EAQTAVENATTAVSNAQTRVNELDAQLTQAEADLADLNTQLQAAEQTRDAAQTRVTAAQEAAAA  

TQADREDAQALFDTEVSELATAQAEMLSALTNYITGGSLADFSVASAAYSAAREEKLAAETALN  

DAIDADDEADQAVIDETAALTTAQSRVSTLTTQRDNDMTTRDGLSTQLDEANGLLTSAQNTLTA  

AEQTLQTAQDDNQAMSMRRTPLIWPRPMSMRLKGSSMASWHSWGLLKANLQR  

AhpB Roseobacter sp. AzwK-3b Accession number EDM72823.1  
MGVAEGELATLNTNLGNADAEVTRLEGVVQTETTDLETAAGGVTTAQQNLAAAQMADAAILAQL  

DVIADATVTLTEATATAAQAALDLTAAEGVEATKQVAVDTATSDLNALTAPGAAEAALAAAQAT  

AAEAQTTLDTLLTTHNITMDGNNVLLPDVTPDEGLSAPYNSWMTLFGQFFDHGLDLVGKGGSGT  

VYIPLQPDDPLYDANSPTNFMVLTRATNQPGPDGILGTADDIREHFNKTTPWVDQNQTYTSHPS  

HQVFLREYDIDANGNPVSNGYLLHGQTGGMATWGDVKAQAATKLGIQLNDSDVLDGPLLATDPY  



GNFIPGANGLPQLVVPNPAYVEGGTEPLNILIEGDLANPVDASQALRNGHAFLEDISHTAFPKG  

MIDHDRNPMTPEIEVLPDADTDTGNAIMPNIFGMNETYDNELLDRHFIAGDGRGNENFGLTAVH  

HVFHTEHNRQAAEMKQTILDSGELAFINEWLATPITEADLATATVDTVEWDGGRLFQAAKFTTE  

MQYQHLAFEEFGRTVQPQIAAFGVNGSAEIDCAVMADSPMWCTASPLDADRDVHTMDPNGVNTS  

NGLIEAFLNPVAFDLDQTLTSDQAAGAVARGMSRETGANIDEFITSALRDNLVGLPLDLAALNI  

ARGRETGVPSLNAAREQFYSATGSEFLKPYEGWSEFAANLKNPASIINFIASYGTHETIVNATT  

VVEKRAAATDLVLGGDNAPADRLDFVNGTGAWADAETGINDVEFWIGGLAEDIMPFGGMLGSSF  

GFVFQQQMEALQNGDRFYYLARTAGMNMIAELENNSFASMIVRNTDIKDGGAHIPANIFSSMDV  

ILEVDQAVQSMPDPVSTDVDPFLAAMGTTMVERATATVDAPLIDGVREYDNFLKFNGGEHAVLG  

GTDQRDILNGGLGDDALWGGAGDDLLIGDAGVNTLRGGAGNDILKDGDDVSFLHGEDGDDVISA  

GGGIGELMFGGKGNDAILMGSDDAATAFGMDGNDFIYGGAGGEFMFGGEGDDWIEGGDGFDMVM  

GDNGDPFGGSRVVGHDVLDGGANDNDLLGEGGDDILIQREGVHVNEGDLGFDWVAHKDAMTGAD  

IDLSRRLETNETQAALRDRYDLVEAASGTQFDDFLYGDDREGAALPDGIDLLANDATLFANELT  

QAGVDRIAGLRELLADMMGVDPADTFTGGNILLGGGGSDVIQGRGGDDVIDGDKALNVRISVRD  

PQDPTVELRSINSLFEISNELLDGSISPGQLQIVREILDAGQEGDVDTAVYFDVRANYNIRTNA  

DGSVTVDHIAPPIEGAFIDPINGQPNVEGGDGTDRLTNVEILRFADMEIDLRTDPASNGLIQGT  

DGDDVLNGSNGRDAIFAGAGNDVINGLAGNDVIFGEGGSDTITWNAPNGGYDVVVGHGIVNDGG  

TDMLVINGDGTEDGFTMYTVAAWTGQAPVDPSSEIIITRTVAGVETAIMEVRGIEEVAINGVQG  

IETINAVGDFAGTSLAPNTIYVNGTAGREVIDFSGFTSTQRLVVDAGDGRDVITGGAGNDILNA  

GAGDDEITWSVGGGSDVVDGGAGEDTYTINGDASDETFRVYAADSWTGAPLATGTDIVITRDAG  

AGEQVIGQLQNIEEIQINTAGGVDNVEVIGDFNPTALNFNTIAVTGDDVSVDVTQRLSTHRVFV  

DVGGNTQDVPKSLNVAGVVTEGDVFLIPVDPTTLTRTVDVSR  

AhpC Roseobacter sp. AzwK-3b Accession number EDM72822.1  
MATVNEQTGLPEEGFGFGVLTRGATLVTADDIAALKYMVGASNVAPILPPEAGEPADNEPADLL  

QEVRDLEGLTNNLQNAEISGGATLPFMRVTEARYAGIGEDGAGIINPVFDRLDTRDISNTLGAQ  

DLDAAKAASANMFMMSFGQYFDHGLTFIPKGSGPMGQTLGQIEIGGPSMDRGPMADNPADLTRG  

SVIGYDEDGTPLQENITSPVVDQNQVYGSSSLIGQLLRESDGEMGVGARILMGGDDPSAAPGFK  

ILSTLRETLDHHIDAGTVFKGAGLGENGMTLLDYYPGLRDADRNYDAALVKELSGDFMDEGWPL 

LIDTNPFMNLLDHFVGGDGRANENVGLTSMHTVWARNHNYHVDQINKQAGPDFTPEQLFQAARI  

LNIGEYQQVVFNDFADALIGGLQGSGRHGHNEYNPNADARISHEFAAAAYRFGHSQIGETMLVE  

KDGQMVELPLIDLFLNPTSDPNAFQYVDRETGELVTGEAALAALAQMDYVPQDGYAQYGVNSIL  

GGLVAQPSEEVDLQVVDAVRDNLVRVSADLFAFNAARGRDLGLGTLNQVKADLAASTDPYIVEA  

IEQSNMNMDPYASWDDFQWRNNLSETEITKFKTAYPDLVLEGDAIAAFQQVNPDITLIPGENGA  

MIVQGIDRVDMWVGGLAEPHIEGGVVGHTFWVLIHEQLDRLQEGDRFYYIDRIGDLPVYNNFIS  

NLTFGDIVTRNTGMTDLPLDVFSYVPEVPEGAAADAGNQQIQTDQNANRTDDPAIDTADTEGGG  

TTTDTDVTGGADDETEAAATEGNAEPDPLETEANALSEGAVEGGVDETEQPDADVTGSTLEQSA  

EEEETEEDDATQNATGAASGGEDLEATSSETNEEMPEDNTSMSPDDAGGADTGGADDETEAAAT  

EGDNEPDPLETEVNALSEGAGEGEGGEAEQPDADVTGSTLEQSAEEEETEEDDATQNATGAASG  

GAALEAEEEETEEDDATQNAMGAASGGADLEAEEEETEEEMPEDNTSMSPDTDTSAEGIVESDT  

DMGAPLVGAAGDDILSGMAGDDMLVGNAGDDMLFGGEGRDDMLGGDGADMLSGGAGSDHILGGD  

GDDMIIGGTGSDILMGNAGDDTFLGTNGDCNDLIYGGEGTDTIDMASVTSDLTVRLGNTGTDRG  



SVTTEEGGRDTIWSIENFVGGAGDDTIFASDAANVLDGGDGNDTFVFETAASAQGDHINGLNAG  

DVLQFGTGADMFELTWGDTDMQDGLSFSGGEEAGTTKISGTIEDDQFELTVSGRFDYDQIT  

AhpL Roseobacter sp. AzwK-3b Accession number AKH40935.1  
VFVNTNDLKHILDQIRIAEQHAAGTPLTDLVANPLLPYGLRLVDGTLNNLTPGREEWGSADQVM  

PRLLESTFLTQPDAAHLADPSPRGAPGAEPTSYLQTSGSVYDAEPRVISNLIADQTLSNPAVIA  

AALSHAGMTGQAMLTTANEIVQAYQRVIDAQAAAGNVDQALELQRQELQTALDTATAELTAAQG  

DVAAKTTAKNEADQAVTQAQDTLDNAAATMVTLQGQGQVAEMQVALNAAVAAHTQAEADLKAAQ  

DELLQAESAAASMLTMHNAKQTTVTNLQGQKATADQELATAEGLLSDARAALALETDAAGAVTE  

AQTAVENATTAVSNAQTRVNELDAQLTQAEADLADLNTQLQAAEQTRDAAQTRVTAAQEAAAAT  

QADREDAQALFDTEVSELATAQAEMLSALTNYITGGSLADFSVASAAYSAAREEKLAAETALND  

AIDADDEADQAVIDETAALTTAQSRVSTLTTQRDNDMTTRDGLSTQLDEANGLLTSAQNTLTAA  

EQTLQTAQDDNQAYVDAQNAVDLAQADVDAAQGIVDGLVAQLGVAEGELATLNTNLGNADAEVT  

RLEGVVQTETTDLETAAGGVTTAQQNLAAAQMADAAILAQLDVIADATVTLTEATATAAQAALD  

LTAAEGVEATKQVAVDTATSDLNALTAPGAAEAALAAAQATAAEAQTTLDTLLTTHNITMDGNN  

VLLPDVTPDEGLSAPYNSWMTLFGQFFDHGLDLVGKGGSGTVYIPLQPDDPLYDANSPTNFMVL  

TRATNQPGPDGILGTADDIREHFNKTTPWVDQNQTYTSHPSHQVFLREYDIDANGNPVSNGYLL  

HGQTGGMATWGDVKAQAATKLGIQLNDSDVLDGPLLATDPYGNFIPGANGLPQLVVPNPAYVEG  

GTEPLNILIEGDLANPVDASQALRNGHAFLEDISHTAFPKGMIDHDRNPMTPEIEVLPDADTDT  

GNAIMPNIFGMNETYDNELLDRHFIAGDGRGNENFGLTAVHHVFHTEHNRQAAEMKQTILDSGE  

LAFINEWLATPITEADLATATVDTVEWDGGRLFQAAKFTTEMQYQHLAFEEFGRTVQPQIAAFG  

VNGSAEIDGAVMAEFAHVVYRFGHSMLTENVHTMDPNGVNTSNGLIEAFLNPVAFDLDQTLTSD  

QAAGAVARGMSRETGANIDEFITSALRDNLVGLPLDLAALNIARGRETGVPSLNAAREQFYSAT  

GSEFLKPYEGWSEFAANLKNPASIINFIASYGTHETIVNATTVVEKRAAATDLVLGGDNAPADR  

LDFVNGTGAWADAETGINDVEFWIGGLAEDIMPFGGMLGSSFGFVFQQQMEALQNGDRFYYLAR  

TAGMNMIAELENNSFASMIVRNTDIKDGGAHIPANIFSSMDVILEVDQAVQSMPDPVSTDVDPF  

LAAMGTTMVERATATVDAPLIDGVREYDNFLKFNGGEHAVLGGTDQRDILNGGLGDDALWGGAG  

DDLLIGDAGVNTLRGGAGNDILKDGDDVSFLHGEDGDDVISAGGGIGELMFGGKGNDAILMGSD  

DAATAFGMDGNDFIYGGAGGEFMFGGEGDDWIEGGDGFDMVMGDNGDPFGGSRVVGHDVLDGGA  

NDNDLLGEGGDDILIQREGVHVNEGDLGFDWVAHKDAMTGADIDLSRRLETNETQAALRDRYDL  

VEAASGTQFDDFLYGDDREGAALPDGIDLLANDATLFANELTQAGVDRIAGLRELLADMMGVDP  

ADTFTGGNILLGGGGSDVIQGRGGDDVIDGDKALNVRISVRDPQDPTVELRSINSLFEISNELL  

DGSISPGQLQIVREILDAGQEGDVDTAVYFDVRANYNIRTNADGSVTVDHIAPPIEGAFIDPIN  

GQPNVEGGDGTDRLTNVEILRFADMEIDLRTDPASNGLIQGTDGDDVLNGSNGRDAIFAGAGND 

VINGLAGNDVIFGEGGSDTITWNAPNGGYDVVVGHGIVNDGGTDMLVINGDGTEDGFTMYTVAA  

WTGQAPVDPSSEIIITRTVAGVETAIMEVRGIEEVAINGVQGIETINAVGDFAGTSLAPNTIYV  

NGTAGREVIDFSGFTSTQRLVVDAGDGRDVITGGAGNDILNAGAGDDEITWSVGGGSDVVDGGA  

GEDTYTINGDASDETFRVYAADSWTGAPLATGTDIVITRDAGAGEQVIGQLQNIEEIQINTAGG  

VDNVEVIGDFNPTALNFNTIAVTGDDVSVDVTQRLSTHRVFVDVGGNTQDVPKSLNVAGVVTEG  

DVFLIPVDPTTLTRTVDGLTVTQKSDNFVMTYTVDDVDTIPVLVQSGTLMADALRGVATVNEQT  

GLPEEGFGFGVLTRGATLVTADMVTADDIAALKYMVGASNVAPILPPEAGEPADNEPADLLQEV  

RDLEGLTNNLQNAEISGGATLPFMRVTEARYAGIGEDGAGIINPVFDRLDTRDISNTLGAQDLD  



AAKAASANMFMMSFGQYFDHGLTFIPKGSGPMGQTLGQIEIGGPSMDRGPMADNPADLTRGSVI  

GYDEDGTPLQENITSPVVDQNQVYGSSSLIGQLLRESDGEMGVGARILMGGDDPSAAPGFKILS  

TLRETLDHHIDAGTVFKGAGLGENGMTLLDYYPGLRDADRNYDAALVKELSGDFMDEGWPLLID  

TNPFMNLLDHFVGGDGRANENVGLTSMHTVWARNHNYHVDQINKQAGPDFTPEQLFQAARILNI  

GEYQQVVFNDFADALIGGLQGSGRHGHNEYNPNADARISHEFAAAAYRFGHSQIGETMLVEKDG  

QMVELPLIDLFLNPTSDPNAFQYVDRETGELVTGEAALAALAQMDYVPQDGYAQYGVNSILGGL  

VAQPSEEVDLQVVDAVRDNLVRVSADLFAFNAARGRDLGLGTLNQVKADLAASTDPYIVEAIEQ  

SNMNMDPYASWDDFQWRNNLSETEITKFKTAYPDLVLEGDAIAAFQQVNPDITLIPGENGAMIV  

QGIDRVDMWVGGLAEPHIEGGVVGHTFWVLIHEQLDRLQEGDRFYYIDRIGDLPVYNNFISNLT  

FGDIVTRNTGMTDLPLDVFSYVPEVPEGAAADAGNQQIQTDQNANRTDDPAIDTADTEGGGTTT  

DTDVTGGADDETEAAATEGNAEPDPLETEANALSEGAVEGGVDETEQPDADVTGSTLEQSAEEE  

ETEEDDATQNATGAASGGEDLEATSSETNEEMPEDNTSMSPDDAGGADTGGADDETEAAATEGD  

NEPDPLETEVNALSEGAGEGEGGEAEQPDADVTGSTLEQSAEEEETEEDDATQNATGAASGGAA  

LEAEEEETEEDDATQNAMGAASGGADLEAEEEETEEEMPEDNTSMSPDTDTSAEGIVESDTDMG  

APLVGAAGDDILSGMAGDDMLVGNAGDDMLFGGEGRDDMLGGDGADMLSGGAGSDHILGGDGDD  

MIIGGTGSDILMGNAGDDTFLGTNGDCNDLIYGGEGTDTIDMASVTSDLTVRLGNTGTDRGSVT  

TEEGGRDTIWSIENFVGGAGDDTIFASDAANVLDGGDGNDTFVFETAASAQGDHINGLNAGDVL  

QFGTGADMFELTWGDTDMQDGLSFSGGEEAGTTKISGTIEDDQFELTVSGRFDYDQIT 

  



 
Figure S3. Amino acid sequence of the first heme-binding domain of P. putida GB-1 MopA.  
LPNSQVPFGLRTVDGSYNNLVAGQSEFGAADNSFLRLLDASYRANYVGTGNVVDSQPRTISNLI  

VDQTANNPAAVEANGGAAPVMSPGIDGVFGTADDKPVFFIPNVSPDVGLTAGFNAWMTFFGQFF  

DHGLDLVTKSSTDIVFIPLRPDDPLYNASSPTNFMVLSRAVRTAGADGVVGTADDGQPNTTSPF  

VDQSQTYSSHPSHQVFLREYMLDAAGDPVATGRLITNRDLGADGKFGTADDGNSENGGMATWAV  

VKAQARDLLGINLTDADVHSVPLLATDAYGNFLRGPNGMPQVVMRVNNGADGIAGTADDVTTLV  

EGNRAAPISLANAVSTGHGFLDDIAHNAEPVKVGGVLQADADSAVGNVQPVGPGGNNLTYDNEL  

LDAHYIAGDGRVNENIGLTAVHHVFHSEHNRLVQQTKDTLLAAGDLAFLNEWLIDDVIAIPTTP  

AGIAALVWDGERLFQAAKFGTEMQYQHLVFEEFARTIQPQIDEFLAPNGYDTSINPAILAEFAH  

VVYRFGHSMLTETVDRFDPSFNPVSGDPANPDQQLGLIAAFLNPLAFAGSGATADEAAGAIIRG  

VTRQLGNEIDEFVTEALRNNLLGLPLDLPALNIARGRDTGIPSLNEARREFYGATGDSQLKAYI  

SWADFADHLKHPASLINFIAAYGTHSSITGATTEAAKRAAAVALVLGGAGAPADRLDFLNSTGA  

WANVTLAGKDGIAGTADDIAGVTVSGVDAIDFWVGGLAEKKMPFGGMLGSSFNFVFETQLEALQ  

NGDRFYYLSRTAGMNFGTELENNSFAKLIMLNSDVTHLSNTVFLTPTFTLEVNQANQFTGLGAD  

GKADPT 


