Figure S1. Amino acid sequence of putative Mn oxidase enzymes in the multicopper oxidase
(MCO) family

CotA [Bacillus pumilus WH4] Accession no. JQ797387
MNLEKFVDELPIPEVAEPVKKNPRQTYYEIAMEEVFLKVHRGLPPTKLWTYNGSLPGPTIKANR
NEKVKVKWMNKLPLKHFLPVDHT ITHAGHHDE PEVKTVVHLHGGVTPASSDGYPEAWFSRDFEAT
GPFFEREVYEYPNHQQACTLWYHDHAMALTRLNVYAGLAGFYLISDAFEKSLELPKDEYDIPLM
IMDRTFQEDGALFYPSRPNNTPEESDLPDPSIVPFFCGETILVNGKVWPYLEVEPRKYRFRILN
ASNTRTYELHLDNDATILQIGSDGGFLPRPVQHQSFSIAPAERFDVIIDFSAYENKTIVLKNTA
GCGQEVNPETDANIMQFKVTRPLKGRAAKTLRPIFKPLPPLRPSRADNERTLTLTGTQDKYGRP
ILLLDNRFWNDPVTENPRLGSVEVWNIVNPTRGTHPIHLHLVQFRVIDRRPFDTDIYQSTGEIV
YTGPNEAPPLHEQGYKDTIQAHAGEVIRIIARFVPYSGRYVWHCHILEHEDYDMMRPMDI I
CopA [Brevibacillus panacihumi]NCBI Reference Sequence: WP_023554169.1
MKKWIPLPAILTATLVLAACSNSNQTKMPGHDMSKMDSASTAEHENLKQMSASLDPPFEVLTGN
TFTLTAKESMLMLDDNTMKTAWTYNGTVPGPQLRVKQGETIKVVLNNELPEPVTIHWHGLPVPN
NMDGIPGITQNAVKPKESFTYEFKVDVPGTYWYHSHONGVNQVDKGLYGSIVVEPKDAEPVDKD
FTLVLDEWMEDDSMAEMHSAGSSHSAHSQSKDSSEHANMDMSGMSDAEMMPLMYTIFSANGKTG
SATQPLIVKKGEKVRIRLINAGYLSHKMHLPGHSFTIVSTDGQPIHNPPETQDQLLNIAPGERY
DVEFVANHPGKWLLDEHSTNPGAKSLAIPIVYEGEEHASVKSESMDLPVVDITKYGEAAKGTFES
LDDQYDVTYSMDLNTDMSHGDMTFTINGKTYPDTPPLDVREGDLVKVKMVNRSPEDIHPMHLHG
HFFQVLSKDGQPISGSPLVKDTLNILPGEEYVVAFKADNPGNWMFHCHDLGHAAKGMMSEVKYD
GFKPDFTIDPTVNNMPE

MnxG [Pseudomonas putida GB-1] Accession number ABY98346.1
MTTPRKGPLLSSLVLALLGWESTSEAAVQCQRTLVANVVALDQPLMFNRLGAQNANGMLFALRE
DVVDDKQVPLSKGGAAVPGKVTLRPDKRPRPIVLRVAAGDCLTVNLTNLLDYRANPNKHGIEAE
GPEGEEVENEADEGFVADEQVAERMVGFQVNGMQAVNSIADISAYTGRNGNFFVSPGSTRSYTL
YAEREGAFAATSKAATFGGEGTAGNVANGLFGQVVVVPKLGRTYRNTLTEEEMRLATTGRTATG
QPVIDYEARYPQVEPWIAEGKAGKPIIAMVNGNEI INSETDATIVMGPNPDGSFPKSTYPLESMG
KRNPALPNRLEAFRDFASQFADEVAGTQAFPGYWADPVMGHVLEPTRDSFMINYGSGGMGAEVV
ANRLGVGPMHDCLSCAYEEFFLSAHTVGDIGTLVDVPANVGLEHIRPGEVPPASAVGVKASMAL
YPSEPANVHHSYIGDFTKFRNTHNGHEQHI FHLHGHQWLFNPNDDNSDYIDAQGIGAGVGYTYE
TANGGSGNRNRVAGDAIYHCHFYPHFAQGMWAMWRVHDVFEEGTRLEVSGQGENGFHSTPFALR
SGKPAAGARALPDGEIVAGTPIPAIVPLPGKAMAPMPGKVVVVPKLSETLVAANDDDDDDEEGD
DDHANQPPVRKAVGSLALVDRTEANRNADGTLKNPGYPFWIGGMESSVGNRPPTPPLDMLDPAL
ARQLKDSGKALWANLDANQVDGWDGGLGRHALDGVSAGGEAETTTTKLDFTKVVHKAKPIYLPE
EGTDVEQAAMQFHAMAEHPSYALIPGSQPVAKAFRTNGALPTAGAPYYEPCMDDRGKRLTQSSG
VGEFFSGESPTGLNFRGASAFTADRPRIYKGANIQFDAVYNKVGYHFPQARI IALWEDAWPVIT
KQRPPEPLVMRMNTFDCTMYQHTNLIPNIYEMDDYQVRTPTDVIGQHIHLPKWDLTAADGSANG
WNYEDGILSPGSVVERVHATRAYNGCTEGDSRDGTAACPKAKQHPYFGRFGRADWLGARTAMQR
WEFADPLVNVYNVDRGLGTIFTHDHLGPSTHQQLGLYATVLAEPAGSTWYHAETGEQLYNPATRQ



DGGPTSWQAVIQTGDHDGDGKNDSYREFFLEYSDFQHAYEAGVYVGAGPDGIPNAQSYPATADS
FRYAINPPVRGKASNLLEAIVEERGGINPGCPSRPCPQATISVDDPGMEFVVNYRNEPLALRVYDP
NKVGPDGKRGMQADGLAGDLSYALQTRTDRAIPAMNLSPSAITSAVGPTGGTTLFPPHINKAGA
EPGDPFTPLLRTYSGDNVRLRMHAGGHEEEHNVTLHGVKWLONGTGFGNSSNSGWKSSQMIGIS
EQLGFMAPVSMISSSAATNGDYLYSLDAALEGYWNGIWGIMRNYTVQRADLFALPNNPQPVAMR
NTVNFDGICPKTTANPNGIGTRTTVKRNYEIVAALANDILENRNGVSINDPAGIGQHVGGALKA
NGGTLVENSRRTAIPLVSGVDPEDGEPFTIGGHSAPLHDPTAILYVRKADLDASTGKLKAGVPV
EPLVLRANAGDCISITLENRLPLVMPDLPSTAVMHNVVKRDRFGSEGSTAFANNLMRPSSHVGL
HAQLLAYDITKSDGANVGLNPVQTVPPRAGTSGAYPTKVYQYYAGHLEREGKPVSQLGRTVDNI
NTTAIEFGGLNLTPSDFIKQPQKGLVGAMSILPQTATWTEDTATRAQATVKVSGQPDYRDEVTV
WQRALNMRWADGRPVEGINTEGNGAAGDPQDNGNMAVNYKTEPLWLRFGMAPDSPFGRANGLGF
GDVPNAHMAYANALVGGDPQTPVLYAKPGQPVRNHIVMPSGGSRGMVYQLDGHIWPLHNYQAEK
SDVDGYPMSLPGIGSVRFGNNPMAMY IGAQESVLPAAHFSFMLPSAGGANAVAGDYLFRDYAAY
GNLSGLWGILRVTNEAPPATAPAQ

MnxG [Bacillus sp. PL-12] Accession number ABP68890.1
MLRKFHVVGISTRIVVNTFGDHNPNGRIYVLKENESKLKDLVRKNPYKPIDLVQPLATIRANEGD
IVEILFENQLSFSAGMHFQEADYSVLSSDGADAGYNPDTTVEPGGEILYRLNVNQEGICFFTDL
GNVSSTEQGSSVQGLFGALLVQKRGSSWTDPVTGGPINSGVYADIHHPFLPSFREYAWFFNDEM
EIRDLTGERPLNPMTNQEAESFHGVNLRYEPMTNRKRLMEAGVVCPDCDSEEVHHDSWVFGDPA
TPILRGYVGDPAVIRLIHGGVKETHVFHYHVHQWLGDSSNINAEILDAQSISPQTHYSIQPLYG
LGSLHGAIGDSIIHCHLYPHFGIGMWGMNRVEFDTLQDGSQCYPNGVRIKALMPLPDRPEPPKPT
PEKPGFPNFIPGKVGYKAPRPPLGIVGGREMTELERNAAIENPRPGAVFVDPCLDQDPVVVEEFN
VSAIEMPVVYNKQGWHDPKARFYVMDEDLDDILSGKKEPEPLVFHVPAGTCIRMNYTNRMPHIL
DGDAFQLVTRTYENGFHIHFVKFDVLACDGGNVGWNYDSAVLPGQTIRYEWYAETELKAFFFHD
HLFANSHQQHGVFGAGVIQPRFSKFLDSRTGDEVDHGTQISVEHPLIPDYRDQTLFVHDFALLF
DKNGRPIQPPEYPGSEDDPGVFGVNFKCEPLKFRLGEDCDPAYSFSSYVHGDPVTPILRAYEGD
PIRIRLLQGAHEESHSFNIHGLRWKEERPDLGSSMKAQQHIGISESFTFETEIPASGDYLWAFE
DEEDVWLGTWGLIRAYKGRMEDLIVLTDREALPEGSAETPKPTGKPPEKANPLASLPPGAYQGS
PVKKFEVVAFQTPIQYNSYGDHDPYGIIFALKEDVEDILTGKKNPVPLILRANVGDLVEVTLTS
ELKKELFPFQDGIHPYPPVKEQSFYPPSLRISLHTSLLNYDVKTSSGDTVGYNPDQTVGPGETI
TYRWFVDGQFGMCSMWDMADLRNHRSFGTFGAFVAESRFTTYLDPYSLEKATITGENVILRHPLL
PATREFVLILHDGVRLEDKDGKVIIDPMDGVVPDTEELEEVDTYDYGSRGFNYRSERLINRYKE
HPVMHELFSSEVFGDPATPLFEAYPGEPVVMRITTPAERRRAHTFHLHGHYWKFDSKDLDSRIQ
SFLGHMVTGHTDDLRLIGGAGGVFNFPGDYLYRSGNIRWDIELGMWGIFRVHKDSKENLPRLEE
VEGGWDNEEKA

McoA [Pseudomonas putida GB-1] Accession humber ABY98562.1
MKTPAVIHPNRYVFQLSSVTALMLSLGLITAMASPLDDNSPPPPTDPSAYTDQPDDPTPALLNL
STLPEANEGSLELTDGVYGNRDTVRTDNVLPPALQTSDRYPTNGKPSPLFGAQPFTQQLLLFEE
FGPEKLDPTLPPPDLTFPVPTLGAAPAQDPNVVARSGPSGTALEAFLKQPGLYPFPTQFSNVLD



RNPWKAQIEMFLNRHPVGSPAEGRPPGKGWSHQRWNEFYPQAAFKTAQAGARINLGLRDRRQMH
NYTVGEFAPGGLYYQTSDIPTTLGTTKGIDTRFHPNFPLONHKSLWTFDGTFPPKLLMVRYGQP
ILMRHYNALPIDPSANGGFGLHTISTHEHNGHSPAESDGFANAYFFPGQYYDYRWPVQLAGYDT
INTRAQDPRAAFPCSPGETLFVNDGTPGLKTCQONGSIKIRGDWRETMS THWFHDHMMDFTAQNV
YKGNAVMMNYYSALDRGNEALQDGVNLRFPSGSGMPWGNRDYDVNLVIADKAWDANGQLWENPFE
NTDGFLGDQILVNWQYQPKLKVRARSYRFRILNGSVSRYFKFAVVREIAGTSGEFKGPSGSNVS
YARVPFHMIANDGNIMEHAVPFDGTLDLNGDGNLQDNNGILPLQGIAERYDIIINFAKNGIKAG
DKLYFVNLEEHRTGKGPEGTISLADVLSEKYKAVIKQTSKGPQWDKGDPAVGKFLQLLVQPYTG
ODLSMDPVAYEPAKPGKAAGLKMLPLPIDRNSATDLAKIKDARHREFIFGRSDGTDTTPWTIKT
DGGFGYSMDPRRISAAPQLANQSTDGGFSGDGTLEVWKIKNGGNGWSHPVHVHFEEGVILSRDG
KAPPEWEKWARKDVYRIGPDADSSEEVEMAIRFREFAGTYMEHCHNTQHEDSSMLLRWDIEHPG
QFQVMPTPLPGWDGVQYMASVGLPTFRTKGHDDNDDPANKPPVAANDSAATTAGKPITLNVLAN
DTDPDGNVPLTVTGLSQPDSGQGTVSTDGTTVTYTPPATVETPFTASFNY TARDAKGAESVTPA
TVSIAVSPAAAVDQVQVTSATVQVRSGNRYTWDVAGTTSVATGNSISVTAASTSGPLNLGNATL
TVATSGARWKLSVITTGTGPATPATVIVKSALGQSVIVPISIK

MofA [Leptothrix discophora SS-1] Accession number CAA81037.2
MRKSTGFHRTPVAAATGLLALLLGAAMPAQAGVGFGAAIDRSGADMNKTNGNAVRSYFAHSPRG
ERETLNPDSISEADALFGAGKFTGRSATDTGKALRKFIDPLPLPGKLSTLADGVTQRTIPVAVP
AKWINPQTGAATSDDYFEIALVEYKQKLHSDLKNPTTLRGYVQLSVDGTGLYLYYPNSSGKVAF
ANAADAPADAKPVMINAVDAKGFMTGAKVQARVVME PHMYGPLIQARKGTPTRLKFVNLLPGGR
AETTVGADGKVQVTARNGDIFLPLDKSIAHAGLGPDGFTEFTQNRSNIHLHGGDTPWISDGTPH
QWITPIEEANAANPKALVNQGIDPEFLPSFLRGASAQNVPDMPDPGAGASTYYFPNGQSARMLW
YHDHTIGVTRLNVYAGMAAVYTLGDEVDDQLTGKTTGGALNKVLPPAEDTIPLVLTDRTFVPAD
VALQDARWNTSAWGGESDSWFPHVYETVQDPNQMNGFNSVGRWHWGPWFWPVEFPAMYDLPSGEY
GDVTVTPEAWMDTPLVNGVAYPTIELDPKVYRMKVLNASNDRFENISLEFVADEAQRLNDPLLGG
ATEVKMVDAAVSATPCAAGVTRAVVATDGSYCTPETWPTDNRPGGVPSPAAQGPSFFQIANEGG
LLPKVAEIAPTPVGYQLDKGRITVLNVLTTGLYLGNAERADVLVDLSAYAGKTLIVYNDSGAPV
PAGDPRNDYFTAVGDQSDAGGAEDTKPGYGPNTRTMMQIKVRAATITTPSFDGQIRDARQRGDST
ALKAEIPKAYATIAQEKPVVGQDVYNQALGTTWGATPSLNGNPGNFADIFTGSLKQPVENYVPGE
PHAGFNSVKVTSIGAGYTSAPTVSFADPSVTTESGAKAQATLKIGKVNLTDPGSGYTIAPQVTI
TAVAGGGSGAMGEHLAVDNVIITNGGAGYTSAPTVKFSSSPKATAGNATATAEGVAVISGGKVI
GVTVTNPGFGYAARRTVSFQGGLCHQHRASATTTGYVADVSLIAPDPLQPIVIDPATGIRHQPG
ORGGGGYTDLNQVTVAFNGGVAPAGGHGGHRHVTGSVFDITMLNNGSGYTNATTVTLTGGGAPN
GSVAKAEVDTKNGVATGSHLVKTKATHELFEPVFGRMNAILAVEIPFTSALTQTTIPLAMIDAP
TERFADGETQIWKITHNGVDTHPVHFHLLNVQLINRVGWDGWIEPPAANEIGWKETIRMNPLED
VIVAVRAKRPPLPGFGVPNSIRPMDPSQPLGSSFGFTQIDPLTGNPQSVVNAVMNYQWEYVWHC
HILGHEENDFMRPIVFEANEAVPLAPTTLALKNGASTLGATSTAATTVTEITWVDQSQTEYQYL
VERSLNGGAWQSVGTSLANATSHTLATPVAIDSGSKVDFRVTAVGANGTASASASVSVPPANVI
ETPTGLVSMGVTSVNNNLRPSVTLNWIDASRTETEFQVWRKVTGSTAPAVLVGTVTRNAAATAA
LGGVVSFVDGSQPNGQALLRPAFGTSYDYTIVARKTTNPTSKSVDSAALTVKIGTRSPVNAFGA
DAPVLTSVGAVRAATTGTAANTDTVVLGWTEEATNSNSSYAVQYRSCATQTSTSTTCRYPVTDS



RYWGAWTAGALVPAAGGAANSTGGSFSITNQRVRNKPAQVQVQARNSIGSSAWSAALDVTLP
MoxA [Pedomicrobium sp. ACM 3067] Accession number CAJ19378.1
MSINRRSFMAASGLALAGVSQVSGRAAFANVPEAPTQKSPLMQPPLKPTSGVDYNPVVTLNGWT
LPWRMKDGWKEFHLVAEPVIREIAPGMKAHLWGYNGQSPGPTIEAVEGDKVRIFVSNRLPEHT T
THWHGQILPCGMDGVGGLTQPQIKPGKTMVYEFVLQKSGTFMYHPHADEMVOMAMGMMGFFVVH
PKDPAFMRVDRDFVFLLNAFDIDAGSYVPKVNTMLEFNLWTWNSRAFPGIDHLVVAKDDRVRIR
FGNLTMTNHPIHMHGYDFEVSCTDGGWTRPESRWPEVTVDCAVGQMRAFDFKATNPGDWATIHCH
KSHHTMNAMGHDVKTY IGVDKTEVKQKIRKVVQGYMPMGS TGMAEMGEMEMPLPENTLPMMTGF
GQFGPIEMGGMFSVVKVREGLARDDYKDPGWYTFPQGTVAFEYDGDKPAAPQPPAPAAPMHGGH
KKSDVVPNPAVKPVTLRAVKPRGGHGHH

CueO [Escherichia coli] Accession number OAEC32945.1
MQRRDFLKYSVALGVASALPLWSRAVFAAERPTLPIPDLLTTDARNRIQLTIGAGQSTFGGKTA
TTWGYNGNLLGPAVKLQRGKAVTVDIYNQLTEETTLHWHGLEVPGEVDGGPQGI IPPGGKRSVT
LNVDQPAATCWFHPHQHGKTGRQVAMGLAGLVVIEDDEILKLMLPKQWGIDDVPVIVQDKKFSA
DGQIDYQLDVMTAAVGWFGDTLLTNGAIYPQHAAPRGWLRLRLLNGCNARSLNFATSDNRPLYV
IASDGGLLXEPVKVSELPVLMGERFEVLVEVNDNKPFDLVTLPVSQMGMATIAPFDKPHPVMRIQ
PIATISASGALPDTLSSLPALPSLEGLTVRKLQLSMDPMLDMMGMQOMLMEKYGDQAMAGMDHSQM
MGHMGHGNMNHMNHGGKFDFHHANK INGQAFDMNK PMFAAAKRQYERWVISGVGDMMLHPFHIH
GTQFRILSENGKPPAAHRAGWKDTAKVEGNVSEVLVKFNHDAPKEHAYMAHCHLLEHEDTGMML
GFTV

MokA [Lysinibacillus sp. MK _1] Accession number AANQ47161.1
MQINPSVPATIPKFVDELPKPMIAKPKYSRGQQKNDYYELVMMEGQHRFHKHFPNTLIWGYNGL
YPGPTIEASKDKTIYVKYKNQLPLQHFLPVDFTLHAANDSQEVRTVTHLHGANVDWQSDGHPEA
WYTRDYRHTGPKENKEIHEYTNHQPGTTMWYHDHAMALTRLNVYAGLAGFYLLRDALEERSNLP
CGDYEYPILIQDKSFNEDGSLFYPDEPPFPVPVHPSITPGFVGNTIVVNGKLWPYLDVEPRKYR
FRFLNGSNRRGYVISLSNDQPMFQIGTDGGFLPAPQLIQSVELLPAERTDVIIDFSSCAGQEIT
LLNTDTDFSDEHTNVIMQFRVTVPLKCEDTSEIPERLAVSMDLHPHHAHIERQLPLTATTDEFG
RPMLLLNDRMYHDPATEKPSLDSVEVWNFINATPFIHPIHLHLIQFKILERRPFDLEIYQNEGT
VQFTGPPEEPRDYERGWKDTVKADAGKVTKI IMHWKDHIGNYMWHCHF LEHEDHDMMRP I LVMK
DVHAVQQPHVAVEHPATHQEATAPTNPTSTTSTTHHSESSAPLLNAVEHSSHEEERVDSPTEEE
SITFHIGDNTQHMPTLLFPALPSNTNTSRNRPQRRTRRF

CumA [Pseudomonas putida GB-1] AAD24211.1
MSFTRROMLKGLTGLVVVGLGAGGAARYWLGKVEDDNAGHDYELIAAPLDVELVPGFKTEAWAF
GPSAPGTELRVRQGTWLRVRFINHLPVETTIHWHGIRLPLEMDGVPYVSQLPVKPGEYFDYKFR
VPDAGSYWYHPHVSSSEELGRGLVGPLIVEEREPTGFLHERTLSLKNWHVDEQGAWLPFSIPRE
AARNGTAGRLITINGQADSVTELPAGQVVRVRLLNLDNTWTYRLNLKGNCEAKIYALDGNPVTP
RPLEDDYWLGPGMRICLAIRIPQAGEEISLRDGFVRLGTLRSVASNDAPSDWPPALPPNPIAEP
DLENAEKLNFNFEWAASVTVTPDPDKPSSMWQINGQAWDI TDKTCADRPIATLQKGKSYIFELK
NMTQYQHPTHLHGMSFKVIGSNRHDIKEPWFTDTYLLGKNERAQVALVADNPGTWMFHCHVIDH
METGLMAATAVV



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
GGVLQADADSAVGNVQPVGPGGNNLTYDNELLDAHY IAGDGRVNENIGLTAVHHVFHSEHNRLV
QQTKDTLLAAGDLAFLNEWLIDDVIAIPTTPAGIAALVWDGERLFQAAKFGTEMQYQHLVFEEF
ARTIQPQIDEFLAPNGYDTSINPAILAEFAHVVYRFGHSMLTETVDREFDPSFNPVSGDPANPDQ
QLGLIAAFLNPLAFAGSGATADEAAGATIIRGVTRQLGNEIDEFVTEALRNNLLGLPLDLPALNT
ARGRDTGIPSLNEARREFYGATGDSQLKAYISWADFADHLKHPASLINFIAAYGTHSSITGATT
EAAKRAAAVALVLGGAGAPADRLDFLNSTGAWANVTLAGKDGIAGTADDIAGVTVSGVDAIDFW
VGGLAEKKMPFGGMLGSSFNFVFETQLEALQNGDRFYYLSRTAGMNFGTELENNSFAKLIMLNS
DVTHLSNTVFLTPTFTLEVNQANQFTGLGADGKADPTGGIEINGVEIVPLVIRDNPDTVGPDSN
YLHYTGEDHVVLGGTSGNDIIISGDGDDTVYGDAGDDVLEGGAGNDAVLGGAGDDIITDSFGDN
RLEGNAGNDVIVAGSMLAAGNLILGGDGQDFIITTEDISTTFGGQGDDFILGAKTNLPPTGNEG
DDWIEKGTQDGAPGDNFAPLLGDEVVGNDIFVGGGGFDEMIGEGGDDI FVGSDAQDKMDGMSGF
DWITNKNDKVGVTVDLSLAALAQPHGNAPNQNAGVFNPVGASPASILDRFAEVEGVSGSNYADV
LKGDDVDAVTILNHGGATGSALTNVALIRGLQQFLADAGLPTTGFATGNIMLGGNGSDLIEGRG
GDDLIDGDKWLNVRIAVYAPGDVNHTGPEIASFDSMVDMI PFMLDRTYNPGQLKAVREILPGTS
TGGAAFDTAIFSGVQSEYVVSQNTKGTADVADDVWTVTDTVAGRDGVDTLLHIERLQFADSQRV
LVTGVNAQPTGSPTITDGNGAAITVGDLLTVSVAGVRDADNI SAGNPLGTLADRSVSYYWQFEA
DPGSGVFQDIILLPAGDLAFQSADGTSFKVSPDLAGLSLRVKAIYQDAHGTTEVLFSAPTAVVQ
PGAPVVPTPATPVVDATAGGEGLHMVRSDLNFILAQIKIAEADAAGQDILSLIPNIRAPLGLRA
VDGSNNNLMNLNGHNNTQFGAADNVFPRLTDPVENPAEGAPAGFFGPGSPATIPGSSYQQTSGPV
FDSQPRTISNLIVDQTSNNPAAYATAYDPGADGVLNFGAPGNDDVLKDGVRIVASPGMDGQFGT
TDDHDVYLFENTAADAGLSAPFNAWMT FFGQFFDHGLDLVTKGGSGTIYIPLQPDDPLYVEGGF
TNFMVVTRATNLPGPDGILGNADDIHEHTNTTTPFVDONQTYSSHPSHQVFLRAYVMTDDGPVA
TGRLITNRDLGADGKFGTADDTEIGGMATWKVVKAQARDLLGINLTDADVDNVPLLATDAYGNF
IKGPNGYPMVVMKGVDGIAGTADDQQVEGNPLAPISLTNAVRTGHQFLADIAHNAVPVFSGGVL
APDADNAVGNAVPVNPQTGANLAYDNELLDAHY IAGDGRVNENIGLTAVHAIFHAEHNRLVAQT
MDTVLDSHDLAFLNEWLLNPVTALPVTPAEIDALVWNGERLFQAAKFGTEMQYQHLVFEEFART
VQPRVDLFFAPTQVYDVDLDASIVAEFAHTVYRFGHSMLTETVDRFDIDFNVIKDPASANPDQQ
LGLIAAFLNPLAYAASGVTPEDATSAIVRGVTRQGGNEIDEFVTEALRNNLLGLPLDLPAINIA
RGRDVGIPSLNAVRRDVYGQTGDTQLKPYTSWVDLVQHLKHPESLINFIAAYGTHSSITGATTL
LEKRAAAMALVFGGEGAPADRLDFLNSSGAWANVTLPGKDGVLGTADDLKAVTITGVDATIDLWI
GGLAEEKTPFGGMLGSTFNFVFENQMEKLQDGDRFYYLERTSGLSMNAELESNSFAKLIMANTS
AAHLPGLVFSDPGLYLELDQSKQYNDGLGHADPLGENGEQVVFRDSPLTAGPDSNY IRYAGAEH



IVLGGTNGDDILVSSEGDDTVWGDAGNDRIEGGDGNDQLRGGAGDDI I SDMGGDDNIQGGDGND
VLHGGNGVNLIIGGFGNDFIVTGEDASEAIGGQGNDFILGSKANEQDMGNEGDDWIEKGTSDGA
PGDNFDPLGNDPIIGNDVFIGGNENDKFNGEGGDDIMVGSLGFGDRYIGGSGYDWATFKGLAQG
VTIDYSDRFFDVPPVPGSGASALVRFDIMEGLSGSAHGDFLRGDNEDAASLPTNGATGSVLTNI
SLINGLSSLLAAGATFYDGGNIILGGSGSDLIEGRGGDDILDGDKWLNVRISVRANHDGTGPEI
ASFDSMEPMVPFMLNGTYNPGQLVIVREILNGTDNYDTAVFSGVATDYSVVVDGNAVIVTDLVA
GRDGVDHLTGIERLQFSDRSQASGVGTAVNAGPTGHLVILDDATGVRDDTPVTGQLLRVTPLAV
HDADNVSAANLTGAVNGPVAYYWQVENLPGSGVYEDITFVAAGEVSRAIGTTYRVTDDVAGLST
RVRAVYQDAKGTLEIVDSSPNSAPSAGPAVTGLLVONQTLTANPATIVDADGLSNPQFTFQWQS
NRGVGWVNIAGAISSTFVLTQAQVGONMRVVVSYVDDFGVHESVASDILDPVANVNDAPTGAVL
ISDTTPDQGQTLTALTGGIADLDGLGAFSFQWQQGTGGTFANIAGATAATFTPGFAQGNQQLRV
IVRYTDGFGTLESLTSAATAAVIVPPGVVLTGTNAANTLTGGAGNDVISGLGGNDILNGLAGAD
QLFGGVGNDTLNGGDDADLLNGEDGNDILNGGLGADVMNGGAGNDTFVVDNVGDTVTEALNGGT
DLVQTSLASYTLGANVENLTYTGSSAFTGTGNALANTITGGAGNDLLNGGAGADRLVGGVGNDT
YVVDNAGDVVVEATGAGTDLVRTTLASYTMAANVENLTYTGVGNFSGTGNGLANI INGAAGNDT
LAGDGGNDILNGNAGNDTLNGDAGNDQLFGGLGADRLNGGGGDDSLDGGDGNDTLLGDAGNDTL
LGGAGDDSLDGGNGNDSLQGGDGNDTLFGDVGTDTLIGGAGNDFLNGAGGNDTVVGGAGNDTMM
ATDGNDVFQFAAGFGNDLIINFDATIAAGGQDRLDITALNITAATFAASVTIADVGADTLVSIGA
ADSIRLVGVADATTVTAADFILAG

Aurantimonas manganoxydans SI85-9A1 MopA Accession number EAS51309.1
MAVKLNENDLRFILDQIKIAEAHAAGADLNDLVPDPHVPWGLRTVDGTYNNLVDGREQWGAADT
VMPRYLDGSFVTDTNSGAFFGVTNNNYAAPGSVVDTDPRIISNLIVDMSVDNPAAVLAFLNNEL
AVETFKELHGGLEPVAPGTVVNSATQLAVTDADLALIPNIAPDEGISAPFNGWTTFFGQFFDHG
LDLITKGTNGTVYIPLQPDDPLYVPGGFTNFMVLTRAAKAEHLPGEDGVLGTADDIVSHTNTTT
PFVDQONQTYTSHASHQVFLREYKFNADGEPVSTGRLLDGLEGGLATWGQIKAEAAAKLGIALDD
QDALNIPLLRTDPYGEFIRGDNGLPMIVTGLGPDGIPNTADDIVVQGNLTTPVNTMAIGAIRIG
HAFLDDIAHNAAPVINGGVLQPDADVLTGNTVASQQGONTEYDNELLDRHYITGDGRGNENIAL
TAVHHVFHSEHNRLVDATRMEVLKSGDLAFINEWLATDIATLEGIPADGLPLLNFANTLDWDGE
RVFQAARFGTEMQYQHLVFEEFARKIQPAIDPFVENSSTDIDPSIFSEFANVVYRFGHSMLTET
VARTNIHDGSADNIGLIQAFLNPVEFTKNSTVSADEATASIVLGMTSEHGNAIDEFITSALRNN
LLGLPLDLAAINIARGRDTGMPTLNETREQLYQATGSSFLKPYDSWVDFAANLKNPMSVVNEIA
AYGTHETIVAAGNNLQERRNAAMALVENTEGAPADRLAFLNSTGGETAESVGLNDIDLWVGGLA
EQILLFGGMLGSTFAAIFEAQLEALQDGDRFYYLSRTQGLNLLNELENNAFSKLI IANTDLSDP
GPDGIRGTGDDVIARHIGVDAFGQYDYVLEVNKSNQLIEDPTGVDPVLEALGLGKVIRDDPRTP
QDESAVSGYVASINALVKQYDASGTPTGILIDGSENVIPGITVGDLRENAEHLGIILTDEDLAN
APVLKLNPDGTLRENPTPGATTTASVLNNDFEATSLADGAPGVTTDANGNYTVGAPVGWEINGG
SGGLFDPAAI ITDQAGPSGNNVVWLRQGATLARNTGESAVAGAVYTLSFDIGDRTDHPWPGGQV
RISATDGANTTLLAFQLLPEPSNGMWSNVSISTSAIPTNLAGQELRIEIQQDGNGGANQILVDT
ISFSSTTEVFYSSDLTPAQMGVAYDPAADPFARDADGNVLRTGQAIVDGPATNETVIDPVGLAQ
AYTPGSYLRFTGGEHVVLGGTSGNDTLIGSFGDDGIWGDAGDDFIQGGQGVDLILGGSGDDVIL
DDGDSGNFIKGEDGDDVIANSAGPFDILMGGRGKDVIFVGPDDTEVEFGGEGDDFIAGGEGVDEL



LGNEGDDWIEGGGGFDTTAGDNSDLFFDSKILGHDVMFAGNDEHDFDAESGDDIMVQGESVMRN
EGMFGFDWATFQGNSLDAYADMRIKIFTTEQQDILRNRFDKVEALSGWNGNDQLFGDDRENPIN
AEEGVGGDTVAANENILFHDGLSQAGVDRIRNLREFLDVLIADRPQLSAEELEEIIAFEDGNIL
MGGRGNDRIQGNGGNDIISGDHWLHVRISISDPDSGGEIATVTTLRHVEDGISGPAEWAGKSLE
ELLVERTVKPAQMEIVREILFDADDAATSFDTAIFQGNISEYIIEGAGVGGONFSDONGDGFIE
VRHLDPLVADGVTLGIDGVDYLKGIERLEFADGVIDAAAGLDEVPVGTPTLQVLVDTDGNAIFQ
AGLPLRIATNPDGSLAGVTDPDNPNGGVITDFTVTWQLEAAPGTGVEFVDAQIGGLTFIPNGNPV
TGIDGERVRAVIRFTDANGVRETVVSAASAPLSPATDLTDINGDLVEFVGTHSIDMTMAGNPSEG
TAFVSQNGQODTITGGAGDDTIQGLSGNDTLNGGAGDDDLLGHGGDDILVGGAGSDI INGGAGND
TAVLDFTVADATFFLTPSGSLEIAAGADEDELIDIEQVEFSDGQILTTRQAENRIANFQRGNGQ
DNIINGDLDGVVADDTIRGLNGNDTISGGDGRDLLLGDGGSDTLNGDEDDDI LAGGRGNDTVNG
GAGDDTVEWFTGDGRDSVNGGGGTDTLSINGDEGVAETFRIYTRAAAIAANINPGGPNNEIVIT
RTVDGAPDSNADRIALVRNIEELEINTRPIGGATVARGDTVQIFGDFTTTSLALNTITIDGASG
DDTVDITALQSAHRIVFKSNGGNDTIIGTLRPQDVIELAPGATLADYQTTSMNGMTKMTFGGHS
IAFPSTSHPTFADNSSSQGGSGGGGESAPGGSFALTARDLAGLKNLVNGHQAFEDDDDTAGAGG
VRELLGRNNNESHPEYGAADEVFIRLTEARYGEYDGTTNNRAINPIFAGLDARTISNVLGHQEA
DLSPAASGANTFFMAFGQYFDHGLDFLPKNSANGVLAIGGPGTSRAPGVDNPADLTRGEVYTID
ENGVPQHLNKASPFVDQONQAYGSNALVGQFLRESDGDQGVGMRLLSGATDPSTPDENLLPTLRE
LIAHHWENDTIFVDPSLPGGSVSFRDYFTDYPISDNATGSIFDEATGAYDPDVVASMVSNEMGG
GYPLLLDTNPYINLLDHYVAGDGRANENFALTSMHTIWARNHNFHVEMLLEAGFEGTEEEVEFQA
AKMINEAEYQRVVEFTEFADMLIGGIRGEGDHGENDYNPNADARISHEFASAVYRVGHSLVGQTM
TVIGPDGQPRQVELFDAFLNPTSELGAFKPGLPDGYVPQPGYAQLGAGAILAGVATQSAEEVDFE
NIVDAIRNDLVRINADLFAFNVARGWDVGLGTLNQVRADLKASGDPYIQEAVGFAGNLDPYASW
ADFQARNGLSDTIMDQOMKVAYPDLILSTPEEIAAFIAVNPDIELTDGANGTKIVKGIDRVDLWV
GGLAEKHVLGGMVGQTFWVVLHEQFDRLQEGDRFYYLERFDNFDFYDNFIDGQEFSDITARNTG
LTGLPEEIFRANDENDDTADNDDGVGDDTSDEDGDSDTVGEDNNDDTVVDDDDALAPVPPVVSG
LAVTGTAAADVMMGGAEADVLSGGDGDDIILGGFGDDTLMGGSGSDLIKGDAGRDMI FGGAGDD
VVLGGADNDMI FGDAGDDRMFGDDGDDMLEGGGGFDTVYGGAGNDRFIARQGDGDDI YWGDAGN
DTLDYAAITANLTIDLGNGTMQHGSVHSSQSGHDAIFGFENVIGGAGNDEITASSVVNVMDGGG
GNDTEVFRTAADADGDRINGFASGDKIDLSGMNGSEGFTLETTVLTGAGQVLVTHLTGDDGEAL
TRIQGTVSDGAEADFTLEVAGRHLTQSDFIGVA

Erythrobacter sp. SD-21 Accession number WP_006834642.1
MAVKLNKHDLEFILQQIKIAERHAAGENLVDILGNFHLPYGLRTVDGSYNNLVEGRERWGASDE
IMPRMFTPNYRDDQDGDMMSFGPGMTITNTDYGAAGDVADVDPRIISNLIVDQTAGNPAAISAA
LTQTGYEGDATAAIQALHSAWADHENGLMTYEEFATLALDTYGLEMQGDTLVIPNTAPDEGLSS
PFNAWMTYFGQFFDHGLDLIPKADNGTVYVPLQPDDPLFDAGPDGI PFTADDGRTNFMVMTRAQ
IDENGETMNTTTPFVDQNQTYGSHASKQVFMREYELVNGRPEATGHLLEGVNGGLATWADVKAQ
ALDVLGIVLSDADVLALPLIRSDPYGNFIPDENGYPQVVVGIGADGIPNTADDVVVSGSPTNPV
HLLTGMAGEIPPEGVPEGMAVIPVRTAHAFLDDIAHNAVPVFDEGNLAADADTDTGNAVATGTR
GENLEYDNELLDRHFITGDGRGNENIALTAVHHVFHSEHNRQIDSNKIEILKSGDLAFINEWLD
VDITAPEVAGLAALTDAQLAAYGESLDWDGERLFQMAKFSTEMQYQHLVFEEFGRRIQPNIDPF



VENTTTDINPAIFAEFAHVVYRFGHSMLTEDVNRMFLNDAGEPVFEYDELGNETPVTDLEGWGNN
TGLIEAFLNPVDYDLDGNISAEQAAGAIFRGLNREQGNHIDEFVTDALRNNLLGLPLDLAAINT
ARGRDTGMPTLNEARAELYDATGSTFLTPYGSWAEFAEGLKNPLSVINFIAAYGTHQTIIDAGD
NVDARRAAATDLVLGGGAVSEADRLAFLNGPAAETGVNDIDMWIGGLAEAPMAFGGFLGSTEFNA
VFEAQMEALQDNDRFYYLSRTQGLNFLNELENNAFSKMVMANTDMTDPGPDGIRGTEDDILNYH
SHVDAFTMADFLLHVDPTKQIGPDPQHDDEVLNSIGQTLVQRDDLATAEVEVNYIKFIGADHTT
INGTAGDDTIIAGGGDDGIWGGAGNDRIEGGHGVDLIIAGAGNDIVTDSGDSDDFIKGDEGDDV
IANSNGLDVLMGGDGKDAFIVGVDTTEVFGGEGDDFILGGEDADFLLGNEGDDWIEGGGGFDTT
AGDNSELFENSTIIGHDVMFAGDNEHDFDAESGDDIMVQGVSVMRNEGMYGFDWASYQGSPVSA
DADMTVGIFVNDQANTLRNRFDGTEALSGSDHDDILRGDDRGSPDLPDFELTMVNHELTQGGLN
RIEGLREALGIAPQGDASDDEIVFAEGNVLFGGGGSDYIEGRGGNDYIDGDMRLHVRISILDEA
GANEIATVTSLKNVVTIDGVTQSLVSHLLEGNVSPGQMHIVRELVNDGQEGDLDTAVYYDNYAN
YQITAAEGGGLLVTHITPTEGVEDPFTGRSRLSDGMDTVRNVEFFQFADQTISVASLNPDATGA
AILSDNTPTEGQVISADVSGITDANGIVSSSIQWQVSSNGVDWVDVAGATGPDFTPEDLAGTAF
GAQAGLFLRAAFMYEDGLGFDNVLYSAMTQPVGVNWEGDGLVNFIGTGGDDIAVGSAAGENLWG
MEGSDNLSGGAGNDLLNGGVGADTTSGGLGNDDHHVDNAGDVVLEAVGEGTNDRVLSSATYVLN
AGAEIEVLVAKGSADIDLTGNEFDNVVWGNAGANSVDGADGNDRVEFGLAGDDTVEGGDGDDELF
GGAGVDVSDGGLGNDTHHIQNAGDTVIEGVGQGDLDIVRSSVSWALTAGAEVEVMFAKGSGNID
LAGNEFNNTIWGNAGMNVLSGLEGDDVLFGAGAADMLFGGEGNDQLFGGVAADTMDGGLGDDTI I
HVNNAGDVVEEAVGEGFDQVGTTVNYVLTAGAEVEVFFAKGSGDINLTGNSLANS IWGNNGANT
LQGGAGDDVIGGGAGDDTIRGGLGNDTLYGVDGNDLFEQRGALDGRDFVNGGAGIDTWQLVAGA
GEDYTIYTRAEALAAGITGLNIATEIVVTLNGSDNASVIAELDNIEEIVVDSLDVASGGAANGG
TTASGASVTVVGDFTPTSLDLNTITVNGGNGNDVVDITQLTSPHRIKFDASLGSDQVIGDLRPQ
DVVTFGDDFGVQMRPERIGEFDLFSHEDGRSDLSSLVSSFVAEARSSNLNASTAAQGSPFGQGP
AEFLKDDFGSVKFAPFEDGLFETFL

AhpA Roseobacter sp. AzwK-3b Accession number EDM72824.1
MVFVNTNDLKHILDQIRIAEQHAAGTPLTDLVANPLLPYGLRLVDGTLNNLTPGREEWGSADQV
MPRLLESTFLTQPDAAHLADPSPRGAPGAEPTSYLQTSGSVYDAEPRVISNLIADQTLSNPAVI
AAALSHAGMTGQAMLTTANEIVQAYQRVIDAQAAAGNVDQALELQRQELQTALDTATAELTAAQ
GDVAAKTTAKNEADQAVTQAQDTLDNAAATMVTLQGQGQVAEMQVALNAAVAAHTQAEADLKAA
QDELLQAESAAASMLTMHNAKQTTVINLQGQKATADQELATAEGLLSDARAALALETDAAGAVT
EAQTAVENATTAVSNAQTRVNELDAQLTQAEADLADLNTQLQAAEQTRDAAQTRVTAAQEAAAA
TQADREDAQALFDTEVSELATAQAEMLSALTNYITGGSLADFSVASAAYSAAREEKLAAETALN
DAIDADDEADQAVIDETAALTTAQSRVSTLTTQRDNDMTTRDGLSTQLDEANGLLTSAQNTLTA
AEQTLQTAQDDNQAMSMRRTPLIWPRPMSMRLKGS SMASWHSWGLLKANLQR

AhpB Roseobacter sp. AzwK-3b Accession number EDM72823.1
MGVAEGELATLNTNLGNADAEVTRLEGVVQTETTDLETAAGGVTTAQQONLAAAQMADAATLAQL
DVIADATVTLTEATATAAQAALDLTAAEGVEATKQVAVDTATSDLNALTAPGAAEAALAAAQAT
AAFEAQTTLDTLLTTHNITMDGNNVLLPDVTPDEGLSAPYNSWMTLFGQFFDHGLDLVGKGGSGT
VYIPLQPDDPLYDANSPTNFMVLTRATNQPGPDGILGTADDIREHFNKTTPWVDQONQTYTSHPS
HQVFLREYDIDANGNPVSNGYLLHGQTGGMATWGDVKAQAATKLGIQLNDSDVLDGPLLATDPY



GNFIPGANGLPQLVVPNPAYVEGGTEPLNILIEGDLANPVDASQALRNGHAFLEDISHTAFPKG
MIDHDRNPMTPEIEVLPDADTDTGNAIMPNIFGMNETYDNELLDRHFIAGDGRGNENFGLTAVH
HVFHTEHNRQAAEMKQTILDSGELAFINEWLATPITEADLATATVDTVEWDGGRLFQAAKFTTE
MQYQHLAFEEFGRTVQPQIAAFGVNGSAEIDCAVMADS PMWCTASPLDADRDVHTMDPNGVNTS
NGLIEAFLNPVAFDLDQTLTSDQAAGAVARGMSRETGANIDEFITSALRDNLVGLPLDLAALNT
ARGRETGVPSLNAAREQFYSATGSEFLKPYEGWSEFAANLKNPASTIINFIASYGTHETIVNATT
VVEKRAAATDLVLGGDNAPADRLDFVNGTGAWADAETGINDVEFWIGGLAEDIMPFGGMLGSSF
GFVFQQQMEALQONGDRFYYLARTAGMNMIAELENNSFASMIVRNTDIKDGGAHIPANIFSSMDV
ILEVDQAVQSMPDPVSTDVDPFLAAMGTTMVERATATVDAPLIDGVREYDNFLKENGGEHAVLG
GTDQRDILNGGLGDDALWGGAGDDLLIGDAGVNTLRGGAGNDILKDGDDVSFLHGEDGDDVISA
GGGIGELMFGGKGNDAILMGSDDAATAFGMDGNDFIYGGAGGEFMFGGEGDDWIEGGDGFDMVM
GDNGDPFGGSRVVGHDVLDGGANDNDLLGEGGDDILIQREGVHVNEGDLGFDWVAHKDAMTGAD
IDLSRRLETNETQAALRDRYDLVEAASGTQFDDFLYGDDREGAALPDGIDLLANDATLFANELT
QAGVDRIAGLRELLADMMGVDPADTFTGGNILLGGGGSDVIQGRGGDDVIDGDKALNVRISVRD
PQODPTVELRSINSLFEISNELLDGSISPGQLQIVREILDAGQEGDVDTAVYFDVRANYNIRTNA
DGSVTVDHIAPPIEGAFIDPINGQPNVEGGDGTDRLTNVEILRFADMEIDLRTDPASNGLIQGT
DGDDVLNGSNGRDAIFAGAGNDVINGLAGNDVIFGEGGSDTITWNAPNGGYDVVVGHGIVNDGG
TDMLVINGDGTEDGFTMYTVAAWTGQAPVDPSSEIIITRTVAGVETAIMEVRGIEEVAINGVQG
IETINAVGDFAGTSLAPNTIYVNGTAGREVIDFSGFTSTQRLVVDAGDGRDVITGGAGNDILNA
GAGDDEITWSVGGGSDVVDGGAGEDTYTINGDASDETFRVYAADSWTGAPLATGTDIVITRDAG
AGEQVIGQLONIEEIQINTAGGVDNVEVIGDENPTALNFNTIAVTGDDVSVDVTQRLSTHRVEV
DVGGNTQDVPKSLNVAGVVTEGDVFLIPVDPTTLTRTVDVSR

AhpC Roseobacter sp. AzwK-3b Accession number EDM72822.1
MATVNEQTGLPEEGFGFGVLTRGATLVTADDIAALKYMVGASNVAPILPPEAGEPADNEPADLL
QEVRDLEGLTNNLQONAEISGGATLPFMRVTEARYAGIGEDGAGIINPVFDRLDTRDISNTLGAQ
DLDAAKAASANMFMMSFGQYFDHGLTFIPKGSGPMGQTLGQIEIGGPSMDRGPMADNPADLTRG
SVIGYDEDGTPLQENITSPVVDQONQVYGSSSLIGQLLRESDGEMGVGARI LMGGDDPSAAPGFK
ILSTLRETLDHHIDAGTVFKGAGLGENGMTLLDYYPGLRDADRNYDAALVKELSGDFMDEGWPL
LIDTNPFMNLLDHFVGGDGRANENVGLTSMHTVWARNHNYHVDQINKQAGPDFTPEQLFQAART
LNIGEYQQVVEFNDFADALIGGLQGSGRHGHNEYNPNADARI SHEFAAAAYRFGHSQIGETMLVE
KDGQMVELPLIDLFLNPTSDPNAFQYVDRETGELVTGEAALAALAQMDYVPQDGYAQYGVNSIL
GGLVAQPSEEVDLQVVDAVRDNLVRVSADLFAFNAARGRDLGLGTLNQVKADLAASTDPYIVEA
IEQSNMNMDPYASWDDFQWRNNLSETEITKFKTAYPDLVLEGDAIAAFQQVNPDITLIPGENGA
MIVQGIDRVDMWVGGLAEPHIEGGVVGHTFWVLIHEQLDRLQEGDRFYYIDRIGDLPVYNNFIS
NLTFGDIVTRNTGMTDLPLDVEFSYVPEVPEGAAADAGNQQIQTDQONANRTDDPAIDTADTEGGG
TTTDTDVTGGADDETEAAATEGNAEPDPLETEANALSEGAVEGGVDETEQPDADVTGSTLEQSA
EEEETEEDDATQNATGAASGGEDLEATSSETNEEMPEDNTSMSPDDAGGADTGGADDETEAAAT
EGDNEPDPLETEVNALSEGAGEGEGGEAEQPDADVTGSTLEQSAEEEETEEDDATQNATGAASG
GAALEAEEEETEEDDATQNAMGAASGGADLEAEEEETEEEMPEDNTSMSPDTDTSAEGIVESDT
DMGAPLVGAAGDDILSGMAGDDMLVGNAGDDMLFGGEGRDDMLGGDGADMLSGGAGSDHILGGD
GDDMIIGGTGSDILMGNAGDDTFLGTNGDCNDLIYGGEGTDTIDMASVTSDLTVRLGNTGTDRG



SVTTEEGGRDTIWSIENFVGGAGDDTIFASDAANVLDGGDGNDTFVFETAASAQGDHINGLNAG
DVLQFGTGADMFELTWGDTDMQDGLSFSGGEEAGTTKISGTIEDDQFELTVSGREFDYDQIT
AhpL Roseobacter sp. AzwK-3b Accession number AKH40935.1
VEVNTNDLKHILDQIRIAEQHAAGTPLTDLVANPLLPYGLRLVDGTLNNLTPGREEWGSADQVM
PRLLESTFLTQPDAAHLADPSPRGAPGAEPTSYLQTSGSVYDAEPRVISNLIADQTLSNPAVIA
AALSHAGMTGQAMLTTANEIVQAYQRVIDAQAAAGNVDQALELQRQELQTALDTATAELTAAQG
DVAAKTTAKNEADQAVTQAQDTLDNAAATMVTLQGQGQVAEMQVALNAAVAAHTQAEADLKAAQ
DELLQAESAAASMLTMHNAKQTTVTNLQGQKATADQELATAEGLLSDARAALALETDAAGAVTE
AQTAVENATTAVSNAQTRVNELDAQLTQAEADLADLNTQLQAAEQTRDAAQTRVTAAQEAAAAT
QADREDAQALFDTEVSELATAQAEMLSALTNYITGGSLADFSVASAAYSAAREEKLAAETALND
AIDADDEADQAVIDETAALTTAQSRVSTLTTQRDNDMTTRDGLSTQLDEANGLLTSAQNTLTAA
EQTLQTAQDDNQAYVDAQNAVDLAQADVDAAQGIVDGLVAQLGVAEGELATLNTNLGNADAEVT
RLEGVVQTETTDLETAAGGVTTAQQONLAAAQMADAATILAQLDVIADATVTLTEATATAAQAALD
LTAAEGVEATKQVAVDTATSDLNALTAPGAAEAALAAAQATAAEAQTTLDTLLTTHNI TMDGNN
VLLPDVTPDEGLSAPYNSWMTLFGQFFDHGLDLVGKGGSGTVYIPLQPDDPLYDANSPTNFMVL
TRATNQPGPDGILGTADDIREHFNKTTPWVDQONQTYTSHPSHQVFLREYDIDANGNPVSNGYLL
HGQTGGMATWGDVKAQAATKLGIQLNDSDVLDGPLLATDPYGNF IPGANGLPQLVVPNPAYVEG
GTEPLNILIEGDLANPVDASQALRNGHAFLEDISHTAFPKGMIDHDRNPMTPEIEVLPDADTDT
GNAIMPNIFGMNETYDNELLDRHFIAGDGRGNENFGLTAVHHVFHTEHNRQAAEMKQTILDSGE
LAFINEWLATPITEADLATATVDTVEWDGGRLFQAAKFTTEMQYQHLAFEEFGRTVQPQIAAFG
VNGSAEIDGAVMAEFAHVVYRFGHSMLTENVHTMDPNGVNTSNGLIEAFLNPVAFDLDQTLTSD
QAAGAVARGMSRETGANIDEFITSALRDNLVGLPLDLAALNIARGRETGVPSLNAAREQFYSAT
GSEFLKPYEGWSEFAANLKNPASIINFIASYGTHETIVNATTVVEKRAAATDLVLGGDNAPADR
LDFVNGTGAWADAETGINDVEFWIGGLAEDIMPFGGMLGSSFGEFVFQQQOMEALQONGDRFYYLAR
TAGMNMIAELENNSFASMIVRNTDIKDGGAHIPANIFSSMDVILEVDQAVQSMPDPVSTDVDPF
LAAMGTTMVERATATVDAPLIDGVREYDNFLKFNGGEHAVLGGTDQRDILNGGLGDDALWGGAG
DDLLIGDAGVNTLRGGAGNDILKDGDDVSFLHGEDGDDVISAGGGIGELMFGGKGNDATLMGSD
DAATAFGMDGNDFIYGGAGGEFMFGGEGDDWIEGGDGFDMVMGDNGDPFGGSRVVGHDVLDGGA
NDNDLLGEGGDDILIQREGVHVNEGDLGFDWVAHKDAMTGADIDLSRRLETNETQAALRDRYDL
VEAASGTQFDDFLYGDDREGAALPDGIDLLANDATLFANELTQAGVDRIAGLRELLADMMGVDP
ADTFTGGNILLGGGGSDVIQGRGGDDVIDGDKALNVRISVRDPQDPTVELRSINSLFEISNELL
DGSISPGQLQIVREILDAGQEGDVDTAVYFDVRANYNIRTNADGSVTVDHIAPPIEGAFIDPIN
GQPNVEGGDGTDRLTNVEILRFADMEIDLRTDPASNGLIQGTDGDDVLNGSNGRDAIFAGAGND
VINGLAGNDVIFGEGGSDTITWNAPNGGYDVVVGHGIVNDGGTDMLVINGDGTEDGFTMYTVAA
WTGQAPVDPSSEIIITRTVAGVETAIMEVRGIEEVAINGVQGIETINAVGDFAGTSLAPNTIYV
NGTAGREVIDFSGFTSTQRLVVDAGDGRDVITGGAGNDILNAGAGDDE ITWSVGGGSDVVDGGA
GEDTYTINGDASDETFRVYAADSWTGAPLATGTDIVITRDAGAGEQVIGQLONIEEIQINTAGG
VDNVEVIGDENPTALNENTIAVTGDDVSVDVTQRLSTHRVFVDVGGNTQDVPKSLNVAGVVTEG
DVFLIPVDPTTLTRTVDGLTVTQKSDNFVMTYTVDDVDTIPVLVQSGTLMADALRGVATVNEQT
GLPEEGFGFGVLTRGATLVTADMVTADDIAALKYMVGASNVAPILPPEAGEPADNEPADLLQEV
RDLEGLTNNLQONAEISGGATLPFMRVTEARYAGIGEDGAGIINPVFDRLDTRDISNTLGAQDLD



AAKAASANMEFMMSEFGQYFDHGLTFIPKGSGPMGQTLGQIEIGGPSMDRGPMADNPADLTRGSVI
GYDEDGTPLQENITSPVVDONQVYGSSSLIGQLLRESDGEMGVGARILMGGDDPSAAPGFKILS
TLRETLDHHIDAGTVFKGAGLGENGMTLLDYYPGLRDADRNYDAALVKELSGDFMDEGWPLLID
TNPFMNLLDHFVGGDGRANENVGLTSMHTVWARNHNYHVDQINKOAGPDFTPEQLFOQAARILNI
GEYQOVVENDFADALIGGLQGSGRHGHNEYNPNADARISHEFAAAAYRFGHSQIGETMLVEKDG
OMVELPLIDLFLNPTSDPNAFQYVDRETGELVTGEAALAALAQMDYVPQODGYAQYGVNSILGGL
VAQPSEEVDLQVVDAVRDNLVRVSADLFAFNAARGRDLGLGTLNQVKADLAASTDPYIVEAIEQ
SNMNMDPYASWDDEFQWRNNLSETEITKFKTAYPDLVLEGDATIAAFQQVNPDITLIPGENGAMIV
QGIDRVDMWVGGLAEPHIEGGVVGHTFWVLIHEQLDRLOQEGDREFYYIDRIGDLPVYNNEFISNLT
FGDIVTRNTGMTDLPLDVESYVPEVPEGAAADAGNQOIQTDONANRTDDPAIDTADTEGGGTTT
DTDVTGGADDETEAAATEGNAEPDPLETEANALSEGAVEGGVDETEQPDADVTGSTLEQSAEEE
ETEEDDATONATGAASGGEDLEATSSETNEEMPEDNTSMSPDDAGGADTGGADDETEAAATEGD
NEPDPLETEVNALSEGAGEGEGGEAEQPDADVTGSTLEQSAEEEETEEDDATQONATGAASGGAA
LEAEEEETEEDDATONAMGAASGGADLEAEEEETEEEMPEDNTSMSPDTDTSAEGIVESDTDMG
APLVGAAGDDILSGMAGDDMLVGNAGDDMLFGGEGRDDMLGGDGADMLSGGAGSDHILGGDGDD
MITIGGTGSDILMGNAGDDTFLGTNGDCNDLIYGGEGTDTIDMASVTSDLTVRLGNTGTDRGSVT
TEEGGRDTIWSIENEFVGGAGDDTIFASDAANVLDGGDGNDTEFVFETAASAQGDHINGLNAGDVL
QFGTGADMFELTWGDTDMODGLSEFSGGEEAGTTKISGTIEDDQFELTVSGREDYDQIT



Figure S3. Amino acid sequence of the first heme-binding domain of P. putida GB-1 MopA.
LPNSQVPFGLRTVDGSYNNLVAGQSEFGAADNSFLRLLDASYRANYVGTGNVVDSQPRTISNLI
VDQTANNPAAVEANGGAAPVMSPGIDGVFGTADDKPVFFIPNVSPDVGLTAGENAWMTFFGQFF
DHGLDLVTKSSTDIVFIPLRPDDPLYNASSPTNFMVLSRAVRTAGADGVVGTADDGQPNTTSPF
VDQSQTYSSHPSHQVFLREYMLDAAGDPVATGRLITNRDLGADGKFGTADDGNSENGGMATWAV
VKAQARDLLGINLTDADVHSVPLLATDAYGNFLRGPNGMPQVVMRVNNGADGIAGTADDVTTLV
EGNRAAPISLANAVSTGHGFLDDIAHNAEPVKVGGVLQADADSAVGNVQPVGPGGNNLTYDNEL
LDAHYIAGDGRVNENIGLTAVHHVFHSEHNRLVQQTKDTLLAAGDLAFLNEWLIDDVIAIPTTP
AGIAALVWDGERLFQAAKFGTEMQYQHLVFEEFARTIQPQIDEFLAPNGYDTSINPAILAEFAH
VVYRFGHSMLTETVDRFDPSFNPVSGDPANPDQQLGLIAAFLNPLAFAGSGATADEAAGATIRG
VTRQLGNEIDEFVTEALRNNLLGLPLDLPALNIARGRDTGIPSLNEARREFYGATGDSQLKAYT
SWADFADHLKHPASLINFIAAYGTHSSITGATTEAAKRAAAVALVLGGAGAPADRLDFLNSTGA
WANVTLAGKDGIAGTADDIAGVTVSGVDAIDFWVGGLAEKKMPFGGMLGS SFNFVFETQLEALQ
NGDRFYYLSRTAGMNFGTELENNSFAKLIMLNSDVTHLSNTVFLTPTFTLEVNQANQFTGLGAD
GKADPT



