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M-ASKAGLGQTPATTDARRTQKFYRGSPGRPWLIGAVVIPLLIAAIGYGAFERP---------------------------------------QSVTGPTG
M-GTDAGLDEAPAPTEAPKEPKFERRPLGVSWLIGVVVIPLLLAALGYGAYQRP---------------------------------------TSVNGPTG
M-GTDAGLDEAPAPTEAPKEPKFERRPLGVSWLIGVVVIPLLLAALGYGAYQRP---------------------------------------TSVDGPTG
MAGTQPVSDTAPAPAHA---RRFRRHPLGVAWLIALAVIPLLMAAIGYGAFGRP---------------------------------------TSVTAPTG
-------------------MPGSARRP-GRLWLLALVVVPLVLAALLVAVKGEG-------------------------LRSATADDGGAETAQPSPSATA
---------------MSLSTTVRLQRPRPVAFAIALVLAWLLLALVAFALRRGPIEDDLAARATAAVRSTGGVHAQVHVEGREAVVTGRFPSAAAAEQARA
---------------MSSPAVAFPRRPRLVAFAVSLIIAWLLLGLGALWLRRGPIENDLTGRAADAVRAAGATQVRVSAEGREIVLHGRFDSAEDARRARA
---------------MVLSAVTQLKRPRPVAFAVSLLLTWLVLALLAVGLRRGPIEKDLSQRANEAVRQSGASQVVVTVAGTAATLHGDFASVAAADAALR
---------------MSPSLAARLHRPRPVAFVVSLVLAWLLLALIAFALRRGPIQDDLGARATAAVRAAGGVHAQVRIEGREAIVTGRFPNAAAAEQARA
-------------------------MSRGIIFGVGLFALTLLAFLCIPRHLPVTSSATGHP----------------------------------------
----------------------MSQPEKWWWGLLPLVLLWILVNLFMDGTVESDLATRSKAALG-TFVQNPAVSVSGRDATLAGSVFSPADAQTAVDHVGG
------------------MRGFFRWSSKWWPGLIPLAILWAVAAWTTTGPLEADLSAHAAAALKDSVLDKTAISAAGRDITFSAEAFSEQERSNAVASVEA
------------------MQKLFRWASKWWPGLIPLAVMWGFAAWNNTLPVEADLSARSSAALKETVLDKTRIAVDGRDVSLAADAFSEEGRRDAVMAVEI
------------------MSAFSDWVRRWWPGVIPLAVLWVAAAWTGTGPVEQQLTARTGAVLKESVLDKTQIEVSGRDVRLSADAFSEQGRRAAVDQVAS
------------------MRGLYSSSGKWWPGAIPLVILWAIAAWTTMPAVEADLGARATAVLKDTVLDKTKITAAGRDITLTAEAFSEEGRRAAVSAVEA
------------------MSEFSNWVRKWWPGLIPLVALWVAAIWTGTVPIEQHLTAQAAAALKESVLDKTQIEVSGRDVRLSADAFSEQGRRTAVDQVAS
----------------MQRTNHALRARRCAVVAALVAAGFVASGAAYAQNA-------GGATVTPVGNG--TVAASALP----ANAGAGSASAAASATLVR
-----------------MQRTIRARRARLLPFFAALAAAGLVAGSAYAQNT-------GGATVTPVGNG--TVATTALPSTPNASAAPGAAPGTASGTVVH
-----------------MHRTIHVRRARFSVAFSPAVAALLAAGLFASGAA---FAQNTGATVTPVGNG--TVATTALS------ANTGAAPGTASGAVVH
-----------------MHRTIQVRRARLSAAVSPALAALFAAGLVASGAA---FAQNTGATVTPVGNG--TVATTALP------QANPNAGG-ASGTVVH
-----------------MRRTIHVRRMRLSRLSSFVAVLLAAGLVGNSAAY---AQNTGGATVTPVGNG--TVATAALP------APNAGAPGTASGTVVR
-----------------MQRTIHIRRARFSRFVAALVAAGLVGSGAAYAQN------TGGATVTPVGNG--TVATAALP----ANSNPAAAPAAGAGTVVH
----------------MTTSVLPPRRRQLAAALAAGAALCAGGLALLAAPAGAFADNAGPATVTRVDPSGAAVRSTALPPSG-APAQGPSGGLSAPPQAEG
-----------------------MTYSRTAIGALLASLLVSGLFSTLAHADN-----DGPARVTPVDNSGISIRTTALPSP-SSTTAGSAGPAVNTAGLAS
-------------------MLNHTSTARMTVLLAGLLLGAFAHADNDGPAR-----------VTPVDNSGVSIHTTVLPPA-ASASVGNAGPAVNTAGLAS
---------------MTKPRLPSRRASRFALTLAALALGGALGGAARADN-------VGPATVTPIDAGGVSVKSTPLAAPGAVAPGAAANGTGTGTGTGT
---------------MTKP--------RLPLLRARRFALAFAALALGGAARAD---NVGPATVTAIDAGGVPVKSVPLAAPVTAAPVAATAGA--------
---------------MTKP--LRSSRFRLTLAALALGGTLHGVALADNV---------GPATVTPIDAGGVPVKSTPLAAP---APAAASGAGG-------
---------------MTKP--------RLPLLRACRFALALAALALGGAARAD---NVGPATVTPIDAGGVPVKSVPLAAPVTAAPVAATAGA--------
-----------------------MVGTRTPALAAGLLAALVMLPGHAAPGDP-------GTTATP------------------------------------
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SAAVAGTTSARLGDDVVIATEPARPL--
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AARVDGVSSARLGSDALVATRPAQP---
SAAVSGTTSARLGDDVLIATQPPRPL--
----------------------------
TWGVRRVISELAASPVVKPY--------
VPGVRLVDDRTALVAEAKPF--------
VPGVRLVDDRTRLVAEAKPF--------
VPGVRLVRDETQLIAEVFPF--------
VPGLRLVNDRTKLVPEASPY--------
VPGVRLVTDQTQLIAEVTPF--------
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Figure S1A. Amino acid sequence alignment for Rv0899 family proteins.
Alignment is shown for (A) the transmembrane region (TM), (B) the central BON-containing domain, and (C) 
the C-terminal OmpA-like domain. Fully conserved residues (single letter), conserved hydrophobic residues 
(�), and conserved polar residues (�), are marked above the sequences. Secondary structure is derived from 
the structure of M. tuberculosis Rv0899 (PDB ID: 2KSM, 2LBT). Conserved regions include two BON 
domains (pfam04972) and one OmpA-like domain (pfam00691). Alignments were rendered with ClustalX 
coloring using Jalview 14. Sequences are grouped by organism class: (A) actinobacteria; (N) nitrospira; (α) 
α-proteobacteria; (β) β-proteobacteria; (γ) γ-proteobacteria; (ε) ε-proteobacteria.
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LLSISRSG------NTVTLIGDFPDEAAKAALMTALNGL-LAPGVNVID--QIHVDPVVRSLDFSS-AEPVFTASV-PIPDFG-LKVERD-----------
LLSVSRSG------NTLTLIGDFPNGDAKAALMTSLKGL-LSQNVTVVD--QIQIDPKVRALDFSN-AEPVFSASG-PIPDFT-LKVERD-----------
LLSVSRSG------NTLTLIGDFPNEDAKAALMTSLKGL-LSQNVTVVD--QIQIDPKVRALDFSN-AEPVFSASG-PIPDFT-LKVERD-----------
LLSISRSG------NTITLIGDFPDDNAKAALLAALRNV-LTPGVTVID--QIRIDPLVRALDFAN-AEPVFTAGA-AIPDFS-LKVERN-----------
FAVVRTDG-------GLSVTAVVQSQAARDTITSEAQAL-LEAGETFAD--HLSVDPSVGPLNPAA-LVGVLRTVATATTGTT-VSFDGT-----------
VLAVAGRG--------LSITATVPDRASRAALLAAVADA-SGG--SVTG--EVRVDPAVAEPPVEV-VAAVAAALR-GFPGSHSVTVSGT-----------
VVGVERAG---RAPGGVVLSATVPDSATRAALLGAAADA-AGG--VVSA--TVTVDPRVATPAVEA-FGDVAKALG-TGPGVRSVTIDGS-----------
VVLTVEQG-------RLTVRATVPDRTRRTALLDAVVDA-TGG--QLTS--DIAVDPRAAQPAVPA-LAGLVTALT-RAPGTHTLTLDGG-----------
VLAVAGRG--------LSVTATVPDEASRAALLAAVADA-AGG--TVHG--QVLVDPAVAEPPVEA-VSALAVALHAVA-GEHSATVSGS-----------
AFSAHLEN------GQLTLSGAVASEEAKAAAVARAQDLAKSLRLRVTD--NLEVIEDGQAAGWEAALPALLTQVVTLQHHPATVSLSGQ-----------
DWHISQDG------KRVTLSGHVPDTTVQMNLLAAVRAAFPQS--QIND--QTIYAAGAPEGFEKG-ALFVISQLAPLA-GGN-ASLTDSGFSIAGKAPTD
VWTVEREV------GKVTLSGSAPLPVVRNKLLDAARTTFAGI--DIAD--RMNLSRGAPPRFETA-AALLIGEIGK-LKTGK-ATISDGTVN-LSGMARE
VWNAERDV------VRVTLSGSAPLPSIKARLTEAARKEVGGV--EVAD--QMGLARGAPPRFEAA-AMLLLDQIGK-LKDGK-ITISDTKINLSGM-ARD
NWSVERDV------VHVTLSGNAPLPAIKARLLEAARNAANGA--EVVD--QMALARGAPVRFDAA-ALLLIDQVSK-LKEGR-LSLAGTKVELTGL-ARE
VWSIERDV------VRVTLTGSAPLPASRTRLADGARAAVNGT--EVVD--RMALARGAPQRFDAA-AMLLIDQIAK-LKQGK-ITLTGTQVALKGM-AKD
VWSVERDV------VHVTLSGNAPLPAIKARLLEAARNAANGA--EVVD--QMALARGAPVRFDAA-ALLLIDQISK-LKEGK-ISLANTKVTLEGS-ARE
AGTLA-PPPANAAPGQVVVGGKVPDEATKAAVLQKLRDT-YGAA-NVVD--QIEVGDVATPPNWSANVQKLLGTQLKQISKGQ-LKINGT-----------
AGTIT-PPPANATPGQVVAGGKVPDEATKAAVLQKLRDT-YGAA-NVVD--QIEVGDVATPPNWSTNVQKLLGAQLKQISKGQ-LKINGT-----------
ANTLT-PPPATATPGQVVVGGKVPDEATKAAVLQKLRDT-YGAT-NVVD--QIEVGDVATPPNWSANVQKLLGAQLKQISKGQ-LKINGT-----------
AGTLT-PPPANAAPGQVVVGGKVPDEATKAAVLQKLRDT-YGAT-NVVD--QIEVGDVATPPNWSANVQKLLGAQLKQISKGQ-LKINGT-----------
AGTIT-PPPANAVPGQVVVGGKVPDEATKAAVLQKLRDT-YGAA-NVVD--QIEVGDVATPPNWSANVQKLLGAQLKQISKGQ-LKINGT-----------
AGTIA-PPPANATPGQVVAGGKVPDEATKAAVLQKLRDT-YGAA-NVVD--QIEVGDVATPPNWSANVQKLLGAQLKQISKGQ-LKINGT-----------
GATVSVPPQASATPGQVVVGGKVPDEATKAAVLQKLRDT-YGAG-NVVD--QIEVGDVATPPNWSSNVQKLIGPQLKQISKGQ-LRIDGT-----------
AVTAS-PPPANAAPGQVVVGGKVPDEATKAAVLARLRDT-YGSA-NVVD--QIEVADVATPPNWSANVQKLIGPQLKQISKGQ-LKIDGT-----------
AITAA-PPPANATPGQVVVGGKVPDEATKAAVLARLRDT-YGAA-NVVD--QIEVADVATPPNWSANVQKLIGPQLKQISKGQ-LKIDGT-----------
AIVSS-PPPANAAPGQVVAGGKVADEATKAAVLQRLRDT-YGAA-NVVD--QIEVGNVATPPNWSANVQKLIGPQLKQISKGQ-LKIDGT-----------
GATVSSPPPANATPGQVVAGGKVADEATKAAVLQRLRDT-YGAA-NVVD--QIEIGNVATPPNWSANVQKLIGPQLKQISKGQ-LKIDGT-----------
GATVSSPPPANATPGQVVAGGKVADEATKAAVLQRLRDT-YGAA-NVVD--QIEVGDVATPPNWSANVQKLIGPQLKQISKGQ-LKIDGT-----------
GATVSSPPPANATPGQVVAGGKVADEATKAAVLQRLRDT-YGAA-NVVD--QIEIGNVATPPNWSANVQKLIGPQLKQISKGQ-LKIDGT-----------
AASAAAPS------GRVVAGGAVPDEATKASVLARLREL-YGSA-NVVD--QIEVGNVVSPPNWSGNVQKILSPQIKQVSRGQ-LSIDGT-----------
ASATSPVP------GPVVAGGMVPDEATKASVLARLREL-YGSA-NVVD--QIEVGNVVSPPNWTGNVQKILSPQIKQVSRGQ-LNIDGT-----------
SKSPEEPGK-------VIASGTVPDEASRAAILGKLRDL-YGAG-NVVD--RMEVGGVVPPSNWTENMTKIIGPNLKQVHKGQ-MQVNGT-----------
AQNLA-PPVATPAPGQVLVTGTVPDEASKAAALTRLREL-YGHD-RVVD--QISVGPVVLPANWNNHVQKLISPNLKAVRQGQ-LKIDGT-----------
GGSLVWAE-------PVVVEGVVPNEASKQAILMRMQSV-YGAN-QVIDKIQVR--PVAAPNGWSDSVARVITPELKKVRQGQ-LRVRGT-----------
IANYALAQ-------PIVVEGVVPNEASKQAILMKMQSV-YGAD-QVVDKIQVR--PVAAPNGWSDSVTRVITPDLKKVSQGK-LSVNGT-----------
TPATGGVGE-----RPVIVEGVVPDQATKVRILNNLRDT-YGSA-RIVDRVQVE--SIPSPPNWGEYVAKMVSPGLKRVAAGK-LEVNGQ-----------
AAAGER---------PVVIEGVVPDQATKAKLLNNLRAV-YGAE-RVVDRIQVE--TIATPPNWGDYVSGMINPGLKRVSPGK-LEVNGQ-----------
YSTNTLPSNADTDVWRVALNG--VYEYKKIGSVIPLAKAGIGY--ETMDGGSYTGQTGNADSVFLDTGVGAKIPFNDMIALKLEALYMLK-----------
FTITKIDN-------SIELSG--TFENQKVAQDVIQAL---GINKEGTL--TYQN-NVVVDKGVLETIFLLIVPFKDFFADNSKISVINN-----------

                                         ○● ●○G○●     ○  ●  ●●   ●      ● ● ○ ● V
-----------------------------------------TVTLTGTAPSSEHKDAVKRAATSTW----PDMKIVNNIEV--------------------
-----------------------------------------TITLTGTAASPDQKDAVRSAATSVW----PDVNVENQIEV--------------------
-----------------------------------------TITLTGTAASPDQKDAVGSAATSVW----SDVNVENQIEV--------------------
-----------------------------------------TVTLSGTAASPDQKDAVERAAKTSW----PGVKIVNNIEV--------------------
-----------------------------------------SVTLTGAVADQATKATAARAAAKAA----PGAVVANQLRV--------------------
-----------------------------------------TVAVAGSAPDEATRRRLGAQVLAAAGTTVPDATLDNRLVVPREKPAAAAAKSTSDAG---
-----------------------------------------SVVLWGSAPDDAARASIGAAVLAAARQSIPGASLENRLAVGSGATVTLDPATGEIVRPAA
-----------------------------------------HLVLTGTVANESGRTSLGAAVLTAGRVGGTRIDLDNRLVVATAAAPGPRSPDAGAAGTGG
-----------------------------------------TVALTGGAPDEAARRRLGAAALAATAAVVPGATLADHLVVARAAGPAAAGPAAAGSAAAG
-----------------------------------------TVTVKGTVAGTDLKHKLLHEVASLL---GTSVHVQDQVTVASAGSTSPANLSPAGQPSPA
AVYDAALKAIHA-PPKGLTLVKADIVAPLQYTFSATRLDG-KLTLTGDVPSEDVHKQILAEAKRLF----FNEEIVDRLTVLGNAPQNFGSVILAGINALS
LGGREAIAAALKNLPEGYSVANDIHAPPYIFEANKDPVAA-TLTLTGYVPDNAVHAAIAASAGRKF-----GEKVVDKLKASLGAPAGFDAVVTRALGSLS
LGGREAIAAALKNLPEGFLIAANDIKAPPYIFQAYKDPVAATVTLTGYVPDNNVHAAIATSASRKF----FNEKVVDNLKASLGAPGAFNPAVVAALGALS
IGGREAISAALKNLPEGYTVEKNDLRAPPYLFQINKDPVASTLVLSGYVPDNNAHAAIVNAITRKF----VGEKVEDKLKASAGAPQGFMAAAMLALKGLS
LGGRESIAAALRTLPDGYTVGENDIEAPPYVFRAYKDPVAGQVTLDGYVPDNNVHAALAAATGRKF----FNEKVVDNLKASVGAPKGFLEAATPALGALS
LGGREAIAAALKNLPEGYTVEKNALYAPPYLFQVNKDPVATTLALSGYVPDNNAHAAIVSAIERKF----VGVKIEDKLKASAGAPQGFLAATMTALSALS
-----------------------------------------QIEMKGEVHNEAQRQQIASDMANTL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QIEVKGEVHNEAQRQQLASDMANSL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QIEMKGEVHNEAQRQQLASDMANTL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QIEMKGEVHNEAQRQQLASDMANTL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QIEMKGEVHNEAQRQQIASDMANTL---NPTYTIKNALRVSAS-----------------
-----------------------------------------QIEVKGEVHNEAQRQQLASDMANTL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------SIDVKGEVRNEALRQQVASDMANQL---NPTYTIRNALRVSAS-----------------
-----------------------------------------QIDVKGEVRNESQRQQLASDMANAL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QIDVKGEVHNESQRQQLASDMANAL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QIDVKGEVHNEAQRQQLASDMANAL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QIDVKGEVHNEAQRQQLASDMANAL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QIDVKGEVHNEAQRQQLASDMANAL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QIDVKGEVHNEAQRQQLASDMANAL---NPTYTIKNGLRVSAS-----------------
-----------------------------------------QVSVHGDVRNEAQRQQIASDMATGL---GQSYTVKNGLRVPAS-----------------
-----------------------------------------QVAVHGDVQNEAQRQQLASDMATTL---GASYTIKNGLRVAAVS----------------
-----------------------------------------QIAIKGNVANEALRQQVVSNLATSL---NPTYTIDNGLVAAAGE----------------
-----------------------------------------NVSISGEVSHEAQRQQIASDMATSL---NSSYIINNGLRVSTS-----------------
-----------------------------------------QIELNGKVSHLNDIQPTTANFQMLI---QQPYRFNAQLSVNQA-----------------
-----------------------------------------RFELTGKMLNPTEIQPTIQSFQSLV---QPPYQLFSQLSVNQA-----------------
-----------------------------------------AVRISGQVVNEAQRQQVASDLSLAS---NTSYTVTNSLKLGGS-----------------
-----------------------------------------AVRITGEVGNEALRQQVASDLSLAS---NTSYTVTNALKVGS------------------
--------------------------------YNDNRYDNNLAVLAGLNIAFGEKAQKAAPVKEEP----APVVAAVVVDGDDDKDGVLNSVDKCPATAAG
-----------------------------------------EILLSGELKNKMYKNLIDTIILQKS----KNIILKTEISIPEDNP---------------
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Figure S1B. Amino acid sequence alignment for Rv0899 family proteins.
Alignment is shown for (A) the transmembrane region (TM), (B) the central BON-containing domain, and (C) 
the C-terminal OmpA-like domain. Fully conserved residues (single letter), conserved hydrophobic residues 
(�), and conserved polar residues (�), are marked above the sequences. Secondary structure is derived from 
the structure of M. tuberculosis Rv0899 (PDB ID: 2KSM, 2LBT). Conserved regions include two BON 
domains (pfam04972) and one OmpA-like domain (pfam00691). Alignments were rendered with ClustalX 
coloring using Jalview 14. Sequences are grouped by organism class: (A) actinobacteria; (N) nitrospira; (α) 
α-proteobacteria; (β) β-proteobacteria; (γ) γ-proteobacteria; (ε) ε-proteobacteria.
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                                                             C   ○  ●●   ●     ● F    ●○●○     ●L  V●
-----------------------------------------------TGQAPP-GPPASGPCA--DLQSAINAVT-GGPIAFGNDGASLIPADYEILNRVA
-----------------------------------------KGQPA--GSTPPTGPAATGACA--DLQAAVTALT-GGAIAFGNDGVSLTPDSNKVLTQVV
-----------------------------------------KGQPA--GSTPPTGPAATGACA--DLQAAVTALT-GGAIAFGNDGVSLTPDSNKVLTQVV
-----------------------------------------KGPAPTPGASPPPGSGAAGPCA--DLPAVINALT-GGAIAFKNDGVSLTPADNQILSQVA
--------------------------------------------------PSAEKPPLSEACQTFESRLA-QLTS-QHKIIFLSGTAIVNEKSRGSVVRVA
-----------------------------------------------------------------ALAALRAALD-ARNVTFPVGAATLSPPARLWLDRVA
PAPATAPRSAPTPAPATAPAPGTTGGAGRAAAGSADS----------------------------TRAALRAALD-GTALTFPVGDTVLGASTRSGLDKVA
AQGPGG-----------------------------------------------------------DAAALAAAAS-GHPVTFASDSAVLSDRDRAALDLVA
SGAAVTPDRVAAARRQSG-----------------------------------------------SLAALRAALD-GPAVTFPVSGARLSPSAQARLDSVA
PHASRAQ----------------------------------------------------------VQAGLDEILR-GEHIAFESNSAVLTSKGRAVVDKLV
RLADGVFTVTNTDVKLSGGALYERAVAAIRTNLADQLPAGYQTDTSAITVHPEDKAVDSKSC---QA-ELDGLLG-KATILFETNGATISKSSEGLLDRIV
RLSTGRLVVSDRDVDLSGDALYDAAGRQIRADLPKDLPRGWQAKMEVSVK-PAAAPVDAAVC---QQ-LFADLLG-KRTIQFETGRATLDPDSIGLLDRLT
RLSTGTLVVSDREVKLSGDALYEGAGNDIRAGLGKDFPKNWQYKPEITVK-PAAGPVDGTVC---QQ-LFSELLN-KGKIRFATKRADIDPDSAGILDHLI
RLSTGTLTIQDRNIKLTGDALYPAASEQIGEELASKLPQGWKQQAELSVK-PIAAPVNATIC---QQ-LLGGLLG-KGTIRFETGKAVIDPDSVGLLDRLV
RLSTGTLVLSDREVHLSGDALYEVAANQIRGGLNKELPQGWTVKADLSVK-PAAAPVDASVC---QQ-LFNGLLA-KATIQFESASASIDKDSAALLDRLI
RLSTGTLTIQDRNVTLSGDALYPGANARISEELAAKLPQGWKQKAELTVK-PVAAPVNATIC---QQ-LLTGLLA-KGTIQFETGKAVIDPDSAGLLDRLI
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGKQILDQMA
-----------------------------------------------------------------EQGVLDQTLA-NRTIEFETGSATLTPQGKQILDQMA
-----------------------------------------------------------------EQGVLDQTLA-NRTIEFETGSATLTPQGRLILDQMA
-----------------------------------------------------------------EQGVLDQTLA-NRTIEFETGSATLTPQGKLILDQMA
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGRQILDQMA
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGRQILDQMA
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGRAILDQMA
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGRAILDQMA
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGRAILDQMA
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGRTILDQMA
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGRAILDQMA
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGRAILDQMA
-----------------------------------------------------------------EQGLLDQTLA-NRTIEFETGSATLTPQGRAILDQMA
-----------------------------------------------------------------EQNLLDQTLA-NRIIEFETGAATLTPKGRAILDEMA
-----------------------------------------------------------------EQSLLDQTLA-NRIIEFETGSATLTPKGRGILDEMA
-----------------------------------------------------------------AQNVLDKTLS-NRVVEFEVGAATLTPAGRVILDEMY
-----------------------------------------------------------------EQGVLDNTLA-NRVVSFESGRATLTPEGKRILDEIA
-----------------------------------------------------------------EQKIIDDALK-NRIVEFESGSAVLTAAGRQILEEMA
-----------------------------------------------------------------EQKIIDDALK-NRIIEFESGSAVLTEAGQKILDEMA
-----------------------------------------------------------------EQGVLDQTLG-NRIIEFQSGSSRLTPLGMRILDEMV
-----------------------------------------------------------------QQNVLDQTLA-NRIIEFQSGSARLTPFGMSILDEMV
KTVNDEGCFIDGDDDNDGVLNSVDACLTTAVGKTVDAKGCEIDGDDDKDGVLNSKDICPNTPIGDAVNSDGCPAKITLHVKFENNSDVVNTSSYDIIEKYA
--INNQ----QNENSNEEVIKNETLKLPE------------------------------------IQLLINNILKDRK-ISFERKSSIPTEQSQNTIKEIA

  L  C    ● ● G●TD○ G    ○● L○  RA ●V  ●L●  G●    ●   G●G   P●●○N T ○GR● NRR●E● ●
DKLKACPDARVTINGYTDNTGSEGINIPLSAQRAKIVADYLVARGVAGDHIATVGLGSVNPIASNATPEGRAKNRRVEIVVN---
DKLRACPDAKVTVNGYTDNSGSEGLNIPLSAQRAQTVADFLVAHGVATDHITAKGLGSANPIASNDTAEGRIKNRRVEIVVS---
DKLRACPDAKVTVNGYTDNSGSEGLNIPLSAQRAQTVADFLVAHGVPTDHITAKGLGSANPIASNDTAEGRIKNRRVEIVVS---
AKLKACPDARVTVNGYSDNGGGEGINFPLSVQRATTVADFLAAQGVARDHITARGYGSANPIASNDTPEGRAKNRRVEIVVS---
ALLRTCGTARVELAGHTDNLGDPSTSLPLSQRRADAVKATLVRLGVPAGRIISRGYGEFEPVASNRTSAGRIANRRVEIRVP---
AALRAGR-VVVLVGGHADASGSATLNQALSLDRAQVIADYLTDRGVRPDLIRVAGFGSRWPVADNATPRGRAANRRVEIVPWPDS
RALLPGD-LTVIVGGHTDSTGPRALNQALSIDRARVAREYLVMRGVPAERIRAAGFGPDQPIADNASTSGRAANRRVDVTPVAD-
AALRAGT-APALVAGHTDSTGPASLNEALSLGRAQAAVGYLVSQGVPAGRLRAVGYGASRPAADNATPAGRAANRRVEIVTDAS-
AVLRGGD-LAVLVGGYTDTSGPSALNQALSLNRAQAAADYLTSRGVPADLVRAAGFGSREPVAGNGTPQGRAANRRIEIIPLPSR
PALKRAPEAIIEIGGHTDSYGDPEYNLQLSRTRAEAVRQYLVEHQVP-NRLTAVGYGSTRPLSQDRTRAASKKNRRIEFRVKEER
TTIGHCPEATIEISGHTDSTGNEPFNLALSERRAKAVFDYLVAAGIPADKLSATGYGSSRPVASNDTEEGRAKNRRIEFTVK---
ETALRCPTATIEIAGHTDSDGDASFNQTLSERRAQAVVDYLVKAGMPADRFKPMGYGSVQPIAANDTDEGKAKNRRIDFTVRQ--
ETALRCPTTNIDVAGHTDADGEDAFNQALSEKRAQAVIDYLVKAGLPASRFTAIGYGSTQPVAGNDTDDGKAQNRRIEFLVR---
EVVLRCSTSQIEITGHTDSNGDAESNLALSNRRAQSVADYLIKAGVPSERITAIGFGSGRPIAPNDTEEGKAQNRRIEFLVK---
ETAMRCPNAKIEVAGHTDSDGDPAFNQSLSEKRAREVVDYMVRAGLSPERLQAFGYGSKIPVAGNDTDAGKAKNRRIDFVVR---
EAVLRCPTSQIEIEGHTDSNGEKEANLALSMRRAQAVADYFIKAGVPKERISAVGFGSERPVASNDTEEGKAQNRRIEFVVR---
AALAKLQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKGIAPQQMTTTGVGPDQPIAPNDTAEGRARNRRIEFRVGQ--
AALAKMQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKGIQPQQMTTTGVGPDQPIAPNDTADGRARNRRIEFRVGQ--
AALAKMQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKSILPQQMTTTGVGPDQPIAPNDTADGRARNRRIEFRVGQ--
AALAKMQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKSIPPQQMTTTGVGPDQPIAPNDTADGRARNRRIEFRVGQ--
AALSKLQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKGIPPQQMTTTGVGPDQPIAPNDMAEGRARNRRIEFRVGQ--
AALSKLQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKSIPPQQMTTTGVGPDQPIAPNDTAEGRARNRRIEFRVGQ--
AAMSRMANRSVAIIGHTDNSGNRASNIALSQARADAVKGYLVAKGIPSQQLSTTGVGPDQPIASNDTAEGRARNRRIEFRAGQ--
AAMLKMATKTVAIIGHTDNSGNRTSNIALSQARADAVKGYLVAKGIPPQQMSTTGVGPDQPIASNDTADGRARNRRIEFRAGS--
AAMVKMTTKTVAIIGHTDNSGNRTSNIALSQARADAVKGYLVAKGIPPQQLSTTGVGPDQPIASNDTTDGRARNRRIEFRAGS--
GALAKMPNRTVEIIGHTDNSGNRASNIALSQSRADAVKGYLVTKGIASQQLTTTGVGPDQPIASNDSADGRARNRRIEFRAGQ--
GALAKMSNRTVEIIGHTDNSGNRTSNIALSQARADAVKGYLVTKGIASQQLTTTGVGPDQPIAPNDSADGRARNRRIEFRAGQ--
GALAKMSSRTVEIIGHTDNSGNRASNIALSQARADAVKGYLVAKGIASQQLTTTGVGPDQPIASNDTNDGRARNRRIEFRAGQ--
GALAKMSSRTVEIIGHTDNSGNRTSNIALSQARADAVKGYLVTKGIASQQLTTTGVGPDQPIAPNDSADGRARNRRIEFRAGQ--
AVLPRLSGRKIEIVGHTDNSGSRALNLTLSQARAETVKNYLIGKGGEPGMLTAVGVGPDQPVAPNDKEEGRAKNRRIEFRAGQ--
AVLPRLNGRKIEIVGHTDNSGSRAMNLNLSQARAETVKNYLISKGAEPGTLTAIGVGPDQPVAPNATDEGRSRNRRIEFRASQ--
AAIKQIGTPKVQVIGHTDSSGSRQANIALSLSRANSVRSYLIEKGLPADGLTAVGSGPDQPVGSNDSSEGRAKNRRIEFKLAGQ-
ATMLQLKGRRVEIIGNTDNEGLRASNISLSLARADAVKAYLSTKGVDDSLLTTSGQGPDRPVASNATSEGRARNRRIEFRIAK--
VALHKVGGKKVKIIGHTDSSGDGNKNFLLSQERAMAVCNYLIAKNIKAENLSTEGMGSSKPVADNTTAEGRKKNRRIEFEVL---
VALNKVGGKKVKIVGHTDSSGDATKNLKLSQDRALAVKNYLISKNIPADHLSTEGLGSSKPVADNTSAEGRKKNRRIEFTVL---
EKMSQMKDARFLIIGHTDNVGQRESNLALSQARAQAVKDYIVQKGIDGARMNVQGKGPDQPVADNASPDGRARNRRIQFKIQ---
AKMAQMPDSRFLIIGHTDNVGQRESNLTLSHARALAVKNYMMSKGIPGSHMDVLGKGPDEPVADNTSNDGRARNRRIEFKIQ---
DFLNNYSSYSAKIIGYTDSKGSANYNQKLSEKRANAIKSMLLEKGVPADRLSSVGMGESNPVADNSTKEGRAQNRRIEAELTKK-
KILNENPNFKVEVAGHTDSRGEAALNKQISQDRANSVKNILVNSGVNETRIKAIGYGEEFPIAKDDENGLSEINRRVEFIIGE--
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Figure S1C. Amino acid sequence alignment for Rv0899 family proteins.
Alignment is shown for (A) the transmembrane region (TM), (B) the central BON-containing domain, and (C) 
the C-terminal OmpA-like domain. Fully conserved residues (single letter), conserved hydrophobic residues 
(�), and conserved polar residues (�), are marked above the sequences. Secondary structure is derived from 
the structure of M. tuberculosis Rv0899 (PDB ID: 2KSM, 2LBT). Conserved regions include two BON 
domains (pfam04972) and one OmpA-like domain (pfam00691). Alignments were rendered with ClustalX 
coloring using Jalview 14. Sequences are grouped by organism class: (A) actinobacteria; (N) nitrospira; (α) 
α-proteobacteria; (β) β-proteobacteria; (γ) γ-proteobacteria; (ε) ε-proteobacteria.



Supporting data S1. Alignments of Rv0899-like proteins in FASTA format. 
>Rv0899|NP_215414|/1-326 [Mycobacterium tuberculosis H37Rv] 
M-ASKAGLGQTPATTDARRTQKFYRGSPGRPWLIGAVVIPLLIAAIGYGAFERP------------------ 
---------------------QSVTGPTGVLPTLTPTSTRG-ASALSLS----------------------L 
LSISRSG------NTVTLIGDFPDEAAKAALMTALNGL-LAPGVNVID--QIHVDPVVRSLDFSS-AEPVFT 
ASV-PIPDFG-LKVERD----------------------------------------------------TVT 
LTGTAPSSEHKDAVKRAATSTW----PDMKIVNNIEV----------------------------------- 
--------------------------------TGQAPP-GPPASGPCA--DLQSAINAVT-GGPIAFGNDGA 
SLIPADYEILNRVADKLKACPDARVTINGYTDNTGSEGINIPLSAQRAKIVADYLVARGVAGDHIATVGLGS 
VNPIASNATPEGRAKNRRVEIVVN--- 
>MUL_0252|YP_904461|/1-332[Mycobacterium ulcerans Agy99] 
M-GTDAGLDEAPAPTEAPKEPKFERRPLGVSWLIGVVVIPLLLAALGYGAYQRP------------------ 
---------------------TSVNGPTGELPTVTASSAKPDRPELSLS----------------------L 
LSVSRSG------NTLTLIGDFPNGDAKAALMTSLKGL-LSQNVTVVD--QIQIDPKVRALDFSN-AEPVFS 
ASG-PIPDFT-LKVERD----------------------------------------------------TIT 
LTGTAASPDQKDAVRSAATSVW----PDVNVENQIEV----------------------------------- 
--------------------------KGQPA--GSTPPTGPAATGACA--DLQAAVTALT-GGAIAFGNDGV 
SLTPDSNKVLTQVVDKLRACPDAKVTVNGYTDNSGSEGLNIPLSAQRAQTVADFLVAHGVATDHITAKGLGS 
ANPIASNDTAEGRIKNRRVEIVVS--- 
>MMAR_4637|YP_001852895|/1-332 [Mycobacterium marinum M] 
M-GTDAGLDEAPAPTEAPKEPKFERRPLGVSWLIGVVVIPLLLAALGYGAYQRP------------------ 
---------------------TSVDGPTGELPTVTASSAKPDRPELSLS----------------------L 
LSVSRSG------NTLTLIGDFPNEDAKAALMTSLKGL-LSQNVTVVD--QIQIDPKVRALDFSN-AEPVFS 
ASG-PIPDFT-LKVERD----------------------------------------------------TIT 
LTGTAASPDQKDAVGSAATSVW----SDVNVENQIEV----------------------------------- 
--------------------------KGQPA--GSTPPTGPAATGACA--DLQAAVTALT-GGAIAFGNDGV 
SLTPDSNKVLTQVVDKLRACPDAKVTVNGYTDNSGSEGLNIPLSAQRAQTVADFLVAHGVPTDHITAKGLGS 
ANPIASNDTAEGRIKNRRVEIVVS--- 
>MkanA1_010100023014|ZP_04750863|/1-332 [Mycobacterium kansasii ATCC 12478] 
MAGTQPVSDTAPAPAHA---RRFRRHPLGVAWLIALAVIPLLMAAIGYGAFGRP------------------ 
---------------------TSVTAPTGDLPTLTTISSTPNASDVSWS----------------------L 
LSISRSG------NTITLIGDFPDDNAKAALLAALRNV-LTPGVTVID--QIRIDPLVRALDFAN-AEPVFT 
AGA-AIPDFS-LKVERN----------------------------------------------------TVT 
LSGTAASPDQKDAVERAAKTSW----PGVKIVNNIEV----------------------------------- 
--------------------------KGPAPTPGASPPPGSGAAGPCA--DLPAVINALT-GGAIAFKNDGV 
SLTPADNQILSQVAAKLKACPDARVTVNGYSDNGGGEGINFPLSVQRATTVADFLAAQGVARDHITARGYGS 
ANPIASNDTPEGRAKNRRVEIVVS--- 
>Kfla_4948|YP_003382763|/1-327 [Kribbella flavida DSM 17836] 
-------------------MPGSARRP-GRLWLLALVVVPLVLAALLVAVKGEG------------------ 
LRSATADDGGAETA-------QPSPSATASSRSTAAPTPTGLPSTPPASEPAVAP----------------F 
AVVRTDG-------GLSVTAVVQSQAARDTITSEAQAL-LEAGETFAD--HLSVDPSVGPLNPAA-LVGVLR 
TVATATTGTT-VSFDGT----------------------------------------------------SVT 
LTGAVADQATKATAARAAAKAA----PGAVVANQLRV----------------------------------- 
-----------------------------------PSAEKPPLSEACQTFESRLA-QLTS-QHKIIFLSGTA 
IVNEKSRGSVVRVAALLRTCGTARVELAGHTDNLGDPSTSLPLSQRRADAVKATLVRLGVPAGRIISRGYGE 
FEPVASNRTSAGRIANRRVEIRVP--- 
>Francci3_1913|YP_481018|/1-363 [Frankia sp. CcI3] 
---------------MSLSTTVRLQRPRPVAFAIALVLAWLLLALVAFALRRGPIEDDLAARATAAVRSTGG 
VHAQVHVEGREAVVTGRFPSAAAAEQARASAAVAGTTSARLGDDVVIATEPARPL----------------V 
LAVAGRG--------LSITATVPDRASRAALLAAVADA-SGG--SVTG--EVRVDPAVAEPPVEV-VAAVAA 
ALR-GFPGSHSVTVSGT----------------------------------------------------TVA 
VAGSAPDEATRRRLGAQVLAAAGTTVPDATLDNRLVVPREKPAAAAAKSTSDAG------------------ 
--------------------------------------------------ALAALRAALD-ARNVTFPVGAA 
TLSPPARLWLDRVAAALRAGR-VVVLVGGHADASGSATLNQALSLDRAQVIADYLTDRGVRPDLIRVAGFGS 
RWPVADNATPRGRAANRRVEIVPWPDS 
>Franean1_2246|YP_001506587|/1-407 [Frankia sp. EAN1pec] 
---------------MSSPAVAFPRRPRLVAFAVSLIIAWLLLGLGALWLRRGPIENDLTGRAADAVRAAGA 
TQVRVSAEGREIVLHGRFDSAEDARRARAAAAVSGSSSVRLAADAVIASEPAQPL----------------V 
VGVERAG---RAPGGVVLSATVPDSATRAALLGAAADA-AGG--VVSA--TVTVDPRVATPAVEA-FGDVAK 
ALG-TGPGVRSVTIDGS----------------------------------------------------SVV 
LWGSAPDDAARASIGAAVLAAARQSIPGASLENRLAVGSGATVTLDPATGEIVRPAAPAPATAPRSAPTPAP 
ATAPAPGTTGGAGRAAAGSADS----------------------------TRAALRAALD-GTALTFPVGDT 
VLGASTRSGLDKVARALLPGD-LTVIVGGHTDSTGPRALNQALSIDRARVAREYLVMRGVPAERIRAAGFGP 
DQPIADNASTSGRAANRRVDVTPVAD- 



>FraEuI1c_4798|YP_004018658|/1-371 [Frankia sp. EuI1c] 
---------------MVLSAVTQLKRPRPVAFAVSLLLTWLVLALLAVGLRRGPIEKDLSQRANEAVRQSGA 
SQVVVTVAGTAATLHGDFASVAAADAALRAARVDGVSSARLGSDALVATRPAQP-----------------V 
VLTVEQG-------RLTVRATVPDRTRRTALLDAVVDA-TGG--QLTS--DIAVDPRAAQPAVPA-LAGLVT 
ALT-RAPGTHTLTLDGG----------------------------------------------------HLV 
LTGTVANESGRTSLGAAVLTAGRVGGTRIDLDNRLVVATAAAPGPRSPDAGAAGTGGAQGPGG--------- 
--------------------------------------------------DAAALAAAAS-GHPVTFASDSA 
VLSDRDRAALDLVAAALRAGT-APALVAGHTDSTGPASLNEALSLGRAQAAVGYLVSQGVPAGRLRAVGYGA 
SRPAADNATPAGRAANRRVEIVTDAS- 
>FRAAL4505|YP_714692|/1-384 [Frankia alni ACN14a] 
---------------MSPSLAARLHRPRPVAFVVSLVLAWLLLALIAFALRRGPIQDDLGARATAAVRAAGG 
VHAQVRIEGREAIVTGRFPNAAAAEQARASAAVSGTTSARLGDDVLIATQPPRPL----------------V 
LAVAGRG--------LSVTATVPDEASRAALLAAVADA-AGG--TVHG--QVLVDPAVAEPPVEA-VSALAV 
ALHAVA-GEHSATVSGS----------------------------------------------------TVA 
LTGGAPDEAARRRLGAAALAATAAVVPGATLADHLVVARAAGPAAAGPAAAGSAAAGSGAAVTPDRVAAARR 
QSG-----------------------------------------------SLAALRAALD-GPAVTFPVSGA 
RLSPSAQARLDSVAAVLRGGD-LAVLVGGYTDTSGPSALNQALSLNRAQAAADYLTSRGVPADLVRAAGFGS 
REPVAGNGTPQGRAANRRIEIIPLPSR 
>NIDE2575|YP_003798208|/1-301 [Candidatus Nitrospira defluvii] 
-------------------------MSRGIIFGVGLFALTLLAFLCIPRHL--------------------- 
-PVTSSATGHP------------------------------------------------------------A 
FSAHLEN------GQLTLSGAVASEEAKAAAVARAQDLAKSLRLRVTD--NLEVIEDGQAAGWEAALPALLT 
QVVTLQHHPATVSLSGQ----------------------------------------------------TVT 
VKGTVAGTDLKHKLLHEVASLL---GTSVHVQDQVTVASAGSTSPANLSPAGQPSPAPHASRAQ-------- 
--------------------------------------------------VQAGLDEILR-GEHIAFESNSA 
VLTSKGRAVVDKLVPALKRAPEAIIEIGGHTDSYGDPEYNLQLSRTRAEAVRQYLVEHQVP-NRLTAVGYGS 
TRPLSQDRTRAASKKNRRIEFRVKEER 
>Bind_1196|YP_001832327|/1-459 [Beijerinckia indica subsp. indica ATCC 9039] 
----------------------MSQPEKWWWGLLPLVLLWILVNLFMDGTV--ESDLATRSKAALG-TFVQN 
PAVSVSGRDATLAGSVFSPADAQTAVDHVGGTWGVRRVISELAASPVVKPY--------------------D 
WHISQDG------KRVTLSGHVPDTTVQMNLLAAVRAAFPQS--QIND--QTIYAAGAPEGFEKG-ALFVIS 
QLAPLA-GGN-ASLTDSGFSIAGKAPTDAVYDAALKAIHA-PPKGLTLVKADIVAPLQYTFSATRLDG-KLT 
LTGDVPSEDVHKQILAEAKRLF----FNEEIVDRLTVLGNAPQNFGSVILAGINALSRLADGVFTVTNTDVK 
LSGGALYERAVAAIRTNLADQLPAGYQTDTSAITVHPEDKAVDSKSC---QA-ELDGLLG-KATILFETNGA 
TISKSSEGLLDRIVTTIGHCPEATIEISGHTDSTGNEPFNLALSERRAKAVFDYLVAAGIPADKLSATGYGS 
SRPVASNDTEEGRAKNRRIEFTVK--- 
>Nham_0631|YP_575979|/1-463 [Nitrobacter hamburgensis X14] 
------------------MRGFFRWSSKWWPGLIPLAILWAVAAWTTTGPL--EADLSAHAAAALKDSVLDK 
TAISAAGRDITFSAEAFSEQERSNAVASVEAVPGVRLVDDRTALVAEAKPF--------------------V 
WTVEREV------GKVTLSGSAPLPVVRNKLLDAARTTFAGI--DIAD--RMNLSRGAPPRFETA-AALLIG 
EIGK-LKTGK-ATISDGTVN-LSGMARELGGREAIAAALKNLPEGYSVANDIHAPPYIFEANKDPVAA-TLT 
LTGYVPDNAVHAAIAASAGRKF-----GEKVVDKLKASLGAPAGFDAVVTRALGSLSRLSTGRLVVSDRDVD 
LSGDALYDAAGRQIRADLPKDLPRGWQAKMEVSVK-PAAAPVDAAVC---QQ-LFADLLG-KRTIQFETGRA 
TLDPDSIGLLDRLTETALRCPTATIEIAGHTDSDGDASFNQTLSERRAQAVVDYLVKAGMPADRFKPMGYGS 
VQPIAANDTDEGKAKNRRIDFTVRQ-- 
>blr1084|NP_767724|/1-464 [Bradyrhizobium japonicum USDA 110] 
------------------MQKLFRWASKWWPGLIPLAVMWGFAAWNNTLPV--EADLSARSSAALKETVLDK 
TRIAVDGRDVSLAADAFSEEGRRDAVMAVEIVPGVRLVDDRTRLVAEAKPF--------------------V 
WNAERDV------VRVTLSGSAPLPSIKARLTEAARKEVGGV--EVAD--QMGLARGAPPRFEAA-AMLLLD 
QIGK-LKDGK-ITISDTKINLSGM-ARDLGGREAIAAALKNLPEGFLIAANDIKAPPYIFQAYKDPVAATVT 
LTGYVPDNNVHAAIATSASRKF----FNEKVVDNLKASLGAPGAFNPAVVAALGALSRLSTGTLVVSDREVK 
LSGDALYEGAGNDIRAGLGKDFPKNWQYKPEITVK-PAAGPVDGTVC---QQ-LFSELLN-KGKIRFATKRA 
DIDPDSAGILDHLIETALRCPTTNIDVAGHTDADGEDAFNQALSEKRAQAVIDYLVKAGLPASRFTAIGYGS 
TQPVAGNDTDDGKAQNRRIEFLVR--- 
>OCAR_4642|YP_002287650|/1-464 [Oligotropha carboxidovorans OM5] 
------------------MSAFSDWVRRWWPGVIPLAVLWVAAAWTGTGPV--EQQLTARTGAVLKESVLDK 
TQIEVSGRDVRLSADAFSEQGRRAAVDQVASVPGVRLVRDETQLIAEVFPF--------------------N 
WSVERDV------VHVTLSGNAPLPAIKARLLEAARNAANGA--EVVD--QMALARGAPVRFDAA-ALLLID 
QVSK-LKEGR-LSLAGTKVELTGL-AREIGGREAISAALKNLPEGYTVEKNDLRAPPYLFQINKDPVASTLV 
LSGYVPDNNAHAAIVNAITRKF----VGEKVEDKLKASAGAPQGFMAAAMLALKGLSRLSTGTLTIQDRNIK 
LTGDALYPAASEQIGEELASKLPQGWKQQAELSVK-PIAAPVNATIC---QQ-LLGGLLG-KGTIRFETGKA 
VIDPDSVGLLDRLVEVVLRCSTSQIEITGHTDSNGDAESNLALSNRRAQSVADYLIKAGVPSERITAIGFGS 
GRPIAPNDTEEGKAQNRRIEFLVK--- 
>RPA4784|NP_950118|/1-464 [Rhodopseudomonas palustris CGA009] 
------------------MRGLYSSSGKWWPGAIPLVILWAIAAWTTMPAV--EADLGARATAVLKDTVLDK 



TKITAAGRDITLTAEAFSEEGRRAAVSAVEAVPGLRLVNDRTKLVPEASPY--------------------V 
WSIERDV------VRVTLTGSAPLPASRTRLADGARAAVNGT--EVVD--RMALARGAPQRFDAA-AMLLID 
QIAK-LKQGK-ITLTGTQVALKGM-AKDLGGRESIAAALRTLPDGYTVGENDIEAPPYVFRAYKDPVAGQVT 
LDGYVPDNNVHAALAAATGRKF----FNEKVVDNLKASVGAPKGFLEAATPALGALSRLSTGTLVLSDREVH 
LSGDALYEVAANQIRGGLNKELPQGWTVKADLSVK-PAAAPVDASVC---QQ-LFNGLLA-KATIQFESASA 
SIDKDSAALLDRLIETAMRCPNAKIEVAGHTDSDGDPAFNQSLSEKRAREVVDYMVRAGLSPERLQAFGYGS 
KIPVAGNDTDAGKAKNRRIDFVVR--- 
>AfiDRAFT_2335|ZP_07027206|/1-464 [Afipia sp. 1NLS2] 
------------------MSEFSNWVRKWWPGLIPLVALWVAAIWTGTVPI--EQHLTAQAAAALKESVLDK 
TQIEVSGRDVRLSADAFSEQGRRTAVDQVASVPGVRLVTDQTQLIAEVTPF--------------------V 
WSVERDV------VHVTLSGNAPLPAIKARLLEAARNAANGA--EVVD--QMALARGAPVRFDAA-ALLLID 
QISK-LKEGK-ISLANTKVTLEGS-ARELGGREAIAAALKNLPEGYTVEKNALYAPPYLFQVNKDPVATTLA 
LSGYVPDNNAHAAIVSAIERKF----VGVKIEDKLKASAGAPQGFLAATMTALSALSRLSTGTLTIQDRNVT 
LSGDALYPGANARISEELAAKLPQGWKQKAELTVK-PVAAPVNATIC---QQ-LLTGLLA-KGTIQFETGKA 
VIDPDSAGLLDRLIEAVLRCPTSQIEIEGHTDSNGEKEANLALSMRRAQAVADYFIKAGVPKERISAVGFGS 
ERPVASNDTEEGKAQNRRIEFVVR--- 
>BMULJ_00324|YP_001944835|/1-316 [Burkholderia multivorans ATCC 17616] 
----------------MQRTNHALRARRCAVVAALVAAGFVASGAAYAQNA--------------------- 
GGATVTPVGNG--TVAASALP----ANAGAGSASAAASATLVRGT--------------------------A 
GTLA-PPPANAAPGQVVVGGKVPDEATKAAVLQKLRDT-YGAA-NVVD--QIEVGDVATPPNWSANVQKLLG 
TQLKQISKGQ-LKINGT----------------------------------------------------QIE 
MKGEVHNEAQRQQIASDMANTL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGKQILDQMAAALAKLQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKGIAPQQMTTTGVGP 
DQPIAPNDTAEGRARNRRIEFRVGQ-- 
>Bcep1808_0469|YP_001118316|/1-319 [Burkholderia vietnamiensis G4] 
-----------------MQRTIRARRARLLPFFAALAAAGLVAGSAYAQNT--------------------- 
GGATVTPVGNG--TVATTALPSTPNASAAPGAAPGTASGTVVHGT--------------------------A 
GTIT-PPPANATPGQVVAGGKVPDEATKAAVLQKLRDT-YGAA-NVVD--QIEVGDVATPPNWSTNVQKLLG 
AQLKQISKGQ-LKINGT----------------------------------------------------QIE 
VKGEVHNEAQRQQLASDMANSL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGVLDQTLA-NRTIEFETGSA 
TLTPQGKQILDQMAAALAKMQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKGIQPQQMTTTGVGP 
DQPIAPNDTADGRARNRRIEFRVGQ-- 
>Bcep18194_A3573|YP_367818|/1-320 [Burkholderia sp. 383] 
-----------------MHRTIHVRRARFSVAFSPAVAALLAAGLFASGAA-----------------FAQN 
TGATVTPVGNG--TVATTALS------ANTGAAPGTASGAVVHGTAGT-----------------------A 
NTLT-PPPATATPGQVVVGGKVPDEATKAAVLQKLRDT-YGAT-NVVD--QIEVGDVATPPNWSANVQKLLG 
AQLKQISKGQ-LKINGT----------------------------------------------------QIE 
MKGEVHNEAQRQQLASDMANTL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGVLDQTLA-NRTIEFETGSA 
TLTPQGRLILDQMAAALAKMQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKSILPQQMTTTGVGP 
DQPIAPNDTADGRARNRRIEFRVGQ-- 
>BCAL0349|YP_002229515|/1-316 [Burkholderia cenocepacia J2315] 
-----------------MHRTIQVRRARLSAAVSPALAALFAAGLVASGAA-----------------FAQN 
TGATVTPVGNG--TVATTALP------QANPNAGG-ASGTVVHGT--------------------------A 
GTLT-PPPANAAPGQVVVGGKVPDEATKAAVLQKLRDT-YGAT-NVVD--QIEVGDVATPPNWSANVQKLLG 
AQLKQISKGQ-LKINGT----------------------------------------------------QIE 
MKGEVHNEAQRQQLASDMANTL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGVLDQTLA-NRTIEFETGSA 
TLTPQGKLILDQMAAALAKMQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKSIPPQQMTTTGVGP 
DQPIAPNDTADGRARNRRIEFRVGQ-- 
>BDAG_02659|ZP_04946714|/1-317 [Burkholderia dolosa AUO158] 
-----------------MRRTIHVRRMRLSRLSSFVAVLLAAGLVGNSAAY-----------------AQNT 
GGATVTPVGNG--TVATAALP------APNAGAPGTASGTVVRGT--------------------------A 
GTIT-PPPANAVPGQVVVGGKVPDEATKAAVLQKLRDT-YGAA-NVVD--QIEVGDVATPPNWSANVQKLLG 
AQLKQISKGQ-LKINGT----------------------------------------------------QIE 
MKGEVHNEAQRQQIASDMANTL---NPTYTIKNALRVSAS-------------------------------- 
--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGRQILDQMAAALSKLQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKGIPPQQMTTTGVGP 
DQPIAPNDMAEGRARNRRIEFRVGQ-- 
>BamMC406_0418|YP_001807131|/1-316 [Burkholderia ambifaria MC40-6] 
-----------------MQRTIHIRRARFSRFVAALVAAGLVGSGAAYAQN--------------------T 
GGATVTPVGNG--TVATAALP----ANSNPAAAPAAGAGTVVHGT--------------------------A 
GTIA-PPPANATPGQVVAGGKVPDEATKAAVLQKLRDT-YGAA-NVVD--QIEVGDVATPPNWSANVQKLLG 



AQLKQISKGQ-LKINGT----------------------------------------------------QIE 
VKGEVHNEAQRQQLASDMANTL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGRQILDQMAAALSKLQNRTVDIIGHTDNSGNRTSNIALSQARADAVKGYLITKSIPPQQMTTTGVGP 
DQPIAPNDTAEGRARNRRIEFRVGQ-- 
>bglu_1g03970|YP_002910300|/1-355 [Burkholderia glumae BGR1] 
----------------MTTSVLPPRRRQLAAALAAGAALCAGGLALLAAPAGA--------------FADNA 
GPATVTRVDPSGAAVRSTALPPSG-APAQGPSGGLSAPPQAEGGTSQNGTVLTGTNVAGGTGAGPVTGAGTG 
ATVSVPPQASATPGQVVVGGKVPDEATKAAVLQKLRDT-YGAG-NVVD--QIEVGDVATPPNWSSNVQKLIG 
PQLKQISKGQ-LRIDGT----------------------------------------------------SID 
VKGEVRNEALRQQVASDMANQL---NPTYTIRNALRVSAS-------------------------------- 
--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGRAILDQMAAAMSRMANRSVAIIGHTDNSGNRASNIALSQARADAVKGYLVAKGIPSQQLSTTGVGP 
DQPIASNDTAEGRARNRRIEFRAGQ-- 
>BgramDRAFT_6351|ZP_02887541|/1-322 [Burkholderia graminis C4D1M] 
-----------------------MTYSRTAIGALLASLLVSGLFSTLAHADN-------------------D 
GPARVTPVDNSGISIRTTALPSP-SSTTAGSAGPAVNTAGLASGTTGAGTG--------------------A 
VTAS-PPPANAAPGQVVVGGKVPDEATKAAVLARLRDT-YGSA-NVVD--QIEVADVATPPNWSANVQKLIG 
PQLKQISKGQ-LKIDGT----------------------------------------------------QID 
VKGEVRNESQRQQLASDMANAL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGRAILDQMAAAMLKMATKTVAIIGHTDNSGNRTSNIALSQARADAVKGYLVAKGIPPQQMSTTGVGP 
DQPIASNDTADGRARNRRIEFRAGS-- 
>Bphyt_4921|YP_001888655|/1-320 [Burkholderia phytofirmans PsJN] 
-------------------MLNHTSTARMTVLLAGLLLGAFAHADNDGPAR--------------------- 
----VTPVDNSGVSIHTTVLPPA-ASASVGNAGPAVNTAGLASGTTGAGTG--------------------A 
ITAA-PPPANATPGQVVVGGKVPDEATKAAVLARLRDT-YGAA-NVVD--QIEVADVATPPNWSANVQKLIG 
PQLKQISKGQ-LKIDGT----------------------------------------------------QID 
VKGEVHNESQRQQLASDMANAL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGRAILDQMAAAMVKMTTKTVAIIGHTDNSGNRTSNIALSQARADAVKGYLVAKGIPPQQLSTTGVGP 
DQPIASNDTTDGRARNRRIEFRAGS-- 
>BthaT_010100033018|ZP_02375888|/1-324 [Burkholderia thailandensis TXDOH] 
---------------MTKPRLPSRRASRFALTLAALALGGALGGAARADN---------------------V 
GPATVTPIDAGGVSVKSTPLAAPGAVAPGAAANGTGTGTGTGTGTG-------------------------A 
IVSS-PPPANAAPGQVVAGGKVADEATKAAVLQRLRDT-YGAA-NVVD--QIEVGNVATPPNWSANVQKLIG 
PQLKQISKGQ-LKIDGT----------------------------------------------------QID 
VKGEVHNEAQRQQLASDMANAL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGRTILDQMAGALAKMPNRTVEIIGHTDNSGNRASNIALSQSRADAVKGYLVTKGIASQQLTTTGVGP 
DQPIASNDSADGRARNRRIEFRAGQ-- 
>BPSL3099|YP_109694|/1-310 [Burkholderia pseudomallei K96243] 
---------------MTKP--------RLPLLRARRFALAFAALALGGAARAD-----------------NV 
GPATVTAIDAGGVPVKSVPLAAPVTAAPVAATAGA------------------------------------G 
ATVSSPPPANATPGQVVAGGKVADEATKAAVLQRLRDT-YGAA-NVVD--QIEIGNVATPPNWSANVQKLIG 
PQLKQISKGQ-LKIDGT----------------------------------------------------QID 
VKGEVHNEAQRQQLASDMANAL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGRAILDQMAGALAKMSNRTVEIIGHTDNSGNRTSNIALSQARADAVKGYLVTKGIASQQLTTTGVGP 
DQPIAPNDSADGRARNRRIEFRAGQ-- 
>BoklC_010100016479|ZP_02364314|/1-308 [Burkholderia oklahomensis C6786] 
---------------MTKP--LRSSRFRLTLAALALGGTLHGVALADNV----------------------- 
GPATVTPIDAGGVPVKSTPLAAP---APAAASGAGG-----------------------------------G 
ATVSSPPPANATPGQVVAGGKVADEATKAAVLQRLRDT-YGAA-NVVD--QIEVGDVATPPNWSANVQKLIG 
PQLKQISKGQ-LKIDGT----------------------------------------------------QID 
VKGEVHNEAQRQQLASDMANAL---NPTYTIKNGLRVSAS-------------------------------- 
--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGRAILDQMAGALAKMSSRTVEIIGHTDNSGNRASNIALSQARADAVKGYLVAKGIASQQLTTTGVGP 
DQPIASNDTNDGRARNRRIEFRAGQ-- 
>BMA2828|YP_104341|/1-310 [Burkholderia mallei ATCC 23344] 
---------------MTKP--------RLPLLRACRFALALAALALGGAARAD-----------------NV 
GPATVTPIDAGGVPVKSVPLAAPVTAAPVAATAGA------------------------------------G 
ATVSSPPPANATPGQVVAGGKVADEATKAAVLQRLRDT-YGAA-NVVD--QIEIGNVATPPNWSANVQKLIG 
PQLKQISKGQ-LKIDGT----------------------------------------------------QID 
VKGEVHNEAQRQQLASDMANAL---NPTYTIKNGLRVSAS-------------------------------- 



--------------------------------------------------EQGLLDQTLA-NRTIEFETGSA 
TLTPQGRAILDQMAGALAKMSSRTVEIIGHTDNSGNRTSNIALSQARADAVKGYLVTKGIASQQLTTTGVGP 
DQPIAPNDSADGRARNRRIEFRAGQ-- 
>RALTA_B1027|YP_002007692|/1-272 [Cupriavidus taiwanensis] 
-----------------------MVGTRTPALAAGLLAALVMLPGHAAPGDP-------------------- 
-GTTATP----------------------------------------------------------------A 
ASAAAPS------GRVVAGGAVPDEATKASVLARLREL-YGSA-NVVD--QIEVGNVVSPPNWSGNVQKILS 
PQIKQVSRGQ-LSIDGT----------------------------------------------------QVS 
VHGDVRNEAQRQQIASDMATGL---GQSYTVKNGLRVPAS-------------------------------- 
--------------------------------------------------EQNLLDQTLA-NRIIEFETGAA 
TLTPKGRAILDEMAAVLPRLSGRKIEIVGHTDNSGSRALNLTLSQARAETVKNYLIGKGGEPGMLTAVGVGP 
DQPVAPNDKEEGRAKNRRIEFRAGQ-- 
>RS01947|NP_522322|/1-277 [Ralstonia solanacearum GMI1000] 
---------------------MGLDAIRYGFRPATVLAAALAAACLGTL----------------------- 
-PAHAAPGDPAP-----------------------------------------------------------A 
SATSPVP------GPVVAGGMVPDEATKASVLARLREL-YGSA-NVVD--QIEVGNVVSPPNWTGNVQKILS 
PQIKQVSRGQ-LNIDGT----------------------------------------------------QVA 
VHGDVQNEAQRQQLASDMATTL---GASYTIKNGLRVAAVS------------------------------- 
--------------------------------------------------EQSLLDQTLA-NRIIEFETGSA 
TLTPKGRGILDEMAAVLPRLNGRKIEIVGHTDNSGSRAMNLNLSQARAETVKNYLISKGAEPGTLTAIGVGP 
DQPVAPNATDEGRSRNRRIEFRASQ-- 
>Daro_2186|YP_285395|/1-261 [Dechloromonas aromatica RCB] 
------------------------MNMKTPLIVAALCLAFQGAAFAQ------------------------- 
-----------------------------------------------------------------------S 
KSPEEPGK-------VIASGTVPDEASRAAILGKLRDL-YGAG-NVVD--RMEVGGVVPPSNWTENMTKIIG 
PNLKQVHKGQ-MQVNGT----------------------------------------------------QIA 
IKGNVANEALRQQVVSNLATSL---NPTYTIDNGLVAAAGE------------------------------- 
--------------------------------------------------AQNVLDKTLS-NRVVEFEVGAA 
TLTPAGRVILDEMYAAIKQIGTPKVQVIGHTDSSGSRQANIALSLSRANSVRSYLIEKGLPADGLTAVGSGP 
DQPVGSNDSSEGRAKNRRIEFKLAGQ- 
>Hsero_4029|YP_003777408|/1-267 [Herbaspirillum seropedicae SmR1] 
--------------------------MKTNILSLFYRLALSAVCLSCTTSD--------------------- 
-----------------------------------------------------------------------A 
QNLA-PPVATPAPGQVLVTGTVPDEASKAAALTRLREL-YGHD-RVVD--QISVGPVVLPANWNNHVQKLIS 
PNLKAVRQGQ-LKIDGT----------------------------------------------------NVS 
ISGEVSHEAQRQQIASDMATSL---NSSYIINNGLRVSTS-------------------------------- 
--------------------------------------------------EQGVLDNTLA-NRVVSFESGRA 
TLTPEGKRILDEIAATMLQLKGRRVEIIGNTDNEGLRASNISLSLARADAVKAYLSTKGVDDSLLTTSGQGP 
DRPVASNATSEGRARNRRIEFRIAK-- 
>ACIRA0001_2398|ZP_05359661|/1-253 [Acinetobacter radioresistens SK82] 
----------------------MRSYKKLKYAVVCVIGLG-------------------------------- 
-----------------------------------------------------------------------G 
GSLVWAE-------PVVVEGVVPNEASKQAILMRMQSV-YGAN-QVIDKIQVR--PVAAPNGWSDSVARVIT 
PELKKVRQGQ-LRVRGT----------------------------------------------------QIE 
LNGKVSHLNDIQPTTANFQMLI---QQPYRFNAQLSVNQA-------------------------------- 
--------------------------------------------------EQKIIDDALK-NRIVEFESGSA 
VLTAAGRQILEEMAVALHKVGGKKVKIIGHTDSSGDGNKNFLLSQERAMAVCNYLIAKNIKAENLSTEGMGS 
SKPVADNTTAEGRKKNRRIEFEVL--- 
>ABAYE2406|YP_001714238|/1-255 [Acinetobacter baumannii AYE] 
------------------------MNQKYQIKLSQLIKGCFIYA---------------------------- 
-----------------------------------------------------------------------I 
ANYALAQ-------PIVVEGVVPNEASKQAILMKMQSV-YGAD-QVVDKIQVR--PVAAPNGWSDSVTRVIT 
PDLKKVSQGK-LSVNGT----------------------------------------------------RFE 
LTGKMLNPTEIQPTIQSFQSLV---QPPYQLFSQLSVNQA-------------------------------- 
--------------------------------------------------EQKIIDDALK-NRIIEFESGSA 
VLTEAGQKILDEMAVALNKVGGKKVKIVGHTDSSGDATKNLKLSQDRALAVKNYLISKNIPADHLSTEGLGS 
SKPVADNTSAEGRKKNRRIEFTVL--- 
>XOO3515|YP_202154.6|/1-270 [Xanthomonas oryzae pv. oryzae KACC10331] 
--------------------------MRHLSARTLALSGLITAFAASAQVAAPAATPAA------------- 
-----------------------------------------------------------------------T 
PATGGVGE-----RPVIVEGVVPDQATKVRILNNLRDT-YGSA-RIVDRVQVE--SIPSPPNWGEYVAKMVS 
PGLKRVAAGK-LEVNGQ----------------------------------------------------AVR 
ISGQVVNEAQRQQVASDLSLAS---NTSYTVTNSLKLGGS-------------------------------- 
--------------------------------------------------EQGVLDQTLG-NRIIEFQSGSS 
RLTPLGMRILDEMVEKMSQMKDARFLIIGHTDNVGQRESNLALSQARAQAVKDYIVQKGIDGARMNVQGKGP 



DQPVADNASPDGRARNRRIQFKIQ--- 
>SSKA14_3746|ZP_05136662|/1-250 [Stenotrophomonas sp. SKA14] 
--------------------------M--LPLLLVAAPLAAQNAPA-------------------------- 
-----------------------------------------------------------------------A 
AAGER---------PVVIEGVVPDQATKAKLLNNLRAV-YGAE-RVVDRIQVE--TIATPPNWGDYVSGMIN 
PGLKRVSPGK-LEVNGQ----------------------------------------------------AVR 
ITGEVGNEALRQQVASDLSLAS---NTSYTVTNALKVGS--------------------------------- 
--------------------------------------------------QQNVLDQTLA-NRIIEFQSGSA 
RLTPFGMSILDEMVAKMAQMPDSRFLIIGHTDNVGQRESNLTLSHARALAVKNYMMSKGIPGSHMDVLGKGP 
DEPVADNTSNDGRARNRRIEFKIQ--- 
>CBGD1_825|ZP_05070558|/1-407 [Campylobacterales bacterium GD 1] 
-------------------------MKKLLLIPALLLGNVAIATDYNFEITPLIGYNVAEGNIDLDNYATFG 
AEIQYNGLNSIIKPELSVLYSKAN-----------------------------------------------Y 
STNTLPSNADTDVWRVALNG--VYEYKKIGSVIPLAKAGIGY--ETMDGGSYTGQTGNADSVFLDTGVGAKI 
PFNDMIALKLEALYMLK-------------------------------------------YNDNRYDNNLAV 
LAGLNIAFGEKAQKAAPVKEEP----APVVAAVVVDGDDDKDGVLNSVDKCPATAAGKTVNDEGCFIDGDDD 
NDGVLNSVDACLTTAVGKTVDAKGCEIDGDDDKDGVLNSKDICPNTPIGDAVNSDGCPAKITLHVKFENNSD 
VVNTSSYDIIEKYADFLNNYSSYSAKIIGYTDSKGSANYNQKLSEKRANAIKSMLLEKGVPADRLSSVGMGE 
SNPVADNSTKEGRAQNRRIEAELTKK- 
>Abu_0025|YP_001488979|/1-316 [Arcobacter butzleri RM4018] 
----------------------MSISGKIILLLFIFLLLNFISIFTFNYDEYF--KDKSGSNIYFENKSSF- 
--------NLFNKTE----YKPSD-----------------------------------------------F 
TITKIDN-------SIELSG--TFENQKVAQDVIQAL---GINKEGTL--TYQN-NVVVDKGVLETIFLLIV 
PFKDFFADNSKISVINN----------------------------------------------------EIL 
LSGELKNKMYKNLIDTIILQKS----KNIILKTEISIPEDNP-----------------INNQ----QNENS 
NEEVIKNETLKLPE------------------------------------IQLLINNILKDRK-ISFERKSS 
IPTEQSQNTIKEIAKILNENPNFKVEVAGHTDSRGEAALNKQISQDRANSVKNILVNSGVNETRIKAIGYGE 
EFPIAKDDENGLSEINRRVEFIIGE-- 
 
 



Supporting data S2. Alignments of Rv0900-like proteins in FASTA format. 
>Rv0900|NP_215415|/1-50 [Mycobacterium tuberculosis H37Rv] 
--MDFVIQ--WSCYLLAFLGGSAVAWVVVT------------------------LSIKRASR---------- 
----------DEGAAEAP----------SAAETGAQ------------------------------------ 
------------------------------------------------------------------------ 
----------- 
>MUL_0251|YP_904460|/1-77 [Mycobacterium ulcerans Agy99] 
--MDFVIQ--WLYYLAAFVVGSAVAWGIVT------------------------VSIKPVAT---TAEAVEA 
EQTEQTEQTEQTEQTEQTEQAEEPDPAASHQTEVAQ------------------------------------ 
------------------------------------------------------------------------ 
----------- 
>MMAR_4636|YP_001852894|/1-77 [Mycobacterium marinum M] 
--MDFVIQ--WLYYLAAFVVGSAVAWGIVT------------------------VSIKPVAT---TAEAVEA 
EQTEQPEQTEQTEQTEQTEQTEEPDPAESHQTEVAQ------------------------------------ 
------------------------------------------------------------------------ 
----------- 
>MkanA1_23009|ZP_04750862|/1-51 [Mycobacterium kansasii ATCC 12478] 
--MDFVIQ--WLYYLAAFVAGSALAWVIAT------------------------VFVKPAGQ---------- 
---------EQQELQEH----------EAHETEAAP------------------------------------ 
------------------------------------------------------------------------ 
----------- 
>Kfla_4949|YP_003382764|/1-36 [Kribbella flavida DSM 17836] 
--MNWLYAQVWFLLLVAFVLGSAAAWLLHR-----------------------LLPTRSSR----------- 
------------------------------------------------------------------------ 
------------------------------------------------------------------------ 
----------- 
>Bind_1197|YP_001832328|/1-209 [Beijerinckia indica subsp. indica ATCC 9039] 
--MTYLLATYWLPLLLALALGAAIGFYTFARVPSDRWWSH------------CPSWLRAAG----LVFVVGL 
VVALLHWLPGLAGLYLETALLLFAAYLIGCLLGSFLASLAPRDKAAAVTELPILNVDDYPGLRPPALTGADA 
VFDDLKRISGIGEQNEERLHLVGIWYFRQIADWSDENVAWISSYLDLPGYVAKDQWVEQARSLAQNLDTDYT 
KRVDWKWLLRK 
>Nham_0632|YP_575980|/1-108 [Nitrobacter hamburgensis X14] 
--MVYLAVFHWGWLAGSLLLGFAMGWIAVVHRGRG-------------------ITKRAAQSLSVLAAALIV 
AAFTHLVPGRFGYWLDLGLVMLGVYLVGCAVGSWLRDRVVSRQAASGGSAGHSNVLE--------------- 
------------------------------------------------------------------------ 
----------- 
>blr1085|NP_767725|/1-100 [Bradyrhizobium japonicum USDA 110] 
MTMPYLVSFHLGWLIGSLVLGFCMGWISVVQRGNGTSK----------------VTARWLAA---LAVALVA 
ASLAHVVPGRFGYWLDLGLIMFACYLVGCTIGAWLRDRVVSRSQPAA------------------------- 
------------------------------------------------------------------------ 
----------- 
>OCAR4643|YP_002287651|/1-102 [Oligotropha carboxidovorans OM5] 
--MSFLVAFNWGWIAGAAALGFATGWVSPISRVRSQTR----------------VNLRWTIA---VVIALVA 
LSLSRQLPGRPGYWLDLGLVMFGAYLVAACVGSWLRYVLLVRPGMTRSDET--------------------- 
------------------------------------------------------------------------ 
----------- 
>RPA4783|NP_950117|/1-98 [Rhodopseudomonas palustris CGA009] 
--MVALVDFFWGWLVGSLLLGFAVGWISVVHRGPSFSRNAGLGIAGVAAVLVGLSLARLVPGRAGYWLDLFL 
VMVAAYLIGCAIGSWLRYWVVARQSQRP-------------------------------------------- 
------------------------------------------------------------------------ 
----------- 
>AfiDRAT_2336|ZP_07027207|/1-102 [Afipia sp. 1NLS2] 
--MGYLIAFNWEWIAGAAALGFATGWVSPISRVRSLSTMTMRVSFAVVVALVAVSLSRTLPGRPGYWLDLGL 
VMFGAYLAGGAVGSWLRYVLLLRPGRPRGEEG---------------------------------------- 
------------------------------------------------------------------------ 
----------- 
 
 



Supporting data S3. Alignments of Rv0901-like proteins in FASTA format. 
>Rv0901|NP_215416|/1-175 [Mycobacterium tuberculosis H37Rv] 
--------------------------ME-HV--HWWLAGLAFTLGMVLTSTLMVRPV--------------- 
-------------------------------------------------------EHQVLVKKSVRG----- 
----SSAKSKPPTARKPAVKS-----------------GTKREESPTAKTKVATESA-------AEQIPVAG 
EPAAEPIPVAGEPA-----------------ARIPVVPYAPYGPGSARAGADGSGP---------------- 
-------------QGWLVKGRS------DTRLYYTPED-------PTY-DPTVAQVWF-QDEES---AARAF 
F-----------------TPWRKSTRRT------------------------- 
>MUL_0250/1-213 [Mycobacterium ulcerans Agy99] 
--------------------------MA-HV--HWWLIILSFLLGLVLTCALMVRST--------------- 
-------------------------------------------------------------KYRVAGAASGA 
GADAADAETKPPAMKTADRRATRKE--GCRRRGRAQEEGSRREEEDRRREKGRPASTPDCW---GQEAPSEA 
HGGGQAGSEEKGCAGQEGTDRKD--------RCYRGVLGCPAGAGAVCPVRPGFGPSRCRR----------- 
-------------HWAPGLGRE------GAHRHPPLLH-------PRGLVVRDDVCSGLVSGRS---GRRAG 
I-----------------L-HRVEQERA------------------------- 
>MMAR_4635|YP_001852893|/1-212 [Mycobacterium marinum M] 
--------------------------MA-HV--HWWLIILSFLLGLVLTCALMVRST--------------- 
-------------------------------------------------------------KYQVAAAASGA 
GADAADAETKPPAMKTATAEPREKKAATGEDAPKKKVPGAKKKTAAAKKAAARKIAG-------ARKRPVKR 
MVGAKRVPKKKVARAKRAPTEKTAVTEESSAAQLAPGRFAPYGPGSARADADGTGP---------------- 
-------------QGWVVKGRT------DTRHYYTPED-------SSY-ETTCAQVWF-QDEAA---AARAF 
F-----------------TAWSKSTHRK------------------------- 
>MkanA1_23004|ZP_04750861|/1-195 [Mycobacterium kansasii ATCC 12478] 
--------------------------MTGHV--HWWLVGLAFALGMLLTFTLMVGPV--------------- 
-------------------------------------------------------------KEQLPQHKSG- 
------TMPRRPAKKATAAETPRKRAVAHKRAPAKKIPAAKKVPETPDADTASTQEIAPAKVTPAQQVPDAT 
ESSAEQTVVIGES------------------SLQSPARFAPYGPGSARAGADGSGP---------------- 
-------------EGWLVKGRT------DTRLYYTPDD-------PDY-DATVAQVWF-QDEGA---AARAF 
F-----------------TPWRKSARRE------------------------- 
>Kfla_4950|YP_003382765|/1-203 [Kribbella flavida DSM 17836] 
--------------------------MGDLLRDHWAWELAAFLFGALITWVLLPQR-------------EPA 
LPRPPAEEKEEEERVLVTAGAPPEPASEPTQ-PRRAFSTPEPAPGPGQP------------RWEFRG----- 
-ADPEPGVAETGFSQQMEQVGVAGPAAFGVR----------------------------------------- 
-------------------------------AGDGEVAEGKYGPGSADAVPHQGPP---------------- 
-------------DGFRIKGVV------GSMLFHTPQS-------PDY-GRTRPDVWF-RTEAD---AVRAG 
F-----------------AHAVRRPRRTPVPRRDDQN---------------- 
>Nham_0633|YP_575981|/1-351 [Nitrobacter hamburgensis X14] 
------------MLGSIRRAISVLRRKQILHKLGVAISVTVIAVAFYVLFHILRDT-DVDEVIEAVRQTEPR 
LIALSGLFVAAGYFTLTFYDLFAVRAIGVTHIPYRVAAFAAFTSYSVGHNVGASVFTGGAVRYRVYSSCGLS 
AIDVAKVCFLAGLTFWLGNAAVLGLGIAYHPEAATSIDQLPAWCNRLIAIAIILGLIGY------------- 
-------------------------------VIWVGIRPRRVGSGPW-TVVLPGGPLTLLQILIGIVDLGFC 
ALAMYVLVPDQPNVGFVVVAVIFVSATLLGFASHSPGGLGVFDAAMLVGL----WQMDKKDLLAGMLLFRLL 
YYVVPFVISIILLTLREIIISARMKRVGDVRSGSSAGPTGKLSCLREHGDSGA 
>blr1088|NP_767728|/1-143 [Bradyrhizobium japonicum USDA 110] 
MPVVWNEDPAAIDWNELSALYRTAPLGNKTPADLALVFGNSMFCAFAYDQGRLVGAG--------------- 
-------------------------------------------------------------RALADGRDCAY 
LCDVAVRPDCQGQGLGREIIERLLARCRGHRKIILYAVPGKEGFYERLGFRRMTTAMAIFDDQASAHQRGYL 
TAP--------------------------------------------------------------------- 
------------------------------------------------------------------------ 
----------------------------------------------------- 
>OCAR_4644|YP_002287652|/1-346 [Oligotropha carboxidovorans OM5] 
-----------MMLDFLRRTLAFLREKQILQKLGVVLSITVICFALYILYQMLSDI-DLDELLKALRGTEVK 
TVLLAGLCVAAGYFTLTFYDFFALRAIGKTEIPYRVAAFAGFTSYSIGHNVGASVFTGGAVRYRIYSSWDMT 
AIDVAKVCFLAGLTFWLGNVAVLGIGIVYHPEAASSIDQLPIWLNRVLAIVLLAGLVGY------------- 
-------------------------------VAWVSSRPRHVGRGSW-TVVLPGGPLTLVQIMIGIIDLSFC 
ALAMYMLMPNEPHVGFVVVAVIFVTATLLGFASHSPGGLGVFDAAMLYGLTHFDSQFNKEELLAGMLLFRVL 
YYITPFMISVMLLLLREVILGALARRRPSGPHRHDDISAPGPS---------- 
>RPA4782|NP_950116|/1-344 [Rhodopseudomonas palustris CGA009] 
------------MRIAIRRTIEVLREKQILHKLGVAVSIAVIAAACYVLYHILRGI-DHDRVLDAMGQTEPT 
SIALAALFVAAGYFTLTFYDLFAVHAIGRDDVPYRVNALAAFTSYSIGHNVGASALTGGAVRYRIYSAWGLD 
AIDVAKVCFLAGLTFWLGNAAVLGLGVAYHPEAASAVDLLPPAVNRVLALLILAGLMVY------------- 
-------------------------------VAWVSFKPRCVGRGSW-TVTLPGGKLTLLQIAIGIVDLGFC 
ALAMYVLTPDEPNVGFVVVAVIFVSATLLGFASHSPGGLGVFDAAMLVGL----WQMDKEELLAGMLLFRLL 
YYIVPFVISVLVLAVREIVLGARLKRVPPLAEALKPKPVRGDPSPG------- 



>AfiDRAFT_2337|ZP_07027208|/1-343 [Afipia sp. 1NLS2] 
------------MLEPVRRTLAFLREKQILHKLGVALSLMVIGFALHILYQMLRDI-DLDDVLKALRGTEVK 
TVALAGLCVAAGYFTLTFYDFFALRAIGRTEIPYRIAAFAGFTSYSIGHNVGASVFTGGAVRYRVYSSWDLT 
AIDVAKVCFIAGLTFWLGNAAVLGLGVAYHPEAASSIDQLPVWLNRVLAVVLLLILVGY------------- 
-------------------------------VVWVSSRPRNVGRGNW-TVTLPGGSLTLVQILIGIVDLSFC 
AIAMYILMPDEPYVGFVVVAVIFVSATLLGFASHSPGGLGVFDAAMLYGIMHFDSQFDKEELLAGMLLFRVL 
YYIVPFVISVMLLLFREVMLGAKARRESGLRKRDDISTSES------------ 
 




