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Table S1 Gene accession numbers for phylogenetic analysis 
Organism Accession number Reference 
Streptococcus pyogenes PmtA AAZ51785.1 (1) 
Streptococcus agalactiae KLL21255.1  
Streptococcus canis WP_003044256.1  
Streptococcus dysgalactiae WP_046159323.1  
Streptococcus iniae WP_003101088.1  
Streptococcus mutans WP_002304112.1  
Streptococcus pneumoniae CVM74562.1  
Streptococcus porcinus WP_003083554.1  
Streptococcus suis WP_029187041.1  
Streptococcus thermophilus WP_049555285.1  
Enterococcus faecalis WP_034863010.1  
Enterococcus faecium WP_058138288.1  
Listeria monocytogenes FrvA WP_014929421.1 (2-4) 
Bacillus subtilis PfeT CUB56232.1 (4, 5) 
Mycobacterium smegmatis CtpD 

 
(6) 

Sulfitobacter sp. NAS 14.1 sCoaT ZP_00964573.1 (7) 
Cupriavidus metallidurans CzcP WP_011514822.1 (8) 
Mycobacterium tuberculosis CtpD WP_057125145.1 (9) 
Mycobacterium tuberculosis CtpJ WP_031727628.1 (9) 
Chlamydia trachomatis CRH88065.1  
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Table S2 List of strains and plasmids used in this study 
Bacterial strains Description Reference 
Escherichia coli 
MC1061 E. coli laboratory cloning strain (10) 
Top10 E. coli laboratory cloning strain  
   
Streptococcus pyogenes 
5448 S. pyogenes invasive M1T1 strain (11) 
5448ΔpmtA S. pyogenes 5448ΔpmtA::kmR deletion mutant This study 
5448ΔpmtA::pmtA S. pyogenes 5448 pmtA complemented strain This study 
5448ΔperR S. pyogenes 5448ΔperR::specR deletion mutant (12) 
5448ΔperR::perR S. pyogenes 5448ΔperR complemented strain (12) 
   
Plasmids Description Reference 
pHY304 Temperature sensitive shuttle plasmid::EmR (13) 
pJRS233 Temperature sensitive shuttle plasmid::EmR (14) 
pUC4ΩKm2 Template for KmR (15) 
pHY304-pmtA-KO pHY304 + pmtA knockout construct inserted at the 

XhoI and BamHI site 
This study 

pJRS233-pmtA pJRS233 + pmtA complement construct inserted at the 
XhoI and BamHI site 

This study 
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Table S3 List of primers used in this study 
Primer Sequence (5'-3')  

Deletion mutation and reverse complementation constructs  
pmtA-KO-1 CCCGGCTCGAGTTGATAGCGACAAGGTTCTTTTT XhoI 
pmtA-KO-2 CAAAGTTGGCGTATAACATACCGATAGCTGCCAAAATCAT KmR 5’ 
pmtA-KO-3 TTACTGGATGAATTGTTTTAGAGAACGAACCGCCAATTATG KmR 3’ 
pmtA-KO-4 GGGCCCGGATCCCTTTCATAAGTCTTACTATTATTATAAACAC BamHI 
km-F TATGTTATACGCCAACTTTG  
km-R CTAAAACAATTCATCCAGTAA  
  
Gene expression studies  
pmtA-RT-F GAAAAGCAAAACCGCCACCT  
pmtA-RT-R GGGCACATGGTGAAGCTACT  
gyrA-RT-F GAAGTGATCCCTGGACCTGA  
gyrA-RT-R CCCGACCTGTTTGAGTTGTT  
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Figure S1: Multiple sequence alignment of S. pyogenes PmtA and homologous P1-B4-

type ATPase family sequences. Relative location of six core purported 

transmembrane helices based on the coordinates from Bacillus subtilis PfeT 

transmembrane profiles (reference). Key conserved motifs within TM helices 4 and 6 

are highlighted in blue and the essential serine within TM 6 is highlighted in red. 

Consensus patterns based on discriminating equivalence class at a 100% threshold are 

 Streptococcus pyogenes PmtA       
 

-------------------------------MTIRQWMADHLHLMETLACLVLIIIGLAF-LHSFP--QVAS-AIFITAFLIGGYASAKTGILDLVKNKH------LSVDILMILAAIGA

 Streptococcus dysgalactiae    
 

-------------------------------MTIKAWIIDHLHLMETLACLVLIIIGLAF-LGPLP--HVAS-AIFILAFLIGGYESAKAGLMDLVQHNH------LSVDVLMILAAIGA

 Streptococcus canis    
 

-------------------------------MTIRAWMTDHLHLMETLACLVFIIIGLTF-LHPFP--QVAS-AIFIIAFLIGGYESAKAGLLDLVKNKH------LSVDILMILAAIGA

 Chylamidia trachomatis    
 

-------------------------------MTIKAWIIDHLHLMETLACLVLIIIGLAF-LGPLP--HVAS-AIFILAFLIGGYESAKAGLLDLVQYNH------LSVDVLMILAAIGA

 Streptococcus iniae    
 

----------------------------------MTWIKEHKRILATVSCLILILIGLAL-YASQA--TLAS-YFFITAFVVGGYESAKTGLEELAIHKH------LSVDVLMVLAAVGA

 Streptococcus porcinus    
 

----------------------------------MAWIKGHIRLVETLICLLLILVGLLL-LRRYT--GLAS-VFFILAFLLGGYESAKEGLHELFVKKH------LTVDILMVLAAVGA

 Streptococcus suis    
 

-------------------------------MTLVTNLKQHSHIITTALCLVFILVGILL-LQTGQ--GWAP-ILFISAFVIGGYQSAKEGLAELIFDKH------LSVDVLMILAAIGS

 Listeria monocytogenes FrvA    
 

---------------------------------MKEWMKQNWQFITTGISGILIVIGCLVGSDVGD--FWTA-VIFLSAFVIGGFEQAKEGIQATIKTKK------LNVELLMILAATGA

 Enterococcus faecium    
 

-----------------------------------MNKIKYNPFMLAIACLLLMVTGWLS-YHFIA--SLAP-YLYLSAIIVGGFKQTREGLLELWNDRT------LNVDLLMALAAIGA

 Streptococcus pneumoniae    
 

--------------MNENTVLYQTTDQKGSNSLFHKW-AQHGELIAAGISGILILIGWFL--KDET--MWSI-PLFILAFVIGGFAKAKEGIEETISSKT------LNVELLMIFAAIGS

 Enterococcus faecalis    
 

----------------------------------MMERLKSMILLPPILCFVFIVLGIIF-EQVSS--SVYP-IFYLLAILFGGYAQTKEGLVELFTHRT------FNVDLLMALAAIGA

 Bacillus subtilis PfeT    
 

---------------MNSEVKTLQVQKSISHPSLWDTLKKHYELIFAIASGIFILGGWLFTKNDVM--NVGI-TCYILAYIVGGYAKAKEGIEDTIEEKE------LNVEMLMLFAAIGA

 Streptococcus thermophilus    
 

------------MHHEDHDHDHEHEHHHEHGHRQGHNHDDSKAVIFYIAGLVLYIIGMVL-KYMGN--GIAN-ILFILTVILSGYHVTMEGVEDTIEKTKKKGKFQPNVHILMTLAAVGA

 Streptococcus mutans    
 

----------------------MSKEDQGKKIPARDNLLTNMEVKLFFLGMLLFIVGLGF--NFTP--SLQN-SLNILALLISGYHIIWEGIKDTIEKSKKAKHFVPNTHILMTMAALGA

 Streptococcus agalactiae    
 

-------------------------MSKQTGAHTHEEKGKNVPVILFFTGLALFFISLFL--GNML--LVKN-ILFSLAAILAGYHIIGEGFGDTYRDTKNNRKFSPNIHLLMTLAAVGS

 Sulfitobacter species    
 

MRKVVADLNAVEEENMPENHTPDDGHNHAHGGFLNRILGGRAEVIFAVLCGICLLLGWLGPKYGIMSEQFGF-GLLLAAYFFGGYFTLREAVEKISKGQ-------FQIDFLMLVAASGA

 Mycobacterium smegmatis CtpD    
 

-------------MTALYPAVEPAPAARPARPRSGGWLWTVPSVRWAAAALALFLTGLAAQLLGAP--QAVVWTLYLACYVVGGWEPAWVGVRALRNRT-------LDVDLLMIVAAIGA

 Mycobacterium tuberculosis CtpD   
 

------MTLTACEVTAAEAPFDRVSKTIPHPLSWGAALWSVVSVRWATVALLLFLAGLVAQLNGAPEAMWWT--LYLACYLAGGWGSAWAGAQALRNKA-------LDVDLLMIAAAVGA

 Mycobacterium tuberculosis CtpJ
 

-------------VAVRELSPARCTSASPLVLARRTKLFALSEMRWAALALGLFSAGLLTQLCGAP--QWVRWALFLACYATGGWEPGLAGLQALQRRT-------LDVDLLMVVAAIGA

 consensus (100%)                   

   

.......................................t...hh..h.shhhh.huhh..........h....h...shhhuGa..hh.uh.th...t........phchLMhhAA.Gu

 

    

    

 

    GIIGYWLEGALLIFIFSLSNTLEEMAMEKSKDAISALMSLTPDTARQYQEDGHILEVETRSLSVGDRLQVRKGEAVPIDGQLLSPFGQFDESMVTGEPITVDKAEGQD------------

    GIIGYWLEGALLIFIFSLSNTLEEMAMEKSKDAISALMSLTPDTARRYQEDGSIVDVETKLLTIGDRLQVRKGEAVPIDGELLSTFGQFDESMVTGEPITVDKTKGQE------------
    GIIGYWLEGALLIFIFSLSNTLEEMAMEKSKDAISALMSLTPDTARRYQEGGRILEVETKTLSVGDRLQVRKGETVPIDGQLLSPFGQFDESMVTGEPITVDKAEGQN------------
    GIIGYWLEGALLIFIFSLSNTLEEMAMEKSKDAISALMSLTPDRARRYQEDGSIVDVETKLLTIGDRLQVRKGEAVPIDGELLSTFGQFDESMVTGEPITVDKTKGQE------------
    

GFIGYWLEGSLLIFIFSLSSTLEELAMEKSKDAIAALMNLTPDTARKFNANGNLEEVETKNLLIGDKLQVRKGEAVPIDGKLLSDFGQFDESMVTGEPITVDKAKGDD------------
    

GIIGYWLEGALLIFIFSLSNTLEEMAMEKSKHAISALMNLTPDTARRIRDDGSVEEVETKALKVGDKLQVRKGESIPIDGELQSNFGQFDESMITGESVTVEKTYKDS------------
    

GIIGYWMEGALLIFIFSLSSTLEELAMEKSKNAIAALMNMTPPTARKVEENGDITVLDTAAIRIGDLLQVRKGDTVPLDATLISPQSIFDESMITGEPLPAEKAAGAA------------
    

SIIGYWFEGAILIFIFSVSGALETYTTNKSKREITKLMAFQPERAFRLLPNGDLEEVAAKELQLDDMVFVRPGESVPIDGVIVRGSTTLNEAAINGESVPATKTVGAD------------    

CLIGNFFEGAMLTFIFCLSGALEEYTTSKSQKEITALMNIQPRIAQRLTDSGEIQETGIENLSIGDRVFVAKGATIPIDGLLESPRAIIDEATISGESIPVEKVFQDE------------    

AIIGYWAEGAILIFIFSLSGALETYTSNKSKKDLTALMSIAPDEATLIEEDGTTIQIAASSLTPGDRILIKAGERIAADGVIMSGRTSVDESALTGESVPQEKGQGED------------    

CLIGDYREGAILTFIFCLSGALETYTMNKSRKELTSLMKLQPKTAQRYLPNGEKETIPVEDLAIGDRIFVAKGQSLPIDGFLQNARAAIDESAISGESIPVEKIFGEE------------    

AMIGYWAEGAILIFIFALSGAMESYTLSKSQKEISALLDLQPEEALRI-SNGTEERVPVGRLQINDIILIKPGERVPADGTIHSGETNIDEAAITGEPIPNEKKHGDE------------    

VLIGNAEEGALLILIFAGAHFLEEYVEEKSRKSLTALLQMNPTQARLIQENGEVVVVDVASLKVGDTLEVLHGDQVPIDGVITKGLTSIDEATITGESMPRSKGEGDE------------
    

VLLGETTEAALLIFIFAGAHFLEEYVEGRSQREITKLLELNPTEARRFRTDGSIEMISVQDLEIGDRVQILNGDQVPTDGKVIKGQTSIDESTISGESIPCEKTVGDE------------
    

ALMGSFEESALLILIFAAAHFLEDYAQGKSQREITKLLNLNPTEARLITDDGSIQTVSVEQLKVGDRVQVLNGAQIPTDGVVIEGSTAVDESSINGESIPKEKNSGDP------------
    

AILGEWAEGAFLLFLFSVGHALENYAMGRARNAVAALAGLTPDEA-LVRRGDKTETVLIENLLVGDIVVVRSNERLPADGFVVKGSSAVNQAPITGESAPVDKLPVDDPEFAAANLDKLT
    

ATIGQVFDGALLIVIFATSGALEDVATTRTERSVRGLLDLAPEHATLL-GDGSQRVVAAADLRPGDVIVVRPGERISADGTVIGGASEVDQSSITGEPLPAAKDVGDD------------
    

VAIGQIFDGALLIVIFATSGALDDIATRHTAESVKGLLDLAPDQAVVVQGDGSERVVAASELVVGDRVVVRPGDRIPADGAVLSGASDVDQRSITGESMPVAKARGDE------------

    

AAIGQIAEGALLIVIFATSGALEALVTARTADSVRGLMGLAPGTATRVGAGGGEETVNAADLRIGDIVLVRPGERISADATVLAGGSEVDQATVTGEPLPVDKSIGDQ------------

    

shhG.h.-uuhLhhlFshuthh-ths.t+stptlttLhthtP..A..h..sst...h.ht.l..sDhl.lh.sttlshDu.l.ts.s.hspt.lsGEshs.tK...t.............

    

    

    

 

    ----LIGGTINQGQTIDMLVTIENDDTLFAKIINLVESAQEKKSKTATFIESLEDGYVKFVLVLIPAFILFSHFVLSWTWLAAFYRGMILLTVASPCALIASSTPASLAAISRAARKGLI

    ----LIGGTINQGQTIDMLVTIENDDTLFAKIINLVESAQEKKSKTATFIESLEDGYVKFVLVLIPAFILFSHFVLSWTWLAAFYRGMILLTVASPCALIASSTPASLAAISRAARKGLI
    ----LIGGTINQGQAIDMLVTVENENTLFAKIVNLVESAQGQKSKTATFIERLEDSYVKFVLVLVPTFIFFSHLVLAWTWLDAFYRGMILLTVASPCALIASSTPASLSAISRAARKGLI
    ----LIGGTINQGQTIDMLVTVENDNTLFAKIVSLVESAQGQKSKTATFIESLEDSYVKFVLVLVPAFILFSHFVLAWTWLDAFYRGMILLTVASPCALIASSTPASLSAISRAARKGLI
    

----LIGGTINKAQTVEMLVTVENEDTLFAKIVNLVESAQTQKSKTATFIENLEDTYVKIVLLMVPIFIFFTHFILGWEWLSAFYRGMILLTVASPCALVAASTPASLSAISRAARKGLV
    

----LIGGTINEGQTVEMIVTVENEDTLFAKIVNLVESAQTQKSRTTTFIESLENHYVKAVLLLVPLFILFCHLILAWPWLDSFYRGMVLLTVASPCALIASSTPASLSAISRAARKGLV
    

----VIGGTINQGPTVTVQVTAEKGDALFDKIVQMVENAQESKSKTATFIENMEDTYVKVVLVVVPLFILFAHFALGWDWLTAFYRGMILLTIASPCALVASSSPATLSAISRAARKGMI
    

----VFGGTVNVSSAITVKVTQTFDNTIFSKIIRLVESAQSEPSKTARFIERFEDAYVKAVLLFVLVMMFLPHFALGWSWNETFYRAMVLLTVASPCALVASVTPATLAAISNGARHGIL    

----VLAGTLNQGNPLTISVTKKSDDTVFAKIIKLVEAAQNTPTKTASFISRIENTYVKLVLLIVPLMIAISYFIFGWSFQESFYRGMVLIVVASPCALVASATPATLAALSNSAKKGVL    

----VFAGTVNLNGSLTVEVTKHNEETLFHKIIKLVESAQESVSPSQAFIEKFEGAYVKGVLITVAILMFLPHFVLGWSMSETFYRAMVFMVVASPCALVASIMPAALSLISNGARNGML    

----VFGGTLNVGDPFDLEVSKNNDETIFSKIIQLIEEAQNIPTKTASFIERIENTYVKCVLVAVPLMMLVCYFIFSWSLQESFYRGMVLLVVASPCALVASATPATLAALSNAVKNGIL    

----VFAGTVNLRGAIEVKITKPSDQTLFQKIIRLVQSAQSEKSPSQLFIEKFEGTYVKGVLLVVALMMFVPHFLLDWSWNETFYRAMILLVVASPCALVAAITPATLSAISNGARNGIL    

----VFASTVNLSSRIEMRVTAESTDTVFAKIMKVVENAQGSMNKQATFIQKIEPIYVNAVLILWPIFLLFGYFLMGWDLNTTLYRGMVYLIGVSPCALAASAVPATLAAMSRLSKMGIL
    

----VFGSTINDSGTIVVEVTKDSSETVFAKILQLVEASQTNLSMSAQHIRRFEPVYVNVVLLVFIALLICGPFVWDWTWNSTFSTSLTFLVSASPCALAVSVIPATLAGISNLARQGVL
    

----VFGSTMNGSGTIVVEVTKDSSETVFAKIVQLVNQSQENQSEIASKIKRFEPKYVTLVLAVFPLIVLGGALFFQLTWAESFYRGLVFLIAASPCALAASAVPATLSGISNLAKQGVL
    

PQTRVFAGSINGSGSLDVQVTKLSGESTLARVVTLVAEAQTRQSPTQNFTKKFEKIFVPCVIAL-AFVTSFSFLILDETAAQSFYRAMAVLVAASPCALAIATPSAVLSGVARAARGGVL
    

----VFAGTVNGSGALRVEVTREPSQTVVARIVAMVTEASATKATTQLFIEKIEQRYSAGVVVATLALLTVP-LMFGADLRSTLLRAMTFMIVASPCAVVLATMPPLLSAIANASRHGVL
    

----VFAGTVNGSGVLHLVVTRDPSQTVVARIVELVADASATKAKTQLFIEKIEQRYSLGMVAATLALIVIP-LMFGADLRPVLLRAMTFMIVASPCAVVLATMPPLLSAIANAGRHGVL

    

----VFAGTVNGTGALRIRVDRLARDSVVARIATLVEQASQTKARTQLFIEKVEQRY-SIGMVAVTLAVFAVPPLWGETLQRALLRAMTFMIVASPCAVVLATMPPLLAAIANAGRHGVL

    

....lhuuohN.t..h.h.ls...tpshht+lhthlttupt..s..t.hhpphE..a..hhhhh..hhh.hs..hht..h..sh.puhhhhh.sSPCAlhhu..ss.Luhhup.s+.Ghl

    

    

    

 

    IKGGDIVDNMGDIKAVVMDKTGTLTQGKPSVVNAHYLE----DELLVNRL--VKGAETASTHPISKALLEYTEK---LEPLTFDHLEEISGKGFQGFYQGQEWRIGKK-TYILEK--VQD

    IKGGDIVDNMGDIKAVVMDKTGTLTQGKPSVVNAHYLE----DELLVNRL--VKGAEAASTHPISKALLEYTEK---LEPLIFDHLEEISGKGFQGFYQGQEWRIGKK-TFILEK--VQD
    IKGGDIIDNMGDIKAVVMDKTGTLTQGKPSVVNAHYLE----DELLVNRL--VKGAEAASIHPISKALLDYTEK---LEPLTFDQLEEISGKGFQGFYQGQEWRIGKK-SFILEK--VQD
    IKGGDIVDNMGDIQAVVMDKTGTLTQGKPSVVAAHYLT----DELLVNRL--VKGAESASTHPISKALLEHTEA---VEALNFDQLEEISGKGFQGFYQGQEWRIGKK-SFILEM--VPD
    

IKGGDIIDNMGDIKAVVMDKTGTLTQGKPSVVDAKYIG----EKGLVDAL--VKTVEETSSHPISKALLEFTSE---TDRLLLDSIDDISGKGFLLQYKGQEWRIGKK-SFVLEV--VDS
    

IKGGDIVDKMGDIKAVVMDKTGTLTQGKPSVVDSYYIG----DKSEIDTI--VKAAEEMSIHPISQALLDYIGE---GIHLSPIQAEEISGKGFMVTSNGQEWRIGKK-SFILER--VTH
    

IKGGDIADNIANLEAIVFDKTGTLTIGKPEVVGATYLG----DEKFIKQV--VQAVEKQSSHPIAQALMTYTAD---SSAIALQSLEDVTGKGLVASYQGDSWKIGKA-GFVVDSLVSPL
    

FKGGVHLENLRGVKAVAFDKTGTLTNGTPELTDRLFAENV--DKQQVINV--VGAMERQSLHPLAAAITQDLEA-EITEKLTEIEVTDVAGWGVQAIYQEENWQVGKA-GFVGE---EAA    

IKGGIYLEQLAELKAIAFDKTGTLTKGKPVVTDSYFFA----EKELSQQL--LVSMEKKTTHPLAQAIVTHFDL-ELPQDIQQLSIEEITGLGLQTIYQNEHWAVGKL-NKSALS--SED    

VKGSVFLEKLGTSTMIAFDKTGTITSGKPAVEKVVLAKGQ--DESTFYQA--LYQIESQSNHPLAKAISDMAKE-HHTERAAHVTIEETSGFGVEAQLNEDTWRIGKK-DFAGK---ASM    

IKGGIHLEQLAELKAVAFDKTGTLTKGKPIVTDTMFLQ----DEELARLM--LVAMESKTTHPLAQAIVQAFDL-SLPAPLHDLDIQEVTGSGLLTTYQQSTWKVGKH-AYDPET--MDV    

FKGGIHLERLASVKAIAFDKTGTLTEGKPTVTDVYVRENM--TEKELLSI--TAAIESHSTHPLAESIVKYAQHAYDIILQKPENVEDVTGFGLKGIFENRAYKIGKA-DFIG----EET    

AKGGAAISQLQDLRVISFDKTGTLTKGTPELTDYWF------EDETMIPA--VVAMEKQSTHPLAQAVVQKFSD--WTVLEEEIEVEVLVGQGVRSVVRNEEIHIIKS----MDT--VDR
    

FKGGTFLSELSDLKVVAFDKTGTLTQGKPEVVRV-CLEPTIMSEEKLTAV--IFAMESQSNHPLARAIVNYFSD-GKSLDKLTISATNHLGQGLTAIYNHLTVRIGKPQSF------AQA
    

FKGGSFLSNLAEVKALAFDKTGTLTKGKPEVTDYLFIDGLEDRQDELVAV--LTNMEKKSNHPLATAIVNRFEA---ETTALNLEVENIVGVGLVTTIADTTFRIGKPSSF------EQV
    

IKGGAPLEAMGHLDAIAFDKTGTLTIGEPHLVEITPYG----DATETELLQVSAAVEMLSDHPLAQAVVRDVKDRLGDLPSEASDFANIIGQGVSAKVDSKVVHIGKT-ALFESVAGLPL
    

VKSAVAMERLADTDVVVLDKTGTLTAGEPVISRVTVLI----DGADVLGM--AAAAEQFSEHPLGRAIVAAARG---RVVPEAGDFTALPGRGVRARVAGHVVEVVSPAAYAGEN-----
    

VKSAVVVERLADTSIVALDKTGTLTRGIPRLASVAPLDPNVVDARRLLQL--AAAAEQSSEHPLGRAIVAEARR-RGIAIPPAKDFRAVPGCGVHALVGNDFVEIASPQSYRGAP--LAE

    

AKSAIVMEQLGTTTRIAFDKTGTLTRGTPELAGIWVYERRFTDDELL-RL--AAAAEYPSEHPLGAAIVKAAQS-RRIRLPTVGEFTAHPGCRVTARVDGHVIAVGSATALLGTAGAAAL

    

hKuu..hpthtt.phlshDKTGTlT.G.P.l.t.........pt.....h....thE..o.HPlutul.t.ht...........pht.h.G.th....tt..htlhp.............

    

    

    

 

    LSAFEETIQVEEKQGKTLIFVSRDHQLIAYYALLDDIKIESKRAIKSLHAM-GIK-TVMLTGDQERTANYVAQKLGIDEVVANCMPQDKVAKLAELKTKYGFVAMVGDGINDAPALAQAD

    LSAFEETIQVEENQGKTLIFVSRDHQLIAYYALLDDIKIESKRAIKSLHAM-GIK-TVMLTGDQERTANYVAQKLGIDEVVANCMPQDKVAKLAELKTKYGFVAMVGDGINDAPALAQAD
    LSAFEKTIQEEENQGKTLIFVSCDHQLIAYYVLLDDIKIESQRAIETLHAM-GIK-TVMLTGDQERTANYVAQKLGIDEVVANCMPQDKVAKLAELKTKYGFVAMVGDGINDAPALAQAD
    LSAFEETIQVEESQGKTLIFVSRHNQLVAYYALLDDIKLESKRAIEALHAM-GIK-TVMLTGDQERTANYVAQKLGIDEVVANCMPQDKVAKLAELKTKYGFVAMVGDGINDAPALAQAD
    

IDKVEEAIEQLENQGKTLVYVSCDNKLMAYFALLDDIKAESLDAINMLHDL-GIK-TVMLTGDQEKTATYVAEKLGIDQVVANCMPQDKLARILELKKQYGCVAMVGDGINDAPALAQAD
    

IEHIEPEIDMLESQGKTLIFVSKEDDLMAYYALLDDIKEESLKAIKMLHAL-DIK-TVMLTGDQERTAHYVAKKLGIDEVVANCMPQDKVVNLAKIKERYGFVAMVGDGINDAPALAQAD
    

SADLLAQIDEAESTGKTLVYVSQNNVLAAIFMVEDSLKPESKQLIAQLKEM-GVT-PILLTGDQEKTARYVASQVGIDRVIANCLPTEKASVIQELQTEFTSVGMVGDGINDAPALAQAN
    

AAFSNGAFERLAGEGKTIVYVAKDGVIQAMFALKDTCRPEAIRTIKALQAK-GIK-TIMVTGDNEQTGAAIQAELGMDYVVSGCLPEKKVDVLKELSVTYGSVAMVGDGINDAPALAHAA    

VNKIK-TIQQLEEQGKTVIALTKNDQLMAVLGLLDVPKENASEAIAYFRSQ-KIH-TSMITGDNEGTAKAIASQVGIDSFYANSTPAEKTAYIQTEKEKYQTNAMVGDGVNDAPALATAS    

DRDIEENGDVLSSKGYTVVYVQKNQEVVGCLGLKDQIRPEAKKMIQELNDL-GIQ-TVMLTGDQQKTAEAIAEEAGIQTVVAECLPDEKVHEVNQLKKQGDSIIMVGDGINDAPALATAD    

APEVKEKIALLEEQGKTVIYLSRDDQLTAILGLLDVPKANAQEVIAYFEEH-GVQ-TSMITGDHPGTAKAIAQQIGITNYHAGCTPEEKTELIKAKRAEVSVNAMVGDGVNDAPALAAAS    

KTFHNGISASLEKEGKTVVYISDEDGILGLIALKDTLRQETIAAIRELQSM-GVE-AIMITGDNEETAKAIASESNIKEYYASCLPETKVETIKKLKEKYGTVAMVGDGINDAPALATAS    

SNEVASRMKEWASEGKTVVTVVKNNRIVGLMAFMDLPNEASKAVLDYFKSQ-QVH-TTMITGDSRETAEMIGMKLGVQEVVANVLPEEKLEKIQSQKERYGLTAMVGDGVNDAPALATAD
    

AERWLHNKEAEEANGRTVVFVSVNEKVIGFIAIQDRPQTTAVEAINYFKTA-GVK-TIMITGDAQLTGQAIGSELGIDEVVTNILPEQKAKIISKYQDQYGLTAMLGDGVNDAPALVSAD
    

PTIIEKQTTKLASEGKTVVYFAENERVIGLVALMDVPNEEAMNAIHYFKSQ-NIE-TTMITGDAKLTGEAVGRLVGVDQVYANVLPEEKSAIVDQLKREVGMTGMVGDGINDAPALVNAD
    

PDDLRGTVEAMSQNGRTTMIVRSGDRYLGAIGLMDTPREDARSVIAALRDL-GLKRMMMISGDNQNVANAVAKEVGLDTAFGDLMPEDKVTKIAALKADGG-VAMVGDGVNDAPAMANAT
    

-AAVREHCAAIENDGGTAVVVLEDGLPVGVIGLADRLRPDAPAAVMQLAQL-TKHPPMLLTGDNRRAAGRLAEEAGIADVHAELLPDGKAAAVQKLQRDNTHVLVVGDGVNDAPAMAAAH
    

LAPLLSA-------GATAAIVLLDGVAIGVLGLTDQLRPDAVESVAAMAAL-TAAPPVLLTGDNGRAAWRVARNAGITDVRAALLPEQKVEVVRNLQAGGHQVLLVGDGVNDAPAMAAAR

    

EASMITAVDFLQGEGYTVVVVVCDSHPVGLLAITDQLRPEAAAAISAATKLTGAK-PVLLTGDNRATADRLGVQVGIDDVRAGLLPDDKVAAVRQLQAGGARLTVVGDGINDAPALAAAH

    

..............GhThhhh..tt...uhhhh.D..p.ts.t.l..htt..tht...hloGDt..su.hlt...sht.hhst.hPttK...l.t.p.t.t..hhlGDGlNDAPAhstAt

    

    

    

 

    VSYAIG-SGTDIAMESADSVIM-DDLTRIPFSIQLSRTMKTIIKQNIVFALSVITLLILANVFQVVNLPLGVVGHEGSTILVILNGLRLLSFK---------------------

    VSYAIG-SGTDIAMESADSVIM-DDLTRIPFSIQLSRKMKTIIKQNIVFALSVITLLILANVFQVVNLPLGVVGHEGSTILVILNGLRLLSFK---------------------
    VSYAIG-SGTDIAMESADSVIM-DDLTRIPFSIQLSRKMKTIVKQNIVLALSVITLLILANVFQVVNLPLGVVGHEGSTILVILNGLRLLSFK---------------------
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indicated under the alignment. Percent amino acid identity relative to S. pyogenes 

PmtA (TM 1-6) are indicated next to the species name. 
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Figure S2: Growth analysis in the presence of Co(II). Overnight cultures of 5448 WT 

(black circles), 5448ΔpmtA (open circles) and 5448ΔpmtA::pmtA (grey circles) were 

diluted to OD600 = 0.05 into THY broth alone (A) or THY broth with 0.5 mM (B), 

0.75 mM (C) or 1 mM (D) Co(II). Growth was monitored at 37°C by optical density 

recording at 595 nm (OD595). Graphs represent mean ± standard deviation of 3 

independent biological replicates. 
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 7 

 
Figure S3: Growth analysis in the presence of Mn(II). Overnight cultures of 5448 

WT (black circles), 5448ΔpmtA (open circles) and 5448ΔpmtA::pmtA (grey circles) 

were diluted to OD600 = 0.05 into THY broth alone (A) or THY broth with 0.5 mM 

(B), 0.75 mM (C) or 1 mM (D) Mn(II). Growth was monitored at 37°C by optical 

density recording at 595 nm (OD595). Graphs represent mean ± standard deviation of 3 

independent biological replicates. 

  

0 5 10 15
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Time, h

O
pt

ic
al

 D
en

si
ty

, (
O

D
59

5)

THY

5448 WT
5448ΔpmtA
5448ΔpmtA::pmtA

0 5 10 15
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Time, h

O
pt

ic
al

 D
en

si
ty

, (
O

D
59

5)

THY + 0.75 mM Mn(II)

0 5 10 15
0.0

0.2

0.4

0.6

0.8

1.0

1.2
THY + 0.5 mM Mn(II)

Time, h

O
pt

ic
al

 D
en

si
ty

, (
O

D
59

5)

0 5 10 15
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Time, h

O
pt

ic
al

 D
en

si
ty

, (
O

D
59

5)

THY + 1 mM Mn(II)

A B

C D



 8 

 

 
Figure S4: Growth analysis in the presence of Ni(II). Overnight cultures of 5448 WT 

(black circles), 5448ΔpmtA (open circles) and 5448ΔpmtA::pmtA (grey circles) were 

diluted to OD600 = 0.05 into THY broth alone (A) or THY broth with 1 mM (B), 1.5 

mM (C) or 2 mM (D) Ni(II). Growth was monitored at 37°C by optical density 

recording at 595 nm (OD595). Graphs represent mean ± standard deviation of 3 

independent biological replicates. 
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Figure S5: Growth analysis in the presence of Cu(II). Overnight cultures of 5448 WT 

(black circles), 5448ΔpmtA (open circles) and 5448ΔpmtA::pmtA (grey circles) were 

diluted to OD600 = 0.05 into THY broth alone (A) or THY broth with 0.6 mM (B), 1.2 

mM (C) or 1.8 mM (D) Cu(II). Growth was monitored at 37°C by optical density 

recording at 595 nm (OD595). Graphs represent mean ± standard deviation of 3 

independent biological replicates. 
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Figure S6: Growth analysis in the presence of Zn(II). Overnight cultures of 5448 WT 

(black circles), 5448ΔpmtA (open circles) and 5448ΔpmtA::pmtA (grey circles) were 

diluted to OD600 = 0.05 into THY broth alone (A) or THY broth with 0.25 mM (B), 

0.5 mM (C) or 0.75 mM (D) Zn(II). Growth was monitored at 37°C by optical density 

recording at 595 nm (OD595). Graphs represent mean ± standard deviation of 3 

independent biological replicates. 
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Figure S7: Intracellular metal accumulation of Co and Zn. Mid-exponential cultures 

(OD600 0.6-0.8) of 5448 WT, 5448ΔpmtA and 5448ΔpmtA::pmtA were challenged 

with either sterile water (black bars) or 0.50 mM Co(II) (A) or 1 mM Zn(II) (B) 

(white bars) for 1 h at 37°C. Cells were analyzed by inductively-coupled plasma mass 

spectrometry (ICP-MS). Total metal content was normalized to protein content of the 

sample. Graph represents mean + standard deviation of 3 independent biological 

experiments (2-way ANOVA used comparing all to 5448 WT of that condition, **** 

P < 0.0001) 
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Figure S8: Growth curve analysis of strains 5448 WT (black circles), 5448ΔpmtA 

(open circles) and 5448ΔpmtA::pmtA (grey circles) in hydrogen peroxide. Strains 

were grown in THY to mid-exponential phase (OD 0.6-0.8) and diluted to OD600 = 

0.05 in THY broth (A) or THY broth containing 1 mM (B), 2 mM (C) or 3 mM (D) 

H2O2. Growth was monitored at 37°C by optical density recording at 595 nm (OD595). 

Graphs represent mean ± standard deviation of 3 independent biological replicates. 
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Figure S9: Growth analysis in the presence of the superoxide generator, paraquat. 

Overnight cultures of 5448 WT (black circles), 5448ΔpmtA (open circles) and 

5448ΔpmtA::pmtA (grey circles) were diluted to OD600 = 0.05 THY broth alone (A) or 

THY broth with 0.75 mM (B), 1 mM (C) or 1.25 mM (D) paraquat. Growth was 

monitored at 37°C by optical density recording at 595 nm (OD595). Graphs represent 

mean ± standard deviation of 3 independent biological replicates. 
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Figure S10: Virulence of 5448ΔpmtA in murine model of infection. Survival of mice 

after subcutaneous challenge of transgenic humanized plasminogen AlbPLG1 

C57BL/J6 mice with 5448 WT (black circles), 5448ΔpmtA (red triangles) and 

5448ΔpmtA::pmtA (black squares). Infecting dose 2 x 108 colony-forming units 

(CFU). Mantel-cox log rank test was performed comparing 5448ΔpmtA to 5448 WT 

(P = 0.5162) and 5448ΔpmtA::pmtA (P = 0.9723) (Graphpad Prism 7)  
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Figure S11: Growth curve analysis of streptonigrin rescue by Mn(II). Overnight 

cultures of strains 5448 WT (black circles), 5448ΔpmtA (open circles) and 

5448ΔpmtA::pmtA (grey circles) were diluted to OD600 = 0.05 in THY broth (A) or 

THY broth with 250 nM streptonigrin (B), 250 nM streptonigrin + 0.25 mM Mn(II) 

(C) or 250 nM streptonigrin + 0.5 mM Mn(II) (D). Growth was monitored at 37°C by 

optical density recording at 595 nm (OD595). Graphs represent mean ± standard 

deviation of 3 independent biological replicates. 

  

0 5 10 15
0.0

0.2

0.4

0.6

0.8

1.0

1.2
THY

Time, hours

O
pt

ic
al

 D
en

si
ty

, (
O

D
59

5)

5448 WT
5448ΔpmtA
5448ΔpmtA::pmtA

0 5 10 15
0.0

0.2

0.4

0.6

0.8

1.0

1.2
250 nM streptonigrin + 0.25 mM Mn(II)

Time, hours

O
pt

ic
al

 D
en

si
ty

, (
O

D
59

5)

0 5 10 15
0.0

0.2

0.4

0.6

0.8

1.0

1.2
250 nM streptonigrin

Time, hours

O
pt

ic
al

 D
en

si
ty

, (
O

D
59

5)

0 5 10 15
0.0

0.2

0.4

0.6

0.8

1.0

1.2
250 nM streptonigrin + 0.5 mM Mn(II)

Time, hours

O
pt

ic
al

 D
en

si
ty

, (
O

D
59

5)

A B

C D



 16 

 
Figure S12: Growth curve analysis of Co(II) rescue by Mn(II). Overnight cultures of 

strains 5448 WT (black circles), 5448ΔpmtA (open circles) and 5448ΔpmtA::pmtA 

(grey circles) were diluted to OD600 = 0.05 in THY broth (A) or THY broth with 1 

mM Co(II) (B), 1 mM Co(II) + 0.25 mM Mn(II) (C) or 1 mM Co(II) + 0.5 mM 

Mn(II) (D). Growth was monitored at 37°C by optical density recording at 595 nm 

(OD595). Graphs represent mean ± standard deviation of 3 independent biological 

replicates. 
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