Supplemental Material

Table S1. Comparison and quality data of structures for MrpA domain models.

Ramachandran plot quality (%)

Domain Core Allowed General Disallowed
MrpA_N 91.6 6.9 15 0.0
MrpA _C 93.0 5.7 1.7 0.0

Ramachandran plot qualities shows percentage (%) of residues belonging to the core, allowed, generally allowed and

disallowed region of the plot.

Figure S1. Agarose gel electrophoresis of restriction-digested plasmids isolated from Na*/H* antiporter-
deficient E. coli strains transformed with pET21a containing the mrpA insert. Colony 9 (EP432) and colony 13
(KNabc) were used for further experiments.
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123 45 67 8 910 11121314
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Figure S2. Ramachandran plot for the MrpA_N domain.
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Figure S3. Ramachandran plot for the MrpA_C domain.
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Figure S4. Multiple sequence alignment of M. acetivorans MrpA with MrpA-related proteins. (A) M.
acetivorans MrpA N-terminal domain alignment. The domain is composed by 16 transmembrane (TM) helixes.
The C-terminus of the N-terminal domain contains the piston-like structure, which is shorter in MrpA than in
NuoL of E. coli. (B) M. acetivorans MrpA C-terminal domain alignment. The domain is formed by five
transmembrane (TM) segments. The predicted secondary structure of M. acetivorans MrpA is shown on the
sequence alignment. Positions with overall identity greater than 80% are shaded in black, while sites with
overall similarity greater than 80% are shaded in grey. Highly conserved charged residues proposed to be
involved in MrpA function are marked with a red asterisk. The BH motifs are shown in yellow. The alignment
was performed with T-Coffee (1). The sequence access numbers are: Methanosarcina acetivorans
(WP_048174247.1), Methanococcoides burtonii (WP_011498313), Bacillus subtilis BSn5 (ADV93965),
Escherichia coli K12 NuoL (P33607) and Natranaerobius thermophilus (WP_012446597).
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Figure S5. Alignment of amino acid sequences in clades I, 11 listed in Figure 4. The organism names and
associated IDs are listed in the caption to Figure 4. The MrpA sequence from M. acetivorans (WP011024445) is
bolded and underlined. Sequences were aligned with COBALT.
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MDSFTAI ILAIFLPFAAAIFIPLLEKFLKHRIGWFAAGIAFLSFAL IGIVAPEIIH-GHI 1QHSIEWMPSIGAEFSIYAD
MDPFILITLAVFLPFLLAVAVPAVEKL IKHRVGWFATLVAF ISFLLVISISPLVMH-GENFQASVEWLPSMGVEYSIYVD
MDLFTAITLAVFLPFIMAG ILPAAEKVLKKR I GWYAAATALMSLLLVAQAVPSVVN-GENIQGSVPWLPSLG IELSFYGD
MDSFNAITVAIFLPFIFAGLVPVMEKLLKQRVGWFAAATALASFAL IGMAATEVIE-GQI 1QGSISWIPSAGVNFTIYAD
MDQSVAIL ILAIFLPFIFAILVPYVEKIFKHRIGWYASFTALLTFIL IATAAPT I IA-GKTVQYSVKWLPSVGVDFGI'YVD

GMAVLLALIVSGVGVI IMSYSNGYMSTKEDLPRYYQWLLLFMGAMLGIAYTDNT IQMFIFWELTS I TSFML I GYWRERPE
GMAVLLALIVSGIGVIIMSYSNGYMSTKEDLPRYYQWLLLFMGAMLGIAYTDNT IQMFIFWELTSITSFML 1 GYWRERPE
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GLSLLIGLIASGIGI I IMSYSNGYMSHKEDLSRYYQYLLLFMGSMIGMVFSANT IQLFIFWELTSITSFLL I GFWRHRPL
GLAMLIGFIASG IGVLIMSYSNGYMSQKEDLKRYYQYLLLFMGSMIGMVFSANT IQLFIFWELTSITSFML I GYWRHKPE
GLAMMIGFIASGIGVI IMSYSNGYMSHKEDLPRYYQYLLLFMGSMIGMVFAGNTLQLFIFWELTSITSFML I GYWRGKPA
GLSVLFGIIITGIGI I IMFYSNGYMGHKEDLPRYYQWLLLFMGSMLGMVFAANT IMLFVFWELTS I TSFML I GYWRNKPQ
GLSIMFGLIVSGVGILIMAYSNEYMSKREDLSRYYRQLLMFMGSMLGMVFSSNITIQLFIFWELTSITSFML I GYWRNRPM
GLATMIGFIASG IGVLIMSYSNGYMSRTEDLTRYYQYLLLFMGSMIGMVFSGNT IQLFIFWELTSITSFML I GYWRHKPE
GLSLLIAFLASG IAIMIMAYSNEYMSHKEDLAAYYKY ILLFMGSMIGMVFSANT IQLFIFWELTSITSFLL 1 GYWKHKPQ
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SVYGATKAFLITAG-GGLLMFAGFLMLRVVTGTYGISEVAQSSELLSTLHGSPLYVAVLVL IFLGAASKSAQGPFY IWLP
SVYGATKAFLVTAG-GGLFMFAGFLMLRVITGTYAISELAQSSELLGVLHGSNLYVATLIL IFIGAASKSAQGPFY IWLP
SVYGATKALLITAG-GGLFMFAGFLMLRVVTGTYGISEVAHNSEFLSTLHGSPFYVAILVL IFIGAASKSAQGPFY IWLP
SVYGATKSMLITAS-GGLFMLAGFLVLHAITGTFDIPTILHNESIREALQSHNLFIYALIL IFIGAASKSAQGPFY IWLP
SIYGATKSLIITAA-GGLIMFIGFLILHSITGTFDIPTILHDSSMIENIKNHDLFLVTLIF IFIGAAAKSAQGPFY IWLP
SIYGATKSLLITAA-GGLAMLAGFLLLRSITGSFDLAEILSDPQI ITHAIKEHELFLITLIL ILIGAAAKSAQGPFY IWLP
SVYGATKSLLLTAG-GGLFMLAGFILLHAITGSYDIATMLQNPATIENIKAHPFFLITLIL ILIGAAAKSAQGPFY IWLP
SVYGATKSLLVTAA-GGLFMLAGFIVLRAITGTFDIPTILQNETLITMVKGHELFLAALIL IFIGAASKSAQGPFY IWLP
SVYGATKSLLITAS-GG IFMLAGFLVLNIITGTFDIATVLQNESMIET IKGHEFFLFALVL ILIGAAAKSAQGPFY IWLP
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NAMEAPTPVSAFLHSATMVKAG I YLVARIHP I FSGTDAWF I LVSGI GILTMLVAGFLAFRQTDIKG ILAYST 1SQLAYMM
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TMYGYSTAEHPGLGFAAATFHLLNHSTFKATLFLVAG IVAHEATTRD IRKLGGLRKEMPKTFIVAV IAAASMAGVPPLNG
TMYGYSTAEHPGLGFAAATFHMLNHSTFKATLFLVAG IVAHETTTRD IRKLGGLRKEMPKTFIVAV IAAASMAGVPPLNG
TMYGYSTAAHPGLGFAAATFHMLNHSTFKATLFLVAG IVAHETTTRD IRKLGGLRKEMPKTFIVAV IAAASMAGVPPLNG
TMYGYTTHEEPG IGVAAATFHLLNHATFKACLFLVAG IVAHETATRD ITKMGGLRKEMPITFIVAT IGALSMAGIPPLNG
TMYGYTTYHEPG IGVAAATFHLLNHATFKACLFLVAG IVAHEAATRD IRKLGGLRHEMPLTFIVAS 1 GALAMAG I PPLNG
TMYGYTTHHEPG IGVAAATFHLLNHATFKACLFLVAG IVAHEAATRD IRKLGGLRREMPITFIVAS IAALAMAGVPPLNG
TMYGYTSYHEPGLGVAAATFHLLNHATFKACLFLVAG IVAHEAATRD IRKLGGLRKDMPITF I TAS IAALAMAGIPPLNG
AMYGYTTYQEPG IGVAAATFHLLNHATFKACLFLVAG IVAHEAATRDITRLGGLRHEMPITF I IAT IGALSMAGVPPLNG
AMYGYTTYQYPG IGVAAATFHLLNHATFKACLFLVAG IVAHETATRD I TKMGGLRKDMPVTF 1 1GS 1AALAMAGVPPLNG
TMYGYTTHHEPG I GVAAATFHL LNHAAFKACLFLVAG IVAHEAATRD IRKLGGLRREMPITF I IAC IAGLAMAGIPPLNG
TMYGYTTYQEPG IGVTAATFHLLNHATFKATLFLMVG IVAHEAATRD IRKLGGLRREMPFTF 1 IAT IGALAMAGVPPLNG
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FLSKEMFYETSLEIGELVSETYGGPWAFVFPAVAVAGGVFTLMYSI1KLVDG I FLGHRTHDHDVPHHVHDAPWVMLAPAVF
FLSKEMFYETSLEIGELVSETYGGPWA IVFPAVAVAGGVFTLMYSIRLIDG I FLGERTHDHDVPHHVHEAPWVMLAPAVF
FLSKEMFYETSLEIGKLVSETYGGPWA IVFPVVAVLGGVFTLMYSIKLIDG IFLGERTHDHD I PHHVHDAPWVMLGPAVF
FLSKEMFYEASVEMGHLL----GGPYTVLIPALAVLGGVFTFAYSIKLIDG IFLGKRPAKG-LPEH IHDPSMIMLAPAIL F
FLSKEMFYKSSVEMGAAL----GFPFS I IVPATAVVGGVLTFAYSIKLIDG IFLGKRKDEF-LPHH IHEAPYVML IPAGL
FLSKEMFYESSLEMGHML----GGAFTFI 1PACAVLGGVFTFAYSIKLIDG IFLGERSKEH-LPEH IHEPPLTML IPPAF
FLSKEMFYETSVEMGHI I ----GGPFTFLIPAAAVLGGVFTFAYSIKLIDG IFLGEKHHDH-LPEH IHEPPYTMLVPAAF
FLSKEMFYESS 1 EMGHAL----GSPFTFI 1PATAVAGGVFTFAYSIKFIAA IFLGKRPEKG-IPPH IHDPSL IMILPAAF
FLSKEMFYESSLEMGHL L----GGPLEYLIPAAAVLGGVFTFAYSIRFIDG IFLGKRRSEH-LPKHMHEPSL IMLVPPAF
FLSKEMFYESS1EMGAS I ----GGIFTFLIPAFAVLGGVFTFAYSI KL I1DG I FLGERDKNA-IPHH IHEPPMTML IPPAF
FLSKEMFYESSVVMGNTL----GTPYTFI1 1PAVAVLGGVLTFAYSIKI11DG I FLGKRQDDH-LPKK IHDPSAVMLVPTAA

LVGLIIFFGLYPTFPISVLIQPAYSGLVPHADHLHVALWHGVTTPLLMT IATFAIGLVLYKFYDA T AAWQNSFNDKLPWI
LVCLINIFFGLYPKFPISVLIQPAYSGLVPHADHLHVALWHGVTTPLLMTIATFAIGLVLYKFYDS I AAWQNSFNDKLPWV
LVGLIIFFGLYPKFPIEVLIWPAYSGLVPDAEHLHVALWHGVTTPLLMT IATFAIG IVLYKFYDS I AAWQNSFNAKLPWI
LVGLINFFGLYPKFPIETLIQPAYSGLVPNADHLHVALWHGVTTPLLMTIATFAIG IVLYKFYDSLAAWQNSFNDKLPWI
LVGLIIFFGLYPKFPIETLVQPAYSGLVPDAEHLHVALWHGVTTPLLMTIATFAIGLVLYKFYDSLAAWQNSFNDKLPWV
LAGLIILFGLVPSIPVHNFIEPTVSGI TLEEAHLHVKLWHGFTTSLMMTIATFILGILIYTQYDRIAEWQNRFNARFPWV
LSVLVILFGLVPSIPVHNIIEPATSGILLETAHLHVTHWHGFTPAFMMT I I TFVLGLLIYTKYESLASWQDRLNASYPWI
LAGLVILFGVVPSLPIHHIIEPTVSGILLETAHLHVKLWHGFTTSLMMTIVTFILG IL1IYTKYDRIAAWQNSFNAKFPW I
LAGLVILFGLVPSIPIHNIIEPTTAGIVLEEVHLHVKLWHGFTPALFMT I TFIAGLAIYTRYDN I AAWQDRFNARYPWV
LAGLITTFGLVPSIAVQNLIEPAASSIMMEAQHLHVQLWHGLTGSLAMTVVTFLLG IAVYTKYDRIAEWQNSFNRKYPMI
LATLVILIGLFPSVAVQY I 1EPAASGI LLQEVHLHVSLWHGFTAALMMT I I TFIAG IALYTKYDAT AAWQDRMNARYPWF
LAFLVILFGVIPSLPTHY I 1EPAVSGILLETAHLHVKLWHGFTASLMMT IVTFILG ILIYTKYDRIAAWQDNFNMKNPR
LAFLVWLFGVFPSIPVNLIIEPAVAGILLETVSLNVKLWHGLTPELFMTVITFVLGILLYTKYDD I ARWQDRFNVRHPRI

SVNYWYDATVNNAKG I THKFAAFAQPGP IGVYVKMTLLFMIFLIFWPVYMFGINLG IGVGDLLPAG I 1YDAQPYEIVLYS
SVNYWYDATVNNAKG IAHKFSAFAQPGP IGVYVKMTLLFMIFLIFWPVYKFGIGLG IGIGD ILPAG 1 IYDAQPYEIVLYS
SVNYWYDAITVNNAKP IAHKFAAITQPGP IGVYVKMTLLFMIFLIFWPVYKFSIGLG IGVGDLLPAG INYNAQPYEIVLYS
STNYWYDATVNNARD ITHKFAAITQPGPIGVY IKMTLLFMGFL IFWPVYKFGIGMG IGIGN ILPAG INYAAQPYEIVLYA
SMNYWYDATVNNARDVTHKFAAITQPGPIGVY IKMTLLFMIFLIFWPVYKFSVGMG IGIGN ILPAG INYAAQPYEIALYS

SVNYYYDGAVNNAKSVT SKFSNRMQPGP IKTYVLALLLLTLAMFATIPAIMLAT == ——-- SLVPQONLNFDVPLYEALIFL
SVNYYYDAIVNNARTNAYKVSSFVQPGFVKTY INALL ILTIALIMIPLIVLSG-=------ DLIPQTLNFDVNPYEALLML
SVNYYYDNAVDSAKDRAFKFSSFTQPGNIKNY INAMLLLMIALVAVPVIILAT—————-- NIFIPSTLNFDIPPYEAILLI
SVNYYYDRIVDGAKGSAKGFAGFAQPGSIKLY IYAILVLMVILFTIPLFMMTT—==—-——- QVFSVNLNFDIPFYESVIMI
SVNYVYDSLVNNAGDTLKGFSSFMQPGSVKRYVVALL ILMVVLFAIPFLKLSA-————-- GFAP-TLNLNLEPYELVVFF
SINYAYDRIVNGAQGKSSAFAAVMQPGPVKPY LVALLLLFLVLGAIPAMLVAT ——————— TLVPADLNFNVPPYEGILLG
SINYYYDRAVDSAKGNAFRFSSRSQTGNIKLYMSAMLLLMIALIAIPAAILAT -—————- NIMPSQLNFDIPPYEAILLL
SINYYYDKIVGNATYNAGLFSSKFQIGPVKYYMIPILLLAILSILIPITLLSL-—-—--- EMLPVTLNFEIPPYELIVFL

LMILAALGAALLPRYLPAVISLSELGFLVALLYVYLKAPDLAMTQVCVETLSTIIFILVLIKIPQKFKEPMPAGKVLVNL
LMILAALGAALLPRYLPAVISLSELGFLVALLYVYLKAPDLAMTQVCVETLSTIIF ILVVMKVPQKFKEPMPAGKVLVNL
LMILAALGAALLPRYLPAVISLSELGFLVSLLY I'YLKAPDLAMTQVCVETLSTIIF ILVLMKIPQKFKEPMPAGKVMVNL
LMILAALGAAVLPKYLPAVISLSELGFLVALLYVYLKAPDLAMTQVCVETLST I IF ILVVMKVPQKFKEPMPAGKVLVNL
LMLLAALGAALLPKYLPAVISLSELGFLVSLLY I'YLKAPDLAMTQVCVETLSTIIF ILVLMKIPQKFKEPMPAGKVMVNL
FMIVAALGAALLPRYIPATISLSGLGYLVALLFIYLQAPDLALTQVLVETLSTIHIFLLAIVKIPQKFKEHIPSTTLARDL
LMVVAATAATVLPKY IPATTALSSLGYMVSLLFIYLKAPDLALTQILVETLTTIHIFLLVIVRIPQTFREKLSKANLTRDV
LLVVAALAAAVLPKYLPATIALSALGYGVSLLFIYLKAPDLALTQVLVETLSTHIFLLAITKIPQKYKEKITTSVLVRDL
LMVVAATAAATLHRYLSAVIAISAVGYLVSLMFIYLKAPDLALTQFLVETLATIIFLLVIARVPQTFKEKIPKNILLRDI
FMIMAAVGAAVLPKYLPAVISLSALGYLVSLLFIYLSAPDLALTQVLVETLSTIIFLFAIVKIPQTFKEHISPSLFMRDA
LIVLAALGTAILRKYLHAILAVSAVGYLISLVFIYLQAPDLAMTQILVETLFTIIFLLVILKIPQTFRENLTRSVLARDL
LL IVAALSAAILPTYLPSIIALSALGYGVSLLFIYLKAPDLALTQILVETLSTIIFLLAITKIPQKYKEKISISVFTRDI
LITITALLAAILPSYLPAVIAVSAMGFLVGIVFIFFLAPDLAITQILVETLTTIIFVLVIAKVPQTFKEHIPRGTLIRDI

LISGVVSFGVLAVMLNANLGVLAPFETFNYYF IEKALAMTGGLNVVNVIVVDFRGYDTIGE ISVLSLAALGVYSLILSRA
LISGVVSFGVLAVMLNAN IGVLAPFETFNYYFMEKALAMTGGLNVVNVIVVDFRGYDT IGE ISVLSLAALGVYSLILSRA
LISGVVSFGVLAVMLNANMGVLAPFETFNYYFMEKALAMTGGLNVVNVIVVDFRGYDT IGE ISVLSLAALGVYSLILSRA
LLSGVVSFGVLAVMLNANIGVLAPFETFNYYF IEKALEMTGGLNVVNVIVVDFRGYDT IGE ISVLSLAALGVYSLILSRA
LISGVVSFGLLAVMLNANIGVLPQFQTFCYYF IQKSLEMTGGLNVVNVIVVDFRGYDTLGE ISVLSLAALSVYSL IMSRA
VISVAVSAMIFIMLINATQGIVAPFESLSYYF IEKSLTLAGGHNIVNVIIVDFRGYDTLGE ISVLCLAALGVYNLIHSRG
FISGLVSVGVFIVLINATQGIVPPFESLSHYF IEKSVSLTGGHNLVNVILVDFRGYDTLGE ISVLCLAALGVYNLIHSRG
TISLAVAASVFVVLLNATQGIVPPFESLSHYF IENSLPLAGGHNIVNV I IVDFRGYDTLGE ISVLCLAALGVYNL IHSRG
MISLAVASTVLILLLNATQGIVPPFESLSHYFLENSVKLAGGHNVVNVILVDFRGYDTLGE ISVLCLAALGVYNLIKSRG
LIAVSVASVVFILLLSATQGI IAPFESLSYYF IEKALPLAGGHNIVNVI1VDFRGYDTLGE IAVMCLAALGVYNL IHSRG
LISSAVGITVLVLLLNATQGIASPFES ISYYF IENSVPLARGHNMVNVILVDFRGYDTLGE I'VVICLAGLGVYNLIKSRS
LIAITVAASVFVVLLNATQGIVDPFASLSHYF IDNSFLLAGGHNIVNVI1VDFRGYDTLGE ISVLCLAALGVYNLIHSRS
LISVTVASTVFI IMLYAAQGI I PPFESVSHYFLEKSVLLTGGHNVVNVILVDFRSFDTLGE IAVIFLAALGVYNL IHSRG
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WP_011498313 787 EE------ 788
WP_013898326 788 ERK----- 790
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