
TABLE S1: Sequence identity matrix of the seven ABC exporters of E. faecalis V583, LmrCD of L. lactis 

IL1406, PatAB of S. pneumoniae R6, and TM287/288 of T. maritima MSB8. 

 Identitya 

 LmrCD PatAB TM287/288 EfrABb EfrCDc EfrEFd EF0942/41 EF1592/93 EF1733/32 EF2593/92 

LmrCD 100.0 57.0 36.1 34.0 58.6 32.2 31.8 30.9 28.5 34.1 

PatAB 57.0 100.0 37.2 35.9 57.4 31.3 32.3 33.5 27.1 33.8 

TM287/288 36.1 37.2 100.0 38.2 38.8 35.4 39.5 35.9 29.9 40.4 

EfrABb 34.0 35.9 38.2 100.0 37.5 38.9 37.1 31.4 29.6 42.9 

EfrCDc 58.6 57.4 38.8 37.5 100.0 32.9 33.7 31.5 29.1 35.0 

EfrEFd 32.2 31.3 35.4 38.9 32.9 100.0 36.0 29.0 27.3 39.9 

EF0942/41 31.8 32.3 39..5 37.1 33.7 36.0 100.0 29.2 29.8 41.1 

EF1592/93 30.9 33.5 35.9 31.4 31.5 29.0 29.2 100.0 32.9 31.3 

EF1733/32 28.5 27.1 29.9 29.6 29.1 27.3 29.8 32.9 100.0 29.4 

EF2593/92 34.1 33.8 40.4 42.9 35.0 39.9 41.1 31.3 29.4 100.0 

a Sequence identity matrix was generated using ClustalW 
b EfrAB corresponds to EF2920/19 
c EfrCD corresponds to EF0789/90 
d EfrEF corresponds to EF2226/27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TABLE S2: Sequences of PCR primers for the generation of gene deletion knockouts in E .faecalis. 

efrAB 

(ef2920/19) 

5’-FW:   atatatGCTCTTCtagtCCAGGTCCGCAATCCTGCTTC 

5’-RV:    gtattaccgatttcGAATAAAAAGAGGTCGGGACAGAAGCG 

3’-FW:   cccgacctctttttattcGAAATCGGTAATACAAGCTGTCTGGCTAG 

3’-RV:    tatataGCTCTTCatgcGTGACCGTGGGTAATAACGAGTGC 

efrCD 

(ef0789/90) 

5’-FW:   atatatGCTCTTCtagtGACTGGGTGTTCTGGGATGAATGG 

5’-RV:    gccgtatattcctcCCTGCTTCTTCAGTGTTGGTCTGC 

3’-FW:   ctgaagaagcaggGAGGAATATACGGCAATTACGGCGC 

3’-RV:    tatataGCTCTTCatgcGAGCTAAACCGTTCGCTAAACCTGAC 

efrEF 

(ef2226/27)  

5’-FW:   atatatGCTCTTCtagtGCTTAGCTACATTTGCTATTGCTAGTTCCT 

5’-RV:    gtcggagcttGGGTTCCTGCGATTTGCAAACAG 

3’-FW:   gcaggaacccAAGCTCCGACTCTTTACGCCAG 

3’-RV:    tatataGCTCTTCatgcCGTCCAACTGGTAAATTGCACCTAGGAC 

ef0942/41 

5’-FW:   atatatGCTCTTCtagtCCGCAGCGACTGGAAGTCC 

5’-RV:    aataaccctgttcGGGCAAGACTAACTCGAAACAAGCTTC 

3’-FW:   gttagtcttgcccGAACAGGGTTATTATCGTGACCTTTACGAAGC 

3’-RV:    tatataGCTCTTCatgcCTTTAGCGACCAATATTGGCAGTGCTG 

ef1592/93 

5’-FW:   atatatGCTCTTCtagtGGTGTTTGGGAACATAATCATCCAGCG 

5’-RV:    agttgatcatgagCGACAAAAATAACAGCTAGCAGTAACTTATTC 

3’-FW:   gctgttatttttgtcgCTCATGATCAACTAATGGCAAAACATGCG 

3’-RV:    tatataGCTCTTCatgcCCGTCAGTCATTGAGTCTGCGAC 

ef1733/32 

5’-FW:   atatatGCTCTTCtagtCGAAGTCTTGTGGAAAGAGCAAATCCC 

5’-RV:    cataaaggccaccCGCTCTTTTCCTCCTAGATTATCCTATTCTCCC 

3’-FW:   gaggaaaagagcgGGTGGCCTTTATGCGGATATGTATCAG 

3’-RV:    tatataGCTCTTCatgcCCTAAACTTTCAGCGACACTTTCTGCAC 

ef2593/92 

5’-FW:   atatatGCTCTTCtagtCGTTTCGGCGAGTCCGTCATTCC 

5’-RV:    cctcatcatgaattacCTCCTCCTTTTTGCTACTTATAAGCGCC 

3’-FW:   gcaaaaaggaggagGTAATTCATGATGAGGCTTCAGGAACCATAGTC 

3’-RV:    tatataGCTCTTCatgcGGTGGGTTTTACTTGTGCCAGTCC 

 

 

 

 

 



TABLE S3: Sequences of PCR primers for the generation of FX-compatible knockout and 

complementation vectors. 

pCJK245_FX 

ccdB from 

pINIT_cat 

ccdB_XbaI_FW:   atatatctagaGGCCGCTCTTCTAGTCGACCTG 

ccdB_NcoI_RV:    atatatccatggCGGTGGCCGCTCTTCATGC 

pMSP3535_FX_em and pMSP3535_FX_cat 

pMSP3535_FX_em 
pMSP3535_FX_FW:   CGCTCTTCCGCaTaaTCGCTCACTGAC 

pMSP3535_FX_RV:    atatatgctcttcTACTCATTTTGAGTGCCTCCTTATAATTTATTTTGTAG 

pMSP3535_FX_cat 
pMSP3535_FX_cat_FW:   CGAACACGAACCGTCTTATCTCCCATTATATC 
pMSP3535_FX_cat_RV:    GGAGAAACTTGGAACTAGCATTTAGAGAAAGC 

cat from pCJK245 
cat_FW:   GCGAACGAAAAACAATTGCAAAAGCAGATTG 

cat_RV:    GCACACGAAAAACAAGTTAAGGGATGC 

 

 

 

 

 

 

 

 

 

 

 



TABLE S4: Sequences of PCR primers for amplification of the open reading frames from genomic DNA of E. faecalis V583 and for the generation of 

the inactive E to Q mutant by mutating the conserved Walker B glutamate of the consensus site to a glutamine using QuikChange site-directed 

mutagenesis. 

 Amplification of ORF from gDNA QuikChange of E to Q mutant 

efrAB 
(ef2920/19) 

FW:   atatatGCTCTTCtagtAAGTTAATGTGGCGTTACACAATGCG 

RV:    tatataGCTCTTCatgcTTCCTCATAGTCGCCTTCTTCAGC 

FW:   TTGATTTTAGATcAGGCGACTAGTTCAGTCG 

RV:    CGACTGAACTAGTCGCCTgATCTAAAATCAA 

efrCD 
(ef0789/90) 

FW:   atatatGCTCTTCtagtGGTTCCGGCGGCGGTGGCGGTTCTGACCTTATTATTCAACACGCC 

RV:    tatataGCTCTTCatgcTTCAAAAACAAATTGATTTTTATAAAGTTCCGC 

FW:   GAATTATTAATTTTGGATcAAGCAACAAG 

RV:    CTTGTTGCTTgATCCAAAATTAATAATTC 

efrCD 
(ef0789/90) 
with its native 
promoter 

FW:  atatatGCTCTTCtagtCACTTTATGATAGGAAAAACTTGTGAAAAATTAACTTGTTCG 

RV:    tatataGCTCTTCatgcTTCAAAAACAAATTGATTTTTATAAAGTTCCGC 

FW:   GAATTATTAATTTTGGATcAAGCAACAAG 

RV:    CTTGTTGCTTgATCCAAAATTAATAATTC 

efrEF 
(ef2226/27) 

FW:   atatatGCTCTTCtagtAAATTAATGAAAGAGTTTATTAAAGAAAATAAATGGATTGTTCTTGCG 

RV:    tatataGCTCTTCatgcAGTGGTTTGAAATTGACTATTATATAAGCTGGCG 

FW:   CTCGATcAAGCAACTTCGAGTGTGGAC 

RV:    CGAAGTTGCTTgATCGAGAATAACAACGGG 

ef0942/41 
FW:   atatatGCTCTTCtagtTTTGGTTTATTGAAATACGCAAAAAATTATCGAAAACAAA 

RV:    tatataGCTCTTCatgcTTGTGCTTTTTGATTAAACTGTGCTTCGTAAAG 

FW:   GATGCTTATTTTAGATcAAGCGACCAGTTCAG 

RV:    CTGAACTGGTCGCTTgATCTAAAATAAGCATC 

ef1592/93 
FW:   atatatGCTCTTCtagtAATAGTTTTGAATGGATTTGGCAATATGCTAAAA 

RV:    tatataGCTCTTCatgcGCTCTTTAATAAGTCGTATTGCGATTGATATAAATG 

FW:   ATTTTAATTTTAGACcAAGCAACCTCCAGTAT 

RV:    ATACTGGAGGTTGCTTgGTCTAAAATTAAAAT 

ef1733/32 
FW:   atatatGCTCTTCtagtTCCATATTCAAAAAATTAGGCTGGTTTTTTAAGC 

RV:    tatataGCTCTTCatgcAACTTCCGTACTTTGTAACTGATACATATCCGC 

FW:  CCAAAATTTTAGTTTTAGATcAAGCAACCGCTAATATT 

RV:    ATATTAGCGGTTGCTTgATCTAAAACTAAAATTTTGG 

ef2593/92 
FW:   atatatGCTCTTCtagtATTAAACTAGTCAAACGGATGTCATTATGGTCGG 

RV:    tatataGCTCTTCatgcGGCTACTTCTTCTGAAAACTGACTGTTATATAAGTCAG    

FW:   CGTTTTAATTTTGGATcAAGCCACCTCAAGTG 

RV:    CACTTGAGGTGGCTTgATCCAAAATTAAAACG 
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Supplementary Figure 1

Fluorescent dye transport mediated by EF0942/41, EF1592/93, EF1733/32 and EF2593/92. Ethidium 

(a), Hoechst 33342 (b) and BCECF-AM (c) transport was measured as shown in Figure 1. L. lac�s NZ9000 

ΔlmrAΔlmrCD cells expressing wildtype or inac�ve E to Q mutant transporters of EF0942/41, EF1592/93, 

EF1733/32 and EF2593/92 were supplemented with ethidium, Hoechst 33342, or BCECF-AM and 

fluorescence was measured. The traces for EfrCD shown in Figure 1 are plo�ed for reference. 
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Supplementary Figure 2
SEC profiles of purified enterococcal ABC exporters. The proteins were expressed in and purified from L. 
lac�s. Size-exclusion chromatography using a Superdex 200 increase 10/300 GL column was performed 
in 20 mM Tris/HCl pH 7.4, 150 mM NaCl and 0.03% β-DDM. The peak elu�ng at around 11 ml reten�on 
volume corresponds to the size of typical heterodimeric ABC exporters. A  is shown in black and A  in 280 254

gray. Peak frac�ons used for ATPase ac�vity measurements were analyzed by SDS-PAGE and shown as 
insets. The protein yields contained in the respec�ve 11 ml peak frac�ons (0.5 ml) were normalized to 
µg/liter of expression culture and listed in the table. 
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--------------------------------NFLRILPFMILGLMFVRGLSGFASSYCLSWVSGNVVMQMRRRLFNHFMHMPVRFFDQESTGGLLSRITYDSEQVAGATSRALVSIVREGASIIG
--------------------------------SVLVWMPLVVIGLMILRGITSYVSSYCISWVSGKVVMTMRRRLFGHMMGMPVSFFDKQSTGTLLSRITYDSEQVASSSSGALITVVREGASIIG
--------------------------------SVLLWMPLVVIGLMILRGITSYISSYCISWVSGKVVMTMRRRLFGHMMGMPVAFFDKQSTGTLLSRITYDSEQVASSSSGALITVVREGASIIG
--------------------L-----------TKIIVWVALLIGAGLAQYLFRYIWRMHIWGSAARLEKELRTQLFHHFTKMDSIFYQKYRTGDLMAHATNDLNAIQNVAGAGILTFADSVITGGT

SFI-LAMLTLPQLWWVIVALVIAVILISMLSFSQMGKHFMIIQNLIDKINGIAKENLLGIRVVKSFVQEKNQLSRFTKVSEELTTHNLIVGSLFA-VMIPAFMLVANLAVVGSIFFVSNLVKDD--
SFI-LAVQTLPSLWWVIVLMVVLIFGLTAVMMGMMGPRFAKFQTLLERINAIAKENLRGVRVVKSFVQEKEQFAKFTEVSDELLGQNLYIGYAFS-VVEPFMMLVGYGAVFLSIWLVAGMVQSD--
AVI-LSITTLPKLWWITVLLIVLILVVTAVLMGCMGPHFMAFQKLMDRINAIAKQNLRGARVVKSFVQEKNQIKEFDETSDELYDHNWAVGKLFS-AMIPLFTVIAQGAIWLAIYFVSTFVTDS--
SVV-MAFYIDVQMGFLFLLLLPIFSLILFIIIKVTVPLYQKVQEYLDRLNRQISQNLSGVRVIRAFARKETEQRHVDKASDDLGDIYIRVSNVSA-LLTPLTTLIMNVGILFLLYFSGLKVSFG--
ASF-MAYNKDPQLTKIFLYVLPIMAVLVGGIMFLAVPLFKSMQKKTDRLNLVFREGLTGVRVIRAFGKANYEEQRFDEANKDYTQTAIKVNTIVA-LMIPLMTLIMSGTNIAITWFGGHYIAEM--
SLY-MVMRTSPSLGMYVLGALPFLLLAVVGIARLSEPLSKKQQKNLDGINGILRENLSGLRVIRAFVNEKFEESRFNKVNETYTKSSKSLFRLMA-AAQPGFFFLFNIVMVLIIWSGTVQISHG--
GIV-MAVSINVKLSSVLIFLIPPIVLLFVWLTKKGNPLFRKIQESTDEVNRVVRENLLGVRVVRAFRREEYENENFRKANESLRRSIISAFSLIV-FALPLFIFIVNMGMIAVLWFGGVLVRNN--
ALV-MTFSYSVSLAWVTLASIVFYLVVVYFLMKKGTPLSLKIQPKMDRITTTLREFFTGINMIRAFNNQDFEEQRTNQTFKNYAERMSKVNQIFA-WITPVAFLLMGVVYASILWFGGNLVAVG--
AVI-VMGTINWQLMLALILITPLIFLLTQKMSKESHPVFFEIRESFSRLNSMVEENIGGNRVVKAFSQEPYEIEKFNKHNEDYKKWNMASADVSK-KYLPWLDGFAGSLNVIALVLGGLFVIQG--
VLI-MMFRQNVELAWATIASTPIAILIAVFVISKARKYVDLQQDEVGKLNGYMDEKISGQRVIITNGLQEETIDGFLEQNEKVRAATYKGQVYSG-LLFPMMQGMSLVNTAIVIFFGGWLAING-S
VII-QIFLKDVTFAWLTVAASPVAILSAVIIIRQSKKATDKQQEEVSQLNAYLDEKISGQKAIIVEGLQEDSIDGFLKHNENVKKRTFAAQAWSG-MIFPLMNGFQLLSIAIVIFGGTAYVLNNDS
LIL-VMFSRNVTLALITIASTPLAFLMLIFIVKMARKYTNLQQKEVGKLNAYMDESISGQKAVIVQGIQEDMMAGFLEQNERVRKATFKGRMFSG-ILFPVMNGMSLINTAIVIFAGSAVLLNDKS
ALL-FMIRLSPLLTLVVLISTPIIFIVNWLVAKASQKNFAAQQTIVGEISGFVSEMVGNQKIVKAFQQEQATQETFEALNQTLYEKGQKAQFSSS-LTNPLSRFIDHLSYLSIGLVGGLLVLSGNP
AGI-MLFYIDAKLTILVLLLIGGSTFMTTKIANKNKVFADQSQAELGQLNNKMEEYLAGNLVTKTFNQQQNAEKTIDAVNQQHYRAFKKAQFLNF-AIYPAIRFINQLAFIISAILGAMLVLSG--
VLW-MMLTISWQLTLIALATVPLSLIVVMVVAPRSQKHFAAQQKSLGLLNNQVEETYGGHVVVKSFNHEESDQEVFEKENEKLYHAGRKAQFISA-IIMPLMNFIKNLGYVFVAVLGGVKVANG--
AVV-MMFLINPLMAIFSVIMIPLSLIISRTIVKISQKYFQGMQNSLGDLNGYVQENMTGFSVLKLYGREKETLEGFKQVNHRLNGFGFKASFISG-LMLPLVQMTAYGTYIGVAVLGSYYVVAG--
AVI-MMFRVNVILSLVTLSIVPLTVLITQIVSSQTRKYFYENQRVLGQLNGIIEEDISGLTVIKLFTREEKEMEKFDRVNESLRKVGTKAQIFSG-VLPPLMNMVNNLGFALISGFGGWLALKD--
TLI-FMLFIDVKLTLYSLLLLPVLFVMVLFIQGKQRKAYQELSNKQSNLNAYIHESISGIKITQSFAREDENFQIFNEVSEEYRQSFMKAVRVQY-LLWPAVQNISVITTCFIYFVG-IRQLGV--
ALS-IMFFLDVKLTLAALFIFPFYILTVYVFFGRLRKLTRERSQALAEVQGFLHERVQGISVVKSFAIEDNEAKNFDKKNTNFLTRALKHTRWNA-YSFAAINTVTDIGPIIVIGVGAYLAISG--
SFF-AMFQLSPEISFYCLIFLPILLVVIWYYQKFSSKLYRSMREKLSQLNTKLNEYISGMQIIQQFRQEKRLEKEFEETNDDYLKTRVAMIRMNSLLLSPIINLLYTLAIALALTMFGIDALHS--
LLT-LMFWNSWQLSLVLIVVAPVVAFAISFVSKRFRKISRNMQTAMGHVTSSAEQMLKGHKVVLSYGGQEVERKRFDKVSNSMRQQTMKLVSAQS-IADPVIQMIASLALFAVLFLASVDSIRA--
LFI-MMFYYSWQLSIILIVLAPIVSIAIRVVSKRFRNISKNMQNTMGQVTTSAEQMLKGHKEVLIFGGQEVETKRFDKVSNRMRLQGMKMVSASS-ISDPIIQLIASLALAFVLYAASFPSVMD--
LFI-MMFYYSWQLSIILVVLAPIVSIAIRVVSKRFRSISKNMQNTMGQVTTSAEQMLKGHKEVLIFGGQEVETKRFDKVSNKMRLQGMKMVSASS-ISDPIIQLIASLALAFVLYAASFPSVMD--
TIIAMVLFVDWRLTLIALLPLPLLAVTSRVLGSKLHDAFRDSQAAFSAINDKTQESITGIKVIKTFGQEKEDLADFTEKIDDAIVKNKRTNFLDA-LFDPFITLIIGVSYVLTIIIGGRFIMEG--

---PTL----IGGVASFMNYLMQIMMAIIIGGMMMMMTSRAAVSIKRIKEVMETEPDVTY-KKVPEQE---LIGS
---PSV----VGSIASFVNYLSQIIFTIVMVGFLGNSVSRAMISMRRIREILDAEPAMTF-KDIPDEE---LVGS
---PTVAQDSIGGIATFMTYMGMIMFAIIMGGMISMFASRGMVSIGRINEVLKTDPAMKFDENAKDEE---LSGS
---SLQ----QGEVLALINYMNQMMLALIVASNLVVIFTRAAASANRVNEVLTVESQLTDTPESAKTS--PQFGD
---QLE----VGNLIAFMTYAMQILMSFMMLSMIFVMVPRAQASADRINEVLNTDSEIKDVPNPELLSLKGDKAT
---DLE----VGNLIAFIEYIFHALFSFMLFASVFMMYPRAAVSASRIQEALDMEPAIREEEGVTETA---TKGY
---QME----IGSIMAYTNYLMQIMFSLMMIGNILNFIVRASASAKRVLEVLNEKPAIEEADNALALP--NVEGS
---TLQ----IGTVTAVIEYTLLTLAYLMIAAMVLVVIPRSVASLNRLQEVLSEEIEISDPHTEATIAYHPEKAL
---RMT----IGDLVAFNGFLWMLNMPMRMSGWLINDVQRFTASSIKIRQLLATKPKIPIAREKEAEP---IQGY
VDRAAA----LGLVVMFVQYSQQYYQPLMQISSGYSMIQLAVTGARRLNEMFDEPDEIRPENGEKLEE---INKA
MSITTG----LGLLVAFVQYVQSYYNPIMQISSNFGQLQLAITGATRLNVMFDEPEEVRPENGKKFDT---IKDG
IETSTA----LGLIVMFAQFSQQYYQPIIQVAASWGSLQLAFTGAERIQEMFDAEEEIRPEKAPTFTK---LQES
---LVT----VGVISSFTIYSSQFSKPFIELSGITNQIQAALAGLERTFDMMDQPVERPDASNAIVLK--EARGR
---GIT----IGFLQAYLQYINQISEPISTASYVINSIQAAMASIDRIFVILDEADEQPEATHLETIS--SPKGA
---MMD----LGDVQAFLQYTNQFSQPITQIANLMNTIQATVASAERVFEVLDEEEMVDEPSGIPVET--DSPYR
---VIV----VGQLQAFIQYIWQISQPMGNITQLSAALQSASASTMRIFEILDEPEEELNEQDVPLPE--PILGS
---IIT----VGTIATFIGYSRQFTRPLNELSNQFNMIQMALASAERIFEILDLEEEKDDPDAVELRE---VRGE
---SVT----TGTLIAFIGYINNFWNPVINIGNFYNSLITATAYLERIFETMDVVPEIQDAPHAIELP--PIKGT
---SIT----VGTLAAFVGYLELLFGPLRRLVASFTTLTQSFASMDRVFQLIDEDYDIKNGVGAQPIE--IKQGR
---PVE----AGMIYAFVTYVQAFFNPMTQMMDFLSIFTDGIVAGSRILKIMDTEELTPQQSVGANGE--IIRGK
---ELT----PGTFTVVFSAMFGLMRPLKALTSVTSEFQRGMAACQTLFGLMDLETERDNGKYEAE----RVNGE
---SLT----AGTITVVFSSMIALMRPLKSLTNVNAQFQRGMAACQTLFTILDSEQEKDEGKRVIE----RATGD
---SLT----AGTITVVFSSMIALMRPLKSLTNVNAQFQRGMAACQTLFAILDSEQEKDEGKRVID----RATGD
---TIS----LGQLVSFIAYIGMLVWPMFAIGRLFNVLERGNASYDRVNELLHEKTHIIERKDAIKTM---AQGT



Supplementary Figure 3
Alignment of TMDs for homology model of EfrCD. Transmembrane domains (TMDs) of 
bacterial ABC exporters were aligned using MAFFT for model building. 
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VEFDHVSFRYP-GDEEDTLKDISFSIQPGEMIGIVGATGAGKSTLAQLIPRLFDPTEGKIEVGGVDLREVNEHSLRKTVSFVLQKAILFSGTIAQNLRHGKR-DASEADMERASGIAQAKEFIEKL
LSFENVTFTYP-MDKEPMLKDVSFTIEPGQMVGVVGATGAGKSTLAQLIPRLFDPQDGAIKIGGKDIREVSEGTLRKTVSIVLQRAILFSGTIADNLRQGKG-NATLFEMERAANIAQASEFIHRM
VKFDHVSFSYP-NDEEPTLKDISFEVEAGQMVGIVGATGAGKSTLAQLIPRLFDPTEGTVSVGGKDLKTVSRGTLKRNISIVLQKAILFSGTIAGNIKQGKS-DATDEEMTRAAQIGQAAEFITTK
ITFDHVDFRYE-PEAGLALENINFTIPKGSILGITGPTGSGKSTLTQLIPRFYDVSAGNLFINGVNVRDWPLFTLRQQVASVPQTAVLFTGTIRENLQWGKP-NATDEDCWEALAIAQCKEFVEQL
LAFEHVNYRYQ-HAENLALEDIDFSAKSGETVAIIGGTGSGKTTLVNLLPRFYDVESGKILLNGKNIKDTSQHNLREMIGFVPQKAVLFTGTIRENMQYGAP-NATDEEIWQALEIAQAKAFVSEL
LEFKNVTFAYPGHAESPVIRNVSFKASPGETVAFIGSTGSGKSTLIQLIPRFYDVSEGEILIDGVNVKEYKLSALRNKIGYIPQKALLFTGTIADNLRYGKE-DATLEEMERAIDIAQATEFVSQK
VSFENVEFRYF-ENTDPVLSGVNFSVKPGSLVAVLGETGSGKSTLMNLIPRLIDPERGRVEVDELDVRTVKLKDLRGHISAVPQETVLFSGTIKENLKWGRE-DATDDEIVEAAKIAQIHDFIISL
ICFDHVTFQYT-ETADPVLENVSFVIPKGKTTAIVGATGAGKSTLVKLLLRINEVTAGTISYSGTDIRSLSQQTIRQVISYVPQKAFLFSGTILSNLLMGNA-KATTEEIRTALEISQSSEFIDSL
VTFDHVSFHFSDDPETPILSDVSFSAKPGETIGILGETGSGKTTLVNLIARFYDPTKGTVYIDGKDAKSYSVRKLRENISMVMQDVFLFSNTIEDNIAFGNT-LANLEQVQMMAEIADAHSFISRM
VALNHVVFGYN--PETPVLKDVSIHVDKGEMVALVGPTGSGKTTIMNLMNRFYDVNEGAVTFDGVDIREMDLDSLRSHVGIVLQESVLFSGTIRENIAFGKP-EATDEEIVQAAKQANIHEFIVNL
IQIENLDFEYL--PGKPVLKKVNIDVKKGQMVALVGPTGSGKTTVMNLMNRFYDVNGGAIKFDGTDIREFDLDSLRSNVGIVLQESVLFDGTIADNIKFGKP-NATQEEIETVAKTTHIHEFIESL
VEISHIDFSYL--PDKPILKDVSISAPKGQMTAVVGPTGSGKTTIMNLINRFYDVDAGGIYFDGKDIRGYDLDSLRSKVGIVLQDSVLFSGTIRDNIRFGVP-DASQEMVEVAAKATHIHDYIESL
VEFKDVDFSYT--PTRPLIENFNLIAEPGETIAIVGRTGAGKSTLVNLLMRFYEVDRGQITVDTHDITQITRDSLRKSFGMVLQDTWLFDSSIRENLTYGNP-EASDEEIIEAMKKAHIFDFVMRL
IEFKNVQFGYT--PEKILMKNVDFSVQPKKTVAIVGPTGAGKTTLVNLLMRFYEINQGAITFDGIDITKLSRQNLRNLFGMVLQNTWLFEGTVADNIAYGKK-DASREEIIEAAKIAQCDHFIRTL
VSFEHVAFGYS--PEKLLMKDFNLNVKPGEMVAIVGPTGAGKTTLINLLERFYDISSGSIKYDGVDTRDLSREELRAHFSMVLQDTWLFTGSIYDNIHYGNE-QASEEEVIRAAKAAHVDDFVRKL
VEFENVSFSYD--PEKPLIRNLNFKVDAGQMVAIVGPTGAGKTTLINLLMRFYDVTEGAIKIDGIDTKKMNRSDVRSVFGMVLQDAWLYKGTIADNIRFGKL-DATDYEVVDAAKTANVDHFIRTM
IEFKNVWFSYD--KKKPVLKDITFHIKPGQKVALVGPTGSGKTTIVNLLMRFYDVDRGQILVDGIDIRKIKRSSLRSSIGIVLQDTILFSTTVKENLKYGNP-GATDEEIKEAAKLTHSDHFIKHL
VDFQHVYFRYE--EGKNILTDVSFHIEPGQTIALVGPTGAGKTTIINLLSRFYDVNEGAVKIDGYDVRDVTLRSLRKQMGVMLQDTFIFSGTIIENIRYGNL-AATEEEVIQAAKIVRAHDFIKDL
IDIDHVSFQYN-DNEAPILKDINLSIEKGETVAFVGMSGGGKSTLINLIPRFYDVTSGQILIDGHNIKDFLTGSLRNQIGLVQQDNILFSDTVKENILLGRP-TATDEEVVEAAKMANAHDFIMNL
IEFRNVTFSYD--GKNEVLKNISFVANPGETVALVGHTGSGKSSIINVLMRFYEFYEGQILIDDRDIRDFPMTELREKMGLVLQDAFMFYGDIAGNIRLLNP-NITDEQIKQAAEFVQADKFIHTL
VDVKDVTFTYQ-GKEKPALSHVSFSIPQGKTVALVGRSGSGKSTIANLFTRFYDVDSGSICLDGHDVRDYKLTNLRRHFALVSQNVHLFNDTIANNIAYAAEGEYTREQIEQAARQAHAMEFIENM
VEFRNVTFTYP-GRDVPALRNINLKIPAGKTVALVGRSGSGKSTIASLITRFYDIDEGEILMDGHDLREYTLASLRNQVALVSQNVHLFNDTVANNIAYARTEQYSREQIEEAARMAYAMDFINKM
LEFRNVTFTYP-GREVPALRNINLKIPAGKTVALVGRSGSGKSTIASLITRFYDIDEGHILMDGHDLREYTLASLRNQVALVSQNVHLFNDTVANNIAYARTEEYSREQIEEAARMAYAMDFINKM
ISMKIDSFSYP-KEETVALENIQFSLQEGETLGIVGKTGAGKTTILKLLMREYDQYQGTISFGKHNIKNYTLDALMGAMGYVPQDHFLFSMTVRDNIRFAKP-HLEQAAVEQAAALAFINQEIKAF

AEGYDAPVEERSNNFSGGQKQRLSITRGVIGEPKILILDDSTSALDARSERLVREALDKELKETTTIVIAQKISSVVHADRILVLDNGRLVGEGTHEELAAT-NPVYQEIYETQKGKEEA-----
EKTFESPVEERGTNFSGGQKQRMSIARGIVSNPRILIFDDSTSALDAKSERLVQEALNKDLKGTTTIIIAQKISSVVHADKILVLNQGRLIGQGTHADLVAN-NAVYREIYETQK----------
DGQYESEVEERGNNFSGGQKQRLSITRGVVKNPNVLILDDSTSALDAKSEKLVQEALNKELKETTTIIIAQKISSVVHADNILVLDQGKLVGQGTHQELVAE-NKIYQEIYDTQKAQED------
DQGLDTPVNEGGKNFSGGQRQRLTIARALIRKPHLLILDDSLSALDYQTDLNLRRALQKERAETTVILISQRVSSIATANQILVLDSGKVAGLGTHEELLTS-SKEYQEIVASQEEDTHAN----
AEGLDSHVEQGGGNFSGGQRQRLAIARALVKPADVYVFDDSFSALDFKTDANLRKALKEQMTDAIVVLVAQRVSTVMEASTILVLDEGKLVGKGTHEELLAN-NQTYQEIVHSQLREEDLA----
PQGYDEPLSEGGTNFSGGQKQRLAIARAIIRNPEIYIFDDSFSALDYQTDANLRARLKKETTESTVLIVAQRVGTIMHADRIVVLNEGDVVGIGTHRELLET-CPIYYDIAASQLSEEELA----
PEGYDSRVERGGRNFSGGQKQRLSIARALVKKPKVLILDDCTSSVDPITEKRILDGLKRYTKGCTTFIITQKIPTALLADKILVLHEGKVAGFGTHKELLEH-CKPYREIYESQFGNGVMNDA--
PQGIESFVAQGGSNYSGGQKQRMCIARALIKPADVYIFDDSFSALDYKTDAALRAALHAQMSDKTLLIVAQRLSTIMNADNIIVLDEGRIVGQGTHADLLTT-NSYYQDFAKSQGILPK------
PEGYATIVGERGVGLSGGQKQRISLARALTKDPAILILDDTTSAVDMETESKIQKELGRLTEKKTTFIIAHRISSVREANLILMMEKGRVVESGTHSELVEQ-KGKYFDVYQKQLGLTKEGESRG
EQGYDTEITEENNLFSTGQKQLVSIARTIITNPELLILDEATSNVDTVTEAKIQKAMDEAIKGRTSFVIAHRLKTILNADRIIVLRDGEVIEEGNHHELVEQ-DGFYAELYKNQFVFE-------
PDKYETHVSDDESVFSVGQKQQISIARTILTNPELLILDEATSNVDTVTEEQIQWAMEAAIAGRTSFVIAHRLKTILNADKIVVLKDGEVIEEGNHHELVAQ-GGFYSELYHNQFVFE-------
PDKYDTLIDDDQSIFSAGQKQLISIARTLMTDPEVLILDEATSNVDTVTESKIQHAMEVVVAGRTSFVIAHRLKTILNADQIIVLKDGEVIERGNHHELLKL-GGFYSELYHNQFVFE-------
PQGLDTEIGSQGVKISEGQRQLMTIARTMISNPPMLILDEATSSVDTLTEQKIQDAFLQMMTGRTSFVIAHRLATIKSAEKILVMDNGQVVEIGTHDELLQKEQGYYRDLYEAQFNQKAQ-----
PQGYDTIISSENGALSQGQQQLLTIARIILANPPVVILDEATSSVDTRTEAHIQKAMETVTENRTSFVIAHRLSTIENADLILVMKNGDIIEKGTHQELLQA-PTLYASLYNSQFQTT-------
PEGYQTILNEEASNISQGQRQLITIARAFLANPDVLILDEATSSVDTRTEILIQAAMNRLLENRTSFVVAHRLSTIRDADTIIVMAEGSIVETGTHDELMAK-NGFYADLYNSQFSEEVA-----
PDGYEMEINSEGDNVSLGQKQLLTIARAVISDPKILILDEATSSVDTRLEALIQKAMDRVMEGRTSFVIAHRLSTIREADLILVMKQGEIIEKGTHHELLEQ-GGFYEKLYNSQFAEEGDYEE--
PEGYETVLTDNGEDLSQGQRQLLAITRAFLANPKILILDEATSNVDTKTEKSIQAAMWKLMEGKTSIIIAHRLNTIKNADLIIVLRDGEIVEMGKHDELIQK-RGFYYELFTSQYGLVVEKE---
KDGYETVVEERGSTLSAGQRQLISFARALLADPKILILDEATSSIDTKTEELLQEGLQQLLKGRTSFIIAHRLSTIKNSDKIFYIDGGRIVEEGSHDQLMAK-HALYHHLYQSQYDLLKS-----
PQGYDTEVGERGVKLSGGQKQRLSIARIFLNNPPILILDEATSALDLESESIIQEALDVLSKDRTTLIVAHRLSTITHADKIVVIENGHIVETGTHRELIAK-QGAYEHLYSIQNL---------
PNTYHAKVIERGASYSSGQRQLISFARTIVTDPKILVLDEATANIDTETEGLIQEGLAKMRQGRTTIAIAHRLSTIRDANLILVLDKGQIVERGTHETLLAE-GGLYADMYQLQSTEV-------
PQGLDTVIGENGTSLSGGQRQRVAIARALLRDAPVLILDEATSALDTESERAIQAALDELQKNKTVLVIAHRLSTIEQADEILVVDEGEIIERGRHADLLAQ-DGAYAQLHRIQFGE--------
DNGLDTVIGENGVLLSGGQRQRIAIARALLRDSPILILDEATSALDTESERAIQAALDELQKNRTSLVIAHRLSTIEKADEIVVVEDGVIVERGTHNDLLEH-RGVYAQLHKMQFGQ--------
DNGLDTIIGENGVLLSGGQRQRIAIARALLRDSPILILDEATSALDTESERAIQAALDELQKNRTSLVIAHRLSTIEQADEIVVVEDGIIVERGTHSELLAQ-HGVYAQLHKMQFGQ--------
PEGYDTMVGERGVSLSGGQKQRISIARALIVEPELLILDDALSAVDAKTEEAILSNLKETRQEKTTIITAHRLSSVMHAKEILVLDEGKIIERGTHPELLAQ-KGWYQRMWEKQQLEAKIEGSES

Supplementary Figure 4
Alignment of NBDs for homology model of EfrCD. Nucleotide binding domains (NBDs) of bacterial 
ABC exporters were aligned using MAFFT for model building. 
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