
Supplemental Figure 1. Multiple sequence alignment of L-AI protein sequences from 

various Lactobacillus species using the T-Coffee algorithm. LRAI, L. reuteri; LPlAI, L. 

plantarum, LFAI, L. fermentum; LBr, L. brevis; LPeAI, L. pentosus; LBuAI, L. buchneri; 

LSAI, L. sakei. Black shaded areas indicate homology, grey shaded areas indicate amino acids 

with similar properties. 

 

LRAI     1 M-DIKNYEFWFVTGSQFLYGEEQLKSVAADAEDIVNKLNESGKLPYKVVFKGVMTTAEGI 

LPlAI    1 MLSVPDYEFWFVTGSQHLYGEEQLKSVAKDAQDIADKLNASGKLPYKVVFKDVMTTAESI 

LFAI     1 MRKMQDYKFWFVVGSQPLYGPEALAEVEKDARKLVDGLNEGGKLDYPVEFKLVATTADSI 

LBrAI    1 MLSVPDYEFWFVTGSQHLYGEEQLKSVAKDAQDIADKLNASGKLPYKVVFKDVMTTAESI 

LPeAI    1 MLSVPDYEFWFVTGSQHLYGEEQLKSVAKDAQDIADKLNASGKLPYKVVFKDVMTTAESI 

LBuAI    1 MLQVPDYEFWFVTGSQHLYGEEQLKSVEKDARDMVDKLNASGKLPYPIVFKMVATTADSI 

LSAI     1 MLNTENYEFWFVTGSQSLYGEETLRSVEKDAKEIVEKLNASRQLPYPIVFKLVATTADNI 

 

 

LRAI    60 TKFMKEANYNDNVAGVMTWMHTFSPAKNWIRGTKLLQKPLLHLATQYLNKIPYDTIDFDY 

LPlAI   61 TNFMKEVNYNDKVAGVITWMHTFSPAKNWIRGTELLQKPLLHLATQYLNNIPYADIDFDY 

LFAI    61 TKFMKEANYNDNVAGVITWMHTFSPAKNWIRGTELLQKPLLHLATQFLNNIPFDSIDMDY 

LBrAI   61 TNFMKEVNYNDKVAGVITWMHTFSPAKNWIRGTELLQKPLLHLATQYLNNIPYADIDFDY 

LPeAI   61 TNFMKEVNYNDKVAGVITWMHTFSPAKNWIRGTELLQKPLLHLATQYLNNIPYADIDFDY 

LBuAI   61 TQLMKDVNYNDKVAGIITWMHTFSPAKNWIRGTKLLQKPLLHLATQYLDHIPYDTIDFDY 

LSAI    61 TKVMKEANYNDHVAGVITWMHTFSPAKNWIRGTKLLQKPLLHLATQFLNKIPYDTIDFDY 

 

 

LRAI   120 MNLNQSAHGDREYAYINARLQKHNKIVYGFWGDEEVQEEIADWQNVAVAYNESFNIKIVR 

LPlAI  121 MNLNQSAHGDREYAYINARLQKHNKIVYGYWGDEDVQEQIARWEDVAVAYNESFKVKVAR 

LFAI   121 MNLHQSAHGDREYAYINSRLNVPAASVYGWWGDADVQEQIADWQHVAVAYNESFHIKIAR 

LBrAI  121 MNLNQSAHGDREYAYINARLNVNNKIVYGYWGDEDVQDQIARWEDVAVAYNESFKVKVAR 

LPeAI  121 MNLNQSAHGDREYAYINARLQKHNKIVYGYWGDEDVQEQIARWEDVAVAYNESFKVKVAR 

LBuAI  121 MNLNQSAHGDREYGFINARLRKNNKIVYGYWGDPEVQDEIADWENIAVAYDESFKIKVAR 

LSAI   121 MNLNQSAHGDREYAFINARLRKNNKIISGYWGDEDVQKAMAKWMDVAVAYNESFKIKVVT 

 

 

LRAI   180 FGDTMRNVAVTEGDKVEAQMFLGWTVDYWPVSDLVEYVNGISEEEIDAAYKDLASRYEMV 

LPlAI  181 FGDTMRNVAVTEGDKVEAQIKMGWTVDYYGIGDLVEEINKVSDADVDKEYADLESRYEMV 

LFAI   181 FGDTMRDVAVTEGDKVAAQIKLGWTVDYYPTNELVAVVNGIAEDEIDAAYKDLEANYDLV 

LBrAI  181 FGDTMRNVAVTEGDKVEAQIKMGWTVDYYGIGDLVEEINKVSDADVDKEYADLESKYTMV 

LPeAI  181 FGDTMRNVAVTEGDKVEAQIKMGWTVDYYGIGDLVEEINKVSDADIDKEYADLESRYEMV 

LBuAI  181 FGDNMRNVAVTEGDKVEAQIQFGWTVDYYALGDLVESVNAVSESDIDAKYKELQDKYEFV 

LSAI   181 FADKMRNVAVTDGDKVEAQIKFGWTVDYWGVGDLVAEVNAVSEADIDAKYADLQKEYDFV 

 

 

LRAI   240 QGDNTKEHYEHSVRYQLREYLGLKKFMDEKGYTGFTTNFEDLHGLEELPGLAAQLLMRDG 

LPlAI  241 QGDNDADTYKHSVRVQLAQYLGIKRFLERGGYTAFTTNFEDLWGMEQLPGLASQLLIRDG 

LFAI   241 EGDNDHEKYVHNVRYQLREYLGIKKFLDDNGYDAFTDNFQDLEGLEQLPGLAVQLLMIDG 

LBrAI  241 QGDNDAETYKHSVRVQLQQYLGIKRFLEKGGYTAFTTNFEDLWGMEQLPGLAAQLLIRDG 

LPeAI  241 QGDNDADTYKHSVRVQLAQYLGIKRFLERGGYTAFTTNFEDLWGMEQLPGLASQLLIRDG 

LBuAI  241 QGDNDKDKYEHSVRYQIREYFGIKNFLDKGNYSAFTTNFEDLYGLEQLPGLAAQLLMADG 

LSAI   241 EGQNTPEKFEHNVKYQIREYFGLKKFMDDRGYTAFTTNFEDLVGLEQLPGLAAQLLMAEG 

 

 

LRAI   300 YGFGAEGDWKSAGMDRLLKIAADNVATAFMEDYTLDLRPGHQAILGSHMLEVDPTIASDK 

LPlAI  301 YGFGAEGDWKTAALGRVMKIMSHNKQTAFMEDYTLDLRHGHEAILGSHMLEVDPSIASDK 

LFAI   301 YGFGPEGDFKMAGLTRLLKIAADNKQTALMEDYTLDLRHGHEAIMGSHMLEVDPTLASDK 

LBrAI  301 YGFGAEGDWKTAALGRVMKIMSHNDRTAFMEDYTLDLRKGHEAILGSHMLEVDPTIASDK 



LPeAI  301 YGFGAEGDWKTAALGRVMKIMSHNKQTAFMEDYTLDLRHGHEAILGSHMLEVDPSIASDK 

LBuAI  301 YGFGAEGDWKTAALDRLVKIMTHNQATAFMEDYTLELQKGQEAILGSHMLEVDPGISSDK 

LSAI   301 YGFAGEGDWKTAALDRLLKIMAHNEKTVFMEDYTLDLRQGHEAILGSHMLEVDPSIASDK 

 

 

LRAI   360 PRVEVHPLDIGGKDDPARLVFTGREGKAVDVTLSYFNDGYKVIGYSVDCHKPEAETPHLP 

LPlAI  361 PRVEVHPLDIGGKDDPARLVFTGSEGEAIDVTVADFRDGFKMISYAVDANKPEAETPNLP 

LFAI   361 PRVEVHPLGIGGKDDPARLVFTGAEGKGYDITLSYFDDGYKFIGYPVDCKTPEAEMPKLP 

LBrAI  361 PRVEVHPLDIGGKADPARLVFTGSEGDAIDVTVADFRDGFKMIGYAVDANKPEGETPNLP 

LPeAI  361 PRVEVHPLDIGGKADPARLVFTGSEGDAIDVTVADFRDGFKMISYAVDANKPEAETPKLP 

LBuAI  361 PRVEVHPLDIGGKADPARLVFTGREGDAMDVTISDFGNEYRMIGYAVEGHKAPKPTPHLP 

LSAI   361 PRVEVHPLDIGDKDDPARLVFTGMQGDAVDVTMADYGDEFKLMSYDVRGNKPEADTPHLP 

 

 

LRAI   420 VAKQLWTPTVGLKEGAERWMHAGGGHHTILSFSLKPQQIKDLFGMLDVKVDFIE 

LPlAI  421 VAKQLWTPKMGLKKGALEWMQAGGGHHTMLSFSLTEEQMEDYATMVGMTKAFLK 

LFAI   421 VAKQMWTPEIGLAEGAKQWMKYGGGHHTVLTLALSEEQLEQLARLFKVDFINIK 

LBrAI  421 VAKQLWTPKVGLKTGALEWMKAGGGHHTMLSFSLTEEQMEDFATMVGMTKAFIK 

LPeAI  421 VAKQLWTPKMGLKKGALEWMQAGGGHHTMLSFSLTEEQMEDYATMVGMTKAFLK 

LBuAI  421 VAKQMWTPKMGLKNGATQWIHDGGGHHTVLTFNATETQFQDLATMFGLTFNDIK 

LSAI   421 VAKQLWTPKQGLREGAVGWLTVGGGHHTVLSFAVDSEQLQDLSHLFDLTYVNIK 

 

  



Supplemental Figure 2. Multiple sequence alignment of D-XI protein sequences from 

various Lactobacillus species using the T-Coffee algorithm. LRAI, L. reuteri; LPlAI, L. 

plantarum, LFAI, L. fermentum; LBr, L. brevis; LPeAI, L. pentosus; LBuAI, L. buchneri; 

LSAI, L. sakei. Black shaded areas indicate homology, grey shaded areas indicate amino acids 

with similar properties. 

LRXI     1 MAD-LWNNIDKIEYEGPHKSIKSGLFYQYYNPDEVILGKKMKDWLRFSVAYWHTFDQRLV 

LPl      1 MTNEYWQGVDQIKYIGHQ-DKKSGLGFQYYNPDEVIGGKKMRDWLRFSVAYWHTFDQRLV 

LFXI     1 MSD-LWQGIDKISYVGNKGSLKSGLGFQYYNPEEEILGKKMKDWLRFSVAYWHTFDQRLV 

LBrXI    1 MTEEYWKGVDKIQYVGHQ-DKKSGLGFQYYNPEEEIMGKKMKDWLRFAVAYWHTFDQRLV 

LPeXI    1 MTNEYWQGVDQIKYIGHQ-DKKSGLGFQYYNPDEVIGGKKMRDWLRFSVAYWHTFDQRLV 

LBuXI    1 MS--YW-NVDKIKYVGTG-EKKSGLGFQYYNPDEVVGGKKMRDWLRFAVAYWHTFDQRLV 

LSXI     1 MT--LF-NQEKMVYVGNEKGLKAGNGFHYYNPNQVVNGKKMSEWLKFSVAYWHTMDQRLV 

 

 

LRXI    60 DPFGDGTAQRPYDKYSDPMDCALAKVDYAFEFYNKLGVDFLCFHDRDLAPEGDTLRETNK 

LPl     60 DPFGDGTAQRPYDHITDPMDLALAKVDAAFEFYHKLGVDYLCFHDRDLAPEGDTLRETNR 

LFXI    60 DPFGDGTATRPYDKYTDPMDNALAKVDYAFEFYQKLGVDYLCFHDRDLAPEGDTLRESNA 

LBrXI   60 DPFGDGTAQRPYDKYTDPMDLALAKVDAAFEFYQKLGVDYLCFHDRDLAPEGDTLRETNA 

LPeXI   60 DPFGDGTAQRPYDHITDPMDLALAKVDAAFEFYHKLGVDYLCFHDRDLAPEGDTLRETNR 

LBuXI   57 DPFGDGTAIRPYDKYTDPMDQALAKVDAAFEFYDKLGVDFLCFHDRDLAPEGDTLRETNR 

LSXI    58 DPFGDGTAQRPWDTIEDPMEQALAKVDYLFEFLNKMNVEYFAFHDRDLAPEGNTLRETNQ 

 

 

LRXI   120 NLDRVVDKIVEYQKATGMKVLWNTSNLFTNPRFLEGAGTAPSAEIYAYAAAQLKHSLEVG 

LPl    120 NLDKVIDKIVDYQKQTGMKVLWNTSNMFTNPRFVAGAATSPDADVFAYAAAQLKHSLEIG 

LFXI   120 NLDKVIDKIVENQKATGMKVLWNTSNLFTNPRFLSGAGTAPSSKIYAYACAQLKHSLEVG 

LBrXI  120 NLDKVVDKIVEYQKTSGMKVLWNTSNMFTNPRFVEGAATSPYADVFAYSAAQLKHSLEIG 

LPeXI  120 NLDKVIDKIVDYQKQTGMKVLWNTSNMFTNPRFVAGAATSPDADVFAYAAAQLKHSLEIG 

LBuXI  117 NLDKVVDKIVENQKTSGMKVLWNTSNLFTNPRFVEGAGTSPYADIFAYSAAQLKHSLEIG 

LSXI   118 NLDIVVDKIVAKMQETGKKVLWNTSSLFTNPRFVAGGATAPFADIFAYSAAQIKHSLEIA 

 

 

LRXI   180 KRVGSENYVFWGGREGYESLWNTDMKREQSHIAKFFHMAKDYANEIGFDAQMLLEPKPKE 

LPl    180 KRVGAENYVFWGGREGYESLWNTNMKLEQEHAAKFFHMAKDYANEIGFDAQMLLEPKPKE 

LFXI   180 KRVGAENYVFWGGREGYESLWNTEMKREQAHIAKMFHLAKDYADEIGFDAQMLLEPKPKE 

LBrXI  180 KRVGSENYVFWGGREGYESLWNTNMKQEQEHAAKIFHMAKDYANEIGFDAQMLLEPKPKE 

LPeXI  180 KRVGAENYVFWGGREGYESLWNTNMKLEQEHAAKFFHMAKDYANEIGFDAQMLLEPKPKE 

LBuXI  177 KRVGSENYVFWGGREGYESLWNTDMKREQEHAAKLFHMAKDYANEIGFDAQMLLEPKPKE 

LSXI   178 KRVNSESYVFWGGREGYESLLNTDMKLEQDHIAKFFRLAKDYANEIGYTGQFLLEPKPKE 

 

 

LRXI   240 PTTHQYDFDAATTINFMCEYGLDKDFKLNLEGNHANLAGHTYQHEIRVAREAGLLGSLDA 

LPl    240 PSTHQYDFDAATTIAFMKEYDLDKDFKLNLEGNHANLAGHTYQHEIRVAREANLLGSLDA 

LFXI   240 PTTHQYDFDAATTIAFMKEYGLDKDFKLNLEGNHANLAGHTYQHEIRVAREAGMLGSLDA 

LBrXI  240 PTTHQYDFDAATTIAFMKEYALDKDFKLNLEGNHANLAGHTYQHEIRVAREAGLLGSLDA 

LPeXI  240 PSTHQYDFDAATTIAFMKEYDLDKDFKLNLEGNHANLAGHTYQHEIRVAREANLLGSLDA 

LBuXI  237 PTTHQYDFDAATTIAFMKEYGLDKDFKLNLEGNHANLAGHTYQHEIRVAREAGLLGSLDA 

LSXI   238 PMSHQYDTDAATTIAFLKTYGLEKDFKLNLEGNHAYLAGHTYEHEVRVARDAGLLGSLDA 



 

 

LRXI   300 NQGDKLIGWDIDEYPSNLYETTAAMWEVIQNGSIGPRGGLNFDAKPRRTSFKPVDLFYGH 

LPl    300 NQGDKLIGWDIDEFPSDLYEATAAMYEVVENGSIGPRGGLNFDAKPRRSSFAANDLFYGH 

LFXI   300 NQGDKLIGWDIDEFPSNLYETTAAMWEVVENGQIGPRGGLNFDAKPRRTSWQAEDLFYSH 

LBrXI  300 NQGDKLIGWDIDEYPSNLYETTAAMYEVVENGSIGPRGGLNFDAKPRRSSFAPEDLFLGH 

LPeXI  300 NQGDKLIGWDIDEFPSDLYEATAAMYEVVENGSIGPRGGLNFDAKPRRSSFAANDLFYGH 

LBuXI  297 NQGDKLIGWDIDEYPSNLYETTAAMTEVVENGSIGPRGGLNFDAKPRRSSFEPNDLFYGH 

LSXI   298 NMGDKLIGWDIDEFPNDIYEATLVMYEMLKNGGL-PTGGLNFDSKPRRQSFDMQDLFLAH 

 

 

LRXI   360 IVGMDSFAAGLRVAAAMKEDGFLDDIIKERYSTWDEGLGKSIEDGNENFASLEEKVIDTP 

LPl    360 IVGMDTFAAGLRVALKMKQDGFLEKLVADRYRSYQSGVGAEIEAGTADFKSLESYAIDKP 

LFXI   360 IVGMDSFAAGLRVAAAMKEDGFLDDVLKTRYASWDEGLGKDIEDGKEDFKSLEEKLLDTP 

LBrXI  360 IVGMDSFAAGLRVAAAMKQDGFLDSLKADRYSSYKSGVGADIESGKADLKSLEAYAIDKP 

LPeXI  360 IVGMDTFAAGLRVALKMKQDGFLEKLVADRYSSYQSGVGAEIEAGTADFKSLESYAIDKP 

LBuXI  357 IVGMDSFAAGLRVAVAMKNDGVLDDIVKNRYSSFDSGIGADIESGKASMADLENYSLDKT 

LSXI   357 AAGMDTYAAGLLVANKLIEDRVFDDVLDDRYGSFKIGIGAEFEAGKVTFKDFEDYIIDKP 

 

 

LRXI   420 QSELLAATHSDHLEEIKDTINHYMIETLAK 

LPl    420 QSELVAATSSDHLEEVKDTINHYIIETLSK 

LFXI   420 QAELRAATQSDHLEQIKDTINHYIIQTLAK 

LBrXI  420 QSELIAATHSDHLEEIKDTINHYIIDTLSK 

LPeXI  420 QSELIAATSSDHLEEVKDTINHYIIETLSK 

LBuXI  417 QKDLRDATHSDHLEEIKDTINHYIIQTL-K 

LSXI   417 QSELIAATKSGHLEQLKATLNNYIYTVLGR 

 

 


