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RDE -MTLDEMREELQMSKPSMSTGVKKLQDLNVVYKKT FHRG I RKHT FYAEKDFFKFFTNFFPPKWEREVY
ADEPISAQE I ADALNISRGNTSMGLKELQSWRLVYKQHLYPGERKEFF I AGGD IWTLANRVYFEERRKRE |
SKEPLCADDITEALGI SRSNVYSMGLKELTSWELVYKLQHRPGERKEYYSAPGDVWD | AKTL | EQRRKREM
CGRALNADE | ADYLSFSRSNVSMGLKELQSWRLYKLLHKPNDRREYFEPPGD IWD | FKYLLEERRRRE |
LGQPLNADQIADYLTFSRSNVYSMGL KELQSWRLVYKLLHQPGDRREYFEPPKDIWD | FKTLLEERRRRE |
SPTPLNADD | AEQLEFSRSNVYSMGL KELQAWRLYRLRHLPGDRREYFEAPTDAWE | FRTLAEERRRRE |
SPEPLNADQIAETLEFSRSNVSMGL KELQAWRLYQLRHOQPGDRREY FEAPQDVWE | FRRLAEERRRRE |
SERALNADE | AELLEFSRSNVSMGL KELQAWRLYHLRHHPGDRREY FEAPADVWE | FRYLAEERRRRE |
SPRPLNADE | AETLEFSRSNVYSMGL KELQSWRLVYRLKHLPGDRREY FEAPSDVWE | FRYLAEERRRRE |
SSTPLNAEQITEGLGYSRSNTSMGLKELQAWNLYRLRHYPNDRRDYFTTPEDLWE ITRIL | AERKKRE |
SEKPLNADE | GEA| GCSRSNVYSMGL KELQSWRLYKLQHFPGDRREYFSTPEDVWL | FKTLAEERKKREV
SPKPLNADDIVEA|I GCSRSNTSMALKELQAWRLVYKLQHLPGDRREYFSTPDDVWA | FKTLAEERQKREV
SARPLTADE I TDRLGYSRSNVYSMGL KEL SSWRLVYRLSHOPGDRRDFYTAPEDVWA I FKTLAEERQRREVY
SERPLNADE | AAALDFSRSNVYSMGL KEL GAWNLVYRMQHLPGDRRDYFSAPEDVWA | FRTLAEERRKRE |
SERPLNADE | AAALDFSRSNVYSMGL KEL GAWNLYRMQHLPGDRRDYFSAPEDVWA | FRTLAEERRKRE |
SPRALNADD I GEALAFSRSNVSMGLKELQSWNLYRLQHLPNDRREYFQAPEDVWA | FRTLAEERRKRE |
SPRALNADE | GEALAFSRSNVYSMGLKELQSWNLVYRLQHLPNDRREYFSAPDDVWA I FRTLAEERRKRE |
ASRPLNADE | AESLGFSRSNVS | GLKELESWSLVYRLSHOPGDRREYFSAPDDVWA I FRTLAEERRRRE |
SREPINADE | AEALGFSRSNVS | GLKELESWKLYRLTHKPGDRREYFSAPDD IWT | FRTLAEERRKRE |
AREPINADE | AEALGFSRSNVS | GLKELESWKLYRLTHKPGDRREYFSAPDD IWT | FRTLAEERRKRE |
SPEPLCADQIVYDALGYSRSNVSMG I RELOGWNLYLLKHIPGDRRDFFTTPDDWVWWO I LRTLAEERKKRE |
SPEPLCADE | VEVLGYSRSNVYSMG | RELOQGWNLYLLKHIPGDRRDFFTTPDDWW I LRTLAEERKKRE |
SPEPLCADE | YEALGYSRSNVYSMG | RELOGWNLYLLKHIPGDRRDFFTTPDDWW I LRTLAEEPKKRE |
SPEPLCADE | YEALGYSRSNVYSMG | RELOGWNLYLLKHIPGDRRDFFTTPDDWW I LRTLAEERKKRE |
SPEPLCADE | YEALGYSRSNVSMG | RELOGWNLYLLKHI PGDRRDFFTTPDDWVWWO I LRTLAEERKKRE |
SPEPLCADE | VEALGYSRSNVYSMG | RELOQGWNLVYLLKHIPGDRRDFFTTPDDWW I LRTLAEERKKRE |
SPEPLCADE I YEALGYSRSNVYSMG | RELOQGWNLYLLKHIPGDRRDFFTTPDDWW I LRTLAEERKKRE |
SPEPLCADE | YEALGYSRSNVYSMG I RELOGWNLYLLKHIPGDRRDFFTTPDDWW I LRTLAEERKKRE |
SPQPLCADDIVEALGI SRSNVYSMSLKELQAWNLAILKHFPGDRRDFFTTPEDWW I LRTLAEERKKRE |
SPKPLCADDIVESLGI SRSNVYSMSLKELQAWNLAILKHFPGDRRDFFTTPEDWW I LRTLAEERKKRE |
SDRPLPADE | AETLGFSRSNVYSMGL KELQSWRLYRLQHLPGDRREHFSTPDD IWQ I YRTLAEERRRRE |
SDRPLPADE I AETLGFSRSNVYSMGLKELQSWRLYRLQHLPGDRREHFSTPDD IWQ I YRTLAEERRRRE |
AERPLNADE | YERLGYSRSNVSMGL KELQAWNLYRLQHRPGDRRDYFTTPED IWQ I YRTLVYEERKKREV
AERALNADE | VYERLGL SRSNVYSMGL KELQAWNLVYRLQHYPGDRRDYFSTPED IWQ I VYRTLVYEERKKREV
AERALNADE | VYERLGL SRSNVYSMGL KELQAWNLVYRLLHRPGDRRDYFSTPED IWQ I VRTLVYEERKKREVY

Supplementary Figure S1 | Amino acid sequence alignment of CydE-type proteins. The
amino acid sequences of 34 CydE-type proteins (Xia et al., 2018) were compared to the
amino acid sequence of the B. subtilis GbsR protein (Nau-Wagner et al., 2012) by an
alignment using the MAFFT server (Katoh et al., 2017). Depicted are only the N-terminal
domains of these proteins, containing the amino acids corresponding to the winged helix-turn-
helix DNA-binding motif (lite blue), the inter-domain linker (purple) and of the likely
inducer-binding site (reddish) of GbsR. Highly conserved amino acids are shaded in grey



A GbsU Halobacillus halophilus B GbsU Virgibacillus sp. SK37

Supplementary Figure S2 | In silico models of the GbsU substrate-binding proteins.
Depicted are the substrate-binding proteins encoded within the putative glycine betaine
synthesis gene clusters of (A) Halobacillus halophilus DSM 2266 and (B) Virgibacillus sp.
SK37 based on the crystal structure of (C) ProX of Borrelia burgdorferi [PDB entry 3TMG;
(SSGCID, Gardberg, A., Fox, D., Staker, B., Stewart, L.; fo be published.)]. All of these
substrate-binding proteins show a ligand-binding site similar to the OpuAC protein of B.
subtilis. Its crystal structure in complex with the ligand glycine betaine [PDB entry 2B4L
(Horn et al., 2006)] is depicted in panel D. Aromatic amino acids likely to be involved in
ligand-binding of the H. halophilus DSM 2266 and Virgibacillus sp. SK37 GbsU proteins are
highlighted in red. Glycine betaine, the substrate of the OpuAC protein of B. subtilis (Horn et
al., 2006) is shown in blue.
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RDE -MTLDEMREELQMSKPSMSTGVKKLODLNYVKKTFHRG I RKHT FYAEKDFFKFFTNFFPPKWEREY
RDE -MTLDEMREELQMSKPSMSTGVYKKLQDLNYVYKKTFHRG I RKHT FYAEKDFFKFFTNFFPPKWEREY
RDE -MTLDEMREELOMSKPSMSTGVYKKLQDLNYVYKKTFHRGI RKHT FYAEKDFFKFFTNFFPPKWEREVY
RDE -MTLDEMREELQMSKPSMSTGVKKLODLNYVYKKT FHRGTRKHT FYAEKDFFTFFTNFFPPKWDREY
RDE -MTLDEMREELQMSKPSMSTGVYKKLQDLNYVYKKTFHRGTRKHT FYAEKDFFTFFTNFFPPKWDREY
RDE -MTLDEMREELOMSKPSMSTGYKKLOQDLNYVYKKT FHRGTRKHT FYAEKDFFTFFTNFFPPKWDREY
SDE -MTLDEMREELQMSKPSMSTSVKKLODLNYVKKT FHRGRRKHS FYAEKDFFKFFTSFFPKKWEREY
NEE -MTLDEMREELQMSKPSMSTGVYKKLQDMN I YKKT FHRGRRKHSFYAEKDFFKF FMNF FPQKWE REV
NEE -MTLDEMREELQMSKPSMSTGVYKKLQDMN I YVKKT FHRGRRKHS FYAEKDF FKF FMNF FPQKWE REVY
KDQ -MTLDEMREELOMSKPSMSTSVYRKLQE | DMYKKTFTRGSRKHTY | AEKDFFRFFKTFYSEMWEREA
KDQ-MTLDEMRTELGMSKPSMSTSVYRRLQE | DMYKKTFTRGSRKHTYAAEKNFFRSFMSFYCOMWEREA
EDQ-MNLDEMREKL GMSKPSMSTNVYRHLQE | GMYKKKFQRGSRKHTYTAEKNFFHSFMSY F COMWE REV
EDS-MTLDEMREQLOMSKPSMSAGYKRLQEFD I VKQOQFTRGSRKQHF | AEKDFFNFFSNFFTRKWRRE |
EDS-MTLDEMREQLOMSKPSMSAGYKRLQEFD I YKQQFTRGSRKQHF | AEKDFFNFFRNFFTRKWRRE |
EGS -MTLDEMRHOQLOMSKPSMSAGVYKKLQEFD I VKQOFTRGSRKQHF | AEKDFFI FFRNFFTKKFQRE I
EGS-MTLDEMRQQLOMSKPSMSTGVYKKLQEYD I VKQOQFTRGSRKQHF | AEKDFFTFFRNFFTKKWERE |
EGS -MTLDEMRQQLOMSKPSMSAGYKKLQEYD I YVKQOQFTRGSRKQHF | AEKDFFTFFRNFFTKKWERE |
EGS -MTLDEMRQOLOMSKPSMSAGYKKLQEYD I YVKQOFTRGSRKQHFVYAEKDFFTFFRNFFTKKWERE |
EGS-MTLDEMREHLOMSKPSMSAGYKKLQEFD I YKQQFTRGSRKQHF | AEKNFFHFFRNF FTQKWE REVY
EDN-MTLDOMREELOMSKPSMSTGVYKKLQEYDLVYKQQFTRGSRKQHFYAEKDFFTFFRNFFENIKFNREI
EGS -MTLDEMREHLOMSKPSMSAGVYKKLQE FDLYKQQFTRGSRKQHF | AEKDFFTFFRNFFTKKWEREY
KES -MTLDEMRQELOMSKPSMSAGYKKLQEFD I YVKQRLTRGSRKQHFEAEKDFFEFFCNFFTQKWNRE |
KHEPI TLDEMKDAL GMSKPSMSTSVRKLQE I NI VOKVWWOKGSRKDSF | AEKNFFNYFTQFYGMKWE REV
MDEPVYTLDOMSEELGMSKPTMSTS | RSLON I DMYHKVWKKGVYRKDLYEAEKDFSKSFFSFFCKKWARE |
SDDPMNLNELRDELGMSKGSMS | GYRKLLDENI | HRYYRKGERKDLYEAEQDFFQFFTSFFTRRWERER
NDGPMTLDDLRDELGMSKGSMS | GYVRKLLEEKI I HRYYRKGERKDLYEAEKDFFQFF I SFFTRRAWERER
NRKPMTLNELSEETGMSKTRMSQVYVYREMLDVNI AEKVYFEKGVYRKDLYDYEQDYYQTF I TL FSANWSKVY
NRKPMTLTELSEATGMSKTRMSQVYVYREMLDANI AEKVYFEKGYRKDLYEVEQDYYQTF I TLFSATWSKVY
NRKPMTLMELSEATGMSKTRMSQVVREMLDANI AEKVFEKGVYRKDLYEVEQDYYQTF I TLFSATWSKVY
NRKPMTLTELSEATGMSKTRMSQVYVYREMLDANI AEKVYFEKGVYRKDLYEVEQDYYQTF I TLFTATWSKVY
NRKPMTLTELSEATGMSKTRMSQAVYREMLDVYNLAEKVYFEKGYRKDLYDVYEQDYYQTFITLFTATWSKVY
NRKPMTLTELSEATGMSKTRMSQAVREMLDVNLAEKYFEKGVYRKDLYDVEQDYYQTFITLFTATWSKVY
NRKPMTLTELSEATGMSKTRMSQAVYREMLDVNLAEKVYFEKGVYRKDLYDYEQDYYQTFITLFTATWSKVY
NRKPMTLSELSEATGMSKTRMSQVYVYREMIDANLAEKYFERGYRKDLYDVYEQDYYQTF | SL FT ANWT KWV
NRKPMTLSELSEATGMSKTRMSQVVREMIDANI AEKVFEKGVRKDLYDVEQDYYQTF | SL FAANWT KVVY
NRKPMTLSELSEATGMSKTRMSQVYVYREMIDANI AEKVFEKGVYRKDLYDYEQDYYQTF | SL FAANWT KWV
NRKPMTLSELSEATGMSKTRMSQVYVYREMIDANI AEKYFEKGVYRKDLYDVYEQDYYQTF | SL FAANWT KWV
NRKPMTLNELSEATGMSKTRMSQVVREMTDANLAEKVYFEKGVYRKDLYDVERDYYQTF I SLFTANWTKAY
NRKPMTLNELSEATGMSKTRMSQVYVYREMTDANLAEKVYFEKGVYRKDLYDYERDYYQTF I SLFTANWTKAY
NRKPMTLNELSEATGMSKTRMSQVYVYREMTDANLAEKVYFEKGYRKDLYDYERDYYQTFISLFTANWTKTY
NRKPMTLNELSEETGMSKTRMSQVVREMIDLNI AEKVFEKGVYRKDLYDVEQDYYQTF I SLFTANWSKVA
NRKPMTLEELSEATGMSKTRMSQVYVYREMLDLNI AEKVYYEKGI REDLYDYEQDQYQTF | SL FAANWTRVVY
NRKPMTLGELSEATGMSKTRMSQVYVYREMLDLNI AEKYYEKGI REDLYDYEQDQYQTF | SL FAANWSRVY
NHRPMTLDELSQATGMSKTRMSQVVREMYDMN | AEKVFEKGVRKDLYNVGLDFYDTFVTI FTSNLQKI |
NRTPMTLDQLADETGMSKTRMSQVYMROMMSLNI AEKEFVYKGSRKEYYKVYENDY IQTF I SLFTTNWKEVY
NRQAMTLDELAAKTGMSKTRMSQVYMROMISLNI AEKEFVYKGSRKEYYNVYESDYVQTFISLFTTSWKEVI
QDKPMTLDEMGEAL GMSKTSMSTGVYRTLLDL NMYNKVWMKGTRKDHYE | EQDWYQNF I DYFS | KWRKG |
ADKPMNLDEMGQEMKMSKT SMSTGVYRTLLDYKMYNKVWEKGSRKDLYEVEYDWYQTFFDFFD I KWRKSVY
ADKPMNLDEMGQEMKMSKT SMSTGYRTLLDNKMYNKVWE KGSRKDLYEVEYDWYQTFVDFFD | KWRKSVY
ADKPMTLDEMGREMEMSKT SMSTGVYRTLLDLKMYNKVWSKGSRKDLYEVEYDWYQTFTDFFA | KWRKAVY
ADKPMTLDEMGREMEMSKT SMSTGVYRTLLDL KMYNKVWSKGSRKDLYEVEYDWHQTFTDFFA | KWRKAY
SDHPMTLDDMKREMEMSKT SMSTGVYRTLVDMKMYHKVWWE KGTRKDLYEAEQDWYQTFTDY FGL KWRKAY
NOQGPYTLDELSKAMGMSKT SMSTGVYRTLLDLKMI DKVWGKGTRKDL FEVSSDWYQNFSDYFS | KWRKAVY
HNGPVYTLDSLSASMGMSKT SMSNGVYRTLLDLKMI DKVWSKGSRKDQYEVVYPDWYANFSDFFS | RWRKAY
QNDP I TLDOMSQOMGMSKTSMSTGMRTLMDL KMI DKVWGKGSRKD FYEVYVYPDWYQNFTDFFS | KWRKAV
SDGPYTLDDMREEMGMSKT SMSTGMRTLMDL KMYNKVWGKGCRKDLYETE FDWHQNFVDYFS | KWRKSM
ENKPMTLDELKEELEMSKTSMSTGVRTLLELNMVYEKVWRKGERKDLYQVKGDWYQNF I DRFCTQWRKGT
ENKPMTLDELKEELEMSKTSMSTGVYRTLLELNMVEKVWRKGERKDLYQVKGDWYQNF I DRFCTQWRKGT
SKDPMTLDEMSEEMGMSKTSMSTG | RSLVEADMYERVWE KGYRKDLYKTEEDWYKSFSTVF | KRWRNAT
AEEPMTLDEMSKAMGMSKTSMSTG I RSLLDANMYERVWERG | RKDLYKAEDDWYKSFSNVF | NRWRNAT
EENALTLDEMSDHLGMSKTSMSTS | ROLTEANMARKVWOKGVYRKDLYTSEDDWYSSFIAI FTKQWRTAI
ENDTLTLDEMSRRLGMSKTSMSTG I ROLVYDANMARKVWKKGVRKDLY | GEEDWYASF | A1 FSKKWRQG |
ADDPLTLDEMSEALGKSKTSMSTS I RSLFDLNLYTRVWKKGVYRKDLYEANAQLFKSFSTIY | SKWLDST
HPHPMTLDEMSQALGKSKTSMSTGVYRSL | DOGLYNRVWKKGVYRKDL FOANKS | YKNFMSSY | RKAMOTAA
ENNPLTLDDMSQSLGMSKTSMSTGIRSLLDAEMYEKTWKKG | REDLYTAEESLYKTFESNT FYHOWL SYV

Likely inducer

Flexible linker binding-site
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Supplementary Figure S3 | Amino acid sequence alignment of GbsR-type proteins
associated with osmotic stress. The amino acid sequences of 27 GbsR-type proteins
associated with glycine betaine synthesis (red), 18 OpuAR-type proteins (blue), 7 GbsR-type
proteins associated with OpuB-type transporters (green) and 13 GbsR-type proteins associated
with OpuC-type ABC transporters (yellow) were aligned using the MAFFT server (Katoh et
al., 2017). Depicted are the N-terminal domains of these proteins. The amino acids
corresponding to the winged helix-turn-helix DNA-binding motif (green), the inter-domain
linker (reddish), and of the likely inducer-binding site (blue) are highlighted. Highly
conserved amino acids are shaded in grey.



A B. infantis OpuAC B B. subtilis OpuAC::GB

Supplementary Figure S4 |Structural arrangements of the OpuAC substrate-binding
proteins. Shown are the in silico derived models of the OpuAC proteins of (A) B. infantis
based on the crystal structure of (B) the B. subtilis OpuAC protein in complex with its ligand
glycine betaine [PDB entry 2B4L (Horn et al., 2006)] and, (C) the modeled substrate-binding
domain of the fused OpuABC protein of P. larvae larvae 08-100 DSM 25719 based on the
crystallographic data on the (D) L. lactis OpuAC complexed with glycine betaine [PDB entry
3L6H (Wolters et al., 2010)]. Aromatic amino acids involved in the binding of glycine betaine
are highlighted in red, whereas the ligand glycine betaine is depicted as blue sticks.
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Supplementary Figure SS| Clade analysis of GbsR-type proteins among Bacteria and
Archaea. 179 GbsR-type proteins were identified by bioinformatics. Information on fully
sequenced microbial genomes were obtained from the IMG/M Web-server and homologs of
the GbsR protein of B. subtilis JH642 (Nau-Wagner et al., 2012) were searched for via the JGI
Web-server (Chen et al., 2017) using the BLAST-P algorithm (Altschul et al., 1990). The
retrieved amino acid sequences were aligned using the MAFFT Web-server (Katoh et al.,
2017) with bootstrapping setting (100 bootstraps) proved by the Web-server to analyze their
phylogenetic relationship. The protein-homology tree was visualized using the iTOL web-tool
(Letunic and Bork, 2016). GbsR homologs were grouped according to their gene
neighborhood as depicted by colored boxes. If the gbsR-type gene was encoded in proximity
of genes associated with glycine betaine synthesis or uptake systems for osmostress
protectants it was classified as a member of the sub-group of GbsR-type proteins associated
with osmotic stress (highlighted in red). Otherwise the GbsR homologs were assigned as non-
associated with osmotic stress (highlighted in blue).
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Coraliomargarita akajimensis DSM 45221
Methanothrix soehngenii GP-6
Rhodothermus marinus R-10 DSM 4252

SIO 6I0 7IO 8I0 9I0 l(I)O 1 }0
RDE -MTLDEMREELQMSKPSMSTGVKKLQDLNVVKKTFHRGI - RKHT FYAEKDFFKFFTNFFPPKWEREV
EQKSMTLDEMRYELQMSKPSMSAGVYKRLQE FDRYKQQF I RGS - RKQHFTAEKDFFTFFGNFFSQKRNRE |
EQKSMTLDEMRYELQMSKPSMSAGYKKLQE FDGYKQQFTRGS - RKQHFYAEKDFFTFFGNFFSQKWNRE |
QNKPMTLDEMGRAMEMSKTSMSTGVYRTLVYDL KMYHKVWEKGS - RKDLYEVEMDWFQTFSDF FSLKWRKAL
ADQPMTLDDMRDALEMSKTSMSTGVYRALAEMKMVYETAYKKGM - RKDLYKSEEDWYKSFTS | FGNKWEKST
AEEPMTLDDMREAL AMSKTSMSTGVRAL SDMKMVYEPSFKKGY - RKDLYKSEEDWYKSFTSL FSSRWKHHT
SDNPMTLDDMRDALEMSKTSMSTGVRTLSDMKMVYESTFKKGI| - REDLYRSEEDWYKSFTSL FGNRWRQY T
SSDPMTLDDMRESL AMSKTSMSTGVYRTLYDMNMVYEPYFRRGY - RKDLYKAEEDWYKSFTAL FSRQWRKAS
SDEPKTLDELRDMMGMSKTSMSTGYRRLEKNKMVYKKVWKKGY - RKHLYEGETDFFNTFLNFF | PMWKRE |
AKKPMSLNE | KDAVAMSKGSYSNGLRDLLESEMI | KWMOKGD - RKEDYY | AERDFAKNFLNFL | KNMRLER
EDRPMTLEEMKT SMNMSKSNMSYAVRSLTESQMI YKLEEKQE - RKDLYWAETDFFRTFQONFFGAKLQRE |
NRKPMTLEALSDETGMSKTRMSQVVYREMLSLNVYAHKVYFEKGY - RKDLYDVEKDYYQTF I S| FYANWQAV |
SEQPLGLEDIASELEVSKATVYSIHIRFLEGMKNYRKWVWWEKGS - RRDYYEAERNTGKIMTEHLQSSFINER
TGVYPLEVNE IMDRLQ I SRGNASMNL RELMDWGVYYRRFRQPGD - RKDTYVSETDPFLTLVKIVYKERKRRE |
TGVYPLEVNE IMDRLQ I SRGNASMNL RELMDWGYYRRFRQPGD - RKDTYVSETDPFLTLVKIVYKERKRRE |
AEKPMTAEDI ADTLGMARSNVYSNSLKELLAWDL | RRYPILGD - RRDHFEAETD IWEVAQRI AAGRKERE |
AEKPMTAEDI AETLGMARSNVYSNSLKELL AWDL | RRYP IMGD - RRDHFEAETD IWEVAQRI AAGRKERE |
AEKPMTAEDI ADTLGMARSNVYSNSLKELL AWDL | RRYPILGD - RRDHFEAETD IWEVAQRI AAGRKERE |
AEAPMTAEDI ADTLGMARSNVYSNSLKELL AWNL | RRYPILGD - RRDHYEAETD IWEVAARI AARRKEREL
SERPLTAEDIAGLLGIARSNYSNSLRELL GWNL | RRYPVYMGE - RRDHFYAETDLWEMVYTRI AAGRKERE |
SDKPLAAEDIAGTLGI ARSNVSNSLKELAGWNL | RRYPVYLGE - RRDFFYAETDLWEMVTRI AAGRKERE |
SDKPLAAEDIAGTLGI ARSNVYSNSLKELAGWNL | RRYPVYLGE - RRDFFVYAETDLWEMVYTRI AAGRKERE |
SDKPLAAEDIASTLGIARSNYSNSLKELAAWNL | RRYPYMGE - RRDF FVYAETDLWEMVYTRI AAGRKERE |
SERPLNADE I GEKLGIARSNISNSLKELVGWRLVYRRVYPVYMGD - RRDHFEAEVDLWOMLTRI AEGRKQRE |
SIKPYNAEE | SDOLGI ARSNVYSNSLKELVGWKL | RRYP1QGD - RREHFYAEVDVWEMAMR I AQGRKERE |
SHYPLNADDITYLLSFSRSNVSMGLKELQSWRLLRSEYRAGD - RREYFKAPDDVWE | FRTLADERRRREV
SPEPLNADQIADTLEFSRSNVSMGLKELQAWRLVYQLRHQPGD - RREY FQAPEDVWE | FKRLAEERRRRE |
AGKPMNAEE IQETLGVARSNVSNS I KELQSLNLVYQTVYHTLGD - RRDYFTTGTDVWELAKV I VEERYRREL
SPDPLSQDEIMEQLS | SRGNYNMN I RDL | DWGLVYSRVYL | QGE - RKEFFSAEKD IWKVATQ | YKERKKREL
MPDPLSADE IMAELNISRGNTNMNVREL | NWGLYDRVL | PGE - RKEYFSAEKD IWKVATE | ARERKRREL
APQALSADDIMEELKISRGNANMNLRAL | DWGLVYSKELKAGE - RKEFF | AEKDMWKVYVKNI | |l QRKKKEL
SEAPLSADDVMAELQISRGSSNMNLRAL | DWGLVYYKRLKAGE - RREY FYAEKDMWKVYVYRQI | | HRKKKEL
SPEALSTEDVMEQLQISRGNASMNL RDLMDWGL VYKQLKPGE - RREF FVAEKD IWKVARQVAKERRRRE |
SPDALAIEDIMEQLQI SRGNASMNLRDLMDWGL | YKQLKPGE - RREFF | AEKD IWKVARQVAKERRRRE |
SPKSMNADE IMAELQ I SRGNYNMNL RDLMDWGL | YKQLLPGE - RKEYF | AEKD IWKVAKQ | AKERRRRE |
SEKALNADE IMEELQI SRGNVYNMNLRDL | SWGL | FKQL | PGE - RKEY FYAEKD IWKVTRQ | SRERRRREL
SKDAMTTEE IMDTLKI SRGNANMN I RAL | EWGLVYKREMVYAGE - RKEYFSAGKDVWE | ARQI AKERAKREL
SPGALSTEDIMEQLQI SRGNYNLNVRALMDWG | YRKELRPGE - RREFFSGEKD I HRYATL | LQERRKREL
SPGALSTEDIMEQLQISRGNVYNLNVRALMDWG | VYRKELRPGE - RREFFSGEKDI HRYATL | LQERRKREL
SNEPYSMEE IMEELQI SRGNASMNL RGLMDWG | YYKEFKAGE - RKEFFTAEKDLDELAVKI SRERSKRE |
SNEAYSMED IMEELQI SRGNASMNL RALMDWG | YYKEYKAGE - RREFFTAEKDLDELAVKI SRERSKRE |
SHEPYSMED IMEELQI SRGNASMNL RALMDWG | YYKEFKAGE - RREFFTAEKDLDELAVKI SRERSKRE |
SPEALSMED IMSELHI SRGNASMNLRSL IDWGI | FKEYKAGE - RREYFYAEGNIDELARKI AKERSKRE |
SPEALSMED IMGELHI SRGNASMNLRSL IDWGI | FKEYKAGE - RREYFYAESNIDELARKI AKERSKRE |
STKPLSTEEIMEELQISRGNTSMNVRQL | DWG | VTKELVYPGE - RKEYFSTEKDVYQELARV I AKERSRRE |
STKPLSMEE IMDELKISRGNTSMNLRQL | DWG | VSKT | | AGE -RKEFFTTEKDVYQELARIVYAKERSRRE |
SSEPLSMEE IMEELKISRGNTSMNLRQL | DWG | VYSKEFKAGE -RKEYFTTEKDVYQELARI | AKERSRREL
HPDGLSTDE IMEEVQLSRGNVYNTNVREL | NWVRLVYRKETVLGE - RKEFFI ALHDVYHS | AGNIMEERKRREL
SDRPLHTDE IMKELS | SRGSANTSLRELVYNWGVYARSY I MKGE - RKEHFESERDVWWRMFCA | ARERKRRE |

ADKPLCIDDIMNELGI SKGNYSMNLNKLEKLGF | KKVWWI KGE - RENYYESIDGFSSI - - - - - KD I AKKKY
SDEPLTISDIMEELKISKGNYSMSLKKLEELGFVYKKVWI KGE - RENYYTAVDGF I SM- - - - - KD I AKRKY
SDKPLTISDVMEELKI SKGNYSMSLKKLEDLGFVYKKWVWI KGE - REKNYYEAVDGF I SM- - - - - KD I ARKKY
SDKPLTISDIMEELKI SKGNVSMSLKKLEELGFYRKVWI KGE - RENYYEAVDGFSSI - - - - - KD I AKRKH
SNKPLTISDIMEELKI SKGNVSMSLKKLEELGFVYKKAWI KGE - RENYY | IVDGFTSF - - - - - KDVVKKKY
SDKPLCIADIMDELGI SKGNYSMALNKLEELGFVYRKVWI KGK - RRNYYEAMDGFSSY - - - - - KD I VKKKH
SHNPLCIDDIMEELGISRGNYSMNLNKLEKLGF | KKVWAWKGE - RKQYYEPLCGFSSI - - - - - LDIVGHKH
YERPMSLDEIVEELKI SKGNASMSLKKLEELGFVYKRTWIEGE -RKNFYQISESFSSI - - - - - KD I ARRKH

SEKPLCMDE I IDFLKISKGTASTTIRKLEELKA | KKMWVYEGD - RENYYKISGSIPLLDSMFKRDM- - - - -
ANDPLSLSDIAEITGYSISHISSAMKVLEGYGLYQRIKKPGD - RRAYFVYATKNFSEWRSSAFYEKILRDI
SNEPLSLSEIAEITGYSYSHYSSAMRVLEGVYGLYQRI KKPGD - RRAYFYATKNFSEWRSSAFYEKILRDI
AKEPLSLSEISSITGYSLSHVYSSAMKVLEGYGLVYQRI KKPGD - RKAYF I ATKNFGEWRSSAFYENILRD I
SEDPLSLGDISELTGYSLSHYSSAMKVLESVYGLYRRIKKPGD - RKVYFVATKT FSEWRSSAFYDNIMDNI
SDEPLSLAEIAEITGYSLSHVYSSAMKVLEGYGLYQRVKKPGD - RKAYFYATKSFGEWRSAAFYSRLLRDV
AKEPMSLSE | AERTGYSLSHVYSTALKSMESLGLVYVRIKKPGD - KKAYYKATKLLKDWRQAAYYSRILEDI
EDEPLSLGE I AERTGYSLSHVYSTALKLLESVGLVYKRVKKPGD - KKAYYTA | KNI REWRREAYYKRLEED |
EDEPLSLGKIAERTGYSLSHVYSTALKLLENIGLVYKRIKKPGD - KRAYYTAIKNIREWRKEAYYKKIEEDV
EDEPLSLGEIAERTGYSLSHVYSTALKLLENIGLVYKRIKKPGD - KRAYYTAI KNI REWRKEAYYKKIEEDV
ADEPLSLGEIAEKTGYS| SHYSSALKLLESVYGLVYTRIKKPGD - KKAYFTAI KNLKEWRKAAYYNKLLEDVY
ADEPLSLGEIAEKTGYS|I SHYSSALKLLESVYGLVYTRIKKPGD - KKAYFTAI KNLKEWRKAAYYNKLLEDVY
SAEPVYSLEELAQRLKVYTKGNISI AYRQLEQL GMYRRSWQKGD - RRYVFFEVETDFWK | AHSYL GLRHKPEF
AEEPLSLDTLAARSEYAKSTVSTAMSDLOQRYHMYTRRSLPGEGKKAFYEAETDFWQI FRAFLNNEVRRE |
VGEPMSLDELVAESGYAKSTYSNAMSALEPYHLVYRRQSSPGEGRKVYFEAETDFWTVYMQEFLEQQGRRE I
AGGPKSLDELAEETGYAKSTYSNAMGTLERYHLYHRRSAPGEGRKVYFEAETDFWTVLTEL FEREGRRE |
ASDPLSIPELVEETGYAKSTYSNVYTRTLSRIGL IHRRSSAGGGRRVYRFEAEREVWF | LODYFQQY | QREV
ASDPLSIPELVEETGYAKSTYSNVTRTLSRIGL IHRRSSAGGGRRVYRFEAEREVWF | LODYFQQY | QREV
AAEPLSIPELVDETGYAKSTYSNVTRTLSRVGL | HRKSSAGGGRRVYRFEAERDVWF | LODYFQQY | QREV
AEEPLSLDVLAERSGYAKSTVYSDYTNSLEEIYFARRYSGAGGGRKSY FEAERD IWYAMRQAMAQDAGRREV
APEPFSAAE| AQRLSLSSGAVSMLLGELTHWGAVKKAWRPGS - RRDHYESESN IWKLVYSRYFRERELRKI
AERPLAFDDLVERLGISRGSYSQGLKVLRALGAVYRLHY I PGS - RRDHYVYPELSMKRLASGFMRDQ I DPHL
AKDPYTLDELVQODTGYSKSTVYSLNMNOQLKNLGLVYKRVYVYIPGD - KRHLYAPITDPETIKTNML -DAI TKEV
QPEPLSLDEIATLLNRSKGPISSTIRELASI|IGLYRKYNGPEN - RRDYYVYAHPDLFLNNFKFNMATVYRKNR

Supplementary Figure S6 | Amino acid sequence alignment of GbsR-type proteins non-
associated with osmotic stress. The amino acid sequences of 7 GbsR homologs associated
with various transport systems (pink) and 73 GbsR-type proteins, encoded in a gene
neighborhood which does not allow the assignment of a particular function (pale purple) were
aligned using the MAFFT server (Katoh et al., 2017). Depicted are only the N-terminal
domains of these proteins. The amino acids corresponding to the winged helix-turn-helix
DNA-binding motif (lite blue), the inter-domain linker (purple) and of the likely inducer-
binding site (reddish) of GbsR are highlighted. Highly conserved amino acids are shaded in

grey.
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Supplementary Figure S7 |B. infantis cannot use glycine betaine as carbon source.
Cultures of B. infantis NRRL B-14911were grown in basal medium supplemented with either
glucose (27.7 mM final concentration) or glycine betaine (33.24 mM final concentration) as
the sole carbon source. Growth yields were measured after 46 hours of incubation at 37 °C.
Cultures without the addition of a carbon source served as control.



Supplementary Table S1 | Bacillus subtilis strains used in this study

Strain Relevant genotype Source or reference
JH642 trpC2 pheAl J. Hoch; BGSC”
1A96
TMB118 A(opuA::tet)3 A(opuC::spc)3 A(opuD::neo)?2 (Teichmann et al.,
A(opuB::erm)3 2017)
GNB37 A(treA::erm)2 (Nau-Wagner et al.,
2012)
GNB40 A(gbsR::neo)l A(treA::erm)2 (Nau-Wagner et al.,
2012)
CABI1 A(opuA::tet)3 A(opuC::spc)3 A(opuD::neo)?2 This study
A(opuB::erm)3 amyE::pX
CAB2 A(opuA::tet)3 A(opuC::spc)3 A(opuD::neo)?2 This study
A(opuB::erm)3 amyE::opuAR-opuAs,;
STHB04 A(treA::erm)2 A(gbsR::neo)l A(yvaV::tet)2 This study
STHBO5 A(treA::erm)2 A(gbsR::neo)l A(yvaV::tet)2 This study
A(opcR::zeo)2
STHBO06 A(treA::erm)2 A(gbsR::neo)l A(opcR::zeo)2 This study
STHBO7 A(treA::erm)2 A(yvaV::tet)2 A(opcR::zeo)2 This study
STHBOS A(treA::erm)2 A(opcR::zeo)2 This study
STHB10 A(treA::erm)2 A(gbsR::neo)l A(yvaV::tet)2 This study
A(opcR::zeo)2 [amyE::P(opudAp;’-tred);
opuAR']1
STHBI11 A(treA::erm)2 A(gbsR::neo)l A(yvaV::tet)2 This study

A(opcR::zeo)2 [amyE::P(opuAdA -tred)] 1

STHB65 A(treA::erm)2 A(gbsR::neo)l A(yvaV::tet)2 This study
[amyE::®(opudA pi-tred)]

STHB66 A(treA::erm)2 A(gbsR::neo)l A(opcR::zeo)?2 This study
[amyE::®(opudA pi-tred)]

STHB67 A(treA::erm)2 A(yvaV::tet)2 A(opcR::zeo)2 This study
[amyE::®(opudA pi-tred)]

"BGSC: Bacillus Genetic Stock Center (Columbus, OH, USA).



Supplementary Table S2 | Primers used in this study

Primer name

Primer sequence (5°-3")

OpcR Knout P1
OpcR Knout Zeo P2

OpcR Knout Zeo P3

OpcR Knout P4
OpcR Knout Zeo P5

OpcR Knout Zeo P6

YvaV Knout P1
Yvav Knout Tet P2

YvaV Kneu2 Tet P3

YvaV Knout P4
YvaV Knout Tet P5

YvaV Kneu2 Tet P6

OpuAR fwd

OpuAR rev
OpuAR Box1 for
OpuAR_Box1 rev
OpuAR_Box3 for
OpuAR Box3 rev
OpuAR_Box1+3 for

OpuAR_Box1+3 rev

OpuAR_NO8Fn_for
OpuAR_NO8Fn rev
OpuAR_WO95F _for

OpuAR_WOISF rev

CA3-opuARA fwd
CA3-opuARA rev
OpuAR treA Fragl/4 for
OpuAR treA Frag2 for
OpuAR treA Fragl/2 rev

ATAAATTCTTCAACAAACTCATTTGCCGG
CCATATCAAGATAACTTCGTATAATGTATGTTGAAGGCATTCCAAA

CGTATGCATATTTT
CCATATCAAGATAACTTCGTATAATGTATGTTGAAGGCATTCCAAA
CGTATGCATATTTT

GTAAAGCAATACTCGTCTGCTTTTGTTTTA
AAAATATGCATACGTTTGGAATGCCTTCAACATACATTATACGAAG

TTATCTTGATATGG
TATTTTAGAGAGCTGCATTCTTTTGTTTTCTAATGTATGCTATACGA
AGTTATTCAGTCC

GATAAATTCCTCAACAAATTCGTCTGCC
CCGTAATGCTATGTTAGCATTACTCTTTTCCATGTTTTCCGCGATTC

TTTCTATAAAATG
AAATTGTTATCCGCTCACAATTCCACACAACATATTTGAGAGCGA
AGACATTTTTAAATATGTG

CAGTGAAATAAACCGGTAAATCTAGGTCTC
CATTTTATAGAAAGAATCGCGGAAAACATGGAAAAGAGTAATGC

TAACATAGCATTACGG
CACATATTTAAAAATGTCTTCGCTCTCAAATATGTTGTGTGGAATT
GTGAGCGGATAACAATTT

ATGGTAGGTCTCAAATGCATAACGAAGAATTGGTCGCACAG
ATGGTAGGTCTCAGCGCTCTCTTCCTTTTTTTCATCCTCAGAC
CCAGGTCAAAGGGGATTGGTTCCAGAATTTCATCGATCGCTTTTG
TACG
CGTACAAAAGCGATCGATGAAATTCTGGAACCAATCCCCTTTGAC
CTGG
GGTACCAGAATTTCATCGATTTCTTTTGTACGCAATGGAGAAAAG
G
CCTTTTCTCCATTGCGTACAAAAGAAATCGATGAAATTCTGGTAC
C
CCAGGTCAAAGGGGATTGGTTCCAGAATTTCATCGATTTCTTTTG
TACG
CGTACAAAAGAAATCGATGAAATTCTGGAACCAATCCCCTTTGA

CCTGG

GTACAAAAGCGATCGATGAAAAACTGGTACCAATCCCCTTTGAC
TCAAAGGGGATTGGTACCAGTTTTTCATCGATCGCTTTTGTAC
GATTTATACCAGGTCAAAGGGGATTTCTACCAGAATTTCATCGAT
CG
CGATCGATGAAATTCTGGTAGAAATCCCCTTTGACCTGGTATAAA
TC

AAAGGATCCGCATCTACTCTTCCTTTTTTTC
AAAGGATCCCATTAATCTAAGTCTTCGATTG
AAACCCGGGGCACCTTTTTGGAGAGCATCTAC
AAACCCGGGGAACTCCGTATAAATGCATGTTTC
AAAGGATCCCTGAAGCAGCTTCGATTGTGAC
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Supplementary Table S3 | Plasmids used in this study

Plasmid Description Resistance ~ Reference
pASK-IBA3plus Expression plasmid for E. coli with a bla IBA (Gottingen,
AHT-inducible fet-promoter and a C- Germany)
terminal Strep-tag 11
pX Integration vector for B. subtilis bla, cat (Kim et al.,
amyE::cat::amyE 1996)
pJMBI amykE::treA bla, cat (Hoffmann et
al., 2013)
pDG1515 Tetracycline resistance cassette tet (Guerout-Fleury
etal., 1995)
p726 Zeocin resistance cassette zeo (Yan et al.,
2008)
pCA-opuARA opuA operon and opuAR gene of B. bla, cat This study
infantis with native promoters cloned
into pX-amyE-site
pSTH33 amyE:: ®(opuAAp,; -tred); opudAR" bla, cat This study
pSTH34 amyE::®(opudAp; -treA) bla, cat This study
pMP_ARI B. infantis opuAR gene cloned into bla This study
pASK-IBA3plus
pSTH49 Site directed mutagenesis of B. infantis  bla This study
93
opuAR in pMP_AR1: opuAR [W F]
pSTHS0 Site directed mutagenesis of B. infantis  bla This study
9%
opuAR in pMP_AR1: opuAR [N F]
pOpuAR_Y94F Site directed mutagenesis of B. infantis  bla This study
92
opuAR in pMP_ARI: opuAR [Y F]
pOpuAR_R100F Site directed mutagenesis of opuAR in bla This study
100
pMP_ARI1: B. infantis opuAR [R  F]
pOpuAR_Y94F R100F  Site directed mutagenesis of B. infantis ~ bla This study

opuAR in pMP_AR1: opuAR
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