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Fig. S1. Phylogeny of LarR homologs. The 55 Lar homologs used to construct the circular
phylogram are reported in Table S3. The proteins identified as known members of the PrfA group
(PrfA, PrfA-like, RcfB, Srv, Ers and Fnry,) or suggested as LarR regulators based on their genetic
context (LarR) are indicated between parentheses. Numbers in between parentheses correspond to the
several LarR paralogs found in the same species as reported in Table S3. Crp is used as an outgroup to
root the tree. The evolutionary history was inferred by using the Maximum Likelihood method
based on the Le_Gascuel 2008 model (parameters: model LG+G) (1). The tree with the
highest log likelihood is shown. The trees are drawn to scale, with branch lengths measured in
the number of substitutions per site (scale bar, 1 substitution/site). All positions containing
gaps and missing data were eliminated. Evolutionary analyses and multiple alignments using
the ClustalW algorithm were conducted with MEGAG (2).
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Fig. S2. Sequence of the L. plantarum larR-larA intergenic region. The promoter -35 and -
10 boxes, the Lar box and transcriptional starts (+1) are highlighted in black. The larR and
larA start codons are boxed. The positions of the three [*?P] radiolabelled probes used in this
study are drawn as lines below the sequence. The +1 transcription start of the P, has been
determined by primer extension. The +1 transcription start of P\, has been deduced from the
positions of the predicted -10 and -35 boxes.
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Fig. S3. rLarR purification. SDS-PAGE gel of the flow through (FT) and the elution
fractions from rLarR purification by affinity chromatography on a Strep-Tactin column.



bp from the center of the Lar box

-0.5 0.5

species larR side -50.5 -30.5 -20.5 -10.5
Cl. genomosp. CATGGGAAATCTTEMICTCTCAGTCATAGTTTTCGCGCACATGCGTT
En. faecalis TGACTAAGTTTCTGTTTGATTCEBTTAACTATTATAAACACTCTCACCAACCTTTT
Eu. halii CATTCTTTTTCACCCTTTCTTC TAAAATAGTATATCATATATGTT
G. adjacens CTCCTCTAAGACAATTTCCTATCACACTIATTATCAT|ICTTACCACGAAAATATAC
G. elegans AAAAAATTCACTTGCATTT AACATTATTATCCTqTTGATAAdAATATTTTT

L. coryniformis
L. fermentum
L.brevis

L. mali

L. pentosus

L. plantarum
St. vestibularis
L. sakei

Sp. inulinus
Eu. biforme
Pe. clausenii
Pe. pentosaceus
L. curvatus
Co. intestinalis
Co. tanakaei

TACAATTACTTAATGTATCATA
ATACCTATTTGAGTTTAGCACACTTCCAGTCATTGTGAAGTTAATTTTTCCTTA
AAATTAATTATCGTTAGCAAAGTCCTATCTTAGCGAAAAAGGATACCCCTTCGC

ATTATGTAAAACTTATTAGTT.ATTTAAATAATACTCCTAA TTTATCA iIATCAT

ACAATGAC
ACGATAAC
ATCTTAAT
TAATCATT
TGTTATCT

CATATTCGCTCTCCTTTACC
ATATAATCCCCCTGCACTTAT
TAAAAGTAAATAA
TACTAATCATTAAATAACTTT
CGCCCCTTTCAGATTTGTTAA
CCTCCCCTACCTGACCTCTGG

ACACTAATAATACACCTATACTACCAATTCTATATCATCCT|ITTGTT
ATACTTATTATTCGATAACTTAAGTCTTAAGTGTACGCTATTTTAA

TCTTTTAGTAAAAATTAGCGACAGCATTTAAA

TTCTTAAGCATAGCGGTTTTCGTGAT[TGTGACAATCGCATTTAAA
TACTTAAGCATAGCAGTTTTCATGATITGTGACAATCGCATTTAAA

ATTCCTATTTTAACGCCATTTCAGCTAATATATATCACAAATAAA
TTTTGGATACTCCAAATTTTTCG :
TGTTTTATTATCTTTAAATTCCGATACGCGCAC
ACATCTIATTATCATIAAGAAAAAATTGTGAGAAG
ATCTAAATTATACGTCTTGAATACTATAAAGTT
CCGACCACTGTATACACCTAGCGAAACGTTGA
AGCGCAACTCTATCGGACTGTGAAGCCGAAGC

T‘ATGTACA

consensus
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G. elegans

L. coryniformis
L. fermentum
L.brevis

L. mali
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L. plantarum
St. vestibularis
L. sakei

Sp. inulinus
Eu. biforme

Pe. clausenii

Pe. pentosaceus

L. curvatus
Co. intestinalis

Co. tanakaei

ATTTTTTGAGCTAACCGGCAATTATTTTTCGTGCTAAATTTAGGT AGTTGCGA
CACAATAAGGACTGTGTGATTCCTAAATTTCATTATACTTAGTCT@GTAAAATAT
ATTTTTTATTATTATCTTTTACTAACACTTTTTATTAATATGAAARIGTTGTTTTC
AACCTTTGAGACTTCTGCTGTGCGTTATTTGAGTATACTTATAATIEGACAAACAA
ACCATITTGTATTJACATTCAAAAGAAAAAATAATATACTATATT GTTAGCTAT
CTACTTTGAAAATGCTAA CGTGGCAGACAAGCCAAAAAAAGATGCGTATAACTG
CTTATTTTTGACGCTGAAAGCAACGCAACAATGAGAGTATTTTTGAAAA'TGAGA
GACACTGGCTATTGCGATATJCGATTATTCACTTTCATAGTGAGGATEIGTCAATGAA
GTTTAAAGAACATACACTTAAATAATGTTTTaAAACAATACTTAT GACAAGAAA
TATTTITTGAAAAQTTGAAATGTAGCHQGCACAACCGTCGCGACTACTAGTATAACAA
TATTTITTGAAAAQTTAAAATGTAACHQCACAAGTTATCCGTCTTCTAGTATAACAA
TATGTATTTTAAAAAAAGACTTATAATACTGGTGTAAGTATTAA.AATAAAGGAG
AdTTGTAGCCTTCCTTTTGTAACGTTTAATGTTGTCTATAAATTATACCGCAICC
ATTTTITTQATGATIAGQAAACGGAACCGACAACCTTTTTGTTTTGATTTATAACAG
ATAAAATGAGGTTTCATAATTATTTAATTCGGATTATATTAATTC GTAAAAAA
CCTA4TTdTTGT4TCCACGACCACTTATCTTTCCTAACATGTTGT AGCGCCAA
CCCAAAﬂGTGATACCCGGTCGATTTTACATAGCCTAATATATTGTCTAG.GCCAA

CCTAAAAGTAATAATGAAATYTTGTTCATIAAATTATACCGCATC TTTCAGAAA
TACATTCQACATAACGCGCACCCTTTCAAACCCCCATAGTTACCC GCTTAAAC
AACAAAGCGYQTCAGACCGCCCCGATGCCATCACAACCATAGTTACCC CGTCCGTA

consensus

TTTG

Fig. S4. Comparison between the 20 larA-larR intergenic regions. The suspected +1 transcription starts, the promoter -10 boxes, -35 boxes
and the Lar boxes are highlighted in red, yellow, orange, and green, respectively. The identified half-Lar boxes are boxed in black. The
consensus sequence is shown below the sequences.
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Fig. S5. Mutagenesis of the Lar-box. (A) Display of mutations LRa, LRb, RRa, and RRb
performed in the left and right inverted repeats (LR and RR) of the Lar-box (inverted arrows).
The mutations are indicated underneath the logo. (B and C) Left panels: EMSA of 56-bp [*?P]
radiolabeled probes containing the native Lar-box or mutated Lar-boxes in absence or
presence of purified rLarR. Ctl, control with the native Lar-box. The rLarR-DNA complex
(C) and unbound probe (P) are indicated by arrow heads. Right panels: mean values of ratios
of complexed DNA/free DNA of EMSA as in left panels. Data are from 3 replicates from one
significant experiment. The error bar represents the standard deviation. Significance based on
Student t-test; * p-value < 0.05, ** p-value < 0.01. Mutated Lar-boxes are compared to the native
Lar-box (Ctl).



Table S1. Primers used in this study.

Mutant
Primer name Sequence®” strain or
plasmid
Primers used for construction of the deletion vector
LP101A1 5'-CGGGGTACCAATCTTGAAACGGCGTGGTTAGACG-3'
LP103A4 5'-GCTCTAGAGATGTTAGTTACCTCTTAGATCAAATTGC-3'
LP105B4 5'-GGACTAGTCTTACCAGCACCGTAGATGACCTCC-3'
LP103B4 5-GCTCTAGAAGTGTTCGGCTAAACCATGATAGG-3' PGIR002
LOX66A5-2 5'GCTCTAGATACCGTTCGTATAATGTATGCTATACGAAGTTATTGCAGTTTAAATTCG
GTCCTCG-3'
LOX71A5-2 5'CTCTAGATACCGTTCGTATAGCATACATTATACGAAGTTATAAGTACAGTCGGCATT
ATCTC-3'
Primers used for the validation of the deletion
LP096UP1 5'-CGGGGTACCTAGCTGAGATCAATGCGAACTTGG-3' LRO002
LP105B1 5'-GCTCTAGAAAAGCGTCTAAATAAAGTGTTTGC-3'
Primers used for the construction of overexpression and purification vectors
LP1030XA1 5'-CATCCCATGGCAAGCTGGAGTCACCCGCAGTTCGAGAAAGGTGCTGG
TATGGTATTAACTGATATTGAATAT-3' pGIR991
LP1030XB1 5'-GCGGAATTCAAAACGGCGACGGTCCAGACGGGAG-3'
Lp1031 5'-GGGGTACCTAAAACGGCGACGGTCCAGACG-3'
Lp1032 5'-CATGCCATGGTATTAACTGATATTGAATATTTACT-3' PGIRO0
Primers used for the construction of controlled gene expression vectors
PSIP103-104A1  5-CGGGATCCCATCTTAGTTTTTCAGTTCTTTCG-3'
PSIP103-104B2  5-CATGCCATGGCTTTTAGCCATCCTTCTCTA-3' PGIRO03
Primers used for the sequencing of vectors
P32B1 5'-CGCGGATCCGAATGCATTCTGCTGAAACGATTGCCATTTC-3' PGIR002
CATA1l 5-AAAACTGCAGATGAAGAAAGCAGACAAGTAAGC-3'
UP_PNZ8048 5-TAGATACAATGATTTCGTTCG-3' pGIR090/091
CAT1 5-AATTGTCAGATAGGCCTAATGACTGG-3'
GUSA2 5-TTCCATGATTTCTTTAACTATGC-3' pGIR003
GUSB2 5-TTTTTGGCTATCAATCAAAGCAACACG-3'
Primers used for the amplification of P, radiolabeled and unlabeled probes
LarBox_Al 5-CATCTTAGTTTTTCAGTTCTTTCG-3' Lar box 256
LarBox_B1 5'-CATGACTTTTAGCCATCCTCTTTC-3' bp
LarBox_A2 5-TAACGCTACTTAAGCATAGCGGTTTTC-3' Lar box 127
LarBox_B2 5-TGCACGTTTTGTTATACTAGAAGAC-3' bp
Lar-A_A 5'-CGATCGATATGGAAAAGGCCTACGCACGCGAGGGTC-3' Unspecific
Lar-B_B 5'-GCATCGATTGCCGCCACTTGTTGTAATATTTC-3' DNA 137 bp
Primers used for primer extension
LP104PE1 5-TTGTTATGATATGTTGCAGCTTGC-3'
Primers used directly as P53, radiolabeled probes
LarBox_Ipl 5-ATTTAAAGTATACATTTGTTAACTATTTTT-3' L. plantarum
LarBox_Ipl 5-TAAATTTCATATGTAAACAATTGATAAAAA-3 Lar box
LarBox_cons1 5-ATTTAAAGTTAACATTTGTTAACTATTTTT-3' Consensus
LarBox_consl 5-TAAATTTCAATTGTAAACAATTGATAAAAA-3' Lar box
LarBox_rand1 5-ATTTAAAGTTCTGATTTATAAACTATTTTT-3' Random Lar
LarBox_rand2 5-TAAATTTCAAGACTAAATATTTGATAAAAA-3' box
LarBox3_ A  5-TTGTGACAATCGCATTTAAAGTATACATTTGTTAACTATTTTTGAAAACTTAAAAT-3' Wild type
LarBox3_B 5-ATTTTAAGTTTTCAAAAATAGTTAACAAATGTATACTTTAAATGCGATTGTCACAA-3'
LarBox3'3_A 5-TTGTGACAATCGCATTTAAACTATACATTTGTTAACTATTTTTGAAAACTTAAAAT-3' Mutation LRa
LarBox3'3 B 5-ATTTTAAGTTTTCAAAAATAGTTAACAAATGTATAGTTTAAATGCGATTGTCACAA-3'
LarBox3'4_A 5-TTGTGACAATCGCATTTAAAGTATACATTTGTTAAGTATTTTTGAAAACTTAAAAT-3' Mutation RRa
LarBox3'4 B 5-ATTTTAAGTTTTCAAAAATACTTAACAAATGTATACTTTAAATGCGATTGTCACAA-3'
LarBox3"_A  5-TTGTGACAATCGCATTTAAACTATACATTTGTTAAGTATTTTTGAAAACTTAAAAT-3' Mutation
LarBox3" B  5-ATTTTAAGTTTTCAAAAATACTTAACAAATGTATAGTTTAAATGCGATTGTCACAA-3' LRa+RRa
LarBox3'’5_A 5-TTGTGACAATCGCATTTAAAGTATAGATTTGTTAACTATTTTTGAAAACTTAAAAT-3'  Mutation LRb



LarBox3'5_B 5-ATTTTAAGTTTTCAAAAATAGTTAACAAATCTATACTTTAAATGCGATTGTCACAA-3'

LarBox3'6_A 5-TTGTGACAATCGCATTTAAAGTATACATTTCTTAACTATTTTTGAAAACTTAAAAT-3'

Mutation RRb
LarBox3'6 B 5-ATTTTAAGTTTTCAAAAATAGTTAAGAAATGTATACTTTAAATGCGATTGTCACAA-3' utat

LarBox3'7_A 5-TTGTGACAATCGCATTTAAAGTATAGATTTCTTAACTATTTTTGAAAACTTAAAAT-3' Mutation
LarBox37_B 5-ATTTTAAGTTTTCAAAAATAGTTAAGAAATCTATACTTTAAATGCGATTGTCACAA-3' LRb+RRb

Primers used for QuickChange mutagenesis

QC_LarBox_A3 5-ATCGCATTTAAAGTATACATTTCTTAACTATTTTTGAAAAC-3' pGIR003B
(mutation
QC LarBox B3 5-TAGTTAAGAAATGTATACTTTAAATGCGATTGTCACAATCATG-3' RRb)
QC_LarBox_A2 5-CATTTGTTAACTATTTTTCAAAACTTAAAATGTAACGGAC-3' pGIR003C
(mutation
QC_LarBox_B2 5-TTTAAGTTTTGAAAAATAGTTAACAAATGTATACTTTAAATGCG-3' RRc)
QC_LarBox_A4  5-AACTATTTTTCAAAACTTAAAATCTAACGGACAAGTTATCC-3' pGIR003D
(mutation
QC_LarBox_B4 5-GTCCGTTAGATTTTAAGTTTTGAAAAATAGTTAACAAATG-3' RRc+RRd)

®Restriction sites and mutations introduced in the primers are underlined
b _ar box sequences are in bold



Table S2. MALDI-TOF analysis of the two forms of rLarR.

1% band Match to: LarR Score: 470 Expect: 1.6e-045
Start- End  Observed Mr(expt) Mr(calc) Delta Miss Sequence
34-51 2209.0051 2207.9978 2200.1003 -0.1025 O RHTYLTYHGLAEHYTYVLK.D (lon score 98)
57 - 65 10155026  1014.4953 1014.5458 -0.0505 O K.NSIILQDGR.E (lon score 61)
66 - 82 1994.0045 19929972 1993.0884 -0.0911 0 R.EYNLSYIAKPDVISLLR.D (No match)
88-96 1063.4653  1062.458  1062.5094 -0.0514 0 R.STDQPFNVR.I (fon score 44)
97 -109 1619.6981 1618.6908 1618.7627 -0.0719 O R.IESEYATFYQVNR.V (lon score 96)
115 - 127 1554.7046  1553.6973  1553.7725 -0.0752 0 K.YVNSTPELOQNYVK.N (lon score 81)
133-140 972.5323 971.525 9715763  -0.0513 1 K.KLSENILR.L (No match)
134 - 140 844.4393 843.432 843.4814  -0.0494 0 K.LSENILR.L (lon score 30)
167 - 192 2853.303 2852.2957 28524377 -0.142 1 R.KVNEGILIDFVVTNDDIAGFCGISSR.S Propionamide (C)
168 - 192 2725.2021 27241948 2724.3428 -0.148 0 K.VNEGILIDFVVTNDDIAGFCGISSR.S Propionamide (C)
2" band Match to: LarR Score: 280 Expect: 1.5e-026
Start- End  Observed Mr(expt) Mr(calc) Delta  Miss Sequence
34-51 2209.1116  2200.1043  2200.100: 0.004 0 RHTYLTYHGLAEHYTYVLK.D (No match)

57 - 65 1015.5601  1014.5528 2208.1003  0.007 0 K.NSIILQDGR.E (lon score 53)
66 - 82 1994.0621  1993.0548 1014.5458 -0.0335 O R.EYNLSYIAKPDVISLLR.D (No match)
88 - 96 1063.5229  1062.5156  1993.0884 0.0062 0 R.STDQPFNVR.I (lon score 46)
97 - 109 1619.7723  1618.765  1062.5094  0.0023 0 R.IESEYATFYQVNR.V (lon score 89)
115-127 1554.7827  1553.7754  1618.7627 0.0029 0 K.YVNSTPELQNYVK.N (lon score 50)
134 - 140 844.4944 843.4871 843.4814  0.0057 0 K.LSENILR.L (No match)

144 - 150 807.4059 806.3986 806.4142 -0.0156 1 R.MVMNGKK.G (No match)

The MASCOT search engine was used to identify the proteins after Maldi-TOF analysis.
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Table S3. Bioinformatic analysis of LarR homologues.

Species  N°® Protein® Accession

Annotation

LarA°

Bacillus sp. INLA3E

Fnrga ZP_09599669.1
Clostridiales genomosp. BVAB3 str. UP119-5

LarR YP_003475460.1

Collinsella intestinalis DSM 13280
LarR ZP_04446027.1
Collinsella tanakaei YIT 12063

1 LarR ZP_08853122.1

2 ZP_08853117.1
Enterococcus casseliflavus ATCC 12755
ZP_08145504.1
Enterococcus faecalis T3
1 LarR ZP_05503397.1
2 Ers ZP_05502499.1
Enterococcus faecium E0045
ZP_19440287.1
Enterococcus gallinarum EG2
ZP_05648526.1
Enterococcus hirae ATCC 9790

YP_006487412.1

Enterococcus italicus DSM 15952
ZP_07896383.1

Enterococcus sp. 7L76
CBL31034.1

Eubacterium biforme DSM 3989
1 LarR ZP_03487930.1

2 ZP_03489375.1
3 ZP_03487649.1
4 ZP 03487783.1

Eubacterium hallii DSM 3353

LarR ZP_03715095.1
Granulicatella adiacens ATCC 49175

LarR ZP_05738512.1
Granulicatella elegans ATCC 700633

LarR ZP_05852068.1
Lactobacillus brevis ATCC 367

LarR YP_795942.1

cyclic nucleotide-hinding protein
Crp/Fnr family transcriptional regulator

hypothetical protein COLINT_02751

hypothetical protein HMPREF9452_00991
hypothetical protein HMPREF9452_00986

crp/Fnr family transcriptional regulator

transcription regulator
transcriptional regulator

CarD family transcriptional regulator
transcriptional regulator
Crp/Fnr family transcriptional regulator

crp/Fnr family transcriptional regulator

cAMP-binding proteins-catabolite gene activator and
regulatory subunit of cAMP-dependent protein kinases

hypothetical protein EUBIFOR_00495
hypothetical protein EUBIFOR_01964
hypothetical protein EUBIFOR_00208
hypothetical protein EUBIFOR_00348
hypothetical protein EUBHAL_00131

Crp/Fnr family transcriptional regulator

transcriptional regulator, Crp/Fnr family

CAMP-binding protein

Lactobacillus coryniformis subsp. coryniformis KCTC 3167

LarR ZP_08478609.1
Lactobacillus curvatus CRL 705

LarR ZP_09041129.1
Lactobacillus fermentum IFO 3956

LarR YP_001844550.1

Lactobacillus mali KCTC 3596 = DSM 20444
LarR ZP_09448267.1
Lactobacillus pentosus MP-10
LarR CCB81962.1
Lactobacillus plantarum WCFS1

LarR YP_004888173.1

Lactobacillus sakei subsp. sakei 23K
LarR YP_395397.1
Lactococcus garvieae ATCC 49156

1 YP_004779753.1

transcription regulator

bacterial regulatory s, crp family protein
transcriptional regulator

CAMP-binding protein

transcription regulator

Crp/FNR family transcriptional regulator
unnamed protein product

transcription regulator
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YP_003475461.1

ZP_04446028.1

ZP_08853123.1

ZP_05503398.1

ZP_03487929.1

ZP_03715096.1
ZP_05738513.1
ZP_05852067.1
YP_795943.1
ZP_08478608.1
ZP_09041121.1
YP_001844549.1
ZP_09448266.1
CCB81961.1
YP_004888174.1

YP_395398.1



2 YP_004778376.1 transcription regulator
Lactococcus lactis subsp. cremoris MG1363
RcfB YP_001033749.1 rcfB gene product
Lactococcus lactis subsp. lactis KF147
YP_003354892.1 Crp family transcriptional regulator
Listeria grayi DSM 20601
1 ZP_07052624.1  crp/Fnr family transcriptional regulator
2 ZP_07052673.1  global nitrogen regulator NtcA
Listeria innocua Clip11262
NP_470555.1 hypothetical protein lin1218
Listeria ivanovii subsp. ivanovii PAM 55
YP_004854974.1 putative regulator of the Fnr CRP family
Listeria marthii FSL S4-120
ZP_07870549.1  Crp/FNR family transcriptional regulator
Listeria monocytogenes EGD-e
1 PrfA NP_463731.1 listeriolysin positive regulatory protein
2 PrfAlike NP_464776.1 hypothetical protein Imo1251
Listeria seeligeri FSL N1-067
ZP_16495800.1  Crp/FNR family transcriptional regulator
Listeria welshimeri serovar 6b str. SLCC5334
YP_849464.1 Crp/FNR family transcriptional regulator
Listeriaceae bacterium TTU M1-001
ZP_09893295.1  Crp/FNR family transcriptional regulator
Pediococcus claussenii ATCC BAA-344
LarR YP_005005673.1 unnamed protein product
Pediococcus pentosaceus ATCC 25745
LarR YP_805158.1 cAMP-binding protein
Pseudomonas putida KT2440
Crp NP_742590.1 cAMP-regulatory protein
Sporolactobacillus inulinus CASD
LarR ZP_09714632.1  transcription regulator
Streptococcus agalactiae ATCC 13813
ZP_08649995.1  crp/Fnr family transcriptional regulator
Streptococcus equi subsp. zooepidemicus
YP_002745168.1 Crp family regulatory protein
Streptococcus ictaluri 707-05
ZP_09124891.1 transcriptional regulator, Crp/Fnr family
Streptococcus pyogenes M1 GAS
Srv NP_269852.1 transcription regulator Srv
Streptococcus urinalis 2285-97
ZP_09136776.1 transcriptional regulator, Crp/Fnr family
Streptococcus vestibularis FO396
LarR ZP_07723811.1 transcriptional regulator, Crp/Fnr family
Weissella koreensis KACC 15510

1 YP_004725607.1 unnamed protein product
2 YP_004725591.1 unnamed protein product
3 YP_004726285.1 unnamed protein product

YP_005005672.1

YP_805157.1

ZP_09714633.1

ZP_07724144.1

2The LarR homologs are numbered when several paralogs are found in the same species. These
numbers are reported in Fig .S1

b The identification of LarR proteins is based on the synteny with a larA gene

¢ When present, the NCBI accession numbers of L. plantarum LarA homologs are indicated
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