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Figure S1 Qrr sRNAs activate V. cholerae aphA expression through base pairing

(A) Fluorescence from plasmid-encoded V. cholerae AphA-GFP (pYS143) or mutant
AphA-GFP (pYS150, mutation A; pYS147, mutation B, denoted mut A and mut B as in
Figure 3A) translational fusions were measured in E. coli MC4100 carrying an empty
vector (PRHA109), a vector expressing a rhamnose-inducible grr4 gene (pSTR0227) or a
mutant qrrd gene (pYS121, mutation |; pYS120, mutation I, denoted mut i and mutii as in
Figure 3A). GFP from three independent cultures was measured for each strain and the
means and SEMs are shown. (B) AphA protein levels in a V. cholerae AcqsA AluxQ strain
with wild type aphA (YZWA477) or aphA carrying mutation A (see Figure 3A) (YS2013).
Cells were harvested at ODggo~1.0, and protein levels were determined using Western
blot.
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Figure S2 Qrr sRNA pairing predictions with luxMN and vca0939

Sequence alignment of V. harveyi Qrr4 (nucleotides1-48) with the V. harveyi luxMN mRNA
and V. cholerae Qrr4 (nucleotides 1-47) with the V. cholerae vca0939 mRNA, Region |
and Region Il are highlighted as in Figure 3A and 4A.
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Figure S3 Phylogenetic analyses of aphA, luxR and luxO
Phylogenetic trees were built for Vibrionaceae species containing aphA genes.
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Figure S4 aphA sequence alignment

Sequence alignment of aphA genes in Vibrionaceae species with multiple Qrr sRNAs.
Predicted promoters, conserved Qrr pairing regions, and start codons are indicated.
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Figure S5 Qrr sRNAs use unique pairing regions to regulate different targets

(A)B)(C) Fluorescence from plasmid-encoded V. harveyi AphA-GFP (pYS069),
LuxR-GFP (pYS141) and LuxO-GFP (pYS142) translational fusions were measured in E.
coli MC4100 carrying an empty vector (pRHA109), a vector expressing a
rhamnose-inducible qrr4 gene (pSTR0227), or a mutant qrr4 gene (pYS153, denoted mut
i as in Figure 3A and 4A). GFP from three independent cultures was measured for each
strain and the means and SEMs are shown.
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5 CCTGCTGGRAAGCTCACAAATCCAATCAAATAAGCTCCAGCTCGATGGAAACATCCAT

mut 7 mut 3 mut 4 mut 8
CAACTCTAGGTGATAAACGGCTTTAAGGTGACAGGACCAACATTGTTGGTGCTATCT

mut 5 mut 9 mut 10
ACACATTAAAAAACTTAAGCGTCATGAAGAACGCAAATGAAAGTGTAGATAGCTTGT

mut 6
TTACAAGTTTATTGACCATTTGGATTGAAGACATG 3’

Figure S6 Expression level of multiple AphA-GFP mutants in E. coli

Fluorescence from a plasmid-encoded V. harveyi AphA-GFP translational fusion (pYS069,
wt) was measured in E. coli MC4100 carrying an empty vector (PRHA109) or a vector
expressing a rhamnose-inducible qrrd gene (pSTR0227). Ten mutations in the aphA
5'UTR were engineered to disrupt the putative inhibitory structure. Fluorescence from
these constructs was similarly measured. The mutations denoted mut 1 through mut 6 are
deletions colored in blue and red. Mutations denoted mut 7 through mut 10 are point
mutations colored in green. GFP from three independent cultures was measured for each
strain and the means and SEMs are shown.



Strain
E. coli
S17Apir
MC4100

V. harveyi
BB120
KM83
KM669
KM812
YS040
YS010
YS034

V. cholerae
C6706str2
SLS340
SLS390
SLS640
SLS641
YZ477
YS2013

Plasmid
pEVS143
pYS069
pYS113
pYS112
pYS141
pYS142
pYS143
pYS150
pYS147
pRHA109
pYS122
pSTR0227
pYS121
pYS120
pYS153
pLAFR2

Supplemental Table S1. Strains used in this study.

Relevant Genotype

wild type
wild type

wild type

luxOD47E

AluxR

luxOD47E AluxR

luxODA4TE Aqrr1-5 AhapR
AluxM AluxPQ AcqsS AluxR
YS010 with aphA mutation A

wild type

luxOD47E

AhapR

luxODA47E AhapR
luxODA4TE Aqrr1-4 AhapR
AcqsA AluxQ

YZ477 with aphA mutation A

Source

(de Lorenzo & Timmis, 1994)
(Casadaban, 1976)

(Bassler et al., 1997)
(Tu & Bassler, 2007)
(Pompeani et al., 2008)
K. Mok, unpublished
this study

this study

this study

(Thelin & Taylor, 1996)

S. Svenningsen, unpublished
(Svenningsen et al., 2008)

S. Svenningsen, unpublished
S. Svenningsen, unpublished
Y. Wei, unpublished

this study

Supplemental Table S2. Plasmids used in this study.

Description
empty vector

pEVS143 with V. harveyi AphA-GFP

pYS069 with mutation A
pYS069 with mutation B

pEVS143 with V. harveyi LuxR-GFP
pEVS143 with V. harveyi LuxO-GFP
pEVS143 with V. cholerae AphA-GFP

pYS143 with mutation A
pYS143 with mutation B
empty vector

pRHA109 with V. harveyi qrri
pRHA109 with V. harveyi qrr4
pSTR0227 with mutation i
pSTR0227 with mutation ii
pSTR0227 with mutation iii
empty vector

Source
(Dunn et al., 2006)
(Rutherford et al., 2011)
this study
this study
this study
this study
this study
this study
this study
(Giacalone et al., 2006)
this study
(Rutherford et al., 2011)
this study
this study
this study
(Friedman et al., 1982)



Primer
YS100
YS101
YS086
YS099
YS335
YS336
YS333
YS334
YS357
YS358
YS359
YS360
YS399
YS400
YS443
YS444
YS441
YS442
STR0067
STR0068

pBB39-3 pLAFR2 with V. harveyi aphA
pYS130 pBB39-3 with mutation A
pKAS32 empty vector

pYS148 pKAS32 with V. cholerae aphA
pYS152 pYS148 with mutation A
pYS159 pLAFR2 with Aqrr1-luxOD47E

pKD3 FRT sites flanking Cm® gene template
pKD46 Red recombinase expression plasmid
pPH1JI pLAFR2 incompatible plasmid

pTL18 IPTG inducible FLP recombinase

pYS096 pYS069 with mutation 1
pYS098 pYS069 with mutation 2
pYS099 pYS069 with mutation 3
pYS100 pYS069 with mutation 4
pYS101 pYS069 with mutation 5
pYS103 pYS069 with mutation 6
pYS174 pYS069 with mutation 7
pYS176 pYS069 with mutation 8
pYS177 pYS069 with mutation 9
pYS178 pYS069 with mutation 10

(Bassler et al., 1993)

this Study

(Skorupski & Taylor, 1996)

this study
this study
this study

(Datsenko & Wanner, 2000)
(Datsenko & Wanner, 2000)
(Hirsch & Beringer, 1984)

(Long et al., 2009)
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study

Supplemental Table S3. Primers used in this study.

Sequence
GCGGGTACCGCTAGCAAAGGAGAAGAACTC
GCGCCTAGGGTCGAGCTGTTTCCTGTGT
GCGCCTAGGCCTGCTGGAAGCTCACAAAT
GCGGGTACCTACAGTTAGAATTACGTGTGGTAA
ATCAACTCTAGGTGATAAACCCGATTAAGGTGACAGGACCAACA
TGTTGGTCCTGTCACCTTAATCGGGTTTATCACCTAGAGTTGAT
TGGAAACATCCATCAACTCTTCCAGATAAACGGCTTTAAGGTGA
TCACCTTAAAGCCGTTTATCTGGAAGAGTTGATGGATGTTTCCA
GCGCCTAGGCAATTAGGGGATTATCCCCAAAACATC
GCGGGTACCAGTACGAGGTCTCTTTGCAATTGAG
GCGCCTAGGAAAACACAACGAAAAATCGGCTAGGC
GCGGGTACCAGACTTTTGACCTTCTGTTATTTGTTGCAT
GCGCCTAGGCCTCTGTGATAAGTAATGTAAAGCAATC
GCGGGTACCAACAGTAAGGATAACGTGTGGTAATGA
CGCCACTCTAGGTGATAACCCCGATTATAAGGTGACATAAGCAG
CTGCTTATGTCACCTTATAATCGGGGTTATCACCTAGAGTGGCG
GCAAAGACATACGCCACTCTTCCAGATAACCGGCTTTATAAGGT
ACCTTATAAAGCCGGTTATCTGGAAGAGTGGCGTATGTCTTTGC
CAGACGGTACCATATGCGGTGTG
GTATCGTATACGACCAGTCTAAAAAGCG

Use
pYS069/pYS141/pYS142/pYS143
PYS069/pYS141/pYS142/pYS143
pYS069
pYS069
pYS113
pYS113
pYS112
pYS112
pYS141
pYS141
pYS142
pYS142
pYS143
pYS143
pYS150/pYS152
pYS150/pYS152
pYS147
pYS147
pSTR0227/pYS122
pSTR0227/pYS122



STR0069
STRO0070
YS369
YS370
STRO0075
STR0076
YS351
YS352
YS349
YS350
YS479
YS480
YS377
YS366
YS367
YS290
YS291
YS292
YS293
YS376
YS409
YS412
YS451
YS452
YS453
YS467
YS468
YS454
YS455
YS456
YS155
YS156
YS159
YS160
YS161
YS162
YS163
YS164
YS165
YS166
YS171
YS172
YS565
YS566

GGACCCCTCGGGTCACC
CAGTGGTACCTGCAGACAAAAAAGAA
GGACCCCTCGGGTCACCTAGCCAACTGACGTTGTTAGTG
CACTAACAACGTCAGTTGGCTAGGTGACCCGAGGGGTCC
AGACCCTTATTAAGCCGAGGGTCAC
CAGTGGTACCGCTCTAGAAAGAAAAAACGCCAATCACAATAAAGTTG
CTGGTCGTAGACCCTTATTATCGGGAGGGTCACCTAGCCAACTG
CAGTTGGCTAGGTGACCCTCCCGATAATAAGGGTCTACGACCAG
CCCTTATTAAGCCGAGGGTCTGGAAGCCAACTGACGTTGTTAGT
ACTAACAACGTCAGTTGGCTTCCAGACCCTCGGCTTAATAAGGG
CCGAGGGTCACCTAGCCAACACTCGTTGTTAGTGAATACACAT
ATGTGTATTCACTAACAACGAGTGTTGGCTAGGTGACCCTCGG
CCTGCTGGAAGCTCACAAATC
TACAGTTAGAATTACGTGTGGTAATGACAT
ATGTCATTACCACACGTAATTCTAACTGTA
GAGGATATTCATATGGACGAATTAGCCGATCACTTCAAG
CATATGAATATCCTCCTTAGTTCCTATT
TGTAGGCTGGAGCTGCTTCG
CAGCTCCAGCCTACAACTTTAAATAAAACGAAAAAGGCTTGCCG
CACTCTAGGTGTTCGTCCACAAG
GCGGGTACCGCGCTACTTGAAGAGATGTGC
GCGCCTAGGGCTGGAGTACCTGCTCGTATT
GCGGGATCCGTAAAGAGACGCTGGTGGAGTTTG
ATGCTGTATACTTTTATGCCCGAGCTATGGTCGTAG
AAAAGTATACAGCATGGTTTGTGCC
AGACGGAGCTCGAGCAGAATAAGATCAGGAATGCGATGGTTC
TGCTCGAGCTCCGTCTACCTGATATGACGGGGATGGAC
GAGGATATTCATATGCGTTGCGCTTAATGTCTTGCTCG
CAGCTCCAGCCTACAACAAAGCCCTTCCGGTGTGGAA
GCGGGATCCCTCGGAGCGTTTCGCGAACTG
CTCGACCCTAGGCCTGCTGGATAAGCTCCAGCTCGATGGA
TCCATCGAGCTGGAGCTTATCCAGCAGGCCTAGGGTCGAG
ATAAGCTCCAGCTCGATGGAGATAAACGGCTTTAAGGTGA
TCACCTTAAAGCCGTTTATCTCCATCGAGCTGGAGCTTAT
AACATCCATCAACTCTAGGTCAGGACCAACATTGTTGGTG
CACCAACAATGTTGGTCCTGACCTAGAGTTGATGGATGTT
GATAAACGGCTTTAAGGTGACTATCTACACATTAAAAAAC
GTTTTTTAATGTGTAGATAGTCACCTTAAAGCCGTTTATC
CAGGACCAACATTGTTGGTGTTAAGCGTCATGAAGAACGC
GCGTTCTTCATGACGCTTAACACCAACAATGTTGGTCCTG
AAATGAAAGTGTAGATAGCTATTTGGATTGAAGACATGTC
GACATGTCTTCAATCCAAATAGCTATCTACACTTTCATTT
CTCGATGGAAACATCCATCAACTCTACCACTAAAACGGCTTTAAGGTGACAGGACCAA
TTGGTCCTGTCACCTTAAAGCCGTTTTAGTGGTAGAGTTGATGGATGTTTCCATCGAG

pYS122
pYS122
pYS122
pYS122
pSTR0227
pSTR0227
pYS121
pYS121
pYS120
pYS120
pYS153
pYS153
pYS130
pYS130
pYS130
pYS130
pYS130
pYS130
pYS130
pYS130
pYS148
pYS148
pYS159
pYS159
pYS159
pYS159
pYS159
pYS159
pYS159
pYS159
pYS096
pYS096
pYS098
pYS098
pYS099
pYS099
pYS100
pYS100
pYS101
pYS101
pYS103
pYS103
pYS174
pYS174



YS571
YS572
YS573
YS574
YS575
YS576

GGTGACAGGACCAACATTGTTGGTGCATAGATGACATTAAAAAACTTAAGCGTCATGAA  pYS176
TTCATGACGCTTAAGTTTTTTAATGTCATCTATGCACCAACAATGTTGGTCCTGTCACC pYS176
GCGTCATGAAGAACGCAAATGAAAGTCATCTATGCTTGTTTACAAGTTTATTGACCATT pYS177
AATGGTCAATAAACTTGTAAACAAGCATAGATGACTTTCATTTGCGTTCTTCATGACGC pYS177
AGAACGCAAATGAAAGTGTAGATAGCAACAAATGAAGTTTATTGACCATTTGGATTGAAG pYS178
CTTCAATCCAAATGGTCAATAAACTTCATTTGTTGCTATCTACACTTTCATTTGCGTTCT pYS178
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