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B A AR (wild-type, WT) #= toxR R E Ak (AtoxR) F c-di-GMP K- 84 £ F. ik c-di-GMP K.t
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B FZF A A F N4 A pBAD33 3 pBAD33-t0xR # EC100Apir ¥, KA lacZ $h4& K B Gko- 53
B3 ToxR 2 F G EFRE PR E &L, PCR Y ¥ IRE LiFAE KX DNA F7, 4
1t His-ToxR & &, F # I %5 (electrophoresis mobility shift assay, EMSA) #f %, His-ToxR 45
¥e AR 23T X DNA 59| 25 BA % 64EA. ELISA £ R 2T AtoxR F c-di-GMP 22 2 F M 3
F WT ¥ &9, L8 ToxR 374 c-di-GMP #) = 4 ; £ iF & qPCR £ R KA WT F scrd.scrG #= vpa0198
B4 FOKTF B EM ST AtoxR P 49, &8 ToxR W4 €A18945 3K, lacZ 2 A F gk L 145 R & 9
ToxR =T 47 4| &) i JK B F= EC100Apir ¥ scrd. scrG #2 vpa0198 49 B 2hF R % M; EMSA %£¥ 2 &
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Abstract: Vibrio parahaemolyticus, the main pathogen causing seafood related food poisoning
worldwide, has strong biofilm formation ability. ToxR is a membrane binding regulatory protein, which
has regulatory effect on biofilm formation of V. parahaemolyticus, but the specific mechanism has not
been reported. c-di-GMP is an important second messenger in bacteria and is involved in regulating a
variety of bacterial behaviors including biofilm formation. In this study, we investigated the regulation
of ToxR on c-di-GMP metabolism in V. parahaemolyticus. Intracellular c-di-GMP in the wild type (WT)
and foxR mutant (AfoxR) strains were extracted by ultrasonication, and the concentrations of c-di-GMP
were then determined by enzyme linked immunosorbent assay (ELISA). Three c¢-di-GMP
metabolism-related genes scrd, scrG and vpa0l98 were selected as the target genes. Quantitative
real-time PCR (q-PCR) was employed to calculate the transcriptional variation of each target gene
between WT and AfoxR strains. The regulatory DNA region of each target gene was cloned into the
pHR309 plasmid harboring a promoterless /acZ gene. The recombinant plasmid was subsequently
transferred into WT and AfoxR strains to detect the f-galactosidase activity in the cellular extracts. The
recombinant /acZ plasmid containing each of the target gene was also transferred into £. coli 100Apir
strain harboring the pBAD33 plasmid or the recombinant pBAD33-f0xR to test whether ToxR could
regulate the expression of the target gene in a heterologous host. The regulatory DNA region of each
target gene was amplified by PCR, and the over-expressed His-ToxR was purified. The electrophoretic
mobility shift assay (EMSA) was applied to verify whether His-ToxR directly bound to the target
promoter region. ELISA results showed that the intracellular c-di-GMP level significantly enhanced in
AtoxR strain relative to that in WT strain, suggesting that ToxR inhibited the production of ¢-di-GMP in
V. parahaemolyticus. qPCR results showed that the mRNA levels of scrd, scrG and vpa0l198

significantly increased in AfoxR strain relative to those in WT strain, suggesting that ToxR repressed the
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transcription of scrd, scrG and vpa0198. lacZ fusion assay showed that ToxR was able to repress the

promoter activities of scrd, scrG and vpa0l98 in both V. parahaemolyticus and E. coli 100Apir. EMSA

results showed that His-ToxR was able to bind to the regulatory DNA regions of scr4 and scrG, but not

to the regulatory DNA region of vpa0198. In conclusion, ToxR inhibited the production of c-di-GMP in

V. parahaemolyticus via directly regulating the transcription of enzyme genes associated with c-di-GMP

metabolism, which would be beneficial for V. parahaemolyticus to precisely control bacterial behaviors

including biofilm formation.

Keywords: Vibrio parahaemolyticus; transcriptional regulation; ToxR; c-di-GMP
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S, IR E] vpa0198 (Yt & A GGDEF
ghEpyER) S, L, ToxR % c-di-GMP
P AH G PRI e 5, HETT R4 LN c-di-GMP
RS, AT RE R R A Y RO A AL 2 — o
A B 58 A5 KA R T FRAT A B i ol e
c-di-GMP AR A1 A: ) BT 1 i i 2 AL

WEERE

1.1+
.11 E#

B IMINEE RIMD2210633 (F72E %1, WT) K
toxR AFM R AERR (AtoxR). His-ToxR H 44 H
Z%iKW (Escherichia coli BL21/pET28a-toxR) %%
H4) g AR TR AAE A AR T A U R
T A2 B R AR — R Bk I R
112 EZERFA

HI }5 573 (2.5% Bacto heart infusion) i F
BD Bioscience; TRIzol Reagent i H Invitrogen
/NF) 3 B-Galactosidase Enzyme Assay System I
H Promega; 2xTag PCR Mastermix, SuperReal
2 e BRI K L (SYBR Green) .
FastKing — 2k FRIEN 4] cDNA 55—k & Bt
R H A RRA R dts) ARA
F; PCR “#4ifbikinl & A QIAGEN Al ;
c-di-GMP [l B 6 % WK [t 52 55 (enzyme linked
immunosorbent assay, ELISA) 5wl g AN EE N
wAEYEH () HIRA A ; Micro BCA™
Protein Assay Kit Il H Thermo Scientific 23 ) .
1.2 WAEIEFF

BC10 pL Hh s A4 T 5 mL (9 HI A1
F1, 37 °C. 200 r/min 5535 12 h, 37U H
2 H JC T B R £ 2% b (phosphate buffered
saline, PBS) ikt 40 f5, HL 150 pL ¥I5)0R A
THEHZRNS cm ) HI AR b, # 37 CT#E
iR 45 ha, WERIK, RKER TAEKRE
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4 100 pg/mL.
1.3 BEA c-di-GMP iR E N E

K TP R EE WT A AroxR TR,
SRBCE A 1 c-di-GMP, 1115 43 1 HR 30 pL 2
fift L3S (A c-di-GMP) FEF7 B4R &0 1 il
BRA ez (5256, A Thermo Scientific 2 ]
FC/MK3 BEFR I E ODyso, 5 c-di-GMP 7K
PR B 25 pL 2R R, R RN TR
(bicinchonininc acid, BCA) & A7 & 4%
W 20 BRI S IR o o-di-GMP ¥R
H pmol/mg & 1R
1.4 ZLBFZE= PCR (quantitative real-time
PCR, qPCR)

K TRIzol #E#2H WT Fl1 AroxR Y&

RNA. 73508 1 pg 945 RNA, FIff] FastKing
— kR IE N4 cDNA 2 —85 & iR A7 &
W L3 % 5 1l ¢cDNA, fi2J& H SuperReal % 36
HHIRIAFZ AR (SYBR Green) 7 Bio-Rad
/N ) C1000 Thermal Cycler 3K B} %€ Y & &
PCR ¥ H#E qPCR 43 #7121, LA 16S rRNA FE[H
MIFEA NN S, R 274 XL R e 1K
SEHEAT AR E B . ASWFSE TS SR 1 R
1.5 lacZ IREEERME SRR
W X DNA JP 4 50 B A
pHRP309 B4 th IG5 3l 111 B-F FL I il i [
W3, M lacZ SR, 4 5 41 BORE 3 )
b AN WT Rl AtoxR W, 4% lacZ WPk lacZ
PR 1.2 Frd kst )e , W, SRH
B-Galactosidase Enzyme Assay System £ {il| /4~ [A]
R B2 FU T R IE M B UM T S
PEH miller units F&w, HIFHEARX R
10°X[(OD429—1.75%0Ds50)//(T*VxODsgo), HeHh T
FRNEE] (min), V' Fm VAR R IR TR
(uL) P, 5@ 5k e # miller units $UE 225, TTLA
FIWr ToxR X c-di-GMP fRBFHIHE R, ¥



WEH /ToxR RIAEEIEMIRE D c-di-GMP IS AT23

x1 FARFASY
Table 1  Primers used in this study

Primer name Primer sequence (5'—3") Size (bp)
qPCR
scrd Forward: GCCGTTGTAGCTGGTGTTG 19
Reverse: TGAGCCTGTTGTACCAATGTTC 22
scrG Forward: CTCATCTCTGTTGCCAGTAAGG 22
Reverse: CCGAACTCGTCCATGTAGAAG 21
vpa0198 Forward: GCATCAGAATCAGCAAGAC 21
Reverse: ATGCTTAGCTCCTCTTCTTC 19
16S rRNA Forward: GACACGGTCCAGACTCCTAC 20
Reverse: GGTGCTTCTTCTGTCGCTAAC 21
lacZ fusion
scrA Forward: GCGCGTCGACCATCAAGCCATTTTATGAAAC 31
Reverse: GCGCGAATTCGTCGGCTGCGATTAGTCTG 29
scrG Forward: GCGCGTCGACTAGCACGCTTGTGTTGGAC 29
Reverse: GCGCGAATTCCAGGGAAATGAAGTAATCATGC 32
vpa0198 Forward: GCGCGTCGACCTCTGGTTCATTGTCTTG 28
Reverse: GCGCGAATTCGTCTTGCTGATTCTGATG 28
EMSA
scrd Forward: GCGCGTCGACCATCAAGCCATTTTATGAAAC 31
Reverse: GCGCGAATTCGTCGGCTGCGATTAGTCTG 29
scrG Forward: GCGCGTCGACTAGCACGCTTGTGTTGGAC 29
Reverse: GCGCGAATTCCAGGGAAATGAAGTAATCATGC 32
vpa0198 Forward: GCGCGTCGACCTCTGGTTCATTGTCTTG 28
Reverse: GCGCGAATTCGTCTTGCTGATTCTGATG 28

GTCGAC, Sal 1 site; GAATTC, EcoR T site.

lacZ T 4 TR 4r ) % A\ #54F pBAD33 I
pBAD33-toxR B KIHTFIE 100Apir (EC100Apir)
b, RS USRS S T bR . R
LB RzRE I3 (1.0% 5 F % L 0.5%2REFEHL
PIF1 1.0% NaCl) 7 37 C 5537 AUTR AR 45 5k
PRI Rl 5 S 36 T ik, BCER XU B (ODg00=1.2)
RIS F277 8, RA lacZ Hf4h 35 R il & 52 56
WFFRAE IR R AL T ToxR 275 X L R 4l
HAPREEH
1.6 % B PR 7 X 3@ (electrophoresis
mobility shift assay, EMSA)

PCR ¥ ¥  BE[A iiEJR 4% X DNA )35
BI1#LFE 1), 3 PCR =¥ aifbidFH| &=

&B: 010-64807509

Wit A aifb i, R T4 22 BB R I A
[y->*P]-ATP (5 000 Ci/mmol) %} DNA H Bk 5'-
AT RS PERRIC, 4 EMSA JH] DNA #
B, HAHE N 1 mmol/L i IPTG 5% E. coli
BL21/ pET28a-toxR 35 His-ToxR B4 [,
A e B RRME R His-ToxR 5 DNA
RELTE 10 pL 455 ik &b, iR ILF I E
20 min, AT 6%AF AR 1 5 PN 47 ok e B e FEL VK
20 ‘CHH B B e 1Y, 25 His-ToxR
S HILE DNA F BiZh4, W DNA AHX 4
TR SER, FEHMZE-BUNELT,
His-ToxR-DNA & G K75 1 3 1) 38 8 2 LL i
2 DNA Fr By, L 450 .
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1.7 HRiAESHAE

ML c-di-GMP ¥R & . qPCR il lacZ
AR A S B AIE N 3 RS SR, RRIR
THG 3 ANEYEEE, RARH e TR,
FIRXUR ¢ KB T geit24 00, P<0.01 Fom
HAEG #2255, EMSA E/0EEMK, ik
13 AE LS

2 BERXR504

2.1 ToxR #IFIFEMA c-di-GMP B & X

ABESEA ] ELISA 2 7E T WT Hl AtoxR
1 c-di-GMP 7KF-, W& 1 i, 78 AtoxR Wk
M c-di-GMP WP & T WT [ (P<0.01),
UL ToxR il B MLAN G c-di-GMP #Y™ A=
2.2 ToxR $BE[F Fill

FIH ToxR %54 H ¥ F1“Motif Scanning”
(https://meme-suite.org/meme/) XA/ XT B & & Y
10 5 c-di-GMP fUBIAHSCHE N A £ X DNA
FEHVEEAT T TN, DA R L IR B DY AT B 2 52
ToxR BN . ik 2 FioR, #LL 6 HIH
{8, HAE serd fl serG R X Z I T 5 ToxR
AL B)T ], R ToxR FJHEXT scrd Hl
serG s B HAEREE . KBk
B scrd. scrG Fl vpa0198 V5 Nt — 551y
LU PN

1.00 1
P<0.01

0.75
050

025

Intracellular c-di-GMP
(pmol/mg protein)

0.00
WT AtoxR

1 BEAc-di-GMPK E N E

Figure 1 Determination of intracellular c-di-GMP
concentrations.
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2.3 ToxR ## c-di-GMP X i1 18 < & F &Y
ik

KSR 2 B qPCR SEEAFFE ToxR X
scrd. scrG F vpa0198 WIPHEEIRFR, WK 2A
Fr~, FE AtoxR RN BN scrd . serG Hl
vpa0198 mRNA =B 275 TAE WT il
B, XU ToxR MFEE scrd. serG Hl
vpa0198 MIFE 55 5 R lacZ A5 FL X FlG 52 56
i — P WFFE ToxR J2& 7 X8 5L KA 3l 7 i M E
AWEER, K 2B 78, FE AtoxR s |
[ -2 FLWE T IS MR 34 W TAE WT rh s
2, UYiBH ToxR #iil scrd . scrG 1 vpa0198
B 5 8 PGt . B2, ToxR TiHE scrd | serG
1 vpa0198 W% 5%

2.4 RIEFRIE ToxR AIHIH] scrA. scrG FA
vpa0198 B3 3hF X &1

VLR lacz FTA R0 7 A GH
pBAD33 # pBAD33-toxR HKJHATE 100Apir
(EC100Apir) ", R lacZ 453K fill & 5256
W9 R IR R IAA ToxR ERAEIHEE scrd. serG
M vpa0198 A ST X6, Z55R K 3 Uis,
T 14 pBAD33 25 Bk EC100Apir, #
¥ pBAD33-t0xR 1] EC100Apir 4 0.1%B HL{f1
% )5 i3 # ik ToxR, FEL scrd .scrG Fl vpa0198
15 2l G PRI BRI, X R WIFE EC100Apir
i ToxR AJ L2553 scrd . scrG Fl vpa0198 1)
Ja 3lF X DNA J741 Emfndl eEqTn Rk
2.5 His-ToxR 5 scrA. scrG F1vpa0198
5 X DNA RIS &

FH EMSA 2K R EIE His-ToxR 5 scrd |
serG Fl vpa0198 WX DNA J¥ ¥ &R HA
255 VEH, W 4 BTR, His-ToxR AJ LI4S & %)
scrd | serG UiFJA¥E X DNA F5 [, H FH#r s
J¥ 5 His-ToxR Yfd F i UE L (5 1-4 3KIH);
115 IR A ZE 4+ DNA AL (36 5 KiH)
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& 2 ToxR HZHiF#x=p$LE F F 45
Table 2 Predicted ToxR box-like sequences within target promoters

Gene 1D Strand Start End Sequence Weight score
vpal069 NA NA NA NA NA
vpalll5 NA NA NA NA NA
vpall76 NA NA NA NA NA
vpal547 NA NA NA NA NA
vp0117 R -221 -207 TAAAATGCGCTCAAA 43
vp0699 D -120 —-106 GAAAATATTAAAAAA 42
R =57 —43 GATAATAACAAAAAA 33
R -52 -38 TAACTGATAATAACA 1.3
scrG R -337 -323 TAGTATTTAATAAAT 1.4
R -334 -320 TAATAGTATTTAATA 2.6
D -269 -255 TCAATTCATTTCAAT 1.7
D =215 -201 TAAAACCATTTTATT 1.1
R -207 -193 TCCATAAAAATAAAA 5.2
R -201 -187 GCTAAGTCCATAAAA 3.8
R -169 —-155 TAAAATTAGTTAATA 6.3
R -160 —146 TCAAATTATTAAAAT 4.9
R -95 -81 TCGATATTTATAAAA 3.1
R =55 -41 TCAAATGAATAAAAC 1.2
vp2979 D —441 —427 TCGACTTAGATAAAA 2.8
R —264 -250 CAAAACCCGCTAACT 1.9
D -223 -209 AAAAATGTCATTAAT 1.6
D -100 -86 TAGAAAAGCATCAAA 1.6
D -98 -84 GAAAAGCATCAAAAA 2.4
vpa0l98 D -125 —-111 TTAAACCATAAAAAT 3.0
scrd R -395 -381 TTAAGTTTCATAAAA 2.9
R -296 -282 TAAATTCATTAAAAA 3.6
R -295 —281 ATAAATTCATTAAAA 1.1
R -294 -280 TATAAATTCATTAAA 2.9
R -205 -191 GAATACATATTAAAA 2.1
R -204 -190 TGAATACATATTAAA 2.3
D -150 -136 TCAAATAAGCTAAAA 10.1
R 79 —65 TAAAACATTATTACC 1.6
D —44 =30 TAAAAATTAATAATA 6.0

Translation start site was defined as +1; R: non-coding chain; D: coding chain; NA: not detected.

&B: 010-64807509 B<: cjb@im.ac.cn



4726

ISSN 1000-3061 CN 11-1998/Q =4 T #2*43 Chin J Biotech

P<0.01

Relative expression
Relative expression
O = N W s Ui N

(A) gPCR
P<0.01 3

WT AtoxR WT AtoxR WT

P<0.01

Relative expression

AtoxR

scrd (=515-+40)

scrd (+67---+249) scrG (+55-++218) vpa0l198 (+87---+260)
(B) lacZ tusion
14000  P<0.01 28000 £<0.01 22000 P<0.01
» 10500} 2 21000} 2 16500
i i g
5 7000 5 14000 5 11000
= 3500} S 7000} = 5500t
0 0 0
WT AtoxR AtoxR WT AtoxR

scrG (—661--+439)

vpa0198 (-518---+105)

& 2 ToxR %] scrd. scrG #0 vpa0198 HIZR X

Figure 2 ToxR inhibited the transcription of scrd, scrG and vpa0l98. The minus and positive numbers
represent the nucleotide positions upstream and downstream of coding region, respectively.

2800 P<0.01

20001

5 2100 L 1500}
E E
= 700 | = 500 F

0

s <R
P,O A0 @
® el Q
N

P<0.01 1600 P<0.01

1200 |
g
= 800
5
=400

R Y R

o¥ Y A A0%
?}Pso’fﬁ ® ® N

scrd (—515-+40)

scrG (=661-+39)

vpa0198 (=518--+105)

B3 RIEFRIE ToxR &l scrA. scrG F1 vpa0198 B B3 F X & 1%
Figure 3 ToxR inhibited the expression of scrd, scrG and vpa0198 in a heterologous host. The minus and
positive numbers represent the nucleotide positions upstream and downstream of coding region, respectively.

BFMATCRENE G 7 UkiE) B, WIS
FH 2% o K4k, His-ToxR KHEY vpa0198 I
e X DNA FPOIZE4G, A SRR 250

SR, 3 5 R R WITE R IBFF#Hh ToxR A]
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DL 35454 5 vpa0198 J5 8 F X DNA J$51 |3
ML S, XS E 4 R G . 5E
Br b7 BIB9S 5 T, #%47 pBAD33-toxR
f) EC100pir BEid 35 ToxR, f#i75 EC100Apir
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B | | |
1 234567 1234567 1234567
‘...."4 PR———
scrd (=515-422) scrG (—406--+39)  vpa0l198 (-518---+105)
0 [0.15]0.45]0.60]0.60[0.60 | 0 | pmol His-ToxR
0 0 0 0 2 0 0 | pmol cold probe
0 0 0 0 0 2 0 | pmol negative probe
0 0 0 0 0 0 [ 20 | pmol un-related protein
1 2 3 4 5 6 7 | Lane
— . | DNA-His-ToxR complex
[ ] . . B Free target DNA

4 His-ToxR 5 scrA. scrG #0 vpa0198 A1E[X DNA FHIE S %R

Figure 4 Binding of His-ToxR to the regulatory DNA regions of scr4, scrG and vpa0l98. The minus and
positive numbers represent the nucleotide positions upstream and downstream of coding region, respectively.
The schematic representation of the EMSA design is shown below the figure.

H ToxR Y 15 & A BE L 1 v T 1B W AR AR h
I I IR AP AR KSR, aod v v S B ToxROZ2 B A
ZE5 R M DNARF SR RE IR . B2, IEH

A FMT, ToxRELHE il scrd Ml scrG 1) %
S, X vpa0198%% s BLA [a] 4 i 30 AE H o
3

ToxRig— M IRAS SRR, BRIAERT)
Rl F- 2RIk 50, X I A= ) I it B 5 1)
JEEERY, Hean, EEGRLINE (V. cholerae)
W1, toxREE R R AL [ 1A B 3% B 3R HDE i TR V%
SRR, H AW EOE iURE ) 2 e v T
Ak, U ToxR AR A W IETE B 2>, LAk,
ToxRXf & K& (V. anguillarum) )4 BIE
JAE Tt B AR T SR, TR S
(V. alginolyticus) "', ToxRAJ LIE A= P Y
TE P8, B AT R 5T 2 BH Tox RS i ¥ 1 I B 14 A=
YIRS A ELAT IR AR R, R AR A BL
e A B B

A 5T S BE ToxR AT #11 hi Rll ¥ 1f 5K b L N
c-di-GMPIG AL (K1), IEAh, ToxRXtscrdBC
MlserG ) e s B 8 @/, Xt
vpa01 981y s LA [ I HiE R (B12-4).

&B: 010-64807509

ToxR 5 scrA i X DNA 5 A M A~ 1] GE 1Y 25
B, XPAEE B 4S G L 0 T i 5k
B B T (B S) . R, ToxRAYSS & 7T Rk
ZXFHWTRNAR S MR VERT, T il scrd i %%
%o ToxRY5scrGHHTE X DNAF ) RA —/ 1]
REMIEs G, HazAr s T-350 i, 4k
R 45 O B 3 TR S B DX O R 45 G o B
AT HEN, AR T — DU b A HI B
il o scrABCHIscr G5 HE 1 & 4k B AT LA 5 fi
M P B c-di-GMP , 1 vpa 0198 9 1% 7= ) & A
GGDEFZ5#43k , 1R Al figth 25 il M c-di-GMPY)
AR, A I, ToxR AT i 7 #2845 c-di-GMP
AR 15 A O 3 (Wscrd FiscrG) 0¥ 55 K 40 1l
c-di-GMPIY ™Az, M I 42 A= P IEE 7

R i 5 TR K PR A v S A 50 24 ] DL g )
45 GGDEF A/ EALZES # 5l 85 11 By 3 1)
H G DROE N DR 2 T R oo,
TR BRIV R 58 A 0 1A 4% F Aph A1 OpaR
X @l v 1 5K B Y c-di-GMPAC i 14 B A 8 5 4
FHE Aph AT 638 32 (8] 32 30 il scrd Flscr G
i S A 0F c-di-GMP& AT A= 9 IR 1 2%
OpaR A fig# 1 B4 il scrd . vp0117 . vpa0198 .
vpall 76 vp06991N 5% 5%, JF H4Z WG scrGFl
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scrA

—35 box —10 box Transcription start
TAATTAATACAAAGTTAAATTITTTAATGAATTTATAACAAAGCTICACTGTITTGTTTATAGATAAAACTATTATTAAGCGTTT

ATCATAAAAATAGTCAATTTAATGAATATTTTAATATGTATTCAGTTGTTTATTGGTTGGAGGCGAAACTGTTGCTTATGTC

ATCAAATAAGCTAAAAAAGTGGAACTAAAGTCACTTAATGGCAGAGTAAAAAATTAAAGTCTGGTTTGAATAGGTAATAATG

Translation start
SD sequence

TTTTAGTAACAGATAGTTACGCGTTTAAAAATTAATAATATGGCTAATTTCCGACAAGGATCGAAAAAAATG

serG

ATTTCAATTAATGAGTATTCAGTCAATTAATAGAGCGATTTACTTCATAAAACCATTTTATTTTTATGGACTTAGCTCAAGA

—35 box
AATGACAGCATTATTAACTAATTTTAATAATTTGAGGAATGCATCAATAACTATTTCATATAAACACGATTTACTGITGACT

—10 box Transcription start
AAGTTTTATAAATATCGATGATCAGCAAGTTAAACTGAACGAAGTTTTATTCATTTGAAAGCGCAAGAACATGACTGTCTAC

SD sequence Translation start

TATTTTARATTAGCA

5 scrd # scrG BEIFXFF
Figure 5

Promoter sequences of scrd and scrG. The underlined nucleotides are the ToxR-box like

sequences, which represent the putative minimal ToxR binding sites.

vp2979 WG 5%, RAMH] c-di-GMP 7 A A= 9
JEIE 1), H-NS X} scrd ., vp0I17. vpa0198.
vpall76. vp0699. scrG Fl vp2979 (%5 St H
A HAZEIVER, MIBEARMA c-di-GMP ik
JE R P BT B BeAh, SR A K A A
serA Ml serG WiFE sk, M| c-di-GMP /Y [%
i, PEME AW Y W RE 3R 0, AR 9 R
ToxR X} scrABC. scrG Fl vpa0198 1% 5% F
c-di-GMP Y& it B AT 0l £ 0 . T,
c-di-GMP A J AR SC L [N B 5 s 2 e 2 b
R 2R R A

M, B c-di-GMP AR A OGSt
(4 scrd B scrG) WIS c-di-GMP
Br=H, Al REJE ToxR ¥4 Rl ¥4 I 5 B A= P
LT Z — . SERifTFE 4 R &L W] ToxR Af
PE AL P, LN c-di-GMP R BE Y
T T e A I . ABESE T ToxR 1l
il c-di-GMP & BRI 45 RALT 5 Z A i 52 45

http://journals.im.ac.cn/cjben

WA &, SR, AEPIRIE & — IR
HAP# M R, A58 & Z A5 AT 54X
Je WA R S I ) 5 F) 200 1R B R 0, ok e A
ToxR X Az ) I A 5 ¢ 0 sl AR 5G 2 [ % 53 14 3]
FEAER R A RESh A5 S ToxR X AR ) IEHE 1 i)
JAPEAE T, IR ToxR X6 @175 i 9 T A ) BB i
IR AL A 1 T i — B IRAT I
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