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W OE. [86)] B AIRR R 2 % (quorum sensing, QS)48 % 1842 F AphA. ToxR #= QsvR T &l ix
Ao JK H BF R —B5 B8 GepA %A LA gepd A X eqifdz X % . [ %] I A M (wild type, WT)F=
aphA. toxR. qsvR R E#69 % RNA, i@ 1T 5 B £ ¥ PCR (quantitative real-time PCR, gPCR)#1 % 4>
T QS A8 K32 T 2 gepd W45 K Foh; 4% gepd B AIE R DNA A7) %% pBBRIux i 4 & B
)T Rt kA A M A KIKE ixCDABE L%, Ft4F ux T4 A FA WT o RERY, KA
lux /5K F ko F 3ot — AR QS A8 X A4 T 2t gepd e9 R A=4F A5 R 3| 4p 3E A% (primer
extension) ik AL gepA #9455 KALIEAL B AAL S BB F R, FHARSE 5] 4 A0 4 F E H B QS AE K
P4z F 2t gepd 694z K %, A gepd 494z X DNA A 7| L[5 N pHRP309 A i B-F FUAE 3 8 AL
B Lk AF LacZ 404, H LacZ F 4L 454 7l $51L N4H pBAD33 3 pBAD33-gsvR 49 X %
A& EC100 Apir F, KA LacZ k%A F gk o LI AR AEFSIRE L F QS 48 X A4 T 4 gepd 4 %
#9335 5 X; PCR ¥ 3% gepd LA X DNA 57, BB &L 5F4640 QS 48 % 4% F 49 His T4
&8, KA % 5 (electrophoresis mobility shift assay, EMSA)AF % QS 48 X 4= T 2 & A
A= gepd W &Lk, [4R]) KB E LT, qPCR £ R Z T Aaphd F= AtoxR F gepA #9455 F KT
B 2T WT, & AphA #= ToxR L 7& gepd #9453 lux RERE S ELH LT, Aaphd #=
AtoxR ¥ gepA #1523 F R4 FF M KT WT, #— &9 AphA #= ToxR 12t gepd #9453 ;
I IEAR R DT, gepd W95 FALISAL SAL T AL BT ATG L% 30bp 49 A, H LR F
M % 5| AphA #937%; EMSA % % 2 =, His-AphA #= His-ToxR ¥ R4t 5 gepd #9845 X DNA F
Fl4A. HEELAMHT, qPCR Aui| #stAd 52045 K39 2 QsvR 74| gepd #9445 3% ; EMSA £
4R 27, His-QsvR A E% A/ gepAd 8923 F X DNA 57| £; SURERE LR S LB T
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Quorum sensing regulators control the expression of
phosphodiesterase GepA in Vibrio parahaemolyticus

LIU Chao, LI Xue, LUO Xi, ZHANG Yiquan, ZHANG Miaomiao*, LU Renfei’
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Abstract: [Objective] To investigate the transcriptional regulation of quorum sensing (QS)
regulators AphA, ToxR, and QsvR on the expression of the phosphodiesterase (GepA) gene gepA in
Vibrio parahaemolyticus.[Methods] Total RNAs were extracted from the wild type (WT) and the
mutant strains of aphd, toxR, and gsvR. Quantitative real-time PCR (qPCR) was carried out to
calculate the transcriptional variation of gepA between WT and mutant strains. The regulatory DNA
region of gepA was cloned into the upstream region of promoterless /uxCDABE reporter gene in
the pBBRIlux plasmid. The recombinant plasmid was respectively transferred into the WT and
mutant strains. Luminescence assay was used to test the regulatory effect of QS regulators on the
expression of gepA. The primer extension assay was employed to detect the transcription start site
and the promoter activity of gep4. The effects of QS regulators on gep4 were evaluated based on
the abundance of primer extension products. The regulatory DNA region of gepA was cloned into
the upstream region of /acZ in the pHRP309 plasmid. The LacZ recombinant plasmid was
transformed into EC100 Apir harboring pBAD33 or PBAD33-gsvR. Two-plasmid LacZ reporter
assay was conducted to investigate the regulatory effects of QS regulators on the transcription of
gepA in EC100 Apir. The regulatory DNA region of gepA was amplified by PCR, and the His
recombinant proteins of QS regulators were purified. The electrophoretic mobility shift assay
(EMSA) was performed to investigate whether QS regulators directly regulated the expression of
gepA. [Results] At low cell density, the qPCR results showed that expression of gep4 in AaphA and
AtoxR were significantly lower than that in WT, indicating that AphA and ToxR activated the
transcription of gepA. The luminescence assay showed that the transcriptional activity of the
promoter region of gepA in AaphA and AtoxR was significantly lower than that in WT, further
indicating that AphA and ToxR promoted the transcription of gepA. The primer extension assay
detected that the transcription start site of gepA was located at the A nucleotide 30 bp upstream of
the start codon ATG, and its transcriptional activity was activated by AphA. The EMSA result
indicated that His-AphA and His-ToxR were unable to bind the promoter DNA region of gepA. At
high cell density, both the qPCR and primer extension assay indicated that QsvR inhibited the
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transcription of gepA. The EMSA result demonstrated that His-QsvR directly bound to the
promoter DNA region of gepA. Two-plasmid lacZ reporter assay demonstrated that QsvR inhibited

the transcriptional activity of the promoter region of gep4 in EC100 Apir. [Conclusion] AphA and
ToxR indirectly activate while QsvR directly inhibits the transcription of gepA. Therefore, the

transcription level of gepA is higher at low cell density and significantly decreases at high cell

density.

Keywords: Vibrio parahaemolyticus; quorum sensing; GepA; transcriptional regulation

Bl MR & (Vibrio parahaemolyticus) e N
Ja& B — o 2 QPR g R TR, mT 5| A 7 o A
NI, 2 S N T 7 A DG PR )
B EEEORE . B TR AT £k L RS
F, QN FRCE 4% % L 2R (thermostable direct
hemolysin, TDH), TDH #f ¢ # Ifl. & (TDH-
related hemolysin, TRH). III %43 £ 4 (type 111
secretion system, T3SS). VI B 4334 R 45 (type VI
secretion system, T6SS)%F, XLLH T2 5415
it AR, B I I A LA i A 2 T A )
JERLRE ST, feug ikt fg £ e 0, JEHHTsb
FERRIAEAF I BB P BRI S T i
SRt IVRIE . KR . W SR®RY
GRS I s | 0 NE o751 A B g | e
GO, AR RS (quorum sensing, QS)
FIFR 412 (c-di-GMP) 45 (14 Ak I 45141

c-di-GMP J&— R L4 B T IZ A7 AE R 5
{51l , &4 GGDEF 4543k 1% & ik 21 1L il
(diguanylate cyclase, DGC)# 1k 2 4 F GTP &
B, TS A EAL ok HD-GYP 4551w ik —
fig i (phosphodiesterase, PDE)[#fi# A 2 73F GMP
B pGpGleT, c-di-GMP A 45 41 i 1 75 )
Rk . BahReT) . AEWRRIE BOR 4 A 5 1
LR EAT A, AR RN c-di-GMP Yk
FE A B T AL K, (B shhe g1 il
B S F AP R TR RIMD2210633 AJ
Hifith 63 Fh % 4A GGDEF Hl/a{ EAL 45143k (1) &
FBT,  H AR 2 BCE 5 D RE S BIHIE S
Hirp SerC, SerG., TpdA Fll VopY %5 ] 4ig 41 1]
iz 8, HREAR AW R RBE 15 T GefA

ScrO. ScrJ. ScrL. GefB Fil VPA0198 &5 I 4171
MEB s, (H A paE 107
THEVACJER N 25 G5 A2 5 200 1 i 1o ] PR o A %
Ak, GEOF W AESRET, i —RIME
AT, LR RARIE R R I A Y AT
R AR ERIE AR A T, AphA il OpaR 43
A % R % AR R R R AE
F, BN RGO U R
JE 4T AphA KAERE/ER, (EikiashZhE
(exopolysaccharide, EPS) [ /= 4= il T3SS1 ) 5%
ik, A4 TDH A1 T3SS2 (yFeik, M i &
ISR ER A9 A= 40 BT R 28 RE 11205 QsvR J2:
AraC FKIGEE SR T, T vpa0607-gsvR
it, VPA0607 & H H A IREITE 1, A8
7 S 5 Bl QsvR Y 2 GARY. AphA BTG
vpa0607-gsvR W% 5%, 1 OpaR i HA% 5%
It QsvR 7 = 25 FE I kK F-d5eir, MM OpaR
Lfm] KRR EEAEH], #ifil EPS 17”42 F1 T3SS1
(3%, LI TDH FI T3SS2 1Y #3202 1
A, QsvR XA AN T6SS1 AH LN th HA )
HilVEFPO, ToxR & —FhiEZE AEE A, H
H B R (1% 5752 31 AphA O], EREE 1 4%
PR e stk P EP, ToxR 5 AphA Al OpaR
P RE RS T6SST ARk, [RIAF4Mi T3SS1
fyZik, {EuF T3SS2 1 TDH2 Ay 25 LL K A=)
JE A FE 229, AT L, QsvR Al ToxR 5 AphA
1 OpaR 4 7 & 22 W IR 45 M 4%, fif QsvR Fl
ToxR 2 5 B FHAE N R G0 ML
PR N R X HE TS5 W E
c-di-GMP 1R, AphA f& #F c-di-GMP 1Y &
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A, 1 ToxR. QsvR Fl OpaR I HA L, HH
HLORIE T ML 1 R 5¢ 4 22728 S R o %
M GepA (VPO117)[RII & GGDEF #1 EAL %44
5, (A{{HA PDE i&tE, HAFEM c-di-GMP,
] A= BT AL AR 0 32 Bh RE 1 A Ve R, TR
AT M, OpaR EAEMIH] gepd H95E 5,
AR 2R e AR SR F-XF gepd (G 5 &
A VTR i AN AR Rk, ARHFSE B
#5¢ AphA . ToxR F1 QsvR X gepA %5 st 1#$%
B

1A

1.1 7R

1.1.1 [k

B MR A RIMD2210633 (Ef4ER, WT) K%
H: aphA AW NE R ZERE (AaphA) . toxR AERME R
ALRR(AtoxR) . gsvR AEAERAERR (AgsvR) . L
ES RSN RN ap PN S N R SR S U i
RRHMRAEES,
112 EZRFIFLEE

HI 1% 5% 3£ (2.5% Bacto heart infusion), BD
Bioscience 7~ A} ; TRIzol Reagent, Invitrogen 23
A} ; Primer Extension System. B-galactosidase
N A
AccuPower and Top DNA Sequencing Kit,
Bioneer A Fl; 2xTag PCR MasterMix . SuperReal
7% Ot s B IR X R & A M (SYBR Green) .
FastKing — 5 2 (R IE N 4] cDNA 55— 854 1
RLUGH . % iE DNA P Ypalifbinl &, RIRAAL
P AR A R R

fEREE IR . TEIR AR SRA . S
JE 11 F1 AR 1L, ThermoFisher Scientific 23 ] ;
SIH 5 E B PCR X, Bio-Rad 24 H] 5 HE AL
BRG, LiEER G A R
1.2 HEIEFF

P10 pL HM AR T 5 mL (9 HI A
H1, 37 °C. 200 r/min $55% 12 he F 579

Enzyme Assay System, Promega
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1:50 #:Ah 2 5 mL B fif HI Wizh, Wik =
ODgoo 210 1.4, B IEF 7Y 1:100 #2570 2=
5 mL Frfif HI W, 55372 ODgo 2970 0.2 (1%
W) ODgoo 2970 0.8 (R 1), WA T AR,
FERSCAE BT A TF IS BT R B A A &=,
TAEMREEN S : BTHiAARE R 0.1%. AHRN
20 pg/mL . PEREFZEH 100 pg/mL.

1.3 SEATEE PCR

>R TRIzol R H O TR (1 51 RNA . 43331
B 1 pg W5 RNA, FIH FastKing — 7 BR 3
41 cDNA % — & IR 0] & il %5 cDNA,
1M K ] SuperReal ¢ % 12 1 1R 12858 % €4 hit
(SYBR Green) i# 17 5Z B} € 7= PCR (quantitative
real-time PCR, qPCR)7M 1. LA 16S rRNA FE[H 1
R ANS, RHAGIA 2720 gepd 1
B S KOV A7 AR G s P BT 51 9 8
1,

1.4  lux REEERE L8 (luminescence
assay)

1 gepA W) LR % X DNA JF 51 o0 B A
pBBRlux Jii i H Jo 3 3 7 X B9 3 K& Ot
LuxCDABE ['Ji#, #J% Lux-gepd B4k, Jf
BT A WT FIZAS R, /A5 lux S TE
BRo $ZRR 1.2 WOER SR lux SERTARE, MR
[i) B R ) V2 Y AEL (L), FFTH S ARG - 24004 6 o
fvi(relative light unit, RLU), UNAZ(1D)FTR.

RLU=Lux/ODgyy'**! (1)
1.5 S|4 {#(primer extension)

B8 5 gepd mRNA H #h 15 5 M 51 W)
(F DY 5-A %5 F[y->*P]-ATP (5 000 Ci/mmol)3tF
PR EARIE o 4300 LASERE R WT AR bk A
RNA JM#i#i, F|H Primer Extension System if
TSI IEAR S, B gepA ) mRNA 3 56 55 i
cDNA. ¥t % 5% 7= ) 5 Sanger Ml I3 5545 4T
6% 5 PN M ot i 28 P S B RS L Uk, =20 °Cilt IR A
R IR TR,
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Table 1  Oligonucleotide primers used in this study
Targets Primer sequences (5'—3)
qPCR
gepA GACCACCTCAATAGTTATCTG/TAAGTAGGCTTGGACATCTC
16S rRNA GACACGGTCCAGACTCCTAC/GGTGCTTCTTCTGTCGCTAAC
Lux
gepA GCGCGAGCTCCTCACACAACACTTTCTG/GCGCGGATCCAGACAATCACACCGATAG
Primer extension
gepA CACACTAAAGGTCACAAGCAAG/AGACAATCACACCGATAG
LacZ fusion
gepA GCGCTCTAGACTCACACAACACTTTCTG/GCGCGAATTCAGACAATCACACCGATAG
EMSA
gepA GCGCTCTAGACTCACACAACACTTTCTG/GCGCGAATTCAGACAATCACACCGATAG
vp1687 GCGCGTCGACGCATTATTGACGCCAGTATCG /GCGCTCTAGAGGCAACGGTGAGCAAAATC

1.6 NURAHR & EERL & L5

B gepda I iF I8 5 X DNA ¢ 51 58 [ A
pHRP309 Bk JCIE 871 B-2F FLbH T 5L A
ViE, M LacZ FokL, JE¥GH o BIEG AHEAH
pBAD33 Fil pBAD33-gsvR 5 41 5L 1 K M A1
100 Apir (EC100 Apir)H', #RAF RO R iz 5 FE K]
BbA S R, SR LB 3R 3E(1.0% &
. 0.5% BERFHEIUWIAT 1.0% NaCl)7E 37 °C' R
55 S BUBTRL i 2 Rl S g R, WSO AR
i (ODgoo 290 1.2) Al K 7 7= . KR H
B-galactosidase Enzyme Assay System A&l A 7] B
PR B-2P U BRE M o B-21FLBE T B 4
Miller units 7, HIHEMAKX Q)R

B- P LA S 1=

10°X[(OD420~1.75%0Ds350)J/(TxV*ODsgg0)  (2)
R TR NI E] (min), VKRRV IKZ )
AF(UL). i3t AR Miller units 208 25 5, ]
PAFIWT gepA Jii shF X FEA R B i P A0 16 D2
1.7 & BR PH i £ I& (electrophoresis
mobility shift assay, EMSA)

PCR ¥} gepA i #E X DNA J¥51 (5149
L% 1), T4 Z R IR BRI [y-"P]-ATP
(5 000 Ci/mmol) X} H: 5"~ uifi 17k S P AR iE

il % EMSA 4t . #RikIF4lifk His A KA,
FFHEAS TR MR B Y His H 2 15 EMSA #5411
10 pL 45 & & & (1 mmol/L MgCl,, 0.5 mmol/L
EDTA, 0.5 mmol/L DTT, 50 mmol/L NaCl,
10 mmol/L pH 7.5 #9 Tris-HCI, 0.05 mg/mL f: £
F5 DNA, EMSA #4F) AL E 20 min (%
TET), MG AT 6% JE 2514 5 D9 s 1 e 25 Jse P
UK, 20 °CHtEt B WS il L,
1.8 ZitERHEE

Sl AEfH AT EMSA /08 E 2 1k, JF3k15
AL TR A [A] A 52 35 25 5% . qPCR Ml LacZ i 75 &
Ha S L E/0EHEE 3R, BREVEEG 34
Y EE, A5 R HF YA £ 55 i 2% (standard
deviation, SD)F/~, FIFHXUE ¢ KB i 74011
38T, DA P<0.01 AikHE, D EA BEMZER

2 BRE5M

2.1 AphA IFiffi% gepA BI5ER

PEIBUAC % B 2514 F 40 B 19 8 RNA, R H
qPCR SZEGHF 5T AphA Xf gepd WIS LR . 45
B (F 1A), T8 Aaphd #6002 () gepA
mRNA F 5 BALF 76 WT kg 2]y, £
AphA X} gepA Wy st A2 VEH o 1

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



1172 LIU Chao et al. | Acta Microbiologica Sinica, 2026, 66(3)

Lux-gepd T TR, ¥ HA S A WT Ml ATG E#55 30 bp A9 A &b, HAE Aaphd HHA
AaphA W, R lox Hie s FER A A S50 E—200F RIS 2 (= = B B 2R WT Rl
5% AphA Xt gepd IR CR ., 5 WT ML, £ B8, XIE—E AphA IE TS gepd W%
AaphA RGN E] G RLU B R FEAG, B AphA 3¢, PCR P14 gepd B9 X DNA J¥51, FH]
EVTE gepd 5L (K 1B), 5IWREMSZE BoR [y-2P]-ATP (5 000 Ci/mmol) %} H: 5'- K ¥ g 47 ik
(K1 1C), gepd Wi RIGOSA TRIGH T FHdrid, RH EMSA 55 iE His-AphA 5

A B
12: P<0.01 30000 [ P<0.01
' 1 1
§ 1.0 ~ 25000}
08} S 20000 |
£ S
506 g 15000
2 3
Z 04} S 10000 }
= =
2 0.2+ & 5000L
0.0
WT  Aaphd 0 WT  Aaphd
gepA (+172---+288) gepA (=539---491)
C D
C T A G WT Aaphd

=

3¢ 38

E1 AphAIEE{ZEgepAHIEER

Figure 1 Positive regulation of gepA by AphA. The negative and positive numbers represent the nucleotide

gepA (-539---1491)

positions upstream and downstream of the first base of the start codon, respectively. A: qPCR (The relative
mRNA level of gepA was compared between AaphA and WT); B: Luminescence assay [The regulatory DNA
region of gepA was cloned into the pBBRIux vector, and then introduced into Aaph4d and WT, to test the
luminescence activity of each strain. The luminescence activity (RLU) was calculated as light units/ODg]; C:
Primer extension (Lanes C, T, A, and G represent the Sanger sequencing reactions. The transcriptional start sites
were indicated by arrows with nucleotides and positions); D: EMSA [The gepA DNA fragments were
radioactively labeled with [y-32P]-ATP (5 000 Ci/mmol), and then incubated with increasing amounts of
His-AphA, followed by 4% (W/V) polyacrylamide gel electrophoresis. Results were analyzed by autoradiography
after exposure to Fuji Medical X-ray film. Lanes 1, 2, 3, 4, 5, 6 and 7 contain 0, 19.5, 29.3, 39.0, 39.0, 39.0 and
0 pmol of His-AphA, respectively, and then lane 5 contains 2 pmol cold probe, lane 6 contains 2 pmol negative

probe, and lane 7 contains 2 pmol unrelated protein].
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gepA [P HE X DNA J@ 51 2 & BG4S 1M .
WK 1D Fros, TCie iAW (1) His-AphA
(G 1-4 JKif), ZBIMMARIRIC LR
YEA 364 DNA (56 5 TKif), scE AT REH
(5 7 VKGE) IR 1 BB A 254, B His-AphA
AHES gepd W4 X DNA 454, it AphA
SRS gepd k). 16S tRNA FE hy FH 4
XFHE, ABES His-AphA 454510, FiRgER%E
B, AphA [RIEZIERHE gepAd MIHE 5%
2.2 ToxR IEIFE gepA BUEER
TEAR % 4 1F F gPCR 45 51 Bk (I 24),
TE AtoxR RN RN A gepA mRNA F B B AL T
WT, iXFHW] ToxR {2 gepd %%, KA lux
s BE R Rl S TFSE ToxR X gepd HYE 5 ¢
#(KE 2B), 5 WT AL, 7E AroxR HAs il 2] i)
RLU BH & [, B ToxR 1EJH#% gepd W%
k. EMSA 53R i 7R(# 2C), His-ToxR 5 gepA
U RN A R IR i 45, 2R ToxR [H]
PLUR¥E gepd BO%55% . 16S rDNA A A B X BR
AL His-ToxR 25514, FiRgE R, ToxR
(B2 F RS gepA HIFE S .

2.3 QsvR T1IF1T gepA BIEER

% S qPCR 255 WoR (K] 3A), 1
AgsvR TR E] ) gepA mRNA =F B BH i & T 1
WT AT S, Pi QsvR I gepd HUHE %
514 G286 B (K 3B), 5 FiRgE R —F,
gepA FESERAR AL AL TR AR %5 7 ATG i
%5 30 bp A9 A &b, HTE AgsvR RGN BB 54
FEAR =) R o = TR WT PR 2]y, 3X
E— 2 W] QsvR % gepd 5. PCR ™
14 gepA WH¥EIX DNA 751, KM EMSA 3256
R ETE RSN 5514 T His-QsvR 5 gepd By X
DNA 2R HAZEEER . WK 3C Fin, biE
His-QsvR JHEARYGEIS (5 2-7 Tkif), 5 gepAd
()R 425 X DNA T35 (1% B Sty i B B S 34 i
#¢ 1] His-QsvR B85 gepd W JH X DNA 454,
HE W ERITE, w1687 VERIIEX IR, H |
iF ¥ X DNA JF SR fig 5 His-QsvR 454, K
HIBHA R . RSN TR, QsvR AT LA
1 gepA B PETE X DNA 454, KB gepd 1Y
LacZ # 20 1 Kr 43 il %% A 45 77 pBAD33 Al
pBAD33 4 Fuk B KA 100 Apir 1, SRH
LacZ SZU0 5% 5 W57 £ ik ) QsvR &5 i

A B C
Lar P<0.01 36 000 - P<0.01 1 2 3 4 5 6 7
12 —

g0 __ 30000f 1

g S 24000
£ 08 3

= - =
506 3 18 000

= 12000} oo

= 0.4 B

& 02 & 6000
0.0 0 ‘

WT AtoxR WT

AtoxR

gepA (=539---1+91)

gepA (+172---4+288) gepA (=539---491)

E2 ToxRIEETgepAHIEE R

Figure 2 Positive regulation of gepA by ToxR. The negative and positive numbers represent the nucleotide
positions upstream and downstream of the first base of the start codon, respectively. A: qPCR; B: Luminescence
assay; C: EMSA (lanes 1, 2, 3, 4, 5, 6 and 7 contain 0, 0.15, 0.45, 0.60, 0.60, 0.60 and 0 pmol of His-ToxR,
respectively, and then lane 5 contains 2 pmol cold probe, lane 6 contains 2 pmol negative probe, and lane 7

contains 2 pmol unrelated protein).
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P<0.01

Relative expression

S = DN Wk o 0 \O
— T T T T T T T 1

WT AgsvR
gepA (+172---+288)

vp1687 (—308---+52)

- |
1 2 3 4 5 6 7

gepA (=539---491)

E3 QsvRH1F1TgepARIEE R

B C T A G WT AgsyR

§ A
- = ¢
-

=9

-

gepA

1ts

Miller un
o0
=
S
S

4000

gepA (-539---1491)

Figure 3 Negative regulation of gepA by QsvR. The negative and positive numbers represent the nucleotide

positions upstream and downstream of the first base of the start codon, respectively. A: qPCR; B: Primer

extension; C: EMSA [The regulatory DNA region of gepA was incubated with increasing amounts of purified

His-QsvR, and then subjected to 6% (W/V) polyacrylamide gel electrophoresis. The DNA bands were visualized
by the EB staining. Lanes 1, 2, 3, 4, 5, 6 and 7 contain 0, 0.021, 0.042, 0.063, 0.083, 0.110 and 0.130 pmol of
His-QsvR, respectively]; D: Two-plasmid reporter assay [The pBAD33-gsvR plasmid or the empty pBAD33

vector and a recombinant /acZ plasmid were simultaneously introduced into the E. coli 100 Apir (Epicentre), and

then the promoter activities (represented by Miller units) of each target gene in the cellular extracts were

determined by a B-galactosidase Enzyme Assay System according to the manufacturer’s instructions].

PP AL R S s P XSG . AN 3D BT, FE
EC100/pBAD33-gsvR R 3 () -2 2L B il
T PE S 2K T 7 EC100/pBAD33 H A il 5] (1
IXUEHALE SIS 32 QsvR Y I Z At n] LIl
gepA WA BN F XTGP . BT KM AT T 035 1
INPE ML 22 R EOR, B 3D S5 R
QsvR XI gepA 1) 81X DNA J¥8 HA HAZEK
SiAUETE. ARSI EM, QsvR B EE
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Figure 4
gepA. The WT strain was grown in HI broth at 37 °C,
and then the luminescence activity of bacterial cells

Cell density-dependent transcription of

was tested at different ODy, values.
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