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8 E: [86]) K78 % 0k E IR R R (quorum sensing, QS)#A 44 S ifl42F AphA #= OpaR
5t mshH KB 6945 Fo0R4x . [ 1 RIBGFZ L4 T 88 0 I\ H 2F £ (wild-type, WT)Feifldz T
R B AR (AaphA F= AopaR)#) % RNA, R 58 % & PCR (quantitative real-time PCR, qPCR)#F 4
AphA #= OpaR %t mshH # B 69 4% B35 & VAR mshH 3 B 64 B ABIR b R K45 M % mshH 2
)T X DNA /&3] su BN pHRP309 i B-F FUpE B A B 69 Lif, M LacZ THF 4, HHHAL
BN WT. Aaphd #= AopaR ¥, 3#AF LacZ LB @AM, BBt LacZ 4K E akbd 52104 % AphA
Fo OpaR 2t mshH 3 B 69845 X £ vA B mshH 35 B & B AR BME R £ 45 1 PCR 38 mshH L% 3
) F X DNA A%, I+ 44t His-AphA #= His-OpaR & & , i it %% Ik [H 7 5% B4 (electrophoretic mobility
shift assay, EMSA)#= DNase I 2 ik 5, A ARSI 54+ T His-AphA #= His-OpaR * ¥e K B 2 3) T
X DNA KRG EH HEe oA AR ERG s b1n 5. (4R ) mshH £ B 69 & AR
AR R BRI, K@ E B A, AphA 374 mshH A B 4945 %, {2 His-AphA *F mshH /&
ZHF X DNA /7KK 467% M, & @E B EN, OpaR xt mshH A 69 4% B A 9 #4E A , His-OpaR
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SHAL T mshH B 698115 A 4645 5 %160 £-80 bp #2—58 £-19 bp X i8] 49 DNA /7| LA 44
Fk. (48 K@@ FE T, AphA 7T 48238 1 A 4% 75 X0 %) mshH AR 694 %, Z @B BEN,
OpaR A %443 mshH A4 X DNA K & b, FF#E L4 %,

KR sladmiINg; BARAE; A3, AphA; OpaR; mshH
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Abstract: [Objective] To investigate the transcriptional regulation of mshH gene by the master
quorum sensing (QS) regulators AphA and OpaR in Vibrio parahaemolyticus. [Methods] Total RNAs
were extracted from the wild-type (WT) strain and the regulatory gene mutants (AaphA and AopaR).
Quantitative real-time PCR (qPCR) was employed to compare the transcriptional variation of mshH
gene between WT and AaphA (or AopaR) and to detect the growth phase-dependent transcription of
mshH gene. The promoter region of mshH was cloned into the upstream region of the promoterless
LacZ reporter gene in pHRP309. The recombinant plasmid was respectively transferred into WT,
AaphA, and AopaR, and the B-galactosidase activities in the extracts of the recombinant strains were
determined via a B-galactosidase enzyme assay system (Promega). Thus, the expression levels of mshH
gene between different strains or different growth phases can be compared based on the results of LacZ
fusion. The promoter-proximal DNA region of mshH was amplified by PCR, and the over-expressed
His-AphA and His-OpaR were purified simultaneously under native conditions. The electrophoretic
mobility shift assay (EMSA) was adopted to detect the DNA-binding activity of His-AphA or
His-OpaR, and the DNase I footprinting assay was further employed to detect the DNA-binding sites of
the His-recombinant proteins within the target DNA. [Results] msiH gene expression manifested in a
growth phase-dependent manner, and the high expression level occurred at high cell density (HCD). At
low cell density (LCD), AphA inhibited the transcription of mshH gene, while His-AphA had no
binding activity to the promoter-proximal DNA fragment of mshH. At HCD, OpaR activated the
transcription of mshH gene. His-OpaR protected two DNA regions located from —160 bp to —80 bp and
—58 bp to —19 bp upstream of mshH gene. [Conclusion] AphA indirectly inhibited the transcription of

mshH gene at LCD, whereas OpaR activated the transcription of mshH gene in a direct manner at HCD.

Keywords: Vibrio parahaemolyticus; quorum sensing; regulation; AphA; OpaR; mshH
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Bl % 1L 9K B (Vibrio parahaemolyticus) &
— i E A B IR BOR T, T AT
WK MR DU AN et VR SR
PEANTA, RIS s R B A i 1 A W IR i R
1B TS A RS A0 R A [ A R 1T B
HA — 8 = 4e T R G5H 0 BOIR TR 75 A A, 24
P PT PR B — R E AL . AR IBIE i —
PRI R, R A Y IE A P B
il AT AT 4 A P By AL

B B iU S N B L e 4b
ZHEEE M50, ) TV B B A
B DR 7, B 5 A0 B AR W TR BT I I
NE RE R 2 MR IV BRI E, B
mshHIJKLMNEGF (VP2708-2699)F1 mshBACDOPQ
(VP2698-2692) i i (1) H &% W B0 1 BE 5 R
(mannose-sensitive hemagglutinin, MSHA)FIHH
pilABCD (VP2523-2526) 4 iy () JL T B 15 1 &
(chitin-regulated pilus, ChiRP)®!, MSHA K%
Ak [ R 3 T B 3 e 0 RN A ) B 1 g
W& TR, (HRERERFREEAER, 5]
T B = 4t 37 A F G R B E S M
T, ChiRP 275 AR W BT ik A v % 240 T
4 v S AR T

BEAR )V (quorum sensing, QS)F&—Fh 4l
R S L N iOR EREE (U TN I B G E B IS v
FUAN TR A= AT 0B, QS R GEHE & i i HL T ik
RO 4 VR R DR S BT A s it I o
AphA F1 OpaR 435I FR QS R Ge eI 24H 1 % i
Rl AN % B T AR 7107, 3 ek
HEMPEE AR Z MR, GE TR
ik s st A Y R R, SR, A 5% QS
F 00T I I oK o A P BT ) PR AR AL, ik
Wik — L WRAM S . WIS 45 R R,
AphA [8] 33 ] mshBACDOPQ %% 5% , i OpaR
BTG G 5%, 5380 mshBACDOPQ 1E %

JEIF Rk K, Ak, OpaR X pilABCD
W HAH RN EEERY . AR LB mshH
I (mshHIJKLMNEGF #:9\F 17 2 ) i 3k
Bt 55 % B [0 9 A T 8 5 P20 R %5 B BT
AphA Xf mshHIJKLMNEGF K[ 5] G H A 7]
R IMEIEI ;. = ANTE %S EER, OpaR REH 4245
& 5] mshH SR X DNA P51 E, 0
Mk, XHE, RIEEIMYNE OpaR X 4% IV &I
BRI G shF X ¥ EA 4R a G0E vk, i
QS R4t i1 OpaR A5 IV BRI B R RIK

1 #RE5xF*

1.1
.11 E#

BV 9N RIMD2210633 (wild-type, WT)
N aphA R opaR AR R M B IE R R A8 Bk (43 )i
N AaphA Fl AopaR)'*™ . His-H 2 1 £k H
&, P I KA MR SR = AN R E B SRR o
1.1.2 FEiKFH

M 75537 3£(3.74% Difco marine broth
2216)A1 HI A7 1557 5(2.50% Bacto heart infusion)
Iz H BD Bioscience ; TRIzol Reagent I H Invitrogen
/N F) 3 Primer Extension System ., B-Galactosidase
Enzyme Assay System #l Optimized RQl
RNase-Free DNase I &y Promega ;= it ; AccuPower
& Top DNA Sequencing Kit & Bioneer j= i ;
2xTaq PCR Mastermix , SuperReal %¢ ) 5E 1 il ii2
A O (SYBR Green), FastKing —# LR
FEZH cDNA 55— 4 BUITR a5 S5 1 3 R AR
AR AL ABRA
1.2 WMEEFFHE

BC10 pL HM A AR T 5 mL 9 M W7
B, B 30 °C. 200 r/min 555% 12 h, #3578
FH JC T i PR £h 2% 9 (phosphate buffered saline,
PBS)i B 40 1, B 150 L B84 THEN
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5 cm ) HI ¥4(2.5% Bacto heart infusion 7/l
1.5% Bacto Agar) I, & 37 °C #FE i #, 7E
e L N I @ SR 7 N e T 5 B e A Y
i . Am R RE R, HA&WRE N
100 pg/mL,
1.3 ZLBfZE = PCR (quantitative real-time
PCR, qPCR)

>R ] TRIzol ¥4 $2 HUARI 7 I IR ) B RNA,
1M 5 #1] ] FastKing — A7 BRIEE R 41 cDNA 55 —4%
A I IR 1250 65 %) 10 B A5 454 20 R L3 4 5
A% cDNA, fixJi H SuperReal #¢ e & BRI
SRR & EFT qPCR 4347 . LA 16S rRNA 3
MFRIBTANS, R TR 4k X 4 5L
(e A A TR U B an & 1 o .
1.4 LacZ I{fREEE S KL (LacZ fusion)

B mshH FE N ilF 1% X DNA J¥ 51 se A
pHRP309 A Hh IG5 2l 111 B-F FLBE 1 il i [
U, MEE LacZ BE2H TR X 4 BRI 5% A
R MR Rk, 3815 LacZ Wbk, LacZ
PR LR (4% 1.2 ks R)a, vl
% B-Galactosidase Enzyme Assay System £l
PR AR LA b TE R B-2F LB T S 4 (miller
units), i3 HEAL miller units ZU(E KN K
R 8 XAEAN [R5 35 554 T 308 1A [ 1A

x1 KRR

R R AR 1 22
1.5 5ERQ PR 7% SE5G (electrophoresis mobility
shift assay, EMSA)

T4 Z B B ¥ i A [y-"P]-ATP
(5 000 Ci/mmol)¥} mshH 3£ Ff#E4% [X. DNA
JrBe 5-ASm AT AR IE . % EMSA M
DNA #4119 %5k 404k His-AphA®'F His-OpaR!”
wEHEM, JIFH AR ER His-AphA 5
His-OpaR 5 DNA #RE17E 10 pL 255 Rk &
(1 mmol/L MgCl,. 0.5 mmol/L EDTA . 0.5 mmol/L
DTT. 50 mmol/L NaCl. 10 mmol/L Tris-HCl/pH
7.5, 0.05 mg/mL salmon sperm DNA F{l DNA #
M = EEE 20 min J5, 7 4%EE RN
IR R BE e T HEATHLIK, —20 °C UM B B )5
SIpTas R WD AR BE P ARG K DNA Bt
FARTE 10 pL 455 A Z i i 5 20 min
Jo s AT 6% AR M 5 P A Tk Jrg BB PG P DK 93 B
B AR O AT, BB RS
ZERUT,
1.6 DNase I £33 (DNase I footprinting
assay)

I T4 Z B A% 1 0L ¥R A [y-P]-ATP
(5 000 Ci/mmol)X}# 3L K DNase T & ilFSZ5 1)
b RS B TRR RN PLWT R4

Table 1 Oligonucleotide primers used in this study
Genes Primer sequences (forward/reverse, 5'—3")
qPCR
mshH AAAGCCATCCCTCCTTACTTAG/ATCATTCTTCCTCGCTCTTCC
16S rRNA GACACGGTCCAGACTCCTAC/GGTGCTTCTTCTGTCGCTAAC
LacZ fusion
mshH GCGCGTCGACGGCTCAGCAGCAATACAATG/GCGCTCTAGAACGATCATGGTGACAAAAGC
EMSA
mshH GGCTCAGCAGCAATACAATG/ACGATCATGGTGACAAAAGC
16S rRNA GACACGGTCCAGACTCCTAC/GGTGCTTCTTCTGTCGCTAAC
DNase I footprinting
mshH GCTATGTTTGAATCGAAAAGG/TAGCTTAAGAGTTGGGGTATAC
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DNA AR, B RIC A5 ) FRBRIC B B X
S T PCR &3, 7 1al iU Al 424 DNase |
SIS AR o REF AU IR EE R His-H 40
E TSR £ (R EMSA) I 30 min Ji,
F Optimized RQ1 RNase-Free DNase I /b4t
B, WEA YL EIW B Sanger Il ¥ 25
(AccuPower & Top DNA Sequencing Kit)if17
6% R N M TBE I S VEBEC LK , 220 °C T A
WA R .
1.7 RirFSHAE

qPCR Fll LacZ i H K @A 5200 /0 H
3K, BIR3ANEYFER, 48RS ER
{fE 7 (standard deviation, SD)%/~, F|HXUE A%
Xf e KB AT gE iAo, 24 P<0.01 1, IRk
HAES %% 5%, EMSA fil DNase 1 &5 525
2/EK 20, TR S R

2 BEREAW

2.1 mshH R8T REBMERIE

FIFH HI A 3% WT Bk, 43 SR BOR [ 4=
KBAH T 98 RNA, F 5% 585 cDNA, R
qQPCR SERG 5T mshH 55 R i) B AR AR Ik 5 it

(A) 160

(3]
(=
T

-

Relative expression
o
S

=y
<

/|

0 1 I ! 1 1 I )
40 45 50 55 6.0 65 70 175
t/h

1 mshH & F R EK S RIX
Figure 1

fiE, WE 1A FR: IS 45h 25 7 h, mshH
FE DAY mRNA 7KV Bifi 2 15 57 B (1] 7 2B - T A6 B
BT, XM mshH HERAE = 40 1 % R ok
K o HE— 2R LacZ 45 3 R @l A 52 56 BF
5% mshH FERTEA A4 KB AT Rk,
WE 1B 7R« mshH 3R 55 )73 M %5 B
FRIF ] P SR RGN, X — 2R B mshH F
DR 7 10 20 TR 2% B I R ik K . B2, mshH &
DR 114 2 38 HLAT ISP RE A B ) RPAE
2.2 AphA B 5B mshH EE B R
AR FEB R AE R mshH SER %
SRARER QS RGEMIFE . AphA Fl OpaR 43l
JE RIS M5B QS 72 G 7 AT 200 T 25 55 vy 241 17 4%
JERIRZ DR 7, M4 1.2 TR SRR
MARER, AphA 7ER:FRIGBIEE 4.5 h BHEE K
Vo, 1 OpaR 7E55 6 2 7 h WL SRk V4
m L, AR FITER RIS IS 4.5 h Al
55 67 h B, WCHE TR AR AL A F7 9% 5 R e 24
PR B 1 A K A5, #59% AphA il OpaR Xf mshH
SRS SR ML . 1S8R A qPCR SEB Y
T AphA Xt mshH JERIHEE DGR WNE 2A Bk
TE Aaphd SR ENA) mshH mRNA /K-8 3%

(B)y 60000
45000

30000 -

Miller units

15000 |

O ! 1 L L L L ]
40 45 50 55 60 65 7.0 75
t/h

Cell density-dependent expression of mshH gene. A: qPCR; B: LacZ fusion. The negative and

positive numbers represent the nucleotide positions upstream and downstream of mshH gene, respectively.
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1800

Han Haixia et al. | Acta Microbiologica Sinica, 2022, 62(5)

(A)
P<0.01
4400

3300 F

2200

Relative expression

1100

WT AaphA
mshH gene (+376 == +536)

2 AphA [E3Z 5B mshH EFE %X

(B)

—s
1 2 3 4 5 6

mshH gene (—349 +++ +62)

Figure 2 AphA represses mshH gene transcription in an indirect manner. A: gPCR; B: EMSA. The negative
and positive numbers represent the nucleotide positions upstream and downstream of mshH gene, respectively.
Lanes 1, 2, 3, 4, 5 and 6 contained 0, 19.5, 29.3, 39, 40.2 and 50 pmol of His-AphA, respectively.

W TAE WT HRI R A9(P<0.01); PCR 94 mshH
LR E )R X DNA 741, Ff4lifk His-AphA
FHEM, K EMSA ST & REA ELIEH
HAEF, 4N 2B 7R : His-AphA ASRE4S:SFAEHD
553 mshH A FIFRPEX. DNA #4) I.
MZ, AphA AEEEIEM mshH FERHE X Hi%
G4, XTI SR AT R R L A =
2.3 OpaR EEHE mshH £F B3R
B, KM qPCR SZEHE5Y OpaR X mshH
R R R, WE 3A JiR: 76 AopaR
600 3] 1 B L ] mRNA ZKF B K T7E WT
K 2 #9 (P<0.01), X iiHH OpaR 1E$E mshH
SR 53 5 K mshH JER 5 X DNA 51
saBE A pHRP309 HH B-2f= ZUBHT B R 9 00
Fofs B A R 9 FE AN WT F1 AopaR ", K
LacZ & B MG 5250 i — L WE5¢ OpaR Xf
mshH SRR C R, 450K 3B s 7E
AopaR AN 2] ) miller units ({83 B-FL b
il 5 VB /N B AT WT rhos il 31 1Y

P4 actamicro@im.ac.cn, <1 010-64807516

(P<0.01), XUiHH OpaR 1EW# mshH FEH 1Y 5
TN 3 R A EMSA SRS
HRZEMETT His-OpaR B8RS mshH JEH ) I 1iF
DNA J¥¥IFHEAER, & 3C Fi7R: His-OpaR
RESS & 2 mshH JER X DNA ¥4 1, HZ5
350 B2 5 His-OpaR [ & AUIE HE(UKIE 1-4);
MARFTHA AR S JKIEMA 2 pmol KARiCH) mshH
FERYE X DNA R BefE A se PR 44T (cold
probe)ff, FELHFHF I 2% 5 4 ] SO A4 2 Hoin AR
JE T F1 15 (un-related protein, 6 yKiE)#E A%
X His-OpaR B, L ANRE HBUBH T %47 5 &,

K H] DNase 1 25258 5F His-OpaR Xf mshH
FLR X DNA R BEp4h & 0005, anlE 3D fr
7~ : His-OpaR Xf mshH F:[HJH$E X DNA #41
A 2RSS GO, LT mshH K (B
PR 0 % S O — A B EE B E O +1) BE
~160 %80 bp Fil-58 E—19 bp = [b] A ik & 7 571
o Bz, Filg5 R EW, OpaR BELS & 2 mshH
FEREEE X DNA J@ 8 s Hak 5k
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(A) . (B) (D) _ ,

32000 ¢ : 6000 P<0.01 Coding Non-coding
= — |
%24000_ 34500 GATC1234 CTAGTI1 2 34
o, = - .
£ 16000} = 3000 1 1
@ = e - -156
Z = -55
= 8000 1500
o -80
[ —-86

0 0
WT  Aaphd WT
mshH gene (+376 *+ +536) mshH gene (=349 --- +62)
-58
©
_4
1 2 3 4 5 6
mshH gene (349 -+ +62)
EMSA design :

0 [0.3270.6370.96[0.96 0 pmolHis-OpaR Rp—

0 0 0 0 2 0 |pmol cold probe mshH gene (—234 +++ +27)

0 0 0 0 0 20  pmol un-related protein (F1)

| 2 3 4 5 6 |Lane

M | ree target DNA

3 OpaR BE¥E mshH EFE 85 R

DNA-His-OpaR complex

Figure 3 OpaR activates mshH gene transcription in a direct manner. A: qPCR; B: LacZ fusion; C: EMSA;
D: DNase I footprinting. The negative and positive numbers represent the nucleotide positions upstream and
downstream of mshH gene, respectively. Lanes G, A, T and C represent the Sanger sequencing reactions. Lanes
1, 2, 3 and 4 in Figure 3D contained 0, 3, 6 and 9 pmol of His-OpaR, respectively. The protected regions by

His-OpaR are indicated on the right-hand side of the DNase I footprinting pictures with vertical bars.

3 WinEE#R

IV BRI B 2 AF7E TR Jm dn b, H3k
RZVFZ MR BB M, 7805 9K (Vibrio
vulnificus) ™', B AR TV BRI B AR KDY,
LIRSy B MR35 IV B B I RE J1 58 T 3R
B ek, T SLINE (Vibrio cholerae),
B JIAYE T ToxT Al 454 5 MSHA AHICHEEA 1Y)
JABIFIX DNA ¥4 1 i il Hf s, 55—
{5 c-di-GMP Y5 ATP [iff MshE 45& 5, 0] H#%
JH MSHA W BAYAFEHER. KA Tepl mT
TE B 5 KOF B MSHA 1 B 4E 1 22 e oh,

JUT UL T BSERERELA ChiS ARHE Jr =X 1
ZEFHLINE ChiRP £ EP), ERIFIMINE S, B
ARFFERBULT AT LIS ChiRP (5242,
QS ARG IHYET OpaR 1] L% A 245 T
mshBACDOPQ i pil ABCD J5 ) 1-[X. DNA %4 |-
PO EATREE 5, E+E MSHA F1 ChiRP #Y
FasPHUMSHA JE NS & A 2 DRI T,
B mshBACDOPQ #1 mshHIJKLMNEGF®, QS %
GiAZ O TR BRI F mshHIJKLMNEGF
WA HENREER, &6 FFTFi—L Rk,

AWK mshH F:H (mshHIJKLMNEGF
N1 FE D I Rk HAT B AR AR PR AR AIE , = 2
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T %5 BE IS RIK K- 5 QS RGAEARAN TR % L T
HIR O JEEE T AphA X mshH &R A% 5k HA
(B 422 0 BTV FE, T e 0 2 T A O R
+ OpaR X HHA EHMMEENH. 7L, %
PRI MK IV BE B 3 M RINT552 QS
ARG BV GE L OpaR /). [EAEED
J&, OpaR X &I M9 BB220P ¥ 1V F &
Bl S R E Y (R RN &4
TTRTHA AR 25 S R B, OpaR X fill ¥ I 5K B
RIMD2210633 #k IV Y I BAH KL (e sk B
S AN T A PR TR A 5 R 4 2 )
HAEBRKERH R,

HI 7519 4E 7R 5'RACERSISE 36 24 5 46
W] mshH FER A R IGA S, IR e
28 1. H. Softberry (http://linux1.softberry.com)ffil

W7 mshH B SRR OL A, 4R A A
(-39) GRIRHM 25— A0 S +1)R AT g
s HA SR IR AL, ZAL R B B AR RY-10
=35 X (B 4)o J8 08 B 16 07 A

Shine-Dalgarno (SD)/¥%1 . OpaR 2561V &5,

F T Ul 4 B s i) OpaR K6 i) mshH )5 5 T
X 4544, His-OpaR 5 mshH W55+ DNA J¥
YA 2 Aa5E 005, B OpaR site 1 F1 site 2, H:
i OpaR site 1 i F-35 X _EJ#, 1fii OpaR site 2
b (VS R 2 0 U G VA W 5
H R X FhEs 500 8 2 ERE SR, %A
Y IEA T L, AR AT BEAEAE — SR A B 4%
AT LLAM ] mshH JE R B 5%, 11 OpaR 4551
IR T X e R R X mshH JA 8 T B45 6,
SR & BAFAE X PR F, A R & 4 o

-190 TTGCCTGAATTCAGCATGTGAGCCCGATCTTTTTAATCACTTCGCACTAACGATAAA -134

OpaR site 1

-133 GCTTATCAATGAAAGCAATTCTCTATATGCTTCCAACTCTCACAATCAGACTAATCC -77

—35 element

—10 element

Predicted translation start

>
-76 GATTGTTTIGCCGAGCACTTATCAAGTATAAATATTTCAATAAGGTATATGATGAATA —20

Translation start

-19 GAAAAGGAATITTGGTATTCATG| +3

SD sequence

4 mshH EE B FXF7

OpaR site 2

Figure 4 Promoter organization of mshH gene. The DNA sequence was derived from V. parahaemolyticus
RIMD 2210633. The predicted transcription start site was indicated by bent arrow. The SD sequence,
translation start site and —10/-35 elements were enclosed in boxes. The OpaR binding sites were underlined
with solid lines.
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