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The histidine kinase EnvZ regulates the swarming motility and
biofilm formation of Vibrio parahaemolyticus

YUAN Yixuan, WU Wenting, LU Qian, YAO Ning, ZHOU Xiujuan, ZHONG Xiaojun’,
YANG Menghua®

Key Laboratory of Applied Technology on Green-Eco-Healthy Animal Husbandry of Zhejiang Province, Zhejiang
Provincial Engineering Laboratory for Animal Health Inspection & Internet Technology, College of Animal Science

and Technology & College of Veterinary Medicine, Zhejiang A&F University, Hangzhou, Zhejiang, China

Abstract: [Objective] Vibrio parahaemolyticus is a major foodborne pathogen that causes acute
gastroenteritis in humans. Here, we aim to decipher the mechanisms by which the histidine kinase
EnvZ regulates the swarming motility and biofilm formation of V. parahaemolyticus. [Methods]
The plasmids pBAD24 and pMal carrying inducible promoters were used to construct the plasmids
carrying target genes for overexpression. The recombinant plasmids were introduced into the wild-
type strain (WT) and envZ-deleted strain (AenvZ) of V. parahaemolyticus. Swarming plates were
prepared to measure swarming motility, while biofilm formation was detected by crystal violet
staining. The RT-qPCR and bioluminescence reporter assays were employed to explore the
mechanisms by which EnvZ regulated the expression of downstream genes. [Results] The
swarming motility of AenvZ was significantly lower than that of WT, while the introduction of the
pBAD24-envZ plasmid into AenvZ restored its swarming ability. The transcription levels of the
lateral flagellar genes were positively correlated with the swarming motility. The promoter
activities of Py..4pc-lux in AenvZ and AenvZAompR were lower than those in WT and AompR. The
swarming ability of AenvZ was significantly increased when the Scr system was overexpressed via
the pMal-scrABC plasmid, while the overexpression of EnvZ in the strain without scr4BC did not
change the swarming motility. In addition, AenvZ exhibited a significant decrease in biofilm
formation compared with WT. The pMal-envZ plasmid restored the biofilm formation of AenvZ to
the level of WT, whereas the pMal-scrABC plasmid did not have this effect. The promoter activity
of the extracellular polysaccharide operon (epsA—J) and the transcription levels of the extracellular
polysaccharide genes in AenvZ were both significantly lower than those in WT. [Conclusion] The
histidine kinase EnvZ enhances the swarming motility of V. parahaemolyticus by regulating the
expression of the Scr system and promotes the biofilm formation by regulating the expression of
extracellular polysaccharides.

Keywords: Vibrio parahaemolyticus; histidine kinase; EnvZ/OmpR; swarming motility; biofilm

B 15K & (Vibrio parahaemolyticus)je:— R, K FRIEAOR B RATEHAR s i
B2 [RBATEVEERTR , ) IZ A AE T K R ™ i AL AT L X S A7 Y5 YL () B AR s NS, T
Hr, JETR EE R LA SRR R RV . TS R MRk AR K S D RRAE
RIS DN RE Rk Z2 At = o, iR L g L D (ki S 4t R I o AT 5 K A PR BE R
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NRETT o AZMFRMIE WoR, BRI SAN, %
R RIE P TE & BN . ROK AN IER bk
R s B PRk, i I B B R A
BN AL T A 24 n]i

RIS 09I TR e L% 2% F A= M) AR AE W I 3R
WEpiE , anBEE . RE . A S ER s
FRYIRR =5 RNTIMNP A AR L, %00 5
FRECT — RI0H N, Hh G451 Rz 3)
= A A gt B A RIS I I B 2 1T LA A
KA MR HE RS, 85 5 A A ¥ A=
i P, W AR R B BT R R IR BT P i B
(swimming motility), 17l A= ## 5 W] 71 55 78 [& 1A
2% 10 By A M A BE b Y BE 4R 1 IE ) (swarming
motility)™l. 4 &Il % 1 5 B 1 ok HE B i 5h 2 1k 5
A ML TCHLER S, FOR AAIRSL A 77 T A5
AT T 3K U A R AR ) A W B RS Y AR A T
AP Al BEE: RV R B 7 AR A P A 2R
2 —, HEWE2aE2mn . &nk
FEAMEIR , RETEN S B oA SR AP 2 T
(R BRT, T R R A 1 iz s v A
YRR B HILTR] W PR AR ST -

LT (1) XA 43 3 5t (two-component system)
F 21 2 iR 3 ¥ (histidine kinase) M 7 I8 75 45
(response regulator)Z i® . 2H S R I 61 5 R
ANESIAEEAR AL, 17 ) I 3 T AR DU 4 R AR
PRLER IR, AT & o 240 11 6T 21 3 24 B Ak 1 g
F1 BN A KN 2 Rk, =04
i 50 XA RGE . HAT, SA XA FR
G s 2 SRl MINE 2 f AR R 6
W, VbrK/VbrR AN B-INBERG ISR 2, 4
SR 1)V A SRR X i 2R A R AR Y ARk IR
HZ&AF T, PeuRS 5 AUMIAME pH FIIZAT &R
WEVER, BRSO T E R AT PeuA HH
FkU TuRS AL SMHAE 543 T 1 DU 67 2
£, R IEREE MR XS AL & S,
17 348 i HL A i 3 il Y e Al RE U WAL &R
4% EnvZ/OmpR 20 2 R I EnvZ 0 7 )5 35
FHH OmpR 4L, S5 ZF 4w X sh %

75 38 N RE AU e ARSI ST ARG, X
2H/r Z 48 EnvZ/OmpR 3 1 98 35 FLIE & i =
I8, B R T P HET e A B T . [RIRT,
VB 5 B SR I envZ PR BL IS B2 MR T B I
NER A BEAEPEIE SN, (0 ELARHLE] i AR5 4E

A5 1 S8 R b R, BRIA T 4L
ARG EnvZ 25 Ry R i REE R e ),
B S5 HR 55 T EnvZ X FI I 9 A 908 B A%
FIVERT, JFE 508 T EnvZ I35 B i 9
AR VEIC sl FD A= W0k IS B i /R ML . AR 1F
I8 A Bl T E— 25 H A I I 5 A 4 A R
THT S G An] 8 4 8 B A2 sh A A Wk OB B, IF R
PR 5T W ¥ 15 R 19 25 A By 6 R I B 4 B IS
it

1 AR

1.1 ##§
1.1.1 =&k

RV 10 5N T 7 2E ¥k RMID 2210633 (WT) Fil
envZ & DA Bt K BE (AenvZ), Jt ki pDSI132,
pBAD24. pMal Ml pBBR-lux, UL K K #F
DH50-Apir Y580 a [ 25, Hrb, B IR
BAERRyME, mra ok 8 A& R
PEFEA
1.1.2 FERFIFLF

529 3 -B-D- G AP LB (IPTG) . TR |
BT REAABE, A T AR TR (L) B A FRA W
R BGAF & . PCR =94l fb/ i [rT a7 &
RS AR A BR A T BRI R D)
fiti, NEB 2\,

pH if, Sartorius 24 H]; PCR Y., /NMIFH
LA, Eppendorf AW s BRRHLIKIX, At
HON—AER) s mEKER, B0UETDIERE
BRAW; fEIRIRG S, KRR
ZIIfEmFRY, Bio-Tek 23],

1.1.3 EZHE
LB A 723 (g/L): NaCl 10.0, FEREHEEL
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¥ 5.0, BEAK 100, ZETKEES 1.0L;
121 °CKT# 15 min,

MLB W& 553 (g/L): NaCl 30.0, [ebkfz
By 5.0, BREEFNF 10.0, B T/KERF 1.0L;
121 °CKE 15 min,

PEAETEE B % 35 3 (/L) NaCl 30.0, [#Hk
P 5.0, B A 10.0, BER 120, £5
FIKERF 1.0L; 121 °CKJA 15 min,

1.2 FRRNAIE

FIFH pBAD24 5§ pMal 25 Jii ki ¥4 2 5o 3% 3k
EnvZ 5% ScrABC B4R, {44 Clone Manager
AT T A TR A X B (R 1)
Hrr, pBAD24 Uk A BT HiArHE 75 5 5 3
¥, 1 pMal Bk 548 IPTG i SRR s T, LU
IV I I B 4 L PR 4 O BB E AT PCR, ¥4
envZ % scrABC FEH W FF L B 2 AE , F£ X DNA
B AT SR I R AR S Y B A
fiti X} DNA R Bt Al L aR2s Bkt AT iy, w5
FIH T4 DNA EHERE AT E: . Brid Y
52 KT DHSa-Apir B2 S0, I
Z LB PR (20 pg/ml &), BT 37 °CH;
FRII R o XA B SR VR 4T PCR BdlE, Jf
H PCRFHME A% o B B R AT D0 e S0k (BT A5 R
YR BR A ]

1.3 &lismslE £ E KRR iE

A A 52 5 % Ok /7 19 pDS132-ompR 5

pDS132-scrABC 41 i bi, #4 8 AenvZAompR

*1 HWEEERNMESIMYIR

Table 1  Primers used for the recombinant plasmid

F1 AscrABCAenvZ 25 R SRR it =08
gE Ay U, 5 ER RS AenvZ
pheb, DL TR AR B4 . ¥ & pDS132-
ompR B pDS132-scrABC 1] DHSa-Apir ., 4 Bl i#
pRK2013-HB101 LA & AenvZ T #% , #£ LB &
MLB i {AE;: 23, 37 °C, 120 v/min 855714 7%
J&, 4°C. 5000 r/min 5.0 5 min WERIEK,
3FEIRIR A, HFETPUERD LB BIAK: 5
R E#ES6h; WERE, RASAHER
(0.1 mg/mL) FI4 75 % (0.02 mg/mL)fY MLB [ {4
Bk b o B R VR MR UCTE S WA B MLB -
M. % 0.1 mg/mL #57E ZH 1Y MLB “FA, DAL
A 20% M EEME LB P B RIZee X, DAsfizEAH
Jof AR R ok
1.4 BliaislEE LM IERIEE R
W B NG B A AR WT ., AenvZ DR 55 I
KL KT T M —-80 cCoKAE T ELH , A iilEfh &
THETE R M MLB ARG R AL & A R LB
WARRE R I8 T 37 °C. 120 r/min §E3% 5
e, Hor, KIGATE & A 25 Bk (pBAD24
oY, pMal) o¥, ¥ 21 i ki (pPBAD24-envZ ©f, pMal-
scrABC)o LA = 2R3 6 1 5 s 25 ik o o 41 i
bz AR KB U & R R BRI /N
8 EN LSO bl 1) WS N7 S R AL Y s B S
€ B 1% 5% 3 (5 0.02% Bl F7 A 8% s 0.01 mmol/L
IPTG) o %A E T 37 °CRE I 40 b i B 55
I 16-24 h, WERNEA A9z AR I IRIC R

Primers name Primer sequences (5'—3')

pBAD24-envZ-F
pBAD24-envZ-R
pMal-scrABC-F

pMal-scrABC-R
TTGGTTTAGAAGTT

pMal-envZ-F
pMal-envZ-R

CGGGGTACCAGGATCATTAGGAAATTTCCATGCG
CCCAAGCTTTTATTTGGTCGGGAAACTGATTTG
CAACAAGGACCATAGCATATGTATGGCTAATTTCCGACAAGGAT
TGCCTGCAGGTCGACTCTAGATTACTTATCATCATCATCCTTATAATCTGACCAAGTAGG

CAACAAGGACCATAGCATATGCTCTTACTCGCTTAACCGGCA
ACGACGGCCAGTGCCAAGCTTTTATTTGGTCGGGAAACTGATTT
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1.5 ElAMmINE S RNA #2801 RT-qPCR

W 5 AR 2 B 2 B 4 MR IR B 8 R 0 I
37 °CEFE B SR 16-24 h; 5{fE 10 mL MLB {4
Bige e, 37 CHPERE TR 11 h, Fif5 4 °C.
5 000 r/min &.0> 5 min YL . K TRIzol 742
BB A 8 RNANTL ) B sk e BB 1A
ZH DNA Jf/E i cDNA., RT-qPCR 5|#¥ i ol 4
g A YR A PR A A (R 2)0 (S22
JE i PCR A 1798 6 & PCR, Zéb i
PCR IR ZR 5 R NFEF 27 SCHR[15]. LA 16S rRNA
VERNSEERNT, JFR A 272 P MR LR A 5%
SRR
1.6 FIRAXRARSEEZKRNBWERER
BFiE M

AL E ORI RS H Ser RE A s+
DX 35, 1) 5 21 98 6 kT Pyerape-lux #1855 A A £
MBI T epsA—J i 1 X 3 0 5 40 9 6 Tk
P lux! S SR A I X 2 N
IR ) A B ML 45 Rk . Horp
Pyerapc-lux TR 5 # A WT. AenvZ., AompR Fl
AenvZAompR R, P-lux BRI 5355 A WT
Il AenvZ HitRH; KR RAFRYRERE 1:100 AY L
W4 2 MLB WA R SR Bkrh, BT 37 °CHi 5%

&2 RT-qPCRFTES|¥FIER
Table 2 Primers used in RT-qPCR assay

Primers name Primer sequences (5'—3")

flgB"-F GTACATCCAGAGGCACTCAAT
flgB"-R AACTTAGGTCTTTCGCCAAGTA
lafA"-F ATAAAGACCGCGCAGCAATG
lafA*-R AGATGCGTCTACGTCTAGAG
epsC-F AATTGGCCTAGCTCTGCTAC
epsC-R CCCGTAAACTTGCACTGAAATAG
epsE-F GAGTCACATGCTCAAACGTAAAC
epsE-R TCTGCCATCCAGAAAGGTAAAG
epsG-F TCCACTCCTTGCAGCTATTAC
epsG-R GGCGATTAAGCCAACAGAAAG
16S rRNA-F ACCGCCTGGGGAGTACGGTC

16S rRNA-R TTGCGCTCGTTGCGGGACTT

FEPERERESR 3 he FfiJE, 45HL 200 puL BB
A 96 FLEFFRACFN DR o 45 Bk i i 45
7= 9-11 h J5, DA TR ODeoo A FI Lux ¢
HlH . 45 BRI =Lux/ODgooo  FEFIEA
RT3 AR EE
1.7 &I s/ A 045 B B0 2

FIH =R 36107 6 pMal 28 Bk DA &
pMal-envZ Fll pMal-scrABC #5241 Ji ki 73 ) 5 A R
LN WT F AenvZ kR . BB K RAFOE
WA 1:100 W L% H: 2 1 mL &4 100 pg/mL
FERE R | 5 pg/mL HEZE M 0.01 mmol/L IPTG 1)
MLB VAR RE IR, HUE KB 0 B B/
B 300 uL PR, FEFPERRE 3 EE . K
P/ NVEE T, BT 37 cClEER TR P R E R R
24 h, BEfS, FHBWARKEEWW S, H 1xPBS &
Pe 3, JIA 300 pL # A 0.5% 45 SR
W, FREYLM 20 min, BRI, H 1xPBS
R RN R, HEMA 1xPBS 2%
BERCIRAS . X/ VST T4 IR, F9A 500 pL
TR XA Yy A T i, (] 2 D) R Tl
P 2 ODsos BUH
1.8 HIESHR

FIH GraphPad Prism 8.0 #{FH i FL R & 7
2443 M7 (one-way ANOVA) Al Student’s t-test F¢ i1
ST B AT M IR ER (ns: P>0.05; *:
P<0.05; **; P<0.01; ***, P<0.001; ****, p<
0.000 1),

2 BRS04

2.1 YAEEHES EnvZ (BF A MINE
REEEE M ESN

SEu A A I, HATR AN envZ
PR e 2 2 SR LR TS TR B )
WM, M — R — S5, ABFSCR
& A BIHAAPA 28U 30+ 19 pBAD24 ik,
P T envz Fe D9 i 10l kb OB pBAD24-envZ. 4
R envZ B R bR (AenvZ),  [a] 1)1
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pBAD24 73 JFki /35l 5 A AenvZ FIEF A= RRAE R4t
W Sl IS TE S A 0.02% Bl AT 0 fE 4 P e 3
H% 7 5 2% TG N 3 S TR ek 1) B AR PR TR B R
RIS WT M, AenvZ BkkRIBEEEES RE
WSS (1A, 1B). 1A, 5k pBAD24
2 BRI AenvZ TARAHLL, [FI%F pBAD24-envZ
FTRLI AenvZ T PR A FESEPEC Bl e 77 d 2 3 o
(B 1A 1B). H 0 A B 6 £ 57 P84 il 9 1 ok
R TEC S, PRI AR il i RT-qPCR £
T T 33 B0 TR MR A AR PER B B 3R 35 0 A= ¥ B
FER B FE SRR G55 NE 1C B, AenvZ T
BRI A MBI N flgBY FI lafA™ B%5E S5k - i 3%
T WT F#k, 1% 4 pBAD24-envZ [ #MTURE
[ AenvZ A HH K BB L PR i) 4658 7K 7 B B AT
XS ZE BL I 4 SR VK EnvZ RENS IR T2 R I
IREA RS MEIC )
2.2 EnvZiAEEIBMINE Ser R4 HY
Ik

Scr Rt scrABC B9\ T 9wty 3 N H
FRY, %R Gl 3 SR (c-di-GMP)fF
ST R, T R R A I B A A

TEBhHE S, R T 5T EnvZ P85 @IV i N g A
N o HLE, AT S scrdBC 4
I\ F I Bl XS0 2 S C TR Pogrape-lux 331
FA WT., AenvZ. AompR Fll AenvZAompR ',
3 2o A 2 S5 B A A 7O 4> R L EnvZ Al
OmpR X scrdBC #Y\F = BRAFAERL sl o 45
BmE 2 Fias, AenvZ F1 AenvZAompR TE B 1
Pyorapc-lux WIZGHRJE ) B ZART WT witk; 4
ifi, AompR BRI Pyerape-lux 9GCIRES WT
ML E 25 . SRRV H R EnvZ JhT
T OmpR P45 Ser RAEMIFRIA
2.3 Ser RGN A EnvZ B1E A ML
Ealipkisac ks Fvpuk

A THRSE Ser RGUE A 52 EnvZ X Rl I
I FF RV E S R 7, AP TR
ik scrABC H:H () H 20 ki pMal-scrABC, JF ¥
ZRORL A WT Btk i LBl & 2 F
R WT AR ICEh KAV I, &A
pMal-scrABC B4 TR WT BRI M)
REJ) &5 T pMal 25 BORiAYg WT BEFR(E] 3A
3B). XiiHH pMal-scrABC B4l JihiRENS ik BAT

‘ B 9.0, ks C § 1.5 . = flgB: = lafA*
Ny =5[] F T e
\ \ A ok ok 210}
R — £
X ,% 05l 505
‘ AenvZ::.pBAD24-env. a 2 ’l'
WT::pBAD24 | 0.0 LILH = 500 : -
| ™ D ™ ™
& 'Q‘\@ = R & R ,d‘&
F&S FTF S
: K g N Y K™ Q- Q9
N LTV & ST
AenvZ:pBAD24 7 OB W 4R RO
«\*(\) «\“ﬂ) ﬂ\“/\)
N N N

Bl EavZiEERIEMINERE RIS, A B MR % @A EVEICZIRE T LA B: (i Image)
AN A TR IZ h B AR C: I3 RT-qPCRAGIN A5 R A #6322 S KT

Figure 1

EnvZ regulates the swarming motility of Vibrio parahaemolyticus. A: Comparison of the swarming

motility of the V. parahaemolyticus strains; B: The migration diameter of the swarming colonies was measured by

using Imagel software; C: The transcription levels of the lateral flagellar genes in V. parahaemolyticus strains
were measured by RT-qPCR. ns: P>0.05; *: P<0.05; ****: P<0.000 1.
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150 000 Py pc-lux
Qg 100 000 ns
S
E kk
= 50000 o
e D & &
Q Q:{\ “\Q &
g P
W
v@“

E2 EnvZiEiZscrdBCIENFRIBENFiE M
Figure 2 EnvZ regulates the promoter activity of the
scrABC operon. ns: P>0.05; **: P<0.01; ****; p<
0.000 1.

PR Ser R4, WL, #F—F RS A
AenvZ FREH, FERIN TIZ R AenvZ TR ARRE
EVEeshRE gz, i 3 Fin, &4 pMal-

A

WT::pMal-scr4ABC WT::pMal

AenvZ::pMal AscrABC::pMal-envZ
. L . -

AscrABC::pMal AscrABCAenvZ::pMal

AscrABCAenvZ::pMal-envZ

* ® -

AscrABC::pMal-scrABC

&3

Figure 3

AenvZ::pMal-scrABC ‘

AscrABCAenvZ::pMal-scrABC

T RiASer RG22 MBI A M E B E 1 TCEhRE 1. A
i F ImageJ A4 B 4% BRI AR 932 8l H AR (F** . P<0.001).

scrABC TEZH TR B AenvZ TR KK BOBEEEPE Bl RE
JIRER T EA pMal %5 FORLY AenvZ FR . 18
it E# AscrABC Fll AscrABCAenvZ T ik (1) 42
PENCShRE T KB, X 2 ARSI R T 4R
PENCshEE J1, BiBH7E ScrABC SR MH =T,
EnvZ JC ik A R i 5T 00 4 4 PR e 5 g
Jio PR, AscrABCAenvZ T #K B9 € 3 BE 71 kb
AenvZ RS, FUTE EnvZ ASEAIEH IO
T, ScrABC {WATE— & FE i b REUS A S Il ¥4 1M
IR PR 7E B AR R T e 5 . A, AT IE &
AscrABC Fl AscrABCAenvZ HREMIEFEE M EBhRE
N RFART WT Rk, 1 B4 pMal-
scrABC B Jivki n] DIAE—E TR BE FAR A X S R
FRIHEEPEICEIEE 1, (HIalkh pMal-envZ B HEZH
FORLUTC R (] 3A. 3B). X e85 IR Ser
RGN T EnvZ BATSEEE N, 25T EnvZ
Xof IV S P A AR PR T Bl Y e i A

w
T

skeksk

Diameter (cm)
[\

Ju—

0

Q ‘{ \gbé‘b ,Q(\/ C)
q{\"'%, S \s“ % A s°
&§\ v
&

R IR 25 T PR AR VRIS RE T HUA; B

Overexpression of the Scr system affects the swarming motility of Vibrio parahaemolyticus. A:

Comparison of the swarming motility of the V. parahaemolyticus strains; B: The migration diameter of the

swarming colonies was measured using ImagelJ software (***: P<0.001).

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



2056

YUAN Yixuan et al. | Acta Microbiologica Sinica, 2025, 65(5)

2.4 EnvZ HBIF Ser R&EAIEEA M
s\ B A 9048 BR T B

e P R ) 9t IR ) — o el A R
R, H S50 RS s E Ao, Wik, A
F 8 R FH 25 i 55 e (kR I 1 2% TR iR 19 A= ) b
MEIERLEE T . Nl 4 B, AenvZ TRAR I AE D8k
HEIE Wi e s AR T WT Witk A5k iz kAl
WS envZ BB S 30, FIH] pMal Bukity
H T envZ FEH Y [ 4P UKL pMal-envZ, F-K5i%
KL AenvZ PR . 45 R, & pMal-
envZ [FI#MNEURLIY AenvZ B RE B9 A= W) 85 BRE i E
R T EA pMal ZE UKL AenvZ BIFR(E 4A |
4B). [FIEf, ALK T %A pMal-scrdBC
A TR AenvZ TR 19 AE ) 1% TP R RE
iR BRI AE YR e T 5 & A
pMal %5 BRI 1) AenvZ BIRRTC I #5255+, FFH M

BAKT &4 pMal-envZ [B1%p TR AT AenvZ T
(Bl 4A. 4B). 454 3E£W EnvZ BEAE AL F RIS I
IR YA DI BIE i, BZad BT Ser £
4. B, EnvZ 5 Scr &40 AT A A [A] 14
FHAIL A 842 I 75 1l 5B Py A= P T B
2.5 EnvZ (RS2 EER BN FH
Rk

JL A1 2208 1 D 0 T A e ) )
TEAE IR SIY et B b R 4 T VR RO, A
R MR P, M2 EE  epsd-J 9\ T
RSk, N TS EnvZ Sl A st £
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Figure 4 Comparison of the biofilm formation of the Vibrio parahaemolyticus strains. A: Biofilm formation was
measured by using crystal violet staining; B: Biofilm formation was quantified by measuring ODsos (ns: P>0.05;
*#: P<0.01; ***: P<0.001).
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