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Biological characteristics and pathogenicity of a uvrY-deleted
mutant of Vibrio parahaemolyticus
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HAN Xiangan'", JIANG Wei'"
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Abstract: UvrY is a key response regulator of the BarA/UvrY two-component system (TCS) and
plays an important role in regulating bacterial virulence and environmental adaptability. [Objective]
To investigate the regulatory role of UvrY in the biological characteristics and pathogenicity of
Vibrio parahaemolyticus SH112. [Methods] The wuvrY-deleted mutant (AuvrY) and its
complementary strain (CAuvrY) were constructed by homologous recombination. Phenotypes were
systematically compared among the wild type, mutant, and complementary strains by growth curve
plotting, motility (swimming and swarming) assays, biofilm formation assay, bacterial competition
assay, HeLa cell adhesion and cytotoxicity assays, as well as a mouse infection model (analysis of
bacterial loads in tissues and lethality). [Results] Compared with the wild type strain, AuvrY
exhibited significant growth defects during the late exponential phase and weakened motility, with
swimming and swarming reduced by 33% and 70%, respectively, while the biofilm formation of
the mutant remained unaffected. Additionally, AuvrY showed weakened competitive inhibition
against Escherichia coli, a 36.7% reduction in HelLa cell adhesion, and a 15.8% decrease in
cytotoxicity. Mouse infection experiments further demonstrated that AuvrY had significantly
reduced tissue colonization capacity and the attenuation of 75% in pathogenicity. [Conclusion]
This study reveals that UvrY plays a crucial role in the pathogenicity of V. parahaemolyticus by
regulating the growth, motility, competitive ability, and interaction with the host, giving insights
into the regulatory network of the BarA/UvrY two-component system.

Keywords: Vibrio parahaemolyticus; UvrY; two-component system; pathogenicity; virulence
regulation
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RIS MR SH112 (¢dh®, IM3ER 03:K6). #Es
pRK2013 it #r 1) K W7 #F & HB101., K% T
CCl118Apir. % pBAD33-Gm i Ki () K 7 #T i
DH50. F &k pYAKL. HAMNEE pMMB207.,
HeLa 4l .
1.2 EERFIFUE

i LR R G & . R PR BGA &
FARAEARHE AL DA RA T CytoTox 96 Eik
S5 Pk 4 B 7 PR AS UK 7] &, Promega /A F ;
BamH 1. Pst1, Sac 1 NVIMG T4 DNA &,
TaKaRa /A ; Triton X-100, [E 2454 W {b2=1 5
AR F; DMEM }ige sk . G4FIiiE , Gibeo
VNI

K EHRMY . PCR AL, Eppendorf /A,
1.3 SEIGmn4

Institute of Cancer Research (ICR)/NI H I
AR BSESL I S YA BR A . AT A B
S 28 v [ AL R B U R 5 T Sh A
PRZE B HIHE, g5 SYXK (I) 2020-0027,
14 ST S5EM

4 GenBank I 119N RIMD2210633
FRUERRBY wry 2R 751, >R H Primer Premier
5.0 A BEHRERES 1I(ER 1). HH, sacB-F/R
5| Y A0 W] OB pYAK ] 22 5a AV 5 P A9
sacB Fric LK, @ s PCR Br S K6 ) [w] 15 R 2H
Je R RS E R P E G O o 120 1% 5 s |
FH sacB LR G it it S SR MR G R, 2 Boks
I VIBRET sacB JEF AR F S, TS
PR B 2 TR AR ARG VR 6
1.5 wvrY EEERKKS BAMARIDE

S SCHR[201F EE wvrY 56 DR i 2k bk K T R
Mo LRI MR SH112 kR A5 4 Ak (wild type
strain, WT), Jf-HRHRE R A1E MY 6, Ir
HEIMWWLEE 1. 530l 1519 wvrY-A/B Fl uvrY-
C/D ¥ 18RI AB. CD FEBt, ilid#E & PCR
IRAFERE wvorY FER B RS R B wrY-AD. $1%
A B4t BamH UPst 1 B V] )5 3% $ 2 H 2 kL



PR S| BUEYSEAR, 2025, 6509)

4165

®1 AWRETASI

Table 1  Primers used in this experiment

Primers name Primer sequences (5'—3) Restriction enzyme Product size (bp)
uvrY-A ACCGGATCCTTGGCGAGTAAGTAGGAAAC BamH 1 548

uvrY-B ACTTGTATCTCCACACTTTTTATTGGC

uvrY-C TGTGGAGATACAAGTTGTGAATCCTCCTTTC 606

uvrY-D ACCCTGCAGCGTCTTATCGCTTGTATCTG Pst1

uvrY-E TTCTGGATACGATGAAAGCC Wide type: 2 461
uvrY-F TACCTCTTGTTGGCTCGTGT Mutant: 1 816
uvrY-pMMB-F CGCGGCCTGCAG TTGATTAATGTTTTCCTTGT Pst1 663
uvrY-pMMB-R AATGAGCTCCTAAAGGGTCTCGGTGTCCA Sac 1

sacB-F ACGGCACTGTCGCAAACTATA 600

sacB-R TTCCGTCACCGTCAAAGAT

pYAK1, #RA5 &4 R pYAKL-AuvrY, 185
EHBAMAR . CCL18Apir/pYAK1-AuvrY; 2k
B SHI12; %A . pRK2013-HB101)K; & 41
JTki S A SH112. % 10 pg/mL A % R 1
TCBS A Ml F 20% KEBE Y LB -4 i 2 45 A
Fo WO I B B BEALL G AR AR N 5 P AT 4
5E, PCR =4k A TAY TR R R
ONT VAT 434, 40 2 5E TE A Bk 2 Bk 1 44
K AuvrY, 223t 20 (AR, 51 wrY-E/F
F sacB-F/R #4755, #iE B AR E EXK,
PRI TR 2585

5 2 F B S Bk 1Y T 3 3R A5 B RN JFORL
pMMB207-uvrY, Fifad 45675 007 - AH
N SH112, 43l fd H wvrY-E/F Fl uvrY-
pMMB-F/R H¢ 551 9347 PCR Bk, £k
s A BH P PR i 44 0 ELAME CAuvrY
1.6 FicHZANE

BB IR WT . AuvrY M CAuvrY TH BE
A% AR 2 F 3% NaCl (9 LB AR 35 35 3|
TE 37 °C . 180 r/min #§ ¥ 15 & & X% B4 K
(ODgoo 4 0.20+0.02), K H TG 96 fLAR#H 17 3h
AW, RARE3IAPATER, $#% 100 pL/AL
FE RPNV, f BRI E ODeoo (1] P
1h), FREEWEI 12 he FeZamad A K ph 4k i sy
M 45 AR (0] A3 E 25 57

1.7 EEIMENE

HRAE Li P 0k, o BRI R AR ) vk 3
MBIz e )1 o VK 8z 8l (swimming):
WT. AuvrY K CAuvrY BEFR B0 R AE KW, &%
B 1 pL (Y R VR IE B RN Uk S AR (F 0.3% 3
g . 3% NaCl [#J LB }53:3%) [, 37 °ClE{R ;7
4 h JEWLEY HLPE s #ESE S 3l (swarming): H &
1.5% Bt fig (1) HIB 15 3% 3 il %512 P A, $EFh
1 uL XU R G BT 30 °CCRiFEAs T HF L &
16 ho FARRIC SRR S FHE AR 32 sh I 0, JF I
HAE,
1.8 HE ¥ ERINE

SR FH 5 58 e A0 YR TEA 40 1R AE 0 e BT il
RE UL, B R IR XA K], B 200 L
FRIA 96 fLARHY, 43 37E 30 °CHI 37 °CHiri
¥ E 48 h, FH PBS Pk 3 ¥k, HEERZE 15 min,
ZE SR YL {4 15 min, PBS MRKIEB A, A
95% LA, MR ODsos {1
1.9 HAE=FIAI

Z WSCHR[22) 3017 40 R S8 4l 50 . 8 WT.
AuvrY J CAuvrY 5K DHSa (75 pPBAD33
FRD)#E 4:1 /9 FeBITE A (RN o i o B+
KIGAF B A . BOH A 1345 LURR B IS 5
URAR T TCBS ¥Rt Mg A IR KRB R 1Y LB -4l
b, RARE ISR 0 h B R 1 T A
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JE(CFU/mL); 7340 2 (iR W4 BIAE 30 °CHil
37 °CHLEEFE 4 h G BEE 107°-10°, Wi T4
PR E, IRAEHERESE 4 h IR i s A
J TR B BRI BE (CFU/mL) .
1.10 ZRBaZLBHIE

¥ HeLa 408 27 F 24 fLH#, T 37 °C.
5% CO, ZcMF R E IR 220 80% LA . 433 LA
MOI=10:1 ) WT. AuvrY M CAuvrY JE& Yt 4
1 h, JAE 0.5% Triton X-100 Ft) 2L i ik
FH 20 min, AR L PBS M EMBE IR T &
3% NaCl 1] LB A, ek mvEEcE, TR
1.11  ZRBaE &N

¥ HelLa 40 i1 3550 T 96 FLANMEIMR H, 1535
22 80% LA Fras kR IR 20 EUE K,
Pl MOI=10:1 JE&Je4ififl, 37 °C. 5% CO, 54T
BEE 1.5 h, %M CytoTox96" i 7] £ Ui B -
1B, N2k 5 BRSO E ODago, FF115E
S HRR B AR
1.12 /DMREUEME S

Z M8 Bai FPR ik, ¥ 3-4 JE IS M
ICR /N BEHL > K 4 H(WT H . AuwvrY 4 |
CAuvrY A2 A4, n=8), 43| 12 i Jis v 5t
FERDZ M g 3x10% CFU/mML 14 i B T 254 AR
ToHE A B K . R E LRI 7 d, BE/DEHE
Se/NERATAEE IR
1.13 HAHENE

Z 2 SCHR (2314 5 JRIE I/ B i 4 4,
BEEL 10 H, 43 S Ao M i A e b 2k B
5x107 CFU/mL A4 X3 %504 1 30 B B B0 G B A
EhoK o YL 10 h J5 IO U, H PBS %L
P BE, URATF TCBS Bifg ¥ L, DIVFAR 40
FEFETH O
1.14 ¥iEsHh

% 25275 1 DA P 45 1E 22 (mean+SD) JE 3 3R
ik; K JH GraphPad Prism v8.0 B AF b7 LR &
75 2% /3 BT (one-way ANOVA), L) P<0.05 1k 2%
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PR
2 ZERE540

2.1 worY EFEFREKRFAEAMARIEE
K FE R A FE N2 DNA VBN B 31 T
PCR B iiE (& 1), DL WT B4 ik, 5149
uvrY-E/F P34 H K/ 2 500 bp 4R -1 454
(K1, ¥KIE 1), LA AuvrY B CAuvrY FER4 R
iR, HEIL 1800 bp Y HE (& 1, Tk
i 2. 3). PCR WL LXFIEM, WT Fl AuvrY
P HG R H AR BOR IVl 2 461 bp #1816 bp,
H51Y) wrY-pMMB-F/R 934 WT 1 CAuvry 3
A, RS HEM B8 1, JkiE 4. 6), 1M

bp M 1 2 3 4 5 6 7 bp

2461

2000 1816

1 500

1 000
750

500
250
100

663

Bl wrYEERKKEHE BRI PCREEL
$. M: DL2000 DNA marker; ¥kifi1-3: LIWT,
AuvrYFICAuvr Y AR, FHuvrY-E/F 5|99 1485 H
B R B UKiE4-6: LAWT. AuvrYFICAuvrY Rt
W2, FuvrY-pMMB-F/RG |13 #4800 B 1) By Wkl
7: LhAuvrY BN, FsacB-F/RGI W41 09 H i
B
Figure 1 PCR identification of the wuwrY gene
deletion strain and its complementation strain. M:
DL2000 DNA marker; Lanes 1-3: Target fragments
amplified with WT, AuvrY and CAuvrY as templates
using uvrY E/F primers; Lanes 4-6: Target fragments
amplified with WT, AuvrY and CAuvrY as templates,
and the target fragment amplified withuvrY-pMMB-F/
R primers; Lane 7: The target fragment of AuvrY
amplified with sacB-F/R primers.
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AwvrY RO B (E 1, kEE 5), &y
Fe X 2B H 1) F BE ol 663 bp, 3 HA B kM )
EH . Z2WAERIE, R sacB-F/IR 5] %) %t
AuvrY AT F R R R LA T A, FLTK
ARAGI B sacB He PR V5501 (K 1, TKIE 7),
ZW AuwvrY 5 CAuvrY @ 3 HAECER &, 1]
T2,

2.2 wvrY BEESS5FFEIAMIMESE K
BE

mE 2 i, fEAE RS (37 °C.
& 3% NaCl i LB }5 352 505555 6 h (N uvrY 2EA
PR Sl 2R X RIS LR 1 AR K TC 3 52 . A7 h
FR, B RR Awry B A K AR T WT A
CAuvrY (*: P<0.05), iXEH uvry RS 5
R I A
23 UwrY & 5E8Ia M &/ Kkah & B
S1ED)

B HMRTETK S M 1535 4 h b, SR
FHEMEEREY 808 ; ERmairids, Auwry %
SRR TR B HAREE WT R T 33% (¥***, P<
0.000 1), CAuvrY RYKE 2 WT IKI(F***, pP<
0.000 1) (Bl 3A. 3B). S HMRIERE T 53R
PO A AE e s AwrY IRESE B BhfE 14
WT FRET 70% (****. P<0.000 1), 1fii CAuvrY
K RE4E A2 BhBE TPk &2 2 WT /K F (& 3C. 3D).
ARG HRAESE UveY KR R A9k 3l S e 4R

1.4
1.2
1.0
08}
8 06
04 +
02+

- WT

= AyvrY
CAuvrY

0.0
01 23456 7289101112
t/h

E2 WT. AuvrYFICAuvrYBJHE K BHZE
Figure 2 The growth curves of the WT, AuvrY and
CAuvrY. *: P<0.05.

s BATEER . HHEER Auwvry A K BRFEXT
B BRI T, [RI2E R T K 3 7t v A iy
HIBEAE DL (6 h 55 57) . AW IE TR IE (] 3E),
WT. AuvrY Fl CAuvrY 7E iz sy i 31 6] 58 A=
e I i3t 22 5 (P>0.05), HiFisshR A1k
JEuvrY BRI BN . BaRgE SRR, fER
WA RGP AL, UvrY Xl i 9 i
WK A s B 22 e, Bz
REA S FHA K IRE
24 UwrY A& 5813 M &EE 4 5%
B AR

R EE fh R Y kg B WT . AwvrY K
CAuvrY WYL AET] . 4 48 h HASHE S+
o, ey s (8 4A . 4B)TE 30 °CHI 37 °C
FIEEFR AT, AuveY TR BR G A 0k BRI ' R (1
5 WT 41 K4 11242 5 (P>0.05), &/~ wwry 5
RN Z: 5 B 1 N e A= 0 1 I A T i
2.5 UwrY 58I EMETFITIZ

W& 21 R IR 5 R A TR AT IR 5 08
H, ZrBILE 30 °CHI 37 °CHEM 4 h J5 #E 714k,
5 uvrY Fe R B 5 X B R A 0 K g FT
WRE I s2 I . WE SA Fis, 7E 30 °CHf, 5
TG A ILHET 4 h 5 AuwvrY A8 KIGFFFE A S
B E ST WT 41(**: P<0.001), FH Auvry
SRR R A5 R o R TR 1 B8 ) S AR T B A
[, XJHEMEE 4 h 5 a2 2 A i R 21 7t
o SRR, SAERHEH TR EER, H
BR T T wvrY BEPR R T BRI oI e A AR
7T 75 RS 4 A TR FH s s 1 AT e (8] 5B). 7
37 °Ciy, M5 RBHHEILIEE 4 h J5a Kinttr
AT RIS T 1) R R 2 S 3O I 2 (8] 5
5D). #Rifi, 7F 30 °CHI 37 °CH:EH 4 h )5,
CAuwvrY HERKIGFT E A IS EBORBEVK I 2= WT 7K
(e, P<0.000 1), FiREEHRFEH, 7E 30 °C
BF wvrY JE DA B B 109K s X R B 3w 04T
HYEM.
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Figure 3 Motility analysis. A, B: The swimming pattern of the strains; C, D: The swarming pattern of the
strains; E: Growth of each strain during swimming motility. ****: P<0.000 1.

A WwT AuvrY CAuvrY B

mWT
mAuvrY
S CAuvrY

30 37
T/°C

El4 EMARFEREE ST o i 2E TSR Y L ISR AR E48 hINTE A W BB A BE 1 (A) FTI 2 B dfE (B)
Figure 4 Biofilm forming capacity. Quantitative profiling of biofilm formation ability in bacterial strains using
crystal violet assay: phenotypic morphology (A) and spectrophotometric quantification (B) following 48 h static

incubation.

26 UwrY 25F3MNEXN MR F8 WT B3 T 36.7% (***: P<0.001), T
Mt 52 CAuvrY WIPKE 25 WT (40RO %453

LI MOI 3 10 B 5 fF e HeLla 4000 1 h,  MESE wvry S8 PH I o) 98142 0378 ot 0 17 %60 i 5 400 g
ANM B S0 25 R R (B 6A): AuvrY (NREBIK (KB AR o Ay B e 80 O Dl s o 5 T 4 R 1
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P<0.001; **#*. P<0.000 1,

Figure 5 Antibacterial efficacy of V. parahaemolyticus against E. coli in co-culture systems. A, B: Comparative

quantification of E. coli and V. parahaemolyticus populations at pre-interaction (0 h) vs. post-competitive (4 h)

phases under 30 °C; C, D: Comparative quantification of E. coli and V. parahaemolyticus populations at pre-
interaction (0 h) vs. post-competitive (4 h) phases under 37 °C. ***: P<(0.001; ****: P<(0.000 1.

B 25 5, SEHG SR O AT X T . A5 AR LA
MOI=10:1 Ji& 4% HeLa 4 fifl 1 h f5 24 M@ 4L,
FHIELZL 10 5L B IRAM 2 LB Ak b, Mg
IFE R EVE ARSI . WE 6B i, BRYLmf
2 BRI R MR B OG22 22 5(P>0.05), HERR T
AR R R ALV RS2 I . UvrY 7] R
Ik R 9 20 R A T A B PR T R ek, TR R e
il ER AR, kA SR NG 5 18 E 4 M
FhBAER
2.7 wvrY EFEEREE 0SS 5K & X 4
MRS e

T WEFE UvrY J2 75 5% e @19 i R B 1

J1, AWFFEREYE WT . AuvreY Fl CAuvrY T B
() HeLa ZHAL(MOI=10:1, /B 1.5 h)HIFLIRI &
fili B OKSFE AT T =T, 5 WT M,
AuvrY 5 SO0 FE P R % T 15.8% (%% P<
0.01)(FE 7), FH UvrY 1R Cat a2 N 76
PRI I 1 AN B AR
2.8 UvrY A&l M3l & xt ) B B9 E
mIEER

ARG A /I B P TR e BT R e A T
UvrY 760 7L 3l P iR e A7 v () 5 DR VR
WT 4/ BRUAE SR 2 h )5 B BAS ph 25 B8 . I
We 2 fe . MR Bk 7w i . 2 AR U A I IR RE AR
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Figure 6 Adhesion of each strain to HeLa cells. A: Adhesion to HeLa cell monolayers of the strains; B: Growth
of each strain 1 h after infection of HeLa cells. ***: P<0.001.
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