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Biological characteristics and pathogenicity of a uvrY-deleted
mutant of Vibrio parahaemolyticus

LU Shugi', RUI Chuang®, GUO Rong', WU Peijie’, QIU Suoping’, FANG Weihuan®, LI Tingting?,
HAN Xiangan'", JIANG Wei'"
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3 Conghua Customs Comprehensive Technical Service Center, Guangzhou, Guangdong, China
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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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R E BN N T, TR EFSEIK 7 5
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T6SS)H 0L, SR 7 i I B BOW AL A Bl 5¢
A PR IR A R I ST TRT A B0 AL R,
TEHR GG S R EN6e, BRI &K
HER 2 g Bt B A

FEAN RGN A BB R, [FE5 SR
B30 1 BN NIRRT R EE DT I SRR TR B
WfEH . Hodr, W RGAE S AE Y )2 A
1, VA Z R g B2 UvrY 75 R BarA/
UvrY W RGO TR, R R 4%
SR RIVEHPY, BarA/UvrY XUEH > R G RES
EERROCHE, HESPURNMEEE I BarA &I D]
PEPER N SO0 AT T UvrY #R0, BarA i
TLBHIAEEAE 5 A AR AL, BE SRR 5L A
MR E UvrY, PHEEIESS RNA #2556 T LR 3
KM e RIS . BAE ARG . 1
DGR A5 % QA i v i 2 s A
FEARSTEN) BarA/UveY WUH 43 R G0ks B4
MW REshtE . EYREIE R . ZEM . 5 MR
TR FFIRECE A M AR B, Uvey 7]
IR AT 1 BV BRFE sk, Bur i iE e
FEAEAN, TESCAME T, UvrY sl i — 5501
B N TSR IR AR R U0, eah, BRs R
B BarA/UvrY 2RI IMINE P E 25 1A, fE
YRR 111 AR VI BUSM IR R G 4R I R, 1EEL
Rt R & AR, BarA/UvrY RGEAETF
Z AT R T R T %O ER . SRR
MAKE Y BarA/UvrY XUEH T R4 551 2 [ %
VIR BT AT TG

A ST DA A T RIS I IR SH112 b
uvrY FEI B R S T AN, IR TR B AE )
SRR TR A M, LU A 87K BarA/
UvrY AU R G055 R IR A= ) 2 R e
1R 2 1) I AT A B A

1 M5

1.1 EFARL
ABIFTE T FH B R b SBORE R P A S 56 % IR AT

>4 actamicro@im.ac.cn, 7 010-64807516

BN SH112 (¢dh®, IM3ER 03:K6). #Es
pRK2013 5t #r 1) K W7 #F & HB101., K% T
CCl118Apir. % pBAD33-Gm Jfi K () K 7 #T @i
DH50. F &k pYAKL., HAMNGE. pMMB207.,
HeLa 4HiJifl .
1.2 EERFIFUE

i LR PR G & R PR BGA &
FAR AR AL OB RA T CytoTox 96 Eik
S5 Pk 40 B 3 PR AS UK 7] &, Promega /A I ;
BamH 1. Pst1, Sac 1 NVIMGS T4 DNA &b,
TaKaRa /A ) ; Triton X-100, [E 254 K {b2=i 5
AR F; DMEM }ige sk . G4F g, Gibeo
VNI

K EHRMY . PCR AL, Eppendorf 23,
1.3 SEIGmn4

Institute of Cancer Research (ICR)/NI H [
AR BSESL I YA BR A . AT A B
S0 28 v [ AR Y BR 2 B U R B 5 T Sh A
PRZE B HE, g5 SYXK (I) 2020-0027,
14 SIS &M

4 GenBank I 1191 RIMD2210633
FRUERREBY wory ZEH P51, >R H Primer Premier
5.0 A BEHRERES 1I(ER 1), HHd, sacB-F/R
5| Y A0 m] OB pYAK ] 22 5w AV 5 P A9
sacB Fric LK, @ ad PCR Br S K6 ) [w] 105 R 2H
Je ORI AETE E R P E G O o 120 5% 5w |
FH sacB LR G it it S SR MR G RA M, 2 Boks
I VIBRET sacB JEF BRI AL E S, TS
PR B 2 TR AR ARG VR 6 .
1.5 wvrY EEERKKS BAMRRIDE

S SCHR[201F EE wvrY 56 R i 2k bk K B R
Mo LRI MR SH112 kR A5 4 Ak (wild type
strain, WT), Jf-HEHSE R A1E NP 6, Ir
HEIMWWLEE 1 230l 1519 wrY-A/B Fl uvrY-
C/D ¥ i8R AB. CD FEBt, ilid# & PCR
IRAFERIE wvrY FER B RS R B wrY-AD. $1%
A B4t BamH UPst 1 B V] )5 3% 5 2 H 2 kL
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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, #RAS 54 R pYAKL-AuvrY, 185 #
SRR . CCL18Apir/pYAK1-AuvrY; 2k
B SHI12; %A . pRK2013-HB101)¥; & 41
JTki S A SH112. % 10 pg/mL A % R 1
TCBS A Fl & 20% KEWE Y LB P-4 i 2 45 A
Fo WO B B BEALL G AR AR N 5 P AT 4
5E, PCR =4k A TAY TR R R
ONTVUEATIN 434, 40 2 5E TE W A0 Bk 2 Bk 1 44
K AuvrY, 223t 20 (RIS, 51 wrY-E/F
F sacB-F/R #4755, W€ B AR E &K,
PRAFRARIT ] TR 258 5

S 2 F B S Bk 1Y O 3% 3R A5 B RN JFORL
pMMB207-uvrY, Fifad 456 755 007 i AH
N SH112, 43 fd H wvrY-E/F Fl uvrY-
pMMB-F/R H¢ 551 9347 PCR Bk, £k
s A BH P PR i 44 0 AN CAuvrY s
1.6 FicHZRANE

BB TR WT . AuvrY M CAuvrY TH BE
A% SRR Z F 3% NaCl (9 LB AR 35 35 Je |
TE 37 °C . 180 r/min #§ ¥ 15 F& & X B4 K )
(ODgoo 4 0.20+0.02), K H TG 96 FLAR#H 17 3h
AW, HHRE 3APATER, #% 100 pL/AL
FE APV, (f BRI E ODeoo (1] P
1h), FRZEWEI 12 he FeZaamad A K ph 4k i sy
M 45 TEAR (0] A E 25 57

1.7 EEIMENE

A Li P 0k, o BRI R A% ) Tk 3
MBIz e )1 o VK 8z 8l (swimming): %
WT. AuvrY K CAuvrY BEFE B0 ECAE KW, &%
B 1 pL A R IR B RN Uk S AR (F 0.3% 3
g . 3% NaCl 1) LB K5373%) [, 37 °ClE{RH; 7
4 h LY HL P8 ; BESE s Bl (swarming): H &
1.5% Bhifig (1) HIB 15 3% 3L il %512 P A, $EFh
1 uL XU R G BT 30 °CCRiFEAs T HF S &
16 ho HARRIC SRR Sh A HE AR 32 s 0, JF I
HAE,
1.8 HE¥HERINE

SR P 45 58 e A0 YR TEA 40 1R AE 0 1 BT i
RE UL, B RS IR XA K], B 200 L
FRIMA 96 fLARHY, 43 3I7E 30 °CHI 37 °CHiri
¥ H 48 h, FH PBS ¥k 3 ¥k, HEERZE 15 min,
ZE IR YL {4 15 min, PBS MR T)E, A
95% LA, MR ODsos fH
1.9 HE=FIAIE

Z WSCHR[22) 2047 40 R 58 4l 50 . 8 WT.
AuvrY J CAuvrY 5K DHSa (75 pPBAD33
FRD)#E 4:1 /9 e BITE A (RN ol & o B+
KIGAF B A . B A 1345 LERR B IS 5
URAT T TCBS B3Rt Mg A IR KRB R 1Y LB -4l
b, RARE SR 0 h B R 1 T A
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JE(CFU/mL); 5340 2 (i W4 BIAE 30 °CHil
37 CHLEFFE 4 h JERBEE 107°-10°, Wi T4
R F, IRAEHERESE 4 h I R i s A
FAFF B PR AR B (CFU/mL) .
1.10 ZHREFAMIAIE

# HeLa 40 fifg $ Fh T 24 fL#, F 37 °C.
5% CO, ZcMF R E IR 22 80% LA . 433U
MOI=10:1 ) WT. AuvrY M CAuvrY JE& YL 4
J 1 h, JAE 0.5% Triton X-100 F&) 2L Wi ik
FH 20 min, R L PBS MM B G IR T
3% NaCl 1] LB A, ek mvEEcE, T3S
1.11  ZRBaE &

¥ HelLa 40 13550 T 96 FLANMIMR F, 1535
22 80% 1A Fras kR IR 20 EUE K,
Pl MOI=10:1 JE&Ge4ififl, 37 °C. 5% CO, 54T
BEE 1.5 h, %M CytoTox96" i 7] £ it B - #:
1B, N2 5 BRSO E ODago, FF115E
SRR B AR
1.12 /DMREBUEME S

Z W8 Bai PR ik, ¥ 3-4 JE IS M1
ICR /N BEHL /> K 4 4H(WT H . AuwvrY 4 |
CAuvrY %S A4, n=8), 43| 12 i J1 v 5t
FERDZHEJ y 3x10% CFU/mML 14 i B Tl 25 A AR
T A B K . R E LI 7 d, BE/DEHE
Se/NERATAEE IR
1.13 HLAFENE

Z 25 SCHR (23] 5 SRS A/ BRUAr i 4 4,
R 10 H, 43 51 Ao M v A e b 2k B
5x107 CFU/mL A4 X3 %504 1 30 B B 80 G B A 3
EhoK o YL 10 h J5 IO U, H PBS %L
P BE, URAR T TCBS Bifg ¥ I, DIVFAL 40
FEFETH O
1.14 ¥iESHh

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

>4 actamicro@im.ac.cn, 7 010-64807516

R
2 ZERE40

2.1 worY EFEBHREKRFAEAMARIEE
K HE R IE 20 DNA VB N3 SR e T
PCR B 3iF (& 1), L WT B4 ik, 5149
uvr Y-E/F P34 H K/ 2 500 bp 41 4517
(K1, VKB 1), LA AuvrY B CAuvrY FER4 R
BB, ¥IEBLLY 1800 bp P HE =W (& 1, Tk
i 2. 3). PCR P=WL LXFIER, WT Fl AuvrY
ISR H R BORU IVl 2 461 bp #1816 bp,
H51Y wrY-pMMB-F/R 934 WT 1 CAuvry FE
A, R HM B8 1, JkiE 4. 6), MM

bp M 1 2 3 4 5 6 7 bp

2 461

2 000 1816

1500

1000
750

500
250
100

663

Bl wrYEEREKEE B RAIPCRE EL
%. M: DL2000 DNA marker; ¥kifi1-3: LIWT,
AuvrYFICAuvr Y MAEHL, FHuvrY-E/F 5|99 1519 H
BB UKiE4-6: LAWT. AuvrYFICAuvrY Ryt
W2, FuvrY-pMMB-F/RG |13 #4800 B 1) By kGl
7: LhAuvrY MEEHR, HsacB-F/RE| WP 5 1 H 1)
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 RN B (E 1, kEE 5), &y
Fe Xt 2B H 1) B Bl 663 bp, 3 HA H kM i
. Z2WAERIE, R sacB-F/IR 5] 9 %t
AuvrY AT F R ORGSR T A, FLTK
AT B sacB He PR 7V 55010 (K 1, TKIE 7),
ZW AuwvrY 5 CAuvrY @ HAEACER &, 1]
T IREesi 5

22 wrY EEFAES5RFEIIZMINESE K
BE

mE 2 i, fEME RS FA (37 °C.
£ 3% NaCl i) LB }5 352 55555 6 h N uvrY 2 A
PRl 2R X RIS R ) AR K TC 3 52 . A7 h
FER, B RR Awvry B4 K AR T WT A
CAuvrY (*: P<0.05), XEH uvry K S 511
R ISR 1 AR
23 UwrY & 5E8Ia M &/ Kkah & B
S1E5)

B HMRTETK S M 15 3% 4 h b, SR
FHEMEEREY 808 ; ERairiEs, Auwry %
AERR TR ) HAREE WT R T 33% (¥***, P<
0.000 1), CAuvrY KYKE 2 WT IKI(F**x*, pP<
0.000 1) (B 3A. 3B). S HMRIERE R 53R
PO A AE e s AwrY BIRESE B BhfE 14
WT FFET 70% (****. P<0.000 1), 1fii CAuvrY
K RE 4RI B BE TP &2 2 WT /K F (& 3C. 3D).
ARG HRAESE UveY KR R A9k 3l S e 4R

14

- WT
1.2 +
10 = AuvrY
' CAuvrY "
g 0.8
8 0.6

04 +
0.2

0.0
0123456 7 89101112
t/h

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

s BAEER . BHEER Auvry A K BRFEXT
EEFRAA T, R2EARI UK Ptk A Y
HBEAE DL (6 h 55 57) . AW TE TR IE (] 3E),
WT. AuvrY Fl CAuvrY TE iz sy 37 6] 58 A=
e I G124 22 5 (P>0.05), HiFisshZRAAE 1k
JE uvrY BRI BN . BaRgE SRR, fER
XA R G EEAR AL, UvrY Xl il 9K i
KA s B 22 e, Bz
REA S, T HA KR
24 UwrY A& 5815 Mo &EE 4 iR
B AR

R ZE fh R Y kg BN WT . AwvrY K
CAuvrY WYL AET] . 4 48 h HASHE S
J&, ey s (8 4A . 4B)TE 30 °CHI 37 °C
IREFREMET, AuvrY BERE B 98 B G B 1
5 WT 41 K4 11242 5 (P>0.05), &/~ wwry 5
RN 2 5 B i N e A= 0 1 I A T i
2.5 UwrY 58I MIIEMETFITIZ

W& 21 R N S R AT TR AT IR B 0
H, ZrBILE 30 °CHI 37 °CHEM 4 h J5 #E 714k,
5 uvrY Fe R B 5 X B I A 0 KT
WRE 52 . WE SA Fias, 78 30 °CHf, 5
TG A ILET 4 h 5 AuvrY A8 KIGFFF A DS
B E ST WT 41(***: P<0.001), & Auwry
SRR R A5 R o R TR 14 B8 ) S AR T B A
[, XTHLIEE 4 h J5 045 A s e 1 5T
o SiRER, SAEREH TR EER, H
BR T T wvrY JEPR R T BRI o e A AR
8 17 5 | A A R TR A PR 9 553 1 T BB (1] 5B). #E
37 °Ciy, B S5 RBHHEILIEE 4 h J5a Kintt
AT RIT I 0l S T 1) R R 2 S 3O I 2 (8] 5
5D). #Rifi, 7F 30 °CHI 37 °CH:EH 4 h )5,
CAuvrY HE RKIGFT E A IS BORBEVK I 2= WT 7K
(e, P<0.000 1), FIREEHRFEH], 7E 30 °C
BF wvrY JE DA B 8 109K e X5 R B 3w 14T
WYEM.
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Survival of V. parahaemolyticus

E3 Eaitath. A B: WtkiVikshizsh; C. D: BHRABEEIZS); E: @RISR P4 K
L

Figure 3 Motility analysis. A, B: The swimming pattern of the strains; C, D: The swarming pattern of the

I

strains; E: Growth of each strain during swimming motility. ****: P<0.000 1.

A WT AuvrY CAuvrY B

mWT
30°C M. " = AuvrY
= . I CAuvrY

37°C

30 37

7/°C
El4 EMARFLERBE ST o I 2E TSR (AL IS TR AR 7E48 hINTE A W BB ) BE T (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 25FI3MNMEXNMERIRE  F8 WT B3 T 36.7% (***: P<0.001), T
Mt 72 CAuvrY WIPKE 25 WT (40RO . %453

LI MOI 3%y 10 B 5 F e HeLla 4000 1 h,  MESE wvry S PH I i) 98142 G037 ot 9 17 %0 i 5 400 g
ANM B SR 25 R R (8] 6A): AuvrY (NREBIK (KB AR o Ay B fe 80 A Sl 4 o 5 T 400 R 1
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Es5 EIFMINEEES KBTELEFRAOREIER. A, B: 30 °C F w4 ii(0 hyMISE 454 h)y KIFHF
FHRIE MR EAE; C. D: 37 °C R 324 RiT(0 h)HISE S5 (4 h) K A S A R a5, .

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, SR AP AT X BT A5 R LA
MOI=10:1 /&Y HeLa 4l 1 h J5 RLAH A0 M, 2
BIES 10 AR B IR E LB Pl b, g
TIPSR ARG . & 6B FR, Bt
25 BRI R MR B RG22 25 5(P>0.05), HERR T
AR R B R ALV AESY I . UvrY 7] R
T VR A TR R T N B R i 2R L T S e
il ER AR, kA SR NG 5 18 E 4 M
FhBAER

2.7  wvrY EFEEREE 0SS 5K & X7 4
ol E=e 2

T WESE UvrY J2 753 52 T @) i 5 1Y) 2

J1, AWFFEREYE WT . AuvrY Fl CAuvrY T B
() HeLa ZHI(MOI=10:1, /2 1.5 h)AIFLIRI &
il B OK S AT T R, 5 WT ML,
AuvrY 5 SO AN FE P R % T 15.8% (¥*. P<
0.01)(FE 7), FH UvrY R Cat a5 N 76k
PRI I I 1 AN A B AR
2.8 UvrY A&l 3l & Xt FR B9 E
mIMEER

ARG A /IS B Pl T e B T R e 1A T
UvrY 760 7L 3l P iR e A 7 v () 5 DR VR
WT 4/ BRUAE SR 2 h )5 B BAS ph 25 B8 . I
W A . MR Bk 7w o . 2 A U A I IR E AR
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