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Table 1

Vpal045 F Vpal049 F XA T T6SS2 HE [ % K
i > 73 B AL S R AN DI RE M AR . RATTIE L B A
R E 2 A AL 1% 8 A & AT s R R R AT
SRy, PR T RE 2 L i 5 T6SS2. ACHIE 5T LA Bl %
I R W PR 23 25 Bk HZ 8 28 A AR 1 i@ Vpal045
A Vpal049 FEH G Kk > 73 # JExE T6SS2 #% 47 X 1
Hep2 s Bl 36 67 LL KK HeLa 40 Ji kG KY€ ) (1

I -
1 MR

L1 #at

111 BE#K BUR NS 75 5 48 A5 I T 3 PR
AR R 1 oo @ i 5B I IR 3 25 k% HZ >k
JEF W VT A8 900 ¥ 3 R 0 K AF B CC118Npir H
AL % ARAE  FURL pYAKT H H ACK BOK % Tetsuya
Tida T8 404 o KA AT 11 R EI i ot 5K R 43 590 B LB 5%
IR Ky 3% NaCl [f) LB - 37°C K 5% .

B R F1 AL

Strains and plasmid

Strain Description

Reference or source

V. parahaemolyticus

HZ Wild type, clinical strain, Cm®
Ahep2 HZ, inHrame deletion of hcp2
AVpal045 HZ, inHrame deletion of Vpal045
AVpal049 HZ, inHrame deletion of Vpal049

E. coli
CC118\pir

Plasmid
pYAKI A suicide vector with ori R6K sacB; Cm’

[17]
[17]
This study

This study

Apir lysogen of CC118 A (araeu) araD AlacX74 galE galK phoA20 thi- rpsE rpoB argE (Am) recAl [20]

(8]

L1.2 EZRF: WRGIE N UIAE T4 DNA JE £ 1 -
Taq BF%5 W B Takara 2% & ; DNARNA FI 5 ki 4l 32
A& A LBy TR ERA W2 A SYBR
qPCR Mix & #) & ) 1 TOYOBO /A #]; — #i (HRP
conjugated Goat anti-Rabbit 1gG) Iy 5 Fif§ H & 49
BEA AR 2 A
Chemiluminescent Substrate Iy H Thermo 2 #] o
L2 3Rt 5&8K

CTIE 7/ |7 S (1N - 7 N A = 7 X
RIMD2210633 (GenBank % 5% 5 : BA000032) % [A ¥
%1, K F PrimerSelect 7. 1 3K % v, Jf B b i 95 08
EMEARARA A G SR 2.

Super Signal West Pico

1.3 EIRMINE Vpalo45 0 Vpal049 £ & 5k 5k %
B &

I o T 2 AT S0 2R kA R FH () U A v
AT, TR 51 R 2. BAK Ik Z ) Park™
PL VpalO45 KPR Gk 2k Bk A g 491« 43 5 L VPA1045-
A/VPA1045-B Fil VPA1045-C/VPA1045-D Jy 5| ¥,
PL HZ JE K20 DNA Dy BERR 54T 25— %8 PCR ¥4, A
M= F YRR AB f1 CD R Bt. T LLRVEE AB A
CD PCR #" 14 J Bt 4 Bi 4, VPA1045-A/VPA1045-D
AT S # A PCR, T 7= A i 2k B 1 3%
DAY TR B o i Bt BamHT 1 Sphl 347 XU
YIJG, &8 B pYAKT ORI 3R A4 48 9 [7) U5 3 1 i 2k
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Table 2 Primers in this study
Primer Sequence (5°—3") Amplicon/bp
VPA1045-A AAAGGATCCAACACGTTCTTCACCAATA 551
VPA1045-B GATCATTTAGTCTATCTTCCTTACTACAGCTACA
VPA1045-C ATAGACTAAATGATCAACTTCGAATTGCTC 619
VPA1045-D AAAGCATGCCTAGTTCTTAGTTTTCGTCCAT
VPA1045-E CTTAGTCAACAAAACGAAGTTATCC 3499
VPA1045F GAGCTCGAATGTGCAATCTTATC 1963
VPA1049-A AAAGCATGCTAGAAGCGCTTCTGTCATC 575
VPA1049-B GGAGAGAGTTACGAGTTTAAAAAAACGTTTCTTAGC
VPA1049-C CTCGTAACTCTCTCCTCAACGCTGGTAG 561
VPA1049-D AAAGGATCCTTTGAACAAGTGTCTGCCC
VPA1049 £ TGGACAACAACCATTTCAAGGAG 2533
VPA1049 ¥ GTTTTGCGGTGAATGGTTTGAGTATT 1312
QF-hcep2 GGAGCAGAAGTGTTGTTTTTG 129
QR-hep2 TGATGCGATGATTTCTAACTACTC
QF-pvuAd CAAACTCACTCAGACTCCA 156
QR-pvuA CGAACCGATTCAACACG
SacB¥ ACGGCACTGTCGCAAACTAT 387
SacBR TTCCGTCACCGTCAAAGAT

WS DR ) 20 0B, S B A N K 1 AT R CC118 \pir,
PRE IS 25 5 % % 2 Bl k&, H & 10 pg/mL
AE R TCBS PG4 & 1. 4i TS 10%
JERE Y LB X % M h i 2246 AR 14 5, H 519
VPA1045-E/VPA1045F #47 PCR % ¢ & /7 E 4,
It H SacB/R A I g v I 9% B iR BORL 2 A %
Ko Vpal049 FER GRS 1k 77 2K 8L
1.4 Real-time PCR 9 #f hep2 B35 FKE

I I I PR 2% AR KR J L AVpal045 . AVpal049
F Ahep2 SEAFKEALE & 3% NaCl [y LB 1, T 37°C it
TR G 1215 ¥R 355 3% NaCl () LB 4k 25 55
F%14 hoTrizol RNA extraction Kit ( B4 T) Hli42
N A RNA, 347 RT-PCR N, Je VAR & 4 pl 5
x RT Buffer,0. 5L RNase #14#],2 wL DTT,2 pL
4 x ANTP, 0.5 wL (1 wg) RNA ¥ 5, 1 pL Random
Primer (9 mer) - 3¢ ) @ & PCR Jx W 4k %&: 10 pL
SYBR qPCR Mix (TOYOBO) ,0.8 wL QF-hcp2 (&
J£ 2k 400 nmol /L, Py 2 3 K Bl QF- poud) , 0. 8 pL
QR-hep2 (& ¥ J¥ 24 400 nmol /L, N Z £ K ] QR-
poud) »2 pL cDNA, KH 218K #h 220 wlo %6 5E
BN 4 F:94°C,10 5;56°C, 10 s;72°C, 10 s34t 40
MG o [N T 94°C T AS ¥E3 min.
1.5 SR¥GENE S #7 Hep2 BIEHIZFIEE LAY %2 10

I 5 I B S AS Bk~ AVpal045 < AVpaPA1049 Fi
Ahep2 454 3% NaCl {) LB W, T 37CH R F )5,

1: 15 #:4%5)10 mL 3% NaCl ff] LB 1, 4k 455 914 h.
i & 12000 x g £5.05 min, JLIHE R H# T-50 mmol /L PBS
o FIE R ARG R BRI L M B
H10% [f) = S B 8 T 4°C 1 hJm, 15000 x g B
30 min, I 3E 0. 1 mmol /L. NaOH 40 wL¥fi#. 4114
35 APCBEFEA I S x SDS-Loading buffer B 17
SDS-PAGE, #% il &2 PVDF Jii&, F 5% 1) fic g @5 ¥
37°C 4} 12 h, Hep2 F1 RpoB 241" #EMI1 h, HRP §7
W2 P A TgG /E AT he PVDF JBE M JiK #) Super
Signal West Pico Chemiluminescent Substrate (Pierce)
JEAE R R G rh B I i
1.6 AR MR IG

Hela 41 Jfu LL LA 5 x 107 AS/mL f9 % B2, &
109% 4 21 L3 ) DMEM 46 Jifg 35 77 o £z Fh 3] 24 4L
W, 4 40500 mL; T 5% CO,,37°C 4 #F F & 3
12 ho fil DMEM 440 3K 54 0D, =0.2 0. 02
(414 -5 x10° CFU/mL) , “F 8 i+ % 40 e J1§ PBS
(10 mmol /L, pH 7. 2) e W k) » & 4L I A0. 5 mL
10 %% FE 5 B 4M % (MOI=100) ; F 5% CO,,37C
ZAF RS FEL ho H] PBS BRI 1K Ut 25 AR K B
BB . A 0.01% Triton-X 100 %4 it 40 MY, HE 47 40
WP ARV B Al R B 3 (%) = RGBS 10 40 o 4/
IO 40 B4 x 1000
1.7 HiESH

FEO T ARG IR A3 K REIR 3
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Vpal045 Vpal(049

Vpal0- 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

1 EIAMINE Vpalo45 1 Vpal049 # T6SS2 E R EF LM E
Fig. 1 The structural diagram of Vpal045, Vpal049 and T6SS2 cluster in V. parahaemolyticus.

2.2 AVpal045 # AVpal049 REHMES K%

o T WF9T VPA1045 FI VPA1049 J& 75 2 5 i 4
T6SS2,, F 138 I [7) 9 T 441 5 35 % 3k G > 9 DAL 3 47
Wk BATE E/F 5190 R 0 % 04T PCR
KL, S 2 L 6 B 000 B8 R 000 P B/ T I B K bk
BATHE S 10% pERE 1) LB A2 4% 144X )5 19 41
HEAT IR L0 3 HHPIAS AVpal045 5848 kk (B 24,
8 110 VK3l A1 A AVpal049 Fe Ak (14 28,9 ik
1) o sacB JE LT FORL pYAKL f) [R5 41 0 ) 2
AR SE R . H R9IE R B2k 5, 0 sacB HE K B
17 PCR A, 45 K A 50, 00 356 1 4 45 170 9508 1% 5
B2 T ko 0E A RRIEAT sacB 3 R A B 0 % B
AVpal045 R AVpal049 v iy ki ¥ € F % (1 2-
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Fig. 2 Screening of V. parahaemolyticus Vpal045 and Vpal049
deletion mutants and analysis recombination plasmids. A: M.
WT control, 2 - 10. Screen of AVpal045 mutant
strain; B: M. DL2000, 1. WT control, 2 ~ 10. Screen of
AVpal049 mutant strain; C: M. DL2000, 1. pYAKI control, A8 &

DL2000, 1.

A10. AVpal045 mutant strains, B9. AVpal049 mutant.

C) o X A Vpal045 FEAZKEFN AVpal049 5EAL B Xt Y
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ODgy,

ODyy

t/h
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1 DMEM (B) # g4 K451

Fig.3 Growth of V. parahaemolyticus wild-type strain
and its Vpal045 and Vpal049 deletion mutants in LB
(A) and DMEM (B).
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(%) Vpal045 F1 Vpal049 3K AT PCR, 8K 5 AT I
o P54 M1 2R W Vpal045 Fl Vpal049 C 4 58 4
B2k o RSN EKARIS R I AVpal045 Fl AVpal049 58
AR R TE A0 B R 9 LB (18] 3-A) 540 Jfn 3% 572 3 DMEM
([ 3-B) i A=, 5o AR A LG 835 72 5o
2.3 AVpal045 %0 AVpal049 71 £ W hep2 Wi R
K

Hep /& T6SS P4 JlE s i 2 11, 11 /& T6SS = i ff)
BN ER L BEST TOSS 1) i 2, 2 LA e fr 8 1 ok
LA 1 o 7E R IR hep2 7T T6SS2 R %
B s, 11 Vpal045 F Vpal049 i1 Fig (B 1) .
Yk = 0 45 4 11, VPA1045 . VPA1049 2 15 I
VirAVirB 85 [ — 8% 7 T [A) — 55 DR A% 1) 3 DA 2
PP IR P 2 ok, AT S U S A i
hep2 'Fi 5Pk 1096 6 5 B PCR 514 QF/QR4cp2 ">
¥ hep2 Fe IR E S5 AS KK, AVpal045 F1 AVpal049
(V12 S 7KV 25 55 [ I DL Chep2 D9 B PE S R 4 1A
7 LB 1 J- 37°C 52 3% K5 9% 14 h, sl $2 40 % RNA J5 3
T 6 & PCR K58, U poud A NS FHK. 4R
R, Bk T Vpal045 K Vpal049 FE[H G » hep2 113
SRS FEAKMEES AR E (E 4), i W
VPA1045 Fil VPA1049 K540 hep2 (11 %5 35 K °F, X

— SR [E T VieA F1 VB ot 24 B,
1.8 -
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Fig.4  Transcription of hep2 in V. parahaemolyticus wild—
type (WT) strain and its Vpal045 and Vpal049 deletion

mutants ( P <0.05) .
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WR R IR B wch (B S-A) o T AR U vE T
Hep2 B A HE 22 5 00 AN 8 25 . 1X 3097, Hep2 11
5 JIE B A MRS T VPAT045 R VPA1049 6

T6SS2 Jif Ak, Ji » Hep2 45 3 1) T oy 35 43 2% %% ik 4l
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Fig.5 Effect of VPA1045 and VPA1049 proteins on hcp2
expression and translocation. A: Western Blot; B: Quantity

of Hep2 expression.
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Quantity One ¥ X} Hep2 & F 7E 41 B #H 44& Fl Bz 9%
EVE S B AT 8 & T, R U Hep2 K
ik = (Hep2 b3 +25 x Hep2 Ui &) /RpoB %
e WESB Piw, Gk T Vpal04s 8% Vpal049 1
M, Hep2 RIS E HOEAMMIL ZR A B EH. Ui
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Xt HeLa £ B Y 2 At &5 BS 4 A

3 W R 400 3 FL 80N B R A S A A e
(19 A= 40 27 3% 1 T G 5 ) B T R B R 2 R R 2N, 2
F1 0K o s 20 b 2T o B A A 5 s R R
T6SS2 4 4 £ (1 HE K iem P2 VG 1 8 (4 3 ] hep2 Gkt
SRS A 9 B 6 HeLa 20 M0 fF) 40 0K B ) R
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P8 NS4 A, T Hep2 & T6SS2 1) 380 N 4 1 » iX 42 7R
Vpal045 F1 Vpal049 &l 5 Bk [F] £ A5 B8 52w 5K B 1) 41
FRRE PR o DA T HIE B X — HE 8 FRATTRE R il K B
HZ. AVpal045. AVpal049 Fl Ahcp2 LA MOI =100 ff]
JE e K Y HeLa 41 i, 4R )5 LU ALK 5 26 A
S 6F HeLa 40 MRS B ) 10 2 S 45 R &K I
AVpal045 F1 AVpal049 537 Bk %} HeLa 41 Jid 1) 4l B
G EARMRAN LY B 2 R AR, JLF- 2138 T 5 T6SS2
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Strains
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i

6 VPA1045 1 VPA1049 ZE { *f HeLa 7 ff1 £
B B9 %2 Mg

Fig. 6  Effect of VPA1045 and VPA1049 proteins on
adherence to HeLa monolayers. * P <0.01, P <0.05.
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VPA1045 and VPA1049 of Vibrio parahaemolyticus
regulate translocation of Hcp2

Ying Yu', Yan Zhang', Jun Li', Hong Yang', Houhui Song’, Weihuan Fang'"
'Zhejiang University Institute of Preventive Veterinary Medicine, Zhejiang Provincial Key Laboratory of Preventive
Veterinary Medicine, Hangzhou 310058, China

? Zhejiang A&F University College of Animal Sciences and Technology, Hangzhou 311300, China

Abstract: [Objective] Vibrio parahaemolyticus causes acute gastroenteritis by secreting a number of virulence factors
including two sets of type VI secretion systems (T6SS1 and T6SS2) . However, it remains unknown how T6SS is regulated
in the bacterium and what kinds of effects the systems have on adhesion onto and invasion into the host cells. This study
was attempted to examine if VPA1045 and VPA1049 regulate T6SS2. [Methods] Vpal045 and Vpal049 deletion mutants
were constructed by homologous recombination. Real-time PCR was performed to examine the transcription level of the
translocon protein gene hep2 in V. parahaemolyticus clinical strain HZ and its mutants. Western blot was used to analyze
the levels of expression and translocation of Hep2. [Results] Both VPA1045 and VPA1049 contain the Che-Y domain,
and belong to the two-component regulators. Deletion of either Vpal045 or Vpal049 did not affect expression and
transcription of Hep2, but decreased translocation of Hep2 in the supernatant of V. parahaemolycus. Bacterial adherence
to the HeLa monolayers was also significantly reduced as compared with their parent strains. [Conclusion] The two-—
component regulators VPA1045 and VPA1049 regulate T6SS2 of V. parahaemolyticus post-ranslationally by up—regulating
Hep2 translocation.
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