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i OE. [¥7] 8& ik (Mbrio parahaemolyticus) £ 5] AT 7 74 xt & 2. b B Mk IR 3% 58 7% (acute
hepatopancreatic necrosis disease, AHPND)#9 5% R Z—, H#% %@ PirAB ZiZAmRNVKAA T, dmR
%7 69 pVA Jii Az L84 pirAF= pirB %L, PirAB #g4-ibieZ2d A #. [ 691 KA pVA Fike + IR 5
wh R R R E epsG2 o epsE2 xt &S INE A 4 F A M A PirAB Riafe ikt FHrn., (k] i@
T A WE EF AT RIE E A IKE VP220218 #& pVA M #: LA 42 2 ANA! 50k % 4i(type 11 secretion
system, T2SS)#9 ] /& X & epsG2 #= epsE2; #|FIAE N4 K 7 M E T R T #k AepsG2 #= AepsE2, #&
MHEA K. AMWRIEF R B3 A F s & G BeE 69 T4k, 3t —F A RT-qPCR #= Western blotting
2T PirAB RiAFa b tg Tk, (45 %) epsG2 #= epsE2 445474 VP220218 &9 s & @ B /)
(P<0.001). FExF&A KB 37 4] 20 69 4 K(P<0.05); o), epsG2 b 45188t 4n i 4912 3)(P<0.05). /&
- & B4 4 VP220218 89 £ M A% (P<0.05), epsE2 445474t d 495 3. fExT 44 K P s et
VP220218 &9 A& % JEF R(P<0.05). RT-qPCR 4R 27, epsE2 %t pirA f= pirB #9 & X L& fh; epsG2
JEAT 3 A K dga b B0 4] pirA Fo pirB o9 &k, ExtiA K s Bk 4 NI4T HE pirA A= pirB 4G k&
ik, Western blotting & X 2 7, epsG2 &I PirAB 494 R A4k %7k, epsE2 4L 95 L 3t PirAB 494X,
Fasrik., [4545] epsG2 A= epsE2 A5 7 &5 iR VP220218 #9422 %5), H epsE2 # 7 PirAB #9
S Ak, AR ER A T R AHPND H PirAB &£ 696 MA@ RRAET A%,

KA I AWM IR R, Sl miRE; LA kA%, epsG2; epsE2
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Two T2SS homologous genes of pVA plasmid affect biological
characteristics and PirAB expression and secretion of Vibrio
parahaemolyticus

SU Tongtong', TANG Lei'?, MO Zhaolan""?

1 Key Laboratory of Tropical Aquatic Germplasm of Hainan Province, Sanya Oceanographic Institution, Ocean
University of China, Sanya 572024, Hainan, China

2 Key Laboratory of Marine Genetics and Breeding (Ministry of Education), College of Marine Life Sciences,
Ocean University of China, Qingdao 266003, Shandong, China

Abstract: [Background] Vibrio parahaemolyticus is one of the pathogens causing acute
hepatopancreatic necrosis disease (AHPND) in cultured shrimp. PirAB, encoded by pirA and pirB
located on the plasmid pVA, acts as the virulence factor of AHPND. However, the secretion
pathway of PirAB remains unclear. [Objective] To explore the effect of two T2SS homologous
genes epsSG2 and epsE2 of pVA on biological characteristics and PirAB expression and secretion of
Vibrio parahaemolyticus. [Methods] The bioinformatics analysis revealed two type II secretion
system (T2SS) homologous genes epsG2 and epsE2 on the pVA plasmid in V. parahaemolyticus
VP220218. The mutants AgpsG2 and AepsE2 were constructed by in-frame deletion. The growth,
biofilm formation, swimming ability, and extracellular protease activity were compared between
VP220218 and mutants. RT-qPCR and Western blotting were performed to compare the expression
and secretion of PirAB between VP220218 and mutants. [Results] epsG2 and epsE2 suppressed the
extracellular protease activity (P<0.001) and the growth during the logarithmic stage (P<0.05). In
addition, epsG2 promoted the swimming (P<0.05) and inhibited the biofilm formation of
VP220218 at the plateau stage (P<0.05); epsE2 restrained the swimming ability and promoted the
biofilm formation of VP220218 at the middle and late logarithmic stage (P<0.05). The results of
RT-qPCR showed that epsE2 had no effect on the expression of pirA or pirB; epsG2 inhibited the
expression of pirA and pirB at the early and middle logarithmic stage, while it promoted the
expression of pirA and pirBat the late logarithmic stage and plateau stage. The results of Western
blotting showed that epsE2 promoted the synthesis and secretion of PirAB while epsG2 had no
significant effect on the synthesis or secretion of PirAB. [Conclusion] The results indicated that
epsG2 and epsE2 were involved in the physiological activities of V. parahaemolyticus VP220218.
Moreover, epsE2 affected the synthesis and secretion of PirAB. The findings provided a reference
for understanding the synthetic and secretory pathways of PirAB in AHPND-causing bacteria.
Keywords: acute hepatopancreatic necrosis disease in shrimp; Vibrio parahaemolyticus; type 11
secretory system; epsG2; epsE2

2 Pk T JER JE YR FE 9% (acute  hepatopancreatic BV MK (Mbrio parahaemolyticus) (VP aupxn)
necrosis disease, AHPND) & —Fi FIEHEI N J5oRAGE A BIHARINE (V. punensis) . 5 4E [T
st irgeet . B S E AHPND AR lE (V. harveyi) B SCECHRE (V. owensii) AT DT X
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JRIE (V. campbelli)Z LAl Ll 5] AHPNDE7
51 AHPND 44 B 2 #5417 — 4> 6370 kb 2%
pVAL UKL, 150K EAY pirA Fil pirB JE K gt &
FEAFHE A% HUAH 26 75 Z (Photorhabdus insect-related,
Pir) PirAB, %% 2 A] X UR AR 2 1, 2ok
RE IR IR 0% F1 00 R AP PirAB B3Rk il H
1 Z Z PR F . B, Kumar 20
RIAEARFL HIE TR T, VP anpnp B & M0904
(19 PirAY? Al PirBYP (& B0, X ERAG 3 )
FEAG, LI A AT R R ARG S IR 5 2 g A T
TEBUEA,  FH I | g Jir A R R A (R 2%
SIS pir A T pirB (%% s AT — 5 A I U
45 AHPND Rl ¥ 1 5 B A 55 i (2632 °C)%% 22
Gl (22-28 °C)BE SR, W5 pirA Fll pirB #93%
ks EREEST pirAB Ry FE ikt B
WeAbh, %V (quorum sensing, QS)ZR S5
Wi PirAY fl PirB"? B & 1WA AL, i T %
JA1T T LuxO F%% s AphB 15 pirAYP Al
pirB L, PSS EhrmEE", Sk
W5 & B, PirBYP HAG BEAE AR T I B R
JERRR B RE 2 URE O-WHH 45, 5 | JH B A 41 A
TE'{%, Iﬁjlﬁ VP anpnD ﬁ/ﬁxﬁ;ﬁ%ﬁ] lf’]?[ﬂﬂgﬂf
AU 54N, AHPND (YL FE R -k PirAB
B R I AL DR P8 DB E | T2 e T8 R AL
= HAETM G PirAB 5 2 1L fl Rk 2 AN
L Ay R 1) A48 L A1 P A DGR 3

M A= WA B o, AT R LB AHPND
BRFEI2E pVA L TORLAEFE 2 NI 4300 2R i (type 1T
secretion system, T2SS) [F] 5 3 [H] , 43551 2 A 115 TRT
BEH EpsG MR ATP /i EpsE. T2SS fF1E
SRR R B, ZJRTERZE0E = R
TR &I T T2SS!Y, T2SS Hy 12-15 FlZL &
FRd s, EvE E A PRy Pul 2R, 7EIRE
Hi#K M extracellular protein secretion (Eps), FEK
JFT B A AL — LE A B TR FR A general secretory

pathway (Gsp)&& 11", X LL 2R A MR &
AR B R R B R L I BEE & LT ATP
B0, T2SS 3 k1] 4D 3 s 45 ol K S il (B 1
Mg MR BN ). B . FE R A E
FE, MERBUE IR . W, AEYIBE AL, 25
FEeR Y AR, fEE R, T
T2SS WE5E 2 WL T & FLINE (Mbrio cholerae) .
FERLINA /NG e s )5, @it T2SS /WAL
£ % (cholera toxin, CT)%EURMHN ¥, SFEUEE
FEARUT, AN, FEFLIRER A T2SS 38 6 5243
A= T ARSI ANE R . LT g A A
WM | I%5E R /2 11 i (hemagglutinin/protease,
HA/P) . B LA Je 22 PR R 11 VesA . VesB #l
VesCU822 ) AHPND Tk pVA ki iy g >
T2SS [AlF L &A% PirAB 8 R 195 . &M
oMb A, T A A5 .

ABFFE R AHPND B & 9K i pVA 5t
ki A T2SS [RIVESER YA T4 9015 B 220
Bt . I FIAE Y SE R B B AR @4 T2SS [
VRIE N B 288Kk, A6 LR | 20 B AR Rk G AR
e 2 R (ack NIE =) I U/ 35 A W) DB
1A% 77), F RT-qPCR £ I 28 45 ¥k pir A Fil pirB
() F ARG, JH Western blotting il PirAB &
FU A BRI B, R R ST pVA TR 1Y)
P~ T2SS [F 5L R B B g .

AR

1.1 #HE

150 BT P B R SORE A TR (S B LR 1,
FRAEIYME R 2. B T 135 55 50 &
2% NaCl # IR F IR G R 7 35 75 B (tryptic soy
broth, TSB)/itE FIi K S BERE I3 (trypticase soy
agar, TSA) (g/L): BEEFIHRKG R 30.0, Ak
B9 10.0, FARKEFRIEASINBUIER 20.05 FiFRAAF
28 °C., 150 r/min, KIFFFHEIIETIRIEA LB (g/L):
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Table 1  Strains and plasmids used in this study
R ik 3
Name Description Source
Vibrio parahaemolyticus
VP220218 U AHPND I MmIKFE K, &4 pirA il pirB 54 AR
AHPND-causing Vibrio parahaemolyticus strain, contains Our laboratory
pirA and pirB genes
VPAepsG2 RV MSNTE VP220218 epsG2 i K] il 2k 58718 PR bk (B 2R AWFTE
epsG2 KL 22-951 bp) This study
epsG2 mutant (22—951 bp of epsG2 was deleted in Vibrio
parahaemolyticus strain VP220218)
VPAepsE2 R M SINTE VP220218 epsE2 K K i 2k 58 PR bR (B AWFTE
epsE2 L[ 232-1 497 bp) This study

Escherichia coli
DH5a

MC1061 (Apir)

S17-1 (Apir)

Plasmids
pCE2 TA/
Blunt-Zero
pREI112

pRE112-DepsG2

PRE112-DepsE2

epsE2 mutant (232—1 497 bp of epsG2 was deleted in Vibrio
parahaemolyticus strain VP220218)

Clone strain, endA 1, RecAl mutation, lacZAMI15

thi thr-1 leu6 proA2 his-4 arg E2 lacY1 galK2 aral4xyl5
suped4ipir

Tp" Sm" recA thi pro rK-mK-RP4:2-Tc:: Mu-Km Tn7/pir

3 957 bp, cloning vector, Amp", Kan"

5 760 bp, suicide plasmid pGp704, depends on pir factor, oriT,
oriV, sacB, and Cm"

1fi A DepsG J1 BtiY pRE112 H 4 ik

PRE112 recombinant plasmid inserted with DepsG fragment
1 A DepsE H Bt pRE112 B4 JFik

PRE112 recombinant plasmid inserted with DepsE fragment

W I AR 3

Purchased from Vazyme Company, Nanjing
E e TN

Obtained from National University of
Singapore

e N Y

Obtained from National University of
Singapore

BTN

Purchased from Vazyme Company, Nanjing
ESoR e

Our laboratory

ENTIE

This study

AW

This study

R M 10.0, BERRRY 5.0, SUfk4N 10.0, RE{ARS
FEREUSIMBAR B 20.0; HiFR460F: 37 °C 150 r/min.,
G 78 MR A B B0 AR R B MR B 430 o . R
H %% & (ampicillin, Amp) 50 pg/mL ., & & R
(chloramphenicol, Cm) 10 pg/mL. /NPT PirB
BT REGUA Hy v [ K ™ B2 e BT K WF 58 BT
AL SR IS TS U=k 72 AT TR/ WAN )
IgG W B A2 G AL EPIEARA PR F

1.2 FEKFIMLE

R F,0.1% (FUE R FR 0 BOSS Fh 55
PREZURL, JERURRERECABRA A 43S

RNA $2 O &, RARA R L) AR A
F] ; 2xPhanta Max Master Mix , Vazyme ChamQ
SYBR Color qPCR Master Mix (Without ROX) , 3
s Ak 2 & ¥ (enhanced chemiluminescence, ECL)
A2 R RN &, e M A TR A R
/3] MonSeript RTII Super Mix with dsDNase
(Two-Step), SANAMRHHAIRA T,

PCR 1. BEMHURAL . BEFRL . 558t
StEEH . Thermo Fisher iBlot 2 T R4,
Thermo Fisher 23w ; Hi il 5% {0 .28 7 PCR
1%, Bio-Rad AH].
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Table 2 Primer sequences used in this study

EIE/ BN

Primer name

Elk/ 2]

Sequences (5'—3")

FT epsG2 F:[H @Bk For epsG2 mutation
VP220218-epsG2-dele-for
VP220218-epsG2-int-rev

GGGGTACCGCGGGCGTAAGCCTTTCTG
CTATTTACATTGGGTTCCTCGTTGGCGTTTCATCA

VP220218-epsG2-int-for
VP220218-epsG2-dele-rev

FHF epsE2 A Bk For epsE2 mutation
VP220218-epsE2-dele-for
VP220218-epsE2-int-rev

ACCCAATGTAAATAGCAAAGGAGC
GGGGTACCTGCGGTAATGGCATAGCGTC

GGGGTACCCGGTCACCCCCACTCTAACG
TACTTGCTCGGAGGCAACATTTTGCTCGCCTTGCTCT

VP220218-epsE2-int-for

VP220218-epsE2-dele-rev
RT-qPCR

RT-16S rRNA-for

RT-16S rRNA-rev

GCCTCCGAGCAAGTAGATGACC
GGGGTACCCGTTTGGCAGTAAGAGACCCGTAT

ATGACTCGCTGGCAAACAAGGAT
TGGGGAGTACGGTCGCAAGATT

RT-pirA-for TTAGCCACTTTCCAGCCGC
RT-pirA-rev CCGGAAGTCGGTCGTAGTGT
RT-pirB-for TCGTTATCAGCCCACGCAG
RT-pirB-rev TTTCACCGATTCTGATGTGCA

AT 2 7% B g 1 00 5 A5 0 R P . Rl T 41

Italic and bold marked are restriction enzyme recognition sites and protective bases. The underlined are overlapping

sequences.

13 S£MERESH

TEARTUA 2 I R E (non-redundant protein
database, NR)™! | A4 (gene ontology, GO)* |
15 B & [A 5% (cluster of orthologous groups
of proteins, COG)"**! | Uik # 7 1 [ T (virulence
factors of pathogenic bacteria, VFDB)[%]Q‘?%&%E
Pedr, f#f BLASTp Xf @I RE VP220218
) pVA kL g 5 B IR 2R AT T RS, A9 B A
T2SS [AJFEEERN(GMO001736 Fil GM001740){5 E.,
#E— 2 f {4k T NCBI CDD., HMMER
SMART 1 SignalP £5 5 43 A1 g it 2 11 51 1) ) fig
BRANE 5 BR45 44 . AL GenBank 425U AHPND bk
(V. parahaemolyticus.V. owensii 1 V. campbelli)
% pVA kiR Ry T2SS [P A EH,
MEGA 6 #4728 117 911X 55 5 K H] Gene Doe %k
(L

1.4 EF IR AepsG2 F1 AepsE2 AU iE
K HE B | T R[] 5 i 2 1 o
A MmN B VP220218 ZEAE Bk AepsG2 FI
AepsE2*7 I FiY e /K 8 24 10 3 B VP220218
(R 41 DNA, DIEEKZH DNA it ]
5% epsG2-dele-for/epsG2-int-rev, epsG2-int-for/
epsG2-dele-rev F1 epsE2-dele-for/epsE2-int-rev
epsE2-int-for/epsE2-dele-rev (& 2)§ 1 epsG2 Fl
epsE2 1 - il A Ui [ I 422 LAY 3645 2011
b T URREE RS Y R, LIS Kpn T
B A7 55 ) epsG2-dele-for/epsG2-dele-rev Fl
epsE2-dele-for/epsE2-dele-rev (% 2) N 5| ¥EAT
overlap-PCR, 4% |-, Tl [RI VA DAAg G B
B% DepsG2 Hl DepsE2, PCR J J3 {A& % : 2xPhanta
Max Master Mix 12.5 pL, 1F ., 2[5 [47(10 umol/L)
£ 0.5 uL, epsG2/epsE2 | i il Vi F Bt 0.5 ulL,
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epsG2/epsE2 T lAl I8 7B 0.5 pL, ddH,O
10.5 L. PCR LW 4514+ 95 °C 3 min; 95 °C 15 s,
58°C 15s, 72°C90s, 30 ME¥R; 72 °C 5 min,
WART Bk i Be 5 B R BURL pREL12 3% 4%, 15
S E L TR L B R AR S17 (Apir) /2%
AN, 43 9Lk S17 (pRE112-DepsG2)Fil S17
(pRE112-DepsE2) A LA R #k . VP220218 Sy 32 4
PR EA T HE G0 . T 20%E0E TSA P-4 i
W—REAEN, A ERAERMATE
TN TSA AT R E L R bk B P va ks
FAC 10 AR I st AL Fa e v, A RAR TR A%
1925 bk AepsG2 il AepsE2,,
1.5 SRTHREIZFFMERNE

X AepsG2 il AepsE2 HEFTAE KLk . 44
BERTE . 12 B AR AN B TS TR e . i
P el sz PO, o A R R 5 AR B B
T TSB 5353, 28 °C. 150 r/min $53553 7%,
W TR AR B VR 48 51 ODsgo 4 1.0, LA 1:100 f{A
FHECHE A 200 mL TSB, 28 °C. 150 r/min $&%
BigR, WE 3 ATAT, EETERENE ODsy .,
AR 2R

K P45 58 Y (075 R A7 58 A8 Rk A ) RS
EP L BO A K (0Dsy=0.5) I E AN 96 L
M, 28 cCEprEssaE, WER LERFRIZEM,
FH W5 12 9% 1 £5 % W (phosphate  buffered saline,
PBS)PE% 96 fLAR, A B & 20 min, {545
VB T FLBS A 200 uL 0.1% (J5 &R FH
SHEOM S b B R E L, Je 4 15 min 5 {45
Yy ITH PBS PEW 96 fLAk, A 200 L Jok
CEEGRA YL, WE ODsyo fH

& 0.3%5UIEN TSA B 5Lk 4nTd s
St e, BOSECE R W] ODsso M 1.0 B2
AR 2.5 pL, T HAEFTE S 0.3%B08 19 TSA
AR E, 28 °CHEFR, 7E 12 h il 24 h Ik 50 P8

M EAE

HEAT MEAN B RS D00 e B, S A
SMEF W), ¥ ODsso N 1.0 MIZASHRIE IR ML
100 pL ¥RA6 THIA CE IS A0H TSA KAk,
28 °CE B 1595 20 h, i 10 mL PBS wrik U E 3%
BEUR TR, 7E 4 °C. 10 000xg #.0> 35 min,
FH0.22 pm JERELT U8, U BRI R MOANE )
SR A1 R 300 Y A 4/ S ™,
B 100 uL JEANEE F =45 100 pl 0.5% (5 AR
SPBOEB AR E A IRIR S, A 300 L Tris-HCI
(0.05 mol/L, pH 8.0)2& Wi, 37 °C/Z ) 30 min,
SRIGIIA 400 pL 10% (A5 =R LR,
ZEIREE 30 min, 12 000xg &5.0» 5 min, B EIH
T 800 uL NaOH (0.5 mol/L) g 8, il &5
W ODypo FRIRIRIE 3 AFAT, Frid gt
F G2 .
1.6 it EER SN R M (quantitative
real time polymerase chain reaction, RT-qPCR)

JH RT-qPCR A0 &35 i 915 pirA F1 pirB
eIkt O RIE SR ] A Y A vk VP220218
AepsG2 Fll AepsE2 WY , W& P ODsao fEL o
Xof AN [ 355 5% Bt 1] (1) A [ TR A 27 B ODsg0 4 1.0 1Y
AR, P40 A RNA H2 0 5 2 32 0 4
RNA, f#if§ MonScript™ RTIII Super Mix with
dsDNase (Two-Step)# RNA Jz ¥4 5% A cDNA,
DL 16S rRNA B:[H N 21T RT-qPCR )i,
P S 19050 037 20 ) iR ZR : 2%xChamQ SYBR
Color gPCRMaster Mix (without ROX) 10 uL,
RT-16S/pirA/pirB-for (10 umol/L) 0.4 uL, RT-16S/
pirA/pirB-for (10 umol/L) 0.4 L, cDNA 1 pL,
DEPC H,0 8.2 pL. R 55 H(PiEik) : 95 °C 3 min;
95°C 10s, 60°C30s, 40 PMEH; Kfflizk.
65-95 °C, BAEFF T 0.5 °C, TG
B S so ROMEEHIR, RA 2729535 pirA
Hl pirB ByAH X F A RPY
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1.7 ElIFMmINEEAAEIN PirB B4

] Western blotting A0 &l 7 1L 5K B4 J 4 it
bk PirB 7254k . ZEA R 5 5 mF ] (1. 2. 3 F1 6 h)
HUCEF A= Bk VP220218 . AepsG2 il AepsE2 i #
W, VWS ODsy A 1.0, FIF=H LMK
(trichloroacetic acid, TCA)% P42 B iy 2 (A
(intracellular protein, ICP) Fl il #b & H it
(extracellular protein, ECP), 4§ & #5417
SDS-PAGE Hijk. MUK, FIH Thermo
Fisher iBlot 2 T 2 405 5 [ i 457 5 1 5
PVDF I |, 12 % F PBST H1 (% 5%/ A5 15H5)
AR, RS AR O —$i(1:4 /NPT PirB
FPL) . PL(1:5 000 BAREEARIC AP/ R
1gG)FHE, i/ ECL fh¥ kit ir i,
TR, F AT Tmagel 43 H 445 K B (4 .
1.8 BT

BMRA R MR . Tk L A RN i Ak
T IS PRI E 5 RT-qPCR Kl vh , A28 50
W 3, IR E AR A A 2 3 A4
WS . I SPSS 26.0 X ELE I T BN
# ANOVA K550, A5V HEhriE 2
(X+SD) £/~, P<0.05 ERAEEEES,
P<0.001 &N AW B EHER

2 HERE4M

21 I ERESH

ot Bl L5 PE B Ak VP220218 F) pVA Sl ki
O A% PR B, R BT A T2SS  [R] U 2 A
GMO001736 1 GM001740, 7 AHPND Rtk
(V. parahaemolyticus.V. owensii 1 V. campbelli)
e, XA SR DR g A5 1 R 1 BT A i B R NT
(l 1), GMO001736 3K Hy 966 % TR AL AL,
it 321 1~ aa, N Ry AL 45 1 68 1> aa 41 5 PulG
R GREMIR (A 1A), BIva AR B T2SS 17

W E PulG MRHIEZE A B, e [m] 5 28 e 9
P4 EpsG. #F—rHr kB, GM001736 H A
— B F (Pilin) 5 5 IK(Sec/SPIII) (127 aa),
A — LS I (728 aa). GM001740 J: A
M1 572 MEEATRRALN, 4ifi% 523 /> aa, HAT
PulE 55 RAT 45 1 358 (45-485 aa), RIsCER1A
FCTH T2SS ATP fiff PulE $5-1F 25 Fy38(& 1B), H:
] 525 7R IR Hh PR EpsE. GM001740 JGfF
SRS B A A B [RIASE, A R I S B Rk
VP220218 (YL o AR T1_F & Bl —E 52 34 i T2SS,
T 12 AR AW SN R K B B PR
VP220218 Jefafk 11 EAY epsG (GM004805) Al
epsE (GM004807) [F] i 3 [l fis 24 A epsGLl H
epsEL, 7E pVA JFk: | i [A) J5 3L K i 4% epsG2
(GM001736)F1 epsE2 (GM001740)., J5 31 bt %} 43
Prig R, epsGl il epsG2 IR 7813 K & L&
FARRINE, SRR SN 27%; epsEL
1 epsE2 MAZTR 75 A & BB & AR DI, 2
FERR T S ARRINE R 27%
2.2 RTEK AepsG2 F AepsE2 B E N
£E

K FHE P 2 52 AR B R M T epsG2 il
epsE2 ke Fr B, B IR Rl E M E T
epsG2 Hl epsE2 itk 28 A #k . AepsG2 [ PCR %
EWRE 2A frs, F51Y) epsG2-dele-for/epsG2-
dele-rev 345 , WP A AR(IKIE P1)P 14155 2 486 bp
) DNA K Bt, AepsG2 (ki 9)¥ 141551 1 556 bp
B B, ek T 22951 bp ) DNA H Bt AepsE2
1 PCR % E WK 2B s, H514Y epsE2-dele-
for/epsE2-dele-rev ¥ 35, BFAEMRIKE P2)Y"
155 2 840 bp #Y DNA H B, AepsE2 (Jkif 9)
PHEIRE] 1574 bp 1Y B, B T 232-1 497 bp
1 DNA kB, PCR =¥t Sanger Jll J¥ 5 ik
ToiR.
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Pilin-like signal peptide

V. parahaemolyticus_220218:

V. parahaemolyviicus_ MVP

V. parahaemolyticus_19021-D1:
V. campbelli_170502:

Vo owensii_ V18040

V. parahaemolyticus_220218: §

V. parahaemolvticus MVP1: §

V. parahaemolyticus_19021-D1:
V. campbelli_170502:

V. owensii_ V180403; g

V. parahaemolyticus

V. parahaemolyti

V. parahaemolyticus_19021-D1: E
V. campbelli 17050,

V. owensii_V180403:

V. parahaemolyticus
V. parahaemolyticus MVP1:

V. parahaemolyticus 19021-D
V. campbelli 170502: §

V. owensii_V180403:

V. parahaemolyticus 220218:

V. parahaemolyvticus_MVP]: eSS e i

V. parahaemolvticus_19021-D1: SEEEESEIESS SRS
V. campbelli_170502: SEEEI SRS s Ry

V. owensii_V180403: SRSy ven iy

V. parahaemolviticus 220218: @
V. parahaemolyticus MVP1: 8

V. parahaemolyticus _19021-D1: [8
V. campbelli 170502: |8

V. owensii_V180403: [§

V. parahaemeolyticus 220218: &

V. parahaemolviicus MVP1:

V. parahaemolvticus_19021-D1:
V. campbelli_170502:

V. owensii_V180403:

V. parahaemolyticus 220218: §

V. parahaemolyticus MVP1:

V. parahaemolvticus_19021-D1: A
V. campbelli 170502:

V. owensii_V180403:

[oRe1 ) [olo

V. parahaemolyticus 220218:

V. parahaemolyticus MVP1: a3

V. parahaemolyticus_19021-D1: e
V. camphelli 170502:

V. owensii_V180403:

V. parahaemaolyticus_220218:

V. parahaemolvticus MVP1:

V. parahaemolyticus_19021-D1:
V. campbelli _170502:

V. owensii_V180403:

V. parahaemolyticus 220218: BB

V. parahaemolyticus MVP1:

V. parahaemolyticus_19021-D1:
V. campbelli 170502: @

V. owensii_V180403: g

EARFYEIREEXE A pVA ki [ EpsG2 & [ 5 FF 4 [R5 e XF & B: pVA JBiki [ EpsE2

FEABUFHI R EEXS &L A2 20 AHPND R4 PR, SREARTE N F 81 i B OR ST X, HEZk
PRUE DI AR ORSP A, T HERR T N B AR K, 2R ETHEAR N 25 [ X I

Figure 1

Homology map of protein sequences. A: Homology map of EpsG2 on plasmid pVA. B: Homology

map of EpsE2 on plasmid pVA. The left side of the figure shows the name of AHPND-causing strains. The
black regions are marked as the highly conservative regions of the protein, the dotted lines are marked as the
conservative domain of the protein, the orange box is marked as the Pilin like signal peptide, and the green
box is marked as the transmembrane region.
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B pp M 9 0 P2 Pl bp
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1 500
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2 840

1574

E 2 PCRETERTH A: AepsG2 PCR =YK E, 9. RALKE AepsG2; O: ZSHXE; P1. HpA:
I #R %R P2: pRE112-DepsG2 H 41 Fiki %t . B: AepsE2 PCR P24 Lk K, 9: 7Kk AepsE2;

O: ZHXMR; Pl B AR BRI MRS IR

P2: pRE112-DepsE2 & 4 Jit ki X} . M: DL5000 DNA Marker

Figure 2 PCR identification of mutant strains. A: Agarose gel electrophoresis of AepsG2 PCR product. 9:
Mutant AepsG2; O: Blank control; P1: Wild type control; P2: pRE112-DepsG2 recombinant plasmid control.
B: Agarose gel electrophoresis of AepsE2 PCR product. 9: Mutant AepsE2; O: Blank control; P1: Wild type
control; P2: pRE112-DAepsE2 recombinant plasmid control. M: DL5000 DNA Marker

2.3 KRTLKRHEREFZFMN

HTHRSE epsG2 Hil epsE2 (1) ik 2k 2 75 5 )
R IMSNEE VP220218 ALK, i T84k
AepsG2 il AepsE2 7E 0-96 h A= K ph <k . 4557
WE 3 FroR, B AR AT RR 28 28 bk A AR R R
TEIEHE I (0-1 h), “F 4 W1(40-88 h)HIHE R M
(88—96 h)JG {3 1 22 5 (P>0.05) . 7E X 552k K 3
(1-40 h), PIkRZR AR A AR KB 2 0 3 KT HY 4R
BIEPR(P<0.05), FREERAT LR, epsG2 Fi
epsE2 BL A By 2k ik B T VP220218 TEXT 4L
AR R E, B epsG2 Fll epsE2 Jk [F X
VP220218 X Fii i) A= & HAa Pkl 76 .

J T RS epsG2 Fil epsE2 At L5 S 75 5 i
B MR VP220218 A9l BT i, K
45 AN ST N B A BR . AepsG2 Il AepsE2 7E
0-96 h M AEW R i, 5 R NKl 4 PR TEXE
FRIAMRL, 3 AT AR R AR R S R B

3.0 — VP220218
AepsG2 ik

oD 540
i

6 3; tla ll2 1‘8 2I4 3I6 4I8 éﬁ 7|2 8‘4 9‘6
Time (h)

3 BEIAmMINE VP220218 RERTHAEK
Higk (403K AepsG2 I AepsE2 2 5 B A #k
A B EEF(P<0.05), 2K AepsG2 5
B BRA 22 7 (P<0.05)

Figure 3 Growth curve of Vibrio parahaemoyticus
VP220218 and its derivative mutants. Black *
represents that both AepsG2 and AepsE2 have
significant differences from wild type strain (P<0.05).

Red * represents that only AepsG2 has significant
differences from wild type strain (P<0.05).
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041 =VvP220218
= AepsG2
03} = AepsE?2

s
**H; -
0.2-,1"_\'_| I—‘[il

0.1

0Dy,

—

00 12 24 36 48 60 72 84 96

Time (h)

4 BIAMINE VP220218 R EFZEHRAIE MW
=&

Figure 4  Biofilm forming ability of Vibrio
parahaemoyticus VP220218 and its derivative
mutants. *: P<0.05.

THE TR, 78 60 h B E i m, 1M/E &
A . AepsE2 7E 12-36 h (R4 & s )4
Yol BB e S IR T B A YT B (P<0.05), TE
48-96 h (& WA IR ) B B IR i B
T A4 R FR (P<0.05); AepsG2 7E 48—60 h (°F
B W) B AR W Bk R B 2 R T A R R PR
(P<0.05),, 75 FH-Ath iof 191 00) 55 B A i TG Wb 3 25
(P>0.05).

A

12h

AepsGZ

pvwo')}

V>

24h { J (
VP22021 " AepsGZ

\ /

AepsE2 /

DL &5 R epsE2 Jk R X B4 K b s
WIREEE VP220218 AULEWIRRIE AL, 765
AR A HAMGEN ; epsG2 B NTE- 5
REREIN ] VP220218 fY 2 MR IE BT .

N T IRIE epsG2 Fl epsE2 Ak 2k & 7752 il
BRI MR VP220218 AU 3, 7E#EET-H
FINE T B AERE . AepsG2 Fll AepsE2 1Yk 5l P
HiE. 48R 5 iR, AepsG Wk shPE HAiz
FERESE 12 h B3 2 /N0 AR B TR PR (P<0.05),
24 h G SEAEMRTCE EMEE R AepsE Tk
B HARTERG SR 12 h HEFAERIBEHROC I 2% 25 7
24 h J5 Uk 8 B ELAR 2 KT I A BR (P<0.05) DA

GEARULH, epsG2 i Il M A A 1 Uk Bl 1 5
WA HEVEF, T epsE2 M 2 B A

HTARSE epsG2 Hil epsE2 (k45 J& 75 5 i
R MR VP220218 AYMEANE FIBETS f1, R
AR T B DU VA D A T AR AR . AepsG2 FiI
AepsE2 1 i 4R Il K f 2L 1 BE 1, 4551
WiE 6 7R . AepsG2 Fil AepsE2 A ODay, {H 1Y i
T H A R AR (P<0.001), B A8 M BES
J1¥ 0 2 TR AE R bR, Ui epsG2 Fl epsE2

@

16 VP220218
e AepsG2

B Acpsh2
a a
4 ,% I
0 e
Time (h)

Growth zone diameter (mm)
[s+]

5 BIAMINE VP220218 R EREHRAKEIME  A: 3 FIEMRIKSI A KAEL. B: 3 R bRk shE B

. RIF/NG 583 %75 2 5 1.3 (P<0.05)

Figure 5 Swimming ability of Vibrio parahaemoyticus VP220218 and mutants. A: Swimming growth of
VP220218, AepsG2 and AepsE2. B: Diameter for swimming circle of VP220218, AepsG2 and AepsE2.
Different lowercase letters indicate significant differences (P<0.05).
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aibr | SR A R RN KA VP220218 fESME
vin fitg 6 71 & T, B epsG2 il epsE2 X a4k

ol A, (110 T 1 A

4 W 2.4 ZRESHEE pirA F1 pirB EEMRIEE

5ozl =5 T % epsG2 Hl epsE2 (R 2 75 5 i
& : VAN VP220218 1 pirA Fil pirB BIZEik,
sl RT-qPCR 47 AepsG2. AepsE2 Fl¥f A bk
VP220218 TEAN A AE KB pirA Fil pirB f AR X
0.08 l ' ' FKiktm, R WE 7 PR, B4R LRAERT

VP220218 AepsG2  AepsE2?

pirA Fl pirB A A X 2 3k 5 e A K A] 2 B h
6 EIAMINE VP220218 RERTHAUMIN  BMCAYEE, ek 8 BT 5UE K
ERBEN (ODs4=0.5, 2 )l 1] (ODs4=1.5, 12 h). AepsG2

Figure 6 Extracellular protease activity of Vibrio , N . .
parahaemoyticus VP220218 and its derivative AERTHCE R AIRITRIUHY pirAAI pirB AIATXEE

mutants. ***: P<0.001. A S TR AR (P<0.05), 7EXTEAER )
A 207 |L B VP220218
& dat B AepsG2
H 1o} P
g 0.5 i i SRl B AepsE?2
£5 oos) all i .
Z € 0.003
E 0002}
2
£ 0001f
[*)
£ 0.000

0.5(2h) 1.0(3h) L5(12h) 2.0(20h) 2.5(40h) 2.5(72 h)
ODS-iO

B VP220218
L5 [ AepsG2

[ #*

il
1.0 -i i i Bl AepsE?2
o5 Ll

®
*
0.3 e =]
02t I
IR
L *
%

0.002 0 '—‘ Vrj—‘

0.001 51
0.0010F
0.000 5
0.000 0

Relative mRNA expression of pirB
(fold change)

05(2h) 1.0(3h) 15(12h) 2.0(20h) 2.5(40h) 2.5(72 h)
0Dy,

B 7 ElEmMINE VP220218 K ERIZHRE) pirA (A)F pirB (B)EE RN RIAE
Figure 7 The expression of pirA and pirB of Vibrio parahaemoyticus VP220218 and mutants. *: P<0.05.
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(OD540:2-0, 20 h)%‘[]ilz,é*,ﬁﬂ(ODm:ZS ,40 h 72 h)
i FE T 94 BR(P<0.05); AepsE2 14 pirA Fil pirB
PIFERT IS AR5 A 2 I PP A /R(P<0.05),
1 HL A R 309 5 B A iR G 8 3 P 22 57 (P>0.05)

DL 25U, epsG2 % VP220218
pirAB (1) 3% ik HAT i 25 ), 76 X0 804 K ) A
X BSCAE A R S BRI E AT, ZEX R K S I A
V5 AR BEUEE R . R epsE2 FLKIXT pirAB
HIFIBFEMAE N, AR5 AR B S
2.5 PirB SZBIERE AN

9T i epsG2 Fl epsE2 fi fift gk 2 A5 5 Wi )
WK VP220218 ) PirB YRk, FIH
Western blotting £l BF 4= #& VP220218 , AepsG2
1 AepsE2 TEARIREFRIHAI(1, 2. 3 F1 6 h)fY)
PirB il (N & A AN 7 W i o S5 R WKL 8 R,
BEE R MRR AR, 3 ANHEPRIE N & FACP) A
HNEFI(ECP)H PirB 5 i &4 34 LB i b
npg#a#s . AepsG2 ICP Fll ECP H' PirB & it &
bR 2 A3, AepsE2 ICP Al ECP W PirB
TR TE AR, B, epsG2 A5 PirB
EFRA A, T epsE2 fEfE ik PirB H1
FA RN 43 o AHIE 5T PirB 25 1R 3R 1 PirAB
ZIOtEER, HIKIA epsG2 A FE N PirAB B R
(94 R4 I, 1T epsE2 REfS L PirAB H %
A 43 06 o

3 WwE5E&#

Xof W 2 JHF JBR A R B85 1) = 2 20 R S
HEREA PirABPY, KR MR M A W
. RZINIEERIF T2SS 4 J& i =5 6] i 2 1k
VS 2 A0 M A A B sl s AR, (fi4E 3=
2 oS24l 1 4T B0 AHPND &l ¥ 1M 3K
B gt PirAB B BURL pVA P8 A& B, BT kE
A 24> T2SS [AJE 5L H epsG2 il epsE2, 434
Hifih T2SS FEMBRE EE AT ATP M. H

RFE epsG2 Fl epsE2 M MIRE, ABFFEMIE T R
Rk AepsG2 I AepsE2, XS AR R KT A A B
FRUSAE AT T I5E o 250 /R, epsG2 Fil epsE2
FE R HLE T VP220218 FEXTEUAE K A K
R, AR EY, T2SS SHMEMAKA X,
00 % /< B 1 (Aeromonas salmonicida) i) T2SS
AL BN tatA. tatB il tatC sk J5 40 TE i A K
R A RN, T2SS 45 3L
il R X — LA TR Y A K TS R2 I, gspD Al gspK
) ke 2 5% i 309 1 K W A 147 (enteropathogenic
Escherichia coli, EPEC)HJ/E K TG54 mi1%, gspD
Sl 2R A AN 25 52 i = G Bl 747 (Aci netobacter
baumannii)Z: K57, i s 2k 5 B 7R AS [F] 4
HOR A T2SS JER X AR BA A IIRE. T2SS
5540 TR AR e R s e, an AL
(V. cholerae) T2SS JE[H epsG Fl epsD Al HkI 241
0l 40 TR A e TR Y, O M K R R
T2SS SL[H gspD ik 2k 23l EPEC A 44
BT BP0 BRATHIRRSE R, epsG2 7EF &
| epsE2 TEX B A K A VP220218 1)
AEYIEIE I, XG5 R T2SS R X 4
BRI A= 0 0 T o5 1) 5 ) 55 4000 TR 1) K5 3% B[R] A
Ko £ EPEC MBoE & B 1 2Ly 45

FEREFR R T2SS 3k R e 2 ik 2B 0 g B T
KZ B, TERTFRG (96 h)AE P9t B T2 1%
T PO T2SS SN g s ok, AndE
T oK gl KL [C I (Dickeya zeae), T2SS JE:[H
otatA. otatB Fil otatE St )f5, B iz shRE T
RS T AR R, T2SS A tatA,
tatB 1 tatC stk J5, MM shEe SR kK 4EAE
FEB, et , FRATABFITEE AL BN, epsG2
H BRI REAR T VP220218 MYIashBE S5 HH M,
epsE2 ke TN T 40 18 Fi) iz 8l o ix B 4 R 15 B 7E
AR AN OARTE] T2SS 35 RN 41 1 12 s HoA A
7] () Dy Rk . T2SS BEUES 43 W 2 FlUK fif Il , WK |
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A ICP ECP ICP ECP ICP ECP
1 1 1 1 1 !

kDa M1h2h3h6h M 1h2h3h6h M I1h2h3h6h M 1h2h3h6h M 1h2h3h6h M1h2h3hoéh

TrmAAnAT A N A . A

€ D
25000 1 VP220218 3 15000 = vP220218 a
E — AcpsG?2 b E . AcpsG2 a @ % a
s 20 000 AepsE2 0 £ e AepsE2 -1[
&} Q
= & 10 000
5 15000 a p p
z 2 2
%] h a
5 100003 2 5 a b
_é , @ a X 3 5000 b b
L I = ki
E" 5000 ﬂ ) 5 c b
E b i
0 - 0
1 2 3 6 1 2 3 6
Time (h) Time (h)

8 epsG2 # epsE2 KYRLFRYS PirB A ELFISMBIRNE A AR ICP 5 ECP ML A Thilise
WA EX I, B: ICP Hl ECP H PirB B35 i, 1. 2. 3 F1 6 h 205l ORI BT AR AR K Y IRE], ICP i
P FIFES, ECP RMIAME FIFE . C: ICP i PirB 4545 K (HSE 1. D: ECP f PirB 4% K (H G 1T
Figure 8 Effect for knockout of epsG2 and epsE2 on the synthesis and secretion of PirB. A: Loading control.
B: The content of PirB in ICP and ECP. 1, 2, 3 and 6 h respectively represents growth time of strains. ICP is

intracellular protein, ECP is extracellular protein. C: Statistics for gray values of PirB stripe in ICP. D:
Statistics for gray values of PirB stripe in ECP.
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EEHE . W EERULT BEESE, Nk T2SS 3
PRI P s 2 AT 55 | A 22 7K A il 1) 3 S B 1. 10
AREES AP T2SS FE A tatA  tatB il tatC K )
TE ARSNGB, 5 oy 4%
AL, epsG2 F1 epsE2 ik 2 BE 1% fie 17F
VP220218 ff1#hEE FIEHE 1, U] epsG2 il epsE2
LA A M A B B s A I VR . AR
FRATEIBI 5 R S AR AR TR I . A0 il RV
MR A IE ST A 7K, epsG2 Hl epsE2 J2: 15 X}
X S ity AN ) A BRI 8 B A R A T B — A
FEIRAF5E .

RT-qPCR Z5 R Wx, WAtk . & &k
AepsG2 il AepsE2 111 pir A Fl pirB XA K
T 2 6 B8 K 01 R B 1 AR ek o, ok
-1 5 A 2 38 12 H BRI TR, X2
B Lin PSR-, IT-ULH pirA #l pirB
R B E SME N AERKEE 2 IEM, 5
M —E B JE:, AepsG2 [ A= 4 i J 78 X B0 Ak K30
PRT B AR, XA pirA Fil pirB AR5 &
W TR AERR s FERRRIE AT ARSI, B
AepsG2 A K AR J5 , He pirA Fil pirB i3k
SR AR TP AR e, X BB RS epsG2 X pirA
N pirB AYRIEA WE P EM . SR epsE2 Xf
pirA Fl pirB HFEKI  BRmFEER, 76
BARMAIEIE pirA Fl pirB Fik

Western blotting 45 i/, epsE2 (1) ik 2
VP220218 Fitk ICP #l ECP H PirB & & [ 11% ,
EspE & T 4l i 5 8 2 AT TR 7S AR 25 44 1)
ATP fifi, B4 WF55 % EspE 1l 5 T2SS AR #
E4145> EspL Ml EspG 456, MR B4R,
PR taest, J& T2SS P T A Fus i A al i
AR, PRI epsE2 By gL 2%t VP220218
WIVE T2SS MIDIRE ™ B2, ELHEMmM T T2SS
FIZH%E, [RIRTXT PirAB A Lo ib i i B 4 Y

A

2R BRI ASCHESE T RIS ISR VP220218
FIRE pVA kL T2SS [AEEE[H epsG2 Fl epsE2
HIIhEE, WIHIE T epsG2 il epsE2 1E PirAB
FEE R AE R AR T 3 — 9T epsG2
F1 epsE2 S\ i 5 AT P R 25 T s . i L
FEE| VP220218 WA Y AR — B0
T2SS, Yetafk i aiE L epsGl fil epsEL & 7
X} PirAB WRIZFSWHAEA, KT —2$
1 T AE .
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