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opaR E R ERKXT AHPND % B 4 5
HHERENRNEAEBHEN

1,2 % _%: 1,20 3%2 E’/T%J%Z ‘f%]tl%ﬁfﬁ 2.3
ZHEY FrEEFEY & £
(1. LRk S At LifE 2013065 2. WKFRFEE A5 nT 2= 1 4 E s S0 2 (R B KRl
W BEE A F=0F5T i) 3 SR O Bl S B Y BRI BRI R RO K SR PR
BHERE HLMEKEHEITRESEYRAESTRE R FE 266071 3. KRERZFGK 26
R 300392; 4. INEKRFEMBIEER ILERE HE  266237; 5. WAKSFHP.OM #ZE 24 10900)

EA

il

BE 2 [k BT i % 3% 2L % (acute hepatopancreatic necrosis disease, AHPND)™ & ¥ 75 7 & & J7 £ 4
AT RTAV KR, TIHREIN, BRE =N FES ob BIVAE 2 % Si(type IV secretion
system, TASS) T A B HAFEE TN FHE N AKX EHEAHEYE, W55 AHPND BURHE S, X
RABERENE T4SS KA URFHI RN ES BB O X R, Ko%K UE % @il & (Vibrio
parahaemolyticus) B AR N R G 8 % EHEF OpaR HH R A%, £3 AHPND &| % il &
20130629002S01::cat(Vp2S01::cat) 8 # £ at £, Al A F JE & 4 & A # # opaR # H H: %k #%
Vp2SO01::cathopaR. Wi T W A E kA KARE A K MH . Zoh W EMBWEL R E T Ew =
5, AT opaR HE I T4SS HE XA BEUR TR FEL R BB ENT N, ERET, opaR HHH
KRB HAE N E KRB EES, BRI R E N, EWBEREHIEETE,; 6%
L8 B~ , opaR #H k& B AR B T4SS kKK TFAEL BB RE, KRN ENBHERREN RA
3% AHPND ZUm W T4SS K ik AR & 4 ik & B LE R4 7 ok 848, 7 b % % AHPND %
RN R ER AR A LHE,

KR BAMINE; opaR HE; EHFAN; VESWASL; KTHHY

RESES S917.1  XHFRIEEE A XEHRE 2095-9869(2024)04-0155-11

A VERF AR IR R (acute hepatopancreatic necrosis R Rk 2 [ X IR SR 5 G 2 2 70 423500
disease, AHPND)/Z 5% 8 [F 5 22 22K 6T MR IR FEH M (1) () 28 T it Kk (5K € 47 %, 2012; Tran et al, 2013;
MM, I IREE M AT 2 . Ea4s s g ss Gomez-Gil et al, 2014; de la Pefa et al, 2015; Dabu
% (Lightner et al, 2012),AHPND [ 2010 4E5: % LIk, et al, 2017; Tang et al, 2020; FAO, 2013), #f5E3R W,

* [E K H AR 3 42 (31802342) . Hr EIUK PR R 5T (58 #8365 7K P A 5% T R AR R Ll 55 2% (20603022022005) 1 51 [ 7k 7=
BHEBFR B AR L 55 2% (2020TD39) 3 [ #E B . TF]%, E-mail: 1810060249@qq.com

O#EfEEE: & &, FIF5R, E-mail: dongxuan@ysfri.ac.cn

Wk B : 2023-04-04, Wig ek H #: 2023-05-22
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AHPND Jg J5t B #9753 I8 T HABAF A9 20 70 kb BT i
It JH A PirAB B 1 iki(pVAL B3 ) k)
(Lee et al, 2015; Tinwongger et al, 2016; Han et al,
2017). AHPND Y EUR A7 TEZARIE, A5 RIE Mk
# (Vibrio parahaemolyticus) (5K FAF5E, 2012) . BRI
(V. owensii) (Liu et al, 2015) . YU FCIRE (V. campbellii)
(Dong et al, 2017), EH4NINE (V. punensis) (Restrepo
etal, 2018). MEYECHREE (V. harveyi) (Muthukrishnan
etal, 201)FEZINE (V. anguillarum) (Shen et al, 2021)
S5, XL IR Y S AT pVATL B ) BURL

CAHWFIE R, pVAL AYEE T ok il i B2 A
51 AHPND Ui I# £ M (Dong er al, 2019a. b),
5 pVA1 BURET) BOR B FR AT G DI RE L A FE
BN b BV B R Bt (type IV secretion system,
T4SS) (Dong et al, 2019b; Wang et al, 2022), # %[GR
P H B T4SS 24 4y 4538 iE B & Y (Darbari
etal,2015; Low et al, 2014; Costa et al, 2021), IV 5
BE 2R (1 S M b i &2 5 1R (Grohmann et al, 2018)%, it
2 A TR 3 R AR A O L4 & 1B (Costa et al, 2021),
i it i 52 B AR BB 5 RO BORL ori T FP 3 114 nic £
R OB BORE— SR EE DI E D M HLEE DNA (T 55), H8E
DNA 55t iU 15 -DNA G4, 76 T4 ik
HAVER TR 54 DNA BB G RBRIERE 227
KR, ZRE T BRI MG WA 2 4% DNA
o TE B kL, 20 58 R K P54 % (Llosa et al,
2002; Draper et al, 2005; Garcillan-Barcia et al, 2007),
B IMINE 20130629002801 (Vp2S01) i bk & 4% ik 1A
HEAT B trb B T4SS , HANAE 40 5 % 8 (10" CFU/mL)
2 TR B 4% 5567 & A (Wang et al, 2022), 4HHH
T 200 A B T A0 4 52 A T T A BB Ak A R 32, [ e
1, BE I8 7% 4 TR A A JEX N (quorum  sensing, QS)HY 1 %
FEVE#ERF OpaR, G, #EMEA 5% 0T Ge S A
TN ZR G 1Y e 2 P A TR G

TR RN, 2R GE AR B N R ST, S 45 4 T 4 A
(B 15 B g it B, ml A 2R L R R, LA
JE LR85 175 5 57 (autoinducer, ADE 5 3+ ¥k
& A (Ng et al, 2009) . &l ¥ 15K G A HE A SR 174
2 AU AT AphA Fil OpaR, 43 3l 7EAR 20 i 25
i (low cell density, LCD)F = 4l il % Ji (high cell
density, HCD) F 2 #1Ef . #£ LCD B, MIMES 5
FIEEZ AR 1 LuxN F1 LuxU (2% 6B (b %
{2 AphA mYFKiL, [AEHPH OpaR Fik(Ball e al,
2017); 7£ HCD B, il BEREARIR AT 543 i 52 4k

FEH LuxN fl LuxU RYZEEBERR LI R, I fkoxt
OpaR H4iffil, OpaR 15 LAIE# #ik(Lenz et al, 2004).
523 W, OpaR 2 5B IR G 2R AW 2Fid 12,
11 OpaR 7] 25 P RIS 5K b SRS 20 ™ A= T T6SS2
RYMFRIB(CER, 2014), R EY 9 R IE i (Zhang
et al, 2021), MHITKSHESN(Lu et al, 2021)FEEEEiZ )
(Lu et al, 2019), | T3SS (Henke et al, 2004)F
T6SS1 (Ma etal, 2012; #F i, 2015)AFL. H
OpaR % AHPND EU i H T4SS BEFERFST H Fir i
A WA

AW LA B IS T opaR H& AR A BIF ST
%, KRR M Vp2S01:icat ¥k opaR JEH LG bk
(Vp2S01::cathopaR), idHA K PERE . AW I hl
KABE AT, 9T % R T OpaR X @l %
MR A P2 e LA & T4ASS 15200 .

1 #MR5F%®
1.1 AR

RV IMSNEE Vp2S01 435 B E T P8 AHPND &
JXFER, Vp2S01:car J2& HH [FIE A H AR TE pVPGX1
JER A A B R UL S (Dong et al, 2019b).
ORI E VeLMB29 43 B A I 35 1 41
(Sciaenops ocellatus) F RISz AL Al FHTRTTRE R 27 1
F B AT R Y L TR R B R AE T b K R 2R
5% W VB U 7K B 5 T 5 B A ) e A R 5 3 e B
SEMFSR R BURL pMAD ., H AR KL pCVD442 FH A
JEkL R 8] 15 £ KB AT 8 (Escherichia coli) 2155 ¥4
S % TR R B R (R 1)

Sl FI LT

H#E DNA B4 B PrimeSTAR Max Premix (2x)
1 T4 DNA &3/ [ TaKaRa 2], 2078 ok /N
PG & . gl A RNA $2HG0 &390 3 R A
R A A BRA ], B OG0 & H S 9q 4= 1)
BIHEAHRAT, %% % (chloramphenicol, Chl)F1F|4E
- (rifampicin, Rif)ll] A L L RKEFRHE AR A A, 40
%5 % (erythromycin, Em)Ilg [ Bl T A fb BB 1
MARAE, 5 1 556 BUAR & 2xSYBR Green
qPCR Mix & [ b AR ERHEEYHARFIRA
", 8%« {5 SDS-PAGE ¥ JZ il £ i 71 £ 1 H
Genscript ("1 )& Wi A P RHCA BRA F L A% b
KPR DNase I (JG RNase)ll | New England Biolabs.

1.2
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Tab.1

7B 53 P56 A B4 TR AR A0 B

Strains and plasmids used in this study

P& BR/BRL Strains/plasmids

$F Characteristics iH 515 Identification

Vp2S01 Bl pVPGX1 [Tk 1 B A= T bk

Vp2S01::cat Vp2S01 [ pVPGX1 ki LIl AT Rtk
Vp2S01::catAopaR LT RPERE R (erm BYEEH Vp2SO01::cat BRAY opaR FEIA
E. coli p2155 T SR A R TR R

pCVD442 P52 VO AR 25 B R B 2R Bk

pMAD LT 215 R B R A R 3R A

VeLMB29 HA A AEE (RO I T RO

PMID: 29051747

PMID: 31231618

ARG This study

SEI% 28 W Bk Laboratory strain
S5 2 iR Laboratory plasmid
S5 2 iR Laboratory plasmid
PMID: 29109705

1.3 opaR EREERKFRHIE

HE DR B G R A S TN EE S (2021) [ S 5
7k M IR E A B ARTE Vp2S01:icar Fehil [, L
AHmRYEIEH (ermB) A opaR FE R HE Bk 1k
Vp2S01::catAopaR. VAR IMLINTE Vp2S01 KK 20 il
pMAD Jii ki o B Ak, fH H 51 ¥ opaR-5F/5R .
opaR-3F/3R . opaR-ermBF/ermBR (% 2)/3 M TH 14
135 opaR R I RIS KL F RPN,
Jfl It Al A PCR B AR 3 A4 A BEdi B8 it [m) VRV 21
B R PUMEFE DR iF IR DR A0 0P 7 122 01 me B A R
JECRL pCVD442 , RAFFTHE Sk pCVD442-AopaR::ermB.
Y EAFRBEILE E coli B2155, RIS HEAH
B2155/pCVD442-AopaR::ermB . Lk Vp2S01::cat 1 ZAK
BT A L, (R4 R EZ YU b 0k RS Pt
HIBHE TR, RN Vp/pCVDA42-AopaR::ermB ., B
> Vp/pCVD442-AopaR::ermB 5o 1% R 7E 7 10% 5
BE) LB Pl I, 35 9% 2 Jsa P sl @it PCR H0AR
VRIS opaR FEBE ermB B MRS SERE , K H:
fir 4 R Vp2S01::catAopaR.,

1.4 H£KM&ENE

$t Vp2SO01::cat F1 Vp2S01::catAopaR F T 75 %% F;
Z 2216E WA 3T, 28 °C . 180 r/min 2 HE 5%
BRECER D], DL 1% 2 200 mL i iy
2216E ARKE SR 5L, AER 2 h BURE 5 4l F 0% K Bibr
G 72 #E 600 nm ALY GAE (ODgoo), 2 il 45 BRI R 1)
AR M7 22 R .
1.5 S ER R BE

S22 A4 e 5 (202 1) B B 5 2R I R AR A A= 0
WRFERHE ST o B Vp2S01::cat Fll Vp2S01::catAopaR ¥iFi
& ODgoo M 0.5 ZiA47 I 43 i B 100 5. L 96 FLREGHR
Wl S gsds, BfLNINA 180 pL 2216E ¥ M

il E

R2 opaR RERETHRIEERISIY

Tab.2 Primers used in the construction of opaR mutation

5|4 Primer 7% Sequence (5'~3")

opaR-5F GTTCTAGTTGCTATCGGTCGTGTACCA

opaR-5R AATCGCGAACACTAAAGCTCCAATTTGA
ATAC

opaR-3F AGTTCTAGGTCTCTTTGCAATTGAGTCC
ATATC

opaR-3R GATCTCGAAACCAATCCAATCAACTGGC

opaR-ermBF GTATTCAAATTGGAGCTTTAGTGTTCGC

GATTTTACTTATTAAATAATTTATAGCTAT
TGAAAAGAG

opaR-ermBR GATATGGACTCAATTGCAAAGAGACCTA
GAACTTAACCAAATTAAAGAGGGTTATA
ATGA

opaR-outF  CACCAAGCGTATCAAAGACAAGTTCAAG
opaR-outR  CACCAAGCGTATCAAAGACAAGTTCAAG
opaR-inF GTGTTCTGAATCGTGTTGATCACACAC
opaR-inR CAACTCGCGAAGATTTGGTTGATGAAG

20 pL Fi BETR , TECHEE T 28 CHEFRAR Tl B B5 97 24 h,
JGH 2216 Ki 3R A BAPE XS IR, 44 B k47 % B
9 M., BEFRERUE, Kb NG FRA G,
ALY ERUS . A 200 uL /Y 1xPBS 22wk
%3 W, BT 20 min, fIA 1%045 54 (crystal
violet, CV)J4¥ 200 pL, YA 15 min. KfEgHRFL Y
o R YR, FEIA 200 uL B9 1xPBS AR TE
3. W PBS, AL AIA 200 pL JooK £ B S i
i E 10 min DAVERAE IR, R4S M8 2 mE
il 595 nm Ak A I 1B (ODsos)
SR A WY BU(SBF) 46 4=
(CV adherence — CV control)/G
X, G HAIHIAE 600 nm Kb B

1.6 EFMENE

i 3 1k 52 50 2 25 X 4 BF 2 (2019) F1 2% 7 7 25
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VK312 3l (swimming motility): $4 Vp2S01::cat (Chl
20 pg/mL)F Vp2S01::catAopaR (Chl 20 pg/mL . Em 100 pg/mL)
B B X RAE R 2216E WA 25, 28 °C
180 r/min 4/ 37 4% 7% 28 X ECAE 3 R 45 TR VROVR
ODgo=0.3 Zifq, WeHL 2 pL TR ELSAE T 0.3%0)
LB 2 ARk 8 A b o B B F 28 C Ry A h i e
Bi3R2 8 h, M4 RE UK S AR, X TRk Bl
JIHATHHT -

FELEIZ Bl (swarming motility) : BRES FF 251 [R] vk
SA SN, WOE 2 pL BEREE SR T 1.5%AY LB
BRGSO, K HE T 28 CHRIFRF R Y
12 h, 04 40 0 B 32 2h AR IR AT e 5, S0
AT 3K,

1.7 opaR BEEBREXFNRNZESHBHXMW

%% Dong (20190 LA RS ik, 5
K Vp2S01::cat #1 Vp2S01::catAopaR WG TR
R, % Vp2S01::cat. Vp2SO01::catAopaR Fl VeLMB29
(Rif 20 pg/mL)7E 28 'C . 180 r/min 43 B 3E £ 0D
0.5 BF, WAEE R, K Vp2S0L1. Vp2S01::catAopaR
S5 VeLMB29 IR 4, 4 'C . 6 000 r/min %[> 10 min
J5 3 B, 5 mL JSHL 2216E WA A [R] 55 14 vk %
1 &, 100 mL BAEMAEMA 5SmL 2216E WIAGE
DNase | : 20 U/mL), #FZAFPESS, A 100 pL
2216E (7% DNase | :200 U/mL)& A8 & T4liA 0.22 pm
JEMERY 2216E il b, 28°CHEfTH:G, KigRital
12, 24 F1 48 h, FABFAIS 3 41FA7. HFUEME b
IRVEN S HEATRE EERRRE R 107, WRHK 100 pL 7 ¥k B T
WA0 . 1072 F 107 Ai TP, U0,
107 F1 107 %) A T BB P, 28 CHEFRE ATV
B, FFHE TIHEORAG I
1.8 EBRH}EE PCR (RT-qPCR)EE

¥ Vp2SOl:cat 1 Vp2SOl::cathopaR i 37 &
ODgoo M 0.5 245, 1l 4B L RNA A7) & 4 BeAn i
& RNA BT 15E S R Gofs Hobi e 5% cDNA.
VL gyrB HINZ519), FIH aphA-qRT (3K L 42, 2014)
opaR-qRT LI} T4SS-qRT 5|#)(F 3), #M4 2xSYBR
Green qPCR Mix i & 7E% [ LC96 e it PCR X
HEAT RT-qPCR, ARSI 3 Y. B 274 ik
T opaR. aphd FI T4SS HEPH 1 ARRT Fe ik it (1T
4 2022),

1.9 HIESH
S E] 3 MEYFEE . A SR

R3I LHEHAEE PCRIY
Tab.3 Real-time quantitative PCR primers

5|4 Primer J¥%1 Sequence (5'~3")
2yrB-qRT-F CGGCACTAACACGTACGCTA
2yrB-qRT-R GTCAAACCTTCACGCGCATC
aphA-qRT-F AGCATCGGTTACTTCTGGAAAG
aphA-qRT-R GTTGAACAGCACAAGCCATAAG
opaR-qRT-F TCATCACGAGTTGATGCGCT
opaR-qRT-R CACGCTCGAGAAAACATCGC
trbB;-qRT-F CGCATCATGGTGGGAGAAGT
trbB;-qRT-R GAATCGGCATGAATGGTGGC
trbB,-qRT-F GGCCGTTTAGTGGTGATGGA
trbB,-qRT-R TGCGCGATTTACAGTGGTCT
trbC-qRT-F CCCTTAGAGCGCATTGTGGA
trbC-qRT-R CATCTCGCCACCGAAGATCA
trbD-qRT-F CTTTTTAGTCATGGGCGCGG
trbD-qRT-R TAACTGCGCGTCGTTTTTGG
trbE-qRT-F GCCCAGCGACTCGTTATACA
trbE-qRT-R TACACATCATCATCGGCGGG
trbF-qRT-F CGCAAATCTCACAGGCGTTC
trbF-qRT-R TCGACCCATTCCATTTGCCA
trbG-qRT-F CGGTTCGCGTCTACAACAAC
trbG-qRT-R ACCACAAATTTCCCGTTGCG
trbH-qRT-F CAGCTACGAGCCCGATCAAT
trbH-qRT-R ATCGGACTGGCGAAGGAATG
trbI-qRT-F CTCTTCGGTCAAGCCACCTT
trbI-qRT-R ATCAGCAACGGACTCACCTG
trbJ-qRT-F AAGCCTATCAGGGCCAATCG
trbJ-qRT-R GCCAGTGCCAGTGAACTTTG
trbL-qRT-F AGCAACAGTCGCTCTGTACC
trbL-qRT-R ATGTTTTGCGTGGCTTGCTT
trbN-qRT-F CTTTTGGGGTCAGCATTGCC
trbN-qRT-R AGCGCAATGCTTGGTTTTGA
traF-qRT-F CGCCTCCTAGTGCGGTTATT
traF-qRT-R AAAAGAGAGATGGTCGCCCG
traG-qRT-F AGGTGCAGTGGTGGAAAACA
traG-qRT-R TCATCCACCAAGATGGTGCC

P ] SPSS 28.0 Ge it/ F1 Excel Hff:rb iy 4k 37 4
A T RS T G2 25 5 oA, Bl F P Y (A +hm
% (MeantSD)# /R, P<0.05 F/RnEBA R EMELER,
P<0.01 Fm HAW R EM25 . (M Origin 2022 #X
S
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2 ZEREHS

2.1 EIAIMINE Vp2SO01::catAopaR B EER K R ITHE

S T P TR K 0
o5 ke, S T L R K s
Vp2S01::cathopaR. fE opaR [ FFHY P I+ 5]
Y) opaR-in-F/R, ZE15 Bk i PCR el vk 25 LI 1.

R FERE Vp2SO01::car RN - BeR/INR 311 bp (BT 1A,
VKIE 22), BAPEXTREBRTC S5 (B 1A, JkiE 23), W2h
AR Vp2SO01::catAopaR o554 (Kl 1A, JKIE 1~21),
PEHL 21 S H Rk, FIH opaR BIAMUTIH) opaR-out-F/R
#EAT PCR § HGIE, 75 Hk Vp2SO01::catAopaR ¥ 3
A BER/INR 2 535 bp (B 1B, WKiE 1), BoMus Iy
Wi kR, Wy A5 R R, SRR SR AR B
Vp2S01::catAopaR W EE

A M123 456 78 910111213141516 1718192021 2223 B

700 bp
300 bp

M12

3000 bp

K1 opaR FEHRBLIHKR Vp2S01::catAopaR 1 PCR K E 25
Fig.1 PCR identification results of mutant strain Vp2S01::catAopaR

A: opaR SR NG| H) opaR-in-F/R § 455, M: DNA Marker DL1200; 1~21: 2§ 1~21 S % ;
22: Vp2S0l:cat B#K, P : 311 bp; 23: FAMEXTIR, B: opaR FEHEAIMEBT Y opaR-out-F/R %5E ;
M: DNA Marker DL10 0005 1: %5 21 SHi%; 2: BIMERIIR.
A: Amplification results of the internal primer opaR-in-F/R of opaR gene; M: DNA Marker DL1 200; 1-21: The colony of

No.1-21; 22: V'p2S01::cat, and the product length is 311 bp; 23: Negative control. B: Amplification results of the external
primer opaR-out-F/R of opaR gene; M: DNA Marker DL10 000; 1: The colony of No.21; 2: Negative control.

2.2 opaR ERGRKXTE]Z M5 & 4 K 58 18900

Xt Vp2S01::cat F1 Vp2S01::catAopaR 14K ek
7000, SREW, kKK Vp2S0licar 5K HE
Vp2S01::catAopaR ARG I 227K 2), R
opaR FHEPR I A T M Gl IR 1 AR o

1.2 L — Vp2SO01::cat
— Vp2S01::catdopaR

1.0 -
0.8
0.6 -

OD600

0.4
0.2+
0k

0 5 10 15 20 25
fist[E] Time/h
& 2 Hbk Vp2S01:icat Ml Vp2SO01::catAopaR B4 Hh Lk
Fig.2 The growth curves of the V'p2S01::cat and
Vp2S01::catAopaR

P e 28 JBURE IR 1) 5 P 2 TR AR A R 2
)70 1 M 2 5.(P>0.05),
There was no significant difference in the growth curves
of the two strains at each sampling time (P>0.05).

2.3 opaR ERGRK TR A M50 A 4 3 AR T A RE
FIZEhEE S 8IS NE

LL 96 FLEbRAR A SC 0 254, SR FH 4, i S0 g (a1
LeasE Vp2S01::car FEHE Vp2S01::catAhopaR W)
BT B RE B0 22 S 45 OR WoR, 3R DR B R R
Vp2S01::cathopaR (0.04+0.03) (1) A= 1) 1% B I 1 48 %5
e b REAR, AR Vp2SO01:car (0.95+0.16)1) 3.90%
(1 3A), B opaR PR T 2 5 4 QI 9N i A4
B TE A

HARITE opaR FER R MRz s, @il LB
e [ ARSI N ARG 27 306 B RAZ sh e 10 T A2 o
AL RE R, HRA 8 h Ay, BRKH
Vp2S01::catAopaR [HTK B kel A% [(9.17+0.09) cm] K T
Vp2S01::cat WK SN IE A2 [(3.43+0.08) cm], ik EhfiE 11
FHON T2 2.67 518 3B), FEEIZShSREE RN, K
FE) 12 h 247, Vp2S01::catAopaR (A=K P E42(1.10 cm)
5 ¥p2S01::cat [(1.03£0.02) emMH L C B EHE2E R, H
Vp2S01::cathopaR WK% Z 5 Z|(E] 3C. D), 5
FHTR, opaR FEHR A B M IE Vp2S01::cat
MRFEZBhRe ), (An] i 248 m Ik shiz shifig )1 .
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bk Strain
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N
1

—
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oo
T
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N
T

H: KB H 42 Growth zone diameter

Vp2SO01::cat

Vp2S01::catdopaR
B #kStrain

Kl 3 TR Vp2SO0l:cat Fl Vp2SO01::catAopaR WA H L i 6E 1 Fliz shE 1 1 22 55 i
Fig.3 Analysis of differences in biofilm formation and motility of Vp2S01::cat and Vp2S01::catAopaR

A WHRIEYBBIEINEE I 225 B: WHRIGIKSI B LR C: BEEFHUAT;
D: WHRIBFEEA LT . *: P<0.05; **: P<0.01; ns: LRFEXEF. T,
A: The difference in biofilm-forming ability; B: The difference in growth zone diameter of swimming;
C: The colony of strains in the 1.5% LB plate; D: The difference in growth zone diameter of swarming.
*: P<0.05; **: P<0.01; ns: No significant difference. The same below.

2.4 opaR BEREREI T NRKEFEESHBFIVE LW
RGERRIENE I

il B2 B 5 RS AT R AN [] B [ 05 0 42 5 e B K
RPAT I E ., LHRERE R, £ 12 h B,
Vp2SO01::cathopaR %% # % % [(8.77+3.82)x10*] 4%
Vp2S01::cat [(1.55+0.42)x 10 N2 5.66 17 . 7E 24 h
i, Vp2S01::catAopaR HIFEFERF[(1.01£0.40)x107]
B Vp2S01::car [(1.10+0.48)x 104 M4y 96.20 %, {H
16 48 hitf, KA E] Vp2S01::catAopaR 25 HAFAE
AT (18 4A).

il AR € S k4 5 % 24 h JERIRR
T4SS it P i1 % 5t K (&1 4B) . 7E A& [ Bk 2K Bk
Vp2S01::cathopaR ', opaR FERToF ik, T4SS FHH
B A XF 2 3K K - LB B Bk Vp2S01iicar N T 24
1.13~3.21 {5, Hrp, G HIER traF. trbE F
traG (AN IR IKF 20 51 e 3 4 55 1.96.1.92 1 3.21
5o 25 LITR, opaR FEPH T 3@ i3 4% T4SS FEHAY
IR BEMT S R AR

3 Wit54ie

AHPND Ui 19 pVA1 BRI 77 Fokr | #Er m
trb B T4SS , AT 4 T8 1 BURLAY 25 ¥ # 5 |2 AHPND
W HE Z B (Dong et al, 2019a. b; Wang et al,
2022), ARG BB, A FHBRACE SN
25 B BB M G (Wang et al, 2022). opaR K& [H 4 i i) 725
Y% LR E F OpaR Al 2 5B 2R RS, 78
I 1 5IK TR BOR o 8 b k5 5 ZEAE FH (Zhong et al,
2013; Wu et al, 2019; Lu et al, 2021), ATV opaR
LR AF SRS A T R R, IR R OO R i
INER Vp2S01::cat EW2ETIRE R pVAL BIH I Jioki 2
G R RCR R .

) L SR 1 A 0 R 0 O 4 A T A L £ 52
IS A B BAROR T A R A U RS, AR B e A F2 b
() 58 B8 FAE £7(Yildiz et al, 2009; Li ef al, 2020), 524
AW R IE 2 MR . TR B N JE R 2 0 (capsular
polysaccharide, CPS)35 £ [K K W52, BEARIE N 2 2%
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Fig.4 The conjugative transfer efficiency at different time points (A) and the relative transcription
level at conjugative transfer 24 h of Vp2S01::cat and Vp2S01::catAopaR (B)

B P8 4% - OpaR AJ 38 1 T CPS 9\ LA il A= v
B i & (McCarter, 1998; Boles et al, 2002; Kim et al,
2007; Kalburge et al, 2017); H. Zhang 55 (2021)#f 5% &
B, OpaR n]idid FEAK I 54 WM (cyclic-di-GMP,
c-di-GMP) [ ¥k B2 DL &I %5 9N i RIMD2210633
Hh AR W IR IE i, (H Zhong ZF (02 D)WFFE & HE,
N HZ BRI AopaR TR I A Wi T i 55 T 57
AR, XSS IR, 5% B RS F OpaR ZRIIA
IR A P 4 T 1l 1% i B 8 4 PR, ARG A P
FETE B ) PR A AL A AE TR R 22 S o ARIFSE T, opaR
FE DAL S 2 MR 0 A 1 ok IR B RE O i R R, R
opaR FEA W RES 5 4% B LN Vp2S01::cat HEH)
BEIE RS, 1H OpaR X AHPND EU & A 9 8 B 1
P IR A A Y

B 15 B8 A8 A A= ¥ B (polar flagella, Pof) il
H ¥ (ateral flagella, Laf)n] 15 By HAE AR IABE iz
gy, DL W8 B PR 858 4 Bl 9 BR A2 B (Stewart et al,
2003), WAMEE SIKkshiE s A OC, AT HE S R IR
WERAEA iz dl; A ¥ & SREZ G, il
ICER 15 [ A4 i % B (McCarter, 1995). ABFSE %
B, opaR FEFERKFE Vp2SO01::catAopaR WUk
AR B R RE ) 0 UL o Lu 4 (2021) & B,
OpaR & MK shiz sl Fl pof F R 57 1)
P K F 5 Tk B SE g 45 R 5 A s 45 3 — 3, W] OpaR
S Vp2S01::cat VKahis gl i it I+, Mkt
AR SRS, A0 A= 0 A A L 40 B 36 380 i A 7= A
s 5, YR A Y BEDE L V% (Aagesen et al,
2013), EAMFEEY, OpaR nlid il laf FH %
KLV RESEIE 8, [BE opaR FEN ARG T, BE
LR A 52 ) A R R 2 (Jaques et al, 2006) . AfF5%
ZER IR, OpaR AEEM Vp2S01::cat [N FEEEI2 B BE

{HERIKR Vp2SO01::cathopaR WIRESETE %L %], H
., opaR FEFXFT Vp2S01::cat il A: $ 6 Fl i 7% Bk Z)
)RR S 5 M AL 1 8 5 — T

AR I KPR E 2 ) X2 —, Al
ELBESE 2 AHPND B0 7 2 FEME 1Y 8 22 A (Lin
et al, 2015; Dong et al, 2017, 2019a. 2019b), C.H 1
5t B~ , OpaR T 5iH#RI% M IKE T3SS Fl
T6SS %5 Z Fh 43k 22 Bt (Zhong et al, 2013; Henke et al,
2004; E[N, 2014), {HHTHARA LT OpaR X FHI#H
MK T4SS MR R IIRGE . A BRI
RT-qPCR il 45 SR KW, Y4 opaR HEHIHLAHT, T4SS
FERFRIR M pVAL BIBE ) TR & FE RS ARG .
G RHR A B — TR AR AR RN ST LY, ARHIF AT e
AR RERIS A 2 FPE, AU A m v o i
(Vp2S01::cat A1 Vp2SO01::cathopaR), ZAKEE AR I FCHR
FA(VeLMB29), (A B A1 37 R B rp 340 8 1 40 i 2%
P T I, opaR FEFXT T4SS FE R F A FIHES
) KRR T opaR K [H ] Kb bk 5 LA TE £
AHPND U B 13 A 55 A L Kok AT IA .

WFFE 25 R, = 20 % B R4 FE ) opaR XTI
ISR Vp2S01:car WA KFRE X EAEIZ ShTE T TC
WEERE, [HXF Vp2S01:icar HIVKENRE ST . Ak
TERCBE 71 . IV BRI A306 2 45 3k IR A 338 K F B2 B e
ORI WERN, HIIE/R, OpaR J2 /il v 9N
Vp2SO01::cat B JIbiE A M EEMERN T, A
S0 A 114 R 4 T B A R A2 2, T 1 R A I 5 G A A
TR 5 pVAL B ORI B R L R, Jass
P25 5 R I iR | DA S 4R e B R B Rk
ST ) R 9 B R A% T OpaR Xf pVATL BIF )
i pVAT BUEE 7 FORL 24 6 B 1 R 4 30 % S AL o A
AIF 5% Ay i M o A JK N 2R 48 R 5 30 AHPND 200 B
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Effects of opaR Mutation on the Biological Characteristics and
Conjugative Transfer of the Virulence Plasmid of Acute
Hepatopancreatic Necrosis Disease-Causing Vibrio parahaemolyticus
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Abstract Acute hepatopancreatic necrosis (AHPND) is a bacterial disease caused by Vibrio
bacteria that severely affects the Pacific white shrimp farming industry. Since AHPND was first
identified in China and Vietnam in 2010, it was subsequently identified in Malaysia (2011), Thailand
(2012), Mexico (2013), the Philippines (2014), South Korea (2016), Bangladesh (2017), the United
States (US) (2017), and Japan (2020). AHPND causes significant economic losses of more than
7 billion US$ annually to the global shrimp farming industry. It has severely restricted the
development of the global shrimp farming industry. Many studies have shown that the pathogens of
AHPND are Vibrio spp., including V. parahaemolyticus, V. owensii, V. campbellii, V. harveyi,
V. punensis, and V. anguillarum. The virulence of these pathogenic strains was derived from a 70 kb
virulent plasmid (pVAl-type plasmid). The pVAl-type plasmid carries pirAB genes encoding the
binary toxin pirAB homologous to the insecticidal protein of Photobacterium phosphoreum. The
pVAl-type plasmid has been confirmed to carry a novel trb type IV secretion system (T4SS).
Trb-T4SS can mediate the conjugative transfer of the pVAl-type plasmid at high cell density for
interspecific horizontal transfer.

The quorum sensing (QS) system is also known as the density-sensing system. In the
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surrounding environment, the QS system allows bacteria to regulate the expression of multiple genes
by sensing changes in the concentration of autoinducer signaling molecules. At high cell density, high
concentrations of autoinducer signaling molecules bind to receptor proteins to inhibit phosphorylation
cascades and high cell density master regulator OpaR is normally expressed. OpaR is involved in the
regulation of various biological processes, such as biofilm-forming ability, motility, and the
expression of the type III and type IV secretion systems. Reportedly, high concentrations of
signaling molecules in the QS system regulate the expression of key genes of the T4SS to increase the
conjugative transfer efficiency of drug-resistant plasmids. However, the regulation of the T4SS by
opaR in AHPND is not yet reported.

In this study, OpaR, the high cell density master regulator of the QS system in V. parahaemolyticus,
was selected to explore the relationship between the QS system and T4SS expression, as well as the
conjugative transfer of the pVAl-type plasmid. The V. parahaemolyticus 20130629002S01::cat
(Vp2S01::cat) strain, a pathogenic strain of AHPND, was used as the starting strain. The opaR gene
was replaced with the erythromycin resistance gene (ermB) by homologous recombination and
electroporation. The opaR mutant strain (Vp2SO01::catAopaR) was successfully constructed. The
effects of OpaR on Vp2S01::cat were explored by performing growth curve and motility assays.

Vp2S01::cat and Vp2S01::catAopaR were cultured continuously for approximately 24 h in a
shaking bed at 28 ‘C and 180 r/min. ODgyy was measured every 2 h to compare the difference in
growth. The results showed that there were no significant differences in the growth curves for
Vp2S01::cat and Vp2SO0l::catAopaR. Biofilm-forming ability was detected using a crystal violet
staining assay. The results showed that the biofilm-forming ability of Vp2SO01::catAopaR was
significantly reduced. Growth zone diameter was recorded in 0.3% (swimming) LB agar plates at
28 ‘C for 8 h to analyze the difference in swimming ability. We found that the swimming ability of
Vp2S01::catAopaR increased significantly by 2.67 times compared with that of Vp2S01::cat. Growth
zone diameter was recorded in 1.5% (swarming) LB agar plates at 28 ‘C for 12 h to analyze the
difference in swarming ability. The results showed that there was no significant difference in
swarming ability between Vp2SO0l::cat and Vp2SO0l::catAopaR. However, Vp2SO01::catAopaR had
more missing colonies. Using VcLMB29 as the receptor strain, the conjugative transfer efficiency of
Vp2S01::cat and Vp2SO01::catAopaR was compared at different time points. We found that the
conjugative transfer efficiency of Vp2SO01::catAopaR increased after 12 and 24 h. The conjugative
transfer efficiency after 24 h was increased by a factor of 265.43. RNA of Vp2S0l::cat and
Vp2S01::catAopaR was extracted after 24 h of conjugative transfer and reverse-transcribed into
cDNA for real-time quantitative fluorescence PCR (RT-qPCR). GyrB was used as the reference gene.
AphA-qRT, opaR-qRT, and T4SS-qRT primers were used for RT-qPCR. The relative expression levels

of genes were calculated using the 27

method. The results showed that the relative expression
levels of T4SS in the Vp2SO01::catAopaR experimental group were significantly increased by
1.13-3.21 times and that the relative expression levels of the key conjugative transfer genes traF,
trbE, and traG were significantly increased by 1.96, 1.92, and 3.21 times, respectively.

In conclusion, the opaR gene does not affect the growth and swarming motility but does affect
the biofilm-forming and swimming ability of Vp2S01::cat. The high cell density master regulator
OpaR may affect the conjugative transfer efficiency of the virulent plasmid by regulating the
expression levels of T4SS. This study provides fundamental data for analyzing the mechanism by
which the QS system regulates the expression of T4SS and the conjugative transfer of the pVA1-type
plasmid in AHPND pathogenic bacteria, offering technical support for the control of the horizontal
transfer of the virulent plasmid in AHPND-causing bacteria.

Key words Vibrio parahaemolyticus; opaR gene; Biological characteristics; Type IV secretion
system; Horizontal transfer



