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%, WAL 4 & Bl 4t 5.0x10° CFU 48 91 E BF A #k fn bk 5k Ak Avahl-vahd-rixA, 374k
T AR K A TR R R AL T N R S R A 08 A AR R A L AR S SR L B R
SR G R, bR Y B A A BB LDsy 4 2.103x10° CFU/mL, R %t & % #k Avahl-vahd-rtxA
J& LDsy 4 1.837x10° CFU/mL, ¥ i 4 5 3t [ k 2 48 910 3 5 M 5 2] R R B9 11.44%; #2751
BHEIE ALY NHEmEd, AL EGABRRENH ALY ERANEHED,
6] Bt e I Xt 4 fo i 3 8 ARG AR T B SK AT R W vahl. vahd FoorxA ik JE, K HAR
MERRAZEAFALEZE R E AR ER. MELAERES. AR ST i 4EN
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A AR B ML -5 X UL 68 (Oncorhynchus mykiss)
M EORPED, Li %07 38 i i RTX 7 2 Bk bR
KB, MR GE B rocd FEDIRE, X R Y A A
(Salmo salar) 2l a3 KRB HE 15 680 vahl
I ricA Jk PR ) IR e SR 6, LV L RE ) 3 R I
SR T VPV I A 5C R PR fk 2k Xof 8 I T JR e A B Y
FOW SRR, SRR [ I R T —
PR AL vahl . vahd F rixA [R) K (1 68
IR FE R, FOAR TR ISEE B R A vah1-vah4-
rixA 5B A R AL ST BOR PR 2, DU 85I
BB LE A 2E— 2P0 T, I I R AL ST
TR0 5 ) Bl R i B A AR

1 MRS A

1.1 E#HAES
BEONE 775 Wbk B &N R E U &

PVEEUR A, A SRS R 889 A vahl-vahd-
rixA VAR A AR 2 56 3 [ U5 T 4 4 AR A AR A7
FEAZ TERPUEN TRE, 685150 5k
¥R Avahl-vahd-rixd T 28 °C ¥ LB B3 Ferp 3% 55 |
A RERPUER TAEWEE 100 png/mL. # H Primer
premier 5.0 BRI (& 1),

1.2 A&

SIS FHAR B35 0k [ A E A ) gk S0 A i R 5
Hodh, IR R (13.00+1.56) cm, - E K
(35.00+4.69) g, PEHRfEEEALHS T (28+1) °C F
T AKOKAERT IR 1 JA, o SRS T 7K A 240 1 A R
I WLEE LU0 10 10 fe BROIR B0 o A HEAT AR 56 SR AT,
A B A B A0 MS-222 BRI . ASBFSEARAE b
TR VE R 2 S IG5 ) A BRI AR BE 2% 03 &SI E
S 3 R AR AN DA S NT T RS Bh )
PRAP R 2 0L e BRI

*1 AKSEFAASIY

Tab.1 Primers used in this study

514 SIMF5(5"- 3") 1B KR/ C K% /bp &
primer primer sequence annealing temperature length usage

vah1-F GCCATGGAGAGTGGCAATAT 56 3034/1 039 2B
vahl-R AGACTTGAGCCACGTAGACC

vah4-F TCAGTCTACTTCGTGACGCTCT 56 1.590/1 049 I B A
vah4-R GTGGACCCAGACGTAAAGGT

rixA-F TCTCCTTTTGGTCACGGACGTC 56 3714/1518 2B
rix4A-R CGGTGACGTTTAGGCCATCTC

16S-F AGAGTTTGATCCTGGCTCAG 55 1 446 BRhEE
16S-R GGTTACCTTGTTACGACTT

VAV3-F GGTTGTTCCTATGCAGCGAG 58 173 E® PCR
VAV3-R CTATTTCCCGCAACGTCTCG

RLN3-F TGTGTGCAGTGGTTCATGTG 58 169 e PCR
RLN3-R CGTTTGGACAACTGGGAGC

HLA-DRA-F CAGCAAACATCGAGGCCTAC 58 175 E® PCR
HLA-DRA-R TGCGGGTGTAAACTCCAGAT

FGA-F CAGTCGGCTAACTTGAATGGG 58 153 e PCR
FGA-R AGCAGCCAGTCGAATAAACA

DES-F CTACATCGAGAAGGTCCGCT 58 171 E® PCR
DES-R ACCTCTATGCGTGACCTCTG

Csrpl-F GCCTCAAAGTTTGCCCAGAA 58 180 e PCR
Csrpl-R GATCTCCCCGTCTCTGTCAG

FGFRL1-F CAGATCTGAAGCCCCAAAGC 58 162 E® PCR
FGFRLI-R GGGAAGACGAGGATGAGGAG

Cd22-F CAACAGCGTTGAACCTCACA 58 191 e PCR
Cd22-R CCGTGTTGAAGCTGTGTTGA

18S-F AGAAACGGCTACCACATCCA 58 176 E® PCR
18S-R AGCTCGTAGTTGGATCTCGG
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1.3 TEEFEEUILIKE (LDsg) ME

W 2 R HE A T2 % 8 RV EE ) 100 mg/mL
() LB WA, 28 C ¥, Fh LA 1 2 100
(IRFRLL) A THEFP Y K, U ODgoe=0.6 1 TR A I:
FHBE R ER 22 thIA T (PBS) TR I IEFR B15 5 1.0x10°,
1.0x10*, 1.0x10°. 1.0x10°, 1.0x10" fI 1.0x10°
CFU/mL. # 100 pL A3 5 DA fes v 3 7 =X
ST, ARSI 10 By, A
WAL 3APAT, X B4 RA RO PBS. Siit
7d N EA ST T IE L, R HE Rk
1T LDso BT3RS

1.4 EE3E RR 1L 85 s01G

5 B AE 918 Jrs 3 5T 5.0x10° CFU Bk, ¥4
PR OBRBRAS 30 8, JFiar 34 FAT, [T
PBS YEXI IR, fEALFHIS 0, 12, 24, 48 F1 72 h 4}
BICRAE 3 BRI IEIE . IR . ERE. M. 88
Oy By WU B, BRZE 10 FhaH 2, T EEE G
PBSE A ® 1 mL. ¥R BEFEAIF IR A fE U
100 mg/mL 2 %45 Z ) TCBS AR FI |, 28 C
Wi ge it o FEALPRIE BRI V% 45 100 4>, LARIE R
KWL, JH vahl, vahd F rixA JEPRER S5 | ) 46 5 8
oI B AR R 2k Bk A vahl-vahd-recd 35, 1T
A1 g HE AR IR R

15 fREBHAY A

TETESHEYL 5 72 h B B 5 i 5] IR 4R
i FEELH LY, Zad Bk . A aEE . Bl A A
AHKE-HET (HLE) Yeta )5, FIHJESE EclipseCi-L .
TR ISR 2 I AN T 75 A8 A 22

1.6 = RNA ERSNFE

S VAR A A S G 5 R 5 R A I AR AR
Z: 55 R G g IO AL I G g2 A L) e A R
SRAEESHEYL S 12 h (R [R AL B AE 653K B, W
BB E G EAETE—80 °C ., TRIzol IE#2HUE RNA Jf:
B 3AFATRE A TIR A, R E ) M Il AR
BHE AT B B 58 BU LY .
1.7 SRS E = PCR (qRT-PCR)

R YRS SR DN Y 45 R A HERR I, BE LSRR
82 Rk I [llogy(fold change)> 1, P<
0.05] #AT5HIE . ] RNAiso i85 (TaKaRa) M ZHZH
W3 LR RNA, H PrimeScript™ RT reagent Kit
(Perfect Real Time) i | & 5 Bl cDNA 5% — 4%

R E K7 2: 2 E /) sponsored by China Society of Fisheries

qRT-PCRAGM K SYBR Green #¢)¢:3%, i Bio-
Rad CFX 96 S} PCR R4, ¥ H4&0F: 95 °C HviEtE
3min; 95 °C 281 10s, 60 CiE & 30s, 65 °C 4
fifr 5s, 40 DNPEI, JEHATIEMIN L ST, M
27AACT )y Pl SR Fe ik KT IH — 1K 18S rRNA &
OE 37,y G

2 4R

21 RMBEEXEERREREIREINE BRI
HIEE R

A6 55V SR Y Y AR R S I OB SE = h
2.103x10° CFU/mL, ¥ HHEYe B Je 8k A vahl-vah4-
rixA 5 (2B E Bl 1.837x10° CFU/mL, 4
Pk Avahl-vahd-rexA )25 5 A HC T AR BR 12
BESC e T 8.74 1%, HNEBINTR BRI A vahl-
vah4-rixA WIEEVECEP A BRIGESIEORAY 11.44% (35 2).

2.2 AR E R K R 82 5 & A L B i
REEE

FIF vahl. vah4. ricA 55 5F RSG5 6851
WIS, BPA MR & 5N S R iR R
G, BRRARASAL S LA R RRE (B 1-a),
SSRGS, B AR RN R MR AR AL B AN [ R A 3
TR 2k, HAE A TE S 68 o A
JEYE 24 h BF AR R A 0 i T8 P e LR B R
FEAH, 48 h 7 B UL £ B 0 AR B0 B 1
72 h 7E Bz bk e A A B R (K] 1-b); Tk
PR ELZ 48 h A @R H 76 i 18 8 v A B 1) o A
(& 1-c) /23y 48 h By AERRFNER 1R 2 DEATEM
B EE R Y (E 25 i B 2, YL 72 h TR L
Jok r 2 AR 3 25 R (P<0.01)(&] 1-d,e)o

23 RIMFEMEXEREREEIREE N E L ER ]
FMipEHE R

PEBRGLABYEE 72 h J5, S22 G, 6
ANy 3 N V2R (D S i = VAN S R |
i P 8 % R 200 M P 2, L2 A A e P
WEIR, [EIET, BRICHE Avahl-vah4-rixA A BB 1) R
YURE R B A MR A A 52, B8/ AT PR IR L 55
A, BANMAEY IR, 880N ARG
(K RR-1~4) o BRGSO 5 LB a2 B T
IS, MIBFRE TN ZRAEES, SEAED
B, ZALE R L R AV, W 2 R k™
HEIR , BRI H Avahl-vahd-rixA A FEH 345 72
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2 e85 F SRR BT AL MR AN RS R A vahl-vahd-rixA R EBB R ENE
Tab.2 The LDs, of L. maculatus after injected with wild strain WT and A vahl-vah4-rtxA
[Eg7S YLk % /(CFU/mL) /R P& ) TETH /% A H I ELDs/(CFU /mL)
strains infection concentration total number number of deaths mortality median lethal dose
WT 1x10° 30 30 100 2.103x10°
1x107 30 25 83.33
1x10° 30 17 56.67
1x10° 30 13 43.33
1x10* 30 8 26.67
1x10° 30 4 13.33
Avahl-vah4-rtxAl 1x10° 30 28 93.33 1.837x10°
1x107 30 18 60
1x10° 30 11 36.67
1x10° 30 8 26.67
1x10* 30 6 20
1x10° 30 3 10
PBS 0 30 1 3.33
marker 1 2 3 4 5 6
bp
3.0410° - 2.5%105 - JIFAE Tiver
= o -= JJE  spleen
SRS 5 £2.0x10° - JF  kidney
B 2.0x10° b R
g t Q= 1.5x10° = JI7/ intestine
3 R ~ gl
% £ 1.0x10°} & g1.0~10 e Oofff  heart
2 25.0x10° = ik skin
= = - )l muscle
0 0 Wi brai
0 12 24 48 72 0 12 24 48 72 ¥ /M bram
5 8] /h I 8] /h - R eye
time time
(b) (©
— 6 . 6F mWT
%" . %‘3 . mm Avahl-vaha-rtxA
=R =E T
g% g%
g &2 m S 2
i
2 0 S
1 2 3 1 2 3
NGEEEA ANFIZH
different tissues different tissues
(d) (e)

E 1 #8305 A vahl-vahd-rixA B0 5 E1E8E LR
(a) BB INEE KT AL Pk B, K38 1. 3. 50 BB ARG IR S0 vahl s vahd. rixA, JKIE 2. 4. 6 5 BINBR KR Avahl-vahd-rixd 18 461
vahls vahd. rixA, (b)SFAEMRIELCH R R AL LUBAL I B, (o) B Rk Avahl-vahd-rixA TELEEAS F LU AL 1052 48, (d)(e) 7 AL HE 48 h
72 h JFAEHT S A ANINE S8, 1 g, 2. 68, 3. k.
Fig. 1 Detection and colonization ability comparison of strain A vahl-vah4-rtxA

(a) detection of the strain Avahl-vah4-rixA, lanes 1, 3 and 5 were the genes of vah1, vah4 and rtxA in wild strain, and lanes 2, 4 and 6 were the genes of
vahl, vah4 and rixA in strain Avahl-vah4-rixA, (b) colonization of WT in different tissues of L. maculatus, (c) colonization of Avahl-vah4-rixA4 in dif-

ferent tissues of L. maculatus, (d) (e) the no. of Vibrio in different organizations after 48 h and 72 h, 1. intestine, 2. gill, 3. skin.
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— L]

Bl #eAREREBINEGEMEMR AT R EMEEH

1. 5 f@REAES, 2. 6. 08U B AERRALBIZE, 3. 7. BhRbE Avahl-vahd-rixd SoFI4L, 4. 8. HAURG /S EL: 1~4. TEhAEIL L, 5~8.
i sy LP. [fG )2, SM. #E T E, MEC. s - aif, BL. /8, BC. M40, MRC. ZkifAEE40M, PVC. i LK

gli)iue

Plate Microstructure of paraffin section of gill and intestine of L. maculatus after

challenge with V. anguillarum

1,5. healthy L. maculatus, 2,6. L. maculatus treated by V. anguillis wild strain, 3,7. L. maculatus treated by Avahl-vah4-rixA, 4,8. cell observation after

tissue injury; 1-4. gill of L. maculatus, 5-8. intestine of L. maculatus; LP. lamina propria, SM. submucosa, MEC. intestinal mucosal epithelial cells, BL.

branchial lamella, BC. blood cell, PVC. pavement cell.
WA BRAL FRAAIG (BT RR-5~8)0

2.4 RN HE 3% B FEEr S 2200 1% 5 X 68 ol B 2%
SRR

G347 BF A R AL R ZH RN ER G AR A vah1-vah4-rixA
b PRLH 1 28 S AR, FEAR 5 3 440 A2 53R
RFEW, K1 725 RN EREE R E L,
1715 SR R IA i 2 35 T O (18] 2-a)0 MF 48
A P S LR P AL PR RE T 8 N JE AT qRT-
PCR Bk, Z5RWon, FEHLPEIE iYHE AR fh a3
B 5 S AT A a5 R — 20 (8] 2-b), b5
FKIFFENEED T a5 %M GO
term ", £ 5 signal transduction (GO:0007165).
cellular response to stimulus (GO:0051716), ATP
binding  (GO:0005524) .
(GO:0050896) 45, = HHM KEGG %1k 330 4%,
Hrh & 534 TOP20 H 5 G A5G 1) Pathway A7
& I 20 3% & (hematopoietic cell lineage) . [A] Ff 5+
R R HEF (allograft rejection) . 4 Jifg 2k Bt 73 1
(cell adhesion molecules). i %% M 4% 1Y IgA 4=
7= (intestinal immune network for IgA production).
Pt JF AL B A& 38 (antigen processing and presenta-
tion), £E [ i JH 1k W WX (protein digestion and
absorption)([&] 2-¢). XEEIE K E T T EZ HEXR
PEAGLE | 3P B S 3 IR DG Y BRI

R E K7 2: 2 E /) sponsored by China Society of Fisheries

response to stimulus

R 22 7 3 K GO A1 KEGG pathway & 4£ 43
Mrab e, 254 ImmPort 088 )& (https:/www.imm-
port.org/home), FLAHEE] 37 4 HEGPEEF KCIE ,
e BAKTIRE S 6 25, 4302 BCR 55k . Bt
K. PR AR R . B g
LR 321K (3R 3).

3 e

S WO AR SCEE R vahl ., vah4 Fl rixA
Xof 83 I P J% G A BT B0 RE ) 1S e A T VA . G
T X A B &y £ 43 S S A A A Ak R B 2K B
Avahl-vah4-rixA, W] HIERKRIT) LDs, 30874 fR
= 8. 74 %, I UL, A I AE G HE PR B 2K 1 8 5
XFAEST ) BEME R T o Rock 25 3l i G 578 3k
15 vahl €725 #k , I A 30 H X K VG ¥ i (Salmon
salar) W75 S A% ; Rodkhumd 2500 44 22 14 145 1L AH
I Fe R G AR (A X 8 b B A - BB R LD i T
PP RRAC IR, H I vahd 975 S B0 Li &0
WRTE IR rixcA 5875 117) 88 5JICTRT o %o R VT A f 5 ) ¢
HP A BRI BRAAAIG, X AR 45 R AT . I 3
PO e | SRR R LU ATR Y, BR
55 120 3 45k X I PR 0 R B R R BN R 1 B g 25t
5%, RBK B SR RO S N AE K B A
{RIEVERY; Hu 5527 3, o (RAEE i A W77
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T#E5H  nosig

300 o i down"'", e

—log,(FDR)
e}
(=l
S

100 |

log,(Fold Change)
(a)

YT B 41

[FAh SRS A HE R
Q%%Fﬁg%%ﬁr
1200 R 97

<5 B C0 A 2 B R SR
& BB

fizpil s W 2% g A= AR

i
HowER
H

g‘:
Y

b
=

RLFRN 5 38
oLk s

iﬁ

iy
=

A 3 /N BRI

fE A
LRI T

cell adhesion molecules 1

{ ]
autoimmune thyroid disease - o
HhiiE graft versus—host disease - o
JREEPE LA viral myocarditis 1 o
type I diabetes mellitus 1 o

staphylococcus aureus infection - @)
systemic lupus erythematosus - o
EIM4HAEEE & hematopoietic cell lineage - (]
intestinal immune network for IgA production - L
R PE G BRIE  primary immunodeficiency |
antigen processmg and presentation -
M E Y pathogenic Escherichia coli infection 1
cardiac muscle contraction -
FJIHA SIS protein digestion and absorption A
B4 pr0x1mal tubule bicarbonate reclamation - °
B R /3is  gastric acid secretion { @
FIVHAL S vitamin digestion and absorption - °
coronavirus disease — COVID—19 -

Bl RNA-Seq
= qRT-PCR

N »
T 1

FHXTlog,(Fold Change)
relative log,(Fold Change)
o

allograft rejection 1

gene number

® 20
@ 40

@ ¢

P value

B2NG  asthma °

. 7.34e—04
3.67e—04

- 3.38e—12

02 03
rich factor

(c)
2 TEEAEFAE MR IRAA ANER R AR AL BB FE SRAA UG IE A E R EE 4
(a) ZEFIER KL E, (b) 3L R ) RNAseq U7 47 1l QRT-PCR B E /34T, (c) 2 7% K KEGG & #£ K T K.
Fig. 2 qRT-PCR verification and analysis of differential genes between WT group and A vahi-vah4-rtxA group

(a) volcanic map of differential genes, (b) RNA-seq sequencing analysis and qRT-PCR verification analysis of immune genes, (¢) KEGG enrichment

entries of differential genes.

il b Bz 200 e ol A 0 B I AR A, [ AR R I 5
T AT LA S i kA0 28 M T e 200 ) 5K 4 5
AT TE N IE N R E AN BORRE S . Hoh, sEAERE
JIE MR IR AR I A AR, AT R
ﬁf%ﬂh¢iﬂ?$ﬁﬁm,mﬁ%ﬁ%%ﬁ

1588 S B A2 e i SE R ARG, AR e DR
%@fﬁ@%L5ﬁ¢%%ﬁ% 3 R T HoAth
%,Lﬁ%ﬁ#“%ﬁﬁ nAA—2, HAEW
B SRR R R R R, B AR BRI E AL AE T
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*3 REEFEESRE

Tab.3 Identification and clustering of immune genes

ik B 5
category gene ID gene
BCRfE 5 il Unigene0011606  IGHV3-21
BCR signaling pathway

Unigene0030797  IGKV2-28
Unigene0041120  Cd22
Unigene0041511  VAV3
Unigene0045132  IGLCl
PUAEMK  antimicrobials Unigene0003423  DUOX2
Unigene0003504  FABP7
Unigene0004044  Dmbt1
Unigene0004572  CRP
Unigene0009353  FGA
Unigene0012806  Csrpl
Unigene0013029  des
Unigene0013031  DES
Unigene0014384  hamp
Unigene0019385  COLEC12
Unigene0020791  crabpl
Unigene0026426 MUC5AC
Unigene0030051  CLDN4
Unigene0031595  Fabp2
Unigene0033565  CYLD
Unigene0041262  F2ri1

B AL A B 36

antigen processing and presentation

Unigene0000059  Mrl
Unigene0023474  CD209
Unigene0024495  HLA-DRA
#IE T chemokines
R T cytokines

Unigene0011402  FGF10
Unigene0003211 CHGA
Unigene0015152  RLN3
Unigene0023083  ghrl
Unigene0029618  fam3c
Unigene0030050  FGF21
Unigene0039534  CCN2

gl SRt

cytokine receptors

Unigene0003569  EGFR
Unigene0014302  IL20RA
Unigene0020073  /L1R1
Unigene0032400 FGFRL1
Unigene0035504  NR112
Unigene0043616 ~ MET

Lot &R, 25 RIAENE LB GO term 5
B E N & A & signal transduction, ATP bind-
ing &5, RUHEINTE vahl. vahd Fl rexd B9 0] i
XoF A4 5 248 L 7 ) 8 2 AL 1) ] 4 R A QI A A — 5
e, KEGG & 4 T 5 5o 58 AH G 1) 38 [ A 18 1 44 it
R, PURGCEA R . AREEH T BB R
REWI 24 1) TgA 2277 o 15 I 4 TS 2R X AL S e &R

R E K7 2: 2 E /) sponsored by China Society of Fisheries

SR A AR, RV A AN, T
2L AN B AN i A5 G0 328 20 R 7% E 5 Y. i A
FELFEE AR5 J5E A1 12 e ) R ) 2 AR AR RS s ), HILAA
AT i B JHC Al 6 922 3 % R i 7 42 4 Bt S A 3
FE 0 TR T B R UG IE R, SR
PE R G0 A0 R S R T R R S,
P2 R 5 R RPE R G, LEBR R 1 AH
FIEH vahl . vahd F rixd J5, 8851 EE G2 R AU 5L
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Deletion of hemolysis-related genes attenuates the pathogenicity of
Vibrio anguillarum to Lateolabrax maculatus

JIANG Wei !, ZHOU Jiayu', WANG Yuguo', HU Cunjie!, FANG Xiu?,
LUO Tuyan®, LIU Yang®, BAO Baolong "

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education; National Demonstration
Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China;
2. Fujian Minwell Industrial Co., Ltd, Fuding 355200, China;
3. Institute of Quality Standards and Testing Technology for Agro-Products,
Fujian Academy of Agricultural Sciences, Fuzhou 350003, China)

Abstract: Lateolabrax maculatus is an important mariculture fish in China. In recent years, fishery losses caused
by diseases have become more and more serious. Vibrio anguillarum is a gram-negative pathogenic bacterium
widely distributed in seawater and marine organisms, and it is one of the important sources of bacterial diseases in
mariculture and can cause serious infections in fish. Hemolysin is an essential component of virulence factor of V.
anguillarum, which causes hemorrhagic septicemia in the host. However, very little information is available about
hemolysin in L. maculatus. To explore the role of hemolysin in V. anguillarum infection of the fish, 5.0x10° CFU
V. anguillarum wild strain or Avahl-vah4-rtxA was immunized by intraperitoneal injection, and the colonization
ability of bacteria in L. maculatus, histopathological changes and immune response of L. maculatus after deletion
of hemolysis-related genes were evaluated. The results showed that the virulence of V. anguillarum decreased by
8.74 times after the deletion of hemolysis-related genes, and the LDy, of wild strain or Avahl-vah4-rixA was
2.103x10° CFU/mL and 1.837x10° CFU/mL, respectively. The intestine and gill were the main colonization sites
of V. anguillarum, which were seriously damaged after infection. After the deletion of hemolysis-related genes, the
colonizing ability of V. anguillarum and the damage degree of intestinal mucosa vacuolation and gill necrosis was
reduced. The KEGG pathway enrichment analysis showed that the differentially expressed genes were signific-
antly enriched into hematopoietic cell lineage, antigen processing and presentation, cell adhesion molecules and
intestinal immune network for IgA production signal pathways related to immune response. The above results
showed that deletion of hemolysis-related genes attenuated the pathogenicity of V. anguillarum to L. maculatus.
The results of this study will help to further understand the pathogenic mechanism of V. anguillarum and provide a

basis for the development of anti-Vibrio immune enhancer or attenuated vaccine for L. maculatus.
Key words: Lateolabrax maculatus; Vibrio anguillarum; hemolysin; bacterial infection; immune response
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