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(L BRI KRRV A 5 A A M A S0, LE 2013065 2. FWRIEERE: AP RRE R A%
BRI, Y 2013065 3. RRAEE AR B AL bR 5 KRBT, Riak FiM 350003)

 E: W EEEAEAR, AEREIATE S B vahl , B vah] B EBINTE AR Avahl o Avahl TEFE
RIMIHME TR 89. 4% LML BE S R IR 16% , Avahl TERREYL FLATIERTHF ( Litopenaeus vannamei) 1141
FHER N (9.77 £0.50) x10° cfu/mL, A8 Lb AT B0 57 4 T RE B9 L E0EE & (3. 16 £0.80) x 10° cfu/mL #2751
2..09 % ; K1 L 68 910 57 AL Bk , Avahl BARAE FLANTEEXTUF ( Litopenaeus vannamet ) FT R 14 72 51 58 1 9 &8 T R,
X FT e e 2 L 3 5 A R 25 9 A ) DR B AR X 50, P PR I B A DG B[R] CAT ,SOD (PO LZM i1 ACP 1)
FIRKTREAG s XL ITLE SRR vahd BRI BE ST B X LAY EXT AR BOR RE 1, Avahl AR K 5 226871
ATV 92 T e I 5 1 AR ) ) £ B T A

KPR BYNHT; vahl FE 5 BURME; FLANEXTIER; BRI

hESES: S917 XHEARER: A

48 9K B ( Vibrio anguillarum ) S35 W O &
LB A 22 BT 1 SR R SRR S R LAY
R B, 68 9N "l gy 48 it ( Lateolabrax
japonicus ) ! T 8% ( Oncorhynchus mikiss) ' | H 7%
#5347 ( Anguilla japonica) ™ | ¥ fa ( Larimichihys
crocea) ' K ZE B ( Scophthalmus maximus ) (61
TFtef ( Paralichthys olivaceus) U e 2 e B A0 2K
SR F A AE o 8 I T A R LA T X
S E X AR
CUR BE WO AF
( Penaeus monodon) ' 2 22 Fih % 5 %o W 114 95 JERL,
SHEOS R SRR IR SE . B R B IA TN e 3
BEUHIA IR L AEPT AR R A0l 2 (o T H B i
itk e UK S e A

08 I PR 92 17 BB X 8 SR 11 92 38 5 ) 1Y
WA, A B REAA R0 7 R s 20 7K 7 Bl 4y 18 5 TR 9
T 22 SR | BUY 17 5 ) S el (3 a5
e ) 8 I TR 9 T R e T i 88 T R 2 P A X
5 I TR 11 Y5 8 0 R) 10 BRI I 3R B8 N
() SE 23 ) R 1, S R 21 4 it %) 4 i g, 5 3K

YR ( Litopenaeus vannamei )

( Fenneropenaeus chinensis )

s B EE: 2022-03-21 &8 B HY: 2022-06-23

1A = )i G S 97 i Y L R 12
LU vahd IR 1 AN A I 3R
PR S R B IR T Th vahd JEIH AR AR
54 I PR SRV , Ay 88 S R 7 2 i B X 5 5K
PR 18R 5 G 5 1 i 1) A B A B A

1 MRSk

1.1 SLIesH#Y
L11 bk kL

g I ( Vibrio anguillarum ) . K g T
CC118( Escherichia coli CC118) .pSR47s H A% kL
A1 pHelper %fi By J5i bz 44 S A 52 56 28 PR A7, FLA €
XFERIRE Ok B bR R A SIS BT T E )
H EEEY TERARAR G (E D),
1.2 ST lEERAEHRIE

DLBg TR AL R 2H DNA St , il 3R 1 /5]
W*F vahl-¥1/vahl-F2 Fl vahl-¥3/vahl-F4 , 43 5]
P H gL g B i R B, B A Overlap
PCR 470G o R FRGIPEN VIR Sac TH1 Not 1
XFRG R B M BORE pSR4Ts iEAT XU, 8 i
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32 %

T4 DNA JEHE 4 Cl BOE 5 AR Rt B
CC118 2SN, W Aii T3 A R IR 8 3R i [ {4k
LB 15 Bt o g0, PRI sw e v v, R 51 9
pSR47s-M13F Hl pSR47s-VECR #£17 PCR , Il 55
UEHE 4H 5k CC118-pSR47s-Avahl . R )5 #4 B 4
BRI A 2L JTORE 1) R F T R Y A il B o
(R IAAT AT 18 55 3%, WA TR AU A 7 U
VEAREAFI-R AR % 3R A [T (ARG 7R 5 F 5 g%, R

R, 51 Y0%) vahl -F1/vahl -F4 347 5000F, Pkt
WA — U A R S A R (KA
3 198 bp, B4 A 1 054 bp) HYFARETVE IR AL S
AR PUARENFN 15% FEWEAY [E MR B IR0k F 1SR,
WRBCEA T % A 5 | 9%t vahl -F1/vahl-F4 347 PCR
Bk, i 32 A A R A I R AR, ] vahI-F1/
vahl-F4 16s-F/16s-R 5| Y470 3 1R R4
AT vahl (R ()BT TR o

*x1 FWHRETASY
Tab.1 Primers used in this study

519 S1FSI(s" - 3") B LB &

Primer Primer sequence Annealing temperature/ “C Purpose
vahl-F1 CGAGCTCGCCATGGAGAGTGGCAATAT 56 FEH R
vahl-F2 CCATCGGCTAACCAACCTTCCAATAGCGCTGAGTGCTTTTC LR bR
vahl-F3 GAAAAGCACTCAGCGCTATTGGAAGGTTGGTTAGCCGATGG 56 FE IR R R
vahl-F4 AAGGAAAAAAGCGGCCGCAGACTTGAGCCACGTAGACC FEH bR
pSR47s-M13F CAGGAAACAGCTATGAC 54 LR bR
pSR47s-VECR GATTTGCAGACTACGGGCCTA FHL IR it
16S-F AGAGTTTGATCCTGGCTCAG 54 FR % E
16S-R GGTTACCTTGTTACGACTT
CAT-F GGCTATGGTTCTCGTACTTCCAAGC 60 CAT 5 & PCR
CAT-R GCATTGTATAGGTCCCTTGTTGCA
SOD-F AGCTTCACCAACCTGCTTGC 60 SOD 5 PCR
SOD-R GCCTGCTGTACGACAATACCC
PO-F GATAAGGTGACCCAGCCAGC 60 PO i PCR
PO-R CGGACCCCAATTTGAAGGGA
LZM-F GAAGCGACTACGGCAAGAAC 60 LZM E & PCR
LZM-R AACCGTGAGACCAGCACTCT
ALF-F AACCCTGAGCAACGTGAGAG 60 ALF £+ PCR
ALF-R TCACGCCCTTTTCTACGACC
18S-F AACGCTCGTAGTTTGACTTCTGC 60 18S DNA F#& PCR
18S-R CACGACCATTCGGGCTGTA

1.3 EEREERNE

P RIPR Avahl FeRh T8 2N VU AREARY LB B

RERIE b SR 30 G, A F2 7% DNA,

514 vahl-F1 vahl-F4 17 PCR 93, EEY"
K 1054 bp K/NE F B, R WIZ R B RAE AR
AR EERE o
1.4 HRBZLLH

P I8 I iR B A= TR PR AN R T AR Avah] 1Y
FATERE T & FUR PUMEN R LB ARG TRk rp 28
C T 150 v/min Y875 555% 24 h, F{LL 1% HEEFD
TR SR AR T 28 CF 150 v/min 4R
D H59% 30 b, BERR 2 /NIFIRCL UORE, T2 T
07 AN [N ] R ODgo fEL. SR8 H A 3 1K, L
3 YRR F- YR, A SR A B AR AR, AO
J& OD o (N YN AR , 221 P b TR AR ) A Rl 2
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1.5 AmiEHERNE

W b AR 7 %) 6% oI T BT 2 TR AR R B R T B
Avahl ¥% 1% FERh i 2 0 2R VU AREN 0 4
LB ¥57:3L 1,28 °C K 200 r/min £ E 0D, =
1.0 5,40 S pl e BE A S TR T4 1Y
4B BENR AR (s = A W) L (FTL A
0. 15 em) B3 AT ,28 CIEERFE,
WL I BE 11 4% 16 5 47 B3 5%, A H Photoshop
B0 A R A, I Ak AR AR i B T
R
1.6 YRR B NRINE

WA SRR TR IR R, LB IR AR Bs 57 5
P A T R R BB 2 B AR Awahld (1) ODgy, {E 8 % Ky
0.01, 352 A\ 96 fLARH, Bl N 200 pL, B4
A A 6 IR, IFLL LB WA R 52 5L DIMEXT R, T
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28 CHEFAEP R E RIS 24 h )5, FIJCA PBS ¢
R e 3 UK, AL 200 L FHEE, [E5E 1 h
JaBR R Z R EE, ARG IMA 150 wL 1% 45§ 555
6,30 min, figJ5 1 33% B LRV 45 b 45, R
BEFRAXAE 595 nm AbiE e fE >

1.7 FHHFRENE

PIAK 3 ~5 em, K FifE 0. 88 ~2.10 g [ ML
YR IR R IR R 5, Zeask — B B[] B 77 3 L
Ji , PRIBOAS K/NGE — S, 7 B AR TE 3 1Y
fa BT IR A 7 ) Y ST , 38 3 2 Y J % M Sfe )
S SRR BT AR TR AR R R 2K TR R Avahd 12 BB
Feir, A 08 N T B A T AR AR K T Bk
Avahl SEEY 5y R T A, DUASINGE X IR R 25
XTHEA, 6 ZH A [m] 9 W & 5 09 SE 90 2 (BB 2R
1.0 x10* ¢fu/mL. 1.0 x 10° c¢fu/mL 1.0 x 10°cfu/
mL. 1.0 x 107 c¢fu/mL.1.0 x 10* cfu/mL F1 1.0 x
10° cfu/mL) A4 7 3 44T, BEASFA74% 50
FEXTHR o SEge il BN, R KA K TS i g 5K
B MRS RAR SN A AR i f e o Se g 2L /s e 96
h BB 1 /N RS I 1E 53 LA S X MR Y 8 T 5
SRR, 1 52 DG 31480 B A o R A e 2 7 ok
Avahl WREREBER ",

1.8 ALY R/

IOREIRES 72 h X BRI AR TR AR Rk e 4
TR AR Avahd JERYY 2 FLYR T XS HR , e i
HLEFIWENG IV I il 45 o Gk i /K Ay i A 3
YIR A H.E Je 5, DG g A 741 2
WAL
1.9 {KNEFERE TR

R T LR I G AR AR RN R T AR Avahd
FE FLANEEXT IR A N 2 FERE T 10 25 57, 43 BBk
J5 24 A8 72 h BYEF A BAREFNER R B MR Avahl J&
YL FLANEE XTI, R K 1 PBS 22 ol il Uk T4
J& , PREURE 7] ot £ 09 JHF e AR 4. 21, 58 53 0t 5 F
TCEA Y PBS 28 itk A 46 BE 7 B, SRS TR A 72 %
ARG TCBS [EfAsE 772 | ,28 C ik
Kigs @t AR oy Bt 4k, 514 vahl -F1/vahl -
F4 4734 16S DNA HEAT AP %8 5 . TCBS [&] {4
R B R M s RO £ | 3R I LA FLAE I X
I JHF J A P40 2 B B ) AR
1.10 RT ¢PCR

TABUERGL3 6 12 24 48 72 h 5L
YRR RN , B AT 3 XS HR, F Trizol

ARBUIF R R RNA, F] T3 A AL U (CAT)
ALY B AL T (SOD) |l 48 AL B (PO) | 7 B8 il
(LZM) \FRPEWERR I ( ACP) S5 fo 5 AH G BE PR 1) i
i RT PCR A I o AN [m] Jek e bsf i) (%) JHF Ji it
RNA J2#85% 0 ¢cDNA , R SYBR Green 5¢)Gi%
17 RT-gPCR (434, ¥ 355 [ W35 1,20 WL )i
1A ZA1F5 2 x Hieff® qPCR SYBR Green Master Mix
10 L, ISR/ B ML,*ﬁiﬁ cDNA 1 pL,
ddH,0 7 pL, PCR JZ i 414 K:95 °C 48 Pk 3
min;95 CA5MH: 10 5,60 °CiB & 30 5,65 C LA 5
s, 3540 MEF ;95 CHEM S min,

2 4k

2.1 $B3NHE vahl TREKEK Avahl IR

Wi E 2 WHERNEAIK 1(a) ], ESH
REREAY LB [ {85 57 3 b Pk ik BH M o e B B 4R
PR AR Ay BE ) B S A B R T 3 4 3 198 bp
M LB 1 (b) ], 8RR bR Avahl A 473
1 054 bp 15547 [ B 1(b) 1, 3R] B B3 95 R
T2 144 bp, dE— 25 W 77 Lo X, 3¢ B Bl 2k B B
Avahl R,

WBR BA Avahd 58 55 1E AR E 35 30 IR,
PCR [ 4 R /NA 1054 bp ARG 7 Be[ & 1
(¢) 1, Ui BaR Fitk Avahl FITEGIRPRAE AL
2.2 vahl BR<EMMESINE RS M AN S MIRERZ A

vahl A% 5 R 68 9B A 1 L RE f1 . BFAE B
PRAERG IR 12 h 5 i R B A s 1 (AR 1) 1
HRCTRPR Avahl FE355% 120 h A BV I 35
(BT ) o FEMFHRET IR 120 h B, 874 AR 9
Vs i FE S35 1 AR 0. 66 em? , B K BRI AR Avahl ¥
I B3 IR 0.07 em?®, BRASFAK Avahl i
TEPET R 89. 4% , — 5 (1)1 i kel TR AR 00 o i
225 (P <0.001), W& 2(a),

vahl BRI B8 KT B A= 9 B B, W] 2
(b) Fi7R , AH HC B A TR A, 2K B RE Avahd 1429
JEOD fH FRET 16%, HEHR B E 25 (P <
0.05) .

vahl B9 A 5 68 9 1 A K RE 1. PR
FRAR RIS B RR Avahl AR HTZE LI 2(c) , B
VPR Avahl (14 4 5 58 55 B AR TR B 1 A 4K R
REEA T —5, MR I 5 h i) 2 FhEARASHEA
SRR K, 5597 20 h i 2 FPEEARERIE AT &4
K,

http://www. shhydxxb.com



484 S TV = S N S SR 325

——— 1
RRES Tl

// —

B A BB = ’
LB + Avahl + T B =3198 bp
|
R E RAvahl >« >t v
LB+ T E=1054 bp
(a)
bp Marker 1 2 bp Marker 1 2 3

5000

2 000 —

3 000
5000 1500 —
oo 1000 —
1000 750

750 500

500 250

100

(b) (c)

(a) SEINBE BRI Avahl BT ACHR BEEL; (b) VKIE 1 W HFAE Bk X B AR R/ 3 198 bp, JKGE 2 R Wbk Avahl 198"
Hamh G Bk 1054 bp; (o) BRRTEMR Avahl F3EBHETERIE , TKE 1,2,3 B EA 30 IR TR Avahl flE R BRI, K
/INA 1054 bp,

(a)The schematic diagram of Avahl gene recombination and exchange of V. anguillarum deletion strain; (b) Lane 1 is the wild strain
control band, with a size of 3 198 bp, and lane 2 is the amplified fusion fragment band of the missing strain Avahl , with a size of 1 054 bp;
(¢) Determination of the stable heritability of the deletion strain Avahl. Lanes 1,2 and 3 are the fusion fragment bands of the deletion strain
Avahl after 30 passages, with a size of 1 054 bp.

1 4230E Avahl SRAFRAIFEFNEETRE R4

Fig.1 Construction of V. anguillarum Avahl and detection of genetic stability

1IN 12 hy 2. %5100 48 h; 3. %1196 h; 4. %1 120 h,
1. 12 hours of hemolysis; 2. 48 h of hemolysis; 3. 96 h of hemolysis; 4. 120 h of hemolysis.

BEIRR I SS5NE B £ MR ANER R B ik Avahl & FHR
Plate I  Wild strain and Avahl of V. anguillarum on blood agar plate

http://www. shhydxxb.com
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o g
= ol
Ko S
& & 58
H o i 3
=7 &
ity B
g Fy
() (]
= s
=
z
WT Avahl WT Avahl
B#k Strain B Strain
(a) (b)
2.5 m VT
®  Avahl Bvt—t—a s
2.0 /
't
/././
_ L5} /r
g o
Lo} /
/
0.5} /
0 L==
5 10 15 20 25 30
Bt/ Time/h
(c)

FEARE B « " IREFEZEFBE (P <0.05) AR EFE* * + + "REFEFMEE (P <0.001); (a) 1L 120 h BFA T BRI 5L
KPR Avahl [ L RN GETT HER s (b) PIARIE IR A= YRR Jae gt LU (o) PIRRERSINA 1 A Kl 2k

" %" above the bar graph represents significant difference (P <0.05), " # % *" above the bar graph represents extremely significant
difference (P <0.001); (a) The histogram shows the statistical comparison of hemolytic circle size between wild strain and deletion strain
Avahl after hemolysis for 120 h; (b) Statistical comparison of biofilm forming ability between two strains of V. anguillarum; (c¢) Growth

curves of two strains of V. anguillarum.

B2 lEITFEREKT

NERSEIRE Avahl BIELIESHT

Fig.2 Comparison between wild strain and deletion strain Avahl of V. anguillarum

2.3 vahl SR ISSIE R LR EREE S 2 s L
vah! SR BN 76 JLAD AL I REIR o ol o : =R Avahl

PRI R 24 48 FT2 0 B &08

RGBSR Hi b Avahl 76 JLADS A IR NFBOIR P 0 g g B

RORMHCLEAN S fE3L 3 PILR 6 B 2o

BROERBCRHR S T 0k Wbk Avahd fo5ERRL 8 o e L

fi BPERBRLE 24 48 172 b A0SR AR 4 WA Tine/h

B4 6.3 x 107 cfu/g,3.2 x 10° cfu/g 1.0 x 107 FEIREE L7 ar = ™ (06255 0 3 (P <0.05)

ofu/g, B H R Avahl 4351 1.0 x 10° cfu/g. Sgsﬂfbove the bar graph represents significant difference (P <

1.0 x10° c¢fu/g 2.0 x 10° cfu/g, AJ UL, i 2k B bk
Avahl T JFIBERR b %) 2 FE AR o 25008 T 39 26 TR AR
TEMF R MR e FE £ B (P < 0. 05) , 7R/ 72 h
I, B A= R R 114 5 B O A R R TR R Awahd € B
B s 4, WK 3,

B3 BIEEFERERFIRKEK Avahl

TEFL YR X HF AT IR BR Y RE SE RE

Fig.3 The statistical comparison of the colonization
ability in L. vannamei between wild strains and

Avahl of V. anguillarum

http://www. shhydxxb.com
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2.4 vahl TR FM0ESTNE B N AR ERAI B
R

i I TRT SR FLAN TS X A P BB 1 AN 3 2
Js B AR T R BB i (3,16 £0..80) x

10° cfu/mL, §kt 2% B M Avahl B & N
(9.77 £0.50) x 10° cfu/mL, 525 Fkk Avahl 1)

B A H I B R0 BB R R T
2.09 f%,

F2 SBINEFFERTBKER Avahl B FLAESTIRK L BB E
Tab.2 Determination of LD, of L. vannamei after being challenged with wild strain WT and Avahl

=R YL Y 5 s L =
N @%%UE“ S X IR BB TR ‘ FREOT R
i) Infection Number of T H LDs,
. . . Number of . .
Strain concentration/ experimental dead shrimp/J& Mortality/ % Median lethal dose/
(cfu/mL) shrimp/ J (cfu/mL)
10° 50 50 100
10t 50 44 87
WT 107 50 43 86 (3.16 £0.80) x10°
10° 50 36 72
10 50 28 55
10° 50 50 100
10 50 44 87
Avahl 107 50 35 69 (9.77 £0.50) x10°
10° 50 30 59
105 50 18 36

vahl 2K 52 0 65 HIEE XoF ML 2P Xk AT IR
HAMBIAFERE . IR IT-1 Fral DL ) 4 B
Xt TR AR A0 S HE S 5, AT AR SE R, R
T 3L WL 1 B/ IN A ) B T T 45 R A I TR R
20 ) — LT AL DD REE AN, an S e (F 40
J) AL AR (R A1) A0 620 (B 4 ) o
BPAE R 72 b TPBRIRAL ) B o oE

(1 JFT TR i 2 0, 2 50 0 1 2 0 9 e O I 7%,
UK A B 25 Al A i (BT R IT-2) 5 6k 2K T A
Avahl [ IEGAE IR A B AR, A 28 1T IR i 4
AT DR B 3 A L 2 0, 22 BEORT R iR A e Ak T 1% i
TR A P A v T R R 4 i T
B LAL , U A ST BRI 20 M B = REE B B
A (AT IE-3)

L. AR FLA I X MR IR AT 8 D) A R TR, B AR - A A, R AR AP AN, F AR, © A”ARRIT/NE 5 2. B A T Ak
SR FLA X ST R AT ST 0 RS A ] 5 3. SRR TEIRR Avahl JEGE FLAREEXT IF 0 W] A WIS M 14T o

1. The microstructure of paraffin section of normal hepatopancreas of L. wvannamei; B stands for secreting cell, R for storing cell, F for

absorbing cell, and “A” for hepatic tubule; 2. The microstructure of paraffin section of hepatopancreas of L. vannamei infected by wild

strain; 3. The microstructure of paraffin section of L. vannamei infected by strain Avahl.

B kit I

BSINE R R FLANE X R BT IR AR B 5 ) 7 B4

PlatelI The microstructure of hepatopancreas in L. vannamei after infected by V. anguillarum

2.5 vahl SREREGTNE NG AR R B4 X
EERIE
PUE XS R R A B8 I AR K AR Avahl

http://www. shhydxxb.com
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1% B 72 h 45 S IR A BRI R IR R T B
XFHRA . o SOD [ CAT FEJ& % 6 h B ik 5k
@JBE'ijt,élE?mﬁ‘ ) 24 h i}, HFR KR EMHET
K& ,LZM PO Fil ACP 7rJE&4e 3 h i ik i ik 81 i
K, LZM e 6 h if ik il R, 1fif PO FI

151 am T4 Control
- AR WT
% CO BRRE Avahl

3 6 12 24 48 72
R Yepfa] Infection time/h
(a)

SODE:F X Rk &
The relative expression SOD gene

3 6 12 24 48 72
J&Yerta] Infection time/h
()

LM RIAE
The relative expression LZM gene

151

3 6

ACPERMHST RIE R
The relative expression ACP gene

ACP {EJFIL 12 h J5 Rk il T, 72 A Ik
Yerd B, BROC T BR Avahl Y51 1Y G5 A1 O
R FAE - TE R, H 8255
F(P<0.05),

15¢

3 6 12 24 48 72
JXYerfa] Infection time/h
(b)

CATERMX RIE R
The relative expression CAT gene

15¢

3 6 12 24 48 72
R Yepta] Infection time/h
(d)

POEER X RIAE
The relative expression PO gene

12 24 48 72

JRYeitE] Infection time/h

HWZI EJ5 "« MR ERBE (P <0.05) AARE L5

dlfference (P<0.01).

above the bar graph represents significant difference (P <0.05);

(e)

w x PREZEFWEE (P <0.01),

" % %" above the bar graph represents extremely significant

B4 FAAEXEFRFAREX 2RERNRIEKFEE

Fig.4 Expression patterns of immune relate genes in hepatopancreas

of L. vannamei after challenge with V. anguillarum
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3 it

ASCHI AT pSRATs [ 4% Tk 4k, il 5
Overlap PCR FI[RIR LA , I E T 689K 1E
Bl TR AR Avahd , FLES LM BT 89. 4%,
HIRONO 45" 5 iof 74 pe S 9N P V4% 1 28 3 ) wah
T A vahd DR (9 I FT 820 0 B0 0 5 1
TEME. ROCK %87 15 8 91K v 1) FH 5 2 A8 4
AR HIEET vahl SHERR I8 BB bk , O I PE
%, SEFAE AR L, 883 B2k Bk Avahl K
AW 24 5, AR IBIE i BE 1 R R 16% , BLH
vahl 505 859 A P B 4T R o

Vah1 %68 B 7K 7 3 490 1 2 1 5% 0 2
TER PG A I8 A SO B WBFSE T vahl
X8 7 R LA o R B BB L B SR, R
B vahl FePR G5k 1 689 B T Bk Avahl J&Ys FLAY
T A BOOE RE 1A T T W, AR LGB A bk, B
RHPR Avahl fERETERHER T 2 50 1 (%
2) . AR PLAN IR X IR 500 22t A I b
FE5 |G BB T , 2 214 i X R 2 i 1 2 S A
210 R A R R SR LA I X X T
P 4 L oK™ T A P M 0 L 52 A e 2k T
ST R, 40 i A 2 ) R R B 7%, Hh B 1
ZEALALANMEL , T B2 B IR Avahd X T 5% 240 0 F)
AR 0 SR P T T 200 . v A 8 1 £ B
5 I T2 Py SN 5 s (IR T ) 3 — 7 TG 7
BE S B B R Avahd e LAY ot AT T I8 B 1 o
FEAEFTIRES A 3 (18] 3) , 55— 77 Tt ] fi 5 dgke 2k
Bk Avahl BOVEILRE S FIEA (BT ,IE2) .
H TR B R Avahd Xof PLA I T 8 T 1 g i 37
TREENS T | 2k B bR Avahd JY FLAA T8 X HF [ 3
FERE 1A — E LR I T R

I PR g L9 Y X M T RS | e s
) — 2R 91 S8 S 7, BT BB A A g 2 R 2K S B g
FOREREE T LU BRI N AR B0 SR 02 . T
Pt 3 B 1 S AR 56 PRl T2 A RN, R R A AL
WIS AL (SOD) i 4 AL S ( CAT) J& o i v
B 4R A S 8 B« 24 X A T 0 DL AR
B, 23 7R MR A 77 A AR F % T A, R 1 1 4R
2%k FLAA X S B LA B 2, RN 3 2 Fofi 6
P2 DR T 1T LK PR 22 4% 00 05 P 40005 W 5 214 9
T e A BRI 233005 B S 1L I (PO) |, PO 77 A Y
PRI 7T % FE S 5 TR P Bl PR T ( ACP) (3%
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PR (LZM) 1] ELHEHE A (R 090 S 8 A g 2
A5 65 N G S e PLAR XTI I JB A 8 ik
CAT SOD PO LZM F1 ACP [1)3& H a1k /K F-AF
AEA BTN [R], A ] 35 PR 26 3K 199 1 2l B 1 A BT A
[F], HER BRI e ma T RE(E 4) . FRikK
Tt i v R A YL ) 1A 27 2 B8 I 1 1R 28, X IR
RIS 2 T G ML, X TR B Y A= A 21T
il SR S A G PR 238 KO R AR EE A F X
R, P R R L IRh L4 X6F 0 1) G0 38 2R G il
B 7RISR LG X R B R A %o 8 S B
vahl B2 E R Avahl YL S| 1Y fo e LK 3555
IRV 38 K A= B A , R B LK TR PR Avahl JE&
Yy FLANEE XS IR 5 | e 1) B P 2 55 T B A A bk

BN ARG T AL B N vahl FERIER
DA , XL I A ) TR it BE ) AE AT T 4%
BT, %o LI FLAA Y % I 1) 8 0 R0 B8 1 64T
TEEANPEAL , 2R O o 56 P TR R R o 4
TR UCRE Y 8 I TR Rk, S SR AE R T PR
Avahl [F)FERE T3 —25 mf B HA 7 7 LA, #4) 2
BRI /N B TR B AR L O B8 IR D BE P 1 e
£ B85 R T & B4 A

Sk

[1] YANG G H, WANG C, WANG X T, et al. Complete
genome sequence of the marine fish pathogen Vibrio
anguillarum and  genome-wide transposon mutagenesis
analysis of genes essential for in vivo infection [ J ].
Microbiological Research, 2018, 216 97-107.

[2]  SfEoe, XURPE, skott, . LRI mE X L IE R

PESBETIRE R SE M [ 1], LIl R4 24, 2011, 20
(1):89-95.
GUO W R, LIU L P, ZHANG Z F, et al. The impact of
Vibrio anguillarum challenging on non-specific immune
responses of sea perch Lateolabrax japonicus[ J]. Journal of
Shanghai Ocean University, 2011, 20(1) ; 89-95.

(3] JoAmg. i fo iy WLANGE R M BaHOR ] MRk
7=, 2015(6) : 24-26.

ZHAO P. Control techniques of common bacterial diseases of
Rainbow trout[ J]. Heilongjiang Fisheries, 2015 (6); 24-
26.

(4] WhoCAh, A, BRI R S 8 B ST
YA, 1984, 24(4) « 386-391.

HAN X P, LU Q Z. Isolation and identification of Vibrio
anguillarum from eels [ J]. Acta Microbiologica Sinica,
1984, 24(4) : 386-391.

(5] J™bkT, BT, G, 45, KB A ST SRR R A e e

R B TR SR i i B [ ] 7K 7 27412, 2017 ,41(5)



33

W, % S vah ] (2 T8 b 2 SO M

489

(6]

(8]

[10]

[11]

[12]

[13]

[15]

641-648.

LAN LF, AN X, BAO M M, et al. Expression of catalase in
Larimichthys crocea after infection of Vibrio anguillarum[]J].
Journal of Fisheries of China, 2017,41(5) .:641-648.
AN, R, D, S REEGTRT IR I MR S 4
Mrid]. AR EH, 2015, 31(11) ; 222-227.

GUO Y L, WU N, FANG H, et al. Examination and

Vibrio anguillarum  from turbot

Biotechnology Bulletin, 2015,

analysis on pathogenic
Scophthalmus maximus[ J].
31(11) . 222 -227.

BEYS, RIETT, W, S5 P ORE I S Re 8 o RO 2
JG 13 TG BEARSCTE BRI RAL [V ], v g v R 227
i, 2016, 46(2) . 42--53.

XUE J, SONG X Q, XING J, et al. Expression analysis of
thirteen immune related genes of flounder ( Paralichthys
olivaceus )  vaccinated with formalin-inactivated  Vibrio
anguillarum[ J]. Periodical of Ocean University of China,
2016, 46(2) ; 42-53.

Y, BN, BRIEWT, &5 R [RREE A AR T SN Al B
CRA RN TEXS PN SR Btk [T ] P A2 4,
2015, 6(1): 11-17.

XIANG Y, WANG G, CHEN Z M, et al. The pathogenicity
of Vibrio anguillarum and white spot syndrome virus against
Litopenaeus vannamei under different temperature conditions
[J]. Journal of Tropical Biology, 2015, 6(1); 11-17.
R, PRAAR, 2. v [ 0 J v (B8 9T ) A9 AF
FELI]. K24, 1990, 14(1) : 17

ZHENG G X, SHEN Y L, LI H. Vibrio anguillarum as a
cause of disease in Penaeus orientalis kishinouye[ J]. Journal
of Fisheries of China, 1990, 14(1). 1-7.

BOE &, SERAR, F22, A 0 IR BT 0 I 4 g5
HRAE R [T ]. AR, 2015, 39(9) « 44-50.
DUAN Y F, DONG H B, WANG Y, et al. The non-specific
immune related indexes response of Penaeus monodon to
Vibrio anguillarum challenge [ J ]. Marine Sciences, 2015,
39(9) : 44-50.

HAMEED A S S, BALASUBRAMANIAN G. Antibiotic
resistance in bacteria isolated from Artemia nauplii and
efficacy of formaldehyde to control bacterial load [ J].
Aquaculture, 2000, 183(3/4) : 195-205.

BENMANSOUR A, DE KINKELIN P. Live fish vaccines:
history and perspectives [ J ]. Developments in Biological
Standardization, 1997, 90. 279-289.

HIRONO I, MASUDA T, AOKI T. Cloning and detection of
the hemolysin gene of Vibrio anguillarum [ J]. Microbial
Pathogenesis, 1996, 21(3) . 173-182.

KREGER A S, BERNHEIMER A W, ETKIN L A, et al.
Phospholipase D activity of vibrio damsela cytolysin and its
interaction with sheep erythrocytes [ J ]. Infection and
Immunity, 1987, 55(12) : 3209-3212.

ZHANG X H, AUSTIN B. Haemolysins in Vibrio species
[J]. Journal of Applied Microbiology, 2005, 98(5) : 1011-

[16]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

1019.
MENESTRINA G, MOSER C, PELLET S, et al. Pore-
formation by Escherichia coli hemolysin ( HlyA) and other
members of the RTX toxins family[ J]. Toxicology, 1994, 87
(1/3) ; 249-267.

ROCK J L, NELSON D R. Identification and characterization
of a hemolysin gene cluster in Vibrio anguillarum [ ] ].
Infection and Immunity, 2006, 74(5) ; 2777-2786.

LI L, ROCK J L, NELSON D R. Identification and
characterization of a repeat-in-toxin gene cluster in Vibrio
anguillarum[ J]. Infection and Immunity, 2008, 76 (6) .
2620-2632.

ONO T, PARK K S, UETA M, et al.

Identification of

proteins secreted via Vibrio parahaemolyticus type 1l

secretion system 1[J]. Infection and Immunity, 2006, 74
(2):1032-1042.

WRIFE. PSR E A R AcfA A ZIRE B X SOD (Flg
H Det BIEFELD]. HEIL: 7RI, 2019.

CHEN Y Y. Study on the function and regulation of accessory
colonization factor AcfA of Vibrio alginolyticus to SOD, Flg
and Det [ D ].
2019.

RMIC, B . 40 O R R — A A B )
REAMMTLY]. R R4, 2020, 29(3) : 411419.
WU C W, BAO B L. Phenotypic function of nitric oxide

Zhanjiang: Guangdong Ocean University,

synthase in Staphylococcus aureus[ J]. Journal of Shanghai
Ocean University, 2020, 29(3) : 411419.

REED L J, MUENCH H. A simple method of estimating fifty
per cent endpoints[ J]. American Journal of Epidemiology,
1938, 27(3) : 493497.

CONEJERO M J U, HEDREYDA C T. PCR detection of
hemolysin (vhh) gene in Vibrio harveyi[ J]. The Journal of
General and Applied Microbiology, 2004, 50(3) . 137-142.
BAHE, PENGLEE R, %2408, . agud 3P 5L X1 18
KM EORYERISE A [ T/0L ). i i i K240,
2022. 1-15 [ 2022-07-04 ]. http://kns. cnki. net/kcms/
detail/31.2024. S. 20220516. 1200. 002. html.

ZHAO D K, PENGLEE R, CHE J Y, et al. Deletion of the
aguA gene affects its pathogenicity in Aeromonas hydrophila
[J/OL]. Journal of Shanghai Ocean University, 2022 1-15
[ 20220704 ]. http://kns. net/kems/ detail/31.
2024. S.20220516. 1200. 002. html.

PP, R, B, F LA IR S BRI AL
(AHPND ) Jig Ji 738 % 12 S L BOm e e [ 1] il Ao
PEIE, 2018, 39(3) ; 103-111.

JIA D, SHI C Y, HUANG J, et al.

cnki.

Identification and
pathogenicity analysis of bacterial pathogen associatedwith
acute hepatopancreatic necrosis disease ( AHPND ) in the
pacific shrimp Litopenaeus vannamei[ J]. Progress in Fishery
Sciences, 2018, 39(3) . 103-111.

DUAN F Y, ZHANG J S, DONG H B, et al. Oxidative stress

response of the black tiger shrimp Penaeus monodon to Vibrio

http://www. shhydxxb.com



490 SR VNI 2%
parahaemolyticus  challenge [ J ]. Fish &  Shellfish [30] ®EHS, 2N, B, & /NERE MRS 35 [ XHIF
Immunology , 2015, 46(2) ; 354-365. L 75 T SR TR ek B )] G

[27] RAMESHTHANGAM P, RAMASAMY P. Antioxidant and 7%, 2019, 42(11) ; 4245.
membrane bound enzymes activity in WSSV-infected Penaeus CUIQM, CAIF F, ZHAN W H, et al. Effect of Chlorella
monodon fabricius[ J]. Aquaculture, 2006, 254(1/4) : 32- polysaccharide on hemocyte phagocytosis and gene expression
39. of immune related factors in Penaeus vannamei[ J]. Feed

[28 ] BIANCHINI A, MONSERRAT ] M. Effects of methyl Research, 2019, 42(11) : 4245.
parathion on Chasmagnathus granulatus hepatopancreas [31] ZHANG Z, LISK, XIE C P, et al. Innate immune response
protective tole of sesamol [ J ]. Ecotoxicology and and gene expression of Scylla paramamosain under Vibrio
Environmental Safety, 2007, 67(1) ; 100-108. parahaemolyticus infection [ J ]. Aquaculture Research,

[(29]  EARTE. FLANIE XU I B AR A 7 308 X A [ B0 P2 i )7 2015, 46(2) : 462471.

HLRIIBESEI D], 55 PEBE R, 2020.
WANG Y L. Responses mechanism of hepatopancreas and

intestinal of Penaeus vannamei to different pathogenic factors

LI C C, YEH ST, CHEN J C. The immune response of

white shrimp  Litopenaeus vannamei  following  Vibrio

alginolyticus injection [ J]. Fish & Shellfish Immunology,

[D]. 2008, 25(6) : 853-860.

Chinese Academy of Sciences, 2020.

Qingdao: Institute of Oceanology, University of

Construction and pathogenicity evaluation of Vibrio anguillarum strain with
vahl deletion

HU Cunjie'*, CHE Jinyuan'?, HUANG Xuxiong'”?, LUO Tuyan’, BAO Baolong'
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resoures,Ministry of Education ,Shanghai Ocean University ,

Shanghai 201306, China; 2. National Demonsiration Center for Experimental Fisheries Science Education, Shanghai Ocean
University , Shanghai 201306, China; 3. Institute of Quality Standards and Testing Technology for Agro-Products, Fujian

Academy of Agricultural Sciences, Fuzhou 350003, Fujian, China)

Abstract; The virulence gene vahl in Vibrio anguillarum was knocked out by gene recombination, and the
strain Avahl with vahl deletion was constructed in this study. The hemolytic activity of Awvahl strain
decreased by 89.4% and the biofilm forming ability decreased by 16% . The median lethal dose (LDs,) of
Avahl strain infected Litopenaeus vannamei was (9.77 +0.50) x 10° cfu/mL, compared with (3. 16 =+
0.80) x10° cfu/mL of the LD, of the wild strain of V. anguillarum, it increased by 2. 09 times; the
colonization ability of Avahl strain in L. vannameti decreased evidently after vahl deletion. Compared with the
wild strain of V. anguillarum, the destruction degree of Avahl strain on hepatopancreas cells was significantly
smaller. After Avahl strain infected L. vannamei, the expression levels of immune related genes CAT, SOD,
PO, LZM and ACP in hepatopancreas decreased to some extent. These results showed that the hemolysis and
pathogenicity to L. wvannamei of the vahl deficient V. anguillarum strain were reduced in varying degrees,
which laid a foundation for the preparation of subsequent attenuated vaccines or specific immune enhancers
against V. anguillarum.

Key words: Vibrio anguillarum; vahl gene; pathogenicity; Litopenaeus vannamei; attenuated strain
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