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 OE: Gl R FE AR T hemoD e R BRIR 1 I M9 T FSR B bR AhemoD , X AhemoD TH R 7 1
Y U H e P X R (Penaeus vannamei) (BB AT T 9FA% o AH LLEF AR TRUBARE , AhemoD TRAR S 1L T 14
TRET 45.7% ., AW RTE LRE T R BE T 36.2%, A K TEW A8k . AH LI AR BU BB , AhemoD T B X0 DU JIEE £ 114
B T AR, DURRE X AhemoD AR EA TESR AR B BE 7, BATH AR I 0 o X FLAA VX IR 1Y) e S 4, & B
AhemoD T Bk KUEAEAE Ay 1.3%10° cfu/mL , FEE T B A= BB AR 5 1 5.06 4% , AhemoD T Bk A& 58 PLZA 5 4 BF
JiE e BN R R BRY) A5 IR R AhemoD B RRXT IR A 045 BE 0 AR T I AR T R UL BT R R I
Ji it 290 L 7 e 2 2 VA R R B I . X BB BIETE A SRR W], AhemoD BRI (19 75 P W] A 9055 , X DU J5E ke R PL 5
Xof R A B0 7 W 8555 , S — BRI RE 1) R 0L T B A L by J e i — 26 T i A 1T S o 9 92 1 B Hl
K : RIA MIRES 5 hemoD HE[H 5 PURR AL ; FLANIEXTUR ; B0 1

HESES: S917 ERAREED: A

Bl 7% 1.9 6 (Vibrio parahaemolyticus ) — i 42 [ R B B R A S B o FH i A e 3 =X
4 [CRAEFFAR AN LA YIS, A T R A s R A R T IR, T &
SR ORI B E R Z 0 LAY g g S AR AN X K 3 6 R A 0
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1.2 SREKRERIGE

LA R 1 5 T 5 K 2 DNA A5l , 1 36 1
F 19 51 W) hemoD-P1/ hemoD-P2 1 hemoD-P3/
hemoD-P4 4 14 hemoD FE PR () I Uife [a) 5 7 B
P38 o fil 5 PCR #E 47 v Befl G o A1 T R 1
VIl Sac 1 F1 BamH 1 X H AUk M bR a5
Fr B AT RUEEY) , 22 T4 DNA 7 521 4 °Cal %%
ey 2t 20 JSORE , A AL = KA AT A ce118 )2k
Z 250N, R 514 pSR47s-M13 Fil pSR47s-
VECR 47 PCR %2l , # 20 JFORL il 4 ) pSR47s-
hemoD ) % 1L 5N TR HF A= TR MR (BZ AR TR ) #5745 2
20 FORL I KM AT T CHEAAR R ) A5 77 452 5 BORL 1Y

KA R BT ) 4% 1:1:5 He iR & & F LB [
TR R 5L WU 5 0 b R T LB AR R
FHE BRI TE N EHERMRIERE
TR 75 3L, BRECL TR 75 51T PCR 56 00F , PR WU4&
HE TR U B BRI AT T 15% T BS R L, PRI B
%, R 1 sP 519 hemoD-T1/ hemoD-T2 #t 47
PCR 5 UF , i 35 A A7 %6 | B 09 B Mk i2E 17 16S
rDNA %52 , 15 5] hemoD J PRk 26 114 51 5 1l 9% 14
F kR, A2 1 15149 hemoD-HB-F/hemoD-HB-
R v [ Rl 7 ML 9T DNA F B, F8E hemoD JE [ [1]
TR, T b A A A R R R AL R S
hemoD TEKE -

x1 AHRAASY

Tab.1 Primers used in this study

Gl 20 SIFH)(5-3") BAGREE TR/ 321 EDARY
Primer Sequence(5'-3") Tm/°C Fragment/bp  Enzyme cutting site

hemoD-P1 CGAGCTCCGTTAAATACGTCTGGCTGG 55 602 Sac 1
hemoD-P2 CAGTCTGAGAGCGGTATGAGGATTGAAGGTGTAGAAGTCG 56
hemoD-P3 CGACTTCTACACCTTCAATCCTCATACCGCTCTCAGACTG 56 985
hemoD-P4 CGGGATCCCATACAGGTGTCCGTAATCG 55 BamH 1
hemoD-T1 CCCATCGGTAGATTCACTCT 55
hemoD-T2 CAAGTATGGCACCTTGGTG 56
hemoD-HB-F CGAGCTCCAACTCTCGCAAGTGCTAT 55 Sac 1
hemoD-HB-R CGGGATCCCGATTACGGACACCTGTATG 56 BamH |
pSR47s-M13 CAGGAAACAGCTATGAC 54 153
pSR47s=VECR GATTTGCAGACTACGGGCCTA 54
16S-F AGAGTTTGATCCTGGCTCAG 54 1442
16S-R GGTTACCTTGTTACGACTT 54

T TR IR 5

Notes: Enzyme cutting site underline.

1.3 EKHZ&ELH

FRES R 1 I P A AR I RRR T PR AhemoD
SR BB RN T | mL LB RAARRS SR 3K TC
RECET, B30 CCRER TSR, K4 T ODy,
PR % 0.5)5 , B 100 pL # R EFT 2 100 mL
LB ARG TR HEIE I, A 30 °CHEIR, 150 1/
min PR IGFR X HETE H 8 BEVRGEEA T B EURE
B 1 b HCE AR 25 HE TR TR %) TR O o HEAE 600 nm
THIOD{EFfIC sk . LAKEFRI R AR AR R, 45 BRI
OD, WA FREZ A 4k o
1.4 BIMEENE

PRI M L A B 75 T LB IR AR KG F5 F bk
FIRS) TR IR 8 37 2 TR . IO LY
B 10 L 3280 F 10 mL i LB AR R 352 56, i
AFEIR 130 °CHEFR 1 d, B 7 1 ek 1 1 Y00
H 0D, K545 7 i OD {E 4 % 0.5, U &

JE RS L, 3 B S 28 1% T e 38 25 G 3 R
AR L, A A E 3T RS A B RS IR
HJF B2 30 °CCRyFRA , IE B RE 7, 8 B A2 4%
PR 75 4 I P A AR A, IR R E S, R Image J 4K
A0 P AR R A AR
1.5 SRR EESNE

TG AR JE TR R DL T- 20 2 — 9 L il R 1 LB
WA IR 5L, 30 °CRE G FE , 1 96 LI Tt h &
FLANA 100 pL LB A 3738, PRIk i i 1%
FEH W 10 WL B0 T 96 FL 8 70 45 28 % 1 FL
o B BEE 3 AT, 30 °CRR IR FR 36 he JHE
PR PBS IV 6 3 UK, BEFLIA 100 pL FF i i o
15 min, KUFJEHIA 100 WL 1% 45 5 28 %5 T YL £,
5 min, F R MR, A 100 pL 33% Y
VK2 BR , 37 °CH i 30 min, figJo I EE AR 2 He
oD, "',
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1.6 FEFATRE R EEIER

HURAE T —80 CC KA o U 5 R T KB 1
SPP ¥R He v, S B 45 5% 36 h, B 45 50 mL
HAE4 °CF 3 000 r/min B5.0> 10 min, 38 3, 0
ATCHUAE R B SPP 3 3R AL 10 mL d 48 Uik, FH 2
JL T BOR A S AR X DU S O AT R, T
W g RO B, T 3 Uk O 3ME, FH SPP B 3R
Fo H VR B R EE Ay 2% 10° efu/mL £85I I
SICER 45 it [53% T Ak B B 2 A A —80 °CUK A HILH |
Pl LB AR 32 5L 06 bl 0, PRECAL TR V% T LB
WA TR I IR TIR S AR IR T B 97 2 R
VDL, BV R R B R T 10 mL LB R R BE 77
Ferp, BT 30 CCRE R 595 2 0Dy, 4 0.5, 150
Ji FH SPP #5537 SEH B AR5 1 AT MK %8 OD
}0.5. HOR S IR LE R 7E 96 FLEE R MR A
LA 100 wL B, B2 3 A E R AL, R A
ZH HORC A B AE £ G I B 100 L, 15 A
RO A2 CAS I 0 ) A H 3 0 FR A ORI B 94 ) o
TR A51 5 TAE 30 °CREFR48 i 1L 3G 57, B SR at
6] 4 12 h, 4B 2 h FH AR G0 %2 3 0D,y >, Y
5 R 7 A AR Xk B ROV HR 4 OD 5 98 25
SEHZH OD g 0 25 HUE R ZH OD, 50
1.7 FEIEFEXTRE SN MY f5 R TE B0

6 B H W MR B Sk 2Xx10° cfu/mL . T MR B
OD,;=0.5 FEATHeRE % , I DU B e AEAS ) TR AR AR
AT AR Z5RE . B mL BB 1 mL B
1RG5 T 30 °CH AR i i, B BR 1 h U —
EALRIR, W 100 wL IR BOINA 50 L 258
FF i - I VA TR A T 1L, SR B )2l 6 he B
FREE SR o [ 22 U B4 45 4 DU S R P 40 S
PEATTHEGE T, WA DU B A 9 T 25 28 A I 4 BEE
R,
1.8 FHHEXENE

PIARA 2~4 em 1Y FLAN X R AE R 52460 sh )
7 45 T ARG L 2 BB o B I I T
AhemoD FI WT PRV FE 53 7 # B 1.0%10° 1.0
10°, 1.0x107., 1.0x10° cfu/mL, 6 JF He FF ¥5- ¥ Jek e
FLANTEE T UE , R340 358 B 50 B XHER , Xk BE 2 7 21 3t
100 & JCHESC0 A (B AN 5 ZEUEA TR R, A K4
K, 5 21 T BT I R 4 00 R, A KA TP B
VOOV B AR R RS R R G T X R BE T
B, IR HET A X RIS T R R A T K R A 3 . 3K
BRI 72 h, WOBE 45 S Ge 1T 45 4T R S AR At
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TGO, I A IR 58 G ik 3345 T R o ML g i %o
LINGOE S & QTN N W e 3 =P a5 g3 B = 8
TR AL, DL 52 55 TR bR E A SR 3R , X AR
AIREEE B
1.9 FLAEIIRHEEAAY

IO RECZ | A TR B JER e AL RN g B A Ak
AhemoD JE Yt 2H 24 48 .72 h iy FLYYTE XHIF | fire 3]
HUIF IR 2020, FH 4%PFA (£ B RS ) [ 2 , #
CBEHATIOK A W IR Y) 5 R T HLE G
o, RHERIBR B A, ol i U AR R
1.10 PFEEFEBEHNE

TR YL 12,24 .48 72,96 hFHURE , 441t
] S U 3 R, ff 5 5 B 1 1 2, 57 R 3
IR IE K I 8 ST TS, I JC TR PBS VA Uk
J i, JF AT IS A5 E R, SR IS B A R Y
[ H 405 A6 T TCBS 535 58 |, 4 2 RT3
B, 10 53 B A B I G TR R O BICEE , Pk TR R
17 16S tDNA Bk Je: 75 A il i 5
1.11 HIESH

SEYR 8 FEI R T B 45 1fE 25 (Mean+SD)
%7, H GraphPad Prism8 % {F #4780 88 e i+
BT, 3088 4T TR, P<0.05 2% 5+ i 35 , P<0.01
NS RE

2 %

2.1 BIE SN & A R E #K AhemoD 3

oA TR AE B I R B P9 2T 2 Wk R JR
4, Al A R B A W) A A A A S R A
H 8 R B, D 15% A 5% 35 3 Bk 0k ol B3 7 Ak
DLIF A= AR AE R B3P X BB 4T PCR B64IE . U [
VR, 15 M BP A T AR 454, K/ R 1202 bp, 2
5 R R TR R 254, KN R 164 bp, 345 2 [k
W PR 25, /N R 1 202 bp, w R R BRI
1 038 bp. &5 A RN, 76 R i oI a2 bR
hemoD FEH .
2.2 AhemoD T ¥k A I i& 14 F0 4 ) R 7 BX BE
o

N2 o 95 TR PR 5 B8 2 TR PR 1) A ) 2 AR, R
B hemoD it T BRI Vs 1 5K AT A= ) BT 1 i
Jgs s Mk AN L A KRR ) JE R AR Ak
AhemoD 5% TR K 5 B AR TR AR 76 TR 22 Rl AR b
Br 9% 48 h, B A B RR VS I P 1 RS R R T RT3
FGAE R 3.24, AhemoD il 55 T AR 35 1l BB 1 AR 55 7
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MR FROF B LA R 1,76, 5 B AR B AR A L
AhemoD @R RMRES MLTE T TR T 45.7%. & 2
FIE7R , hemoD & PRI BRESR I, B % 105K B 5 L BE ) 1
E TR (P<0.05) . JG LA hemoD W Mk , 23R FE
PR H % 5% 5 2 B, FL 1ML BE ) -5 B AR T AR T
B EE S T AhemoD il 5 T BRIV 1L fE 1 A
i E AR IO IE AhemoD Wil 5 AR I 1L AE )1 R K&
S hemoD J& [R5 1) 45

UnlE 2d B, MHISS i 5 5% (3500 %€ OD A,
7€ AhemoD 5% K OD EAHES T B A= bR T K
T 36.2%, AhemoD B 55 BRTAR AE G H) 2B W) R 22 4k 25
R T M A TE R (P<0.05) o BFFELS R R W] hemoD K
PR e I 52 M R 5 1 IR A RS i e

hemoD & [R5 A 52 1) Gl 975 10 51K B 1 A= 4K
i 2¢ s, M AE AhemoD i 55 B B -5 87 A B i
AR AR I 2, TR TR A OB S AR — B, R
hemoD FE PR 5% i 4 1 7E 30 °C T A=K Z A fig
=S

M 2} 2 000 marker; 1. B 4= [ #% DL hemoD-T1- hemoD-T2 5| )
PCR 7= ¥y 4717 5 2. AhemoD B ¥k A hemoD-T1- hemoD-T2 5| %)
PCR 7= ¥) 447 ;3. AhemoD T 1k Lk hemoD-T1- hemoD-T2 5| ¥
PCR“ 267
M is 2 000 markers; 1. Wild type strain with hemoD-T1- hemoD—
T2 primer PCR product strips; 2. AhemoD strain with hemoD-T1-
hemoD-T2 primer PCR product strips; 3. AhemoD" strain with
hemoD—T1- hemoD-T2 primer PCR product strips.
E1 EIEMENE hemoD BREFERESMBREE
Fig.1 Wild type and knockout fragments of Vibrio
parahaemolyticus hemoD gene
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() A ISR A TR L EBR PRI AhemoD FIEIKN B BR hemo D™ TEBIE [C MBI T A LI 0 5 (b)) PRI T BRI LR )1 22 5 8120077 5
() PIRF R RRAZ K HIZ 5 () P B A2 WU IR ICRE 0 22 5 GE 320

(a) Haemolysis of Vibrio parahaemolyticus wild strain and knockout strain AhemoD on my wife’s blood agar plates; (b) Statistical analysis of

difference in haemolysis capacity of the two strains; (¢) Growth curves of the two strains; (d) Statistical analysis of difference in biofilm

formation capacity of the two strains.

&2

&R MM E AhemoD BEFRE RS B £ B AR £ W FFHEXT EE

Fig. 2 Biological characteristics of Vibrio parahaemolyticus hemoD knockout strain compared with wild type strain
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2.3 AhemoD B #R X U BE B B 14 Y14

I D VA R B PR AR B T . B3 (a) Ty
B3 6 h 5 a9 MY B HL, X REZH (Control) PU R H
2 S A R ALK AR H 2, TE s U .
FE RV 0240 P 5 A E R, DU AR B 28 & A
A AR AR A AR R ST P s v . e B AR
PR WT L35 520 T DU B d 8ot i /b, BARTs
JideE, H BRI T- 40 M . 1T 7 F B TR Rk
AhemoD 2 3L 15 FRAE F T U 5 Ha 2401 B 4 30 49 45 A8
[, J 5 P 25 30 B S, (TG R B 4

DO A RO 20 R EL A A EAE R 1613 (b) s At
H5 97 0~3 h DU I Ho X BB Tk AhemoD 5 B /4 TR

AhemoD

WT
_ —_
200 um 200 um 200 pm
_ _ _

03
o WT

jﬁ

emoD
0 1 1 1 J
0 2 4 6 8

o
o

Tetrahymena spp.

7L e X R e 4 1
Feeding on strains by
<o

i8] Time/h
(b)

MEWT HEMERE 1 JC 25, 3 h )5 DU B % AhemoD
AR AT W RE Ty 95 L 4 h I DY L 75 I AhemoD)
A PR AOD,5,=0.225 , 7 I BF A B #k 4 AOD 5=
0.111, PU s s X hemoD JE PR it B Je A6 B8 3 115K B
FWERE S 158 2.03 £ o T R HEIEFRB B, WT 41
DO s RS R e TR 7R 3 h IS TR AR R R
AhemoD ZH DU 5 B B ASALIGE K 78 4 h 5 B W
TRaE. WK 3cHR, WT DU REES h
If 35 B AH , A 23.5%10% cfu/mL, 3~6 h 2 E 4 F
R #4 # , AhemoD 41 DU B ML % i 7E 3 h BF Ky
25.375x10* cfu/mL,3~6 h %4 F Tl

xR4T Control

[ e WT
& X HR4] Control
| & AhemoD

DU fEE vk e

Tetrahymena concentration/
(10* cfu/mL)

isfA] Time/h
()

(a) VU B 55 PR 5 57 6 i [ 41015 (b ) DU 2 o X B A PR R 5 Ahemo D TRRRAT WA FH 5 (o) BF A TR 5 Ahemo D) TR XS I R o B i A

ARREE R o

(a) Photographs taken after fixation of Tetrahymena thermophila co—cultured with Vibrio parahaemolyticus for 6h; (b) Phagocytosis of T.

thermophila on the wild strain and the AhemoD strain; (c¢) Effect of the wild strain and the AhemoD strain on the number of T. thermophila.
3 BEIAMINES AR R HEFRER
Fig.3 Co—culture of Vibrio parahaemolyticus with Tetrahymena thermophila

2.4  AhemoD EHRXF LAEITHRFEETE =
FI) I 110 I A e PL 49 9 X6 R g 2 OB i
N 2 Fii 7, AhemoD T K 2 BUEUFE & 0 1.30x

http://www.shhydxxb.com

10® cfu/mL, WT B ¥R B8P0 18 N 2.57%107 cfu/
mL , hemoD & [R5 53 5 20081 4 L5 B 2 203000
PEE T 5.061% . AhemoD T B A B 2H 7 A6 JiF Je s
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W PE T LN X MR AL T A AR T 5 A T R R
41,75 4x10° cfu/mL YR T R LRI, T
[ 31.82%.

&2 R MR AN AR E AR LA X ER A
Tab.2 LD, of Vibrio parahaemolyticus and AhemoD

on Penaeus vannamei

B R FET R B FARE S
Dose of challenge ~ Number of death/Total Mortality/%
lefu wT AhemoD) WT  AhemoD
4x10° 33/50 22/50 66 44
4x10° 29/50 20/50 58 40
4x10 23/50 19/50 46 38
4x10° 19/50 12/50 38 24
LD, 2.57x10"  1.30x10°
TR 5.06

2.5 hemoD E E &Y B 52 0m &) 7 1 508 & 7 FL 4R
Xt 4 7 18 7E FH BE

AhemoD T AR TE FLAA 5 X5 M 17 38 T 19 22 5 g
J1585 TEPA TR . 7EBORERY 5/ fa] 5 b, BP A
RLAR AE PLAN T % W g 8 v o B AR 50 T e e
T FE , AhemoD T bR W) 2 56 i 11T %, B
AhemoD TRAR YL 2H 1 % I 7 18 5 8 0 £ 24 11K
TP A TR G (] 5) o 255 3R W hemoD 3EH
5 e A T R G i S B e SRR T T R

(a)
(a) FLANIEEXT SR 72 h ISR T % 5 () PLASEXTIRAA I 22

(a)Vanabin shrimp photographic records at 72 h of infection; (b)Survival curves of Penaeus vannamei.
4 WTH AhemoD Bk FLANEST IR 7 i & AR

Fig. 4 Survival curves and photographs of WT and AhemoD—infected Penaeus vannamei

JLAERTIR A 2

2.6 BB A MR B HRATRR AR H A W 22
FUGHIE T WR I G 01 1], 43 3] 7F 24 .48 F1 72 h
XoF % 2H X MR JR A R AT A S IBORE . AN RR TR
Xof P2 F R 20 B HE 91 2 55, /N 2l 41 45 4
SERE | B RDIRGEA AT LLYE b 2 2] /NE i L
FhIAEAN A (B 40 A R 4HME A F 4 A) . BN
TR G M, o 0 20 IS A AR B, By g2 I
JHF TR B /DN A8 B e MO 5 0 5 5 R L
WA L, T A CE SR 5 O LR 1 TE S A
TEANML N s F AN R EF R an i, 82 54kl
(A B o i i FE 2 I SE G 24 b, BEAE B
PRI 2 RE IR H A 2% MY, B 41 25 44 S B e, i
JINGE A N BR AR T ZE 4 5 AhemoD T AR 2HE IR %3¢
%, R IR /DN 400 R TR R B 2R 4, A ) A B
A T BE 45 D) e 4 B 45 AL AT T T AR B 3K
B ICI 48 h, A A PRI 4L KR A /N A
BT, A PR SRR , AhemoD [ YL 4 L2
2 LSBT L PR 25 T A 0N (EL I PN 0 J O e
JEA ST AL TR . ICEESES 72 h, WA
BRZEL I T 21 205 e e P R 7, JL T 4R
AN F)IE H 40 M S5 K, i 40 i K R & M A .
AhemoD 41 LY, 48 h I 75 fiff 72 B2 =, B 9 ) o 4t
R AN R | 25 i Ak 30 52 )™ 5, i P9 ) Jot
BE—i, RAEIX 4345 D RE 4N .

100 == WT
2 < e AhemoD
53 80 wd Control
=
S S 60}
£
-

ag 40f
s 3
S5 20+
28

0 1 )

0 50 100

fs 6] Time/h
(b)
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s~ WT - AhemoD KN FF B o3 A5 1L 32 A B 3 8 v e AR T

5 .l Control Jm TR 1B H A, K ATP i 6 BE B 2R AT B
Li7 | /\, 2 —s BTG . R IF GV A 50 2 3 L
& °E /-\-\'\- F1—— P B 32 26 1 HIyB i 26 141 HiyD Figt
RES 27 TEFL 2 1 TolC, HlyB 1 HlyD 41 i 4 & & 95k
| BARAE T AR S, AL TR S R
ol 6 I KT B R HIYB 2848 J5 L 2611 T HOK fif ATP

° JEYL ] Time’5 gost-infection/h . N ﬁ{gml ? ARIZ WA, PIMENTA %[24]%

5 WT# Ahe;o;zﬂééﬂémiixﬁmFﬂﬁﬁiﬁﬁEﬁ%E HiyD ZEX AT B R , 2L ST Y HiyA 7
Fig. 5 Intestinal colonisation of Vibrio L PR IFEAR , 2 W] HlyD xf HlyA 30 e de
parahaemolyticus infected Penaeus vannamei WEBEHEREXLEE, AFREEHRT
hemoD i 155 J ) Vs L KB VS 0L 3% T R DU

3 e hemoD T A 3 5 A I 1136 A TE 96 53300 M i

AWRSE ) FE ) VB T 2 5 AR SR AT hemoD 3t SE WA RV MO EE 4 M D RE . Mo oh  AHEL T8 4R
R T B L B M T R LN g AR, AhemoD B BRI BT MLRE ) K T
ALKk AhemoD . AhemoD T RRAEVE MLGE 71 . A= 9 VUi BH hemoD FE [R B 32 0% 0] 4% 2 55 41 18 A= W) B
T INCRE T B0 0 07 T B T R . hemoD FERIAE  BUGEEARR , ELAR S FHLH] AW I

WT AhemoD Control

24 h

72h

100 um 100 pm SIS A
i) e,
FLARTEERT IR R YL 24(1,2,3) .48(4,5,6) .72(7,8,9) h il FFERARZNZURELY) A, B LR 40, R WA i, F oM 2F i 20 5 1 R e 2
AR, 2 Sy ™ AR RN, 3 S S DA O e e A
Histopathological sections of the hepatopancreas at 24(1,2,3), 48(4,5,6) and 72(7,8,9) h of infection in Penaeus vannamei, B is vesicular

cells, R is resorptive cells and F is fibroblasts; 1 for slightly atrophied cells, 2 for severely atrophied cells, 3 for cells with more severe lysis of

intracellular material.
ERR &) s B R FL A E XS SR AT AR AR 2R

Plate Hepatopancreatic tissue of the Penaeus vannamei with the infection of Vibrio parahaemolyticus
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Abstract: Vibrio parahaemolyticus is a Gram-negative rod-shaped bacterium with flagella, widely distributed
in estuaries and oceans, and is one of the major pathogenic bacteria in aquaculture. For future development of
attenuated vaccine of V. parahaemolyticus, in this study we knocked out hemoD gene in V. parahaemolyticus
using homologous recombination. Compared with wild type of V. parahaemolyticus, AhemoD strain showed a
decrease in hemolytic activity by 45.7%, a decrease in the ability of biofilm formation by 36.2%, and no
significant change in growth rate. When co-cultured with Tetrahymena thermophila, the injury of Tetrahymena
by AhemoD strain was less with more Tetrahymena survived, and hence engulfed more cells of AhemoD strain
than the wild strain of V. parahaemolyticus. The whiteleg shrimp Penaeus vannamei was further used for
pathogenicity evaluation. The P. vannamei were challenged with strain AhemoD and wild type strain of V.
anguillarum through administration, respectively, the LDy, of AhemoD strain was 5.06 times higher than that of
the wild type strain. Compared with wild type of V. parahaemolyticus, the colonization ability of AhemoD strain
in the intestinal tract of P. vannamei was obviously weakened, and the damage ability to hepatopancreas was
reduced, and the phenomena of hepatopancreatic cytolysis and vacuolisation were less serious. These results
indicate that the AhemoD strain has a reduced pathogenicity to P. vannamei. On the whole, we constructed an
attenuated strain of V. parahaemolyticus, which will be developed as a potential attenuated vaccine.

Key words: Vibrio parahaemolyticus; hemoD gene; Tetrahymena thermophila; Penaeusvannamet; pathogenicity
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