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(1. AR K 7= Bl 2 WE 58 56 A5 18 7K P2 0F 98 B, AR 38 4R 1 5 8 v I YR VR OF & M R B S S0 %, Bl 200090
2. B RFEK TSR, B 201306)

WE: A TINFEATEFEREN AN ENTAFNEER, FETEREHET A
AN B (WSSV) XS4 I X EF B0 52 0o, 9 AT 7 2 30 38 Jih 3 T JL 4 3% 3 oF 88 41 8 WSSV
CEMNAALCBEREREEE R, BRI/ FHE LR E T % 508 0 FL g x4 0
HAKE(LC,,) MAERFERHFANEK LC,ERETHE, FAEERE - REMERX £,9 h
LC,, % 0.758 wg/L(0.521 ~0.987 pe/L), A Ea b, 2 7T SR MHE LBk E 4 0.2
pe/Lo R E T 236 4 d Jaxt JLAyiE T ar ik 4f WSSV, 4 R B 7r & 508 i 12 T & 47 WSSV 41
By AP AR ST R (83.33% +4.7% )W T FE T L8 - WSSV 4 (40.00% +0.9% ) ; %t 4F #8 41 41
WSSV %Xt & PCREMAERE F: 72 h 5, H M - WSSV 4 WSSV 4 B4 & L8 -
WSSV 4ty 4 ;&4 96 h 5,5 W -~ WSSV 4l WSSV & B R 2 W n A 272 h & A8 -
WSSV 41t 4.9 45,296 h B - WSSV 41 5.9 &, & 7 8 3t T, %45 AL A 4 4 7 Bt JE
W B B (AchE) 78 MK T 3T B 41 20% £ &, w7 WL, % 6 ¥ k3 T, WSSV 3 78 3% % o e,

EHATATEAE.

KGR : LPEXIT; FRE; ARG MRE; BRME; LB ERER

MESKS: S 941

7 JEW ( chlorpyrifos ) J& — & 250 ) 1% 19 A
PUE S R, B By il 4k B R A ZE AR,
FEFE )3z W T KRR R AE g R S AR E )
B aa T, 3 e A A A I I
PESI R AP R 2B . XTI LS T
AL L A T X K A B R
g0 o oMb AE K R T PR B 36 R R
BF AR 25 5y X JE 320 1 /K A S5 R0 A 5 sk BR TG
YT SR A KBRS PP T BT W A7 7E 16 E 4 K 2k
ST BUE WS T SO S R I A
AT SRR B R A B R R Rk . AT
FERWY KA B ) 95 s 1 2% 55 R B IR 1 0
FEYIA ¢, 0 58 0k 38 38 1 /K A= A= kIR B A
WSSV 25305 JFU R ) 5 L 1 sem ULy
TR ( Litopenaeus vannamei) 5 52X, , 35 97 &
SEMR A T WSSV XF ML ¥ X I i Bow v, 48

%5 H#5:2012-12-18 &8 B #§:2013-03-28

NEEIRRRD A

AR XTER WSSV AR 5 3R E P B 2 1) O AR
BB B89 BIF 2 JEL i, S i S T B felt B 5 BE B B R 2
PERL A o

1 MRS Ik

1.1 X%z

JUGA X HR R B 2R i 7K 7 IF 5 BT 5 B 35T A
FEPL AT SR 7 d, RIS R R IR
FRAR — SO0 X R BE AT S5, SE I X AR R K
(7.33+0.06) cm & JFiH&E (4.88 £0.11) g,5C5
WA SR 5 S AR M P AE R B S A A, KR 28 ~
29 C,pH 7.2 ~7.6,24 h KN[a] W 76 &, 3256 /i 1
KA ME AL
1.2 {F 545

BESC W bR UE S B bR E ) BN, 4l
98.8% , 525 Hif F oK £ W HE i 51K 300 wg/mL,

BENTE : P g0 i M RHIE Be T 5 AR BTl 55 2 % T (2011°T03) 5 24 4 PEAT MY (ARl ) BEBTF % 55T (201203085)
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9,45 REAEWRI A R WSSV Xt FL 4 3 XoF 0 A4 S50 1107

4 C G PR A7 AL 5 A S Bk BB ( ATch) #1 5,
S-Zam AR (2-fif H R R ) (DTNB) 1y H 26 &
Alfa /8] ;SYBR Premix Ex Tag™ %0l [ TaKaRa
oy ] B 4] DNA 42 a7 &% 5 TIANGEN 24
Al oAl R Xy B 2 AR A SER SE Ok E
PCR {¥ ( 3% [& ABI, StepOne) ; (5 34 & Uk B .0 HL
( HZ HITACHI, CF16R 1T ) ; 28 41 0] WL 43 0% )6
(L JE e T, Uv-2802S)
1.3 SHEAHETRIESESIE

AR S5 R T A 7Kk A By I i, 52 56 0 TR)
24 h T AR — R 2, AR T 0 25 L e PR AR LA
GIRHE T T N URBEER L, 43 5l 0. 469 .0. 745,
1.184 .1.880.2.987 .4.745 H17.500 pg/L, s
LV FINT R ( L EEWR B 0..002 5% ) FlZS [ %)
PR B AV B2 2 32 3k F LA X IR 15 2,
40 3 AT, WLEE LGN T X U rp B B i R, % e
JESEXTERIE TN B0, 48 31 24 .48 .72 F1 96 h (1) %}
L7 e g
1.4 SHMEE T WSSV X A 40 & 3t $F 8 3¢
AT

WSSV 35 ik ) % BB He ok B 09 H % )
Bk A AR % - 80 TLRAFI WSSV B iy JL
AT IE 0 R O 4 S IR R RS I Oy i
g ek 25 6 Sk B R B SCPR L, 7 0. 01 mol/L B iR £h
Geoh W (PBS) H 53K B0, IS WAL 0.45 um
U8 B 3ok 908 ) 5 KL 4 VR 5 SR XTI BCRE L DA T d
FO T3 f e W e KA B FEAE BN — 20 g Wk
JE YU B 7 R 1 x10°°

e i T WSSV s JU 44 38 x5 49 B Je 52
B 7R BIRSVEREIE S AR b, 20 L
B8 XTUR 2535 10 d AR A2 BE T 14 35 e W B35 R 73 0K
W8 LB (0.2 pg/L) o SEHa Al 6 41, 73
NEEASLERE I GE S WSSV Mg 4 (FE AL - WSSV
) LFE - WSSV XA 25 [ - WSSV X 4
BEALW G0 R 1 45 PBS 41 (F 4L - PBS 41) . &
fix — PBS 41f1%5 14 -PBS 41. AA4li%3 M EE,
AR 15 BER, F 120 L ¥Rl o e 17 525
KA 60 L, %F 24 h B4 — 25, 25 4 d J5 1T
WSSV K5 Fl PBS {14555, 3 > WSSV 4, 1}
U M58 — T WL P A 5 25 L 10 ° s 8 5 5 25
W, 735 3 4~ PBS 4] F & R R4 25 pL 0. 01
mol/L PBS(pH 7.4) , 4k £ 255 & 10 d, WL X} IR
FE T LG 5% .

1.5 FHMEEME T X8R K N Z Bt AB 5 B B iF 14
i E

o R SEE A3 A, 43 i o # AR
JofhiE R i S PBS 41 (#ESE M - PBS 41) \ LB -
PBS M5 1 -PBS 41, 1Ak 3 NER, B4
HIZ 10 BUR, 5250 05 i 5 5 A4 W) 5 52 W 38 T
WSSV X LA X HR SO SL K . 253 10 d, B4
BAEEMILRE 3 BIF, T -80 CRAHT
Tt DL P 7 4 A

TBEAL AR BS B e 2 BOW IR RS LA
1.0 g, 4% 124 (w/v) O AL HY 0. 1 mol/L
PBS(pH 7. 4), Tk 5%, Rg T 4 T,
10 000 x g F B .0 30 min, |- 3% 0 ROk KL B 9 -
il 5 0 5 2 B Ellman %81 J5 3% 3 mL 0. 1
mol/L PBS (pH 8.0) .25 pL I 1 100 uL
DTNB (0.01 mol/L) i A4 W, IR 2) % i # &
10 min, 2R 5 M A 20 wL 0.075 mol/L ATch, v/ BJ
AL, BEIA L em @I, T 412 nm 4 &[5
30 s PEEC— K, LRI 3 min, G )AL E X
g 2 v A SV R B OK AR I ) nmol 2, H
iy nmol/ (min - mg protein) . # & f Il E
I8 Bradford ="',
1.6 HRMHEHE TITERE RN WSSV 18 E L8

oA SIS 3 41,5 5k B AU b
BT WSSV W EEH (AL - WSSV ) (L BE —
WSSV Xf BiZH 25 | - WSSV X B4, i 3 1
i, BAER 20 AR, 525 775 5 4 R 2R A
[ WSSV Xf JLYHEE X R BIE S 55 . WSSV I
B 4872 f1 96 h J5 , WA B EE A RKE 3 B
IR AR AFE T - 80 Cuk#i, FHT WSSV it kil .

% % % % PCR #m WSSV @S GPOR:N
By B ZH 41, % B TIANGEN /\ 7 TIANamp
Genomic DNA Kit i B 45 $2 B XJ #F & DNA |, 3%
i PCR G X IR 2 75 J e WSSV 2.9 B fig
BE R HL UK AT I  B AR A BE 10 £ 5 T 28 0 i
PCR 5  , Kl 51 ) 2 B3R 1, 20 & i PCR R
120 wL f& % :2 x SYBR Premix Ex Tag™ 10
pL, B9 1(1 pmol/L)4.0 uL,8[# 2(1 pmol/
L)4.0 wL,DNA #i#iz 2.0 pL; 414K 95 C
FiAs P 10 min;95 T A8 10 5,60 CiB & 20 s,
72 CIEAf 20 5,82 CHEH 2 s, 824,40 F IR,
72 CTHEfH 5 min; £ J5 4 60 CH iR E 95 C,
Plate read/0.5 C 347 Rl fif th £ 70 #r .
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x1 BEHEE PCR KN WSSV Vp28 EEF1 B-actin EEETH3I Y
Tab.1 Primers used for quantitative real-time PCR of WSSV Vp28 and B-actin

519 19FF1(5'-3") P B /bp B3
primer primer sequence product length reference
Vp28F AGCTCCAACACCTCCTCCTTCA 162 (18]
Vp28R TTACTCGGTCTCAGTGCCAGA
B-actinF CCACGAGACCACCTACAAC " [19]
B-actinR AGCGAGGGCAGTGATTTC

1.7 HBELESSH

Xof WF 3 A6 W 4k 5 LC,, R A SPSS 19. 0
Probit }1 ; WSSV 5% 3¢ 8 5 B H kb 3 % i 2~ 24
5 5 AN [A) 52 56 28 [R] 1 FE T2 38 | £ Tk RH 5 g il 355 7 A
WSSV i (1 22 5 P55 5k A1 SPSS 19. 0 #4175 R
5 253 ¥ .

2 45

2.1 HFREXNAAENIFHIESE

AR SZ 5 vh 23 6] HEZH D SR 0T JECZL 4 X 34
R BAT: EREILM LG T, B H B 40 WK 2
Th i, 253 I [A] AE 4C, XPIRFE TR B W T & o BE AR
BT L A U X R 1 B M ol e 1B 1 i, B AE
X LA B X B 1) 24 48 (72 F1 96 h LC,, 435l
3.948 2.695.1.320 f10.758 wg/L, ZTEFHA
B UGV B 21 1) X R B8 TR A LR B R %A
AR WY LB AR L 2 HE Bl B BT TR e A i
Bl A SRR e IR AT A, B R B EL R W
R FV-AF  JILIEA) P 375 WD A 32 A A1 5 BE T X R UL
PR BFL 0, A WA R BRI ] S B
LA
2.2 HEMEERT WSSV Xt 40 E X iR 5
A0

R bR St P 45 2R R0 T S 5, A S 5 ik
FEILANEE X EF #2598 10 d oK R A B8 T2 1
R IE 0.2 we/L il 5296 W B . 7 B S8 WL
HEAEMT, FLAIEXS EFRE& G WSSV J5 72,96 120
Ml 144 h (g BIFSET R ILE 2, MR LU
RS | £ %t R 40 A28 1 % IR 41 4E WSSV I
B, A I TA] A SE 4G |3 /S 2H 1% X BR B8 T 30 8
Th 5 B SE WA (0 X R AE TS R T H T 2 A
WA, WS 72 h, HFILMAMILT- R E S T 2
AR B P25 R (P >0.05) 5 11 76 15
BEJE 120 1 144 h, B 58 W2 56 T % 4 ) & 6
66.67% +0.09% Fl 83.33% +4.7% , it % T
120 h & FE - WSSV 41 %E 12 % (20. 00% =+

0.14% ) F1 144 h 2 [z — WSSV 4] 3 1- %
(40.00% +0.09% ) (P <0.01), Z B2 2 4
PR VA 22 R (P >0.05), J34h, =
1 - PBS 4] .Z ¥ - PBS 2 fI#E 4L — PBS 4 ¥
XPURAESL g0 ot AR AR AL T A

W
1

~
T
—e—

t

[
X 2]

LHIEIRELCso / (ug/L)
medianlethal concentration
[\ w

—o—

24 48 72 96
FF1E] /h time

(=]

1 HIM LAEX RS2k (n =3)
P H SR I R 3 A A I ) Y LCsy , 8 2R AR R A% AN I ] A
LCs, 95% E A5 X iy £ TR
Fig.1 Chlorpyrifos toxicity curve for
L. vannamei
The black points stand for LCy, of each time. The bars represent

the 95% confidence limits of LCy.

100 [
00 LS AF-WSSV blank-WSSV e

g0 LB ZEE-WSSV ethanol-WSSV
20 | B HFEU-WSSV chlorpyrifos-WSSV

60
50
40
30
20
10

0

BRBET-E/ %
cumulative mortalities

72 96 120 144
Ff1E] /h time

B2 FIREEEERT WSSV 3
FLgEX B ZE R BE AT B B 24k
FEARE T AR AL AL R Y 2 57 W
Fig.2 Time-course of mortalities of L. vannamei
infected by WSSV under chlorpyrifos stress
Letters over the bars indicate the significant differences among

the treatments.
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PR SE A T WSSV X L 4N I R I 4 SO0 1 1109

2.3 HRRMRZARFLGIE X AR Z Bt A 5 BR B R
4 B % M

0.2 pg/L BEAEMZG i 40 25 0 IR S %)
WRLAE Vi 5 PBS Jo, JLAN X MR 20K H BLAE T,
SEGZE N, 3 ZH 0 AR UL DY £ T RE B 9 1 ) 3K
SRR, AW ALE PE O (17.17 £3.81)
mg protein ), B F K T = 7 4
(21.67 +5.37) nmol/(min + mg protein) FlI Z, i 4H
(22.83 £4.04) nmol/(min - mg protein) (K 3),
A3 g T 20.76% F124.79% (P <0.05) ,

nmol/ ( min -

.% 30 -
3 a a
&
oy 25
g b
E =20+
=z
g8 15
S
210t
E
5 -
:
g 0 '
N A L BEILMH
blank ethanol chlorpyrifos

B3 HIEEZEH 10 d 33 4R ERAL A
HAZELRBRE BB E R R0 (n =9)
TR T A F AL A A A 22 5
Fig.3 Acetylcholinesterase activity in muscle tissue of
L. vannamei exposed to chlorpyrifos for 10 days
Letters over the bars indicate the significant differences among

the treatments.

2.4 HIEME T AAEXEEA WSSV B
b |

BESLMRZG I AL L LR R IR 20 s B 0 B A A
TEST WSSV 5 X UFR N WSSV 3 51 4 19 72 4k WL
P 4 S0 AR AS 1 2 B0 O B A PN O 2 A i 2
ST [F) 41 A% 5 B L 3t 49 A, JC R T S 2 T A
(e B O L 94 I X IR AR T S WSSV
48 h 5 , FEAE MR 2R AL X UR PR N WSSV & B
T2AMMAMEZERIFARFE(P>0.05);72 h
J RE S 882 1 2 B T T N, O 2 X IR
A 4 f5 (P <0.01) 3596 h J5 5 58 W24 i 41 1) 9
T BER LTE, B T 58 2 X IR R L
XHARALAY 5.9 47,0 72 h 5 SRR 24 9% AL H Y
4.9 f5(P<0.01) . fdgnl W, 755 SL B8 T,
XFIFAR A WSSV 38 5 1o < ] S i B

1400
1 200 [BEF-WSSV blank-WSSV ¢
& ZEE-WSSV  ethanol-WSSV

1000 reEE5E-WSSV  chlorpyrifos-WSSV

o 800
EE2 600
400
200

0

AfE] /h time

B4 PEkEE PCRIENZSEMEET
FLEST R WSSV 2 B4
FRARR T AR Ab #0411 25 5
Fig.4 Changes of WSSV quantity of L. vannamei
under chlorpyrifos stress detected by
quantitative real-time PCR
Letters over the bars indicate the significant differences among

the treatments.

3 3t

REIE e B (LCy, ) — 2 Ay 37 358 95
S7/pS N S S/ b Y U R VR N DU Y A DU S
AP R, EN AN A 20 AR OCHE , Qg st
WL SoF 58 [ B EE M ( Procambarus clarkia) [t 96 h
LC,, & 13. 13 pg/L™ ) X /N K B O
( Palaemonetes argentinus) ) 96 h LC,, & 0. 49
pe/L2Y ) %F B — BN K B R ( Palaemonetes
pugio) IR A 96 h LC 735 0.37 pg/L
0. 44 Mg/L[m , XF RO IR JK HF ( Paratya
australiensis) [ 96 h LC,,}7 0.06 pg/L'>', 525%
S5R B IR, FEFC W JLAN X AR 96 h LC,
0.758 wg/L, HLHE K 50 A % 4 25 % K 2k 2k
P Ve S5 ) 43, 3 SR WX FLAREE X IR 8 TR 5
Hi T 7 SE M A B 1R A8 A2 Ui L pH R BE O IR A A2
T Rh S5 22 i IR R B R W), S5 BOA [R) R A TR Al
FAF T B A — WA R [ B 2R, 3 SR MY
BEIEA A

HARARMET A OLBE AR 25 32 208 3 P A iR 12
BEATKAE SR N — K A Sh Wyt & 1 plds g
AR, A B A 2 75 s 1K IR ER i A K AR
SRS AR AE R AN A o TEAR 2510 e A1
Jil L 7K v A 245 % 7 v B L A T K AR S Y
LAY R DL X WY B I Hh X K R
FH 7K FIHEZK Fp 00 B S0 0% B R AT T I, AR AR
2l FH v A B0, KRR R 20T K E 52 3 7 AR R Y
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o 37 %

15 Yy, R I K EE SR W I = R iR # 3. 23 pe/L.
Jergentz %" 3 12 ) 5 K WA X PN YA 9 o 5 9
W2 B, IS U6 Hh R AR M A R /0 150 pg/kg, KK
hER R 0.3 ne/Le XA AWK — Bk A KR
b, 7 AT R AE T, U AR I 4 X 5 4 X
MR A 38 7 . Roque 4573 aof X ML 44 B X
HREEMR Y5 e T DX (0. 1 pg/g) I DR}, B
V1) 2 S I e ) ot IR, 25 SR S, W S i ol -
BRI 0 2 . B 0 ot i ko BRI 3
X BEA A B8 T2 3 43 )l o 35.19% . 9. 26% FiI
7.41% A% B S G I 30 R R B IR SE T
R T, SCI A5 R 7 1 58 W 6 AR
FF, FLaN B X IR & g WSSV 5 1y S8 T i Jal o
WSSV sr i), 16 B KL, BUR TR, £ 2
PG 3 ~10 d BRSBTS, [F] B WSSV 7 X}
SRS DAY 0 R TR g Al A, 4 % R 5% B PR BE R
A AR AL, KR BEAR B F a9 IR B WSSV
F10 Xk M 5 e o e

TR ARG 6 il )32 A7 AE T8 HE s ) G #E
SR 3 5 7K A 2 TE BB A 5 4 2 o 3, #E
S B RE EEEM . A IBER 2 L
) 25 B S 3 A 10 ) 2 9 AH A R A TS L S B0
IR NS AR S 2R L) ERe A i 9 WAL /LN
MAT R AT R IETS . L IER R T 7
0 R R R M K A AR W % B LB AR 24 s
B bR . Day S5V BESIA N, 8 e
K AE TC A HE B Y Tk IR 0 e 6 3 1 4 ) 20 %
WU B 1% 8h 1 52 ) T A3 HLE A% SO0 e 1F s
A WFFCARGE , £ T N8B 5K 6 T 1 1 50% , 4%
SRR Sk, B AR 255 10
d, JLgh it o UL P 2 Tk AR B e 6 5 0 P
20% LA b, B OGS R A T 75 S 0 W 3e IR 2 A 75 %
IRHT WSSV B UL i g 7 R B, DA 2 BOAE T2 %
B

N T2 T LW T WSSV 7E X}
R P B 1 B8 OO, 5256 R T 6T I 2 21
WSSV Vp28 [ 3 A Xt ik 1. Vp28 & [
& WSSV 24 M 1, Vp28 75 WSSV g L Xf
0 4 76 0 B B B S B A S — R A R
FI, FE R 7 IR e ok B v U Bl o 5 E A XTI 40 i
S WSSV AR E Rk 2 AL R LYY X
IR WSSV J5 72 1 96 h, 7E 75 56 1 il 36 1 1
T XU AR P WSSV AN F A R T B

HE L 023 [ %) BEZH 158 B A 3 50 Bl 3 7 R, 6
KRR P WSSV 34 58 0 3 B S b, 9 2 D 3t g 4
SEULNERT IR T = .

BESCIRAE AR B3 B A T 0 Tz N e
Xof S K A P A 5 g, K BR8E op 7 E W5k BE Y A7
FEC R R K™ FR 5 B — AW R o ARSI T IR
WEFE T FL 94 52 % R 7 35 48 W 38 T, 4k i sk gt
WSSV [ BRFE T 17 B, & 0 # 58 1L n] B i L4l
TEXTHR XS WSSV {1y Sy Jl M o A 52 56 4 Il 5 4t Wt
B AFAE FEAR T L4 35 5k 0 %) Al e S G0 3, TG
FHEOL X WSSV TP v 55 , B A 5 i AL A
it — R,

S 3L
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573.

Studies of the pathogenicity of WSSV to the cultured shrimp
Litopenaeus vannamei under chlorpyrifos stress

LIU Qiang'*, ZHOU Junfang' , FANG Wenhong'® , WANG Yuan'?, LI Xincang', ZHOU Shuai'

(1. Key Laboratory of East China Sea and Oceanic Fishery Resources Exploitation , Ministry of Agriculture,
East China Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Shanghai 200090, China;
2. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract. In order to evaluate the hazard of chlorpyrifos to the cultured shrimp Litopenaeus vannamei ,the
lethal effect of the shrimp infected with white spot syndrome virus( WSSV ) under the chlorpyrifos stress was
tested , while the quantity of WSSV in the gill tissue and acetylcholinesterase acticity in the muscle tissue
were analyzed. The 96 h median lethal concentration ( LC,, ) of chlorpyrifos to the shrimp was determined.
The results showed that the 96 h LCy, is 0. 758 pg/L(0.521 -0.987 png/L),and as time prolonged, the
values of LC,, significantly declined, which showed a positive concentration-response relationship. On this
basis, the stress concentration of chlorpyrifos of 0.2 wg/L was determined. After the shrimp were exposed to
0.2 pg/L chlorpyrifos for 4 days,they were infected with WSSV by injection. It showed that the cumulate
mortality of chlorpyrifos-WSSV treatment(83.33% +4.7% ) was significantly higher than that of ethanol-
WSSV group (40. 00% = 0. 9% ). Meanwhile, the amount of WSSV was also determined by Real-time
Relative PCR at 48,72 and 96 h post-injection. WSSV quantity of chlorpyrifos-WSSV treatment was about 4
times that of ethanol-WSSV control at 72 h. WSSV quantity of chlorpyrifos-WSSV treatment was
significantly increased at 96 h,which was 4.9 times that of chlorpyrifos-WSSV treatment at 72 h,and 5.9
times that of ethanol-WSSV treatment at 96 h. The acetylcholinesterase ( AchE ) activity in shrimp muscle
tissue under chlorpyrifos stress was 20% lower than that in control group. This showed that the proliferation
rate of WSSV in shrimp increased rapidly under chlorpyrifos stress, which raised the mortality rate of the
shrimp.

Key words: Litopenaeus vannamei; chlorpyrifos; white spot syndrome virus; pathogenicity;
acetylcholinesterase
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