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B4R S RS R R 5 X EN Y 5 % Bh 1 f 2

KA, & & TH5%. 4 K
RN R Bl 5 T 5 P 5 FFHCIER0 3 o DK PR RSB SO S0 LK 75 1 266071

42 RV 1 PESE A M7 B ( WSSV R B iR /5, 5t #3313 S8 Jso 2 2 o A JFF AT R 2 498 P UL 9 2 40 PR A 8 LR T %
I LRSS B T W, R AR R A TR B M AR B, H AR A1 A Ok 35 . WSSV AT Bk T ST B R 41 Bl 0N B R 4
B FErR N A0 S e B e TR R T R, TR P DRSO 40 M o 4 MY Y EL B T S B 50% ;o i L R K R
KA E D) BB R R AR B R EE AL T S A B S — SRS B T T B R
HARRE T IZAETE WSSV B RIS W RIB RN AR SEATEAE R TREREE R, FAATRENE
% AR WSSV R JUIRES T E M4 (POD)Y Z 57 B2, HPIME B OB MRV - 38 IR G llF A rh B I B R A PR B R
YeubkE, MEPLEVEME(UD JERIEE(UD IR LEE (PO R IR CALP) IS M (HAT) ZR A5 &
R ERGeA0d FEIR Be R WSSV B 28 G i B 7 AL SR A2 SRV R AR SR R SR Bk, it 2 WSSV B e f5
) —F G RETIETR . T8 A MIA T ) R B G TR R B ST SRR i B B R AL o S NG TR D) hf R UF
B 480 WSSV IRk 3t = A 0T, IS 2055 T R0 L IR IRME o R 1 SR 0 0L A B A% R 8 LA S VT 48 im0 A 0 = I e 1)
FEIRIF . WSSV EEFEE T VP28 Al S0 IR 6 WSSV &k e = T A BAFT 2%, St i R | Humys ARG R

R PRAP A« XA BT Rt PR oL sk 2 ) SRR AR A [ P K RE42.2006,13(60 11 033 -1 039 ]

KA AP S IER 5 WP UF: B BBt
H & 53351 9945. 469 XRRFRINAD: A

XTHF E BE 255 Ak % £ ( White spot syndrome vi-
rus, WSSV /& — M ag 1 & B0 ) iR 0% 2, i
FHAOMGE EFESE EETE, ORA
B2 RER R, BEE WSSV BT RN,
A T R L R B B 5 B 11 R A 21 TR R
IR, RE TR R RAE S T Har
G, R PUR R AR IR AL T BB A ik,
A= LB R DL R U B 2 ) TR B E T B
WEA . AT E A4 WSSV 2 Jak e s fR gk
GUTR L T ) S B 5 481 B2 R, DA Rt B e 52 5 A
IV 7 i IR e ok AR R 4 TR B R s AR R B
BB RERERFE—WNERR, BEAR
WSSV L (1 G B HLERAR 7T e S B2 BT ¥R He AR TF R 42
P2,

1 WSSV 2 RER RS X URAY 5 9 S KL
SEMENWRIBLIE R RSB, FRR s

Y5 H #1:2005 -09 -04; 51T H#A:2006 - 01 - 06.

HEEWB: BFR & AT 7R & BRI (863 %) T B (2003AA622060).

X E S :1005 - 8737 - (200606 - 1033 - 07

PR R AT B (BB RN S RELK
SREPE E A E AN . B WSS RIFZA, X
BT X WSSV AL ) G 2 B 1 S B st 32 21 1 REIFA
VR, PR T — AN RS R R BE
50} 4 ( Penaeus monodon ) 1 H A % Xt 4T ( Marsu-
penaeus japonicus ) & » i Ht B ) S BE F2 W2 U T
B ZR G0 LI 02 20 T 2 T e T B, I M U A
B 1o N N i = A B N = Q<0 H 1R S
A1, B ULBOR AN R £ Wang %50 R R 960
BRI CIFAD) AV E K — A48 5% XU (1415
WSSV A Ja% et iR X SUkx 28 i R /> S50RE 48 B, 1y B
DL/ R 20 LR Ry I e R b, K AR MR
R FH B e W 0 S B A B AL 5 OV A H LA TR
¥ ( Litopenaeus vannamei ) %% WSSV J&, KRR 40
JYED o o 4 A 0 ) B B8 T 0 1 509, i R Y EE
HIHH 15% -

W 0 L % B B SR A7k, o T 2 20 RN s 3 il

TEEE N REFR(1962 - ), &, BIFFR G, TE NI KRB FH A, E-mail: songxl@ ysfri. ac. en
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TRREE AL P T — RV G R R e B RE X R
( Fenneropenaeus indicus ) B4 WSSV J&5, H I it &2
BB BRI AL B R R B S R R
R, T LD A3 M 2H 2R BB L SRR K AL B 4
ARG E AR B E WO LA o g
WSSV i Ho A Py 8 S Py 5 A Bl A e A S D 3
Ph 3 PR, i B s A = T A S R A B

w58, ot [E 4} U ¢ Fenneropenaeus chinensis ) 7E 8
R WSSV J5, B S — A S MGNOS TG AT 12
h WE EJHE%,36 h EEEE R T £ 60 h
BETE PR PR X AR —F 2o . BER) WSSV 7E R4t
b [E) R ) 39 T LA 5 0 40 B 2 INOS, {5 B
WSSV 7E F [0 4 P 10 K8 B e L AE o i 46 i
IR, £ 13 INOS ¥ 1 2 2 F&AIC, X oF #158 T 78
]‘:[9]0

2 WSSV B KB LA AR SR E iR

Z TR AR MR EIREIEL BRRE T Z
FEAE WSSV (RIS, | 13 51 ( Microarray ) £ A
B F A AE TN R SR B ( SPF ) % F 7 25 Y WSSV
VRIS A S RO, B U R 2 B
PCR Hi AN [~ ARSET AP 75 Hh X 32 IR 537 1 B
T X4 Penaeus monodon ) U i BE4T WSSV #5l, 45
BH 25% MU B SRS . B RS WA &
IR A )27 Bt B AL R 5+ (B O, 32 R BE A 2 A8
AR LU ERAT SR IR, 7E R A b A i A KR JS
SEAFURE AR R R A7 AE AR = B B WSSV B R
HrEE A . 2 A AT R IR Y 91, 1% &b T AR
G, R RIS AEA 1Y 96. 5% (10 T i T8
RIS, 1IETE AW R 0 15. 6% A1 4k F 78 R %
P, RATEZEIR A EE PCR B T 6 it 134 2
RV M URRE e 45 R BoR, TOE A%t
UFFE S LT I T 1 B R R T 10° 1/ mg R AL
+, FE R A T T R R RS T
10° 4/ mg R T, A WSS B K 10 1& B i 7 (8
K 10° A~/mg HEEFL T . WSSV AT JE e X R 15 4
P IR 4 P B BE 4 pR RAT 0F 4 R BT CPL -
P10), {H & JL 5 TEAT AT R FAEAIR, 2 9 IR 4 1M
P11 DUJE 4R 404 30 48R A4 PCR & 24 BH %, 1M
FUA WL 308 B M P T, B At

WSSV B (RIBEEANEA I ARRE T RER
T, 76 SR S 4 F R AT IR . X s A
TR 10* ~ 10° 135 73 5 R H A 28 %6} 0F ( Marsu-

penaeus japonicus ) » B & X WF VA H I T I PRORE
R AEFRRFAEFIAT A 5 1E 8 RO iR AR R], F e
B HAEE T £ PCR 748 Y, A Ed i ik
PR AP TE T 0 4 P TP A 48 40 8 A, 70 0 R A Y
DIBRIR S . B4 Bl B SR S, & B i
I S5 4% 1 T (R A 80% LA I Jgk e X iR A7 5%, o AL
DNA Bt A8 45 R W, 75 T UR 38 & WSSV gk 4
%L[lsjo

VAR B A H 70 52 % 40 B P A5 o B TR 4 R A7
7E, (B I TE e PE R B R 2E, T B2 A B e AN
SRR . VBRI SRR R — M LR,
SREERERMAER T RENE R, FHE
B TS H1L 3% . Peng 257 i % 27 AN BET HHAF
FRFE BRI, AW R B TR
WSSV PR, 3 57 58 K F 3 ld 2 R f 20% , 11
WSSV Bt (4 70 15 40 0 21 57 B8 A R S 24 s 2204 2
70% ~80% , H V¥R = & & Farg. X—4
R5ZRIRE R, 7E R [E & K 188 AL 4 iR
T WSS K AE AT IR AR AT kT
W, %F WSSV ¥ (RIK R 1) 2 AFTE ANETE o %, I
JREVE R B R A L ER RN 4 ML BT AN 2,
mE+2 8.

WSSV 95 R [ G I X R 1y S 8 R 00 1w 85 AL 4
. FRCEPHETRAT SIS WSS KK
WY 32 JE AN [ 973 2 % L A2 B v [0S o I 94 £ % I
GBS TR E S . E R LR BE i A A A
AR A 2 B BRI 57 WSSV I (AR B 40 by Vs AR SR
[l WSSV 2 RA T R A i E ALY i CPOD) ¥ 1
Z5 R, P EE R B NR R V8 AR BT
T Hp R B L AR R R E B L R R, 1 L B
(U ERTETECUD B TS T (PO B 1 %
PGS T CALP) R L 201 (CHAT) Z 7 AR (
1) BROnS o bk B S 5 B TR 70 A R I e R S B
PR Z S AN, T B B V8 R I A A oA Bt IR 4 1
TEFE A, AT P 3 I ARG A S, 5 B A B
J:ﬂ‘[mo

3 FTUNRIE R EA R X WSSV BLR =4 By 22

YTHR G WSSV 5, 3L AR 2 A iR 2
WA ZIRTE, S BA A AZIER, A — g
BRI AZ 0 LR R B T B BT % B 4 R R T
F'20, (EXTFFR AL P i, WSSV IR e 1] 3 pl 5
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BXTEF KR RIEIT, SET- R W IL 80% ~
959% "2, WSSV 8 4L W] 5| i xif o (9 A 1 AR A R
T, R B (0 R RN 45 5L, AN UG 9 2 1 1k 7,
WE T X UR A B SR R RS T eE . AR ah A
SHFHU G A 22, | —Fhx i A7 & & B
BOHURA WA AR5, B HF 5% W, WSSV
ER K 4 A H 5t 217 B A3 A 3017 s
P, AR R AE 35 R AT IE 949 ; ¥ S WSSV 5

0.24 0.15
= =)
0.18
# = 0.10
$E0.12 ot
E 0,05 F
2 0.06 ju
0.00 0.00
a b ¢
A
= a
= 0.80 g 0.20
#0.60 = 0.15
£ 0.40 & 0.10 |
= 0.20 =005
®
g 2|
Z0.00 0.00
a b ¢

SRR IEAT PR OO GY IS, A 7 AT A T7%
FLT O A A VB AR B e A 0 P IR B b WSSV 7 K 4
J N % 7 ( quasi-immune response ) [ 5T 1, X F di 1
AN TR SRS T R 6 R B R AR BUE S 1T 2 WSSV
PG —Fh G e R E . 7 SPF/SPR MR H;
B R R 0F A e i Ak A I E R T
T 3 of SE AT U Y R ARE B, 0 5 ) o [ X 6k
WSSV AL 52 ) 230 s

o 1.00
~
1080
0,60
= 0.40
E9.20
0.00

a b ¢

100
80
60
40
20

RN HAT

a

0

b ¢ a b ¢

1 WSSV A7 At R ) Y DR A P A 5 070 S BV T £ L
a - W RE b - PR e - P ERR,

Fig. 1

Comparison of immuno-enzymatic activity under different infected

stage of WSSV infection in shrimp pond which had occurred white

spot disease' !

a - Latent infection. b — Medium infection. ¢ - Serious infection.

4 WSSV EES5@AmaT

5 17-C Apoptosis ) 7£ 18 F A I BUREEY ak il
B E GBI, V200 R AR AE R DU TR A
TXIHUAE A B A SE TR A S SRR A
RN T A B A WSSV R S R 4
H, Granja A SR F 5 PR (U WSSV K
S5 FLAAEET AT B 200 B 48 T2, el ubbof e O i  O
TR IR AE i BT (32 °C ) 2 17 4 R 35 v i
R EENG], Wa S 250 LB 4RI, BHA
FXT IR R L WSSV J& , i it TUNELC terminal deoxy-
nucleotidyl transferase-mediated dUTP-nick end labe-
ling kit ) 7387 AT £ %t 8 A S 9k B2 25 5 A 00 10 240 Mg o7
T R ) A R R R A LR A R e
TGRS ¢ L IR A I 4 O T R B — VR
BEikss T VF% ;oA T F A B X HR R 2 0K

&b B

G I UEAE AN o 20 M3 T 5 e A, W BEE |
He— BRSO A B TR 1A T 1 A 7 g Je
Refg  BARSER . RIEASEEUES T WSSV [
ORF390 74 T-HH K3 [, ‘IR EL T AcMNPV [f] P35

%[29]
5 GREIEETIFIXTEREEH WSSV R8I0

G R T BRI VAL B & 0 B bLRe
SRNUERIB SR, REERTZ . 2 et a5
B o G 18 SRR VT S S R I I R R N A B
i v T e R R ) 5 I B T BT VA BRI
7= A BT i s WO T R SR R A AR NG 5 R
N B HERENRE.

5.1 B&%#( Lipopolysaccharides, LPS)

RETE WSS AT A il T — A=A, 78

AN SE G B, BE 10 AT A 9F 7R B 2 BT A LPS B
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W, AR B 30 d JELL T d MR T
LPS ffikl. F548 90 d J5,5 A 55 Bt ) 7 34 Bis
oK) 49.2% 5 AT B 1) F 35BS 2 39. 5% »
S b S R RS R AR T 25% 0. B R, BN
FEJEVEWA T — A= L5, AN LR A,
65 N SEIG A BE A T AR 2 LPS IR SR N T
LPS ffakl, Jort R4 3 ANFith ik 4 WSSV &9 5 17
10 A% T 2 AR S WSSV K. X4
HAEH Jy M Ui LPS W BRI WSSV Iy 3L, I A&
YR KA v EROPRAR I A R 2T

5.2 EHE#(Glucan)

PRl % 0 >R 8 - 2448 T8 ( Schizophyllum com-
mune) ) B — i 58 F TRV BE S 6HAF 20 d U I E
5T WSSV AT SE 5, R B — 1 2R B ml 42 i xd
U WSSV S5 PED o G r s b st Y T ok RS e
() B — 71 5% 55 1R M L 40 %t 4T 60 d 5, B G
WSSV BEATRTHF B EE S50, 45 RALBE M 14 d 7, %
FAMBRBIR T RZRERT g - AR LR, 3
MR -FEEBELRAM A ERTEN 5% ~
85% . HME R LPS Y84 AR E B E.
BED AR T — A BAE M S5, 5
BAUHE 3 A 4.05 hm® (¥ 7R M, 75 X IR 28 d
5, BRI T LPSC Penstim ) 178 2 #f ( Betagard )
BEEWIN R 65 F TR, B s DRk i) i L
Rt M PR A it T AR ) S 2R AR A T 55% 5 A
KT 9.3% , FE BN 15.4% .

5.3 BAE¥E (Peptidoglycan, PG)

Ttami 257 11 0.2 mg(PG)/kg( BW)/d (7] &
AR H A 22 %5 4T ( Penaeus japonicus )95 d, 3 7] LL¥E
7 AT WSSV EL W FE. 4R TR, PG HIR
B B e B (R BOR . Sitdhi VR T — M b2
FIFF BT 41 PG IR & 1) B WSSV & 1, 721X 4
S8 PG B A & 4 A 1 mg/kg ( BW )/d.
10 mg/kg( BW)/d. 50 mg/kg ( BW )/d, i & #% Wt
17 d 7658 8 K, Fl WSSV B #, Ha gk 4 st 40 R 4
10 dJE MR AERG T L. 45 R SR, 3 PG B (K]
B 525 H B 1S RN 60% » 110 IR A 7R R
5% . ARSI ST 56 R R 0RO UK I 4% 1F
(L | B ICSR 5 A 3R T Z R I,
TF R RG] T — 7 0 20 5 S e 38 9 ], o R 0
VE A BURIAT T 455 20 M L, 45 SR AF 55 o 2R 1
FZ DURAR A R 7 U3 RE 9 H A AR AP AR

WSSV 1A 5, TR 28 B o 00 AT i o L v vt
R AR A ECER BT WSSV R B 7 I 8 3 7 2 4 I &5
SRR SE, WSSV 3% 5 2% e 2 51 56 6 R SR00E p AR AR
JERUERT, ke S 56 o ST A A7 0 SR B I R R |
WSSV, I & G IR g o2
5.4 FHEKEHE(Fucoidan)

Takahahi 2777 JIF 52 7 — Fh 6% B2 i 352 40 g B 7
W ——F B NS, A B IR WSSV R B
R BT WSSV iE k. 1F# F & B A B M f gl
#1, LA 60 mg/kg( TW)/d.100 mg/kg( TW)/d P55
BRI AT, b5 WSSV MiiE. 45 AR
FEA B AR 2 A2 5 A 6 IR RE R 4 B A
80% Fl1 82% , T %t FR AL SL B sh Wy = B AT
5.5 #%ER

Robalino 257 223 F ] dsRNA # 5 M. 4435 %
SRHUF R, dsRNA Ab B 5, X 6 38 0 T % 7
HARMTH%E WSSV 1 TSV (B8 8 ) 1 B 41
P, X PR EERE ) KNI T dsRNA (19751
SR dsRNA ] A A0 B AH 0 4 7 10U 4% 0
HEZN W) S 3 RGN, F 51K SR HUREE R Y .

6 [EET WSSV ELryiRTE

WSSV EH R 112 # vk f S HI6E 71, T2
TSR 22 06T R T8 1Y A D1 2 P BUMR 2K &2 i
2K, T 5 4 K Ak B P 1) 2R 1R SR A% R i
1To TEAEF=H R EEE & FME F R e B e 1 i e
WRET, N AR B 2 T B KR ORI
T LA BR AR A B G, A R ] R 5 4 e
H WSSV R4 SHAT™ . Buiragms. ti T
H AR AL 3 B2 R e Mk S 8, o TR B R
FERME AT R B, R M PR s R
1B EEZ AR, mak, Bl R AT T EY
SR AR ANIAR G 2 AR TR FH W WSSV L T
REIR 12, Mk 204 5 vk 5 0 m | B 0 B 1.
WSSV T2 R 1 VP28 2R E 2 R4
¥ A . van Hulton 2578 iif VP28 1% w (& Hi ik
L EIH AN WSSV e i1 B (1, I INZ 4 0 2 Ik
WSSV S B AR H AR F , FF7E 2004 5 F) H
PRANTRIE 1) VP28 15 5 X 4R X WSSV B 4 = 4= 1t
PERU . Li %0 b6 5% VP28 I VPL9 B A & 1
fFRIE 7= W) AE A PR, B8 3L S Bt Il 3 X B A
( Cambarus clarkia) #1515 WSSV 4L iy 30 58, 45 B 41
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%6 M) KIS - (BS54 7 B3 e 5 0 119 2o B 4 1037
L5 A R 2 7038 20 A0 T, T WSSV M4 R [8 1 kb, B, S es, 5. % 5 @ 1 B 0 L% of

e PR A LT, 8 6 d, JET-F K 84% , Bni
Y 9 B B T X S 6 2 v B B 1) (R 4 1
F o XU B B R 52 S8 508 (K 057 F WSSV
56 B 31 3 BE—Mytilin ( 2. 5 pmol ) 74 ¥ & 30
min /5, W] i 3 PR KA IR Leander squilla) I 55 18
PIET-Z, 1A Mytilin 8 i 401519 2 ) & ] ik 21
VS TRL (o R

TR R Gt H A T R — o R, e P
TREEBURAE F 7= A e B AL R R R 1L
BFFU R BT, 2L v 2 S SR 0 R R
(¥ A FEATLER, e SR B AE v R e it FE v, = AR
20 B R G R P 2 1 T 3 S U AR F AL,
X AR R R 1 4 LB I TR B 4
BMRAESHAT T EE. BT, WSSV B S Xt
R PR B S BB A VR 2 R 3 AT IR BRI,
W RFUAE SV FE T 5 /D 8 A T U 1 72 & L2 A
L7 RPN FIAN R AN R o 25 1) 0 U e 22 e O L o
FEAT A7 RV AR BN S R S LR A 4
2, NS 2, WA WSSV [ 5 iR i o
YL S BEHLBE 1 52 REEAT RV R AT
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Infection of white spot syndrome virus and defense reaction of penaeid shrimp

SONG Xiao-ling, HUANG Jie, WANG Xiu-hua, YANG Bing
(Key Laboratory for Sustainable Utilization of Marine Fishery Resources, Ministry of Agriculture; Yellow Sea Fisheries Research Institu-
te, Chinese Academy of Fishery Sciences, Qingdao 266071, China )

Abstract: After being infected by white spot syndrome virus( WSSV ), the typical defense reaction of penaeid
shrimp is that the hemocytes in opening circle system decrease rapidly; the coagulating function of hemolymph
weakens and abundant hemocytes and hemocytes get together to the infected part, mainly granular cells. The vi-
rus could infect the granular and semigranular hemocytes. The semigranular hemocytes contain higher virus
loads and exhibit faster infection rate, and are apparently more susceptible to WSSV infection. The granular he-
mocytes proportion of total hemocytes can get to 50% after WSSV infection. There is a significant increase in
glucose s total carbohydrate and amino acid levels and significant decrease in enzyme activities of superoxide
dismutase, catalase and induced nitric oxide synthetase in the hemolymph of WSSV-infected shrimp. Latent in-
fection occurs frequently in natural state and causes infection relapse easily. The POD activity of hemolymph
supernatant is significantly different among different infected degrees by WSSV in WSS-outbreak pond. In la-
tent infection POD activity has the highest value and in serious infection POD activity is the lowest. The antibi-
otic activity, bacteriolytic activity, PO activity, ALP activity and HAT activity arent significantly different among
the different infected degrees by WSSV in the WSS-outbreak pond. Penaeid acute viremia survivors( natural or
experimental ) are able to resist WSSV infection and the resistance is not due to selection of naturally resistant
shrimp during a PAV outbreak, but due to enhancement of an immune-like system( quasi-immune response )
after exposure to WSSV. Apoptosis of host cells may be one of the mechanisms responsible for increased surviv-
al of infected shrimp maintained at higher temperature. Inmunostimulants may reduce the impact of WSSV. Of
those immunoetimulants, lipopolysaccharide , B-glucan, peptidoglycan, fucoidan and dsRNA have been approved
to enhance the anti-infection ability to WSSV. Vacecination with WSSV envelope proteins, such as VP28, shows
a significantly lower cumulative mortality after challenge via immersion. Antibacterial peptide may reduce mor-
tality due to WSSV in palaemonid shrimp by inhibiting the virus replication. [ Journal of Fishery Sciences of
China,2007,14(1):1 033 -1 039 ]

Key words: WSSV ; penaeid shrimp; infection; defence

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn



http://www.fineprint.com.cn

