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WSSV ™ B ¥5 3 dF Y 1 i 56 % 4 X Bt A T
B WSSV H1R & i I Kz

ko E?, EaA', BAE', BEW', HEH
(1. FEKFRE R R E KR, T AEBVASHER SLRE, RUHEEmRBETF A HESIBRE,
J74 TN 5103005 2. iR RFKTE S aERE, B 201306)

WE.: H&3x10°# -mL™", 6 x 10°$#% Jl-mL ™" 1 2 x 10> # Jl-mL ™" ) X%J #F ;5 BE 254 /i %5 7 ( white spot syndrome
virus, WSSV ) HIIZR AN PBS ¥ (K18 FESHRYR B2 1 x 10°#5 Dl-g ™" {9 BEF5 X #F ( Penaeus monodon) , 43
BIFEE 15 b, 5530 0%, 55 1/NE. 53 /NET. 55 6 /e 55 12 /A, 55 24 /A, 3B 48 /AT, 5B 72 /A
e, BESET WSSV JBRILXSBE15 X R I 75 P R £ BERR i (acid phosphatase, ACP) . §ii 4 B%R2 i ( alkaline phospha-
tase, AKP). Ey% fLEE (phenoloxidase, PO) . it 1LY ( peroxidase, POD) Fl#E & 1k ¥ 1B 1k B ( superoxide dis-
mutase, SOD) VG, G5RKH, 743 MEYYEE T ACP, AKP, SOD JE#: SR Z L FAE TR -
Frefase, Hrp SOD WEHEEHIK B2 5 Toii; PO, POD G BAE M TRE LFAME T FEEE EF i
e, {H PO FHIE K5I, 1 POD TS H/KF B ER T, £ %R i & N 58 E 5 WSSV
MRS BEFAE—E LR, B ACP ShHA 4 FHEEIOTEHEAS LIS LA 6 x 10° 85 Dl-mL ™" Yk BE4H S5 M URK . PBS 48 5
G RE R AR IR 8 B /NT 3 B WSSV IR BRI 4
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Immune response of enzymes activities in Penaeus monodon serum
with WSSV in latent period on reinfection

ZHANG Tao'?, HUANG Jianhua', WEN Weigeng', YANG Qibin', GUO Zhixun'
(1. Key Lab. of Fishery Ecology and Environment, Guangdong Province; Key Lab. of South China Sea Fishery Resources
Utilization, Ministry of Agriculture; South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Guangzhou 510300, China; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: We studied the responses of 5 immuno-enzymes [ acid phosphatase ( ACP) , alkaline phosphatase (AKP), phenoloxidase
(PO), peroxidase (POD), superoxide dismutase (SOD) ] activities in serum of Penaeus monodon (with 1 x 10° copies-g~' WSSV)
to the injection with crude WSSV solution containing 3 x 10° copies-mL ™", 6 x 10°copies-mL ™" and 2 x 10*copies mL ™' virus and PBS
at 15" minute, 30" minute, 1" hour, 3" hour, 6" hour, 12" hour, 24" hour, 48" hour, 72" hour. The activities of ACP, AKP
and SOD first increased then decreased and then increased in the 3 groups of WSSV infection, while SOD activity was higher than the
initial level significantly; the activities of PO and POD first decreased then increased then decreased and finally increased in the 3
groups of WSSV infection; the PO activity in later and earlier periods were equally the same, but POD activity was higher than the ini-
tial level significantly. The reactions of immuno-enzymes are related with the infection concentrations of WSSV, and the most sensitive
changes of 4 enzymes activities except acid phosphatase are in the 6 x 10> copies-mL ™" WSSV group. The range of variation in the PBS

group is smaller than that of 3 groups of WSSV infection.
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T MR B BELE S 1iF 55 3 ( white spot syndrome vi-
rus, WSSV) RIfE Ytk BURM R, 245 Ik
Bt A mR ot UF 3% 58 5 F B m R R -
WSSV 1@ EAR V2, FEFFFE AR % iR ik A7 7E
WSSV MRSy, 507 /D i 3 1 0 MR AT AT 4k 242
KER IS AT, #H i WSSV 95y
Yt HF ( Penaeus monodon ) £ — YR BRG] 12 0% TR AL
B, MANRERRY I S8xHRser .

XTUF R AR RERERSE, RRH R FER
KB, HIE BGOSR RE o A 4
FHEBUARA R B AT B R, EREIKEE B B
RS R AR YUR R AR AR B . STERPLIR
e T v e R ARE A R AR R, 25
2 B e 52 194 1T 2 R %o WA PR B A 7 SR SR AR )
RZBM EEHRRE, AR S AR 4 IRk 2
ISP S R R RA T P 7y A 2 2 TN
W F e, KA R A 55 R A DG Bl A X MR ) S e
B b A AR B AT, X RS2 B SRR g
JE XSO G Mo R A AR B AR 4L, 40 H E X AR
( Fenneropenaeus chinensis ) J&4t WSSV )5 Hua M # R
fifi ( alkaline phosphatase, AKP) 7% B 2 &,
WA AL (phenoloxidase, PO) i 3. 35 T &',
JLAHTE ST U ( Litopenaeus vannamei ) Ji&4t WSSV )5 H:
HBEACY B Ak B ( superoxide dismutase, SOD) Fl33
&4k A ( peroxidase, POD) 3 # B 3% MK,
EXF 4T WSSV (X MR — YRR Y% B /5 I S
IS WG R ARG . 25 % WSSV BE 7 % oF A Tk
WSSV J5 I 1& #) B2 14 %% B2 B§ ( acid phosphatase,
ACP) . AKP. PO. POD Fi1 SOD %5 5 Fh 428 #H & g
TGRSR AE AT T 4007, B BRI WSSV™ 5
FIXFHR XS PG WSSV B i SR LA

L R S RS AR
L1 REHE

RIS TE P E K =R 2R 5% B rE WK =B i =
SERH K =T HO0 S8 R o TR FH B3 X AR B i
A = WA YE, KK R (15.07 £1.31) cm,
KRBT AR (20.08 £2.56) g, £326E & PCR Al
T 120 B X HF, & B0 HF R N A 29 (1,00 =+
0.32) x10° % Jl-g ' ffy WSSV, XF#F I [l J5 7E 1 000
Lt g s 1 &, gRmxX g ey, &a

PSS E KR 28.0 ~30.5 C, #HEF
730.0~32.0, pH X 7.8 ~8.2, AR AEIE
#6.6~7.0 mg-L™",

L2 |AWH*E

L2.1 REEFEHNEH S ER  BEERY
B BETT X HRVE A% JE ( PCR AT FH I, AR IR AR
7)), HEEATBCENIAAZ10.1 g, iIA 1 mL PBS
BT [ 136. 9 mmol -L ™" & L4k (NaCl) , 2.7 mmol

L & L4 (KCL), 10.1 mmol - L' BE R S — 4

(Na,HPO,), 1.8 mmol-L™'#fig’ s —4F (K,HPO,) ,
pH 3k 7. 4] VKBS, 10 000 r-min~' B.0> 20 min
JFB EERARIIRBE 107, 0.45 pm JEREITIE,
S B M REVR BB 7 ST, #43 - 20 CHRIRIRFF.
Pt i PCR R & B30 BT I 3 MYk BE g WSSV
FESW, FRERED 50 3 x10°# Jl-mL™" | 6 x
10°#5 0l-mL ™" 2 x10°# Dl-mL ™", JRYLIRBEAR S T
7.5 ¥0l-g™' | 1.5 #ED0-g T F10.5 #E0l-g 7 XFHRL
pan|

“Z\0

1.2.2 55020 KR I 3 x 10° % -

mL™', 6 x10°# l-mL ™", 2 x 10°$% Jl-mL "' }; PBS
(W) S 4 NabFEA, BASALIRA A5 120 BT,
T RAFRIEE SRS 50 pL, FHE T 15 40480,
5530 2. 55 L/NEL 5 3 /NEEL ER 6 /NEL 5
12 /B, 56 24 /NEFL 58 48 /NI 5 72 /N 435
FA 1 mL G EXT R FELO B AL B, A
THM 1.5 mL B.O0E T, BB A KRR
FH8 BUF, ARAMES M, mAE R
F4 Cyk4f, YH 5000 remin "Z.0> 10 min, WEH
M F -20 CLRAF . BRI FEIE R H 388,
1.2.3 SR A 1) ACP, AKP i ¥4
W, ACP, AKP %P s E AR ) TAR A 53 4
fitiy ACP, AKP 550 &ME, KM T 96 fLEGHR R
g1, K A B F5 1Y Molecular Devices SpectraMax M5
W& SR R R OGBE (OD) . ACP, AKP i
PESE X ML) 100 mL ME7E 37 C 5 EFHE/ER 15 min
PR 1 mg By 1 ANE A, 2) PO TSR, LA
L-dopa )64y, R FIuckmg ASHIDA™ J7 78 96
fLEF AR P T, 42 10 pL MMiE A 96 FLEFR iR
L, RIFEAFLFA 200 pL 0.1 mol-L ™' pH 6.0
BRI ER R, BJS M & ML A 10 pL
0.01 mol-L™'f#% L-dopa, ZEFFRN TR 4 K, &
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F% 2 min S2HX 490 nm b OD fB, DLRE 544 T 4
434k OD {E 3 Jin 0.001 & LK 1 ASFEIE F1 84,
3)PODIEHEAG I . R P ol f B0 75 TR SC 45 1) 0 gk e
96 fLEF RN AT, 20 L M fmA 96 fLEEFR
WA, RIEEEFLF A 180 pL A28 v (7. 3
g — KRR, 11.86 g Na,HPO, -2H,0, ddH,0 5
AFZ1L), BTHECHEE 490 nm 4K OD {H
(A,); FFMAFEESEFLFIMA 20 pL B AR (4 mg <F
K Jig; 4 wl 30% H,0,; 10 mL B AR M),
B TP RS S, BOER A 15 min, 3FEH490
nm b OD fE (A,) o IMKE L& W POD AHXTE
HILL Apop = (A, = A)) KR, 4) SOD & P4
SOD {if P 4 7 3% 1 A 1) TR B 53 42 it i) SOD
O E R, LU 2T N R SOD 1) il 23k
50% B BT %of 2 i SOD & 4 1 4> WA R £ B 7
(NU),
Ac -4,
Ac

K Agop 7 SOD 3% F7, Hifiily NU-mL™'; A
Xt ERE RO RE; Ap RIEBE WO d AWE
FEEL
1.3 BiESH

R F SPSS 17. 0 #4564 48 #E 4T G2t o
Pr, THE S PR REREAE 4 AL B B B EUR
CV(CV =0/w), K One-Way ANOVA X} 56 4%
RFATIT 25047, KA Duncan’s 3 347 2 H K,
B P<0.05 &R BFEMKF, H Excel 2007 24
HHRER,

2 HRE50M

2.1 ZURERZ WSSV 3t iE ACP iF A 72T
3x10°#0l-mL "' 5 6 x 10°# Jl-mL " YR EE4 1Y
ACP G EWY B3 EFF, 3 x10°#5 0l mL ™" ¥
HAESE 1 /NBTRIES 12 /e 43 501 3K 30 45 1 18 RN e AR
B, F&WH AR 48 Nt iR BB KME; 1 6 X
107 DL-mL ™" ¥t BF 240 7E 55 30 44 B3k B 40 48,
Wi i R s, 7856 12 /NEH b FARARME, J5
WA FE R IS MK o 2 x 107 3% Dl-mL ™" ¥
MY WETRE, 7255 30 8P A%E 1 /B4 )3k
BB EMREE, F2E/NEENER S
#, PBS HFT M AFaE, FHARRK, R
T2h N4 4 ACP EHEB AT AL, PBS HE
BEREE(CV 24 0. 18) BB /NF 3 Fh WSSV ¥k B 41

+50% xd

Agop =

(CV40.51, 0.25 f10.27) (E 1),
2.2 ZRE WSSV X3 imiE AKP FHERI R
3x10°#JI-mL "5 6 x 10°# Dl-mL ™" ¥R BE4H 14
AKP G MR BE ETH, KBIZET 3 x 10°# I
mL Y B TESS 1 /NHAEIERKME, 1 6 x 10°#5 I
-mL " YR BEAITESE 30 MR AN 3 /NEF A BIAEI T8
KEFERKME, 2 MREAES 6 /N EH2AE
Fl—ACE T RAR B #E; 2 x10°# M-mL ™" ¥k
FELHTESS 30 Zp4h AISE 1 /N 43 33k B e/ IME F 8
KIE, FEEFERGE K TS, 7255 24 /Ned B
WA L7+ PBS HiEw) & TR, FHIZE/INE
IR, i 72 h 94 4 AKP [P ELR
HAEH, PBS AREFEE(CV H0.16) R/ F
3 Fh WSSV ¥k BE4L (CV 34 0.29. 0.33 F10.26) (&
2)
2.3 ZTURBE WSSV 3t iniE PO FHERI B2 NE
34~ WSSV ¥k B4l PO i %) 5139 8 & T B,
BHEsE 12 /N B AR, (AXBI7ET 3 x10°#5
DemL ' YRPFLHTESS | IR B R KME, FEH T
FEZEE 12 /NEE; 6 x 10°85 Dl-mL ™" YR B A 70 225 58
1 /NEFFISE 6 /NBT 2 YRI5 B B T REZESE 12 /)
b 2 x 10%45 Dle-mL ™" ¥k BE W01 27 T, 7E%5 6
/N BB KBS TREZESE 12 /Nt 3 NIREEA
PO G HAE R A BT, 1B 6 x 10° 4 Nl-mL ™" #e
HERBSEKR, HES 72 /N BE AR
K HA2 A EFHREER /N, PBS LHBREE 3 /N
Sh, PO JEHEASALEFES 2 x 10° 3% Dl-mL ™" #e 3 41
AYIE. 72 h N4 4 PO IGHEHBAKTE
t, PBSZHBIHLARE (CV 25 0.27) Bl R/ T 3 Ff
WSSV ¥ 4L (CV 4 0.36. 0.44 F10.34) (& 3),
2.4 ZYRE WSSV X% POD iFHERI M
34~ WSSV Bt 2l POD AH X I M 76 J5 i ¥ 4t
RS EAE, BB EELER . 3 x10°
P0l-mL ™' 5 6 x 10°#% Dl-mL ™" ¥k B 452 H) s A5 T
B, a2 LIRS 3 NG IRBIREE, RIE 4R
R EKFES 24 /N BRAKE, FEZET
R 12 /Nt AR A ; 2 x 10795 Dl-mL ™" ¥k
43 h NIEH/IMEEESN, FE5 6 /et BRAL R I E
Ja TR, 25 12 /Nt A /IME . PBS 43N EL
R B TS PR AR AL R BE 3 /N, FE5E 48 /NETEE A b
T, BEE TFREZRIKTE. A 72 h 4 4 41 POD
XTI B B R BT A H, PBS B HURR E (CV
$70.19) BAE/NTF 3 Fff WSSV e BELH (CV K 0. 41,
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Fig. 1 Change of ACP activity of P. monodon with different concentrations of WSSV solution in different latent periods
Different small letters indicate significant difference among different periods with the same WSSV concentrations,
n=3, P<0.05; different captial letters indicate significant difference in the same period with
different WSSV concentrations, P <0.05. The same case in the following figures.
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Fig.2 Change of AKP activity of P. monodon with different concentrations of WSSV solution in different latent periods
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Fig.3 Change of PO activity of P. monodon with different concentrations of WSSV solution in different latent periods
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Fig. 4 Change of POD activity of P. monodon with different concentrations of WSSV solution in different latent periods
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3 x10° ¥ D-mL "' Y BE4H SOD J&PE7E 3 h W&
RHESBETREER, JFTES 6 /NS 48 /Nt
SR BB KA EARE, 5 50K,

6 x 10°# Dl-mL ™" ¥k B 48 ) 5% W b T+ 45 24 /et
B, J5BETHRESE 48 /NHARIRKME.
2 x 10° 4 Dl-mL " ¥ BE LR W) T 6, 7658 30 Zn4h i
PR, 2630 405 HAR L% 5 6 x 1074 -

mL YR A K E] ., PBS 41 SOD iEH:ZE3 h ;Y
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Fig. 5 Change of SOD activity of P. monodon with different concentrations of WSSV solution in different latent periods

BABRRETEERESR, FEELIEE 6 /NtE
FHRKME, FRAFERENESESEKE, KK
72 h N4 4 SOD EHE B AT AL, PBS HE
BARE (CV 2 0.51) BB /NF 3 Ff WSSV ¥R B4
(CV40.64, 0.67 F10.61) ([ 5),

3 e

TR B R T B ) — AR X RS,
Xof MR R 52 B SRR 5 | R AL S e OBE B, BT R
S5 EXTURA R R Y A%, I B B TR
LR . AP ST 3 i WSSV LR W i
SHERGe WSSV " BE1 X HF, W] 5] A2 X R LA R
KAERY 3 R X HRFE T e SO A YR 3 A
&I WSSV, B35 T WSSV ™ B 45 % iF f 3% I
ACP. AKP. PO. POD #i1 SOD 5 Ffi 4 58 B 15 4 19
ARALAFAE o

ACP Fl AKP J&—FhmR A5 A", ©1aT
LSRR B AR K R e B RR B B I R IR L, 5
DNA. RNA, A, REEMRBAE R, X455
W, BESIE R, BERRASUTAN. H S/l B IE A
EWEAEEEA . xIRES A ACP ZRE K
Y M VA B ARG AR AR, 7E R S22 I YR A I 40 g
HAENA B EBERE. WFRF 2 MR
WSSV ¥k FEF#Ii ACP, AKP JEMERE T, Witk
i WSSV ¥k B T ¥ 3 ACP, AKP % ¥4 B & T F#;

Y5 A ACP FEMEAHXT R R K, HA3 x
10°#5 Dl-mL " M BE 4 ACP T PE7ESE 48 /BT 2
FHA . TS K BL/INEUR 40 b i) 7E I e
JE4E 48 /NB BE TR, X SXIRE % A NFER
FLRAT mE F & 8 ACP, AKP {7 5 /NSURL
20 L VY 7 A R JECTBURE 1 HE A 26 B 45 18— B
DONG #5""*  AAy Y5 ) ACP I 14 (9 71+ 85 5 /1Nt
LA B ) R B AR AR S ORI HE R 5%, BT 8
BB R R R AR R T 451, HRHERC
Pk, PHiE R R . AR . B E
AKP ¥R P28, 5Kk 8450 1758 B A g
XTHF ( Marsupenaeus japonicus ) &%t WSSV j5 1] AKP
AR AR AR

Wi 48 AL ¥y Bl SR % 7% 2R 4t ( prophenoloxidase-acti-
vated system, proPO-AS)H PO. FHEHEE. R HH
BEHMEHBRMEIRER, & ERUTE53)
PAMARIBRSUR R GE ;s HABBMAE Wy & A U4
BER B-1, 3 RME(C) . AR ZHE (LPS) FIBK R M
(PG) &5 BT LT , Kl EALIR, FRAE B 2B
B BAs, F (melanin) P, B8 F TR Sh 3k
YL, R R SR BRI AR ES, AT
RICIE Y B 27 A BUE B e P AFE R 2,
e 7= 25 FE B 5T 32 9 5 IR YL A o [ o A 9K B 4
i PO (i 4E R & 3L PO Xt 3 A BEIRVE .
R, VR %t Ry S AR 0TS R b E B
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PO, ZEXTURARHF RV R R G ke B R A
P, EEBFFL A 3 i WSSV B 41 T B e 100 3
PO EMELER R K T3 3h, AR WSSV £ 57
B RS T AR E AL AR R, K R AL R
AR NG TG VB B B AL s 5 SR T AR B BT Y
BN, PO IGMEARINBE TR, X—4 5 55
AT N g K I 18] B9 28 995 A1 4 46 4 5 7 o I 375
PO iEHE TR, T RSCEP AR R IRY WSSV i1
i E X IR PO % ¥k B 3 T M W5 AEL; SHINN
AP Rix 5 PO 25 T #—$ M 3E S iR BI A1
ftl S8 B ST ANKS BB R R R T %, H AN BRI
4 R 20 g A T Mo 2 53 PO IR T e
R 22—,

POD " TERAWKN, TEETS
FACEOIER, BAE TR A
S.(H,0,) Mf Rk (H,0) M4 (0), Biik H,0, 7&
PR, EERARAER, Rl ER
AL FAEERD, BilkRE hERBIR,
TERS 1AW TG 7 A % T EE R,
TR SC 4P W X R 32 WSSV R e ) 72 JBE 43 A vk AR
Y, B, PR E R, SR
7, POD M B KRB /ME N AR IR YL IR RE >
JEIRYLAFAE > T H IR IFAL, BRE A AR TE
FAME TR R REE I R E K N, POD %
YT HE S IFREERL, PURZBIEBiI, T
FMBIHRGERRERIFIER, BIGHM. EHR
i 3 Ff WSSV ¥ i T RS POD iSRRI 3, 48 h
JEHSERE R R AT, X5 E L% 1) r R
Yt WSSV FBETS XiF iR If 7% POD I PE7E 4 60 /N ik
BB AVLEHERL, (A5 EFRSCE | BEs
a1\ R 5 3] POD I P AR B WL A MR 2, AT
Be S XTIR R KR F A %, BAREA R E— 35

SOD J& A= #y 4k P 3F % T B2 19 — i BT A AL I,
EREMEILBAEAR F (0, ) RAEBALR N,
bk H,0, F4E S (0,), AFHRNKE A H
HE FER I RE R A T AR AR . R IE
YEEWIRR . BN % B AR EE R
IR SR SOD iE k5 WSSV Ry A & %
PIE R, 24 SOD 1 MR MR R A 1 st it 4
2, K5HPBUNEZERL, BRI WSSV 53k
W%, SEIRERD . EHFEBFE P 3 F WSSV
WeRE YL, R SOD S M B E EIt, (A3 x

&

10°#E 0-mL " W A EFHEN R, X SXIKE
2510V 4 30 g o [ X MR ARR Y WSSV JF SOD i
Fegk BT 25 AL, T B8 2 BE T X MR HLAK AE
WSSV BILJF a3 T —RINHAMLE], HRBEKFZ
WO, SOD I MEBE = 7H s 78 X IF & 0w
SOD % PE 3 B 3 T M, X5 Kbkl #k
ORI 7 R 5 1 SOD IE M K B W A A Y
A, TIRES WSSV R HHESREIE KA X, H
HILRES A AN AL 340, 5 40 BT Pk
A5, WM FEILERERILRER 5, TR
K, BAGE SOD JE MR

MEEE BTG5 AT, WSSV ™ BE 55 X #F Bk
BYLZREE G, 5 MR R B P A S
AR Ak 5 o FE R HF R YL WSSV 5 B s iz oy B Ak —
B 3 RGBT 5 AR RE A SRR S 2R
R R s A, HA POD, SOD {E#: /5
WK 02 T 5 Fh G AH S Bl 1) 520 58 B
5 WSSV B YR A E—E R R, B ACP MK
A 4 PRI IS PEAS AL LA 6 x 107 $% Dl-mL ™' ¥k B 4H
BN

SE 30K
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