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WE: FAlIAAEME T EFEEEAR, AT ES 2% % 4K WSSV Xt 21 % . 72 % 4F 45 4T
Jif I % POD \LSZ .SOD PO Wy 7E W& K AT IR A AE M B R A 24 |
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Mgt o B sT WSSV I fugis ZHE R
LI TR IR A F o e R S 5 R PR 2 o), LA L%
LI 0TI g R I 2 A ) AR A, RS M X 4l
U A S R HLRE A1, & 76 O 21858 2R B
1H WSSV G AR s

1 RPR A

1.1 KIgH#

SIS FHERIE 11 4 Ll DX R R K S
35 AK 4.5 ~5.5 cm, iR 2.83 ~3.40 g,
TRG AT I — A, A K E R 1R K
1/3 ~1/2 7K 26 C Aty #Li w4 .

WSSV 3 & B #T VLA IR KK P= Bk 58 i . 2 A
935 55 ft B T A R 6 O (R R R R VLR
FAENSEE R IR Y, HH % 5000 % 4 2 % A
TRAE) 125 16 %5 0 B I g JS Y I 98 £ L 88 i
JEERR A4 1210 B A TG R AR BRER K A4
LSRR A3, — 18 CUKFA LR ARAT , e R
J& % A U0 ALLL 6 000 t/min B0 5 min
J%10 000 r/minES (> 10 min, FF-£2 0. 22 m {fLIE
Bt 8, —80 CLRAE FIH

Yo 3E 22 (LR 20 M BE ) W B W80 AL 22 B B
ANl Hod B B = 29% , o-H BBk =
20% IR REAR = 30% , LT = 2% , A
PRER K BC I A BE R 2. 0% B S sie Z R, K
W IE A
1.2 XWHE

BEIURARTEEE 16 J 13 I B IR R 5256 R AR,
YV IR SCER A T S0 d T SE L I 4 4.
SERRTEURAT BI9R 7 BT, 2 N TR fa 41
EOLFEEF LA H: WSSV 30 ~50 pL/ B, W5
3~ 5 d, RAEAS KR LIk EL S B R, 4 000
r/min Z.0 5 min, VSR TR S8, LR
A1 S 430 T4 1.2 B8 LA B 4
50 WL FEEE IR 2. 0% By fais A, 525
20 A 50 L 2. 0% 14 G Z i 7,48 h 5 E
$F 50 WL g 5, X R 4 1 4 45 KRR 1) PBS
(pH 7.4) o WAL 3 VAT, BATAT5E
B FHAER 30 J2. S 1] A % A A5 B R AR
AT
1.3 tFmabE

TEST G L1 T 2 MR S i F 0.6 .12 .24
48 .72 h [ POST IR A SE B0 4 45 R 6 B2, KA 74l

JHF R , FH T2 i B 4Lk (4 °C,pH 7.0) 15k, U8
R TFRE S VKR 510, AT K Y 0. 86%
FAEBRER K, B m (4140) : V(AEREERK) =
L9 IR AR AL VS R, 4 TR FZAE T 4 000
t/min £5.0> 10 min, 3% b2 A8 15 IR ERUTIE , i
FEWHTEA RS & G E P (peroxidase,
POD) 7 i (lysozyme, LSZ) | S AL Py B AL T
( superoxide dismutase, SOD ). [y %A 1k [
( phenoloxidase , PO) i% LAYl 5 . SOD (1l 5 R
1% 2208, PO R 2% LUK, LSZ 2k 1]
5% ML, POD R H] 10% WIZHZH -
1.4 #HEmilE

POD I P4l 7 >R 1 POD ) 5 i 7] & , I 7
JIBNEE R 37 CHRAFT , 2w HEVE AR5
BRAEAL 26 1 wg B iR — A B ) B
SOD JEME 7 2R HI SOD 5] £ ( #5 L 0s S AL il
22, HOE Ty B U AE 37T THRAET,1 mg 4
ZUEMATE 1 mL i SOD i ifi] 3k 50% Hif
JIPXF I SOD &2k 1 4~ SOD {f Jj $ifii (U)
LSZ 3% ¥: R F LSZ ik ) &, 1155 A LSZ
T o= (W2 BB UT, - @8 &L
UT, )/ (hHEE ECIE ST, - FrifEE#EOLEE ST,) x
PR W (200 U/mL ) x A A I 38 Aij 7 8
o PO IEMENE, UL L-Z BN KD, ¥ 10 wL T
JRRRLL LU N A 96 FLREGAR AR o, 76 & FL oA
200 wL % 2 £h 2% vp W (¥R JE 0. 1 mol/L . pH
6.0) 10 pL ¥ 4 0. 01 mol/L [f) L-Z EL i, 4F
Ui 4 W TERPR A BERE 4 20 PPz 490 nm 2R ()
WA . WG 7 LURER 25 1F T, OD o B 5553 S 3
0,001 g 1 ANERE S B B A e
DA Sh s i I A 2B o R P e R
W H RS A ) TR I T .
1.5 EHHE

A BB ] 72 h % B4 SR gR A T LS
U I e T A 2 R FR A 2 28, 2. 5% 1K
T (pH 7.4) [E 7, PBS WM 2. 0% MY HKIR
JE R, ZEEZRSNBK , IR E 4, Epon812 A,
FETEY) H LR R 70 nm, F HITACHI-600 % 3% &}
HLBEURER T IR
1.6 FHIBHH

SZIG TR LA SPSS 18. 0 3R {4 T 5 4
153 1, R Al One-Way ANOVA % i# 47 1 25 1%
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2 4

S 72 h J A6 IR RN S G A I 4 R A
W, LA AT G R0 63% , 528 d] T 771k AL
H6.67% ., &Y WSSV LI EOLSE 2 IR 4 i 1A
3k M B ER TR 58 e B IROIC Wt @ B,
PLRBE, BTG T, SR AT R LT AL
B B P L K B A B A AL, Sk S R
G, B0 22 R R BC  JJBR R 0 S A €, LYY
LA 1, B IR, ok BRZH F0 S 6 4 T 1) 8 R ok
TS HREAR o
2.1 REEHER WSSV 3T 41 % H 5 B AR 40 4
POD & )M

SiHZH [ POD JE P S B FEAUEH,6 ~24 h
SRR S W (P <0.05) ,48 .72 h SRR
ZEF I (P <0.01) ;528040 1T POD i 4 S BE
eIt kRS, 6 12 h 55X IR L 22 5 0 2
(P<0.05),24.48 h ZR KB #F (P <0.01),{H
72 h SRR L (P >0.05) ; AL
POD {fi th A2 e a #5 55 se gl T AHIAD, A% F % iR
HHZ R ESTERmA L (P<0.05) (K1),

1o EXFEAL control B SEZH T experimental [
B SEHOAH 1T experimental I 8 SEEGAHII experimental 111
2 10t b
a
@ 2
£z
-
3 [a)
ey
)
o
Ay

0 6 12 24 48 72
FfT8] /h time

Bl1 ®RESHER WSSV X &k EuR
POD & 4/ Z 00
Fig.1 Effects of immune polysaccharide and
WSSV on POD activities in the

hepatopancreas of C. quadricarinatus

2.2 B SIER WSSV X4 3 55 £ 4R 4h R
LSZ i& MR 220

SCERA 1 LSZ {EE7E 12 .24 h BHIE X HR 4L
(P<0.05),48.72 h B # S E AR F XA (P <
0.01) ;5204 Il LSZ {E M5 T /5 e, 76 12.24 h
o TS 1 S 2 v X BRZH (P <0.01) ,{H 72 h B
PTG VE 26 S AN 3 (P >0..05) , 136 4 i ) 7E
ik [R] PN AT 4 o VS A S M 5 SE g 2 T LSZ J 1 42

PLICRRAR 48 h 5 FHE pg#a%, 12 ~ 72 h | B KT
YHREL1(P <0.01) , % 72 h B iE M Formal 1
(P<0.05) ([ 2).

25 rEXTHRA control B SCH4H 1 experimental I
ESEIGA 11 experimental [T 8 SEEA T experimental Tl

10 H

LSZ activity

LSZiEH: / (U/mg prot)
D,

0 6 12 24 48 72
18] / h time

2 REBSEER WSSV XT4L 5 5 iR 4h iR
LSZ &8 200
Fig.2 Effects of immune polysaccharide and
WSSV on LSZ activities in the

hepatopancreas of C. quadricarinatus

2.3 BB ZIER WSSV X412 i 55 B iR 4 4R
SOD F MR

AN[FT POD \LSZ {H P72 4k, 524wl 1 SOD
TEER TG B &S 6 12 h SOD {H i 3
BTHA3 44 (P <0.01),24 ~72 h SOD jf PE[&
1,72 haZ S P AR T X R (P <0.01) 552
592 11 SOD G PEIETE , 24 h il i MEAR 2 & T
HREH (P <0.01),72 h Jil i o4 D0 S5 25 %) B4
(P<0.05) ;52540 T SOD %4 52 B AIG fa e,
6 ~12 h 5XF MR 22 R AK 24 ~ 72 h BiEE D
RTXTREZH (P <0.01) ,fH 72 h % Ve T 5500
HI(P<0.05)(&3),

8 X M4L control B3I 1 experimental 1
B SEE4H 11 experimental I RSEZEGZH 11 experimental I11
160

140
o 120 FiT9
100

SOD¥E 1 / (U/mg prot)
SOD activit
3

12 24 48 72
Ff 18 /h time

3 GREBSIER WSSV X455 5 5 iR4) iR
SOD E RS0
Fig.3 Effects of immune polysaccharide and
WSSV on SOD activities in the

hepatopancreas of C. quadricarinatus
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2.4 HELZER WSSV X418 ¥ T B IR 40 4R
PO &R

SLERH 1 2h i PO iE S BRI S, 6 h i
R F T HIRGL(P <0.05) ,12 24 48 72 h
PR E R T X IR (P <0.01) ;5541 1T PO i
PR BTG REEH,6.12 24 h ] .25 T IR
(P <0.01),48.72 h PO HPEREAR, (H AT i 3%
TRAL(P <0.05) ; SEEa 2] I BE R ] 224k, PO 1% 1
EHUCTHR B, 6 .12 h BEEPER 2 A T
XA (P <0.01) ,24 h S EEEVEREAR, 72 h 2
FICT X AR (P <0.01) , (HEHE LR = T 525
A1, HEFEEP<0.05)(K4).

SXTI4 control

BSEH4H 1 experimental 1

r 4 experimental [[N5ZH;4] experimenta
6 rEDSEHA I TINSEHA I exp 1111
= _ b
g‘ ol ab foap b
N ) N : a
EZ 4 \ § § E %‘P
S 3 aa\ N 2N 2 ila a a [l
= I My \ me \ & \ 13 L s
S SO THEN BN BN i?i :
=R T AN
4 \ - i \
€ 1N -
\ E |
0 N

N N PN
0 6 12 24 48 72
18] /h time

B4 RESHER WSSV X4 &k EuR
PO & RIS
Fig.4 Effects of immune polysaccharide and
WSSV on PO activities in the

hepatopancreas of C. quadricarinatus

2.5 B SIER WSSV X 4T £ 3 55 2 4R 4) #R AT
FRER BRI m

Xof BRI /NG b Bz 20 B 45 /) 52, 20 i A 9
Peta T35 o A (L) TR B HES ) R % HL
Fr(EIRR-2) |, H P 5 R 52 80 bk (I R-3) , 2k
BLRSEREERTE , UG (B 4) . 5% B2 AH
Eb, SCIG AL RR I /NS b B 200 0 %) A P A 24 5 1 B
SRl (BR-5) , B2, HEP 2% 6L, i
GRAL T (EIRNL-6) , BT 2R AR, TC ] e Y
FEARGE Y (EIRR-T) BRI A2, AR R x5
BT, IS s (EIRR-8) o SEe Al 1T JH/INVE |
2 0 4 PR A TN £ 5 0 A 24 50 (RO L TR B
HEG % T B M A K Zehi ik (B he-10) ,
VA JTE P45 4 56 3, RO 1A TR BT R L (TR RIR-1L ), 2k
BLAARTEAR I (B RR-12) o Se g 20 /NS B
YA MK, S e S Ak B i (ETAR-13) , Tk B
HEFIAHE ST (EIRR-14) , PN 5T 7K e, 358 4 D 284 522

FraR CIETRR-15) , Lok AR A B, 20 9 A =5

HALI G = A (EIR-16) o

3 PhHe

3.1 ESiER WSSV XJ 41 B e 5 B aREg iE 14
sEA

By R G PR RE 1 1 S AR, B K A )
YIRHTIRRE J1 o RIS 2 53 R K= SR B
H B TIfe , JEPT ARG 4 U Vg , © 8 = N
VIS 222 3515 3 AN 10 SR NI L7/
WEE i B IR At de B fE—E R
AT A S 4R g [ i H POD | LSZ
SOD PO 5 ZFfi 4= BRAR i Fl 6 938 | L A %, il 1t
T FINE—SEFLRE 1T (R BLLLHO5 2 BRI IR
IR RILOEEE

POD J&) 1z 53 i TAWIRN I EE R Z
—, 25 Z P04 B RN, X T B 1k A= 4 i
PR MR e 1A AR, B A A Ak
TR B T4 P T 4 DB /K A 3l 4 ) R R ST Sung
AU R PR IR B-1, 34 SO VA VIS MO BT
F 0F, S B R AR R A6 B 45 9K B ( Vibrio
vulnficus) A5 408 77, 107 ELUF {4 P i POD 3 4
B BT, ARSZEG 2T B B IR A MR S
PE LR , SEuG2H TR POD 5 P 7E 24
48 h B A {H 72 b EEE R O RS, i
fm TXFHRZE (P >0.05) , Ui B fe s Z 4 ek 1 N
PEEEM PR TR RE A B EH . 3T WSSV
ARSI 2E 1 40y SR JHT5 2 T S AR AU, 17 50 2 4 4 2
LG TEST WSSV S84 T 4 iR 55280 40 1
FHLL, POD i J7 g 3 8 T2 e dl 1, dd P e s
SOWETE—E LI b REAS I AT 27 B 0F 4 B FY
BT,

LSZ EHEEMIHUHE 2 —, Al LAVA 40 1
B F B RG22 W, KA 2 22 P B T 0 B v g
LA IEZHE DR FNEBR AR A MR 5549, X 38
TR AR A ARSI N T B £
Wi G ES R R R LSZ 3 M 7157, S e 41 1 g i
Phtm Fo2gedl 1 (P <0.05) , Hiff F 7 XAl fig
SRR 58 22 W %) 240 B R A3 s A T
AR5 i LA L [ R R iR R [ [ ode
W) 5 BB, VA% AT TS M T R T 4R A A
PERETT

MG S SR Y s R T JE
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SR RGP A AN A KR B 3,
SOD HAT{HBE A 1 3£ 1) D g, #H N Hh SOD i P
St ARSI N T e 2 W,
FSUFLUR A Y SOD & J1 346 AN R FE B I 5, £
WSSV BRYLF 328640 1 SOD th B IS TH G Fent
B X PRI S HF T Stebbing ™ BT Ui < FE Y
MATRON”, BVTE AR R BE #E  r8 T sh  H BL
TP A R —Fp LR Pk SR, (H B %
WSSV RIBrFE , A= YRS A A R 2R i
TEPERRSERRAL, R A BN RE S i B, 15
PRTIRE IR , 2 0 AR 1 ) RE FN fo 5 T e R AN
AL, JIEAET, 72 h SCI A 1 S M B E AT
XTRAZH (P <0.01) ;5200 4] 1 5% R4 AH HE , Bl 15
PERGIN; SCR 2 I S5 5250 2 T AH B, i 6 Mt 3
L AR T N T g 2 B4R R 4 A
P BERA GG PR, B T B AR L AR AT T

PO J&—Fp S AL id Il , 76 FH 7e sh A i LA
ALY T AT TE MR R M e R 40
Hhol E I SR S R A T B REAS Bl — 2t
2o Bl AR BT BT T A R T M Y B A A
B W AALEREGE RGN TR &, 4
FEENY I PRI T B ARSI KR
TERPE LRI, SE 2l 1 F AR i PO 36
B TR, M SEER 2 1 PO 6 BH WA T X HR 4,
S ef] M5 525020 1 AR EE, PO 3P4 | B f2 25 5
SCERA T (P <0.05) . DA EAFsE s Rl g2
PERT BRI T By S LY R R, fE— B b
B T A AR HCPT J1, BB A Al WSSV [
(E
3.2 B EIER WSSV X 4T £ 31 55 25 #R 4) 4R BT
F& BB S5 M B0 =2 M

AR S v - LA LANIE Y= S PN A1) AN E R
B /N FR L AR b 7 i A, S T AL R S
BN 3o T IR 200 i PR REL T P o Y % 3
Ui 3 R A2 A 0 il i b EL A B A R AR
R seub el el T 03 20 M A A P A /N
A B L PR T P 5 PR AR 22 AR B T
ARG B LA B 53 06 S5 TR, 6 3G 5 T 1 A A 2
DIfe i mey 76— 2 B A 4w T 4R Pis e
7151152 WSSV JRYL Y SLI0 20 1 ZL AR /N
B A A A R B, SR T, SR A R AR
FELTET PN o X DRI 284, e 5 R it 1 15 2 B, [R] T R
B2, VIS T IR 43 D6 6T 7 75 0 5 1

TIRE , B AT R AR R A PR 2L Bk, i T
IEEAAHURBTCBIHLAE , (RS IFHRPT T TR, B
AT SR AL A 2 AR /N B B A0 45 F 45
SERE, AR AR UL T S SR B R EUHL T Py I 7K
i, 240 P9 A S A B 7 2 U A T F i A
IIRERC 23— R BE IR, (R mi i 1 IR
TORURAL 1 o ()b &5 45 AT 5 s 00 7 &4

A DA N T S e e 50 RE A8 i e gl IR IR
Xt WSSV iy e i — 2 HHAPE A

SE
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WSSV stress on the immunoe-related enzyme and ultrastructure of
hepatopancreas in juvenile Cherax quadricarinatus

ZUO Di, WANG Dan-li, SUN Ting, WANG Lan-mei, ZHAO Yun-long *
(School of Life Science ,East China Normal University ,Shanghai 200062 , China )

Abstract: In present study, the enzymatic activities of the peroxidase (POD ), lysozyme ( LSZ) , superoxide
dismutase (SOD) and phenoloxidase (PO ) have been monitored by use of biochemical techniques. Meanwhile , the
transmission electron microscopy ( TEM ) method has been applied to compare the morphological changes in
hepatopancreas of juvenile redclaw crayfish, Cherax quadricarinatus, under two experimental conditions; one
manual injection of immune polysaccharide; two White Spot Syndrome Virus ( WSSV) stress exposure. Four
experimental groups have been set up in this study:control group[ with PBS (pH 7. 4) injection ] ; experimental
group [( with WSSV injection ) ; experimental group [[( with immune polysaccharides injection); experimental
group [l[( with immune polysaccharides injection first and with WSSV injection after 48 hours ). The results of
biochemical studies showed that: in comparison with the control group, the activities of POD, PO, LSZ in
experimental group | were decreasing significantly (P <0.01)in 72 hours. In contrast, the activity of SOD in
experimental group | was increasing first and then decreasing,the enzyme activity was significantly lower (P <
0.01 )in 72 hours; in the experimental group [I,the enzymatic activities of POD ,PO,LSZ,SOD were all increasing
first and then decreasing. Their enzymatic activities were all higher than the control group( P <0.05). In detail ,the
SOD and LSZ activity reached the threshold after 24 hours immune polysaccharide injection,the POD had the
highest activity in 48 hours,the maximum activity of PO reached after 12 hours injection; experimental group I,
the enzymatic activities of POD,PO,LSZ,SOD were all higher than experimental group [( P <0.05)after 72 hours
exposure. However,in comparison with the control group,the SOD,POD,LSZ activities were decreasing, with
only PO enzymatic activity increasing first and then decreasing, four enzymes, activities were all decreasing
significantly (P <0.01)in 72 hours in contrast with the control group. Four enzymatic activities in experimental
group Il is greater than control group and enzyme activity in experimental group IIl is greater than experimental
group | and this proves a direct evidence that the immune polysaccaride injection can improve the resistance of
juvenile prawn to WSSV and be able to actively suppress the infection with WSSV. Moreover ,the morphological
study in hepatopancreas of C. quadricarinatus showed that.in control group,the hepatopancreas is composed of
liver-tubules ,the liver-tubules is made up of simple columnar epithelium cells and basement layers, with the
simple columnar epithelial cells the neat microvilli on the surface and the liver-tubules epithelial cells structurally-
complete. In experimental group [,the mitochondria were seriously harmed and had abnormality ; the karyotheca
disassembly , substance external flow in nucleolus and cell nucleus become torn,at the same time the cell nucleus
had the chromosome heterochromatin phenomenon. In addition, more serious of the rough endoplasmic reticulum
becoming split liminated structure and ribosome is to reduce in experimental group [; In experimental group II,the
cell nucleus chromatin uniform distribution on the rough endoplasmic reticulum ( RER ) ribosome showed an
increase; In experimental group III, RER become tumescence and few split. Meanwhile, the number of vesica
increased ,and the vacuole were also found increased. Certain portion of mitochondria turned into abnormality,
regular ellipse or length structure mitochondria develop into irregular. Our results indicate that WSSV stress can
damage the ultrastructure of hepatopancreas in juvenile C. quadricarinatus, and further influence the normal
physiological function of C. quadricarinatus. Present study by biochemical techniques and TEM method further
shows that the immune polysaccharides can promote the resistance of juvenile prawn to the WSSV infection.
Key words: Cherax quadricarinatus; hepatopancreas; enzymatic activity; ultrastructure; white spot
syndrome virus( WSSV)
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Plate WSSV stress on the ultrastructure of hepatopancreas in juvenile C. quadricarinatus
1. The liver-tubules epithelial cells in control group structurally-complete; 2. In control group the liver-tubules epithelial cells with neat
microvilli were on the surface; 3. The liver-tubules epithelial cells endoplasmic reticulum make up of tubular channels and flattened sacs in
control group; 4. The liver-tubules epithelial cells in control the mitochondria is spheroidicity; 5. The liver-tubules epithelial cells in
experimental group [ cells nucleus broken; 6. In experimental group [ irregularity microvilli were on the liver-tubules epithelial cells
surface ;7. The liver-tubules epithelial cells RER were rupture in experimental group [ ; 8. In experimental group [ the mitochondria
become abnormality at liver-tubules epithelial cells; 9. In experimental group [ the chromatin uniform distribution in nucleus; 10. In
experimental group [l the liver-tubules epithelial cells with neat microvilli were on the surface; 11. The rough endoplasmic reticulum
(RER) were found gathered at liver-tubules epithelial cells in experimental group [l and attachment a great deal ribosomal; 12 The
mitochondria shape regular in experimental group Il at liver-tubules epithelial cells; 13. The nucleus n appearance serious heterochromatin
phenomena at liver-tubules epithelial cells in experimental group Il the arrowhead of white express heterochromatinization; 14. In
experimental group Il liver-tubules epithelial cells microvilli rank of irregularity ; 15. In experimental group Il liver-tubules epithelial cells
a portion RER rupture; 16. The liver-tubules epithelial cells in experimental group Il show itself the vacuole.

Ld:lipid droplet; Mi:mitochondria; Mv:microvilli; N:nucleus; Va:vacuole; RER:rough endoplasmic reticulum.
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