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th [E| BA Xt #F ( Fenneropenaeus chinensis ) Il 28 il #
— SR AN EERBEEAHERE
mERREIREPHTL

(£EE Fow'Y ¥t om X' A4at
(PEHZREFHRAFEBEESSARHYELSLRE F8 2606071
FEBFEREHFRAR  dLal 100039)
WHEMEREFHRFABEESSAER¥ELEHRE FH  206071)

RE FEA -ALEGCRBUNOS)E LYK LR KA EL BRI AR FHERK
REF T 2zhxE dH BT EN - FLEA(NOREAC U HEERE R FRILE
S LEEERNE MAFE MFEEFEMN, EHEBLH LW AL E(NBT) &l
AWEE F i, 5 F E Y 3 ( Fenneropenaeus chinensis ) i F H# W &8 — AL L& KB
HA TP ER., EhER L AR THBREEP LAEAREIAS L, AR TR L ERESE
FHE(WSSV)EFERMS ARy - ELESRBHEAERL, ERER, FERST AL
WSSV E,INOSEHBE RhRALAXY FH6hEHREMLTEF TR, Z600EHETHR
EHEBAN-FAEE, AR . HESFB(P)ESN —ALEcABESS TBERALLELEL ¥
TH, GhadpthE BREHELALRERNFENERD T . L% 36h B 4 3T & 4 W f 4
BANF ARG ER T, NBAFTEAN T L AEY INOS E LR TR FEAFHELT, X
WA WSSV 7 &% % b B A b 4T 47 H T LUK B o m M 7 & INOS, 12 B & WSSV £ o B 9 3T R K
M ABHARE A AEEHIF, ESFINOSERLERM, AT TRT, BEH,INOS
AR RS AERFR PR P EERN N A LA

XER FEVME, AL EARB . OREGERF

hESES Q789

o [ B X& 4R ( Fenneropenaeus chinensis ) LA F; b HF 5 H iR E R mER TRERE PN —

ERAMENR, TEI>MATH B EREREE
ROXTERSRAE L A, HRGE K. TERSG S
(WSS) Bz 9% ( Taura) F1 % 3k 7% (YHV) 55 9% 2R
MRAT RN FRELELREENERZTE
KRR K, b B B X AR A 7= B R KR B TR
HHEXTERAE L, o B B 3T R X 3 PSS R N
(White Spot Syndrome Virus, WSSV ) gk Je i) 5 J%
RBLOESTHAR AT (Yu e al)? P EBBAX

HERMREHE,HEE L BEFRAKT AR SRR
B B Y v [ B X 8RS b [ B AR S B TR AR A
0L, BT A ERER A 3RS S, IR S KM
JEEXTEMRUR IR A T A A EEMER. BAl
TEXTERSE R M e MBI Re W v HE TP T
REMTIR TIE, AR ENE JEK BEER.
TEPESESE 77 ) B R E BT B 3% E & (Sederhall
et al, 1998; Roch, 1999; Bachere et al, 1995;
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Holmblad et al, 1999; Song et al, 1994; EE%,
2003 ;1 B 55,2003 , 53X X T 1 X 4 B e AR AL
P A B B AR R AR R R T

BEoT R B, AR i i — AL A A AT BB
AP R R P RIEEERA, AL A
B LA 0 2 45 3 R s OF P LS S e, i B A
Yo . bu % B B AR AR B 5 fE AT (Bredt et al,
1994) , & Al LU i 45 T IR (R AR L B B
HIBE I 58 7/ K% J{& (Enoch et al, 1995; de Mur-
cia et al, 1994; Lindahl et al, 1995; Kroncke et al,
1997), i T8 — A AL & 5 MM (Inducible Nitric
Oxide Synthase, iNOS) A 68 #5 — 4t 40 M [H + 5% f 5%
H B F WA A, T JLAE INOS 1 A YU 1 18t
EFLsh Y a2 I RBRANKELRFTHESY
FPEﬁttﬁFk/\%ﬁ?ﬁ(Chakravorﬂy et al, 2003;
Davies, 2000; Tafalla et al, 2000; Franchini et al,
1995; Ottaviani et al, 1993),{HA X — & LA (NO)
H— B ARG LA (NOS) 76 Xt M S R 45 B 1
AR AL R RARE, H, ALET# Ak
FALXS RGO 1 oh B9 fE R R £ (Roch, 1999) .

HATEF AT LA A INOST &7 T 2L E
PRI Ty 3%, G of AE R 00 R M B (NBT) 58 I8 15 A
I 290 R0 B2 285 WL 6k 2 P BB Y INOS 48 5 T
NBT A& %6 T INOS B — Rt 5 1 5, B2 48 7K
ME E F5 5% B A NADPH 5% 3 Bt Bk it & B8
(NADPH-diaphorase) i 4 , 72 NADPH 7# 7€ Y g
I LA & B ™ A4 1 R A L& % (RND) , % NBT
TR A K 8, B9 = K I ( Weisk et al, 1999;
Dawoson et al, 1991), [ #iMIE SR T
AESS ™4 INOS LA M 2 fs Z MR AL B 5 5 41
HFABE AR 2R KMETY I HBE K&
B 20 5 ( Ottaviani et al, 1993), H AT F iNOS %
JBIIE F L A R Rk LR 'R v
AT, KR ET LS AR —fS a5 R
FERELRE WL A A NO FI1 L-JR & R, iX 1 B A8
AR LN E R LE S LN R
(Weisk et al, 1999; Marzinzig et al, 1997) , A AR
B9 NO B D3 ik 2 7 A= B A B &L, IR L) Griess #:
M E (Wink et al, 1995; Weisk et al, 1999; Marz-
inzig et al, 1997), 1E& £ & B %3 SR A0 o0 40 fg
HE G AFTE INOS LA R A BEER & AE W s R P
WX B 5 M40 B iNOS & J1 89 ) 25 48 16 4% 0L it 17
TR

1 #RERZE
1.1 SEWz3Y

556 A A [E B 3t ¥F ( Fenneropenaeus chinensis )
MEESTHGXAGERNERES, MIFER
(M +1)em KE(18+2)g, EER KB AF
P 7 K, P4 R KB R 32, KR (20 +
1) C. Wit 75 B KR A TE R I IR # K
PR, BRASE BE [8) 40 g Rt R AT SE 56
1.2 m#Aka+ iNOS H¥EE
1.2.1 (HRE IR AL J g e Y o B A R
HFLFH (ml @9 TR B0 B9 51 28 M IR B9 I M 52
AR BRI, 45 %ot 8F A4 Lk 2 55 4°C B9 P &E ) (450mmol / L
NaCl( 47 86), 10mmol/L KCl (7 #74k), 10mmol/L
EDTA-Na, ( 73 #7 £i), 10mmol/L. HEPES (Sigma), pH
7.3, 850mOsm/kg) LA 1:4 BILLBIIR & f5, 7E 4°C L)
1000g #9.(» 10min J7 Bk LG, # M40 M B & 7%,
HETHBER 1A/l /.
1.2.2  NBT & J§ ik % € (M 40 #a P B9 iNOS
NBT & Jfi i 2 B Weisk %5 (1999) 2 11 B 5 ik, #
1.2.1 R & Ay 1 20 3 & 17 7E 500p] & Smmol/L fY
L-¥5 % 1% (Sigma) 1 Smmol/L #J CaCl, #J 0.1mol/L
Bis-Tris (Sigma) 2E M (pH 6.4) 1, J877 il 40 ig 7
&R 10° A /ml, R IG B 50001 f5 2548 15 W [ Sigma,
T 0. 1mol/L Bis-Tris 2B ik (pH 6.4) 1, e ¥
H200pg/ml | LR EH, LLES INOS B9 & M. &
ACYHEH 4h i5, TERT 1000g .1 Smin, F L iF
W HBEIMMKTE 4% 0918 R SARE IR [ s brat,
BT 0. 1mol/L Tds (Sigma) bk, pH 7.5—
8.0]JH [E %E 20min, ZE&T 1000g .0 Smin k[ 4E
IRERR SRIGHAIMEFE R4 0.1% Triton X-100(Ser-
va)fy 0.1mol/L By Tris 2% b (pH7.8) ' )L B ¥k %8
. BB TE T B9 0.01% NBT [Sigma, % F
0.1mol/L Tris Z b H, Hh &4 0.1% Triton X-
100 F1 0.01% NADPH (Sigma) IR T EHETHE
10min f5,4°CF 1000g %L Smin, 7 FiH W, R G ¥
MR A 0.7ml B9 70% P EEE B RE, HFER
T 1000g % .L» 10min f5, ¥ B HEFE A 0.6ml iy —
BV 8%, (Sigma) IR I [54% (V/ V) —H T8 + 46%
(V/V) 2mol/L SR (St 1 A R iE (2
B =X & H j5 (formazan ) , ¥ 10min R 3% — IR IA K,
FFF 30min J5 F IR T 10000g .0 5min, B IE K
FE 670nm NI WL, X ARZHAY NBT B+ LU
NADH(Sigma ) {{.% NADPH, H R #4F 2L B
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5 A e 5%

1.2.3 [ A0 M TR A& ik 4 1 40 M P /) INOS

I 20 BT 25 1 R F Ottaviani 25 (1993) 5 o
1.2.1 R &1 1 40 MY 1000 78 I B S B A
b TR A AR 30min, {5 1 4H A A H 0 7E 2O
Frob SRR DAZRTB/K Bt , 22 B b 2 5T 880 AT
ARMERFE R LA, A Soul % E K
108 >/ mlf KIGHF B Escherichia coli 1R B S5 83
FEMmMAREEE. GRS RANE, 543 1
HRE ., H-HAMBH S M A LPS R R
K BT A 100pg/ml; 55 =20 H0 A LPS ¥ W% A1 5H Hr 37
L-NMMA ( N*-monomethyl-L-arginine, Sigma ), {f H &
W4y 5028 1000g/ml 1 0. 8mmol/ L; 55 PO £H fin A 4b
PEPE NO A {44 0.1 B % AL £ (SNP, Sigma) , {#f
HBEWAWE N 10 2mol/L. ¥ &HMEMER &S
WEE 4h S5, FHZE S KRk 2min, A R R IE TS WK
(3mmol/L # BR $A (73 A7 #1i),0.5% F A& & 5 (4r #
4i) YL €5 10min, FF FH 28 1B /K K 3% 2mine PR HEAR
1E 400 £5 1 B38BT MBI,

1.3 BNGAERERLTIER—FHLEASH
[:3: 0k R 4

1.3.1 Rl K DAL S o o B XY AR 4y R
X BELH A SC R A, 71 B B T W4 2001 SEH KA,
ol 20 B, el Ay J BB IR LA A
1001 #i ¢ f5 89 1 BEEE 5 0 W 3 L 3R (R B¢ 100
5 A B B BELE 5 AE 0 5 5 % BE 40 iy o [ B
HF 3 5t 1001 Xf R A B 2L /K (Huang et al, 1999),
BRESHHIRBRATHBNK, FRIE—K. £
FEH R LB B IE W B 5 12.36 .60 .84h 43 1 BX
Xof B 21 S 56 2 iy o (] BA o B A A 3 INOS Y 3
PR R K B B 3 R OF, Bl S K S
A I A R A, R I 4 M B R R 100 S /ml
RTINS A 4 N EE .

1.3.2 iNOS & HsE X S FR e INOS 1)
AALAE LR F L TR BR 4 Hr #0068 B2 26 43 47 P A
J5 AT X B AE (Weisk et al , 1999; Marzinzig et
al, 1997), ¥ R E WM 4 M B IFA F 2.5mmol/L
L-¥5 E BRI Smmol/L CaCl, Y Bis-Tis 22 /il &, 3+
VTHHEE R 10° ~/ml, B 5001 & 7 40 i
A 5001 Bis-Tris ZE PR 1E N ARG #E, 75 B 5001 &
Y0 500p1 LPS 75 MK (200pg/ml, ¥ T Bis-Tris
Zrhl )R E/ENARG+ LIPS i, £ 4CTF, ¥
ARG # 1 ARG + LPS ¥ 5+ 5|9 & 8h J5, N A 1%
TritonX-100 A (T Tris Zrhik &, pH 7.8) 34
HAE, IR T 13000g .0 1Smin, B EF R, 18

W T L-JICE BRI R BR R 5 BE A AT

(1) LR PBE A 5347 - %1 ARG I ARG + 1LPS
WA HT 22 MR . 2 B 1500 B8N A 50p] FR
H 5 ¥ W (Sigma, 165U/ml), B T 37CHHE 30min
Ja A 50l 2.45mol/L M =R B, RS
J& ,FEZR T 13000g &0 15min, B 150p] FE RS
450p1 ADMS X5 [18% ( V./ V) 47.7Tmmol/L % 5 H
K (Sigma) KIEW +40% (V/ V) 79mmol/L .72, Bt —
f5 (Sigma, % % T 83mmol/L M1 Z BRIE W ) +
0% (V/V)ISN HSO, (A di) | EEH KFBE
5min f5, R BEFAREZR REEZRT
13000g 2.1 Smin, i b5 FF T 450nm 40 8
BRI S L-JR & BR ( Sigma) ¥R B bR HE B 4R (0—
100:mol/ L)t Eb i3 Ll L- N BRA WK E .

(2) WAHPRELH 0 4. X ARG # 1 ARG +
LPS W 3 A 52 At ] o 7F 300pd A9 SR S fn A
20p1 #9 Bis-Tris 28 " ¥ [ & & 50pmol/L FAD (Sig-
ma), 30pmol/L NADPH (Sigma), DU N 0.1U/ml
WA AL 18 )5 B (Sigma) |, 7E 37 CH$ B 60min, ZJ5
A 20ul Bis-Tris Z MW [&H 0.1kU/ml L-F.F&
it S S (Sigma) , 0.3mmol/L N R PR 4P ( Sigma) ], 7E
37 CH#EE 30min J5,4°CF 10000g B 0> 15min. B
3000 b # W5 150u] 4. 7mmol/L # 8,2 B ( dap-
sone ) ¥& MR [ Sigma, ¥ T 2mol/L HCL( 43 B4k ) ] 5 4%
RA, Smin J§ A 150p] 1mmol/L @ NEDA [ N-
(1-naphthyl) ethylenediamine, Sigma]#& W )5 ,4C T
10000g #§ /L» Smin, B b i W #E 550nm &b i & W%
JEEE, M k5 AN AR R Mk E A ME B 2R (0—
20pmol /L) Xt b i1 B b 3 ¥ o T A PR £R Wk
1.3.3  Ju3 o [H B X 4F o WSSV iy A H
R R 5T B A 2% 32 ) & R ) xE AF R
Wssv, Bt R & B o E K 7R 2 B 80l k=
BR3P (R AR %, 1999), BR LR % EERMm
BRI R TR,
1.4 BESF

K F Excel ¥4 Fr Mt #9 Student ¢-test ¥t fr 18
BEATESEEESIN,.P<0.0l RRERE
F,P<0.00l KRERREE,
2 XWHER
2.1 HERAMFOMEBP—SLESHBHEE

i NBT b JREEHT 25 %5 %€ 1 Bl B Xt 4F i 2
Hieb (¥ INOS, SEIR 45 R R, 211 4% BI/R M E
Je F o ( BA o A i 48 AL NADPH B 3F BE AR AR &
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MHETE, NS £ NADPH 77 (£ 5 FF T i I NBT, B 15
S5 HECAE 670nm AEAY IR 1 0.1600 = 0.0076) b & &
TAE NADH {7 7E F 4F NBT 1) 5 F2 1 (7€ 670nm 4b
W2 e BE S 0.0910 + 0.0059, Student f-test P <
0.001) , i3 W i e B EF A iy 40 16018 A7 E INOS

L AN A A AN 1 STk, 2 o R
AP UF 0400 S X BT 8 E . coli WE R 4h JT, AN
AT AR 3 S SRR (L, b B R W B, 45 A i
(187 X M A A e R A i 20 ) ] ] i e L g 1
La) 3 10045 I 20 AR 55 R B T 3 AL LIPS 85 7 I, i 240 i

(AR 2 S R O 1b) L X 5 8 M RE NO B9
AL (AT il B 2 T R 7 15 A 25 LR (19 1d)
1L 2 A W B M 2 B L INOS Y BEL I 7
L-INMMABE B 55 L I 20 0 00 T2 4R 5 pl o I,
Tt S G O AT 2 B 09 I T 1 08 B A (i 200 B 1 I
]l e L g 1] L) g B v [ W) 6 16 246 M 2 5
S LPS fETERITEDE T RESE L I B — Wb &
GG 50 oA e ] AT A O o A P — S L7 R
Fitg 14 17 fE B 1 7 2 — 21 () i 4l

B o[ AR ) i R A T

Fig. 1 Variations in configuration ol haemocytes of F . ehinensis
a. GFE I T b S AR 0 T B R I R A A0 R 2R AR S s b T LIPS FA A FF T 4h T A0 BT AR T
RIS T U B4 B0 AR ORAR AL 1o, 55 DS ACHR PP A B NOS BOPELIST A L NMMA B 77 b 0 6 0 40 000 05 00 A2 0 IR 1 00 5
B FERARARTSE s . 5 NO 0 {20 4 T ST B A 05 77 5 1 10 E2 A P A0 0 005 B 75 B o5
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2.2 WSSV it 32 o o 3 AR X3 4 1o 48 Al o —
FUREHBMAEETL

221 LNEREMELER E2EBRTHH
BIXURER R R SR A AT LREARE
A B INOS 1% HI R B S ALAE 00 o i FR G HF 1f
ML LPS Hl ¥ 19 INOS A Ik AF 7= A 1 L-JR
HFWE N (11.18 £ 0.047) pmol /L, £ LPS K| B4 5
INOS FIT 7 A= L- N E B I M i 09 (12.77 + 0.26)
pmol/ Lo &Y 12h J& X HF Ifi 40 Md A 15 M A S (8
SEBTHMELER EA, AN LRERY
W 4 (12.08 + 0.64) umol/L, LL ¥ BR4AH B E 1
FrE (P <0.001), 7€ 36h JF 4fi &2 B B F B s %)
(5 RALE P <0.001),60h 5B IE PE{LA X
AR —F, P mE R, i =M L-NE /M
WP (1.58 £0.024) pmol/ L, A B}, 42 LPS #] %
B m i T8 — S A & RS T M R AT R
i, 0K 1 Fim . 7ES: 5053 %8 of | Xf BR 40 X UF B4 i
EYE—BRIFRE, B 8 LPS BT RIS 1
WARFFTE— & MIKE .

2.2.2 WHEBREREMNELER B FEmMMRis
X} INOS W AR ER S T LNEREH LI
SERWE 2 BT R {8 BE T EF I 40 B 5 iNOS &
2 LPS RIB 7= 4 W RS BR 3R AW I M (10.64
0.26) pmol/ L, 22 5 2 W5 K 3 Ja 7= 26 0 fiF BR 45 1 e
JER(11.82 £0.13) umol/L, &Y 12h &, X 4T I
20 b Bl R PR A (B S S5 AR AR B AR e A BT
5 B P A AR R AR VR B R (12.67 £0.39) pumol /L,
BERTHEAC(P<0.001), R, 528K #1735

36h o , MEIEHE EHE TREH (S EA LK
P <0.001),60h G BE TG HE{LA X BEAA M — 2, 3|

SE AR AT HAE R (2.69 + 0.70) pmol/ L, ££ 3£ B

x1

IR 2R RE A 3 AR 1Y INOS 1 M 5 X BR
HAH R B BRI, BIAS 0 T 5 308 SRR R (R
1), % BRA X AR REVE M — AR FF A, TE W B
LPS P if5 3 ) BE PE (R F5 E — E 7K °F |

—_
[=20 S I )

L- /LB MW E / (emol-L™)

S N b N
/
4
/
4

IR BRI P /

60

36
t/h

B2 LJRERIE () MM % (b) 2 HrK e WSSV
J5 = A X F it 20 L INOS #9724
Fig.2 iNOS variation in the haemocytes of F. chinensis post-
inoculation of WSSV by L-citrulline analysis (a) and nitrite
analysis (b)
—e—fRNMAH S L EMIEE 8h 5
—e—REK NS LK R LPS 5 8h )5
e TR WSSV I A L4 BRI E 8h )T
o R WSSV I ML S LK ERR D LPS I 8h S

LPS A F M INOS YA M EX BB EHRHTLER

Tab.1 Variations of activities of iNOS induced by LPS during the period of the experiment
YAt [E] (h)
e 3 (pemol /L) 1 5
0 12 36 60 84
L-N&E & Xt R 2 1.37+1.16 1.70 = 1.29 1.96 £ 0.01 2.19+0.26 2.14£0.12
B 1.81+0.01 0.80+0.20 0.75+£0.01 0.96 £0.41 1.16 £0.35
RIRE]. 8N Xt B4 1.09 £ 0.01 3.54+£0.80 1.88 £0.50 1.82+0.19 1.40+0.20
B Y2 1.27+£0.12 2.12+0.13 0.93+0.01 0.72+0.04 1.78 £0.08

VAT A0 L IR RR 0 IE B AR 28 W< B (pmol /L) 3 B35 R
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2.3 R EARE XTI WSSV MR T

i BRI B A S AR Y LR R
PR R BEE R, SR B, fELK B H (0—
12h) 38 13 A Jy 1 2R R W 3055 2 , T S 56 #8417 £ 36h
Ja , X A Y FE AT LUK TN 2 89 75, OF H BE R [a]
R i B B R AN, X R UK S I R N 4T it
N — AR S HEEEN TRE2EBRRER,
X 15 B 1 BESE A D B E D [ B XHIR R R B
FEHH KR i 20 MO B AR L 1 45 INOS T M B E B
%, [l X s T30 T
3 Wit 5%E

MFFHERE S HUR S MBI, BRED
WAL T Zf Jy s (Ottaviani et al. 1993; Weisk et
al, 1999; Marzinzig et al, 1997; Kumar et al, 1999;
Pfarr et al, 2001; Archer et al, 1995; Miles et al,
1995; Wilcox et al, 1995; Beckman et al, 1995;
Leone et al, 1995), X7 kAR B () B B3 FR1E
BOH AL B o 2 X — S LB A BUEE M FEE
ROETEE AT R E Mo, A JH hizE AR NBT
¥ 0 M 40 A S0 R H B B TR fE Y INOS %
EN . AT—E RS MBEERSREES
D358 B A7 NADPH- 3 Bt i Jd 0 B 0% 1, 5 2 g
BAR R B ARIE T (Ot et al, 1999) . H M 48R D
MREE G, — AL R A A 7E NADPH F71E RS 7] LA
L LB E M NO BRE T EY % NBT b
AHEEH = RERE, ~SLREBEYX
FRRFAE , (493X — N A 6 F — B LA & R
H B 804 {k DL Z — (Dawoson et al, 1991; Hope
et al, 1991), A 505 B E R FR A - 45 I 400 L 0%
HE LWERERKY W LE S B B 8ok A
L #8 ff3  , LPS £ iNOS ()15 5 4 45 1t 48 Ao 1E
Ja R A M INOS, R /R B AL B IR — AL A A&
T 75 2% RE 8 R 155 15 1 L B L LW &M 4 L NO,
NO g% L9 RNI 3L B30, NADPH "] # RNI
MR F 1784 NBT IR R A 6. A5 Xt
o I 40 22 48 R S AR E SR TE LW R R A FE RS .
fin NADPH ()55 56 48 7€ 670nm &b 9 W% 0K {8 8. 3%
# T 1 NADH ) 52 56 40, 15 B o [ BT et oF Y 1 2
MR AEAE INOS, 73 5h, L 40 2 S WL Bk th R %
£ INOS FIES B — RGBT, BHE Franchi-
ni %5 (1995) #f8 , & KW D Mytilius edulis F1—
i (1 12 Viviparus ater B I 40 M+ B & B INOS,
A LIARSE €5 NO Bt i —7 7 2% 2 3 16 g4 x4

BRI I 290 P 7 A A BB R0 0 L BR O IE i o Bk
FALEATE K 7 Wb AT LB AL NO (Feelish et al,
1991) AT H A 45— A B & i 8 A6 3] RN,
Ottaviani 55 (1993) 438 , 76 LPS 8933 T % )ik DA
FH U8R 174 I 4 0 A A 3R B2 DK B I 40 R E KL L O
H i 40 M ) JE AR 2 R | 0 A 5 8k a1k B o o
I 20 A A R AR B R, JF LA P 2 NO P AR 1)
W, HULHITTRER :NO 5&EAKEMAO FH AR
755 ) BN T P, TE 40 I B P RO NO RESTE 1 H R
AL B (GC) MM 32 # cGMP i1 /K -, cGMP i i {f
Ca® * ShHEFN A i iy 07 XA 40 L B Ca® * B /b X
BE AR K B Ca”* (2 B B0 45 S5 R R L SR R
AL % B g A7 B A 0 4 B 2 R (Salzet e
al, 2000) . £ AL 5 %t o E BIXTAFR F. chinensis
MM e ARG RE R S KBAE
E. ol H MMM 2R AKEE, P EERE, I
A /LB WK M A B O R TE o A e i R R B R
W, Mm-S LPS W H I AR FEAREH A
K& 8K T B R TE 4 A B R L, S SNP Ak
P I 200 MM B TR R X RROR R — B T
LI NOS RT3 L-NMMA Fir 1 61, 2 B0 46 8
L-NMMA 1 LPS i) 52 48 25 h , % 45 ifi 2 3 95 8% 2
BRTORERE (E 1), X —4 R 5 Ouaviani 5§
(1993) Fr 1% 18 £ %% Ji U1 A0 H 82 1) if 41 9 f9) iNOS
AL, B, R B 7 2 AR 2R A [ B Xt R
4 1l 40 8 47 £ iINOS

EASLE S FEE KA EHEREREE R LR
Rk, B 7E Weisk % (1999) Hl Marzinzig 25(1997)
BIT7 85 Fe il | 2 R T 2 N7 R R Y, R BR 4R
EHARPARE 7L Griess E T RUBE R, {f
18 05 R L 1 K U BR IA 5 0. 2pmol/ L Marzinzig et
al, 1997). 1 L-JR & B2 3% 60 15 U PR o B 2k 2
1 .Opumol/ L. 4552 7% : 3 B R J7 v 16 46 W o [ )
X 4K WSSV 5 1M 41 L i) NOS #9728 {b #8507 1
B HEFHIAE R 2) .

AR—ERAMHEERTCGERZ, —
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IDENTIFICATION OF INDUCIBLE NITRIC OXIDE SYNTHASE (iNOS) IN
HAEMOCYTES OF SHRIMP FENNEROPENAEUS CHINENSIS AND ENZYME
ACTIVITY DURING ITS INFECTED BY WHITE SPOT SYNDROME VIRUS

JIANG Guo-Jian, YU Ren-Cheng', WANG Yun-Feng', YAN Tian', ZHOU Ming-Jiang'
( Key Laboratory of Marine Ecology and Environmental Sciences , Institute of Oceanology , Chinese Academy of
Sciences, Qingdao, 266071 ; Graduate School, Chinese Academy of Sciences, Betjing, 100039)
"( Key Laboratory of Marine Ecology and Environmental Sciences , Institute of Oceanology, Chinese Academy of
Sciences , Qingdao, 266071)

Abstract In recent years, much attention has been given to nitric oxide synthase (NOS) that catalyzes L-arginine
to nitric oxide (NO). NOSs play significant roles in neurotransmission and smooth-muscle relaxation ( constitutive
NOS or ¢NOS) and in immunity (induced NOS or iNOS) in anti microbia, antivirus and anti-parasite. NOS has been
considered as an important part in innate immune system, especially in that of invertebrates.

In this study, iNOS, induced by lipopolysaccharide (LPS), was detected in haemocytes of Fenneropenaeus chi-
nensis , by NBT reduction and haemocyte morphological studies. NBT reduction began with fixation by 4% formalde-
hyde, and then incubated in NADPH, induced by LPS. The induced haemocytes of F. chinensis have an ability to
reduce NBT at higher levels than that treated with no NADPH but NADH (the differential significance P < 0.001) .
Results of haemocyte morphological studies showed that haemocytes of F. chinensis mainly are in amoeboid confor-
mation with sporadic Escherichia coli congregated or clumped in their immediate vicinity. Treating haemocytes with
LPS stimulates bacterial clumping around the big and round haemocytes. But by adding NOS inhibitor L-NMMA, the
bacterial clumping resulting from LPS was stopped and the haemocytes returned to amoeboid conformation again.
Adding nitric oxide donor-SNP stimulated both bacterial clumping around the haemocytes and promoting and maintain-
ing haemocytes in big and round configuration. These results concluded that LPS has the same effect on haemocytes of
F. chinensis to NO donor-SNP. This effect can be hindered by NOS inhibitor. Therefore, the haemocytes of F.
chinensis have LPS-inducible NOS.

Variation of iNOS enzyme activity was compared between healthy and WSSV ( White Spot Syndrome Virus) in-
fected shrimps using L-citrulline analysis and nitrite analysis. Results of both methods show that iNOS activity in
haemocytes of F. chinensis had a general decreasing trend compared to the relatively stable value in healthy shrimps.
iNOS activity in WSSV infected shrimp increased slightly 12 hours post-inoculation, but decreased sharply after 36
hours. Thereafter, decreasing gradually until the end of experiment when the shrimp died. Enzyme activity was only
half that of the control 60 hours post-inoculation. In addition, NOS differences of LPS-induced with non-induced
haemocytes in healthy F. chinensis are generally higher than that of the WSSV-infected shrimp. Meanwhile, LPS-in-
duced iNOS activity also decreased significanily with passing time in WSSV infected shrimps. Detection of WSSV with
the Dig-DNA Probe dot blot hybridization test showed WSSV could not be detected in F. chinensis until 36 hours af-
ter inoculation. These results suggest that WSSV infection can stimulate iNOS synthesis slightly in F. chinensis .
However, enzyme activity decreased sharply after proliferation of the virus, and the shrimp became both moribund
and died simultaneously. iNOS activity of haemocytes of F. chinensis closely correlated with the infection and prolif-
eration of WSSV, Therefore, iNOS can be considered as a valuable index for indicating health status and immuno-
competence of F. chinensis .

Key words Fenneropenaeus chinensis , Induced nitric oxide synthase (iNOS), White Spot Syndrome Virus (WSSV)
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