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1.1 LI

S5 A A EE F 2010 4 3 F & 4 J] R4 T
YL PG I (29°45° N (121°50° E) , A i
H#(50.5 +5.0) g, PR fat B 5E 8 1 AR 57 T 55 5
KA LA IR T d, SER ] SR SRR E
TEE (22 £2) C 3h 8 25 + 2, JF3F/K 24 h #4570
LR BMRARL 2 U, IR H TS T BRI
1.2 REEHE

35 22 Wi DA b 22 3H I B A B 20 W) A5 (
R0 R RE ) | 1™ A KSR B 5 (30..0% ) |
B - HIEHE(29.0% ) Fl o — H &7 F MK (20.0% )
AT o 0. 5% 3% 22 W Vs VR A B8k 7K e o 1
B, KT G 25 1
1.3 RBRNEESRFE

VBN A R T IR R B SR
PR, - 80 CIAFF4& M. 1 O A e iE L 8 Fh F
LB #HAE AR5 b R B 5R 24 b, YEvR A & A%
L R o SR FH 22 B L 0 7 0 2 A 8 S 11 s e
SIBR BB W MK B S 107 CFU/mL, Ohy 15 4 vk
JEE K T A TR B 8 N U M B, IR /N 3 AN ik
BERBEE R # B P ARIEEE 3 K, 28 CHER K
F 48 h, P B IR S R E O 4.25 x 10°
CFU/mL,

1.4 XWH4A

W S2 I H AR FEPL 4 4, B4 3 ANHE 5
ANFEE 3 H, THARES 3 L LB BAL JE 175
X} HRZH .0. 15 mL 0. 85% 1Y JC 14 A BRER K/ H 5 fpE
41:0.15 mL 0.5% B 59 2 M i/ W e 4l .
0.15 mL 0.85% 11 Jo i 4E 4R 7K/ X, 24 h )5 73 4
0. 15 mL 5 3 9K P PR A R/ s e B e 2 T
0. 15 mL 0. 5% %% Z WEH W/ 2, 5 9% 24 h 5 354
0. 15 mL 7 #5NB PR/ H 5 S AP e 90 0 g e
RGP fo R 5 3 N AR 15 R,
1.5 BFERARIBENAR M &

ST FEE SIS 0.6 ,12.24 72 F1 120 h fiF
S ST R, ME AR AR X 0.5 g, 4% R R AR I
TG AR B ER K T Precellys24 £ Jjj BE FF il &) i
# (Bertin 24w, ¥4 ) Hr 55, 48 0 10% 19 41
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L5905, T4 CEAMF, L3 500 r/min & .0
10 min, B L300 J5 BP S B A it (9 i JB i 20 2 4%
IR o IR 2H R G 2 SRR U 21 S 50 o, 3 A 7 O
P HTHRRE R 0 b Xof JR 4

1.6 EgFENE

PO &9 & M 52 21 0.01 mol/L f# L-dopa
( B R A R 22 W), GB1009 ) Sy 5 IS4
S Ashida""" 1977 15 54T I 52 A 100 L Ff
I B & 100 pL 0. 01 mol/L #J L-dopa 28 C1H
A IR A), RO 40 min J5 A 3 mL Fiid
0.1 mol/L HyBEmR 2% vhifi (pH 6.0) .

OD #= LSZ 4 7%t ol & I & SOD #l
LSZ Jig i J1 11850 &0 T/ ot i AR ) AR AT
Fro B OWE W e ¥R AT W4y ok ok B it
( Spectrumlab 22pc, Lengquang Tech. ), 24 21 %
S B B R R A ) AR Y
Jr 2% b $ip 5 A 0 e iR I
1.7 BEEHERHERNE

BRGSO h 2 K525 72 h i S e 40
TR 2 T G 3 TR % 2 1) 3 A AR st 1 S R 4 )
B2 1 mm® g NER 2855 2. 5% [ T E R 1% HR IR
X E 5, BT kA 4 CHRAZR FREMA CEERT
JBE7K , ¥R #% i Epon812 £ 3 J5, | H] RMC
Power Tome XL LY A, R F B R A5 fili-#7
B AW GLEXT ) v de o )5, i85 H 52 H - 7650
Y375 5F A BELEEAE T T AT IR Il SR 4
1.8 HERPER

{dt e H A3 K N 13 5 7. 14 x 10° CFU/mL ()
BHIMHERR, 2 5iES 7 d WEIFILR&A
FETE Ol o T s R

BRI (% ) = (R HRAIET % - B
FET-3) /% A AT % x 100%

1.9 HiESH

FIH SPSS 14. 0 B4 i 47 £ dhs g2 i 23 v, LA
VI ME + AR 2% (mean = SD ) 3R 7R S8 5 B4, R
1 One-Way ANOVA 7l Duncan XK 55 7 43 51l
AT B E AR IR R 2 T LA,

2 HiR
2.1 BABRAAFNEEHER Y REMEX
B E I

EEIINBRRE PO E® T 5 %} iR
ZHAH FL , 1 ST O T i J% s 2 A 3 SR L 21 H AR g
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[BERR PO & P AE 24 h N H] I T (P <0.05) ,Jf
TE 6 F 12 h B35 g 35 3 e i {E, 430 A 325. 13 Fil
416.33 U/10°, 2 oy X BB £ 1y 1. 81 ~ 2.27 4% (1A
1) o BEA G AE K PO 5 MV R FE . AR
HhRT LT S e g5 22 W I T O R A B R 1) PO IR
PEVR W @S (P <0.05), fs B4 i
TAE R NG H G T R 20 PO I M A R
YA I ] B R W] 5 s IR 4 (P <0.05)

ot #841 control group
%% 24 immunity group
g/& Y4 infected group
500 - m Y4 immunized infected group

YL RGP / (U x 0.001)

AL PRI E] / h
time post infection
B 1 REINE AL A RESAFRERR PO FE &I
AL B J7 AR B (a,b,c) KR 2B (P <0.05) , T
Fig.1 Effect of infection by V. alginolyticus on PO
activities in C. japonica hepatopancreas
Different superscripts(a,b,c) have significant differences above

bar chart (P <0.05) ,the same below

HEINE R e SOD EM e T RS
YRE L Bl J5 I AR SOD 35 o 1 F 4 B 4L (P <
0.05) , SIERGLLHAHLL , S i JE e 4 i BT B SOD 1%
PEH R AERFTE — DGR /K- (P <0.05) (181 2) .

PR YL SOD I PR A — A5 BT T R
Mt g o SR 2 RS R A 12 h K B R
{8,435y 35.22 F1 61.55 U/mg prot, J2& X I 41
(9 1 S1AEFD 2. 64 ff% . [A)AF Fifl 4 J % I ] S <,
SOD {fi PE & TR,

BN B R G LSZ Fey T ik 1 Jif
SRS 20 JIF R LSZ 15 2 12 h i 35 B e i, 43
T3l by %ok PR AL 2 1Y 1. 44 A5 F0 3. 73 ff 5
Y1 IR LSZ 3% PEAE 6 h i ik d5 o {5 5 T P&
B B LSZ WG TG Lo, 1E
24 hik B b5 e {E s S R 4 iy T 7R SR oI T
TES T S 20, 8 LSZ 3 1k SR B W] B T
Yegfl (P <0.05, 3),

oxf 4 control group
N4 4 immunity group
B/& Y4 infected group
500 - BAEERGA] immunized infected group

=)

E 450

2 400+

2 350t

gz .z 300 f

% 2 250

=2 200}

52

N 150 +

ff;fi 100 - NS

; 50

RO

] 0 \ .
0 6 12 24 7 120

AEEEIE] / h

time post infection

2 REIE R HAEA R SOD iEHR
Fig.2 Effect of infection by V. alginolyticus on SOD

activities in C. japonica hepatopancreas

OXf 4L control group
2l immunity group
BG4 infected group

51 EHRZEEYY immunized ianfected group
a

[

LSZi&tE / (U/mL)
LSZ activity

[

i
N

REFRIFIE] / h
time post infection
B3 AERINEEENHARSHER LSZ FE# N
Fig.3 Effect of infection by V. alginolyticus on LSZ

activities in C. japonica hepatopancreas

2.2 RESRE(BEHME)SHERERZERP
ES-akA )

HAS e o 69N EE 7 d J5, B R H
AT R 5 ik 73.33% , e RO 4L BT T
FALN 20.0% , W AR T REGLLL (P <0.05) , F#
Hi TG oI A T 5 e 2R B TR P AR
RPEPRI AL F] 72.73% (151 4) .

2.3 HABRBRLRRNAGHRRENBMENY

Xf B H A e BF B v, b B AR TR S IE
MM N QORI S S A N A B, B
R A2 AR B ML T P BT R B (AR - 1) 5 R
RER b B A0 PN 35 B S R PN 5 I (1 i
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cumulative survival
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 —— Y4 infected group
-a HEEYL A immunized infected group
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AbHEE] / d
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0 1 2
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Fig.4 Cumulative survival of C. japonica

challenged with V. alginolyticus

—2) s TR/ B B A 3 1 R 5 HE S A KR AR
B, ORI HBE J5UWURL 23 A T 280 6 2 (181 iR
=3,4); B LRI S U RE R, N R
LR R FIRE JEUURE 5t R R (R - 5,6) 51
B HES B BA B 2 LR A FORE SUBURL o A T
FOHEAR (B - 7,8) 5 BRI A MU AZ AR TE | S5 e
A ™ (B - 9) 5 ZORL A XUZ B8 2L, 4 0%
Wy 2 EE T 0 18 2K, A0 M HE B 2 L (TR - 10) 5
AL == AL, A B HE S A L (TR - 11) 5
20 M A% S e 0 A AR G SR, P UK
i, BE AL (IR - 12) 5 e R UL A A0 M B IE 3
P R B CELRR - 13) 5 Bl 0B R 51 50 % 57, 4
i S, AL A W A B (AR - 14) 5 B
HEZ B S 0, i M A i T (BT - 15) .

3 ik

3.1 B BFEINEX HARIBAFEREH PO.SOD
fn LSZ &R 52

1y S8 AL B I ( proPO ) WOIE 2R 48 02 — > 52 A4 i
BRI R KT A M Ak R
FH 22 28 R 2 1) i A At Y 21 B, FE H 52 3 ) A
P h R A5 L AE R, PO I PE ] AR — 0 fe
PEAR bR i i S s e e R S . AR
WEIE BRI BN 6 h IF, AR PO I 4
i T X B2 (P <0.05) , 136 W] B ) P 7 9
PRRBOT LU S B E AL B R R X RG22 A
1% 25 11 GBI IS R T AR AL B, 45 PO I M T
I LTt Bl A JEk e B ) A S 4 7 O I G A B
e 2 (R IR AR H A et JHE TR B v, 240 A s L
FEAEFAE TN AR BR T A W 5 AR, 3 30 H A g
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B & 1 e HL 3245, F I 6 h 5 PO (G PER B T
R o SR Ye s 12 h R B KIBEfH ,12 ~72 h 1
o T2 (P <0.05) 3 1 WY 13 5 o g 2 b
AT DA S ATLAA A B0 38 07, AT 38 S8 oo o AH A
BT 58 45 A Xu 25170 H I fas 2 RE$R o A
ek X 77 S U AT R 2 1) S BB ), Wang 461 4
H1 52 % (chitin) H15¢ 2 HE (chitosan) E 42 & JL A
TEXTUF ( Litopenaeus vannamei ) % J8& e %5 3 iR
IR T

SOD 5 x4 B H e 7 i, E LR AE
HE S PR ACEE, AT B R4 oy A, IR
HEA B W) 1A 5 AT AR A T S o AR R H b
B PR AL AS BE S I T B i 1 R 52 B R
XEMLAA i B AR 47, 22 B0 3 3R R B
SOD i P 114 722 4k 7T A Sy — A A 1 7 9 ok BF 5%
SR A= A A B PR RONE o 2 W R B A 52 B R 3
BE W38 FE EE B N, SOD I R #1155 ¢, B B IR
PR T, 25300 58 38 A — s FRBE I, B 23 4
SOD itk ™" o ABFIE IR Y 12 h 5, S i
L2 H A b JIF B AR P A SOD i % Lo X B4 | Tt
T 62.21% YL X B4 BT 33.76% , W]
DL T ST i il 35 1 3 7 T v A S e I (] Y A
1 SOD {33 2 T B, X 02 BN S ) 7E IR
i 5 H A IS AL 4 7= 2R K A i 3k, SOD i
TG PR R R 1 9 DAVE BR ok i i Bl i H RS A
FUeE A IR AW R B T SOD 1y i R g
71, 4R AL 8 2% A P Ak R L RE
AL, 93 SOD #h kT ™ . X GRRMEL T T
TN R Y = Pet 788 (Portunus trituberculatus)
J& IF BRI 4120 b SOD 17 4 I 25 J8% 4 B[R] (1) 4E K
17T 5. 5 AR ARG 1 F 5 5 R — B, L A T 4
SN TR JE G PL AW T2 o O 18 10F 58 485 1 — 3

LSZ J& 7 I 4 Jf A% T 9 49 Jo 5 il , R /K i B
= T BF M 40 R 2 B b ORS TIK F £ TE  k 2H
WA S A, DT DR 47 2R ) A . A WF 58 v 2
ARG 4 I g i LSZ 3% 1 i 42 4k 5 PO Al SOD
T 2 AR — 3, B LSZ 3 ME7E 12 h
VI BT, 2R R T 5 e
I B B Yy A [ B X5} KF ( Fenneropenaeus chinensis)
JEE WL LSZ 3% PR By A2 B A — 2 L 55 Misra
) U B R Y WO B IR ( Macrobrachium
rosenbergii) J5i Il # B LSZ 3% 1 45 {6 1 Xu 257
Xof H A i o e 5 e 9INPT S B LSZ 3% 4 7% Ak 1 B
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FEARTE— 2o

DA_E T8 1 P A S 45 SRR B T S 8 AH S il 1Y
PR —E R AL b RO T LA S e MLRE IR 25, fikt
R H A SR N A S AL T 3l A, S T
i IR e, BT T H A SR N R U S A
WA T AR e 1) G BE AR G 7 A S B LA I S
B BE AR S Tl , T R BT T O (ELBE A IR (R
ABLAR I ] 4 1, S 20 H A e S 2 B AL RE T B
530K 48 B 5 AH 56 il I 0 K B8 R I, R T S 1R
A b BAE TS o S e a0 o 3 AL B B B SR
HLAE T 2 78 HLAR Y B A8 ROR , A E TS v, A S g
ZH G P2 B R B A B TR IR R 3 B
B 5 S A PR AR L AT AR 5 A — DR 1
KV S e Y 2 T d S AL TS R AR T
JEULL (P <0.05) Bepe {4 R A5 72.73% .
G 520k LA U o R R A I 2 kIR TR
WF A S R P R BP R WA B AR AR . Bk
245 2L e W] Yo 2 39 55 5 ] 6 58 B W) S R AR T A, X
L (S S VW 1+ A (S E R O B

= vy, [17,20,28 ~30]

3.2 REEHEREEINEREI B AR E
20 B B S 25 A R B2 T

T R A% BE 408 5 B F J2 AL Tl i A 0 T A
BARYI T, AT A AR G I 2R O A A
PR A PN R BRSNS R IR R R 8 o
20 L A R WS 0 L 3 3 S T A R R e sl R
G A 240 L DAY 0% A T S DEUURE Ay o B 2
A AT K 2 0 A5 M I 2 Al HE A
Sh AR R R REHLHR AR W A R, HARAEA
TR BRI 72 h ), S g AH ORI K i R
R LA I G 952 B A BILRE 52 450, -5 e A P )
H A bt JIF e i 2 M 25 Fg o k2 T R 2 k.
B AT K, LR Z LY, IR,
VIO U BT 2R 2K A5 o ARORL AR XU IR SR ik | A U
R O, B T AL A8z B 52 LA A
JE/INE B B A0 AR 28 B HE 3 2k L B2 48 T T
JiR o3 08 55 W W Eh BE AL 55 5 A A A S AL, R
T LA, A TR T E K I AL A0 I A R
S Y 0 A, Eh A AR A Y e DR A S T 1 I 3 R IR
G o I 4 A BT A i R AR I RE 3R L
s R, WA HLACH R AU, S EOHLIR IR BT 0 T
FEEBIOT, Bk AR (1716 R, ARFTE AL, 5
Xt RRALAH LU, T S e 2 Ja H A S T A0 240 i

TS WL, A5 O R 3 o il D UL R
TE PR J5E I A A TR 2 5 R A A R AR S
FEIFAE AR A R R A R
AR SRR I A7 1 B2 2 ' FE R ORI BT
VIR iR ST A R, 4 0 0 20 3 R D
FE R 2 W SR T BRI R AL T LB AT
JiE 5 FOOBE SR BE T, £ T I IR R A BRI, — R e
JE EISR T LA ) R SRR X A
ARt | A B BN g v WA £ 0 9 4 3
F—E 5 RGEALM L, S e i e 41 20 i AR 2
BOEH B HES B SF B0 W R 35, (H T
IR EORLAA S AR T | WAL AR o A, 2 N D
AR, PALJSC R A T, ¢ T 2 LA i A L 2 52 )
BUE, USSR B T BB AL, HAR S L
AR A BRI RE LR Dk 5 o 2555 20 T T 94 9% P A 40 i
TR UL BT T 5 2R, AT A% N T 1) F AR e O 5
SRR H 58 7R BB 5 412 ey L AR A 1 9 O 1 R e Y
I3, AR SZ R
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Effect of Vibrio alginolyticus infection on immune function

of Charybdis japonica hepatopancreas

ZHANG Mengmeng, NING Junjia, XU Shanliang, WANG Chunlin, WANG Danli "
(College of Marine Sciences,Ningbo University ,Ningbo 315211 ,China)

Abstract: Charybdis japonica is widely distributed along the coasts of China, Japan, Korea and Southeast
Asia. Desired for its good taste as well as being rich in protein and low in cholesterol, this crab is currently
one of the most important commercially farmed crabs in the world due to its rapid growth and easy culture
methods. During the last two decades with the constantly expanding scale of aquaculture and the rapid
development of intensive culture techniques in China,the environmental and health problems in C. japonica
cultures have resulted in outbreak of infectious diseases. The worldwide shrimp/crab culture industry has
suffered significant economic losses due to diseases mainly caused by vibrios, particularly Vibrio
alginolyticus ,one of the most detrimental pathogens widely disseminated in crabs. In recent years, the
treatment of bacterial diseases of aquatic animals has relied on application of large quantities of antibiotics,
which not only causes development of drug resistant pathogens but also presents a health risk to humans.
Improving immunity and disease resistance in crustaceans is one of the fundamental measures for preventing
and controlling disease. In this study, the pathogenic mechanism of a Gram - negative bacterium Vibrio
alginolyticus in the stone crab Charybdis japonica was explored by investigating activities of enzymes related
to innate immune function during infection, i. e. phenoloxidase ( PO) , superoxide dismutase ( SOD) and
lysozyme (LSZ). Four groups of crabs were tested by intramuscular injection of C. japonica :control group,
normal saline; immunity group,0.5% polysaccharide; infected group, normal saline plus V. alginolyticus
challenge 24 h later; immunized infected group,0.5% polysaccharide plus V. alginolyticus challenge 24 h
later. After 6 — 12 h of exposure to V. alginolyticus, the activities of PO, SOD and LSZ increased in C.
Jjaponica hepatopancreas, but then decreased over longer infection time. Interestingly, enzyme activities in
crabs treated with polysaccharides before V. alginolyticus challenge were higher than those in infected group,
showing an immunoprotective rate of 72. 73% at 7 days after exposure. This phenomenon suggested that the
polysaccharides could enhance the organism’ s antiviral defenses by improving activities of immuno-
enzymes. Morphological examination by transmission electron microscopy revealed significant damage in the
hepatopancreas of V. alginolyticus — infected crabs, showing parts of the hepatopancreas epithelium and
microvilli were reduced in number and size or damaged. Meanwhile, morphology of the mitochondria and
rough endoplasmic reticulum ( RER) changed. Moreover, heterochromatinized nuclei could be seen in
hemocytes with ruptured nuclear membranes. The structure of hepatopancreas nuclei in immunized infected
group was normal compared with that in infected group,and the microvilli arranged densely in neat rows.
The lysosomes in hepatopancreas cell of immunized infected group increased; however, dropsical
endoplasmic reticulum , thin cytoplasm and distorted mitochondria could still be seen.

Key words: Charybdis japonica; Vibrio alginolyticus; hepatopancreas; immune enzymes activity ; immune
protection rate; ultrastructure
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Plate Ultrastructural observation on hepatopancreas of

C. japonica infected by V. alginolyticus

1. control group, normal cell morphology; 2. control group, rich endoplasmic reticulum; 3. control group, microvilli arranged in neat rows;
4. control group, abundant mitochondria under microvilli; 5. immunity group, endoplasmic reticulum richly; 6. immunity group, glycogen
granules (arrow) and mitochondria richly; 7. immunity group, microvilli arranged in neat rows; 8. immunity group, more mitochondria under
microvilli; 9. infected group, deformed nucleus and nucleus heterochromatinization seriously ( arrow ) ; 10. infected group, cells arranged in
disorder; 11. infected group,microvilli cluttered and vacuolized cell structure; 12. infected group, cell structure with central vacuole, microvilli
arranged messily; 13. immunized infected group, endoplasmic reticulum with slight edema; 14. immunized infected group, microvilli arranged
compact and distorted mitochondria; 15. immunized infected group,microvilli with dense arrangement

N:nucleus; Ri:ribosome; ER:endoplasmic reticulum; Mv: microvillis; M: mitochondria; He: heterochromatin; Gl glycogen granule; Va:

vacuoles; Ly :lysosome
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