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WE: XAZRSHE L, SobPBmENE, FRTARAFATHES 7, 14, 21, 28 f1 35
X AE M, PR EROELES. AAMEER G S E KBS EAKP), HE LY
B LB (SOD). B A LEEPO)E N NT . FREF, MEZE NG, THRAEENMF
REH., AN EEASGERNEI, AKP EM A4S, TisEH BRI, §HEEE PO F
T F A EARA L, MEAREY PO VE SRR, UEEE T 21 B AR T AT, SOD 4 sk 5
%, £E 8T 21 $E. T SOD 4, & & &0 2 f6 473 B 5 T 4% (P<0.05), #I%
GREV, SEFAAMAT 8 YD EFYH P LB EE I M ERNTRREEEMEAA L

EEameE, Hmm ey #

KPR PAEKEAE, BE; A, AAemEEE; WAHER, AEER

FESZES:Q958.11;S917.4

rhARL B (Eriocheir sinensis))&@ 7S 4N, + 2
H (Decapoda), Z{# % )& (Eriocheir), BRI H $% 44
DA H R . A AR KB H i Hh AR 44
FEAE 50 T A W05 J5 AR ) Tn] 1 B VR R T T
AR, AR Y SR AR AR S R Rk
I ST bR ) b HEA T R AR, 3R A A i A
T S0 Ly [ N A e 2808 5 A 5 AR BT O
AR AR B H TR AL, AN E X AR a2k
TS AR T AT VIR K AR T ) AR 3 AR AL 2R T
T A MR 5T (RN A B0 9 B L Y]
12 K BT K PR ) A B 5T 4570

B g5 R B AE Sy S48 5 ] T PRl BR 58 )0
PO S AR G o X IE | SRR SE R I, ER
JEE AR A ) AR LS A ZC(THC) . WP KR 2 T
(respiratory burst) Lk K G2 il 156 P4 151 OV A5E A 56 fo g
N g, et gt g
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BT 7K PRI I 9 S92 8 55 LA R B e S0 v ) 22
St, LIk rh AR g AR B . R B I AR A I
HMH S A 2 T SR AL SE ath B kL, RIS PEAL K
VL 11 3 AR A XoF v K 8 B 8 T 1 U A S e i
HigS%,
1 MRS
1.1 RIEw A

RG] P ARG T 2010 4F 11 A 3 H @M
T W 3 ) A T VT B T A B A5 Sk B I (120°27'S,
31°95'W, $hHEE<0.5, /K 19 C). VEHUERE . B
TCHRBRAIME . RS 80 HTF Y KIZELNRE, %
REPEN 50 51 55 T 8 M EUERARBIEET(HAE 1 m,
151 80 cm) o ME AR (1) T4 IR BT 43 1) (102.03+
7.49) g, (116.23+14.03) g, “F¥7¢ 5553l }9(62.18+
11.63) mm, (62.58+2.61) mm. 37 1 JAJGIFIARIRE
1.2 RIEAKRER

BF AR KO 2 8 1 B oKL 8 F < 24
hPL i A RK . B3R S S (] g 7 R4 HE A
1% P MR N — R, SR R AR A
i, BRI R R 3R R ()b B 46 1 /3 B et e < B
KoK TR RR PR A, R F RO LIRE . K
IR(18+1) C, WHf#A>6 mg/L, M A<02 mg/L, /K
URORRELS embd b, FF T FC R A B4 i 4 P
1.3 Rt

RIGBEE 7. 14, 21, 28 Fil 35 3 5 b fF4
SR BRZH o B TR 1 8] Je A8 T3 T B AL Bk 2k £t
. BOBOCERE A ME . HEEER 60 HA I BERL S 77
TE 6 /™[RI SRS 0 IR T2 B Bt o3 1 3 d J DA
TEZH 53 I BEATLEE B 9 LA iRk K AL I i, [
IHR S AT RT3, BRI EERE 3~4, ik
PN e IR ER BT, FEULER R 4ERE 3 d, DAME L A
Hor R 9 HE  HpsHakS a3 i, Kk
5[], RIS HEFEE 16 d, BUFERT 48 h 52 1R B0 . 3K
B R L AL TE B R K TR IS0 — 2 R AR K A A
AL, FHAFREIOEE TR TR . e
LT

Aotk &R & SR A B 8 AE VKK T RR i
30 min, # HJEWTAREKSY, 2 mL—k MG
T 5 2% DN ER 38855 420 i 3 G 1 Ak SR 4 i oAk
KA B I M B P T A LS mL B B0 4 i
=80 CukAE HIRAE 25 FH o I 5 B4 i bk 22 AE 0K I

ik, HIJCHEEr LBk imEEsR, 8 000 r/min, 4 C,
230020 min, A7 A 03 T A AR I E .

oM 48 AR B E T ik A I T
(0 5 2 B Chen®s U AN EETL . BRI
g . AKP. SODJE PR R R0 G (R vt A
Y U RRAE ST 0 ) 7 A e BB B A TN % . SOD
T P N S 500 i IR 0.86% 25 B R /K ¢
201%, BURESR 450 pL. POIE F1 89 5E AL-dopaly
JEEY), M8 Ashida!'"H ) vEBETT .
14 SitAE

0 Fi e LY 2 (B 45 U 1R (meant+SE) KR,
FH B & 7 22 43 B (One-Way  ANOVA) J% Tukey’s
HSD: X A R 3 B 2000 2 8 bR it A 7 22 8 oA e
A I A | R I Y A R A AR ) B R A,
FAT-test/r AT MfE . M e 722 F iy B k. X)
M7 AR 15 480 I B 1 B A A OGP A AT
FT A $ R R FHSPSS  1LSER 174304, Seit )y
Perp B A SCR0.05,

2 4k

21 HEASHPLEAEENFLIEAURES
mEEASENHIT

MIRK BT F R R H13S, M. MEE I v B R
F i A (113.38+3.75) mg/LHI(103.28+2.80) m
/LA 3)(88.00+5.034) mg/LH1(78.22+4.83) mg /L
(K1) S A I 8 1% 2 M (1.7240.06) mmol/LFl
(1.51% 0.11) mmol/L437|B#{K#1(1.37+0.07) mmol/L
FI(1.11+ 0.08) mmol/L(&12), Hrr £k TH = #1280,
W L R IR S Y I TR K A (P<
0.05), FhETHFE R3S R EMRTIRKLA , FET. 14
ZH(P<0.05). MR i i b A L AR S AR
T B35 5 1R K 41 AH b2 B 3 1 2% 57 (P<
0.05), WA £RRE 1Y T = BRI Vi rh 480 I AR
R T RSP AR R I H BEE(P>0.05).

T-test &5, AR i 3% b B8 A R AR i
WA A B R E S TR (P<0.05), Mg S EH
55405 I AR A AE S R DGk (T AH
KZECH 0.991, P=0.000; HEtt: HI5E R ECH 0.943,
P=0.005).
22 HEFASIHEHEREMNF AKP EERRN

Bt R TH i, M S I P AKPYE Y
FEER TR B TH g B TF, BEIS RN (E3) . h
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36 &

JE Tt e 228 F35 0, AR I I AKPIE 4 & 2 (K T
R 74 (P<0.05), T I 3% AKPE 1 2 K F £k
FETHI142H (P<0.05), Ho/x 4% 5 B 21 (7] AKP{ 14 1%
TG 3 22 57 (P>0.05) . T-testgh A0, MEE 1 775
t AKPYE 1 2 3 5 T HERE (P<0.001) .

140 E#EYE female O it male
a
120 + ab
SE‘ = A B AB abc C be
?E 100 c c c
=85 80
i I
41 2 60F
I g
M 40
20
0
0 7 14 21 28 35
ERPE salinity

Bl EHEFSIME. EhlgEes

mEZEAS 2T
ANTF /NG AR A B A 3 SR S AT R 2R
(P<0.05), RZNZEFAREP>005), KEFRIMEMESE, T,
Fig. 1 Serum protein content in female and male
E. sinensis in response to elevated salinities
Different lowercase letter indicates significant differences among
salinities in females, a capital letter denotes in males (P<0.05), the
same below.
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E2 HEASE. HhEREENEESNEER

S ENEN

Fig. 2 Serum oxyhemocyanin content in female and
male E. sinensis in response to elevated salinities
2.3 EFEX LG EEME SOD iE AR
W | HE R 1ML 7 Hh SODYE T IR /K B A6 T iy Bk
JE2 1 AR s R I, (B BN TE B 3%
P22 5 (P>0.05), #hJE w5 T210 SODYIKIE . F35
O | ALV SO DY 14 14 1k £ die vy (A, Loy o
SODJEME R # & THhET . 14F1214H(P<0.05), MEHE
SODIE 1 & % & TR 2141(P<0.05), HAKILE
AT B FHEZE 5 (P>0.05), T-testZ R KW, HiEAE
I3 SODIFE M it 2 5 T M (P<0.001) (K14).

24 HEFSIHEHEEENF PO IEHRRIT
B £ B (4 T, A IV POYE 1 IR AK I
f1(0.23+0.03) U/mL 2 FEAREIER B2 18] (1(0.12+
0.03) U/mL(P<0.05), ZJafReEX—KF(S).
T 8 11075 POYE 7 Bt 6 1 T v 22 B0 K 2R 7 T e
A IR KA (0.17+0.02) U/mLFEAR 2 £ B
==0== itk female

20 —®— ifEf: male

1.8
1.6
1.4
1.2

AKP activity
=

BB R AT 14:/(U/100mL)

0 7 14 21 2.8 3.5
P salinity
HEASME. e E AR I AR 1 R
(AKP)E RS20
Fig. 3 Serum alkaline phosphatase activities in female
and male E. sinensis in response to elevated salinities
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§ 8 700¢-.___ o0 ab b
SR ab § “““ G-eee- ?
S e00f " 2 L
g 500 |

400 ' ' 1 ' 1
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B4 ZLEFASIUME. EPEGEENTEE UMLK
B (SOD) & MBI F2 M
Fig. 4 Serum superoxide dismutase activities in female
and male E. sinensis in response to elevated salinities

0.30 --0-- HifE female —e@—HEME male
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B
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Fig. 5 Serum phenoloxidase activities in female and
male E. sinensis in response to elevated salinities
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350 AY9(0.03+0.00) U/mL(P<0.05), &k B ik ] 211}
POYE 1 B EH MR TIRKA, 6 & T210POIE 11 ik
FARTIRIK . ERET. 1441(P<0.05), T-testZh
B, MERE 5 POTE 11 2 T HERE (P<0.001),

3 e

31 HREMGHAEENZTLAEARSALER
HEEMHm

E= 0 | - & Py U & - S I 1
P Ao ot 9 B2 v o 1 5 S X 2l ) BRI
BB R M R BN, a2 R
FeRRW L EFRIRAS SRS WY e S s
I 9k B A i 3 Y R Y A 60%~
95%2022 ARG v ME | R 1 37 R A R AR I
W ek B A R I T e 2 I — SRR AR )
H o H AR E WA, RWMEENAS SE
HZ A E BEIRR, M EAfESEA S
S A E AL

WFFERM, Na' FICH & HI e L ik B fie o
M E IR, X B 2R R i F 58 & 30
Na'FICI 2y 5 BB FE 1 76%~94%) . Bk 3= 2 B
Fob, U I R L A AR AR P 15 35 R I AR
5y, FRBILE = R FREE T XA N = B RS 1 4R Kk
P AR PP AR R B T e 5 A a3
B A R S X AR g 2Rk K B IR
IR (Marobrachium rosenbergii) i iF 57 45 Je— 22728,
L9 B2 7 5 5 T 6l 8 4 i) i o v e R A e
A, BER E RS S o 9 B 2 P o B T e
SRR I bk v i e e R Y R R A AR
W, (HRT DUR S 2 /030 432 ok 5T i ik B2 A 1 Y
AR DRI, ARG Hh 7 2 A R B R
T M REAR AT g e B T sk R A A
iff Ay B 2 R T TR M8 B R, 4ERF Ik e Y
HBRE

ARG P UG I R R B R T
T REAR, R R W] e 5 R A R — 2, 3
o3 ML B 1 0 R e A R, RIS B TR
WTHEER, FFUERAN I RB IS, toh, Xt
I35 5 A2 A R BT R B AR B TR L TEL
B 24 e H S 28 i AR 1 S AR S R
F7 UL SR R A [ S AR R R LA
I35 T PR 5 SR R o BT b A s v o 0 8 1

AR T RE SR B R TR T E A
AHIGERI A 5%, FEE, LigePOs Lk i st iF
(Litopenaeus vannamei) %8, & IfiL ¥ & 1 /K5 5 5
AEAFICOHE /KPR A 06 P AR B B AR IR
IKHN T SRR N R B 5 R, 752 AR K
b FEZh I Na RICL, 1 B Y 3 Sk T
THFE—E M RE I, PLIAR T 25 = AR K A g
SEMX—id . B SRR, KNANB B R 2
WA, T35 R s (O Re AR, AT
KA AR . BRI, AR IR P A il i 2
SRR AT Re S TS R TR s R
fRBE B AR, S AN COLHE AR 6. LAk,
UEAE Ok & BN W AR I BR T AT A RS, B
A B AT P | 0 TR TS A A TS 1) S
PECU DR, AR 356 it 7k B i 05 2 7 G R
TRIRIRE 2 REARHLIAR 1 S TRk
3.2 EhEEXT AL B AR M R EEE ARG

28 2 A (SR 2 0 1 oA 1 o A 2 il
2 VA AR PR b AR T, 7 W AT AR R ) 4
fifh, BETE BUKMEEGIA R, BEIRFITEBRIZ AR A (1Y 5
Yy, KFIHLIRGT B S RE . B AL R R G
70 Bl ) B A G B B AR R G, i B AR AL
M2 3R G 11 2% i 1t A PR 5% sl 0 AR 92 IR 7 vh
oA B ALY, AN R A S
PRI I 240 L A I R . A AR SR | ek
A% PR 0 45 R A R AR T S S A L
IRPL A AGEG R G0 b EE ) —Fh bR ARG, RN
R U R A B B A B RO IR IR S 2
P EBEVE R o X3RN S 1 (4 28 Ak T DU AL
RGBT RE A BR o

ARBFFELE R R, 7E0~21 YR JE I Y, Bl
%+ B T e I P 3R G R WG M S BT R
P, (HBR21E8 B2 H POYS 7 i AR TROK 41, H
ARG PTG AL . R ER E 0~21 151
PR X v A 2 A S TR 11 G 5 T R AN
ERFEIR S 28T, ME M i AKP5 HEEE POYE 1 43
BB TR TH . WOKEFIEREET . 144, F£BIE
JE T i B 28 U 5% M ML S i Wl 1 16 1, S B0
TIREAR . XA A BLZESOD |, SODYE HE7EE:
JEIR B 280 T i T, RIUIRN A 2, T
WOE BT A AR LU BR AR N 2 10 B B, SRAPTHL
bz A A E . LA 3R S R 1 A b %
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B, R PR m e T 285X 4 o) v A I 1 L
SR G D) BB A S I o AR S i 2 S A
P BTGk I B AR R 5 L4  — 30, KRR
ER B IR 21 BY R T A8 AR LY A T2 I 1 3 P
KARPEN R AR o IR rh AR Gl 2 iU ELAG
A Ehk, FTUATEI K P AEs o N T BRI ME |
ST LA 7E 8~33 (14 4 B Vi B Y A XY (R A8
BRI R AR UK (T~22)F5 Bl 2 1, X5k 5
AP VT 1 A G0 1 SR A IR B R A 1 4G
JBIP= BRI ER B VG o 5~2240W & .tk WL, £
JE 558 VR AR AN S W) Hh AR Y B A BTN 2
LI B i R BV TP AR AR IR PR T AL
AR IR S RN BB R R RE T, AR T
BT RE 850 S KM b, SR8 n] B9 S
I K PR, AH S AR B S A N B E T R
AL 5 R sh B S, AR4F St s shRgn
RESZF 520
33 HEFEBIMEEETFHEIER

WMERR IV B A A MmN SRR E ST
M, X — 25 2RO I 2R IS 4 SR AN
EngelZ5PWFSE T 3855 £ 1445 Ak X} 1l 4 (Callinectes
sapidus) Ifil ¥ 85 1 & S 2w, 8 A s A S
SYERNTCK . A 2 B W K B e A1 Y H A 3
XHiF(Penaeus japonicas)ffaR=! FLANTE X iRES!
Wi 2% 35 1 (Scylla serrata)®'! | 17~48 gfy &' FCyH IR
(Macrobarchium rosenbergii)®®! ifil ik E Ifil #% 2 11 K&
MR R AEEERI2E 5. i ChengFEPOHA Ry {4
JEER AR AL 50 g AR 2 GV B I Ak £ AR Al o AR
H o i THEPE AR, A0 g5 1) 5 e 45
—3 MMEEE . 0% EE S RSN 22
SRR T G ME . AN L WIS | E SR
RO PERR R B A 5% AR 5T e W A 4
159 e v H A 78 R (Macrobrnahium  nipponese) i L
LDH fiff 1 1 B 4 Tk, A< a0 o BT ) Hh AR 40
FETE A T A I v U D, ol ok L v O R
O TR 1 AT R | A L AR I B 1 R T
T — AR

ABFGEAER I, BB 1L H AKPIE A FIPOTE
7740 % TR, 3k A S O R B i

AL TR M 3 h AKPIE V= T
TAEBE AR A5 ) SR P I 1 2 M S0 0 v
TERE o S PE MG A P 22 5 mT R M | MEAE 2R A
WP IR R . MRS, M
SERUE A, TMERE (TS ORHH TR 2 AL O EEAE, A
XFI T, AR 5 T S A S e ) A A AR P AE
LRI R R BREE I T GILEE | R L RS
AN | T AR URREE, PRUESARIEAL A5
AT ARIRAETLA by, MR LR E &
KT I, T IR IR PR 5 SR W S B 2 1 e AR B R
, fEFRER AR S O DR, iMERE Y
PERR AL B WL T IR, B IRYI LR RS 2R . I
W R U R 114 25 St R BE T IHE S T Y
ANTR] o AT R ML 3 SOD TS M 2 25 i T MEVE,
3K 55 T A AL S O G 1 B A T A0 LA )
SODH Yk o T MEPEAR — 20, S B A7 164 5]
S 14 DAY A B R 1 5 R i K T A DR T 1 — A
it o

Li ERTIR, 5 PR OGN 100 B U R A
TEPERZE 5 o Th R R ER BE R I rp AR S 1M 5 5
H A5 A L E R R W A,
JEHE T Bl I 28 X i N 2 R SR B A,
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JEE AT R 2 3 o 5 i R e B 1) S U e
X H BRI Bl i T A AN M B2 R, (L I i
i — A RABIIE

S 2% Uk
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Changes in non-specific immune parameters of mature Chinese mitten
crab (Eriocheir sinensis) in response to elevated salinities

WANG Rui-fang" %, ZHUANG Ping" ", FENG Guang-peng’, ZHANG Long-zhen?,

HUANG Xiao-rong?, JIA Xiao-yan®

(1. School of Life Science, East China Normal University, Shanghai 200062, China;
2. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key and Open Laboratory of
Marine and Estuarine Fisheries Resources and Ecology, Ministry of Agriculture, Shanghai 200090, China;
3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Mature Chinese mitten crabs, Eriocheir sinensis, are exposed to brackish water or coastal waters
as an obligatory part during adult reproductive migration. In this study, we investigated the changes in se-
rum total protein and oxyhemocyanin contents, alkaline phosphatase (AKP), superoxide dismutase (SOD)
and phenoloxidase (PO) activities in both mature male and female E. when in freshwater and after
step-wise acclimation to the following salinities: 7, 14, 21, 28, 35. Increasing salinities caused a gradual
decrease in serum total protein and oxyhemocyanin contents. Serum AKP activity was elevated slightly at 7,
thereafter it dropped slowly by the end of experiment. Serum SOD activity showed a slight decrease after
increase of salinity until 21, it was activated above 21. Serum PO activity decreased gradually with the
increase of salinity in males; however, it maintained a stable level above 21 in females. All tested parame-
ters in serum except for SOD were significantly higher in females than those in males. It is suggested that
elevated salinity induced a decrease in serum total protein and oxyhemocyanin contents. Serum immune
enzyme activities in mature E. sinensis will be affected when the salinity was near to or above 28, which
could exert a negative effect on reproduction. Further studies are needed to understand the biochemical
adaptation of mature E. sinensis, during their reproductive migration acclimation to elevated salinities. Sex
differences should not be ignored.

Key words: Eriocheir sinensis; salinity; immune enzyme; oxyhemocyanin; sex difference; reproductive
migration
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