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 E: WTIREELBRML pH Bha X A sl B b AL RE I e, S8 & T 2 4~ pH(7.8.6.5) .3
AU (0.,1.45.2.90 mg/L) F1 3 ASALFRIFE] (7 d 14 d.21 ), HFFEERFIE pH 538 X vh AL 02 B 1 240 i
BB (THC) (i3 il E ALY B AL RS (SOD) 1E 1k S E b A (CAT) iEHE B4 bRE s (T-A0C) [ %
(MDA) & &= LA SR AR h & e e AUk B (GPx) (& DEH ik-s-# R B (GST) (#RTeHE H 70 (HSP70)
FA I (LZM) FE[H 4 Bl A G HE N mRNA FikKFRsEmm . 455 R, B AR VR T = THC 235 T,
HAERMET pH 6.5 i THC KT pH 7.8, pH K 7.8 B, 25 vk B B9 T} rh AR 4% 25 % 1.3 SOD 1 P4 1
T-AOC ¥ 56 THE M T CAT 364 (B 745 7 K) Ml MDA &8 28 Fh. pH 6.5 I, 4R 2.9 me/L i3
21 d B}, SOD . CAT JEPEM T-AOC H B Z(LT pH 7.8 (P< 0.05) . 7ESEASZH R AR AE 2.9 mg/L .pH
6.5 it MDA ¥ B EEF pH 7.8 (P< 0.05), pH H 7.8 i,GPx GST HSP70 LZM mRNA ik & pfi#%
B BE T B B W T L BRI EE 2.9 mg/L A 21 d B, KB FFRIA AR R R S . 78 1421 d B, fEvkE 2.9
mg/L.pH 6.5 i} GPx,GST mRNA ik 73 B & AL, I B F 0 FRWE pH 7.8 Rk & (P < 0.05) ;1
HSP70 \LZM mRNA AR 7E 21 d I W2 REAIR, o 0 R T [ B pH 7.8 ik & (P < 0.05), &5 b, hidefk
I 1 LA AR DG SE Rl mRNA SRk AR IR pH A4 R ORI T 2 by sl 98 e 34 LR X S Ak B 38, A% pH. e
I3[R A SN H HE 8 B R ) s A T ) S T R T R — TR R AR T, R R AR (2. 9 me/ L) AR B RO T
B ISR R LG HFFEK AR pH FIEE 428 15 Ye it S 28 s m 4R A4t 1 B Ak 9

KGR hARGEE, R, pH; HUEILEETE M S

PESES: S 949 XERFRARAD: A

AR, Hh T Tl AR B K T HE
EAEE ke B 2 AT 6T, B4R
V5 Y Xt K F=FEH O 7K P B Y 2e 4 DA S A A T 45
%¥%%&Tﬁwmoﬁﬁﬁﬁﬁéﬁ¢ﬁ%
(Cd) JEKFRBE A T2 T 4 B 2 — 4
BRAER K R G h Y AR IE R KR 5 vk
FE 7 10 ~ 500 ng/L, {E7E 26 Tl b 3 X 4
M T 10 wg/LY . IRt & 48 15
Y AR, B TT 5 5 2 4 K AR A AR LA
EPCIRE R AR QR 1) 1/ R Viw’: v R
SRR . DI R A R WA B

Wfs HER: 2021-03-12 &6 HH#A: 2021-05-13

FHI A B A TR AR T 5 32 [ A Ak 23 1
B KA S R R I R R Sk B K
N 1 25 Fh AL 807 26 T2 1 dE bk s
R}, $id BE 175 S LA™ A2 3 P48 (ROS) |, HL
RN ROS — H i E%ﬁ%l‘ﬂﬁﬁﬁt’*%li
A, AT 0 B 46 AL L 2 SO T
PSR 3/n S

KA pH JZ K SR IE P E R BN T
— AR T Y i BE i Sl SR 1A TR T A 7 9 2
SEECT IR KA R BR AL , AT X K AR AR
FAETFEAEE o KA pH RAZ 2N 5L B P A7

BB RN ETH (2018 YFD0900603 ) 5 B ™ Ml B A A 5 % 9T 4 ¥ B (CARSA8) 5 B AL R Z b &
TRERORFLRE I T H (19DZ2284300) 5 37 = 1 il A7 T ( DYRC20190210)
EE 'S I (1973—) 50, B85, 1o A S0 95807 1m0 Dby B85 30 A T 300 o o 4 0 28 8 2 A 0 A B ) 52 ) B ) B2 AL
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AR A A A e Y
AR, G ] b T pH K AR 3R 5
I, 5SS HLAR TR 4E 45 1E 5 R HLRE, 1A
WA ZETAL, MRS ) T R, &g 257
BEL A 7 B AR e

Hr4e gf % 8E ( Eriocheir sinensis) J& 72 44
(Crustacea ) 1 J& H ( Decapoda ) %% #% & J&
(Eriocheir) ,JEFRE FE M LB Z —, KIH fif
FRY HRAF T 8 RO E A AT E 2 1
KPS A B R A AR
T TIRA s W, oA WG K R 3 B O, &
WREETEZ TG Y Y b o (HAT SRR h e gl 2
BN 22 B IR R AR /D25 1B S A G B A 45
R HAEM, HEE B LR OCT pH FR L
[) X ARG B 52 R Y i o Sl DTS AN [R] pH
SN T SRR TR GRS R S B RS B R T R T
WA B m N AEY S ERA . PR g
A B IR S F E S AR R BERL, (] I Ay LA
JEWFFE KA pH FTE 42 J@ V5 Ykt H 52 25 3 W st
M) i (A PR

1 Me5I5k

1.1 s

AR (CdCL, - 2. 5H,0) (3 Hralialn]) ik
A E A LA (L) ¥R A L E 254
A FR 28 vl o 78 55 50 i S A 0 FH 2 7K i
A1 x 10* mg/L (£, NaOH F1 HCL Ji¢ 5%, 1
mol/L (R4 , (i FH AT HE BR A A AE 4 C 3R
Ferbo SEO Rl A i A 3 3 A LA B Sk 2K RN
B FIKIGBEETE 500 C ATtk 4 h,
1.2 Xz

SEIG FH A GRS R Y i L T R S
SEHb AL AT R 2 20 g, BEICAR ST AT
ST B4 1 v AL SRR I s i B VTR VE R
SRS S P R SR 3(AE N S S g N
FRB A4 (K x T xEFH =3 mx2mx1.0
m) H1, [AESECE PVC 48 HIEL A ik i A2 G A
SRR, T 2 S50 F BT A rh A g R I R R
THES 3 d DL iy ad ug IR K v, S50 0 1] % 4% 55
KAk 24 h g S A, SR A AROLIR (121
12D) FzK I (20 £2)°C, SEE AMRIK RN 15 ~
20 cm, 24 h 8%, B H 18:00 /=47 $5 W iyl 8%
T WAL ) I H B 8:00 2245 15 R AR 1
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FZEAE  JF K 1/3 oAy 7222 JA. R4 h R
FEHER pH 31 (Hach HQ40D ) kil K pH, Jf:
F 1 mol/L NaOH 11 mol/L M\ HCI &5 pH ;%5 2
REH 1K Cd® " IR, BRI R e S (1 52 1
1.3 IRGTEHERRE

IE g, pH B R 6.5 F7.8(=H);
Cd>* B RE I R 0.1.45.2.90 mg/L, L% 45
H6 AL XA (pH 7.8,0 mg/L)  (pH 7.8,
1.45 mg/L) . (pH 7.8,2.9 mg/L) . (pH 6.5,0
mg/L) ., (pH 6. 5, 1. 45 mg/L), (pH 6. 5,
2.9 mg/L) AW 3 A FAT, B P47 U 30
Ho R0 KB N ES 48 h i H kK, 524 h
B 1 YOHBC I Qe BRI TR, B0 4 h SR AT 5
pH 3R I 7k 5 pH, 3 F] 1 mol/L NaOH #iI 1
mol/L HCI 545 pH, #f & H 4k +7 78 B E 1Y pH,
AR AT 21 d, FEREE T 14 A1 21 d
& o IR G 6 Hh g kg,
OB B T UK G P RREELS ~20 min, FZEIRK
TRUE 2 IR, WK AR T B iR K 5y 1.0 mL
TCRES ARG 3 HD R IEFEHE 1. 0 mL I 4k
B, —#8 43 (50 wL) I jbk B 5 465 o 19 0 38 7] ( Fl
0.8 g MIFFIEIREN 2. 05 g RYHGTATHEAN 0. 42 g 11
SN, i 100 mL f 2% K B i R, pH R
7. 4)TRA T IR L 200 e, 3R 4% A I ok
A 1.5 mL BT T - 80 Cukdivh, AT A
W e de b A o e LR R I . KT
(BRI B Fh AR SR B I T AR A 2, i
AWAH, B ORAET - 80 CREARIRVKAE T I T
Z G R AR I AE
1.4 10406 S E )N E

WA BUEE R 1 I Ak L, B0 (4 °C 800 g,
10 min) , 35 E3, Hi8 1 x 10° #4023,
AR BT i 75 R 0 ek k) AT
I 99 EEL 0 B 250 < 1 o 4 B R R 3 A%
FEG2F AR (100 x ) RS0 M Bk T 450hR
5 AT A& v I bk T 200 B P S, R 4 %) 4 i )
KU B ALE T IR RN, R 3
WA BCP YA, T i 20 A S 4L (total
hemocyte counts, THC) A &5~ J7 4 PN 40 i 5924
kL) 10%,
1.5 MmiFmENERNE

ARSI A8 (LS. TI0B, fE[E IKA 23 FH]
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A7) X R IR B LK L HEA T A3, B 4 000
r/min 254 T A3 2 ~3 min, R)5T 4 °C .12 000
r/min Z5fF R B0 20 min, U FVE W (LIS ) 4
o SRR 5t 8 A ) AR B 55 BT 1 A DG 3 )
& I E M Y S B AL (SOD) i AL
fit(CAT) (4 — 8 (MDA ) FilIfi 35 & 9T A AL fiE
(T-TOC) ,
1.6 SEERREZENE

0.2 g PRI E T & A WA T 1 IR
WA IRy ASIR , 22 i RNA S 500 &
7 ESR IS RNA, 485 RNA % i 7 200 mL
AN RNA B T B K, A Q5000 f it 430t
FERE T E &L RNA A% JE (Thermo, Scientific,
USA ) FIS IR BEI LUK AN RNA e . B s
F 100 ng & RNA A= Sy 0 % S A, 1) 396 2 s
R &AL cDNA 55—, ARl TR ARG AR OC

it 5L PR 52 51 B ] Primer Premier 5. 0 {4314
SPESIY P AN 1 s BLA b AR g2 B-
actin LR NS EEH
1.7 HESH

SR H SPSS 24. 0 F A whiase B 41 ge 140
Br, BCHa 25 LA ME = BRifER (Mean = SE)
7o 2 Levene #l1 Shapiro-Wilk ’ s 724371 % 80 %
AT 7 ZEFF P RIE S AT A, AN 2 ST
FZEMSXS A 3 b B #EAT SR 3R 5T 7 AR AL B
K XU 2R 07 2270 Bt (ANOVA) X pH 4 by HAZ
HAEFRRE . QERAF AR BAE HT, WA A [
€ pH R I B R 2R T 22 3 B I S R, SR
J& #6417 Tukey 1) HSD X5, ¢ #:%0 FH T4 % pH
TER R BE T 09 & 52, 3 1 22 S K-
% P <0.05,

®1 FHRMESIMF

Tab.1 Specific primer sequence

[ELHE- 375 51 JF41 (5'-3") NCBI #3535
Target gene Primer Sequence (5'-3") NCBI accession number
GPx-F CTCTGGGAACAGCTTCTTGG
GPx FJ617305. 1
GPx-R ATCCTGTACCCTGCAACCAC
GST-F ACGGGTTGTCATAGGTGGAG
GST FJ610337. 1
GST-R CCATCAACAACCAAGTGTGC
HSP70-F GGCAAGGCAGCGAAGGTCATC
HSP70 . KC493625. 1
HSP70-R CGGCATTGGTGACAGACTGACG
LZM-F AGCGAAGGAACTTGAGAC
LZM IN416111. 1
LZM-R GTTGACATAGGCGACCC
) B-actin-F GCATCCACGAGACCACTTACA
B-actin . s . KY356885. 1
B-actin-R CTCCTGCTTGCTGATCCACATC
) g d B B SR e B B v e T . A 1421 d i
=B

2.1 pH 0 Cd 3 Fr A48 Z 58 i 40 i S8R 350
WNIEL T TR, A T30 S a] Bl 5 R 1
T A8 B8 B B A0 M BB B TR (P <
0.05), BREE 7 KA, S EEHy 1. 45 mg/L B,
pH 6. 5 i Ifil 41 il S 4k @ K F pH 7.8 (P <
0.05) ;5@ M A 2. 90 mg/L B, pH 6.5 7£3 4
BFIE] 5 (7 14 21 d) fé) i 200 S 450 B 2R pH
7.8(P<0.05), f#H pH 1 5¢ HAE HIXF b A 55
T I 20 M B R ), 2R 2
2.2 pH F1 Cd Xf &4y B 5 I B i R IR AR AT
=AU

HIE 2(a) Al A1 :pH 2y 7.8 I, SOD {575 7

BEAR R e TG B, b 2282 T 1. 45 mg/L ik
IRV, I WS PR B e K TERRUREE 2.9
mg/L 338 21 d i, hAes 0 SOD J5 M 2 I
TXHRAH (P <0.05), 7 pH 6.5 338 7 d B},
SOD i PEFf AR e B T 2 T 7E 14 .21 d
R i 5 Ve 85 T R T O M W AR SRV
2.9 mg/L {1387 d,pH 6.5 BFAY SOD i& 1 & 5
FpH7.8 (P<0.05);4),7¢ 14.21 d i, pH
6.5 B SOD {EER EKT pH 7.8 (P<0.05),
AN pH 1Y 238 HAE HIxE rh A 9 B B AR ) SOD i
P A 5, WA 2,
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0 14529 0 1.45 2.90 0 1.45 2.90
7d 144 21d

TEAS 1 E pH T AR _EFR T 278 ) - S (B AR 44 R BRI 6] 3 Fif
pH REZZ (A A B VEZE S (P <0.05) . fEHA[E pH T,
IR 2 ) ) 2 5 (AR B SR AR I I AT 25 22
F(P<0.05),

The means denoted by different superscripts at each fixed pH are
significantly different among three pH concentrations at each
sampling time (P < 0. 05). The means sharing the asterisk
between two Cd levels at each fixed pH are significantly different
at each sampling time (P < 0.05).

1 K pH ZH T ARERKEX f Ly E
I £8 faA % ( THC) B 7200
Fig.1 Influence of different Cd concentrations
on total hemocyte counts ( THC)

in Eriocheir sinensis at low pH

WE 2(b) iR, 767 d B, pH % 7. 8 i, CAT
TV Bl R VR T ) T s S TH R B A, 7 14,21
d I, BESR W B2 TR CAT W& P 2 3% Tt HAmuk
JEy2.9 mg/L i 21 d I3 PEIA B R s . pH
6.5, BEFAR LI T E h AR G B B AR ) CAT 3%
PES ST G R AE pH 6.5 If, ¥ 2.9 mg/L
JiE 5 14 KREF, CAT 3& M 1h W KT pH 7. 8
(P<0.05),21 d i, % pH 7. 8 fAAEM 75 22 5+
(P<0.01), 7£ 14 21 d B} , hARGEAER N CAT

TE A5 pH A2 BAE AR (£ 2) o

M2 2 v 0L BRER 7 KA, A pH (1938 B A
FAX} T-AOC ¥4 &5, 787 d B, T-AOC Fifi
T RE G I B e T SRR TR 14 .21 d i, T-
AOC # R fL a5 SOD {EMEAMRI (K 2¢) . 5
pH 7.8 ML, 45 BE 1. 45 me/L it 14 21 d i,
pH 6.5 i} T-AOC 2% F pH 7.8 (P <0.05) .

A 2.9 mg/L 38 21 d B, pH 6.5 B T-
AOC Y8 24K+ pH 7.8 (P <0.05),

I 2d AT, AR S B AR ) MDA 5 2 Fifi
RO /1P SN SER U A
YRR N 2.90 mg/L i, pH 6.5 I MDA % ip 2%
EFpHT.8 (P<0.05), 4Gk 1.45 mg/L
iF, pH 6.5 B} MDA & 5 {XAE 14 d B i 3% 5 F pH
7.8 (P<0.05), 7£7.14 d B}, %5 F0 pH (WX H.
VERIRE 42 5 2 AR ) MDA 5 A Il 3552
M, W2,

2.3 pH# Cd xthse EBEATRRP R ERE
RIEEHF M

WME 3 (a) s, 167 d B, %416 GPx mRNA
ik R EEZER (P>0.05), 781421 d
Bf,pH 7. 8 B}, GPx mRNA Fik B IEE T &
T, BAWE-R0W K &, 1 pH 6.5 I GPx
mRNA KA 5 pH 7.8 Mlfe . BREH 7 d 4b, Rk
A 2.9 mg/L,pH 7.8 B} GPx mRNA FikiE g
e F pH 6.5 (P<0.05) . 45HeEN1.45 mg/L
[ipie 21 d,pH 7. 8 B} GPx mRNA ik B 25T
pH 6.5 (P <0.05) ., ## pH 28 HAE 7 14 d
21 d XA S B, GPx A Rk A B 3
o, W3,

R2 R pH X R BB BB IRIRE A W@ 5 E 5
Tab.2 Two-Way ANOVA of the effects of Cd and pH on immune indexes in Eriocheir sinensis

. THC SOD CAT T-AOC MDA
T?;;llleFl/Jd df Cd pH Cd *pH Cd pH  Cd*pH pH  Cd*pH Cd pH  Cd*pH Cd pH  Cd*pH
2 1 2 2 1 2 1 2 2 1 2 2 1 2
MS  2.88x10'22.23 x10'! 4.22 x 1010 2812.7954360.633 768.948 348.382 69.588 65.461 8.884 0.187 0.252  9.128 3.128 0.785
7 r 1554.350  120.206 22.735 112.428 174.295 30.735 170.815 34.120 32.096 43.596 0.919 1.237 82.029 28.106 7.058
P <0.001  <0.001 <0.001 0.041 <0.001 <0.001 <0.001 <0.001 0.051 <0.001 0.345 0.305 <0.001 <0.001 0.003
MS  2.68 x10'2 2.90 x 10! 4.56 x 10! 1186.008 1075.917 1857. 121 32.266 20.942 224.350 5.025 5.131 1.209 5.89 8.649 2.450
14 F 2666.006  288.493 45.393 26.797 24.294 41.933 49.953 32.422 347.329 34.798 35.531 8.369 53.921 79.051 22.39%4
P <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.047 0.001 <0.001 <0.001 <0.001
MS  2.14 x10'2 3.48 x10'! 3.33 x10'0 6554.3152687.6315114.699 26.626 181.109 493.730 6.862 8.203 3.717 13.628 11.588 0.547
21 r 474. 662 77.132 7.391 191.892 78.686 149.744 19.241 130.875 356.786 93.360 111.605 50.569 61.457 52.259 2.465

P <0.001 <0.001 0.008 <0.001 <0.001 <0.001

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.102
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160 *  37.8 =m6.5 30 7.8 =m6.5 =
, a
140 1
—~ ~ 25
#2120 G
IS #H~
S S 20
g\ 100 E(
> =
+ +
& o1
E§§ 60 $§§ 10 ¢
wg 40 - 0
172} 20l S 5f l
0_—_
0 1.452.90 0 14529 0 1.452.90 0 14529 0 14529 0 1.452.90
7d 14d 21d 7d 14d 21d
(a) (b)
5
~ 6
: 2
RS g ®
#WE 3 pal:
kIS by o 4
B o
ﬁgg 9 g 3t
W &g
3 ek S 2t
L <
1 g 1}
0
070 1.45 2.9 0 1.452.9 0 1.452.9 0 1.452.90 0 1.452.9 0 1.452.9
7d 14d 21d 7d 14d 21d
(c) (d)

TE# B E pH AN EAR P 27R BOF I (TR R AR ] 3 Ff pH IR 2 A5 P22 5 (P <0.05) o TEREE pH T, Pk
P[] i S ETE R RAR I H A 3B P22 5 (P <0.05) ¢
The means denoted by different superscripts at each fixed pH are significantly different among three pH concentrations at each sampling time
(P < 0.05). The means sharing the asterisk between two Cd levels at each fixed pH are significantly different at each sampling time (P <
0.05).

E2 K pH ZHTARRREX g B8 mF KL IERA T

Fig.2 Influence of different Cd concentrations on serum antioxidant indexes in Eriocheir sinensis at low pH

x3 R pH X R ERE G HHEXEE mRNA RIZEF MW E T EDH
Tab.3 Two-Way ANOVA of the effects of Cd and pH on expression

of immune-related genes mRNA in Eriocheir sinensis

‘ GPx GST HSP70 LZM
T?ilf?d df Cd pH Cd* pH Cd pH Cd™* pH Cd pH Cd~* pH Cd pH Cd* pH
2 1 2 2 1 2 2 1 2 2 1 2

MS 0.049  0.069 0.059 0.182 1.077 0.019 1.397  0.380 0.084 0.206  0.087 0.216

7 F 0.440 0.623 0.530  0.437 2.587 0.045 2.906 0.790 0.174 1.370  0.578 1.432
P 0.654 0.445 0.602 0.046 0.134 0.956 0.094 0.392 0.842 0.291 0.462  0.277

MS 0.106 3.623 1.220  0.224 2.227 1.441 0.417 0.704  0.859 0.438 0.790 1.028

14 F 0.523 17.833 6.004 1.338 13.300 8.602 0.917 1.546  1.886 1.032  1.861 2.423
P 0.606 0.001 0.016 0.299  0.003  0.005 0.426  0.237 0.194 0.386 0.198 0.131

MS 0.202 6.372  2.189 3.087 2.470 0.302 0.473  8.447  4.269 0.587 4.567 2.248

21 F 0.843 26.612 9.143 0.898 10.236 8.191 2.124 37.951 19.181 2.494 19.398 9.549
P 0.454 <0.001 0.004 0.433  0.008 0.006 0.162 <0.001 <0.001 0.124 0.001 0.003
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31 &

B2 7 KAM, fa A pH [958 1A A X v A 4%
FEHE GST mRNA REFEA B E WM (FK3)., H
3(b) A%, pH & 7.8 i, GST mRNA 2 ik bt
Ei T B E T . pH R 7. 8 B, GST
mRNA Rk 5 GPx MR, BREE 7 KA, 4%
We EJ9 2. 90 mg/L 5, pH 6.5 [} GST mRNA ik
HEEMNTpH7.84 (P<0.05),

M 3 (c) A %0: pH 7.8 i HSP70 mRNA 3
A A A R T R T AR R 2.9 mg/L
Jpie 21 d B, %36 mRNA Rk fm . pH 0
6.5 I}, AL 2% HSP70 mRNA 3546 7 d i
BifL e B T v S T A A FE 14 .21 d B il
BV PE T e S TR RV 2. 90 mg/L
[ 21 d,pH 6.5 i HSP70 mRNA ik 0 245

S B Don e
© v o o o Ul o v o

2 B H ko S AL P B AR X R Ak K P
GPx relative expression level

0 1.452.9
7d 14d 21d
(a)

0 1.452.90

4 cD7.8 =m6.5

=
J |*

PR 57 2 [ TOH S Rk K

HSP70 relative expression level
(e}
2]

I

0 1.452.90

0 1.452.9
7d 14d 21d
(c)

0 1.452.90

0 H K B B R R AR X R IB K
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The means denoted by different superscripts at each fixed pH are significantly different among three pH concentrations at each sampling time
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0.05).
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Fig.3 Influence of different Cd concentrations on gene expression in

the hepatopancreas of Eriocheir sinensis at low pH
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Effects of cadmium and low pH stress on immune response and expression of
related genes in the Chinese Mitten Crab ( Eriocheir sinensis)

YANG Zhigang' >, ZHAO Xuejian'*, CHENG Yongxu'*”

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Minisiry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghat 201306, China; 2. Cenire for Research on Environmental Ecology and Fish Nutrition, Ministry of
Agriculture and Rural Affairs, Shanghat Ocean University, Shanghai 201306, China; 3. National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To investigate the effects of cadmium (Cd) and low pH stress on antioxidant defense ability of the
Chinese Mitten Crab ( Eriocheir sinensis) , two experimental groups with different pH values (7.8, 6.5), and
three experimental groups with different Cd** concentrations (0 mg/L, 1.45 mg/L and 2.9 mg/L) , were set
and exposed for 7 d, 14 d, and 21 d, respectively. The effects of cadmium and low pH stress on total
hemocyte counts ( THC ), serum superoxide dismutase ( SOD) activity, catalase ( CAT) activity, total
antioxidant capacity (T-AOC) , malondialdehyde (MDA content and four immune related genes ( glutathione
peroxidase ( GPx), glutathione S-transferase ( GST), heat shock protein 70 ( HSP70), lysozyme ( LZM)
mRNA in hepatopancreas of Eriocheir sinensis were studied. The results showed that THC decreased
significantly with the increase of Cd concentration, and THC at pH 6.5 was lower than that at pH 7. 8. When
the pH value was 7. 8, with the increase of cadmium concentration, the activities of SOD and T-AOC in serum
increased first and then decreased, while the activities of CAT (except the 7th day) and the content of MDA
increased gradually. The activities of SOD, CAT, and T-AOC were significantly lower than those of pH 7. 8
(P <0.05). During the whole experiment, the content of MDA at 2.9 mg/L and pH 6.5 was significantly
higher than that at pH 7.8 (P <0.05). When pH value was 7.8, the mRNA expression levels of GPx, GST,
HSP70 and LZM increased gradually with the increase of cadmium concentration. When cadmium
concentration was 2.9 mg/L for 21 days, the gene expression levels reached the highest. On the 14th and
21st day, the expression of GPx and GST mRNA at 2.9 mg/L and pH 6.5 of cadmium was significantly
decreased, which was significantly lower than that at pH 7. 8 of the same concentration (P <0.05) , while the
expression of HSP70 and LZM mRNA was significantly decreased only on the 21st day, which was also
significantly lower than that at pH 7.8 of the same concentration (P <0.05). In general, the activity and
content of antioxidant enzymes and the mRNA expression of related genes were up-regulated or down regulated
in response to oxidative stress. The effect of low pH and cadmium on the antioxidant defense of Eriocheir
sinensis was much greater than that of single factor, especially high concentration of cadmium (2.9 mg/L).
The results provide a theoretical basis for the future study of the impact of water acidification and heavy metal
pollution on crustaceans.

Key words: Eriocheir sinensis; cadmium; pH; antioxidant enzyme activity; immune gene
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