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FE: PH RS MM NG R, KRBT HRIE T 0BG 3h P 4 2 4 0 s v RE DL2E 21 208 R
BCH BERR AR, RO R SR X D12 B ) S KB A R G B VR A DGR SE AN AL o B DUPE R JE A Bh
Y, SRZIERNMERRE, BRI R RGIAITHIE . Rk, AWESE LU b DL (Argopecten irradian) HWF5E X 42,
76 0. 10 ng/mL. 50 ng/mL F1 100 ng/mL #CHFERRIZN 6 hy 12 h Fl 24 h J5 38 1 0 52 B DL i bk 02 B 48040 1 % Ak it
(SOD). ¥ W EF(LZM)TE A BEH IR (GSH) & 1 LA K e . P AL AHICEE R (Cu/ZnSOD . MnSOD . GST 1 ACP)
FRXT A R o HOxT i DL g ) R e AL RS2 IR . 255 R B, LZM I PE7E 10 ng/mL F1 50 ng/mL B 4R
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Bt HARaE 7R TR & ) DR RN
FAHLN ZH R PR R E, THCE PR
T g XX 8 DTS [ B (0 7R B o3 AL A OC B AT
FARE DO, R, HE— AT R R R
X DL ZEHEVE AR DG 508 A B T i — 2P 4R s s
PRI EEE

B DU e R e . v EVFH AR E 2
WAL R, BAREZEMATFE L, WEGERE
WEEPEDRN, KA AR AR R S TURTE
HARpy . gig0h U 1 A R PMR G 7w, B
SR ICHEHESN AR KA 22 50 Fel DUPE
ToBEMESh Y, Bz im0, EEKEEE R A
PERGHATHE, AR A A3 3 B ik A R
SRR, VR RN RERSE T, RIEPER
if§ (ACP) IV B ilf (LZM) ¥4 VR g 1A g, 5 4 I
240 i o S 0 1) T RN R s AR S e 4 Ak
Yy Ak i (superoxide dismutase, SOD)fEMEAEIk R
ATE B W AR E U B H0, B2 O, LB
1ERE P AL, AR IR AR RE RS
W R ME T, W UL 3 Fh SOD LK A
Cw/ZnSOD J& 5 i Z Y, N TAL5, MnSOD I
BE A TARARA T4k, 8 BEH K (glutathione,
GSH)E R —Fh P 4L, 7T LUV BRI 14 4 (ROS),
T3 A W) K 5y F 19 Bi 2 (-SH), BA P A A1

FRUUL SR 1 0505 43 B 1R PR,

S SEREEE, HIUANA FWEED T
E Y B AT A AU B AR
S- % 7% i (GST) J& 4 Dt H R 45 & S0 1) K 2k fifg
AL GSH 52EHhaCIYImZE &, kR
WIEPESOMEERE Y R, E RSP RE
gAY, P, GSH F GST Be#5 B 3 01 4541
ARG IE AR PEALAE .

il AWF5T LIRS Fet D1 (Argopecten irradian)
g, WaE SOD, LZM G PEM GSH &
DL KA R B (Cu/ZnSOD . MnSOD . GST il
ACP)FHXTFiEH, DAFRITAS RV B 0B R AE AN
(i) Fsf [ 50T o D1 0 44k 0 RN B 3 (52w, DAk
— R FEHCE BEIR X B DL R R PTU A R S

B
2 u@ o

1 #ETE

1.1 KEER

BB IERR(20 mg, MR, 4l 90%~100%),
FI Sigma-ldrich AFE(GEE)T 4 CURFERAF =,
1.2 R

TE T E VL5485 T AR 7K ™ T 35 2L 3K
360 678 55 U1 (Argopecten irradians). J V1-F-15
e 59~70 mm; I H A (45.32+2.43) go 5
Hr, R UE THEEMEMN S, BT —1 800 L
A, AL IR A MK, LLIE Y
SR SREREE: (10£1) °C; FhE: (30+0.1)%0],
A 1.2 10" /™35 4 it/ 5 DLy 43 R ol D0 26 4
#}(Reed Mariculture, JEERE)EFE , B K H—2F
TR K o

PR R ULAh 4 4. XFHRALRN 3 AN b3
(DA ZbBiA), B4l 30 K Dl, 3 NEE . iy
BERRVE T 28 R h il A8 Bl R R, S5 s 28
TR AE R B MR 2 T 5 T i A A ) e
B R R IS U0 4y DL AR A e B R L7 A i R,
TR A R IR A 530 4 Bk BE B SRR (0
10 ng/mL ., 50 ng/mL F1 100 ng/mL)i#EATAbEE, R T
PRAFFRCE S R v B AN AR, R e ] () AN R A T
HoKSE VKA . TERCE SRR 6 h, 12 h I
24h 5, WA VRS 1 mL ik, &4
3 HBIER—DEWREAR, & 3 NMEWHALE
H—ATEE o BRI R S B A — 1
(100 pL)FF4EH RNA, 55 —43 12000 r/min 55 .L»
3 min HAEAEAE-80 C T LA E ST AR CHE A
1.3 #E. mELIERNIE

AREM E SOD . LZM %11 GSH & & fr
FH R S W T gt A ) TR, B
PR¥RE B2 IR B UEAT02 ) SOD I i #fi
SE S AE R NAR Z P SOD 4| 3.3k 5] 50% K} T %t
IV () i i —~ SOD §if 1 B (U)o
14 EREREESNWT

I TRIzol 32 5 M IfiL bk B0 A% fb o 45 B
RNA., HR#E OD {f 260/280 (1.8~2.0), H4H 6
T RNA Bk 4R, cDNA /4 B2 FH
PrimeScript™ RT {7 & (TaKaRa, H 4%)$% R il i
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FIULRH AT A& B, JFAEAEZE-80 “CHI T SEm)
& PCR (qPCR),

qPCR f#ifl SYBR Premix Ex Taq™ii 7] &
(TaKaRa, HZA)fE RT-PCR #iill &4t (Qiagen, f&
ED Fit1T. % EE N p-actin, HIRAIS I H
151 9175 (Cu/ZnSOD . MnSOD ., GST, ACP Al
B-actin)FI AR 1. REAKZRA 12 pL, HoaE
6.25 uL SYBR i #t Tag™, 1 uL IEMI5[4, 1 uL
L 51T 1 uL cDNA FBEAEK o R 20T
95 CF 10 min, #AJ5 40 MEH: 95 C 45 s, 56 C
45 s, 72 'C 30 s, PHALEAE, XSt
T0Hr. mRNA ARXE R KR 27 7 B 47t
RO AR UEAT T 3 K PCR A .

#z 1 mRNA XEEZE5# PCR 5| ¥4FE

Tab.1 Primers used for the analysis of
mRNA expression by qRT-PCR

FEH gene 51H 7% primer sequence
f-actin F: 5'-CAAACAGCAGCCTCCTCGTCA-3'
R: 5'-CTGGGCACCTGAACCTTTCGTT-3'
MnSOD F: 5"-AATAGGGATTTTGGCTCGTTTG-3’
R: 5'-TGGTTGAAGTGGGTCCTGGTTA-3'
Cu/ZnSOD F: 5'-GTATTGAAAGGTGATTCGGAGG-3’
R: 5-ATGCACATGAAAGCCATGTAGG-3’
GST F: 5-GACGAAAAGATGAGCACGGT-3’
R: 5'-CCAGCAAGAAAGGTTGGCACT-3'
ACP F: 5-AGACAGAACCCGACAACTC-3'
R: 5'-GCTATGAGGCTGATTAGAAGG-3’
1.5 HIESH

i H Kolmogorov-Smirnov F1 Cochran £ 35 X}
B AT IESYER T 2255 R 50 . AdE s iR
AR 5 2247 M7 (one-way ANOVA), 4 L8+
FRifEZE (X £SD)E /R . R SPSS 19.0 #f:(IBM,
ZE)LSD 4, P<0.05 B A Gt B L &
PE2E R

2 REER

2.1 HMEBRBWEIMENLREHEm

W 1R, TS R LMK EL SOD i i 4 78
RV EE (10 ng/mL)AYECE BRI FE IS 6~24 h P{IX
FXTHRY], - HAE 6 h W3 (P<0.05)fK TXifd4,
7E 12 h 1 24 h B 82K 22 A 1 35 (P<0.05), {HAT)

KT XFHEAH; FEh ik B AL B2 (50 ng/mL)H, SOD
G R I —E B sk, 78 6 h A LT X
HRAL, 76 12 h B 25560 B4 [ 55K, SR
16 24 h B X AR T 0 BRAH ;78 v v 5 Ak P 2
(100 ng/mL)", 7£ 6 h B} SOD Jif 4 Ab A 1 F %) BR
HHZESAEE, SR 12~24 h BB EKT
XHELH .

W 2 Fras, WS R ULk e GSH & &
e 3 MR RIS 6~24 h PN, ¥
(P<0.05) 5 T X FR4H .
M %8 control M 10 ng/mL
257 50ng/mL 100 ng/mL

T

20 ¢ *

—
W

W

HBEAH B ALERE J1/(U/mL)
SOD activity

6h 12h 24h
fif[A] time

P T A [R]85 IR A A ) IR ) 5% 8 725 o DL
L 94K U S A S A S P 1) 52 )
FEARIET L7 # 7m FT HRZH AH LE
HAT W3 P22 57+ (P<0.05)
Fig. 1 Effect of different concentrations of DA on the
activity of SOD in the hemolymph of the Argopecten
irradians at different time intervals

“*” denotes significant differences between the
treatments and the control at each exposure time (P<0.05).

M %8 control M 10 ng/mL
50 ng/mL M 100 ng/mL
*

A H KA B /(pg/mL)
GSH level
_— = N

6h 12h 24 h
A fB] time

B2 AN TR J3E R 8 PR A AN [ I 1] XA 75 DL
1R7; NSRRI N AT
FEARIET L7 (3 7R FU0E B2 AH Lo
B M 22 5 (P<0.05)

Fig. 2 Effect of different concentrations of DA on the
content of GSH in the hemolymph of the Argopecten
irradians at different time intervals

“*” denotes significant differences between the
treatments and the control at each exposure time (P<0.05).



1374 R R A

%27 %

WE 3 g, R EE AL PR A B DL it bk B
BIBEEPETE 6 h foR H I 4 R (P<0.05), 1 7E
12 h F1 24 h SXF IR 22 ORI SR, Ak
JEE A P () TR TS PR AE AL PRI ) 6 h 12 h Al 24 h
PRt e e, 7Em iR E A T 6~24 h 2
EPIARAE B EESR,

B X8 control M 10 ng/mL
50ng/mL 100 ng/mL "

T i

—_

N O N b

S O O O

T T T 1
—

VETEEHE J1/(U/mL)
lysozame activity
3

6h 12h 24 h
FisfJE] time

B3 AN TRl B R R AE AN [ I (] 5%
VTS Tt DL I 94 8 R AR T A ) 52 )
FEARTE b5 A *” Rom FR BRZHAH L
HAT 3% M 22 5+ (P<0.05)
Fig. 3 Effect of different concentrations of DA on the
content of lysozame activity in the hemolymph of the
Argopecten irradians at different time intervals

“*»” denotes significant differences between the
treatments and the control at each exposure time (P<0.05).

2.2 HEBEMYER CuSOD, MnSOD, GST 0
ACP EFERIZEM M

W 4 FFR, Cu/ZnSOD K& PR A %6 ik B 72 %
WP AR B IR AL PR 6 h 5t 3 (P>0.05) Ik T R
4, KA ALPERTRIER ] 12 h B, R EMIK
T B2 {H 22 S5 OR B 2 (P>0.05); 24 4b F i [a] 4E
K #) 24 h i, HIEE S0 KR 2 1E R
IR Cu/ZnSOD FHe PRUFH X} 3¢ 35 78 Hh e i b P20
TG R B T IR ZLR I S, 7E 6 h Wik
HREMT X R, Wi 12 h BB 2%}
FELH AR R K, 76 24 h B S IE 2% F % BR 41 ;
Cu/ZnSOD FEPRURH X} 3¢ 35 1 75 o WR 2 300 B PR R Ak
S 6 h W E KT X B4, SRTAE 12~24 h IR R
21| 5 %} HE 40 [/ 45K

MnSOD B AR R IR WK 5 PR, TR
JE AR (RD R R R AL BRI 6~24 h ) MnSOD
I [R5 B AR T 6 HR 4 38 8 25 B, O HLARH
JE Kb P ot 5 ) e i 2R 7 L, e ] e Ak B

4I7E 12 h Rk AR S, 78 24 h BHAEX T
12 h oA MV, SRWTAX FX gl Rk g &
P, (HJE, fERWREAL IR . MaSOD FEN ik
HAE 6 h BFAHXTF X IR W R A, B AL
PR [ SEAE 12~24 h B2 FiH.

o
2
2 2.0 m ¥t control M 10 ng/mL
i & 50 ng/mL M 100 ng/mL
X gt
K2
?“%g 12+ T
o
N o 08
SE!
S 204l
[§8 . * : % :
Drg 0
K 6h 12h 24h
3 o
S A A] time

B4 AR 38 BB 8 PR A AN [ I 18] X 75 3 DL
MK TS Cu/ZnSOD FE PR 2235 B 52
FEARIET L7 (7R FU0E B2 AH Lo
A i M 25 5 (P<0.05).

Fig. 4 Effect of different concentrations of DA on the
related expression of Cu/ZnSOD in the hemolymph of
the Argopecten irradians at different time intervals

“*” denotes significant differences between the
treatments and the control at each exposure time (P<0.05).

£ 10 mx$i control M 10 ng/mL
i & o| WSOng/mL M 100 ng/mL x
X &
S
= o 6
g
Q% 4
Q =
28 2!
=2

S o0

6h 12h 24h
B} ] time

B

AT 4 2 T A T R 0] % 96 725 B D
LR MnSOD & [FA Xt 2% 38 18 1) 52 )
FEAR L > 3 7 At FRZHAH L

BAT W &P 2 7 (P<0.05)

Fig. 5 Effect of different concentrations of DA on the
related expression of MnSOD in the hemolymph of
the Argopecten irradians at different time intervals

“*” denotes significant differences between the
treatments and the control at each exposure time (P<0.05).

GST B KAHXT IR 5N E 6 FR, 7E 10 ng/mL
50 ng/mL F1 100 ng/mL X ¥R AYALIE 6 h J5,
GST F[H 3 ik i AN T X0 FRA 0 3% 10, SRmife
12 h BG4 L2 1) 56 R 38 s ARG T 00 B2
PRS2 3 TE K-, T T e J32 R s vk 32 AR B2 1Y
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RN FRRRANR D E® TX A, £ 24 h B,
10 ng/mL A FRAH S BRI 5, GST H& K 3k & FIK
B3 L, 50 ng/mL AbFRZH4REE T, 100 ng/mL %K
B R AL A FE A [, RS8R 2 R T R A

ACP FEHAEXS FRIX WA 7 Fros, K. .
FWEREERGEEE 6 h Al 12 h, ACP
S DR AR o 2 25 AR 0 T 0 IR A T 2 9, SR
12 h BFZAEAMXT 6 h B —E T,
MAh PRI R]GA ] 24 h 5, (KM ARG ACP FE
R 238 Bl X IR AL, H 25 5% 48 135 (P>0.05),
Hp 5 8 A B2 K A B 5 0 R S KO, T

[ M %} H8 control M 10 ng/mL
10} ®50ng/mL M 100 ng/mL

—~ *

GSTHINFRik &

GST relative expression

6h 12h 24 h
i [A] time

Pl 6 AN [ e JEE 291 S0 PR A AN [ R 15 X 98 725 B 1L
ML L GST e PR AR 235 R (9 521
FERE L J7 (8 8 M HRZELAH L

HAy W51 22 51 (P<0.05)
Fig. 6 Effect of different concentrations of DA on the
related expression of GST in the hemolymph of the
Argopecten irradians at different time intervals

“*” denotes significant differences between the
treatments and the control at each exposure time (P<0.05).

- 12 ¢ " M %} & control M 10 ng/mL
u]m.g 10} T * 50 ng/mL. M 100 ng/mL
%
K B gt
]
=g o)
S 41
S
22
0
6h 12h 24h
Bsf(a] time

L7 AN TR] v B R 3 R A AN [+ I 18] 036 5 DL
MR EL ACP Hk PR 235 6t 14 52 0
FEARTE b5 A *» Rom FIR HRZHAH L

HA W EME22 57 (P<0.05)
Fig. 7 Effect of different concentrations of DA on the
related expression of ACP in the hemolymph of the
Argopecten irradians at different time intervals

“*” denotes significant differences between the
treatments and the control at each exposure time (P<0.05).

1o VAR B AL B ) 2k i B 3 T R (P<0.05),
3 itig

HOH SRR T — A O R PE DI KB R, AITE
ISR TR B, HEARFESE = /K P9 100 ng/mL
B TR R R 6 DLAE B SRR O AN T BB 1,
B2, MTEEEEA Nt HRIEAKMEE
PSR T BRI, FAF
A FH )RR T A58 8 Y R R R VR B B T T i B D
e H ARSI EE AT BB . 2K IR TR R
B s . fE F AR IS, B DA AT BE A R
5 TUWRIE R 10 ng/mL 1 50 ng/mL 5CE #ER
I B YT 1) 25 I 3 (Pseudo-nitzschia spp.)
H R B /R IA 22 % PR 35 100 nmol/L (=331 ng/mL)
AR BEIR . JeRl BT S ARG T R R R
Bt DU A= BRI G0 28 FH OC BONE (A5 ], PEAG T 52 88 T
ANTRIHR S (10 ng/mL . 50 ng/mL #1 100 ng/mL)4X &
BETR AT Bt D (%) — B 4 S P i 8 IS oy A28 AH G
SR DR 7 I3 B2 o i 2k i S i Y, R i I A
B S R T Bt DL e SR R DG B R AE DG R R 3
(M A TG o BRI, ASBIFST HRGE T AN R v
(R 300 B SBE R T Bt DL 88 . PR T 52, LA)
A 7R KR R G DL 2 G i 7 M e LR AR
B

DR KBRS, LZM J—Fhn] K fii
W TE R 2 WE R, K R BOR BUK i il
ARG VIHEBR AR Y, P BA DR 52 B 18
HTHEER?, ACP JEIRREAMbRICBE, 1 1 ABE
T2 T i 38 o PR M K A IR . B B8 SR A ot
FET 53T 4L B 1 LA 1R P R AR
W, VR B R SR A R RS T
LZM WyIEPE, LA DAEWT, LZM Al fiE2 5 74K
R DT R VE T, SR, o v B S 30 1R Ak 1
J&, LZM IEMERA W28k, XA A AR R AE
RE RIS 6 h LA LZM Bk B 458 T
RZ G, ToikE— 22 SRS SRR 13
BRAEF o fEZHTR9RRSE T, B DI ACP i 1
TS TR e B8 2B e PR A B S I 25 4R v, (EL it 2
Tii] 32 < T 375 1 2 S o4 22 0k R AR ) K P, 3%
SER SRS 45 R, ACP FEF KK FAE AR
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WSE R SRR AL PR S 3 U, (EBE A AL PR (A]
kF| 24 h J5, RIXEZEIKE £ 1EFH KT Hit,
& 90 R B 1R 1T 3 3 A 9 A CP 3k PR 33k 1 R
ACP TGP o Bl Ak 3 e i) 8 vy N ST ) ) B G
LZM EPEFT ACP FRik fa 47 24 h Wik B ab 2
LYK 22 X FRZH K B 2 T R, X — IR
AT HE T T B DL G e iR A2 I S s 58 LA A
925 i1 7 AZ B S

AR, — AW 58 R ORI
1 1% BE S B T LA BE 1Y A s L
fifi (SOD) M AL JIg i 1k 480 Ak 5| & 351 6 A6 78 S8 Tk
H 3R Hy0, F1 OF, B kAR B A Ak
BT, 25 U B B BERR A AN [ B[R] SRR T
SOD {4, I HAEAS [FVR B FIAS [R] B[] o5 2 30
—E RS, FTRESE HR T AL TR ARk B K
B R 1) J ) H) B2 R B Se R I SOD 1l PR A
il B R B, SR 1T Bl A 2 i Ao () A2 < R B S AL
LR S TRy N QY =R AR O A
EJ2: I A 2 R () R B A Rp e i, 3 B Y 2
#& fff SOD I MEp PR dil, bisa b I3z BIH 55 .
(I 7E LR K F |, Cu/ZnSOD IR 33k B e A [E 1Y
FisF [) 5 RIS [) ok 3 A B2 v 2 iR A2 B BRI, F
i 5 2 5 [ 1 i 4077 26 80 o — e B sh Pk, A
O BER AR SE UKL v L SOD F=A: 52, It
HIRHL 7R IE 5 B93RIK; MnSOD HE AT Rk
R TR ETE 6 h AN HI AN 2 L, E
BT BLAAR O X 20 B R 2 R ™ A 1) SR AL N B B
HATHIHETT, Cuw/ZnSOD Fl MnSOD $&[H ) 26 1k
WiE~ T SOD i M 7E A [F] B 8] e RIS [7] v i
WHBERRE FIrRAHENES,

AWEH O —Fh e . AR A
PR 28 B = K, R S A L~ e S i 5 1) %
B (-SH) MR 2 5 504 Ak 41 i 7 18 ) = 2
FEEEE, XA HAb A e A b3t
MfEEEER . GSH e B ff/EN, A MEER
Bl GSH 7EiAM 568 ST sEd RZ 45 5 Heh iR 51
AT R, ABF g, B LMK E T GSH
SRR B B R 5, FEYLAGE T
PEE GSH AR A B S T B EH . B
HAK S-H B ME(GST) /&4 Bt H K A S 1) 56

fitg, itk GSH 5K NANIA E W RES A o %
A B ATE YR E— B FEAB S,
PR ARV B2 R PETR AL B AE 12 h Ab, GST A1
Xof Bk A8 0 S R, 9 BH AR i R Ak 3 AT A
A DU GST ik s fdm, #Emyg Ry RERE ]

ZE LR, CE R AL BE R AR 2 bt AL
fit} SOD i 4, - FLAI ik J8 J bsf (v i) 4k 2w i 3 ML
TR J8E I 285, AR v W 32 i [ A 8 o e 928
55 LG, AEAILAAR AT 38 5 42 & bk B2 GSH ZKF- il
GST H: I 2235 SR HEHU R 3R 1 st . AL,
AR R T 8RBT DL 1 . PR
eI RETE 52, B R T R M AEHR
X DU g d e, Sk — 20 I B LR e ML 4
HET —E MR IERE . AL, A BEH KR X
BB SR R R A B T — 2B I S

S Tk -
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Effects of domoic acid on immunity and antioxidant capacity in the
hemolymph of the bay scallop (Argopecten irradians)

CHI Cheng, ZHANG Caiyan, LIU Jiadai, YE Mingwen, YU Xiawei

Key Laboratory of Aquatic Nutrition and Feed Science of Jiangsu Province, College of Animal Science and Technology,
Nanjing Agricultural University, Nanjing 210095, China

Abstract: Domoic acid (DA) is a shellfish neurotoxin mainly produced by the diatoms of some species of
Pseudo-nitzschia and Nitzschia in the ocean. To date, most reports on DA have focused on its effects on mice,
humans, birds, and other animals, and have revealed that DA causes neurotoxicity in mammals. Although some
studies on invertebrates have been reported, most have only reported the concentration of DA in various tissues of
shellfish, which are important top predators. Few studies have reported the toxicological effects of DA on the
shellfish themselves. Scallops, as invertebrates, lack adaptive immunity and mainly rely on an innate immune
system for defense. Acid phosphatase (ACP) and lysozyme (LZM) are important lysosomal enzymes that are in-
volved in humoral immune responses. Superoxide dismutase (SOD) catalyzes the dismutation of superoxide ani-
ons into H,O, and O, (disproportionation) to prevent lipid peroxidation. This process plays a very important role
in biological defense. Glutathione, as an antioxidant, exhibits antioxidant effects by scavenging reactive oxygen
species and protecting the sulfhydryl (-SH) group in bio-macromolecules. Glutathione S-transferase (GST) can
catalyze the binding of GSH to electrophilic intermediate metabolites, thus reducing the toxicity associated with
endogenous or exogenous poisons. This process plays an important role in the detoxification system. Therefore, in
this study, in order to reveal DA exposure-induced toxicity on the immune and antioxidant system of scallops, the
bay scallop (4Argopecten irradians) was exposed to different concentrations (0, 10, 50, and 100 ng/mL) of DA and
the SOD activity and GSH content in its hemolymph, and the relative expression levels of related genes
(Cu/ZnSOD, MnSOD, GST, and ACP), were measured. The results showed that LZM activity significantly in-
creased in the 10 and 50 ng/mL DA-treatment groups. The expression of ACP was upregulated at 6 and 12 h and
was significantly downregulated at 24 h. These results suggest that low and medium concentrations of DA could
momentarily stimulate the immune responses of the bay scallop. However, SOD activity was inhibited after expo-
sure to 10, 50, and 100 ng/mL of DA (624 h exposure), and the relative mRNA expression of Cu/ZnSOD and
MnSOD were also regulated. DA may inhibit SOD activity and affect it by disturbing the related mRNA expression
at the gene level. Moreover, the GSH content significantly increased, and GST was significantly upregulated fol-
lowing DA exposure, indicating that the glutathione system was involved in resistance against DA toxicity. Gen-
erally, DA exposure could inhibit SOD activity. Short-term treatment with a lower concentration can stimulate the
immune responses, while long-term treatment at high concentrations would cause immune fatigue. However, the
bay scallop could resist the toxicity of DA by increasing the level of GSH in its hemolymph and by expressing
GST. Thus, this study preliminarily revealed the effects of DA on immunity, antioxidant capacity, and the detoxi-
fication mechanisms of bivalves such as scallops.

Key words: domoic acid; immunity; antioxidant capacity; Argopecten irradians
Corresponding author: CHI Cheng. E-mail: chicheng@njau.edu.cn



