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FAMEERIERAGR A GRS R NN EEH, AN EEERER, T RE
MAERG ARG EE R, EETRELZE BB AT, % T SRR SR
A R AR W, E KA R R

EEIE: AR B ANE; R

PESES: Q597; S 968.3 M ERER SR A

WK 38 fi U ( Patinopecten yessoensis) 3 J@ T %
&1 (Mollusca) , 3 i 24X ( Lamellibranchiata ) ,
® 2k Il H ( Pterioida) , 3 Ul £} ( Pectinidae) "',
THE AR L fH, 20 4L 80 E AW BTl A
N, JIF R 7R R b BB AT e XK R
S i T AR A B A R R
15 YW AE R 2R 0 R e, B 5 B DL ) SR G I Il A
K A

WaE TR KR, KEBAE T ESET

%5 H#5:2015-01-14 &8 B #§:2015-03-31

Y B BN IR O e g ) T f b
T [ ™ IR A A A W R IS Hh K 3R BT T e T
B FRFE S 1 e e )T B B SR A Ok R 4F 1]
B H R M. EARZ M E SR E AT
AT D B R R R R e i A o 25 )
Sz R TR SRR A S LA A
15 I8 2R B — 5 W JRE IR AE 2 XoF /K 7 37 B 3l ) Y
KB A BT R T RE KB IR AU I
m T DR R T 4 A X A T DL R

BENTE : [E 5 A SR Ph2 J 75 4R R4 (31402311 5 T 5 49 o AR £ 81187 A1 BA S £5 31 &l (14IRTSTHNO13 ) 5 3] i 4 B4 45 8117 78 4 7

4374511 R1 (154100510010)
BEEH S E 2%, E-mail ; niegx@ htu. cn

http : // www. scxuebao. cn



6 1] i e, 45 < R E A SR DL AT R 0 SRR R X e A Tl I QA S 909

PEAE FAL B 58 HAT A s s X

BU AR T 288 1 0% M 2 S W BILAA £ B 5 5 1)
BAR bR, F A A AL W B 1L B8 (superoxide
dismutase , SOD) 74 F# fif ( catalase, CAT) . & it H
k3 48 Ak ¥ 6 ( glutathione peroxidase , GPx ) 4§, X4
A UK SZ 375 G W) 138 5F 7 A6 20 7 A5 P S )
(ROS) B, X L 24 1) 1% F 3 23 & A= i 722 DA Xof
AR R R Sy T R G R NG D R
IR . B SR R AL AR 2 AR a5 R 8
WL AR B B, w] LA 7K 5 3l s B 105 28 AR
MR NN B e A 1T R N . 3
o LEAS [R] JBlk 36 P[] R BIF 5 Al 6 3 5 R DL B 3 1k
Ji B TTC AR KL B % e S A Tt T e T R R D A i
5 S B R PR 1) 3R 3K 52 ), 485 7S A 6 I 3 e DL Y
BEPEVE T, LA A A= 7 v Bl A 45 o 4 TR T
Pt —E ARG S %

1 MRSk

1.1 $FEBNARERFESE

B R B B DU KA S il A Rl .k
Ve fd B K 7S i K /N R (9. 390 + 0. 273) cm
(mean + SD,n =30) [ HF 58 J DUAE 5256 01, 4%
Pl DL FE S 56 2% A T R0 TR Ry (16 £1) C S48
S 30 A3t ug K v, BT K 51 A S S — K
W0 B IR S8 W 8] DL R iE B ( Spirulina ) £E Ky
TERL,24 h AN [E] T 78 48, B R A5 K 172, JIr 48 1 7K 43
&K Cu’ " LS S KA 78, BT R 7 ds
1.2 XIigit

SEH ARy 4 20 (1 xR Je 3 A e ),
BHEIANEL, BHEIMEIL S 25 REm I,
B Ak 2715y CuCl, - 2H,0( Sigma, £ ) , i
AR Al Cu® ™ &9k B 43 53] & 0.,0.025.,0. 05 &
0.1 mg/L. Cu iy & 73 o vb [ ¥l oK 5T A i
(GB 11607 -89) [y 0.2.5.5 % 10 {%, SZis ik
14 d, 435076 0.1.3.6.10 F1 14 d FEHLEE 3 HIF
FLIE DU, I %) 6 I R 2 SRR R AT - 80 €
VKA 23 7 45 o
1.3 HA CuSEHNE

BL0.3.6.10 1 14 d (1 5F 5 i D1 A8 i i
R AE R AR K o J T 60 CHEAE h 48 h 4t T
ZEE,O0.5 g BlEL 0.2 g JIFBRAR, im A 30 mL
B R A, 9F A 6 mL HNO, , 76 % i T ik
B h, I RAE 100 C &R & 6 h ZE,

KRR WAE 100 CHRMETEMT 6 mL 1% 1)
HNO, % . Cu & 5ok A B & 55 8 7 i
Y (ICP-MS , Elan6100 , 3% [ ) 52 .
1.4 SOD.CAT.GPx i& HilllE

It Cu it J5 0,13 .6.10 il 14 d A8 AT ik
JER R i, VAR S A 10 F5 B G A T 41 41
R AES) WA B AR T 4 CTHEMT
10 000 g/min E§.0> 20 min, B A5

S AL W AL T (SOD) I SE 7 v TR
Marklund "' JE Rl 1 6 858 3 )5 E 4T . 1 Ak
SR (CAT) 3% S 5 J7 ¥ 3 T Greenwald''® ¢
HEE HEAT o A% I BRAL SEAL P i ( GPx ) 3 1 T
SET R IR e Pan 251 05 i o S HEAT
1.5 FFRBREEREEXERESRENN

HCO A0, 1 mg/L 4 36 21 Brae 72 h 1 Tk
JiRFE &, 43 342 BUE RNA (Invitrogen , 3% [ ) 3 K
I RNA Jfi & ( Agilent2100, 2% [# ) . 3% F§ RNA-
Seq ( Quantification ) 5 W% #4 & ¢ &£, 7 Illumina
Hiseq™2000 F- & _F o 17 i 3 2 0 % (3 4 s
Ok & & NCBI SRA ¥t ¥ FE, & % %
SRR736121) o K¢ J7 £ 4 15 0 5 J DU %% S 241 8%
& ( SRR653778 . SRA027310) , iifi i SOAP2 %%k ff
HEAT HOF, 4 M — Eb okt 31 225 35 i e 9 kA7 3
PR3k F EH 5, 9F 38 iF RPKM i 17 45 Ak, i
YEHi 25 HF k5L, L FDR <0.001 H 2% 545 %k
AETF 2 5@ U2 5 B F R, 3 — 2R
GO g i 2 & HE M 4 Hr FE B% . 35 1k 4R o b
i 16 Hh 55 RR AR A S i 25 S R A

2 4

2.1 CufE¥FRpNEE FFERIEEALAHPHER

FEGH,0.025 mg/L il 4% Cu fy H B
PR I A 5 () ) A R R R PR N OC R B
R BAEEE 14 K[ (347.55 £12.12) pg/g,
P <0.05) 7,7 0.05 1 0.10 mg/L 3 41 %} Cu
1 SRR 5 IR OC R R i LR Se g s T
Kok 1 e 4, 7 24 A v 4 R AR BAE S 6 K, 43l
Jy(340.72 £17.62) F1(302.30 = 11. 80) pe/g
(P<0.05) (& 1-a) .,

TEF I ,0. 10 mg/L JBfkiE 20 %5 Cu 1) 2R
TN M Bl 2 N [R) A A I AR PR, B s B R
HPLTESS 14 K (60.88 £1.88) ng/g( 1-b), 5
XFHRZHAR L 22 5 . % (P <0.05) , 3 H 6 1 10 d
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BN ) Cu RBUR S 14 d #1224 K, 203
(56.20 +3.53) fll (59.75 £4.35) pg/g. 0.025
45.0.05 mg/L 41 ifi 5 & i 7] ¥4 2 B0t il £ 22 1
KA, ,0.025 mg/L a0 4 1 B ST FE R
BT AR A R B 3 KR [(6.52+

400 - Wy 2a00.025 mg/L [10.05 mg/L [M0.10 mg/L
* *

350 * T
300 |
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150 |
100 |
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0

Cu concentration

CulkE / (ug/g)

0 3 6 10 14
JHpiE I ) /d
exposure time

(a)

CulkfE / (ug/g)

0.44) pe/g, (P <0.05) ];0.05 mg/L Jirif 41 5 BH
AT =T R LT R B A R R
3 KM BRI (31.02 £1.30) pg/g, (P <0.05) ],
BAEMS, IFRENHEN Co WEREREST
JF R B o

70 xR 21010.025 mg/LT0.05 mg/L [M0.10 mg/L

*

*

Cu concentration

0 3 6 10 14
JHpiEL I ) /d
exposure time

(b)

B1 SEEURREAENEE (a) FTRRBRALR (b) RN

# RN L 5 X HEEH AR 22 S 3 (P <0.05) , T IA]

Fig.1 Accumulation of Cu in the gill( a) and hepatopancreas(b) of M. yessoensis

# indicate significant differences( P <0.05) between the treated and control groups,the same as below

2.2 CutiFsR/m REE FFERIR AL SOD &/
A

AN [ o 85 i 31 I 5 B DL B8 4 21 % SOD i
P #5162 2 0461 /5 1 ,0. 05 A1 0. 10 mg/L 36 4 Fifi
ip 360 BT ) 0 A 2 B RIS T v T R AR ) A2 £k

120 - M Fe 2R (10.025 mg/L0.05 mg/L M0.10 mg/L

SOD¥EJ3 /U
SOD activity

6
oy ia it 1a)/d

exposure time

(@

SOD#%E 41 /U
SOD activity

#H T 0.025 me/L 44 Bifi i 7] ZE K 3% B o B
5 T . A Hb o vk B2 38 2H 1Y Ik SOD
TP A BAESS 6 K[ (44.52 £8.23)U ] 55 1
K[(41.18 £7.5) U FI4E 3 K[ (23.04 +3.44)
U], 27 MH B3 (P<0.05) (& 2-a),

120

100 |

o
(=]
T

(=)
(=]

I
=

0 1 3 6 10 14
JopIEL I Til/d
exposure time

(b)

B2 $fEXTERER A ER (a) (AFEERR (b) SOD & /Y20
Fig.2 Effect of Cu on SOD activity of gill( a) and hepatopancreas(b)

AN TR PR 5 Fiy 38 e B2 X I IR JiR SOD 3% 4 11 52
Wi 2 B A [A] (¥ 94, 0. 025 F1 0. 05 mg/L Ji 38

41 SOD {5 PR BN H] 4 (24 h) BTV, J5IH A
TEEERMG XTI BT R4, T 0. 10 mg/L
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Jiip 360 2 ) 4 3R B0 o 6 SOD I Pk i S A L IS
N TF . 0.025 F10.05 mg/L 8 41 SOD
FESS 1 R, 6 M f s 4 3l ol (73,25 6. 62) Ail
(79.45 £3.45)U(P <0.05) ; R R BLAESE 6
R AR (36.72 £3.48) fi1(23.49 +4.63) U, it
I I TR BRZH (P <0.05) . 0.10 mg/L 8
41 SOD W PE ARt MAESE 3 K, K (22.62 «
2.63)U, Z 5 B A (&l 2-b)
2.3 Cuxi4FsRim NER FFEEARA LR CAT EFHEM
A

AN [R] e B 4 1 38 X6 R 5 B DL B8 CAT Jif PE 1
EE T BEWMEER, SEZRE TG LT

3.5 - WX 4Z1]0.025 mg/L[10.05 mg/L [M0.10 mg/L

CAT#%71/U
CAT activity

Jolp LB 18]/d
exposure time

(a)

CATE S /U

M, &SI A A a3 d s B E AR,
ABIR(1.37£0.14) (1.12 £0.12) F1(0. 64 +
0.07) U, 55X BMAYFER FHEZR (P <
0.05), Mrif 3 d J5, ARV & 38 41 CAT i %
83 LT A B 38 4 TG I s AR k(& 3-
a),

0.025 F10.05 mg/L il 41 76 frie 1 d i,
JFBERR CAT %A B & 1k B Jh H BRIV IF 46 T
e, 2% 6 RiFiAmRANE, 5 CAT W& PEHF iRk & .
0 e R B 8 2 CAT 3% 1 WU 7 i 38 3 P 32 3] i
HHEMHEEM (P <0.05) , 2L TR, )5 BT,
TR (B 3-b),

10 - EXEZ1070.025 mg/LE10.05 mg/L [M0.10 mg/L
*
8 *
z
S N i . .
g k| %
3%
2 4r :
&
2+
0
0 1 3 6 10 14
JoipiE I 8] /d

exposure time

(®)

3 SEXTURSEAE UER (a) (AFREAR (b) CAT &R F M
Fig.3 Effects of Cu on CAT activity of gill( a) and hepatopancreas(b)

2.4 CutiF%EsE
=)

AN T R 38 ) Yo R 5 g DL A GPx (1) 3 1 2 R B
o E PRI A /E R (P <0.05) ,0. 10 mg/L i3
ZH B AR T g5 K, S IR TR S BLAESE 3 KL,
(0.72 +£0.03) U, 1, J5 Fifi 7 380 B5F [R] F) S2E 4 355 4 725 1k
AR, 0.025 F10.05 mg/L JHria 2 GPx I ¥ 73 il
FH3 R[(1.11 £0.16) U FIE 1 K[ (0.97 =
0.05) U |3k 2| Fe iRl , Bl f5 GPx & PEA T3 fin
4-a),

0.025 mg/L 4 Jiri8 ¥ FE XTI 16 ik GPx 1 1
AR FE 1 d B E N (P <0.05) ,JfE 3 d
Ik A X X6 BEZH A BT B AIG, B W 38 1) ) E 4 5 0 IR
HAFAEREEZESR(P>0.05), 0.10 mg/L B
I, GPx {5 P F B 2 PR A VR R A i R

&R BFERBRAE R GPx iE M

FEH 1 R (1.36 £0.20) U, Bt il % 52 o [] 4
K PEAE A Ko 0.05 mg/L i 36 26 W) 3% B i
Je R EME, J5 B TR R B, Bl GPx i
PEHBLAES 1 R[(2.15 £0. 1) UJ (& 4-b) .
2.5 CuxfiFR/ENAFRRAEHREHEXERR
sk

T I P R de , O AR D R E R
U SRR DL R e 55 i A A G Tl S i 42 I - 22 S
FORHED (3R 1), i S A0 Wy Tl 1A 3% 3 IX 1 35 Ak 52
fR-y2 ( PPARs-y2 ) | 6-ff R ) B BRI = M
(6PGD) | #j 43 H%-6-# I it % Al ( GO6PD) I 1lj iR
R (FAS) (FLI I <08 (LDH) 5 % B 20 4 B
P B (P <0.05) 1 £ M4l i A R AL i
(ACC) | 1A 75 i b i Tt 5% 2% g (CPT1) 5 % i 4
FHLE, BARAFTEZE S R 3K (A B (P >0.05) ¢

]‘j_;
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3.0 - IHEZ[70.025 mg/L0.05 mg/L M0.10 mg/L S5r lxﬁﬁﬁéﬂg 0.025 mg/L[[0.05 mg/L M0.10 mg/L
4T T
*
> 2 2 2
S Sz0
#H5 =5 %
e
56 58 ° b
1
0
0 1 3 6 10 14 0 1 3 6 10 14
Jpe i E)/d JHipIE I T /d
exposure time exposure time
(a) (b)

B4 fEXTERSE A IEE (a)

JFFERBR (b) GPx & 1 5200

Fig.4 Effects of Cu on GPx activity of gill( a) and hepatopancreas(b)

®1 MEBRERHEXBRAZEFERRE

Tab.1 Different expression of enzymes or transcriptional factors related to lipid metabolism in hepatopancreas

B A IR 4 B AR 23K /A% . N
KL 4 R . REESRH
name of gene abundance of
name of gene . . up/down
in database expression

‘Tj'/_‘ 1 J: E VT 2 - 2
LiL’HC%ﬁ@MS J I%m'ﬂc)aﬁi y Locus_67434 10.518 L
peroxisome proliferator activated receptors, PPARs-vy2
6 -1k 12 75 % A 2 i %( i 6-phosphogluconate dehydrogenase ,6 PGD DRROO0112. 180457 10.296 S
] 25 B -6 -1 R i (¥ glucose-6-phosphate dehydrogenase , G6PD Locus_4091 2.496 i
N6 5 2 45 B fif fatty acid synthetase, FAS Locus_29734 2.734 |
SR i % ¥ lactic dehydrogenase , LDH Locus_30862 4.274 (85|
A A SR 1L acetyl-CoA carboxylase, ACC Locus_1139 0.088 [
P B B R 1R i 55 5 1 carnitine palmitoyltransferase 1, CPT1 Locus_579 0.733 A

3 Wi
3.1 SAENRRAE MG FRERALR K RRNE

H T EE AR A 3l 0 A 1 T W B BRI Y R R A
RSO 7 R ER RN — KLY . ALRT
1ol VA JRE A0 2 S8 A AR B 6 ORI X A g SR B A R
Bl gy, SR BT W B B, S AT AR i T AL
ST vy v B A ik 3 T SO A 32 B 45 1 B B, 3X 5 4
(Cd) it % SEALZL B W 45 02— S o TR
VR JEE i Jp 3 o 2L U AN R, RO AR T 5 2
PR 1, DRI £ SR B Bt e ] AN BB 38 o
JR R, A AR 38 5 3 B o BT A
Xt HEZL AR LT B B, 0 D DR T i 2 7 R ok 2
O30 B A A 0F 5 IR ) i B LA i [
IRESRURERAT T ER IR e ST RN ORI 7 S
B K. PRI X7 I 26 F B i e 4, 2
YT I3 I, Ak 2 BIL R 1 e 0 R 2l i T s
BRL AR A0 208 1B o 28 T 2 JURE 490 25, I T

U A 3 A AR R T X R I 4 Y BF T
ER 3, [FIE AR S0 56 55 S 0 B, 4 7 HF 5
DUR TR 4127 Hp (1 BRI 3 5 1 A 4 U S 1
R 2H 2008 4 1 W M s T R 4H 4 . Romeo
SET DL BT W R B B 38 45 AT ( Ruditapes
decussates) W5 I T [ RE 25 5, F 224520 X #if
A DRI Ao 2 B, B A 141 9, L7 4% 0 X
LU 1) SRR e . PR, B2 20T R R
Fh DU B AR AR T . X T AR IR Dy U K AR
SR R EE 5 A RS i B B b B L A
AR 1 B fih 2 v R, I EL SR U540 S0 el R A I YT
P g U AR A R] b 08 2 235 v % ) S ) R WAL AN 4
A AL Y S R H SR 2 A
eI M 310 R G0, X AR M h 5 5 4 R 4
AMEARINTEAIE,
3.2 SANEREENMENEEENE M
BTG X DN AR A 4R 35 R B
PET RN 78 R A AELBE W 38 VR BE AN TR P4
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FERIE )4 T 25 50 L AR R I 30 i A B B B, I
FRBREE I I T 25, B R FF A5E 5 4], 3K 1] B
PR ARG 4R 24 h i I 5 AR Y B R
FRER R R 2 — o FERCHY B, 0 HE A 3 R LT
JER AR A g 5 i A Ak B R R IR THUR
AU FRIR o T e Ve B R 38, A6 R[] Y i 2
ZEXT I IR 2 20 1 T — o R A AR B A, R
THiA RS, F 2B R EEME. 24 h )5,
rRIG e B 0 41 45 e SR A TG P BT R AR, AT
BES H T4 AT LA LA i S804 A i B R, U 25 it
SN, 75 4R A A 4R, Cu® i) 5 ROOH. 7
£ ROO - Fl Cu® T Cu ™ 7] LA 5 5 Ak & W
RS H A [RIE, A LA & CAT M4
IO Ak 28 A4 P e ) G o M4 K i) S i
JE IR IR M I L SOD % 5 77 A iy i AL A 5 Cu”
Je AR IR T AS 2 AR CAT 8 GPx i1t
JEEY, B I CAT #1 GPx [ i Y13 B B PERR AR .
WAk 557 A ) MT 540 255 1) 45 45 3 B R
T SOD, i1 25 5 3% SOD i % # B A%, #F 1M 5 2
CAT F1 GPx &1 AU 55 .

{18 2 20 T A 0 AR Ak Tl T R X6 A [ R R 1 A
T8 PP R A B N, AT RE R S 6 AR 38
U B, eI 0 24 h 2 Py B 28 %) 6 41 40 40 i
TR T A AL, £ B P SRR
EL Bt A 3 300 ) A K 5 S R o e e R e 3 4
Ab , HA v BE b 38 20 45 P A AL B Y B D T
X AT B TR UL C TR A SE N T M i B B
38 3 P PR A R G DR LR T a2 S AR i A o

A o B 4 i X R 5 B DL BT ARk R G Y R ) A
KA R IE TSR, A3 581k
W SN TR R AVA R S T5 0 R, 2 5PUA R R
A S5 33 5 SOML A X AN [ e B2 e 3 9 4
AR PURE AN . A RO F A X R 3 R D
F14 7 4 B A, ot 3 4 75 0 2R 4 1 0 O A B R
S DU B ZY 3k 5 e 72 = 1 WL ( Hyriopsis
cumingii) F I WFFE 45 AW 4170 . 75 R 9L %
AT R B & BT 3 RS DL e vk R
] 1A 30 2 B L R R AR IR, o I G 2 E A
IFH YA ER E £ 0.2 mg/L i}, il 24 h
JE W4 B A FE T, 3Kt B IE 14 X 3 R 0
1 1
3.3 $Ext AR 3R A AT B AR AR R A 51 80 22 0

XoF e 38 e D A AT A b, A5 R R AE

72 h.0. 1 mg/L {2 M 2 R 38 4500 R, 4 3
V55 R 5 B DU T i 4 23 s o A 3 A O 55 R Y
F 3k, X 5 Chen %' 1£ % #i fo ( Pelteobagrus
Sulvidraco) W RYTIF 5T 45 S — 250, (5 DLUAR B ol 4 X
O N - N
idellus )?"' | % B & # jE fa ( Synechogobius
hasta)"*""" 3 80 WF ( Panulirus homarus) “* 3t
ratgMERes 45 R M PR TES TE R 82 5 T LT
JIE R 7 4 2B R AR, 5 18 5 & B VI AH C /9 6PGD |
G6PD \LPL \ACC % Jiff K& [K] & 35 14 hn , 1 5 B 7 43
fifE A 52 H9 CPT1 J PPAR« ik i3 F il (H7E &
PEMR B 1T G5 R WIS AR S o 3% 5 A BF 58 45 2R
FEAEZE 5 o F A X LA i A i 52 A A 5 &
)@ Il S 38 I E] MR BE AE TE R — 8 1A O
PE T EH AN W] A SR G sh ) AU AR A
[F) PR VE FHZ800E , 3% 7T BB 2 3 B BIF 5% 45 R A7 7E 22 7
A, B R AL i o 20— 2P 5T
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Copper specific accumulation and its effect on the activity of
antioxidant enzyems and metabolism of lipid in gill or
hepatopancreas of Patinopecten yessoensis

MENG Xiaolin, TIAN Xue, GUO Qiangian, HUANG Jianrong, LU Ronghua,
LIANG Junping, LI Xuejun, KONG Xianghui, NIE Guoxing "
(College of Fisheries,Henan Normal University , Xinxiang 453007 ,China)

Abstract. In this study,the toxic mechanism of Patinopecten yessoensis responding to copper exposure was
investigated through analyzing the effect of copper on bioaccumulation, activity of antioxidant enzymes and
lipid metabolism in the gill or hepatopancreas. The results showed that the maximum accumulation of copper
(0.025,0.05 and 0.10 mg/L)in gill occurred at 14 d(347.55 png/g) ,6 d(340.72 wg/g)and 6 d(302.30
pg/ g ) respectively. With the time extension, accumulation of copper has a curvilinear relationship except
0.10 mg/L group. However,concentration of copper in 0. 10 mg/L group of hepatopancreas presented liner
changes with exposure time and the peak occurred at 14 d(60. 88 wg/g). The corresponding changes in
0.025 and 0. 05 mg/L were curvilinear and even decreased. Also, SOD, CAT and GPx activities were
significantly suppressed in gill following copper exposure. However, in hepatopancreas, 0. 025 mg/L and
0.05 mg/L groups could induce the expression of antioxidant enzymes in 24 h except GPx in 0. 05 mg/L
group. The activities of all the three enzymes in 0. 10 mg/L group were suppressed during all the
experiment. Furthermore , the key regulation factors related to lipid metabolism including PPARs-y2 ,6PGD,
G6PD,FAS,LDH were found significantly up-regulated in the hepatopancreas, except ACC,CPT1 by using
next generation sequencing technology. These results suggest that gill was the main accumulation tissue of
copper in P. yessoensis, while the hepatopancreas was more sensitive to higher concentration. Also, the
toxicity of copper was more serious than cadmium for P. yessoensis by damaging the activity of antioxidant
enzymes in both tissues and inducing the accumulation of lipid in hepatopancreas.

Key words; Patinopecten yessoensis; copper; antioxidant enzymes; lipid metabolism

Corresponding author; NIE Guoxing. E-mail ; niegx@ htu. cn

http : // www. scxuebao. cn



