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1 2 2 1 N b S 1
&= &, RRf, BER, EZAKEF, ¥LF
(1. KB R L R A0 7 g K BE FR A B i S0 %, L7 K& 1160235
2. &EKFHEARMET G, REKFE 2, bR 100125)

WE: YHRTHEBFCO)NFEAREEEKFUEREZTH B HLABENE, EZAK
(200 L) # 47 25 160 d iy 2 3 52 B o 52 36 4% & M 3K 41(0.02 mg/L Cu®)Fn xt B 41 (8 & &
X)), BMEREINEELE, FNKERMA20R EH(13.58+0.79) go L% F 1 Fr K o
Bl e v RE K F(WGR). P IR 35 #(GD) 1 % (0 B vE P fo £ B 90 3 & & A B (MYP) %k 3%
. X Er, 30der, MKXAWWGRMGIS xt A =R A8 E, 60 di Ml X 4 &
WGRAGLE #Z (% F xt B8 415 60 dit, 3R 2H o JE 4K J5 o o 38 4 1L £ B8 (CAT) Fn & Bt H ik
FiA A B (GST)E M 2 F M T30 def 6y 2 fL (8, W = BE(MDA)4 & 430 dit & Fr 7+
B 60di, MRAANMEHEEETHREYE, EPARERFCATELE Z 5 T4 B
Yo 2RBAF, MRAURFMPEEN LI EALZMRTAEA, WARAHHE
HMYPHBE W EXEHEL ZE T EH. 60dit, MKXAEERE AR FLEELED
FETHEY, MAEREFERFPERASEANRAFABAZHNZRLEE. X
R, AB TR RAMNE, BREENEEEodRER, XTHZRETIHH %

R MYP3% 35 & R LA MYP M 16 38 i 1 R IE & 4 35 F7 3.
R P E OB, MER; ERFE NALE, TENEEA

FESES:Q786; S917.4

i B R AE R B W IE A A T B Y — T
T IR, Ak, B Tk KR R HE
B, R K AR B v B ORI Y B i
TR M K S W ARG L R T FBLe T,
LR RE AT, B, AXES
J& B 52 K 5 B ) B O R B B 1 B ) B
G o FE ) AR UIX) MG (Pelteobagrus
Sulvidraco)®t 58 &3, F4YES F(0.10 mg/L)F 4 25
F(0.25 mg/L)#EATHE G FE 10 A, B DK EBY
By opan e it Bz, DR IEW KT M, 1E
YeRE20 dIF, EB 43 BF 2 A HE B O I 7 N 2 4
WA . BRI B [V IR (Macrobra-
chium rosenbergii) 5% & B, ARV B (0.1 mg/L)
%) ] 125 - 2 1 O S 2H 21 rp i) BB 20 i e A R R
ZEUR, T A (1.0 mg/L) R 85 12 G 2
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YT TR ER R FREN  EREAEN
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SR Ot A R i (B I A= W o
X JE N B 5 K B B 8] 1) 28 5 28 38 25 3
fLJ# DL (Chlamys farreri)5i 5 F14 §5 h DN A6 W
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6 4 &M, A COXPRIEREEIR A | g KRR R 855

A Al 2 BEL B T JIEL A4 B A0 B 60 R A, R ARG AR B A
LT, PR R R B OCR O E R AE, TTBP BE
KA RN EE AN GRS Kz, Kk,
o 4 J@ T RE IE 2o 5 e B AR R A s B is ok
W YIERKE .

r [5] B ¥ IH (Strongylocentrotus intermedius) X.
PRUEFSEELJEUE I, DR IR (P 4 | IR T
X, WZIHBREEZ, OB 0EHZT
Fh ez PO, ] Rk I T 19894F i H A5 AJF
PN TSR, BC ok T B 32 22 it IH 5% 5
il z —BU g AR AE— 1y AT B A o R e AR, R
PERR BT 25 e T HEIR Y T 3 AN E P IR
i 55 AR S EA  w B9 32 2 00 8 4R ) (major
yolk protein , MYP) #2, MYPJ2& t ¥ IH K {45
T APE R A B, TH AR IE A B MY P2 A 5 W
HH R R A 0 A L i 2 O /MR AR 25

DI, AR S0 DA A B) BRIAE IR R b 4, #R
TR TR B xR R BRI AE L PEIRARE .
LA IS . MYPFRIA i KOLAER I W ETE TR
FIVA 48 Jf v o3 A s ), LSO R I B o 4
SR S AE IR R B L AR

1 MRS JrE

L1 SERHH

SIS XF G A TR — 4t N TS50 0 1 Hh A BR v
I, 58 (13.58+0.79) g, M H K% oS
Y. SR ETZEKAE (1000 LYy 557 d, Wial4E
KA IR B 1 AT, B3R K L RIR 1K,

S 1RO B A AL, X R S A 8k
TR K (B B8 1 i 9 0~0.32 pg/L), 3 2H o Hl
TAEFRL . CuSO,-5H,O (J3Hral)i [ KT K
IMFRFIA BRAF], SERHTHRGEKRC & 10 g/L
& WA o JE ) 3 AR K A I CuSOLIt &
W, (A K AR B U EE N 0.02 mg/L, A
FHOCHFRE 7 RIS I B 45 SRR, A Bk
JEF 40.02 mg/Li= i ik X6 134 v IH A4 4t S8 AL BE O 52
M) fe BH &, RE A8 (I R A 18 MR i R A . AR
A S i Bk, Al HoaE T AR Ak
VRO R B R, O R B LA AR B Rk
BhRE

S 96 il B 2k B (g B O A1 455 1 e ] BRI AR
120 REATBEDL M, BEEH3ANTAT, BEASKAEIRAE
20U H , SEGHA R AR R A oK 1K, BRI

TINTE £ 24 K DA AR I 3 2H 7K AR o 4 8 e
JETE0.02mg/L, 43R 2 Sty AR RV IR R LR
STERINE], KR 9~12 °C, & %(0.009~0.013 mg/L,
HiRAE6 mg/LLL [, $HF28~30,

1.2 S HZE

A & ] & ST IFE] 201 74E3 H 1H &
20174E4 51290, 4t60d., £30 dEURE1YR,
2K o SEER Ay R R AT R AL, A3 TAT,
B R BURE I B A P AT 2T I ER PR, D3 A
W AEEA AT REALECG FUUg IR, e B8 5K 46 7% 45
PSR ) R U R b R VR
HRIFTHA-80 CLRAFY, WA IR, B0
(4°C, 3000 r/min)10 min, Jr 254 -5 W
I, PRAE T80 °CRell!"™,

AR A Ao &G M & P AL AE T
14 I 5 >R FH Pt s AR A W TR AR 5 T R &
W, WA TR WL A5 . R B RS Ak
il 1 (2 e ) 5 s 4 Ak ) 157 AL I8 (total super-
oxide dismutase , T-SOD){i¥4:; >R H A WG4t
S RE T 2 i S AL Bl (catalase, CAT)IEM:; %
FH L o 5 00 7 4 0 T K 3 2% 5% 78 il (glutathione S-
transferase , GST)ifi 4 ; R TBA G (k& AN
" [#%¥ (malondialdehyde, MDA) & -

K FH 25 1 3y 2 13 43 S o R s T 0 S
1) 97 VR s A T v R I i, BRI R
19 BE 40.563 mg prot/mL, 1l & A5 T 2 ME g ol 2
A ) TR 5 T B R & U A B A T

MYPXK B A F 690 52 RNA [ $2 B :
FHRNAFEBOGR ) fr (RARA AR A7 B ] )4
Xof HE 2 R 3 A ) Y 3 R R 9 BRNA L
RNase-Free DNase [ 215 4L IDNA, F 440t
B A ) L 4l R vk B, R S W
FEL KR L e R . IR T . v Ik IR
MYPE #PCRE| Wi it 2 BB HEES, 5197
5 HF. 5'-ACCATATGGACTGACGT-3', R:
5-GGGTTCTACCTCGGAGTTGAC-3', Fiit#"
B FBEK 224 bp;  18S rRNA R BEIN B #1751 K
F: 5-GTTCGAAGGCGATCAGATAC-3’, R:
5'-CTGTCAATCCTCACTGTGTC-3', it ¥
B K BE251 bp.

18 1 A W 4% 28 52 (Polymerase Chain Reac-
tion, PCR)X 5 WiEATI0AIE, W ## #8 TksGflex™
DNA Polymeraseif /] £ (TaKaRa) 19 2 %8 #F Eppen-
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856 KopE o R 245

dorf Mastercycler gradient IPCR{Y |17, PCRJ%
W4 AF: 94 °C 5 min; 94 °C30s, 51°C30s
(18SHEE K FMYPEE A 1B K i B2 344151 °C), 72 °C
30s, HPHFFTISANIEH; 72 °CHEAH110 min,

I 181 W 57 AL (BasyPure®Quick Gel Extrac-
tion Kit, bt e &AW H AH R A F)XIPCR
FEMHEAT A, i R pEASY®-T1 Cloning Kitiz 7
A At A A A W B AR A B2 B 25 B i [l
W= Yy kAT #2545 4k, F2xEasyTap PCR Super-
Mix (+ dye)FIMI135| ¥ XF 3% #2245 21 1) TR W ik
TBUE, 2 EERIEEIETIT, Xy 2R
HEAT HOXT, B S 18SHIMYPEE A

S5 . 8% S5 44 BE PrimeScript™ RT Mas-
ter Mix (Perfect Real Time)i® fl| & (TaKaRa)F) 4
J%, 7£Eppendorf Mastercycler gradient ! PCR{Y |
AT o REE SRR Z : 5% PrimeScript RT Master
Mix 2 uL; Total RNA 500 ng; RNase Free dH,O0%p
FF R N AR £ 20uL) . S 25 A% 37 °C 15 min (JZ
FESEIINL), 85°C 5 s (S sk Mg i) 2% 1 S )

Real-time RT-PCR: R F AL i 08 25 14 LA I
Bk B, i FHABI7500% 5¢ ) i
PCRAY . HIESYBR® Fast qPCR Mixi®k 7l &
(TaKaRa), XS24 5 W& 0 id 4 . 5 B4R & -
SYBR Fast qPCR Mix (2x)10 uL; 1E[55[# 0.8 uL,
1151 #70.8 uL; ROX Reference Dye Il 0.4 uL;
FEHLcDNA 2 pL; ddH,0 6 uL (i 2 Wi A& % 20 pL).
R RAPIAE, 95°C10s; 95°CS5s,
51°C32s, 401 ¥, Real-time RT-PCRiTH )5
P R AACTIE M MYPIREN AN k. %
7 Pl i 26 0, 18S rRNATE 86.5 °C. MYP
FLHAE 83.7 °CAb 4y BIIE B — 5 S 0, U A
WAL R AR Y R L,
VIR — Tl B f 5 Al #1 fE 05 15 31 51— Y PCRY™ 34
FEY o 3 L 3 B AR R AT B S AR TRV Y
cDNARRMR ,  PAAEN B cDNA A A Ml i 76 8 i E
It PCRAS H A3 % 51 9 X 55 41~ Wk £ cDNAY Ceff
PACHE AL bR, Ig(BAR#5 DR B A b, AR
PG ELR AR M E=10C"S"P—1 | 15 1 MYPIH
P AR (E) . MYPFI1SSH ™ 38 50K 43 5l
1.050F11.036, ACt (MYP-18S)45%f{H %0.031 3,
YT 0, KUHMIEE AP SN 8 50R
— 3, AL a2 AACTIL UEAT AR A A, R S
B BRI,
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it AR AR
ke AL, TR

BATR(WGR, %)=(W~W)/Wx100

PERRIER(GL, %)=W,/Wx100
Wk B — B Be R B BT, W) 46 1A B A
W B — B B 1 JE 2 i 7

S KA R I SPSS 21,04 14 v i ph <7 BE A
RS I L A5 R 4 5 Ak B A4 A () BRORE Bisf i) 22 (]
FIPMEZES, HP<0.05IN R B3 B LIAF
Y {E+HRUEZE (mean = SD, n=3)% /R .

A KR R AL Y R

2 4

21 HKEBHFAMRLEER

30 A, X AR ZH R 4 ) WGR AT G 6
BEZEF(P>0.05). 60dHf, XFHEZALAYWGR (37.4%)
W TR (21.1%)(P<0.05); XF FEZH 19 GI
(13.8%) 4 3 /51 Tl X 4H (11.9%)(P<0.05)(# 1),

60 ditf, XFHELHIIWGRHN37.4%, BERET
30 dif Y WGR (21.1%)(P<0.05), i 1 i 30 4 2
WGRAL N 21.1%, 1 = T30 dAs 4 X 17 {EL(20.3%)
(P>0.05). 60 diF, X HE 2 Ak 41 19 G143 53
13.8%M11.9%, 45 3 & T30 disf i Xt 1 {8
(P<0.05)(#1).

F= 1 Cufcha kg fB 1 E R(WGR) & 14 AR #5 3
(GDH I

Tab. 1 Effects of Cu”* on weight gain rate (WGR) and
gonadosomatic index (GI) of
S. intermedius %
%5’\@ éﬂ ?]U %E*fi index
experimental group WEZ WGR PEREIEE Gl
X REZH(30 d) 21.1£3.0 9.0+1.3
control group
TRAL(30 d) 20.3+1.0 9.1£0.7*
test group
X BEZH(60 d) 37.4+4.0" 13.8+0.6™
control group
MR H(60 d) 21.13.0° 11.9+0.5"
test group

i ARG RER IR E — RBURE A2 5 o B A 2 ) 22 5 (25
(P<0.05), ANFIRE 5 RER IR P RIURE h [R] — Ab 20 2 [ 2% 3 5l 35
(P<0.05), KA

Notes: the different lowercase letters indicate the significant difference
between the test group and the control group in the same sampling
(P<0.05). The different capital letters indicate the significant difference
in the same treatment group between the two samplings (P<0.05), the
same below

22 FERITE LR

30 dA, XFREZH A4 T-SOD . CATHI
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GSTHY I P FIMDAR & 1 34 7 i 3 2% 5 (P>0.05).
60 ditf, ik 20 T-SODFI GST Y 7% P AR T % 1R 21
(P>0.05), 41 CATIEM:(0.16 U/mL) & E LT
Xif HE2H (0.30 U/mL)(P<0.05), 1M1 3= 2H MDAy 7
HEXNBAGHA S BESE, HERANRFE
(P>0.05)(#2).

i B 2H 0 52 20 T-SODRY 3 P FIMDA Y &5
PR 22U IURE S G B 2 AR £k (P>0.05) . 60 d,
Xif B8 4 R 40 CAT Y 5 7 43 31 S 0.30F10.16
U/mL, 4 % Z KT 30 dif X W {8 (P<0.05), X} I
ZH AN 2H 1) GSTHE 14 43 %1 24 6.90F15.63 U/mL,
Y 82 I T30 diS A4 X6 1B (P<0.05)(22)

R 2 Cu”XfHPEIERIE AR AR iR i & L EESE M FIMDARY 721

Tab.2 Effects of Cu** on antioxidant enzyme activity and malondialdehyde in coelomic fluid of S. intermedius

Sz 4H B P LB/ antioxidant capacity
experimental group T-SOD/(U/mL) CAT/(U/mL) GST/(U/mL) MDA/(umol/L)
XFHEZH(30 d) control group 43.52+1.47 0.50+0.05" 9.20+0.41* 0.90+0.17
MR (30 d)  test group 44.24+1.29 0.48+0.03" 10.34+0.34" 1.29+0.33
XFHEZH(60 d)  control group 43.95+1.29 0.30+0.02* 6.90+0.34° 1.1440.13
MIRAL(60 d)  test group 41.04+3.82 0.16+0.02" 5.63£0.57" 1.57+0.22

23 MYPERRIEE

FE2URIURE v, DU 4H T A8 P MY PIE R Y
FeIk B B = T I 4L(P<0.05), 30 dAsf, il
B2 T A T MY P R 3R 3R RO IR
1.96f% ; 60 dif, X4 5 fk 3 b MYPIE PR 1 3¢
KB R A 98645 (K] 1-a) ., Xif HR 41 714 1kt
MYP3E A Y 3 31K & 76 20k BUORE AT 5 G W 35 748 1k
(P>0.05), MixFMR4im s, 60 ditiEfLiE hmyP
FE A 2R I8 30 d 50,7845 (P<0.05)(1¥1 1-b).

FE2UIURE v, DUl 4 M AR v MY P TR 1

=
5
2 18 [ DXE4L control
i 8o [ O0% control group b
a. w4 test group
X =
514
Ra
= N
=
== 10}
K o
<o 8r
zZ 2 6t
~ g b
Es 4r a
lem s
=
=2 0
= 30 60
[ N
A1) /d
time
(@)

AR B E R T 41 (P<0.05), 30 disf, ik
20 PR B MYPEE A Y 2 3k i B0 FRAEAIK93.7%
60 disf, I 20 P AR e MYPEE DR 1 36 38 o 4 % R
ZHART79.3% (1 2-a) o 4 4 P4 i b MY P3[R 1 3
I8 AR 20K BUORE HIFJS TG I8 3 AR K(P>0.05), 17760 d
IF X6 BECZH PR R P M YPIE TR B Rk = 30 dfiK
57.4%(P<0.05)(2-b),

24 KERPEERSE

60 disf, IR ZH 55 % PR 2H Al v b s P

=
2
lﬂiﬂz 25 r o304 b
& = m60d
K g 20|
e,
gg 15} a
PR
<Zt > 10 ¢ T T
~E
EsS 05¢
& =
=2 o0
k| St 4L VIEVi]
= control group test group

(b)

1 Cu™x}eh[E]3kiE ABH (1B MYPHE XS ik B IR (L 18S rRNAK £ HR)
AN [7) - 858 2 7% WK L 0 xR L o ) — Ak 3R AL AN (R BBUARE I [ 40 8t ) 2% 3¢ (2 35 (P<0.05), [
Fig. 1 Relative expression of MYP in the digestive tract of S. intermedius in response to
Cu** (standardized to 18S rRNA)

The different lowercase letters indicate the significant difference in the test group and the control group during the same sampling or in the same

treatment group between the two samplings (P<0.05), the same below
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0 E

L4 r oxffE4l  control group a

1.2 | milliX4H  test group
a
ol +

0.8
0.6
0.4 b

02 r b -

30 60
Ff al/d
time

(a)

MYP mRNA FH%} ik &
relative quantity of MYP expression

=
S
'% 1.6 - 0O30d
H-I\E\JHE" 14 | m60d _|_
H&: 1.2 a J_
=N
2S5 10}
o
<o 087
ZZ 06 b
ES 04}
=
£ 0
E Xt HEZH kA
control group test group

(b)

2 Cu”xt e EEk:E B 14 AR th MYPHERT 3R 82 B9F2MF (LL18S rRNA A S HR)
Fig.2 Relative expression of MYP in the gonads of S. intermedius in response to
Cu** (standardized to 18S rRNA)

AW SEASE 2, ¥50.273 mgprovmL. {Hill
T4 A 40 i R B 1 A i M 0.257 mg prot/mL,
BB T BR4H.(0.036 mg prot/mL)(P<0.05)(I¥3).

r%T'

e i 4

coelomocytes

0.4 - oxffE4  control group
03 | R4 test group

03} E
02}
02 f
0.1 |
0.1 f
0

PN T3S R

coelomic fluid supernatant

the content of total protein

M EE E/(mg prot/mL)

B3 co'xddEmEEkERTSEASENFM
Fig. 3 The total protein content in the coelomic fluid of

S. intermedius in response to Cu’*
3 bk

S H BRI A 5K Bl W 4 IR B A
T B IR, 60 di, T CAH 1 B R R
FART XM, 3k nl A2 T4 B 1o R A AL
NPT EDNA L R BRIIE A S, A
IR AR TS, X5 E U TR S 6
(Paralichthys olivaceus){{ i o I BIF 58 45 5 — B
ARG RIEM, KU KBS 1
il v A R R R . AT R, SR
X BIDNA | 8 O s s, 40 AR A
AP, EmE R R E . AT, 5
30 dAEE, 60 dis X2 A9 1 it 45 K500 2 1
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1 3 R RS T . — T, AR B
JE AT AR, IR JIERR I R K A Ok 22 A H A
BT 51 B E RN B HLAR R R fEE T
BEAR T FAKMRE R, BEE R4 K IE 2%
Sy — 5, SE U 0T A A OE AL TP R TR kB
BT, RERsr R H TR R & 2 805
MAAE R 8 1 — A A

SOD. CATHMGST/E 3 ik N & Z i Hi A ik
fitf. SODAI AR LU BA N & T & &, H
TG PERERS S e [ B R A AR IS B, CATHE
T I A P e R st 1 sk AECA R, DT 8 4 i A
Zid AL AR FEELY, GSTHRE—Fl LA R 23 e
HRRAE i Wi K BT A AV T B GSHARH P Bt
AL, MDAJE Mg 5tk 4 Ak 1 Y fie 287
Yy, HE R AR S B R s T Ak Y
FEEE, LRt AR B, 1R B 0 RREE RS, AR
SEE Y, 60 A, I ZE ARG HE 2 v A AR s i R
CATHIGSTIf M4 B &K T30 d, M MDA &
60 d:30 diT 344 i FH 5 o XTI 3 B DL (Mizuho-
pecten yessoensis) W 5T R, THRE SRR
FRREROTEPERT S BRI, 258 K B T AR A) e
TR 2RI (60 d)$T A AL RE 1 Bk R T A 1R
(0 Yy — NI . BeAh, XFF I, b
) E A, A B AR T IR R Py SRR A B
ZHom, #WETESENEANE TSR
TR R B BT A, B0 R AL PR S B I R BT
SAALRE AR 22, X AT BB B, T
S Akl T 1 5 0 R A Y 5 SRR KO R — 30 S
— A
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B, % COX PRI A | s R K R 859

PER R B B OCHE I B0 8 R A CY, B R A
) OC §HE J2 B 3 28 A A LR e iz o T IR IR R
FAFAE R EMYP, MYPE B i 1 1k 18 A i
G, R R B R, TEAE A B MY P 2
WL R A AN M e is EERR AL, H TR
KH BT K AED 2 BUREF, IR 4 1 R
FEECRMYPHE D ) 3R ik f 34 1 B A0 T 0 IR A . X
i BA ST 07 O R T MY PRE TR ) 6 35 A I I Y
PEIVER, Mmiad TiREREE, X5
JHAHLTS . CiceroZE UM LittleZE " 1 T 58 45 JR —
o AR R LB, 2K BRE, Rdl 1k
T P MYPEEDR ) 35 AR I 3 i T IR, X5
PERR P A ZE SRR — 2, DIFERFSR R, MYPEE
1w SRS, A E, SEHMYPH
W J5 43 5 57 IR A W A0 B R A s R e AR Ak
HET M HOE # s T Re Y B D, Ak
J BMY PRI () 77 7 I 20 B 05 AS R A A5 914 fb i
G IMYPIE % iz 3 BRUFHERALUD, X
AT AE J2 5 B0H B 1 A 38 2 T JIE P IR S 0% AR Y
FEEE  ASZR b, W0 4 AR R AR e A
AT & A BB A W s T IR, ik
P Y T T R P R AR A ),k 1 B
A P T A A R K MY PARCA 1T RE R Bk
S EER, WER BB RS, Xl
AT LUGE R EOR A . ARFoe 4 R0, e
55104k 2 18] AT BEA7AE 5 MYPHE N 33k HH & 1 I
PRVETTHLE], SRR MYPRY 33K 32 B,
HALTE P MYPI Rk 2 B TE, (AR SEE IF Rt
AR i W MUY P 3 i B SR Ak A TR S AT
TE, oSS T E I AT A

4 ZEig

B B T REAE TR A AL B, AR Al e
EE ALK T IEL A 1 AR R R B R, X T RE R
A AR R i M Y P PR 1) 2 35 B BELAS MY P Ji7 3
I P R I s T 2
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Effects of Cu*" on growth, immunity and gonad development of
Strongylocentrotus intermedius

LIMin', WU Fanxiu’?, LU Deliang', ZUO Rantao'’, CHANG Yaging '

(1. Key Laboratory of Mariculture and Stock Enhancement in North China’s Sea,
Ministry of Agriculture, Dalian Ocean University, Dalian 116023, China;
2. The National Fisheries Technology Extension Center, China Society of Fisheries, Beijing 100125, China)

Abstract: This study was conducted to investigate the effects of Cu®* on the weight gain rate (WGR), gonadosa-
matic index (GI), antioxidant enzyme activities and transcription of major yolk protein gene (MYP) in Strongylo-
centrotus intermedius. All experimental sea urchins were randomly divided into six tanks (200 L), and each tank
was stocked with 20 individuals. Then, the test group was added CuSO,-5H,0 to a final concentration of 0.02 mg/L
Cu’* with natural sea water as the control group. The experiment lasted for 60 days. Results showed that WGR and
GI were significantly lower in the test group than those in the control group at 60 days. The activities of CAT and
GST in the coelomic fluid of sea urchins in the test group were significantly lower at day 60 than those at day 30,
and the activity of CAT was lower in the test group than that in the control group. The MYP transcription was sig-
nificantly lower in the gonads of the test group than that in the control group, but the expression of MYP was signi-
ficantly higher in the digestive tract of the test group than that in the control group. The total protein content was
significantly higher in the coelomocytes of the test group than that in the control group. Results above showed that
the WGR, GI and antioxidant enzyme activities of sea urchins could be reduced by Cu*". This may be caused by in-
hibiting MYP expression in the gonad and the MYP transportation from the digestive tract to the gonad.

Key words: Strongylocentrotus intermedius; weight gain rate; gonadosomatic index; antioxidant enzyme; major

yolk protein
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