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K, TR IRGE M ) P K R, DR
Hh G J R bR T B R BE 28 B R B A
G HGM™E, NERR —MZes8n
2 R R vh B N IR A R R 1]

BRI WK N AT 22 WA B4R
sCMREH . W IR R E IR TR, TR
AR B K AR HLAR AR - A 5 T B
TWEHY, AL, SRR RN, W% E
B4R S B0 b g0 MR T A AR
H Hi A SR 1Y A ) 2 D e K 2B AR ) v i AR
B, HADBOKAAY) G R AT 4 BE A (Epine-
phelus malabaricus)"® . 164 (Lateolabrax japoni-
cas)', KB fa(Larimichthys croceus)™ . 4
(Rachycentron canadum)™ 34 T izl , (HAAUAYL
Jry BRAE A 19 75 5% 7 oK St | AAE T O . K22
- (Scophthalmus maximus)VE R 3 E AL 7 T 137
RN IC R 200 S L N SIS S R AL 7 )= 2 S i)
TR B 5 A /b, T O T o L G e 1 92 R
R W IE . P, A S20 DK 22 6 4y fa A
WoRCEROE SRR S G X AR | SR T PO R N
AT IE , JFAE A T U A W) K P B Al A
L, WF ST AR HR R X K 25 6T &) fa A K P
AE . PLAALRE ) SAH G R RIR R, R
TG X A ik Y 22 R AR AR FIALEL, Rk
72 SR 1 T R R R KK B i A
il AL S 2K

1 MEHSIE

L1 SRR SR RHHIE

TR 7 IS FE L 1, LAk | B R
A K GWAaEE A o EEE AR, ffmhEE
Jig I s o i Atk Rk TR B TP B A GE 2 A A A
FAG (P00 TR R FR L AR T 2% i AR RE A 0 4
ey, fEAXTHRA . oAb, LR KER R (CuSO, -
SH,O) A4 UR , A iR £ (Na,SeO5) M AT I, ] 4
T- 58 T4k s i 1A K4 45 5 (1 000 mg)
3K & B (0, 2. 4 mg), Fhc ] 440 45 A
ERE B S IR fRRE CHLER F150% . HLAB T 14%), 2
Wlfr 4 hD1, D2, D3FIDAZ . % BG4 45 5
TARFIE{L(ICP-MS, Agilent 7700, 3 &)l 15-47]
B (AT 5B S B 5 B8 5,30, 895.23
888.55. 900.10 mg/kg, fRIERH (LA ot 11550 il
PR & 086, 0.99. 3.10, 6.60 mg/kg. fhIFE
TR, T R ECR R Rk 80 B i, 45 Eb I FR

&.OIRA, A M OE R K ERIES), &2
FEBE LN T80 A23 mm A Ok, 60 °CHET 5
T 20 °CYKAE % H o

1.2 LA MSREES

S R ZE BE I A 1 7R 3 3 S IR A AT FR
DAL, FRGE SR A L AR A T B IR PR BT O
e HURIE IR R AT . SR IT IR Z R, 4%

®1 ARRGMEEERRST(TE)
Tab.1 Formulation and proximate chemical composition

of the tested diets (dry weight basis)

H EEA1/%

items percent in diet
f%E M casein 20
fafy  fish meal 30
KERAEEH  soy protein concentrate 15
fiyh fish oil 8
KEINEENE  soybean lecithin 1
o-JEH  a-starch 12
R —EES  Ca(H,PO4), 0.5
SALAETE  choline chloride 0.5
HEE R TIREL  vitamin premix | 2
R EARL mineral premix > 1
FHSKT,  betaine 1
TEALY)  antioxidant 0.1
B YR CMC 7.9
AR taurine 1

HIRSB  proximate composition

HZEH  crude protein 50.06
FIMERG  crude lipid 14
MK crude ash 9.7

e DA% RBUR BN (mg/kg TURED, B SWIERE, 38.0; a-fEH
Wy, 210.0; 4E4EKD;, 13.2; fifEER, 115.0; #%H K, 380.0; #
RIS L, 88.0; VZEZ. 368.0; MHER, 1030.0; AEMWE, 10.0 g;
Mg, 20.0, #E4EEBy,, 1.3; UL, 4 000.0. 285 Y FiRE
(mg/kgTiRED), WEMERE, 3 568.0; & LA, 3 020.5; B
B, 8.3: SALHL, 28.0: WiEREF, 353.0; WAERHW, 9.0; WULAR,
7.0; BRERER, 63.1; WANERHN, 1.5: FriEERER, 1533.0; SULHY,
100; FALEA, 4.0; BERR 2N, 25568.0; FLERHS, 15968.0
Notes: 1 is vitamin mixture(mg/kg vitamin premix), retinol acetate
38.0, alpha-tocopherol 210.0, vitamin D5 13.2, thiamin 115.0, riboflavin
380.0, pyridoxine HCI 88.0, pantothenic acid 368.0, niacin acid 1 030.0,
biotin 10.0, folic acid 20.0, vitamin By, 1.3, inositol 4 000.0. 2 is
mineral mixture(mg/kg mineral premix): MgSO,-7H,0 3 568.0, KC1
3 020.5, KAI(SOy), 8.3, CoCl, 28.0, ZnSO,4-7H,0 353.0, CuSO,4-5H,0
9.0, KI 7.0, MnSO,-4H,0 63.1, Na,SeO; 1.5, CsHsO,Fe-5H,0 1 533.0,
NaCl 100.0, NaF 4.0, NaH,PO,4-2H,0 25 568.0, Ca-lactate 15 968.0
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MRSk A RL (D DY 18], ol HL 3 07 5 B8 3 B
Y sE s, 2524 h, PREMEERE IO, MA%EY
— I K 22 B 4 £ [ 46 1A T R (24.85+0.10) g] Bl L
SRR 124 FAE TR SRR SR A Al D . RS A B3
R, BONEFARM, FHLRFFLE84d,
RAELME2UK(8:30, 16:30), M4k A £ K T i 1Y
1.5%~2%, #MLEHZ 5 MRS AW R HEK 10k
AR, geit R AL N, R
KGR FRE , 7K IR (16+1) °C, pH 7.8~8.0,
thF27~28, WA >6 mg/L, &% <0.01 mg/L,
VAl R £5<0.01 mg/L.

1.3 HEXRE

TR LI EE R, 2R 24 h, LIRS B FR
0, Il R R S A ) R BCRA BT, THRR
WG W R ARDEL R A EARREPLIE SR 1824
fi, R T &R, Hh3REN 20T,
R2ERE#IKCRINL, ZJEBESHL, s, A
4°CEf'E4h, 4000 r/minf.(>10 min, HIMNIE,
=70 °CHell . RIARIRILHIBATAR, LRV T
RNAMFE ™, WA B K G %5 270 CCHEALIR K
FaIRAT o
14 MEERS 7

4 K I8 4T 4 7 % (weight gain rate, WGR,
Yo )=(W ~ W) W< 100%;

1 e A K K (specific growth rate, SGR, %/d) =
(I —InWy)/tx100%;

T ¥t £ £ (feed conversion ratio, FCR)=W,/
(W=Wo);

HE LR (feed intake, FI, Y%)=W,/[(WotH)/2)x
1] x100%;

FH 1 B 80K (protein efficiency ratio, PER)=
(W=W)(W<Cp);

£ # (survival rate, SR, %)=N/N;x100%.,
K, Wk LRI IR B AR i (g), Wi
LR AR TR (), WM R R (2), C, MR
FEEBREIE, Ny NI 256 T U6 F2E o
SCE AN AL, SRR I(d).

5 B 43 F A AR x4 8 ) S R K
SLE UK Sy . ML ORLAR I ALK 43
i AR AT E AR e P fE R MR R TR (KA,
C6000, FEENHME . HLHCu, Se. FeMlZnRH]
LB A 45 B TR S AL (ICP-MS, Agilent
7700, & [EDIE o
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o EEE MR M T APTELRE
(total antioxidant capacity, T-AOC). &L E LY
I 4.1 (total superoxide dismutase, T-SOD). #i—
BF AR A W) 1 AL B (CuZn superoxide dismutase,
CuZn-SOD). N —.[# (malondialdehyde, MDA),
i Mk S (catalase, CAT). &bt H kS &k
fit} (glutathione peroxidase, GSH-Px)JK FFg 5t £
A W) T AR 5T 0] & o

L35 248 Fr 75 20 1R % #% i (alanine amino-
transferase, ALT)MI K4 % MR %% #% liff (aspartate
transaminase, AST), J&151CHE48 45 H i = B
(triglyceride, TG). /% fH[& [ (total cholesterol,
TCHO) . & % & R % (A 0 [& B (high density
lipoprotein cholesterol, HDL-C)FMIX % i i & H A0
& i (low density lipoprotein cholesterol, LDL-C),
1K F8 By 48 25 B (glucose, GLU)YJ R FH A 4L 43 #r
{%(7020, Hitachi, HA)MeE, B &0EFILa
Fpl S A A A FR A | o i T M B 2 G
Al G vt

R Trizoli: J2 U IE S RNA . B RNAFY JiT
e 0 1% 1 Bt M R I PR DK AT ARSI, vk
J OD,0/OD g fH i 1 Nanodrop ND-200043 Y6 )6
THIE , PEFEOD6o/ODsofE N 1.8~2.0, BRI HL K
o B LAVE M . O] R 1Y S RNA
FEA A

i B8 Prime Script® RT reageat Kit (TaKaRa)/%
S SR UL T R TR 1% A BRI W E
JiE F 2 R 5 B Y e DNA R B K B 5 H 1 2 [
JETANLE, F 435 cDNAT =70 °CIRA7 %

Z: BRI R k HIB-WL3h 26 F1 (B-actin), B 5
A4 J& Wi 26 H (metallothionein, MT), 2 EH K
¥ #% I (glutathione transferase, GST). ¥ I I
(lysozyme, LZM)FI#K 58 % H 70(heat shock
protein 70, HSP70), 53K #IAR H& GenBank B 4
e R B e A BT 51 W (R 2), JFiEsE BifEE
TAY TR A RA A G 28 bn it 4 0
WG, PRIEG Y B BORTEIS% LA 11,

D¢yt B PCRE ISYBR® Premix Ex Taqg ™
Il (TaKaRa/\ ®l)ik # & ik 17, KWK R 20 L,
BARB3ANEE . KRR : 95°C, 30s; 95°C,
5s; 56°C, 30s; 72°C, 1min; 40PMEM, XK
FH27849 306 K22 6 H 19 5 I mRNA R I8 i ifF 17 22
SEAHT, T BRI B AR Rk
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F2 ZHERXESPCREANSIHY
Tab.2 Real time qPCR primers

& ElEZIEg ]l x5
genes primer sequence (5’-3") GenBank accession number
B-WBIEH  p-actin F: TGAACCCCAAAGCCAACAGG EU686692.1

R: AGAGGCATACAGGGACAGCAC

SEWER MT F: TGCTCCAAGAGTGGAACCTG EF406132.1
R: CGCATGTCTTCCCTTTGCAC

B H KRB GST F: GGGTTCGCATCGCTTTT DQ848966.1
R: GGCCTGGTCTCGTCTATGTACT

Wl LZM F: CTCTCAACGTTCCCACTGGTTCTA AJ250732.1
R: GGGGTCATGAAGTGTCTGTAGAT

PRFERATO  HSPT0 F: CTGTCCCTGGGTATTGAGAC EF191027.1

R: GAACACCACGAGGAGCA

1.5 HESH ORI R AR E A KR A BE M
S FHSPSS 1700 FF 45 B Y6 17 90 14 22 J7 2% i (P<0.05). D3FID44] 3% % T DI D24 (P<

' ‘ - 0.05), D3FID4Z ]2 F R I 2 (P>0.05), &

4MH7 (One-Way ANOVA), 25 .%, ISl Duncan )» DIFIDAAZ F 5 A8 (P>0.05). 5

e R - ‘ . DIZHAH L, D3FIDAZ 1 5 453 3 42 15 T 4.86%F1
AT Z B, AT R0.05, HIRIEL 5 0 o by, D3FIDALGLR T35 51 5

V- B APR 1 2% (mean+SD) IR o 1078V 1143, 4 fr A R R A L |
2 4 THE %, ED22H % 5 T HAB341(P<0.05),

B 1 R S I R B A, 7ED24L
21 WSHAME FAESFSBE K gEmEm  F LT HE34(P<0.05).

B2 2 6] 4y T R T 5 3 25 5 (P>0.05) 2.2 R xR OB T K2 BT 4 & AR R 43 RO B2 )
(#3)o TAEE R BRI 7] 7K SF- B A0 0T 5 Jiih 38 T R ARSI A AR, R s o AT R A
®3 WEXEMETAETSEE KRN

Tab.3 Effects of different dietary Se on the growth performance of juvenile S. maximus under Cu stress

WiH SERGTAEL  experiment dietary

items D1 D2 D3 D4
VIR &/g  initial body weight 24.85+0.02 24.87+0.02 24.84+0.03 24.85+0.01
KKK /g final body weight 79.15£1.11° 76.31+1.02° 81.76x1.21° 82.09+1.66°
WER/% WGR 218.48+4.82° 206.80+3.96° 229.10+4.69° 230.44+6.54°
R K F/(%/d) SGR 1.38+0.02° 1.33+0.01° 1.42:0.02° 1.42+0.02°
TEE/% Fl 0.88+0.01° 0.91+0.01° 0.87+0.01° 0.87+0.01°
Tk ZE FCR 0.71+0.01° 0.75+0.01° 0.69+0.01° 0.68+0.02"
HEME  PER 2.810.05 2.67+0.05" 2.88+0.04° 2.93+0.08"
TFEH/% SR 98.33+2.88 97.50+2.50 97.50+3.53 99.16+1.44

A FATRARAHEVNG RO R OR ZE R A B (P>0.05), AFEVNE FRERIR % 7 B3 (P<0.05). T
Notes: in the same row, values with same small letter superscripts or no letter superscripts mean no significant different(P>0.05), different small letter
superscripts mean significant different(P<0.05). The same below, n=3
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2308 KorE ¥R

43 %

S fOfL B VRUCRL RS 7 & i, Bl DR T s
KT, AR S RRLIE DT & = 2 T
B, 7ED4T E = T D24 (P<0.05), 4440 [a] 4> fh
IR A3 FURLIK 43 % 5 76 B 3 2% 57 (P>0.05), 4%}
HR S I i R S AR T gl T LK 437 1 (P<0.05),
25 20 (8] 5 UM AR 1 RO B s 7 O 1 38 2 e (P>
0.05). 5 XFHEZLAH LY, D24H B KL 2 (1 FUHLAG
Ui 55 B S AR T X IR 4H (P<0.05),  Bifi 5 1 Ak A
TR, JHERLE S AR A A T
Y, (HME A& B D3 DAL 5 D24 %
25 (P>0.05), Mg S FD3FID4L o % & F
D24 (P<0.05). A4 [0) FHE 7K 43 7% 5 00 i 35 25 5%
(P>0.05)(%4).

T et o A B i 5307 R 51895.23 mg/kg
B, REE6T4) o4 0 5 i B 0.93 1 751 1.40 mgkg,
BHEE A& B 1.01 ETFE)1.47 mg/kg, T EAR
S W 5.27 FTHE18.25 mg/kg, SR,
Iy AR T51.07%., 45.54%. 56.50%. #%4H[6%)
9 LR 5 B JC B 35 25 7 (P>0.05)(K5) bl 1]
A S A3, 4hfa A A ORI A
W e R N R, ED3MDA B EMKT
D241 (P<0.05), FEASSZHG Hr, A% 4 i3 N K3

gyt 4 FFNLREHEE P FeMZn A
3 IFE I (P<0.05) . 48 A1 WL Fe 75 1 Bifi 7]
KA LTS, ED4d kB mfd,
F T HAB3H (P<0.05), BHEH hFed 878
D240 i & = T HA 340 (P<0.05); {HHFIE hFedy
HPEDALL IR B RARM , B E (L TDIAID24L(P<
0.05), 4=t . T WU AEE hZn s 35 i k) AR
b5 F TR, YDA B3 5 T D14H (P<0.05),
2 AL E) 0 1 IE Zn & 5 80A B3 25 57(P>0.05).

2.3 FX{EAME TAZEHE MBR A ILE
e kd-pEA o)

iR S I N G R TP Y S TE R NN
i &Hy £ 1075 BL AE AR T PR R T I 3 M R (P<
0.05), T-AOC. CATHIGSH-Pxifi ¥4 7E D24H 35
BB AR, WEAML T H A3 (P<0.05)(%6).
5DIMD24H AL, D3FID44 T-AOC, CATHI
GSH-PxiF 14 i 2 TH 5 (P<0.05), MDA & ) 5
A S ¥, FED24l kB i, 5D141%R
AN (P>0.05), {H 12 & T D3FIDA4 (P<0.05),
T-SODF1CuZn-SOD 14 i 1 b} i) A5 Ak 52 7T [
., D2, D3FID4L T-SODIF P 5 % 18 21 2 7] 22
S 53 (P<0.05), {HD2. D3FIDA4L 8] JC i & 7%

R4 THITHEPIE T KEET L& KR 57 A0

Tab. 4 Effects of different dietary Se on proximate composition of the whole body and muscle of
juvenile S. maximus under Cu stress %
BRI R SEIGAAEL  experiment dietary
nutritional composition DI D2 D3 D4
&4 whole body
/K4y moisture 76.85+1.60 78.04+0.90 75.49+2.09 76.26+1.41
HE A crude protein 15.16+0.33® 14.78+0.67° 15.36+0.83% 16.62+1.08°
p
MW crude lipid 3.2240.15° 2.16+0.20° 2.64+0.43" 2.74+0.30%
p
HKSy  crude ash 3.58+0.19 3.40+0.16 3.60+0.21 3.3420.12
FHL  dorsal muscle
/K4 moisture 79.4140.36° 78.30£0.23" 79.49+0.46° 79.25+0.36"
MM crude protein 17.7640.53 18.37+0.15 17.8620.36 18.29+0.12
MW crude lipid 0.66+0.03 0.68+0.00 0.66+0.04 0.67+0.04
FFHE  liver
7K4>  moisture 70.09+1.38 69.02+1.66 69.3143.32 67.37+2.01
HE A crude protein 12.29+0.21° 11.1140.52° 11.75+0.22% 11.73+0.36®
p
MW crude lipid 10.32+0.14° 9.56+0.25° 11.01£0.27" 11.1120.66°
p
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http://www.scxuebao.cn

113 AREETE, A5 WX A T OREEET A AR B RE 1 B SC Ik [ 25 10 R 2309

x5 MXAMBTREFYNELLCu, Se. Feu ZnE B
Tab.5  Effects of different dietary Se on Cu, Se, Fe, Zn content in tissues of

juvenile S. maximus under Cu stress mg/kg

WiH ISR} experiment dietary

ttems D1 D2 D3 D4
45 whole body
Cu 0.93+0.06" 1.40+0.09¢ 1.154+0.02° 1.07+0.04°
Se 0.54+0.09* 0.57+0.02* 1.97+0.04° 2.57+0.11°
Fe 23.744+0.53" 35.95+1.83° 38.17+1.29° 72.03£1.53°¢
Zn 36.10+2.91° 35.26+2.31° 36.80+2.30" 44.53+0.78"
FHHL  dorsal muscle
Cu 1.13+£0.03 1.17+0.00 1.21+£0.07 1.21+£0.04
Se 0.53+0.00* 0.49+0.01° 2.01+0.16" 2.94+0.15¢
Fe 10.23+0.88" 12.15+0.54° 14.67+0.83" 35.00+1.81°
Zn 20.01+1.76" 22.52+0.71* 21.95+0.64" 24.24+1.90
HHEE  vertebra
Cu 1.010.04° 1.47+0.07° 1.17+0.04° 0.9+0.01°
Se 0.24+0.02° 0.24+0.02° 0.72+0.01° 1.18+0.09°
Fe 40.50+1.23* 72.5142.00° 62.4445.46° 47.37+2.65°
Zn 41.33+£0.57° 49.82+1.99 52.30+2.70" 54.65+2.15°
FHE  liver
Cu 5.27+0.40" 8.25+0.28° 6.03+0.25" 6.0840.17°
Se 2.92+0.25% 2.20+0.38" 6.36+0.22" 13.12+0.64°
Fe 135.08+8.10° 93.56+9.25° 80.53+3.62° 77.16+4.72°
Zn 47.74+3.56 46.39+3.48 44.16x1.42 42.63+2.87

* 6 TOXTEEAIE T AE L& MIFN A KBTS

Tab. 6 Effects of different dietary Se on serum antioxidant enzyme activity of juvenile S. maximus under Cu stress

i [ ISR} experiment dietary
items DI D2 D3 D4
T-AOC/(U/mL) 9.59+0.31° 8.48+0.31° 11.36+0.19° 11.92+0.17¢

T-SOD/(U/mL) 122.99+4.29 108.41+2.50° 106.24+2.26" 102.89+1.38"

CuZn-SOD/(U/mL) 102.80+4.08° 86.18+5.46" 87.66+5.92" 75.62+5.77°
CAT/(U/mL) 2.3740.19° 1.99:£0.10° 2.50+0.20" 2.40£0.21°
GSH-Px/(IU/mL) 99.62+5.12° 83.67+1.91° 114.00+4.87° 125.33+3.21°

MDA/(nmol/mL) 4.00+£0.11° 4.20+0.11° 3.41+0.28" 3.26+0.20°
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5 (P>0.05); CuZn-SOD3 7 D4ZH ik 2 e IR,

W ZE KT D1, D2HID34 (P<0.05),

2.4 FHXSEAMB T AESTL & EIBE LR
aEA

ALTHIAST{EYEYITED2A L Bl e i (EL, 5
XTHRZH A LG, ALTHIAST 51 2 3 T 17 250.45%
FI1 187.96%, W3 T H 34 (P<0.05), HAh
34 2 [6) T i 3 2 S (P>0.05)(F87), LA v B 7
D24 ik B B ARAE , W AN T % B4 Fi D44 (P<
0.05), 5D34 2 F A ¥ (P>0.05), TGRS TR
G b, ED3HARIRNE, SD24 %
P22 5(P>0.05), {H & EF (LT DIFID44 (P<0.05),
TC. HDL-CHILDL-CY¥J7ED24H A B Je iR fH ,
F{XTF D1, D3FID44 (P<0.05).

2.5 MXEMETXKEFHERFHEMT,
GST. LZM#HSP70E & 3R i& 20

R R A N G O R TIPS 7 S E R N NE
B4 £6 iFJEMT mRNA . GST mRNA, LZM mRNA
FTHSP70 mRNAAHXT K 15 1 A7 1 3 52 Wil (P<0.05)
(E11). MT mRNAZR A2 B3 F T, Ddl
NE A S, BE ST HAB34 (P<0.05). GST
mRNAFILZM mRNAY 2 E TR IE LT, 7+
D24 ik B ARME , 3K T A 341 (P<0.05),
D3FID44 i 3 /5 T D141 (P<0.05), HSP70 mRNA
FHXT R A AE D24 ik B de i (E, B T
341 (P<0.05), D3FID44] B Z ik FD141(P<0.05),

3 iR

3.1 FEXTEEARIE T KE L& KRR AN
X 53 O 2 i

ALY v, R b SN v A R 22 B 4) £
AERMRE T, STERNE ABEM(E. coioides). JE
T B AE i (Oreochromis niloticus)Fl H i 1 i
(Clarias gariepinus)H I BF 5T 45 B — 87, Py
EAEUIHF IR, = A R SR N 2
P, REARCE IR BT 0y Wi, DA TG D 2 {4 AR
K, A ] RE R P AR AR 52 40 v R 2 KPR R 1Y
W Z — o B B 25 1) RL Al K S /Y 35 i, 4 4
WGR . SGRAI 4 M JiFHE oL 1 ORI B %
g ETE J?.Tﬁ%%’u@fﬁl%lj\]_f‘ﬁﬁﬁ]
BrMEG, EaE—mM—EARESY,
@ﬂ%&ﬂﬁﬁm,%%Tmm%Lﬁ%%%
sAAE", I A R AR T 2 R T T A
HEHEUOR . & Z B UL E B ARSI & &
o EMEEE S, AR WD A 8 BE AR e i
PEIFIE

I S IR Tﬂ%ﬁﬁ{ﬁ:ﬁﬂ*?f‘
1 000 mg/kg iy i 4 , T A fh (AT A 5 s it
R ek 7K e A 2 A B R (AR A T
TN FART W 2EK ) (GB18406.4-2001)F
(EAFRMK P AR TR ) (NY5073-
2001)"H05E AU 4 <50 mg/kg), HAEARSZE H,
B G5B B 5 A K E 1 000 m/keg (S K

®T OMAXEMIE T KREE L& MBS IEE KRR

Tab.7 Effects of different dietary Se on serum physiological index of juvenile S. maximus under Cu stress

SEIGRL  experiment dietary

T H

items D1 D2 D3 D4
FFIhRE  liver function
ALT/(U/L) 3.33£0.58" 11.67£1.52° 2.33+0.57" 2.67+0.57*
AST/(U/L) 27.33£1.15° 352.00+18.08" 16.67+1.52° 10.67+1.15°
$ECE  glucose metabolism
GLU/(mmol/L) 2.35+0.20° 1.93+0.08" 1.85+0.04° 2.17+0.02°
FERi4%#  lipid metabolism
TG/(mmol/L) 3.03£0.13° 2.2940.12° 2.28+0.09° 2.61+0.19°
TC/(mmol/L) 4.15+0.15° 3.17£0.11° 3.65+0.29" 4.5740.19¢
HDL-C/(mmol/L) 3.91£0.19 2.36+0.26" 2.90+0.13" 3.36+0.16°
LDL-C/(mmol/L) 0.85+0.08° 0.46£0.01° 0.69+0.08" 0.73£0.03"
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2
[]HB}HE;J 1.87 C
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H‘%E 51'4-
T 2z12F b
22t
<8<
58%%- a a
S E o4t
=~ o .
s 2 o02f [T
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25 groups
(d)

1 AR RN E K xS R 8 T A E @ TR MT. GST. LZMFNHSPT0E E #9555 %M
1.DI4H, 2.D24, 3.D34H, 4.D4dl. H bAFFEERRHIE % 7 &% (P<0.05)
Fig. 1 Effects of different dietary Se on liver MT, GST, LZM and HSP70 mRNA relative gene expression of

juvenile S. maximus under Cu stress

1. D1 group, 2. D2 group, 3. D3 group, 4. D4 group. Values in each column with different letter superscripts are significantly different (P<0.05)

895.23 mg/kg), KEE T4 a2 21 () e
TEAIR T 7K it v i 42 A IR 0K . (HAR S5
kLA 5,30 | T 31895.23 me/kg, ISR 5 &
$E T 51.07%, AR T 8007 A5 P25 g o
(Paralichthys olivaceus)31 dff)SEB 258, v BE A
S IR AN G, AT FRGE A N84 d,
PR W] e © 28 g R — il oRE G P, 3 X A
TN AT LR 3k 22 1 R Bl WO R T Y 4 J8 T R
HEW RS, AR TEJEhEE™ . B Wk il
SR, TR AR R HA PR Cuf &,
5YE L0065 0 (Mytilus galloprovincialis) P TIF5T 45 5
Fo

W HICRIEAEDIRNAHEAER, LR
HEHNABWIE ., SEITREMBEEEY AN
Sz o AL, H, BEATZMAATEE
FHE SE PP RIME P AR SEg b, Y AmDEL 5
8530 FTH3895.23 mg/kghf, 4hfadfa . ¥
LKA e v i B S WG, AT e D
ST LAS 5 gk ng AR, AR O Y &

Y, BRI, AR TR S
MW i RTCAR ™Y, (e i &, Bl Rk
Bl i B R, At A LR R A A S R &
TR, (AT HEE R A B B R R
B, BFEh RS R R F R, AR
£ JL A AT RE 2 AR v i A S A A e T EOA
RN PR AR, %2 T &RE T i%aER
FLBITE P, AN ) 20 i 060 A [) 47 49y T3 18 % ATkt 2
AT, AT S B A A [ 2 2008 A [ 4 4 o )
E R W AR, U EdsEni, 79
JC FR A W)U P9 A 2 TR R A L S B ) O
F, HAHLBEE T HE— BT .

3.2 MXEMIE T RESYEMFRELE
Cpk: A

FEA LS, AR R S AR S 2 T 4
M T-AOC. CAT. GSH-PxifiTEMIFEML, MDA
RGN, W EDR PO s AR BT AR
AL . S5 D24HAH L, D3IFIDAL U A [F K
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A AR T AR IS T-AOC. CAT.
GSH-PxiF P, K&K T MDATE I, X 2 Bl ] 2%
it ve A B0 AR A N . T A AL
BG4 > 45 e H Aot A0 Ak 1 36 M by, Wl AR
o S M b 25 G B LA 2R 1 T BT B AL Y O Bk &
BB, 1 A TR A R A U AT DL i GSH-
PxJ B B AU SS &0 1Y, 28U 2
% 35 M 1) GSH-Px R ZHEPLE AL VE T, AT 2 55
iRt A LRE 1. AL, I T-SOD A
CuZn-SODFi 1A BHW 25 {2 T R, R K AT fE
JEHIME I SODRIE A fts, X T4 R i B i Fa e
PEELAVER, 4 ATl SODY & 1R, bl & il
SRR, A AV JEAT R B ERY, AT A
TR R AR N B, P I SODTE 4 4k £ B AIK .
AmaravadiZEP W E M, CuZn-SODHI /T 115
CCS1A] LA G4l i i ) 8 S Ak Py B AL g 1, M
1M 2 5 WL 0 A R R L, PR I AR S 6 245
R H1CuzZn-SOD 5 T-SODIG P AR fL A #4— 8, AR
ST, FEHERG R, T MDA S R AR
HORR KT 1Y A fE 258 B THE R R, R
SR RN IR T N =T ST R (I [ N (O R U=
fEK- o FBE AT UL, GERE S AT A SRR T
e Pl 6 5 | R 1 AR 9

3.3 WXISEMIE T RESFHEEIBE LIEHR
apA

A B W RN A TR e R fn R R A
SR B, LS MR/ IN AT S AR £ R AR
LR AR SRR, R b o e R
T MLE ALTAIASTE P, 3% WA o 5 0 0 i
JEF= A T — @ W FEAE, 40 b B ALTHI
ASTEER B o BEE DR Ak 25 5t i 35
M3 ALTHIASTHE M2 B R Bela sy, H 5%k HR2H
JC I 22 5, 3 WA 78 e 1B 38 T % &)y £ i 2H 21
BA—E MRy ER, STt sr 45 ) —
B} M RAARFEENRREYT, 761E 5%
TR E, BB NS ] R
Ak, AR AR S R BRCY AR S 45 IR
FWT, Rk b AN e A AT R R R R R, 3R
A1 40 £ I s e o — o B, PLIR TR T K
S I0LWE FH T 0 80038, AT o A v BE T R
55764 T T . (Siganus fuscescens)™ I 58 45 3
— B TEA SIS B A DR AN, AT 2% fig
R 22 6 ) £ ] B 38 1 T AT R AR MBS K, 5
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Tanko %5 "7E K B I F IR 45 - — 3, TEARSL LR
e, GRS I AR AR T IS TG . TC. HDL-
LAILDL-L & &, 5 R AT fig & 4 5 WAk 2 1
RETE B 22 [ i 3, S 8CH I =R R IE E T
Al & AR AR T B TR S R S, i
TG. TC. HDL-LMILDL-L& & 344 b I,
HALHL AT 58 5 il 5 PR K AL [ H A O,
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LZMF1 HSP70% [F 3R 34 RO 52
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Effects of dietary selenium levels on growth performance, antioxidant
capacity and related gene expression of juvenile turbot
(Scophthalmus maximus) under copper stress

HAO Tiantian', WANG Jiying ", MA Changxing >, ZHOU Ying "%,
LI Baoshan', WANG Chengqgiang', SUN Yongzhi', HUANG Bingshan '
(1. Key laboratory of Marine Ecological Restoration,
Shandong Marine Resources and Envionment Research Institute, Yantai 264006, China;
2. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding, Centre for Research on Environmental Ecology and
Fish Nutrion (CREEFN) of the Ministry of Agriculture and Rural Affairs, National Demonstration Center for Experimental Fisheries
Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The study was carried out to investigate the effect of dietary selenium(Se) supplementation on the
growth performance, serum antioxidant enzyme activity and expression of related genes in liver of juvenile turbot
(Scophthalmus maximus) under copper(Cu) stress. Four experimental diets(D1,D2,D3,D4) were formulated to
contain the following diets with increment levels of copper 0, 1 000, 1 000, 1 000 mg/kg and selenium 0, 0, 2, 4
mg/kg. The group D1 as the control. Each diet was randomly assigned to triplicate groups of 40 fish [initial weight,
(24.85+0.1) g] per aquarium. Fish were fed twice daily(8:30 and 16:30) at ratio of 1.5% or 2% body weight for 84
days. Results showed that the different diets had no significant effect on the survival rate of turbot. The weight
gain rate, specific growth rate and protein efficiency ratio of D2 group were significantly lower than other groups.
Whereas, feed conversion ratio and feed intake reached the maximum in group D2. Crude lipid content of whole
body and liver all showed a trend of first decreasing and then rising, and, there were no significant differences of
crude lipid and crude protein contents in muscle among all groups. Cu concentration of D2 group in whole body,
vertebra and liver was remarkably higher than the others. Zn concentration in whole body, vertebra and liver
reached the maximum in the group D4. Hepatic Fe concentration was lower in group D4 than the others. The
serum total antioxidant activity, catalase activity, glutathione peroxidase activity decreased in group D2, and
increased with further increase of selenium level. While the malondialdehyde content followed the opposite trend.
Total superoxide dismutase and CuZn superoxide dismutase activity both reached the minimum in group D4. Both
alanine aminotransferase and aspartate transaminase activities showed their highest values in group D2, which
were significantly higher than those in the other groups. Glucose, triglyceride, total cholesterol, high density
lipoprotein cholesterol, low density lipoprotein cholesterol showed a opposite trend to alanine aminotransferase
and aspartate transaminase activities with the lowest value in group D2, significantly lower than that in the control
group. Metallothionein expression increased in the liver with the dietary selenium levels under Cu stress, which
was significantly higher in group D4 than that in the other groups. Glutathione transferase and lysozyme
expression levels decreased initially and then increased with the dietary change, which were significantly lower in
group D2 than those in the control group. Heat shock protein 70(HSP70) expression level showed the highest
values in group D2, which was significantly higher than those in the other groups. In conclusion, adequate dietary
selenium levels could affect the growth performance, increase the total antioxidant capacities, modulate some
mRNA expression of gene in liver, and then reduce the metabolic disorders caused by high copper content in

juvenile S. maximus.
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