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(1. Wiy BRI FE IR TR AR O, #ivL FFl 316022; 2. HEAK =BG I
KPR RT, & BRI SEARR S ER LR EWE R TRKSELEE, 1R H5 266071)

WE: AR Cuxt= KB 8 & (Epinephelus moaraQxEpinephelus lanceolatus3) %) S 69 A 5 WA 4 52
AIEAT G Ho0, AEF AT Cu' st 4 &y bR BIRE(Cs) BB . B 7E ) 4B 7% 6 -2(MT-2)
EEF A Hh, ZREEATRAVA0.1. 02. 0.4, 0.8. 1.2. 2mg/L % 6 /> Cu’ L1l 847 A &
5AdMHERFEE, RE T CO N ERALRSES 849 CgH 0.0162 mg/L; Cu BEIF L T & eI IEA
Lo FY K, AR IS ARB AR IARFI L, SaPRam, M CoREA &, HIBARE
A B ALEE(SOD)E H B T, £E# [ GOT)E N A LABTHE, M Cu REREFS,
BE. $B4B 4R MT-2 BB A KK PY RS LI MIRAR T MT-2 £ 5 KF A BB T, (oKRE A
SRBMEFALE, EREAY, HREN CuREREFRLEREY & WBEMY . LA E N EKF—
RINTA R, ARAZRABRERAA F TR AR F 127 T QE T T FRBRE.
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AR D REFE I A ARk, N 2 T B i 3 4 0 ) R
F Cu Bi#5 a7 A= BB R AR 24 1 25 Bk
1 mR5rE
1.1 SEE##

S5 0 R U5 TR B I BRI B K A BRA
Al PEEUARSR M . RO R4, B ek
(5.5£0.49) cm. AT (2.06£0.61) g. LK IFIARTHE
B 209256 O KR R Rl 0.15 m*) B 9% 2 4o FTAS
BRI A5 24 h SIS I, R
THALTE SO0 S50 7= A 5, SR I IR B, B A5

1.2 FREH

S FH B B 2 4 (CuSO4-5H,0=>99.0%) iR 771 Ky
Gitrati, RFE ST OB R EESY 3 000 mg/L
()RR A Ry i 25 i, 5P A DB Vi K e L A9 R R, B
FHBLEL . FRAEI] [ SR K KRN 23~27 C. 4k
JF 29+1, pH 7.8~8.2, % >5 mg/L.
1.3 EBJk

S OKAAEYFELE ) P, FES%H
fbfg 7K e Cu™ BEHISL RS, ARAE LIS, 78 Cu™
/N 100%B05E Mk B FIAS 5 | RS HE T 1) 5 Rk B 22 1],
WEXTIRA M 6 NSCHR, Cu® iy R I 35k
0.1, 02, 0.4, 0.8, 1.2, 2 mg/L, B PWEHKE
2 AT . BASSEI AR 30 B B A5,
TESLHTFREAY 1. 2, 3. 6, 12, 24, 48, 72 Fl1 96 h,
WS SR A AT Ry . TR EEERFISET G L. LAZ
YU TC R R 58 4 30T, B I BB PR s
IR RS, SRR A75(GB 17378.7-2007),
THE 24, 48, 96 h PHIE TR BE (LCso) R 95% E 17
IXA] . 284 ik B (Co) e T 3 Haa

Cs =96 h LCs0x0.1,

1.4 HEHRELKRE
FEHACE 96 h J5, ANFERIEHKE 3 Bfarp
. AFIE4 4R, L Davidson [E@EWEE, HTFHH

#£1 ZEEPCRS3I¥FT

'h@Ammw

PIR By, 25 254l 73 I 6 R iy iFE 41407
BA, MAWRATRA, HT R0 E; £ W
3 BN, 8. FIEA UL AR A PR, AT
BRI T
1.5 REHHEEIHR

ARG TG R BE LK, A aIE(SS C)F
Yk, UZpARREROrer g g, hrmigs q, 752
SRS R 0 BB 5 (NIKON ECLIPSE 80i, NIKON
DS-Ril, H7A),
1.6 B&&EHmzE

FI bR AY (Bio-rad iMark, H <) WST-1 32
K& (A001-3, It 2 s A= 4 TR 5% ) Ul M O
i AU A ) 152 AL G (SOD) i i 775 48 1 AT UL 43 St
TH(TU-1810, b 7)F1 b (325 003 £ (C010-1-1, R
AR ) TR B A T ) A A A S (GOT) il 1
7o BV BRI 2 2R 2% L i T ik . BT 4R
A e BRG] Ul I B P A R A T
1.7 AR ZFRESH

K H Trizol i5#:(4G RNAex Pro Reagent, ]
RSB . FE . BEZIZ1E RNA, DLE RNA
M, f#if PrimeScript™ RT reagent Kit with gDNA
Eraser [ 55 5% {57 £ (TaKaRa, HA)H i cDNA,

£ NCBI %4l e th A& o ey A1 BE 0. B-actin . 42
R H-2MT-2)EH 751, &it & PCR 5|4
JEHAT PCR WIS EH, S5 51F 5% L 1§
FH Applied Biosystems ABI 7500 %5 ft PCR {3 #4T
SR Y 50T, PCR MR R A 20 pL, Hrp
% 10 pmol/L A I . FUFTI#4% 0.8 uL; 10 uL Y
TB Green Premix Ex Tag; 0.4 pL ) ROX Reference
Dye II; 2 pL % ¢cDNA #Ji; 6 pL 1) ddH,0. PCR J
45 A: 95 CHUAEME 305,95 °C 55, 60 °C 34 s 4t 40 4>
EA. bRt 4R 6 MR R BE AL (R4 3 44T,
HLBE S U RO EAT; wVE bR it 2 I AR 4 bm v ith
LERIMICREL 2 P R B, HAVFER R L RER
F 2728 L

Tab.1 Primer sequences used for quantitative real-time polymerase chain reaction (PCR)
K EWESIH (53" TG IMEEI(5-3") P EE(bp) B KIREE/(C)
MT-2 TGGACCCTTGCGATTGCTCC GGTGGTGCAGGAGCAGTTAGT 88 60
p-actin TCCTGCGGAATCCACGAGAC AATGCCTGGGTACATGGTGGT 117 59
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1.8 #EL oW

B VL 358 45 HE 2% (meantSD) £ 7~ , K H
SPSS 19.0 3 FLPH & J7 22 53 1 (One-way ANOVA)Fil
Duncan £ 5 HE ST T TE R0 AR R] Cu ik B 40 2% %
THEE AR R IB W E R, WE R BEMEKE P=
0.05, 24 P<0.05 BN R B3,

2 %R
21 CuRENZALHEITHFHSH

AW R, = A REMALE 0.4 mg/L UL F Cu**
WA BT A SR IO . v B A S R R

2~4 h JEIFAG AT e, B E RN TR K i 3,

BRI VA, JFaa 0 BiFsh . 6~8 h J5 2usiiFs) |
S AbFL A S K AT R, RS SRS, DIAKIR,
Boorh e, S b 2ot e e s, A A iRk
5, HEMNWREE, =, 12~24 h KR, JE
T2 2 e A B £ 60 S AR R 43 WA 1 R B . IRk i
2 S I £+ R PR DR A S ) A A R AL g, {HL A
BEMIAT N R A AR
22 Cu'stz=hepmenAiiEn

I AR 2R B T S A, CuP' N = e B
24, 48 F1 96 h [y LCso fHZr 54 0.590, 0.293,
0.162 mg/L, Cs 4 0.0162 mg/L, S:¥aibT- K51t
FEULE 2; LCso A K Cs SFITHEWFE 3.

£2 CUOHNEERMBMNESSHER
Tab. 2 Acute ecotoxicity results of Cu®* on E. moara? x
E. lanceolatus3

gy RIS LTI %
(mg/L) 24 h 48 h 96 h
X g 0 0.067 0.167 0.167
I 0.1 0.17 0.22 0.33
11 0.2 0.44 0.56 0.56
11 0.4 0.2 0.42 0.88
v 0.8 0.56 0.78 0.83
Y% 1.2 0.39 0.56 0.72
VI 2 0.93 1.00 1.00

23 CuRExr=Rhomés Bl EHYG

2.3.1 SBRHRRG
ABFFE R, Cu F52 38 M7 SEL 4L 45 44 15

'M@Amww

£3 M EZAENEBNEBERERESRERERE
Tab. 3 The safe concentration and LCs, value of Cu®*
for E. moara® x E. lanceolatus3

R CEBOL R 95% 1l {5 FRR LIy
AffEl/h - B /(mg/L) /(mg/L) e /(mg/L)
24 0.590 0.390~0.892
48 0.293 0.214~0.402 0.0162
96 0.162 0.26~0.64

Bio HiE 1a AT, Xk R L6 1R 40 i B 2 A R HES,
U R 22 ZERE T . BE Cu® Wk T, BEZH 4R
Bz, WAL SO . Ik B A P 4 A
b R AR K R, VR B 22 A b K, s B B ik
A LS BT B R (E 1b); mik
JIE b B 2H YR 2% 08 2 1 Kz AN 2L v, T IR
(Kl 1¢).
232 FFEEMA LSRG

Cu B5RE [FIRERE R T HFIE L Ui s M i . 5
HEL] (B 1d)AH H, G B A BRAH B N K 2s il
W 3 A B2 T 240 B K i PR A 2 R, LA i
P, IR IFAIIRGE, M2y ik, HFRLEH
HiL(E 1e. 1),

2.4 CuRES=RE 56 I IEEAHEE K
RS

AAFGE LI, Cu 556 0 006 T AFAE SOD il i
J1(& 2a), (HFFHE GOT BE SIbE Cu® e T, &
WA LAE N R B (E 2b), it 4R BoR,
0.1 mg/L 415X R4 SOD i 71 . 3 F 41K (P<0.05),
0.4 mg/L 0% 0.2 mg/L 20 SOD i /7 i 3 HA% (P<
0.05), 1.2 mg/L #1 SOD i J i &I T P A S g
(P<0.05), fH 02 5 0.1 mg/L i EH. 0.8 5
0.4 mg/L JREWKIEH SOD MG WA ERABE
(P>0.05); 0.1 mg/L 20 GOT [ J1 i T xf IR 4
(P>0.05), {H Cu® i E#= T 0.2 mg/L i GOT i}
16 152 3] B 2 M i (P<0.05).
25 CuRESZRERELULE MT-2 H%H
2.5.1  XPHFRE MT-2 (R

Cu M0 FHFIEAIZ MT-2 mRNA ik /K%
EFH(E 3a). 0.1 mg/L HEBEXHRZ . 0.2 mg/L 415
0.1 mg/L 4. 0.8 mg/L 4% 0.4 mg/L 4 MT-2 mRNA
Lk BT (P<0.05), 1E 1.2 mg/L 4 MT-2
mRNA FRIA G IRIE(E, W35 5 T HAh S 541 (P<0.05),

Marine Sciences / Vol. 46, No. 8 / 2022 41



K1 mlefABEmss 96 h B9 Cu Bgk o . PR B A (PR 100 um)
Fig. 1 Effect of 96-h Cu>* exposure on the gills and liver of E. moaraQ x E. lanceolatusd (scale: 100 pm)
a~c. i, d~f. JFAE. a. d. XFHE4; b, e. 0.2 mg/L Cu®>"AbFE; ¢, f. 1.2 mg/L Cu® 4b3
a-c. gills, d-f. liver. a, d. control; b, e. 0.2 mg/L Cu*" treatment; c, f. 1.2 mg/L Cu®" treatment
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Fig. 2
ties in the liver of E. moaraQxE. lanceolatusd

Effect of Cu*" on the (a) superoxide dismutase (SOD) and (b) glutamic-oxaloacetic transaminase (GOT) enzyme activi-

AN /ING B R AN [ A B 2 8] 22 5 .35 (P<0.05), ] 3 [+

Different lowercase superscripts indicate significant difference (P<0.05) in the different treatment, the same as Fig.3

{5 0.2 mg/L 415 0.4 mg/L 241 MT-2 mRNA kK
o i 3 25 - (P>0.05).
2.5.2  XHEE MT-2 R

AWEFE R, Cu bl FHI4IZ] MT-2 mRNA #
KA T, SR R A A RL(E 3b), Hrh
0.1~0.4 mg/L TR T MT-2 mRNA Fik/KF5%F
HR 40 6 W 3% 22 5+ (P>0.05), {H7E 0.8, 1.2 mg/L Cu*
e BT 2 T 55 (P<0.05),

42 MR

2.5.3 XPH MT-2 R

Cu AR, 4l4 MT-2 mRNA Fik/KF
I LT R, Kb o1, 0.2 mg/L sk
FEF MT-2 mRNA FRik/KF-5 %0 BEZH AR L TG b 35 2
5(P>0.05), Cu” [ i e N 0.4 mg/L i MT-2 mRNA
Fk KO 2 TR (P<0.05), 0.8, 1.2 mg/L HkJFH
MT-2 mRNA Fih/K-E TR, H 00T HAhSE
B 20 (P<0.05) (& 3¢).

/2022 4F /55 46 3 /45 8 11
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LDAWUE
20r
> - o :
ig 20 i b i 4] © ¢
X s d | 120 ¢
® K 3 #* 1.0t ac
£ 10 g ¢ Z, a a Z 0.8+
E = a = 06 a
RNl ENNINININ I il
a 21
05 . 0 0 0 00

0.1 02 04 08 12
Cu*' B /(mg/L)
(@)

.1

02 04 08 12 00 01
Cu™ JREWE/(mg/L)

02 04 08 12
Cu™ [ E/(mg/L)
(b) (©

B3 Ccu’' X =Bt MT-2 mRNA £k 50
Fig. 3 Effect of Cu’’on MT-2 mRNA expression in E. moaraQxE. lanceolatusd
(a). JIFHE; (b). B85 (c). ik
(a). liver; (b). gills; (c). brain

3 itk
30 CuBRBEXNEZALLBEHERFREN

A K Cu WAAEFEMRON AT O A HRE, A
PRI, Cu BEEARNT = oA BRI AN EE R
Wz WSR2z AT ISR Y. 17 7 Ak A i |
KB RTHE . S SRIFUR R, RAERIT,
X570 T fa(Sardinella brasiliensis)!', %3 78 B 4k
1 (Oreochromis mossambicus)'> . J1#%(Coilia nasus)
gt P43

LCso i 1 g i B 5 25 i e s Wy R R/ s
Y ESHL, L 96 h LCso EHArifE"", CHIDIEBERE!™
il Cu* ¥Hih i (Clarias Gariepinus)96 h ] LCs,
b 59.36 mg/L, 1 EAKSZEEIR R M Cu® R
fifi (Sander lucioperca)%)jfi 96 h LCs, & 1.88 mg/L.
AR BN, Cu X 2 e A BE4) 196 h i) LCso
{E°h 0.162 mg/L, 54 5HAb M AR, X2
(25 Skt L, A =B A BEEXT Cu® 5k HURK
TAVARES-DIAS! /i1 8 #f 8 — 2 Fioif Cu # ki
S, T EC A 0 R U A R BT A2 1 . R SR AR
LCso 7E 0.1~1.0 mg/L AE#E, AMRZEREN =T
AIBEL) 196 h LCso 7E i #5310 Fil X ), $2/RTEFRFE A
77 b R v 2 R T ] v A 4 o IR Ah, A
GERI, R R POVAE HRA R A X 4
R 0B AL T BE AR SR, A YA SR i A v B
B F8ckasE, T — ] DLl B Ok % ) SE e it
FEH AL T3 Cu Sk RS

3.2 CuARAEx=kostdtyHlEHis

B EZ S MR NIFR B EH TSR, EE
GEE SR . EERE T BT B

822 5K PR A B2 fk, DA LA R £ D P AT 5T
KB, e EE Cukb BRATSE |- B2 403G AE, IRz
T HEIR, X5 BASIRUN 25 2R 5T Cu Xt 52 5% H3E
F 40 L & AFAGHI P2 58 Cu X411 (Cyprinus
carpio) %5 5t —%, GRIFFITT Z>HA K Cu Bl 5E
4t (Danio rerio) il 41 4L IR 9% B 22 KB 1 34 A= 34
TARMAMEEM IR, FE R AR/ NG RS AR
ZERLEEHE A BRI RO, AR Cu 25 S5
= oA A R S5 T, R E AR, BT R
FER IR PR 22 B3R i LBl Dk, R Cu Jipia Xt
= e B s AR D BRI LR . R fa
KOrMHYEZSE, AVIERY, My ki
Cu W FHFNEM G E B~ E S, I HIEB R
UKL Y R o 7 A= 2 — B 78 B0 R R 52 i 3l )kt
FI B I 938 10 506 52 LI 200 A 9 45 21 R,
Lk Cu 2258 96 h i, JHFIE SR 1 AS W) 78 2 iy 43 4,
FLERIG MR . S 5K il MR L
G A8 2 OB = A, 35 A Ak T B P 2 o
(Cynoglossus semilaevis), T 1 7555 2005} 41 i fef: 41 11
(Brachymystax lenok)Lh N2 ALKOBABY Z5:71%} Jg %
% Ak (Oreochromis niloticus) T HE 41 £R #1405 1 i 3B
G5, DI Cu 55 AN [ it ol £ 288 452 5 1)
E IR R AR — 3
33 CuBREMZAE & ITIEREAHEF
e S R0

SOD. GOT & HE sl A A BT A il ) B2 2241
g3, SETTAE AR W AT AR S e £0 2 0 A7 4 45 A
(AR R PR, AR, = A B SOD il
GOT BEHEMEXT Cu BRI AU, H Cu ZEEXTH
e T P P 5 ) S AN [R] Ea FA IRVR . Cu A FHAH 4%
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Xt HR4] GOT TG T+, X 5 RAMASWAMY 450
XiF 55 3& b v B AR I A1 2800 B 5T A R
STEBBING WA, ) 7EMRE T B ol 42,
S HAETHAE T BN, b — B FR N
“EEPIATELN” o RS SEREE Cu™ W TR, GOT
FilE 15 FIREAG . TEH VORI Cu Bl ~, = e fBt
f JIFE GOT MG 1 b T F M IR B W 3e 45 R 1)
SR, H Sk A B i R, ATREC &M T I
AR EPURMR GBI RE T, M A T Y
i Bfd S 2R 8 B ot R A A B R T R 4R
Cu J&, SOD i&EH MDA & & W] % Jhe, i H
Cu/Zn-SOD H:N ik 8. SANCHEZ 23l
Cu BEWS 1A T =l fa(Gasterosteus aculeatus) ™ 1T Ik
ZH4U SOD HI CAT &M M. (HAHG KB, B
Cu™" Wk M TH s, FFIEZH4] SOD W EREME, X5
WANGP g1 41 BE i (Epinephelus coioides) T+
SOD [ J1 R %% Cu Mt A FE 85 R —5 R =T
A1 B FIE SOD §if J1 %} Cu it 32 A s, SOD 248
ZF| Cu = E A, R Cu il 5 b FE 2
A B A I 3 A R, [ B B R AT R
IKFREE Cu® 2 4 Wi AE BRAE /R 8 b 14 T M
34 CuRENZRERHELE MT-2 H%h
MT-2 & BREARENAZ—, 5 Zn, Cu,
Fe. Cd & "B 7ol Witk 25 & UIgERFIUIAR N 4 8 B
T, R 4R R A HEAE DY, GONZALEZ
SECOUIE MT-2 He DU AP L AE A, SEATAL DY
K. WANG EPIFsT A, Ab A B i 2
E Cu W FZERAE, XHECIRIE Cu FEIIH
TE # i (Monopterus albus) i FFIE Rz 8 TR, =5
JE Cu & REUFIE Cu Mz, BEHFE Cu FUR W &
LR E . GAO PR WA f4 (Siniperca chuatsi)
MT-2 mRNA G 4235831k, BHAEH . JHFIE. O
JIE . A A IE P ek, RGNSk B IR s, A
W, B Cu® ¥ Thm, MT-2 mRNA 7EATFHE,
L RIBKT W E TR, 5 GONZALEZP ik —
%, (HAEMRZH LI MT-2 mRNA 2635 7KF 2B -+
Ja FRER S, AR LI ROR B, X
5722 PNt MT mRNA 357K FHF9T 45 5L AH
P, VAR Cu AbBRALN LS MT-2 iRk
H5EEBMAMEE A, PUR™ AT AR 80 .
CRAIG M5z KM, BEo e Cu 418 ng/L)
1 MT-2 mRNA EiEKF 0 MT-1 B, R

) H@ART/CLE

MT-2 BNy Cu X 28 A SR 1 PP S B0
Bk, AR a2 Cu” U A P R B L

4 ik

TEASZIG RN = e A AL Eng 96 h
LCs 7 i 22 i [ X ], Cu ZR 8 A E = o B fa
At AL, SEZHZU, [ R T SR AL G
PR MT-2 FEH ik = AR A8 b, R = e A B
0 0T T i ) 7)) Ak BERAR R BRI SE SR
Cu* X} = o A B i (1) %2 4 T i 4 0.016 2 mg/L
(BB BB R o B vk B oA 0.040 5 mg/L), R ILAE 77
SRR, B 0.040 5 mg/L K LLF Bk E
(R TR 0 2E A 7 24 i 2 A HU 3 B A

S ik
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Abstract: In order to investigate the effects of copper exposure on ecotoxicity as well as on physiological and bio-
chemical indexes in Yunlong grouper (Epinephelus moaraQ * Epinephelus lanceolatus3) juveniles, a safe concen-
tration for copper (Cu®") stress and the effects of Cu®" on tissue structure damage, enzyme activity, and metal-
lothionein-2 (M7-2) gene expression in Yunlong grouper were analyzed. In the present study, the fishes were ex-
posed to different Cu?" concentrations of 0 (control), 0.1, 0.2, 0.4, 0.8, 1.2, and 2 mg/L for 5 days. The results of this
experiment showed that the safe concentration of copper for juvenile Yunlong grouper was 0.0162 mg/L. Exposure
of the fishes to Cu”?* induced dilatation of sinusoids in their liver, and the arrangement of hepatocytes around the
central vein of liver tissue presented different degrees of disorder. The exposure also induced clubbed tips,
edema of epithelial cells, and aneurysms in gills. With an increase in Cu®" concentration, the total superoxide dis-
mutase (SOD) activity decreased in the liver, and the glutamic-oxaloacetic transaminase (GOT) activity showed an
initial increase followed by a decreasing trend in the liver as compared with the control group. The expression level
of MT-2 mRNA increased in the liver and gills as a result of the copper exposure stress. However, in the brain, the
expression level of MT-2 mRNA increased initially and then decreased. In summary, exposure to a high concentra-
tion of copper caused a series of physiological changes such as structural damage in the gills and liver as well as
immunity-related enzyme activity inhibition in the liver of Yunlong grouper. These findings would provide technical

guidance for copper product selection in disease control in Yunlong grouper aquaculture.
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