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& F.:UUE(Carassius auratus ) FRBAOR B T EE— @AM T EEBROIMEXHEAFRAR & RmER(MT) & &
T, ERFEH SERIAK H(15.3240.63 )em SEHIATE H7(310.6+5.69)g M R 44 (1 MT A REAELE P BER(P<
0.01) , & B FEAE > 1 s AR KR4 T e AR R H 20 19 MT AR (E 22 7 535 (P<0.01) , 0 ATl AR A MT AR 38
BAEKIE(26.5+1)°CH(16.5£1)CET 433118 3.50 F13.25 pg-g s EAEH I MT SF-H & 8451028 3.20 F1 272 pg-g 5 RFEKR T, 4
AR R E] AR R E N CEE T MT 286 IR B R BB RN —B BRE AR RRENRE, 1%
JE 9 6 h PSS IR K, MT (& B 7E 12 h BF AR (R 6 R PR FN B IR ZR7E 12 h 9 MT (38INE S CE Ik E 25071
A, KRB —ERFIR RN R R, BRI KA CE 7 Sa A5 F MT &SRS, HEZH SR 12 h Z N4
CA* TR A T , KIR AR Cd e MT e fa 2l 4 h iR At s (B MT A0 & B MBER , AR Ca* Rk E
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Metallothionein in Different Tissues of Carassius auratus Exposing to Cadmium Under Different Temperatures

ZHOU Yan—feng, WU Wei, HU Geng—dong, YOU Yang, FAN Li—-min, MENG Shun-long, CHEN Jia—zhang

(Key Field Station of Observation and Research for Fishery Resources and Environment of the Lower Reaches of Yangtze River,Ministry of
Agriculture. Key Laboratory of Ecological Environment and Resources of Inland Fisheries, Freshwater Fisheries Research Center, CAFS,
Wuxi 214081, China)

Abstract: This research investigated the impact of waterborne cadmium on the content of metallothionein (MT )in liver and kidney of Caras—
stus auratus in experimental condition. The result indicated that there was a significant differences of the background MT value in Carassius
auratus tissues(P<0.01). The MT concentration in liver was higher than that of kidney. The background MT average value in liver is 3.50 g-
g and 3.25 pg* g™ respectively under water temperature was(26.5+1)°C and(16.5x1)°C,in kidney was 3.20 wg-g™ and 2.72 pg-g™; The ex—
pression of MT in liver and kidney reached a peak at 12 h and then differently decreased at 24 to 48 h and kept stable, and the increasing rate
was the highest in 6 h. The analysis relevant indicated there was a better positive correlation between the MT contents and the concentration
of Cd** in 12 h. The change of water temperature cannot change the expression tendency of MT in Carassius auratus tissue, but influence the
expression rate and contention of MT. The MT contents and expression rates in Carassius auratus tissue increased with the increasing of tem—
perature at the same content of exposing to cadmiumion.
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KI5 e g 24 N Seat 2 T I ) B iy 25 38 ) [ R
Z—, HHILLR(CA)T5 §em AR . Cd BATERIE
R A ARG THBR AT ZEAE R N & SR 54
XA R R LB, Cd FEERE K '
A EYIIE, SEMEANTEEDSS,
il SR RO TE IR SOKOE , SR B S RE U B
JAR S S B TR , R G A 1 FRP R Ao 2 T K
PR R K IR K P it - AR — B Y A B
AT, PRI XK A G Cd {534 IR AR ST
R,

EA KB , £ E i & H (metallothionein , MT)
R Cd FEERIMEEF R Z P, MT 2—3H
ST R (6~7 kDa) VB 2B R BEB 45 & &
JB RS I, B A TR R, 4R AR
FREYHLES MT 895 89, B TKEEYIENK
MT 5/KIMEFANHAA P ESEZ HA BE
KM, 20 tit2g 70 4R B AR H LAA I 4H R iy
MT & BfF KA RN E SR RBN— 1 TAS
TEHREARR , DU A0 K A5 15 e B AR 2R 5
FIATERRS, B FTE NS MT RS 0 B3R5}
FRHY BRPEESA G, B EERET
TE MT Y254 4= HISEE A — 2 m B 5507
TH'S7, 80 ( Carassius auratus ) TZIRIK H 2 53 A0 B BERL
SR, H IR T EN&SIOKR M0 m) B
RGBSR , 55 5 TE SEH 2 N ARIFR , W 2R A B
Bk, 12 R AR K AR BB IR A RS, R, AR
R TEAFKIRT , &4 R i 2 82 0 8], A [F] 2
BRI K CI 5T MT 806 A S i iRk,
VIR E &8 Cd X 280 & M 3R A AH 1
FHEVOR, AR EVOK ARG ORI FIK P 55
EEHIREREIRYE

1 #BE57FE

1.1 {XE&FnR 7

2-16K BB FHE LHL (SIGMA),7530 B JE T
W W53 6 BEAX (Agilent ), 10 mL BEIF A A% , KT
7, FRENL, TR AE TR 55

SR (CdCL-2.5H,0, 73414, AR.) .k B2 (HC,
Sy Hrat, AR.) (¥ AEFARARN ) 7= ) s LU 40 MV i R
(WA EA B HIRN 7200 ); =R P R A F b
(Tris, 43#réli, AR.)( LA TAY TRAFR=5R);
HARFN I R b, Sk B A 2=8500) 7=
12 REAAE

R A O R A B, B IR K ML BT 5 oL
KA IR, PR K #(15.3240.63 )em, F-H {4k
R (310.6+5.69 g, IWIGHI L TEKRFG H I
14d ULk, RABEXE RSN E W EE, U
PRUEFEFK AR B Ko ISR A 6mE ek
14 h:10 h, #1280 B ARAET- LT 1%, EEE MR
B BRI £ At FF 42 DR 1148 H 2 i3 B
SO PR, A7 L AR5 6 1 o R, iR 1 d
FAZEE . WIRAE 250 L BEIE/KEA 04T, K IR
BRARFR 100 L, BaEh 30 &,

1.3 38 A7k

R FHAKHBRS 3 d FRRER BRAK,pH EH
7.0~7.2, MEEEE A 1.38~1.40 mmol - L, iR R B 515
TE Smg L'l E., /KAFE 0.05 mg-L? fY Fe, 1M Zn,
Pb.Cu #il Cd KA H ;7K & COD K 1.56~1.78 mg- L7,
BT K e RIS GB 11607-89 #alk 7K FkmvE i
2K,

14 BREEFHE

IR SOR RS /K SR A YL 3 . FE KR
FEHRCAGRIRME 100 L, PRk m gt i3 30 B
Ao IRIGEZS X BELZE 14, KB R (26.5+1)°CHI
(16.5+1)C, 51 B XTI EH 5 1, Rk 2
AT, IR B R HIK 50%, 3E4ME CA* 2 IRA /Y
R,

RISV B B LL GB 11607-89 #al /K FiAn e
H Cd* B AR ME B (0.005 mg - L) Ay HE M , 435Il e $1%
FrfE 3 2 4% .10 % .20 £ 100 £5 A4k BE Ay i e vk
FERSEE, B 0.005.0.01,0.05.0.1,0.5 mg- L, i@t 7
CdCl,+2.5H,0 3£715 Cd*,

1.5 HRALANTFLE

S RTEYLEE G ) 6.12.24 48,72 F1 96 h X35
HIATEHE, P ARIRE MR EWRE CIRET
MT e fa REAR P RE. B MREHMN 24
AT RESLIBURE A 3 &%, YR T H R m I+
FE 5 FFEERZ 0.4 g, B 43R EUH  FTIA 2 4 T
AEFRER K PR 2R b B I, PR 4R T FREE .
1.6 #H&mA MT 2 #TillE

MT 5 2 F %8 2R F 4 8/ ML 41 26 A A A, Bk
ZRSCER[9]. KB A 2R e IR 104 E R ()
{AF(mL) HMA pH {E 8.3 9 Tris—-HCI ZZ M0, 7K
WA SRR RS 0 °C.10 000 remin™ FES.L> 30
min B 0.2 mL _FIHWIMA 1 mg-mL? ) CFRMER,
IR T HCE 15 min, FEAIA 0.2 mL ZL40E IMEY, 7
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SHRA TR A 80 C/KIEH 3 min, SRJF7E 0 °C.10 000
remin” FELC 10 min, U _EEWR . TR 2 IINLL4H
M MRS, Ba BIER ST, A XER
TR s 6 B B 2 B3P Cd* & &

A 1 mol MT " 454 7 mol CA*(JE B K 112.4),
MT #53F = 3% 9799 119, kil fa &g i A v MT &
BERIHEARN:

MT( g g™?)=CexVx9 T99xS/Gx(Tx112.4xN )
K :Cu N EIEW S Cd BVREE , wg-mL™; S il
AR, mL; G AL TR, g5 V WAL SRAKH,
mL; N 535 5 B BUEARTR , mL,

1.7 #HEabE

RGBS BEERIERE R, R

t—test HATEF MM BEHRL

2 HREWE

21 ARBEMRERE C*RETESERERLE
5 £ BT AR 9 3R %

TEREMR IR HAA] , 7K 15 (16.5+1 ) CHs X BR 2H 4 £
JHFAE A MT 8 847 (3.0240.22)~(3.47+0.38 )ug g™,
KR (26.5+1)°Chy X A BN kR MT (& & H
(3.40£0.33)~(3.56+0.14 ) g g™, ZEF — KB T,
B AR P MT AR (A S fE AR B3 (P>0.05) , A%
FBAR A s K IR (16.5+1 ) CHl £ fF I 7 MT AR JEE 1 A9

Y ER 325 pngeg?, KT (26.5+1)CHI 3.49
pgeg”, RUBEEKIRAF = I MT F4KME
. EHE I, N R KR A4, S0 A MT B4
{E£ 5 B&(P<0.05),

ARKIRT , &8 [F] i) 2 88 B[], AN [R) 2 iR vk
) Cd> i T MT 7eil e i P Rk (R DER
HHFE S, BI7EZ 5 TR IR &, 6 h B 4 (3.56+
0.14)~(6.87+0.42)pg g™, S R4 A B B 2 7 (P<
0.01);12 h B K2 5 04 , 34 (3.98+0.42)~(9.50+0.11)
pg-g, RGBS T REIEIRRERA (B 5T B A L AT)
FZ5F(P<0.01), iR &I, 7B T IG5 19 12
h Py, @S MT S EMEINSELE CEPMk
EEIEFER, 12 h B}, (16.5+1)°CHI(26.5+1 ) CIRET
JFREH MT f3 g 5 CVREE RIS #5358 «

Y,(AMT,pg-g™)=5.185X(Cey,mg L") +1.351 (#H
X Z B r=0.933 6,n=6)

Y,(AMT, pg-g?)=1.100 7X (Cey, mg - L7)-0.926 1
(FHFE 2 r=0.967 8,n=6)

R REY, A—EWRENESRE CI A
T80 R MT & R4S R AESNSZEL, X AR
ARG 1 12 h NE—ENFRIE-BN KR,

M MT HEHnEKAE , (16.5+1) CHHl ik § MT
R KIFEFE 371 ng g KT (26.5+1 ) CHY AT MT
A RIE TR 5.96 ng-g™'; M MT RIS RE,

* 1 FAEREMRERE CEST NI EH&FENEE

Table 1 Contents of MT in liver of Carassius auratus under different concentrations of cadmium and different temperatures

FFEH MT & &/pg g™

Hirk gL RIS Oh 6h 2h 48h 72h 9 h
0%+ 16.5% 302:022  3.18:024 3326037  3.02:022  341:0.12  332:034 347038
26.5% 354:033  3.56:0.14 3408033 353:026  356:0.16  345:0.12 340033
0.005%#* 165 3.02:022  347:022  398:042  398:0.14  377:022  376:028  3.86:0.24
26.5 3541033  433:037  526:035 4728029  475:034  478:042  4.82:027
0.01#%% 165 302:022  377:034 4442051  427:034 4426036 440:0.62 437042
26.5 354:033  555:0.12 6228021  576:022  595:023  590:032 572037
0,05 165 302:022  437:042  543:028  533:054 5288032  536:024 531044
26.5 3541033  596:035 6641044  635:047  643:031  625:029  636:034
0.1 165 3.02:022  469:042  595:032  587:024  535:0.56  5.79:034 587024
26.5 3541033  660:0.56  7.81:037  682:026  671x021  680:027 687045
05w 165 302:022  5.86:024  673:032  645:0.62  654:042  633:044  6.64:0.42
26.5 354:033  687:042  950:0.11  7.60:047  698:037  694:022  7.69:0.41

T FORFA—KIBAT , ATHEH MT AR AR A B3 (P>0.05) %% FORARFKIRAMF T, ATHEH MT BIA (2 7 B 3 (P<0.05); ***

FOREF IR MT B8 i SXTIR 4 2 4% B2 (P<0.01),

Note: * Significant background value of MT in liver no significant change in the same temperature( P>0.05); ** Significant differences background value

of MT in liver in the different temperature(P<0.05 ); *** Significant differences contents of MT in liver of Carassius auratus under different concentrations of

cadmium between the two groups in the same temperature(P<0.01).
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(16.5+1)CH} &5 2H 6 h i) MT 3 i &k 0.08~
0.47 pg-g™-h™, ZEREAALH B P Rk ; (26.5+
1)CHH &R 20 6 h i) MT 34 i3 % 4 0.130~0.554
pgrg’ b, FRELERE A A R R, s R
FEZKIR A SO F A M Cd> X 8 f i ik MT 355
s R CE S MT F 3R & &, KRR
R MT B3RS &R,
22 AEBREMRERE CREETEERERE
& SR RRE

F R 2 AT 00, ZER I A ], 7K IR (16.5+1)°C
B ot B 2 B U P MT & &8 (2.66+0.24) ~
(2.85+0.16)pg g™, 7K (26.5+1 ) CH Xif HR 240 ) £ '
ffE R MT (98 8 47(3.09+0.19)~(3.32+0.06 ) g g, 7F
F—KES T, 6D MT 4R EZ LA
B#E(P>0.05), RU\TER A IMNEE S B IS JYH1E
AT, 8 B 2 4R FP 5 MT 76— 5E RO B ] 9 (96 h)
FELE— MR NTE R A, BRI RT R AR A
P SR TEM AN T 4B A9T5 5 5 K IR (16.5+1 ) CH
R MT A AR 'R 2.72 pg-g KT
(26.5+1)CH Y 3.20 pg-g™, Z 7 83 (P<0.01),
R KR a2 b MT AR, Bk, D
RAL T MT BRI KR E 48 15 YL BT 2
WL B, AAE M IS

AFAKBZET, ARZRBEER CPHHET

MT 7E86 5 B3R5 (3R 2) 2 BUAHFR R & B
FEZRG G ,6 h BHh (2.96+0.21)~(6.46+
0.19)pg-g™, SXFBRAH B B 2 57 (P<0.01);12 h i}
KFI I, 15 (3.63+0.28)~(8.280.36 ) g g, il J5 I
B TS, B S RAM AR B E2ER
(P<0.01), MBFE -0 2 R AT LAE H , #fa Bz fih Cd>
6 h BfEL A MT =4, 12 h i MT & &35 3)K{E ,24 h
J& MT &8I A T MRt ] s T . BT
W R, &EXT MT 1375 F R0 2 R A FE R oK
b S F MT 2 5 -sn 4 8 181 B 308, £
fil&JEfa, W MT B R SREE RN 58 MT-
mRNA F5M, FrRAAess 6 h el H2ih e A
MT & 1 FEt MT /EA B E R, RS RAES —
ERRER, E—ENEERERREREXERVEEN,
HEXBWESREEREENmAS,BEYELEEK
JEFRLEE N, REAT ARSI K MT #4178 T 48
X 5Silvestre™ IS AERF. 48 h |5 MT &84k
HE—ERKFE L, BRRTFEHALH CdBFEREL
BENVEF, MT S ECEEAREE H I HFENIE
H, FBMT ZEHA Y Cd 456 ke H B 5100
B MRS F AME B R B MT (915 5 7] fe 5 458
TH AT 21, 48 h 5 40 i 45 B -3 1 T RB A RH
Wro, HEFEE M, FERXB I RGN 12h N, 8465
iR MT &R IS5 E SR CkE2IEMX,

R2 AEBEMRERE CPEST NI EHESHNEE
Table 2 Contents of MT in kidney of Carassius auraius under different concentrations of cadmium and different temperatures

B MT & 2/pg g

R fmg - L BE/C

Oh 6h 12 h 24 h 48 h 72 h 96 h
0%* 16.5% 2.66+0.24 2.79+0.38 2.58+0.24 2.66+0.25 2.760.14 2.85+0.16 2.74+0.16
26.5% 3.32+0.06 3.26+0.12 3.15+0.06 3.23+0.04 3.13+0.12 3.09+0.19 3.21+0.13
0.005*** 16.5 2.66+0.24 2.96+0.21 3.63+0.28 3.59+0.24 3.16+0.34 3.36+0.14 3.21+0.08
26.5 3.47+0.06 4.42+0.18 4.78+0.12 4.47+0.34 4.62+0.11 4.59+0.26 4.70+0.05
0.01%** 16.5 2.66+0.24 3.26+0.24 3.96+0.14 3.95+0.24 3.88+0.34 3.90+0.14 3.90+0.14
26.5 3.47+0.06 4.87+0.03 5.14+0.36 5.10+0.07 4.87+0.06 4.96+0.27 4.940.17
0.05%** 16.5 2.66+0.24 4.05+0.24 4.46+0.21 4.37+0.34 4.29+0.11 4.33+0.12 4.36+0.24
26.5 3.47+0.06 5.12£0.29 6.06+0.33 5.69+0.42 5.81+0.01 5.77+0.16 5.76+0.22
0.1%%* 16.5 2.66+0.24 4.24+0.38 4.69+0.24 4.24+0.24 4.55+£0.28 4.25+0.25 4.36+0.24
26.5 3.47+0.06 5.98+0.26 6.71+0.14 6.43+0.31 6.34+0.13 6.42+0.37 6.38+0.12
0.5%%* 16.5 2.66+0.24 4.80+0.14 5.33+0.24 5.00+0.34 5.20+0.18 4.99+0.24 4.86+0.21
26.5 3.47+0.06 6.46+0.19 8.28+0.36 7.69+0.31 7.59+0.33 7.72+0.27 7.52+0.33

T FORFE—KRAGT , Bl MT AR EAZEAABZE (P>0.05) ;% RoRARZKERG T, IS MT A IREZ 7 B3 (P<0.05);
FORF—ARFMT , AR SRS T E E D MT 585 25X R4 2 AR B 3 (P<0.01),

Note: * Significant background value of MT in kidney no significant change in the same temperature( P>0.05 ); ** Significant differences background val—
ue of MT in kidney in the different temperature (P<0.05 ); *** Significant differences contents of MT in kidney of Carassius auratus under different concen—

trations of cadmium between the two groups in the same temperature( P<0.01).
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(16.5+1)°CHI (26.5+1)°CHt, 12 h BtFREF MT (13
&S CP R EIE AR HN

Y3(AMT, g g™)=3.138X (Cqy,mg L") +1.183(#H
K Z B r=0.954 3,n=6)

Y,(AMT, pg-g™)=3.058 8X (Cey, mg-L7)+0.347 7
(FHRZEE r=0.917 0,n=6)
23 HEEMSEREEREARIENER

M MT HEhnESRE , (16.5+1) ChHll ik § MT
M RFEFEN 371 pg-g”, EXTIRAR 1.39 %
(26.5+1)CHIIFIE MT () KBS E R 5.96 pg-g,
FEXTIRAI Y 1.80 £ ; M MT 3N Rk E , (16.5+
1)°CHI(26.5+1)CHT IR E2H 6 h f) MT 34 fin 2R 253
R4 0.05~0.36 pg-g?-h™ 1 0.18~0.52 pg-g™+h™, 43
FERAAT AP AR K, g RERN, E—
WENESRE CEHHAT , Ma TS MT W& &S
RAEDNSD, XMBAAERRERN 12h NE—E
AR - R R IR IR A5 SRR KRS BAAR
o C X248 MT f9i5S LA, B2 Cd>
B3 MT (S EME R, HRIREWRE CEHET,
(26.5+1)CHH LA H MT M E T (16.5+
1)CHH 2 MT & &, Z 5% B3 (P<0.01) . iX 2
K (26.5+1 ) CH} 7K Ca* By FEMER T (16.5£1)°C
Bt CA2 i BEEDY, R BT (26.5+1 ) CHHllf (1475 Bh B8 S
KR, AT BT #4120 MT i SRURBEE KB
FHE TR

AR I 25 B B , Cd o F2 U6 A Ak 7 e
HAMT FEFFRE NHISEE, SExX—4R
FRHERE S ARAFRASMELBHERMEE
REANAFA R, GEHRIEHY, akHENELR
Io* I EFRATE ERES AES B A . FFRE AR MT
BB, X IR A & R 6 B B2
B[] ik AR R AL A IR A R A AR 7
B H5SMNEFRY AR R, TR R K AT
5] B P RE /™, PR MT & B3 A SR T

R f AR b R B
3 45ig

(1) F R 2 (15.32+0.63 Jem , F- # (R H
(310.6+5.69)g BN 1 AR [RIH L P g MT A IREAFTE
EVRZES, & B> B I  7E Rl — K LA
7T, SEERAS PR MT AREZR AL E, M
Xt R RE . A FIZKIRAAF T S AR AR AP g MT
A RAE 2 5 2, B 2 2R Y MT A JIRMELRE /K LAY

ANyl

(2)ARFIKIERT , 2 R B2 82 i8], A [R5 8 ok
BER Cd> i & MT 780 i A E AP Rk
HEBOA—B W R BT R RERRES, AR
4 6 h P RIS T AR R R A A TR S R 2 AR
12h 4 MT K3 INES Cd™ vk B 28 AR,
RIH—ERFIR-RR, RIDKAEHE CEH]
R E AL P MT K& 53R, H 2002 m0
FE12h Z N,

(3)HHF CdSRE WA T , KR SRR E
M Cd™ e MT 1E@) 1 20 4 P YR 3, (H R
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B £ 20 27 Fp ) 2 0k R R R B AIR A T g TS A o
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