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BRSO T A3 LT W4k SE T4 °C, 100 000xg
B0 h, UUERAMERIR Y B AL 80 °C
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K HISPSS 16.0 Gt 1 R4 %F 52 3 B 336 47 43
B, g H V20 £45 i 22 (mean=SD) /R o
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ANOVA), P<0.05%RERBE.

2 4

21 BNRALAPCIHZERTHARE

R UL JIEIAT L 6 PR R P e LA A0 Cd
Y A i 2 B I () S X B TR e A, Rk
KW, CAR &R R TR E D 75,



8 10 BAHEDS, AF KL DS R 2 23 B B A DX A R i B AR A L 1205

30 P EFA
digestive gland
40 1

30 |

20 -

Cd % &/(mg/kg)
Cd concentration

10 |

0 2 6 14 20 30 40
i iAl/d

time

PER
14 gonads

Cd ¥ &/(mg/kg)
Cd concentration

SN B~

0 2 6 14 20 30 40
e} [8]/d
time

18 i
16 gill
CERE
S5 12
EZ 10
~ O
Ee 8
g 6
=S 4
Q
“~
0 2 6 14 20 30 40
i iR /d
time
7 4 FHFEL
6 | muscle
2 5|
L
EE 4
~ 0
e 3
<?E[8 2 |
33 .
0 —
0 2 6 14 20 30 40
fy TE)/d
time

1 BRAEHAFCANZELL

Fig.1 Cd content in different tissues in the scallop
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WS E IR, MTLPrHR CARY & 7 5 3% T R
(P<0.05)(F 1), 4iffi#y . HSPAIMRGH CdI¥) & &=
Ak AL, TR E A RS TS5 e 1 5 0
Tt 7 #a #(P<0.05), i 41 M i H b Cd i A iR
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SHSP>A I o X F 6, Joig &2 I IR 4iE
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PIRIE AR AL o X T PR, 23 11 R 2 4% 30 448 i
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#1 BRAREAZTABASTHCINEE

Tab.1 Cd content in five subcellular compartments in different tissues of the scallop

mg/kg
M KEmEmEA Yok ABUREA SR & Jmk
tissue MTLP cell organelles HSP cellular debris MRG
MWEHE  digestive gland
0d 1.79+0.21° 1.55+0.02° 0.31+0.01° 0.15+0.02° 0.43+0.05°
2d 8.84+0.36" 2.57+0.12° 0.51+0.02° 0.21£0.01° 0.59+0.03"
6d 10.90+0.58° 1.7240.04" 0.35+0.02° 0.21£0.01° 1.79£0.25°
14d 20.28+1.35¢ 2.00+0.02° 0.40+0.01* 0.33+0.01° 2.5740.21°
20d 27.76+0.51° 4.43+0.13¢ 0.89+0.04° 0.43+0.02° 5.16+0.32¢
30d 14.88+1.08° 6.60+0.42° 1.32+0.17¢ 0.43+0.00° 7.78+0.51°
40d 10.57+0.68° 7.17+0.21° 1.43+0.22¢ 0.49+0.02¢ 8.66+0.12"
il gills
0d 1.11£0.14° 0.35+0.01° 0.07+0.01° 0.04+0.00° 0.073+0.01°
2d 2.96+0.29 0.43+0.03* 0.09+0.00° 0.24+0.01¢ 0.62+0.02°
6d 5.02+0.11° 1.09+0.08° 0.22+0.02° 0.12+0.02° 1.11£0.15°
14d 6.38+0.32¢ 1.17£0.14° 0.23+0.01° 0.35+0.01" 5.10£0.35¢
20d 9.35+0.28" 1.02+0.06° 0.21+0.00° 0.30+0.01° 4.70+0.22°
30d 7.84+0.12° 2.05+0.11° 0.41£0.03¢ 0.21+0.02* 4.88+0.20°
40d 6.15+0.20° 2.23+0.05¢ 0.48+0.03¢ 0.19+0.01° 5.02+0.15¢
AR gonad
0d 0.30+0.04* 0.30+0.02° 0.06+0.00° 0.01+0.00° 0.014+0.00°
2d 1.16£0.19° 0.84+0.05° 0.17+0.02° 0.060.00° 0.30+0.02°
6d 1.26+0.05° 1.78+0.15¢ 0.36+0.03° 0.03+0.00° 1.30+0.04*
14d 1.63+0.08° 2.40+0.13¢ 0.48+0.02° 0.13+0.00° 3.27£0.25°
20d 4.67£0.41' 2.55+0.02" 0.54+0.01¢ 0.18+0.00" 6.60+0.32¢
30d 3.58+0.10° 2.46+0.01¢ 0.49+0.02° 0.16+0.00° 4.74+0.23¢
40d 2.89+0.12¢ 1.60+0.01° 0.32+0.02¢ 0.15+0.01° 2.75+0.12¢

M5l muscle

0d 0.78+0.07 0.03+0.00° 0.01+0.00° 0.01+0.00° 0.10+0.01°
2d 0.47+0.02° 0.15+0.02° 0.02+0.00" 0.03+0.02" 0.38+0.10°
6d 0.62+0.03" 0.20+0.01° 0.04+0.01° 0.07+0.01° 1.84+0.02°
14d 1.22+0.08° 0.14+0.00° 0.02+0.00° 0.10£0.03% 4.05+0.15*
20d 2.08+0.31¢ 0.35+0.01¢ 0.05+0.00* 0.05+0.01 3.84+0.08°
30d 2.74+0.25° 0.41+0.03° 0.08+0.00° 0.10+£0.00* 2.87+0.15°
40d 2.59+0.11° 0.43+0.02° 0.08+0.00° 0.11+0.01° 2.48+0.12°

T ARFERORE —HH R — AL 22 5 B 2 (P<0.05)

Notes: the different letters in the same column were significantly different from each other (P<0.05)

http://www.scxuebao.cn



8 10 BAHEDS, AF KL DS R 2 23 B B A DX A R i B AR A L 1207

e
Se

()
fﬁ&" 5 120
E=EE 80 =
E3% 60l [
5 01 1
@%;0 40
g2 20
= 5 2
237 0
=8 0 2 6 14 20 30 40
L Ff 7] /d

time
©
Se
=5
RE 120 PEfR
[jung:= g 100 gonads =MTLP
Egg % = 2 0 2%
1\&\:@%@ 80 % %% HSP N
KoZ 40 %/// -
528 2 %
252
N 8
28 0 2 6 14 20 30 40
b FF 7] /d
time

0 2 614 20 30 40
IRl /d

time

°\\°
K5, 120
g g111 =MTLP
.}g‘-s-% 1001 = % = = Y 8
\\_?—‘E E 80 5 % % % HSP
UIE—ULH W /
=35 ol 1 i
. __ =MRG
KRoZ 40
T2 20
2E73
geg© 0
=3 0 2 614 20 30 40
ha 1) /d
time
S
=% A
]_\ég g 120 muscle == MTLP
J.E-Eg 100 = Y i 2%
}B‘:‘?i_;é 30 HSP
To8 60 7
& ° =
XN o5
§ 22
2573
H o
NN S
=R
&

2 CAERNARIHERAE T MAE D PE DL

Fig.2 The percentage of Cd in five subcellular compartments in the different tissues of the scallop

FEMTLPAL 5, £436.7%0 e #R 414>, MRG
éﬁﬁ:‘ﬁﬂCdEﬁﬁ/\tm@m 1%, fJ A HSPHI4
BER R, 35 T7.3%M3.6%, & 4S5,
MTLPzﬁﬁﬂfﬁﬁﬁtBIﬂ@E@t%‘, T 41 i 2%
HCA A I LR T RS, &R TII 45 ,
MTLPZ 3 . 4 i #% FIMRGZH 73 o CARY 1 43 He 4y
WRT1.8% . 11.5%F113.3%. 1M 75 B il 52 56 1)
[E), 4 25 FIMRGHL 4 h Cdi H 43 Le & i
=, MTLPAH 53 CAR A 3 LLZ M T . 2R
BRZE AT, MTLP. 425 FIMRG 34~ E 224 4
HRCAPIT A Y A AR H37.5% . 25.4%F130.7%
X FERLHL, 25 HXT R MTLPZ 4 Hh Cdi
Hortbiem, N67.4%, IR MANMEER(21.5%).
BRI IE,, MTLPAL 20 h CdRY & 4 LA LR
P&, MMRGH T CABAH LB BT, 40
MIER 4L o i O E 4yt 2 T R, M 7E B
SCESHIE, MTLPZL4r b i E 43 HL B B T R%,
AR A a2 BT, B
ZEm), MTLP. ZiMes FIMRGH 4y Cdfir 5 A
AT 9 43.8% . 15.9%F135.7%.
XFEARL S, 25 X B4 MTLP A4 i 2%
oy CdFlr di A 4T UAEL, 43001 44.2%F144.1%,
HSPZH Rz, N8.8%. EAESZIHIN], FTf

4 hCdiy | oy b &R B AR, HhMTLPZL
57 R B 2% th CARY & 43 LEAS BT AR, T MRGZH
S CARy A Sy L B T, R AR S A AT,
MTLP ., #ijE#$ AIMRG 34~ EZH 4> Cdil H 43
b3 R 32.2% . 17.6%F145.5% 1 16 B il S5 16
Wi, 3 FEAHCA E 4 AR, B
SCE AW, MTLP., ZHMfd#s FIMRG 3 /> £ 24
s Cdr S B A 3 AN 37.5% . 20.8% Al
35.7%.
PP SENLAAE, 25 AXF A hCdE %
I AFAEMTLPHY, (584.6%, HIKE/31i fTEMRG
Mo, 510.8%. 7Em LI ME], MTLPZ 5>
IO E 43 B 2 F %, MRGHL 4 Cdiy & 43
i BT, 2EELEE R, MTLPHIMRG
4y CA A 4 L A3 5 33.2%F161.2%, 1 7R
B in, R AR L. B
ko, MTLPHIMRGZH 43 /R CdFF (5 A 43
F 43 51 K 45.6%F143.7%.
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X oA R AN R o — 283 41 S 41 43 ATMRG | 4
JOLAE Fr . 20 B A5 A R Y DL 2R N A R R
PRI A YRS B o 4 e 7 55 7 1R B G AR
F L 53 403k 2 30 41 i 41 43 78 W52 DL 2K T 4 JE 4
ot AR i B EAE Y, 35 R UL (Perna
viridis)WR Y, #160%~80% 1) Cd43 #i 76 A Al 15 20 43
(IF)H, 215%~25%Cd5MTLPZ, &, JEALEIAR
tF (Ruditapes philippinarum) ™ 50%~60%H#J Cd43 i
TEIFH, BRI DL (C. varia)™ K55 (78%)HI Cd 4y
AAEIFH ) MTLPZRAE 5 A5 £L 53 DL (C. nobilis) ik
P Cdi B ZERAGEAF IR AW 5T 8 Ik & 81 Fsi D
AR 2H i CAR T X o A FRAE R [F] . X T 28 1
XFREZH, POMEMT . SEAPERR o CdE B A fEMTLP
MR oy, mixEF eI, 84.6%M
CAdEZ N MHAEMTLP Y, #f— 2 UE I MTLPZ B
D Cdiy = BB AE A . MRGHIMTLPA] LU 5 & 4>
JREE A, HAEWERN RN & E SR, X
1 43 ] DS B A= W5t 4 8 R AT AR RE L, BRI A
H W % 7% 4 )8 41 43 (biological detoxified metal
fraction, BDM), i 2 i #% FTHSPZH 73§ A &
4 J& BUB 4 43 (metal sensitive fraction, MSF)P!,
TN, ARBEFEERW, XFF A SRR IE A K
R DL, P L R R A — K A Cdfk AT
g, 29,5 36.7% . 44.1%F121.5%.
O A BT 48 Hh 4t B 2% b KH0 43 1Y Cd 32 4 Ak A7
TEV BT, 5 B A Oy B0 )23 A0 B 1 5 A K
ity 1Y) 2 L, ELA AH N Ak T RE, H T AL PR
20 A A O T A R A L R A R
M S KA AR, UL TR B
AR SR M N TS fE T RE PR — A Sy DL 2R
PN 1A 2H 240 M b S R T e B A . 7E B D
HAMR SRS R TR E S ELE
AINFIURL S . G, BR TMTLPRIMRG, #
CAfifi 47 76 20 I 25 vt 2 B DL A 33 Cd iy — A E 2
M

32 EIAEEAFCIHHE I HEURE

A S [ B 2 3B DLAS [W) 2l 20 b Cd i) Rl IX
A3 A Bt B AR RN O R R W g A AR Ak . P D A
MEL LU, MTLPZH 73 Cdiy & B e s 4R /2
T TR, R AR v b R, 4
# FIMRGH 43 CAiY & REAE & 48 RS i 72 rp
—HE2FmEmBEE, HNSH S HCdE 5 AR
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ERE, &L N IE AL 2V MTLPAIMRG
o CdrE 4 LI WA E, A0S T CdBT &
B E 53 AR R, BB X452 2 Cdi5 LBy, MTLP
FIMRGEH 43 42 i DU P 1 858 2 250 240 Jd i A7 ik 55
Cdf EE T H . ZERBGI R, P9Ik A g 20
ZUhE RN CAE i 0 2 T B R L RIMAEMTLPAH
S CdE M N, ULIF 245G Cdiy 4 i
ORS8Ok rp i C i 2o 20
DT A R HE B AR AL, B3 DL & TR OB 1Y JE
K ERIERNLY, HIL B4 . HSPYL 5
FIMRGH 43 th CAR & & AT (5 B CdE 43 LL7E B
R CARy i AR v R . T LA CArd Rt A
L P 2 2 e A Y CA A 45 I 4 i 2 4y
Z IR & A sh AT R 4 .

55N R R ZUARTR] MR 22U AR
CdryidfErf, MTLP. ZH & FIMRGZ 53 CdiY
TR R B, [EMTLPHI4H A 25 240 53
HICAME 43 LB T T 1%, MiMRGZH 4 1 H 43
FeTbm, YR cdis e, LiE SR B
KL AOAE TE 2 P IR A 2 i A7 75 Cd I 8 5
X, ERBGERES, =FH P Ccdy R R
TS, H=#PCcdiymrasei/N,
TR MR 0 A T 2R B8 %F Cd IS e 10 10 38 S I A 4
JE, T LA M R 4 2 R 1 Cd A BRI R
3500 LR ) SR HE RS, B b R 2 2
BRI CAE JEAXE A, I CAPEAS [ 4 i
2143 22 (6] B4 9 55 R B P O RN 2 S T I

117 P45 JUL Y 2H 4 4 Cd 32 %2 43 A /E MTLP Al
MRGH 53, fE&E i firh, PiFh s hCdim
TR RE IS, 3 EMRGH 4 Cdfir
ME R R, TR A R O g
TFMTLPAL 5y, UiPARR T 5 & @& 145 & 50,
DUE & &Pk e X EEEMTIANE
B et medi R 2 X WiFE CA) Bt
e, WAE PO R EHE T %Ki
#, FFHEHMRGH T T CAFr H M E A L AW T
R, Al LLAERT H MRGEH 4352 bt DL 1A 576 L4 41
o X AR AT Cdi) EE T A
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Research on the subcellular fate and transformation of cadmium in
different tissues of the scallop Chlamys farreri

ZHAO Yanfang"? ~NING Jinsong"? ~ZHAI Yuxiu?, SHANG Derong"*",
SHENG Xiaofeng"?, DING Haiyan"’

(1. Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality, Ministry of Agriculture;
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China,
2. Laboratory of Quality & Safety Risk Assessment for Aquatic Products, Ministry of Agriculture, Qingdao 266071, China)

Abstract: In order to explain the high capability of the scallop Chlamys farreri for cadmium accumulation, the
subcellular distribution of Cd in the different tissues of the scallop C. farreri and its relationship between
subcellular distribution and metal biokinetics was investigated. The results showed that for the control group, the
metallothionein-like protein (MTLP) and the cell organelles were the main detoxification pools for the digestive
gland, gills and gonad, and MTLP was the main pool for the adductor muscle. During the accumulation
experiment, for the digestive glands and gills, the content and the percentage of Cd in the MTLP and the metal-rich
granule(MRG) were all significantly increased, but the percentage of Cd in the cell organelles decreased. The Cd
content in the MTLP, cell organelles and MRG in the gonad were all significantly increased, but the percentage of
Cd in the MTLP and cell organelles kept decreasing with the percentage of Cd in the MRG increased. For the
adductor muscle, when exposed to Cd, the Cd content in the MTLP and MRG significantly increased, and the
percentage of Cd in the MRG was also significantly increased. During the elimination experiment, for the digestive
glands and gills, the content of Cd in the MTLP was significantly decreased, at the same time, the content of Cd
and the percentage of Cd in the cell organelles, heat-sensitive protein (HSP) and MRG kept increasing; for the
gonad, the Cd content in every subcellular fractions decreased obviously, but the percentage of Cd in different
subcellular fractions had no obvious change. For the adductor muscle, Cd content in the MTLP and MRG
significantly decreased, and the percentage of Cd in MRG also kept decreasing. Present results first disclosed that
the subcellular distribution of Cd was different for different tissues in the scallop C. farreri, and the redistribution
of Cd in different subcellular fractions in the digestive gland and gills occurred during Cd accumulation and
elimination.
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