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1.1 LI IRIESIISF

TV e DR B R S TH O X DL 2SR A Y, B
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WK SR 3 d, BRI, PRIF 24 h F54E7E
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Tab.1 The contents of cadmium in the whole scallop under mixed exposure of Zn and Cd

n=3; X +SD; mg-kg"
415 group % KE exposure days
1 3 5 7
254 control group 0.82+0.11° 0.86+0.07° 0.83+0.03¢ 0.85+0.09°
JoEE4 zinc free group 2.15+0.15° 3.92+0.07* 6.86+0.09" 10.19+0.32*
K441 low zinc group 2.2540.01° 2.97+0.19° 3.92+0.20° 5.18+0.13°
4] middle zine group 2.29+0.25° 2.79+0.04° 3.28+0.04° 4.40+0.04°
= EF4 high zinc group 2.42+40.10° 2.77+0.19° 3.18+0.06° 3.61+0.07¢

e [l —F AN B AR TR RN 25 5 3 (P<0.05).

Note: Values in the same column with different superscripts are significantly different (P<0.05).

Cd B Zn ZEEEWR B R FHE I, G 2% 6 B ]
FER, RFEAZMH Cd &FEERLEEEKFE
(P<0.05), ZEFEH 1 K, 4 NEBLLBE K Cd
SERESADE, AYEESTFEA4; B 3
KIg, A&, b, &S5 Cd S RESADE, M
BEM TR, B% 5 K, K4 od Fes
BRI 2 R B 7 RBRARE, %
AN Cd FEYEFRE HI, Zn gEREM

B DU Cd W, H. Zn XF Cd BIIRIVE 2
i 22 75 I 1R) B 2 4 0 Zn 9 B8 A TH 5 TR i
22 RERETEBIAFREAL CAdEETWL
& 2 iR, IRARERMFET, BIl&
HA PR Cd & s, HUO BRI
R, WL B, fEN RS, &t 1d 1
RERE, %4 Cd EEFRE, RINIOEL>
S >R B >R B > B4, 3 4 Zn WRJE

~
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Tab.2 Change of cadmium contents in different tissues of scallop under mixed exposure of Zn and Cd

n=3; X +SD; mg-kg"'

45| group
MY REERE X .
tissue exposure days = H4l JorE R el S
control group zinc free group low zinc group middle zinc group high zinc group

1 9.05+0.15° 10.35+0.30* 7.69+0.17° 6.80+£0.50¢ 5.33+0.11°
o 3 8.76+0.20° 11.20+0.30° 8.53+0.20° 6.82+0.16° 6.33+0.42°
viscera 5 8.73£0.22" 13.72£0.03" 8.79+0.31° 8.34£0.51° 6.56+0.33¢
7 8.40+0.43° 17.07£0.24* 10.61£0.46° 8.70+0.05° 7.12+0.22¢
1 0.52+0.05° 1.58+0.03" 0.61+0.04° 0.42+0.05¢ 0.33+0.04°
i 3 0.32+0.09¢ 4.24+0.24" 1.28+0.15° 0.590.09 0.85+0.12°
gill 5 0.52+0.11° 5.12+0.12° 1.31+0.08" 0.69+0.12¢ 0.96+0.07"
7 0.37+0.04° 11.56£0.73° 1.35+0.14° 0.85+0.16" 1.08+0.20°
1 0.24+0.03" 0.48+0.04° 0.18+0.08° 0.23£0.05" 0.29+0.03°
P 3 0.26+0.05° 0.58+0.02° 0.45+0.05° 0.46+0.01° 0.43+0.06°
gonad 5 0.35+0.06° 1.02+0.05° 0.86+0.04° 0.39+0.04° 0.31+0.06°
7 0.31£0.04¢ 1.25+0.12° 0.99+0.09° 0.62+0.08° 0.66+0.11°
1 0.16+0.03™ 0.21£0.04° 0.12+0.03° 0.17£0.03™ 0.14+0.04°
HLEA 3 0.09+0.02° 0.33+0.07* 0.18+0.04% 0.27£0.07* 0.16+0.06°
muscle 5 0.12+0.01° 0.30+0.02° 0.15+0.01° 0.12+0.03° 0.11+0.04°
7 0.06+0.02¢ 0.30+0.05° 0.23+0.03° 0.16+0.04° 0.13+0.02°

T R —47 sp AR bn b 3R 25 5 12 35 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).
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Hrf Cd &S Zn R RO, BEE#
FEmfIa] A AE K, 4% Zn ZbBRZH Cd B AW,
7 RBFELEHR, L BE R TR, Wi
B S A ERARE, Sl Cd &k,
R B, Zn BIASE T PIEXT Cd i, H
Zn VREEME, MHIVE S . SR 4Uh Zn 1
PR e ., e Cd BEERRLETHE,
BERBEEH, Cd FEIA 11.56 mg/kg; 1 3 4~ Zn
WA B R B ERK 525 H4 Cd ST ERE
PERUEEAN I G o FEPERR T, AR S5 REF4L Cd B
FUARWIGE I, widh . SRl Cd &Rk —3L
RSP R LTS R R LT
PO BB, TOHA Cd A 0 E T TR,
. SR ARE, WRESTEAH. N
2 Cd & B AR &, 34 Zn Wk

%3

HIREME TG FREE TR, H cd R
Blaam Ta{amS T oed. i BaifeT Ll
B, R RSP Zn X Cd B H ik
HH, LA A oA B
23 RERETEIAFALTHMAS Cd &
ERESLESHT

RERDE 7 d )5, BISHALW A5
Cd Fa W& 3, ENNEY, Zn FEY] CD 443
) Cd B ERTEA4, Hh IR
ik 12.10 mg/kg, WEE TR, . mEdH., £4
MTLP 4143 Cd & AT7E & 22 5, RI NI
PR >R > AR >R > A T4 A
MRG. ORG #1 HSP H iy Cd &=t i —3,
YIh e e, HAHEZ R AR E . i Cd o
(El la)Al %0, 25 (2 DU S 48 i 20 53 v Cd

BNAEERALLAMABES Cd S E

Tab.3 Cadmium contents of each subcellular fraction in scallop’s different tissues

n=3; X +SD; mg-kg "

2] group

L VA i 2 5y
tissue  subcellular fraction == HA Tt izl el B
control group zinc free group low zinc group middle zinc group high zinc group
CD 4.04+0.74¢ 12.1042.4° 6.23+0.72° 6.12+1.12° 6.47+0.37°
MTLP 9.68+1.29° 21.65+1.90° 13.55+1.50¢ 19.64+3.30° 16.08+2.10°
ME MRG 0.22+0.02° 0.4240.03° 0.24+0.31° 0.22+0.10° 0.20+0.03°
viscera
ORG 2.40+0.40° 3.21£0.55" 2.36+0.46" 2.6240.12° 2.57+0.13°
HSP 0.60:+0.10° 0.80+0.23* 0.59+0.06° 0.66+0.03° 0.64+0.04°
CD 0.19:+0.02¢ 8.47+1.04° 0.76+0.21° 0.31+0.02° 0.31£0.03¢
MTLP 0.42+0.02¢ 13.87+2.07° 4.22+0.53° 1.70+0.33¢ 1.42+0.09¢
ﬁn MRG 0.04+0.02% 0.19+0.03* 0.06+0.01° 0.02+0.01° 0.02+0.00°
g1
ORG 0.14+0.04 0.84+0.17* 0.22+0.05° 0.16+0.03% 0.09+0.02¢
HSP 0.04+0.02° 0.21£0.07* 0.05+0.02° 0.04+0.01° 0.02+0.01°
CD 0.02+0.01° 0.72+0.11° 0.26+0.04° 0.27+0.05° 0.29+0.03°
MTLP 0.07+0.02¢ 0.99+0.32° 0.55+0.14° 0.45+0.10° 0.42+0.17°
'H:‘H’%d MRG 0.01+0.00° 0.12+0.03* 0.01+0.01° 0.02+0.00° 0.03+0.02°
gona
ORG 0.04+0.02" 0.12+0.03* 0.09+0.02° 0.10+0.01* 0.04+0.00"
HSP 0.0120.00° 0.03+0.01* 0.02+0.00" 0.02+0.01* 0.04+0.01*
CD 0.03+0.02° 0.09+0.03" 0.09:+0.00° 0.09+0.01° 0.24+0.07*
MTLP 0.05+0.02¢ 0.13+0.04% 0.70+0.10° 0.16+0.03° 0.22+0.03°
Wﬂl MRG 0.01+0.00" 0.01+0.00* 0.02+0.01° 0.01+0.00* 0.02+0.01°
muscle
ORG 0.02+0.01° 0.06+0.01* 0.03+0.01° 0.03+0.00° 0.08+0.02°
HSP 0.0120.00° 0.010.01* 0.0120.00" 0.0120.00" 0.02+0.00"

TE: R —AT AR AR TR R R 22 57 .3 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).
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hzs {4l g sl od e JeeEd CD  Cd
H 5y HeI I (32%), i ORG W Cd 1 4 He AR

(8%)o MIMANFIMWE zZn REGRTG, K. P
EEE CD W Cd H A LA BE FRE(21%~27%), 1H

MTLP H Cd H 45 LA X8 1 (59%~67%)

BHLAHZIH, CD 443 Cd SrRESHA . T
B REEL N SRR I R E AR, H
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4 Cd R Em AL, WE 16 PR, 884
AWM/ Cd AR, MR T2 H
2H, JCEEZH CD Hl MTLP 44y Cd &4 Hedshn,
I MRG. ORG Al HSP 414} Cd A 4 He A FF F R
XFHTCEEA, IMA Zn J5 CD H Cd A4t T F%,
MTLP 43+ Cd H 43T, 1 MRG. ORG Al
HSP 41431 Cd B 4 bR fae .

PR CD FIMTLP 414319 Cd 5 &5 40 A — 2
KR TEAML, b wEFd>m 1A, T
MRG #H4Y, Johre Cd &5 5 (0.12 mg/kg), H
2 Cd & &5 HE N 0.01~0.03 mg/kg, 1Mi1E ORG
FIHSP A0, 4 Cd & B E A AT,
FEPERR CD 4153 Cd B 5 H oAl 3 h ToErdd

I HSP

CK 0 0.1 0.5 1.0
ZnJi B /(mg-L ") concentration of Zn

(b) % g111

CK 0 0.1 0.5 1.0
ZnJf B & /(mg L") concentration of Zn
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percentage of Cd in each fraction
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K1 DURTFZH 5 AN 20 53 Cd 7 43 L
CD: #iMif¥ A ; MTLP: K& EEH; MRG: & & &R W0k; ORG: Mgy, HSP: RAEEH.
Fig. 1 Percents of cadmium in each subcellular fraction of different tissues
CD: cellular debris; MTLP: metallothionein-like protein; MRG: metal-rich granules; ORG: organelles; HSP: heat-sensitive proteins.
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(36%)>MK . ", = EEL (28%~31%)>%5 FH4H(15%),
M MTLP #l ORG dH4rh Cd A 73z Zn W
MR A B, REE Zn R, MTLP 1 Cd B
SR E%, 1 ORG H Cd H - e T (1 1c).

[ LUKFE—FE, AR Zn AABEY Cd &5 K
o He (B 1dy S0 e AL S 20 K SP-350 B R
3 itig

TE BRI, EWRRZ AT 2 &R
BEREZT, &BAERNNMHEEERNESZERE
e, PHESEUIBIE R 2o M CdP B D
(Danio rerio) IR & B M BCA BRI NP
o, £2 5 Yerg )& A A, e i
e S AR e P IRRI i Cd TS Y4 E R,
Zn ] DL 3 BEAROK REXT Cd i % iz . A B
55 DUTE Zn, CABKG2##E T, Zn X401 Cd &
FRR I B 2 VR, ELI0 467 FH B % 5 o)
[ A E T Zn WRBE M TH R I os, AELZIRNE
KV, TER DU E . 68 PERRFIULA S Zn X Cd
PRI B IHIEA, XS5CHREN Zn 685 EW
il Cd EX AL SN ZH E R AT
e R —a, sk e ZE ST & B, FF Zn.
CAdIRGRTET, Zn X Cd BY/E D4 4188 B 2
TR R, TE AL E % (Eriocheir sinensis)fil
L, R Zn 220E Cd B, ke
() Zn 2P0 Cd WM FERFBEAR T, Zn X} Cd
UR LRI P FIAE T, T AE LA A DA B R
Ho Al WL Zn Xt Cd MFE R AE AR R Fp AR 4 vh 3¢
AR . T DU AR B PR AR, S AN B
WS i AR K HP ) 4 T B TSR P i B LA A
WA B E S A EERE, I Z
#) Zn* | CAHYRLE MG, e A A BRI

4 J8 AE 240 B K P 1) 43 A B4 R e L AR
Mo & JRAEMURAL /31 & b, SR, 2,
4 TR N U AL Ay i, W EE R BRI
Kalman Z£SF5E %30, 76 As. Cu. Zn —Ff 48
R4 58 T 05 (Scrobicularia plana) i) 354
JBAEAE B A7 42 MTLP, MRG il CD 414y . A5
SR BN, AR Zn WA RE T, MIL&H
ZUW AL Cd & & R HE o e el s,
{EEAR A AH R, ¥R FE MTLP o fifie 2,
HY K CD.ORG, TfifE HSP il MRG H 43 A /b

SEMENE S S EREARNSEESSGEA,
Hu A REn & EEARRS, R NIUASLT
JCEUW Zn™ | Cur Bsh AP R R AR A
FH, iR 74 8 oo R A sk A o/t
KERHFFE R, MTLP BAEWIREE R Cd 764
w4121 Daisuke L FSE RN, R Zn ik
JE TR T Cd 7E 2 520 (Capitella capitata)
MTLP Ay B2, A MTLP 7E Zn . Cd [H] 1Y
PHEAER T AR BEAEH . WADFR S5 R0 L
B, FERDLNE . SEAERR R, Zn X Cd 7E
MTLP 41519 SRR B B ms/EA, B
TENAERISEH Zn (A BESZHE = MTLP 41501
Cd A4rtb. Cd. Zn ZIAIBYAH EAE ] 3200k T
BT MTLP 45 & MRE I AIEN 155 S MTLP & A%
MIEEST, BT Zn IMA, 5SE BH MTLP 350
5 Zn WA Y, 1 Cd 5 MTLP 45 & 68
b Zn 38, Pt Cd AT LI Zn, 153 209455
B ORI A2 0] . SedE 25 R A, MTLP Al
MRG J& Cd 7Ei] 5 4£ 1% (S nopotamon henanense)
R E RN EZE S, HEWEER Zn gEfEdE Cd
£ MRG g 2L, i AHE5E B 0454040 MRG
o0y Cd BEREE /D, X5 Sophie %R K
W2 Pyganodon grandis F A 55 45 A 6] . MRG
REBRERIESNYR, BT EwMEEds, w
VL3 35 200 e HE T T BECs 4 R HE AR AR, X AT
) Cd 7E MRG #7370 A B/ I S5 R ENIE T Ke
A= 8150 F 5 DURE Cd AR HEH 14516

HT, i IAk ORG A1 HSP J& T A ¥ P4
gy, & RBURA Sy, Hrph ORG & 4hifk . ¥
B SE, T HSP EZH—eidla. & KT
IR WT S B, Zn REFRAC T e 42 Ja fak
o Cd F P, (A4{E ik od e S 4 IR i
RS B, HBE Zn WREE RGN, Cd &£ RS
THE RG-S ARBEFE R, Zn X Cd 78 H
DL P O R 4 e SRR A 43 vy R AR R B B
FAMEIVE R, (HARTE Zn HREAE Cd BB %7
ANEF, H ORG Ml HSP 41431y Cd BRHEEARL,
XL R D HAT i Cd PR BN R, e
Wb, B Zn W EE BT, MTLP H Cd A 43 T
B, 1M ORG 1 Cd E4r LT, A i dE gt
Zn WREECNUR, EIRA BB TR ZH0F .

M FIRERI AT ETE, KT CD Horiands
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ARG, PR HOE F X} 4 a8 SRR 2 b v 1
it CD AR . YRR K —
SETIREAR AN K o ABFTREE R R, Cd 7EkH N
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Effects of zinc on the accumulation and subcellular distribution of
cadmium in the bay scallop, Argopecten irradias

ZHAI Mingli"?, ZHAO Yanfang®, ZHAI Yuxiu'" >, SHANG Derong’, SHENG Xiaofeng”, DING Haiyan®

1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. 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

Abstract: Cadmium is among the most toxic metals in the aquatic environment. Cadmium has unknown biological
role and exhibits high toxicity if allowed to accumulate in metabolically-active sites. Many bivalves accumulate
high concentrations of cadmium in tissues and organs, particularly scallops, which have a high tolerance to cad-
mium and accumulate large quantities from the water. Zinc and cadmium often coexist in the aquatic environment
and often demonstrate the substitution effect because of their similar chemical properties. Most previous studies
have focused on absorption, accumulation, transport, distribution, and detoxification mechanisms in scallops under
a single cadmium exposure, but results from mixed-exposure experiments are relatively rare, particularly the ef-
fects of zinc exposure on the accumulation and distribution of cadmium in scallop tissues. Because of the potential
interaction between essential and non-essential metals, the present study was conducted to investigate the effects
of accumulation and distribution of cadmium in bay scallops during short-term exposure to cadmium and zinc. The
accumulation and distribution characteristics of cadmium at the whole body, tissue, and subcellular levels of bay
scallops, Argopecten irradias, exposed to mixed metals of Zn and Cd were investigated under laboratory condi-
tions. The results showed that exposure to different zinc concentrations inhibited bioaccumulation and distribution
of cadmium in bay scallops and was time- and concentration-dependent. Bay scallops concentrated cadmium in all
soft tissues, and cadmium content increased over the 7-day exposure. The inhibitory effect of zinc was enhanced
as zinc concentration was increased. Cadmium concentrations in different tissues after exposure to the two metals
were in the order of: viscera > gill > gonad > muscle, and inhibtory effect by zinc occurred in all tissues, particu-
larly in the gill. Subcellular metal partitioning in bivalves has received increasing attention as it provides valuable
information on metal toxicity and bioavailability. Here, subcellular cadmium content was examined following dif-
ferential centrifugation, which divided the tissues into five subcellular fractions, including metallothionein-like
proteins (MTLP), cellular debris (CD), metal-rich granules (MRG), organelles (ORG), and heat-sensitive proteins
(HSP). The MTLP fraction was the predominant cadmium-binding compartment, suggesting that MTLP plays a
key role detoxifying metals in bay scallops. The CD fraction contained the second largest cadmium fraction,
whereas the CD fraction mainly contained tissue fragments and cell membranes. We speculate that the inhibitory
effect by zinc on cadmium demonstrates competition between Zn*" and Cd*" to bind cell membrane sites. MRG
and HSP only played a minor role in cadmium binding. Cadmium content in the metal-sensitive HSP fraction was
lower than that in the other subcellular fractions, which may be the reason why scallops have high tolerance to
cadmium. Inhibition occurred in all subcellular fractions of the viscera, and the proportion of cadmium in the CD
fraction decreased, whereas that in the MTLP fraction increased as zinc was added. Zinc had an antagonistic and
protective action on the uptake and toxic effects of cadmium, probably because zinc induces synthesis of MT,
which detoxifies cadmium by binding. A similar effect was observed in the gill. However, the percentages of cad-
mium in the MTLP and ORG fractions of the gonad were affected by zinc concentration. The proportion of cad-
mium in the MTLP fraction decreased as zinc concentration was increased, whereas the proportion of cadmium in
the ORG fraction increased. Cadmium content in the subcellular muscle distribution was relatively low. These
results provide insight into the toxic effects of cadmium on bay scallops under mixed-metal exposure, but the
mechanisms require further study.
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