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REAX A EFF(bioaccumulation)d S FEAE I
Ael AEE A =Ful(biomagnification)s] ¥ A& °J7J°ﬂ7ﬂ
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& HMW(High molecular weight fraction, >60 kDa), MBP-1, MBP-2, LMW

ROZ Yehyth

3 AT gEA Aok (0] 1994). mAAN AAHLE F24
SE ZANE AT ARAEE AFGAY 28 o9 THE

Al =2 7 @(International Mussel Watch)o] 42 —’F?‘%‘E}l Qe
oi(NAS 1980, IMWC 1992), -t N AT 23] (Mytilus
edulis), 3Z(Crassostrea gigas) 2 z°‘37_%(thtorma brevicula)
5 g #Ae} o] &8 A% A7 FREHY Frt (FF
AFATA 1982, 1989, & 5 1988, Choi et al. 1992, 7 1996,
& = 1997, W3} 0]1998).

d38y 88 LENEHoE HEAE o] &s] 4%

A Y ATEL 3 FHY FIFETE EH Aoz & A7
b FE o] %0} gt} (w3} o 1998, ¥} 2000, M 988 Bau-
drimont ef af. 1997). 134 o} &3t oluMTra & Z9E

o L&3Ae AS, TaEd 4RIt %MUr 01& 53
FE& I AYE F5He UE F3459 Fde AHSA

o 27Nt Ry S| U9y gt (Elliott er al. 1986,
Engel 1999, Martinez et al. 1999). &jtEF4 299 S, A
Heu Agsteg 2 LEEAY EF AU S50
Z25Hn, AAZE 298 A5y AP EAME o 717 F
59 27t ¥4 UdetEE (4. T 1988, W3} o] 1998, &
£ 1997, Kang et al. 1999), 2854 EFE4 W3t =24FL
g 7HA FE&) g b:%@@i‘i} AA RN 2FANEHE
ety & 5 gl& Aot

e FE&d A3 SoldeE frde A
metallothionein(MT)2 3188 ARE AHL8H7] 943 A7)
FAlol AE=HT Ut (Berger et al. 1995, Baudrimont et al.
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1997, Paek et al. 1999, ¥} 2000). MT= 1957d¢] 2L 0.2 el
9] & (horse kidney cortex)oll A 7182 & A (cadmium-bin-
ding protein)2 27 5 T} (Margoshes and Vallee 1957). o] 2] &
metal-binding protein (MBP)> AW 9] F8& $& F7He 79
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of #AL Bo 7 gth (M3} o] 1998, Pavicic er al. 1987, Pack
et al. 1999).
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FE78 F5d 2EAZAE 9§ FEFHE ol BY =F A
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FOZ A8 wAFGHT oMY =T o}AL THE &
AL AUL itk HZ9 5, AAHHE T2 PEA £
£ 58 B1Ed g5, Fuva de e el F
e 24T F FEolY FVAQIAN FEE& LHET}
AR F7heka Aok (A 1996, ¥ 1 o] 1998, = % 1988). o|F

FATES otAS) LAEIE FA FUkshe AFe BolZ Sl
o (3 1998).
F4uF 2 Ve Ao 1§ xRy, AFo] &9

&, Al %%é% '”‘Ei SHIAME QEE0] Fo}
]E"EEEH T B0l AFHL
%— 1997, I 5 1999, Paek ef al. 1999). &
AP e FEIFTE }E%»} °]'°4°“ A E2A F,
FI=E3 ord o) AW 23 (accumulation)F} A} #(elimination)
2 A EW EE(subcellular distribution) %4He] xpo) S Ao
2R GREES FALE A4 FIE5Y AETF AHY
Aol g stets Bzt stgth

5 gy A %A A1 S

HE 3
&MY (Exposure)
19993 12¢0] SFAT(Lee er al. 1998)01 4] A 2T
(Littorina breviculays FF&4 =&23Qth WX F22E 55

&8 A7sA) 4 AR S xEF FEILFE oL
°D% AYFoTE }E%(Cdcb 400 1 g/L), oFA(ZnSO4 300
pgl)l 2t7 =28 FLLFH St=EF okde] EF R

E
%% At FYTSF o 10070

g Ao e2F FEL

AL 4L dro L2HAL AFE F Y THY 23
fow, LA A HF %'&é;‘ FEE YA Az F
Atk T8¢ L34ELE 0dZ AU

XYM (Depuration)

A4 AYLE $3FE5L AVEA G2 AR YT F
LIFE FAANI = 2ANM AT FAARA N &
FE 9Fdol AN AR

Z24 SHY BHS 98 AR F4|

24358 FF&54 w23 A 0,7, 21, 35, 70¢ 2 904,
383 AFARS A LA iz § AFFA
2975% 200k FASGT 249 ARNES 5 mM

2-mercaptoethanole} X33 20 mM Tris-acetate buffer(pH 8.1)E
28 ol A7IL AAL AAT F, A% 4A 5UT
bufferg o] &3te] 33 AoiFct ortnlEAE A& 54
B2 5 mM 2-mercaptoethanol®} 0.1 mM phenylmethylsulfonyl
fluoride(PMSF)7} ¥3H5 20 mM Tris-acetate buffer(pH 8.1)%
Z s homogenization)&te] FF4& g EA4E 3 acid dige-
stion2 F8atdch =& 0,7, 35 7045 A58 A& gel-
filtration chromatographyS 3}7] $18]A homogenated] YHE
4CAA 100,000xgel £E2 9087 A4E s Y
& dolr AHE(supernatant)S soluble fractiono]ety ™3}
T, A E(pellet)2 insoluble fractiono)zt H3%Th Soluble
fraction® 3 9} insoluble fractionS- F34 &g ¥4317] 93
acid digestions 43517 soluble fraction®] Uz} dB=
gelfiltration chromatographyl] Al&-3t$ith.

Gel-filtration chromatography

Gel-filtration chromatography= Sephacryl S-100 HR column (3
x33 cm, Amersham Pharmacia Biotech, Sweden)S Al-&38le] A
A) &t th. Elution buffers 5 mM 2-Mercaptoethanolo] 35 20
mM Tris-acetate buffer(pH 8.1)E AHE3I.o 0, flow rate= 0.8
mi/mine. g ZAs{ct zt fraction 3 mL¥ oA acid
digestions}A ¢lo] A4 AASE FE& S =251 1, 280
mojN EFEE ZA5¢ ) Calibration standard 23 bovine
serum albumin (66 kDa), «-chymotrypsin (25 kDa), horse kidney
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MT (metallothionein, 6.5 kDa), vitamin By, (1.35 kDa)E AHE-3}%
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%9775 2] homogenate, soluble fraction, insoluble fraction A}
£ Zr7} microwave S digestion vesselo] ¥, 65% R4+ 5 mL
S WE F, AT o) AL WAlsHe o AstEAE ¢
Y} 7 microwave digestion system (MDS-2000, CEM, US.A)S
o] &3}e] B3| 5153t (Maccarthy and Ellis 1991). £3] 8 A EE
3AZHFE 83l Atomic Absorption Spectroscopy (AAS,
Perkin Elmer Analyst 100, US.A)E 7}1=&, o}H9] 2 & &7
FAT FEE FHFL ttestE T3 FY4 S FAA
Gel-filtration chromatography ZHE] d& 7} fractionS 3
A ool A EAEHTh =52 graphite fumace AASE
SRR, AL flame AASE EH G LA A2
+ W] NIST(National Institute of Standard and Technology)o}
X FelEl ¥FEH Q) Standard Reference Material 1566a (oyster

tissue)o] £4& T3 HUstsn
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l=83} ojo12] X (Accumulation)t K| H(Elimination)
2YTEL FFEH 400 pg/l, oFd 3000 pglsEo) 2z
UEOE bEANE W), 7 $34Y FAFL £E/10 o
Z AAH O E Zoteld 70d ¥ 747 72 ug Cd/g wet weight,
245 g Zn/g wet weight 742} 71310, 90Y o] AUE o
ol F7ralA &gkt (Fig. 1, 2).
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Fig. 1. Accumulation and elimination of Cd in the whole soft parts
of L. brevicula exposed to Cd only and to the mixture of Cd and Zn.
*statistically significant.
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Fig. 2. Accumulation and elimination of Zn in the whole soft parts of

L. brevicula exposed to Zn only and to the mixture of Cd and Zn.
*statistically significant.

ST I 33%0) Baa] ARAGom, AEE U £2
Ak a7 2 020] AR 1 o)4 Z7HeA fksiek. o
o] JICE 2HBL JFITE dE0T L EANHE ASH
o o 15% AE W hebde

B FEE I ofd Y FALE AP =& 70Y T4 o}
Ao SHHFL oldofgt =& ASHT &F 10% & SV}t
Ak T3 7090] Ak ofd FAFo] o o] F7HEA|
% A%S vetled, o2d A2 7tEF 239 A1
el 2otk & FAEE A, FIEEE ok FAFE F
7R L, otAL FFEFE EHFS HANTIE ROE e
ot ol [ Mytilus edulisE FYEEH ol §A =&
A ¥ (Elliott ez al. 1986)9 M T5& SHAFS £ A 22
A7t B39 uh loh HY A E, T3 A AR A
8% LLC-PK; AE FolA 7l=g AX W2 5
carrier-mediated transportol] ¢lS|A ojFojATI Y LFHOH
(Stacey and Klaassen 1980, Endo et al. 1995), @F4:4) oldx
carrier-mediated transportel) )3} AE WE F4Eiy EHA
ATk (Tacnet et al. 1990, Bobilya et al. 1992). T3+ Tacnet S
{1990)} Bobilya S(1992)2- o} F}= %2 transport siteo] o
al A w453 affinityS 7+RThy B 7EIETE & Endo S4(1996)
T SR AFozry £eH LLCPK, AXE =83 of
Aol A =28 23 JI=F FH P 24T Hd
9.2, kinetic analysisE Z8)A 71EE 3} o}d S AAH A3
A Aok AQtet vt Qv FLATFAME ofd L FIEF
9 %4%E B2N7)E ALE UEHIOBE, transport system
A =g otde] AR st ofdol FHEF Y FFE F
aX71E 713E 48 ' 5+ At

EEAY) o]0 A (depuration) A F L S ¥ A, ¢
259 el FHE SIS LY Fole YR AAH
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A stk BAEEE A9AE 29 SA0E AU =R
2 AASA Gk D} ool PHAAE 2 /12 F
4TS B 2% BELEH FARE 4PN oA A
9z AAHNCH, 55 A=ES FAxEY B4 B BE
222 AANUT. 5 oL AT AAd WDHE IFE
mAA @AW, AEFS olAS o HE SEEZ AAYEE 3
= Aoz et
AREYE S 20
Q,

< ALE GA AARA &

AELE Y430 vsiA 188y =itk By g bl e
(George and Coombs 1977). B3k Suzuki $(1990)2 2} 7 X
£ FIEEO k28 ol F o}y Fao] ZAFAUT AL
o, 2554 F12FY influxit effluxe] of g 287182
YElA ggtou, BFa49 ofd Y effluxyt 2HHE P
£ HROL BYdRch $EAFS ATES ok =&
2 AZAANE AE Fd 7l A2 AAEHA 4,
ofdte] AAHANLER FLILFY AAME a9
effluxfre] ZHHE o] 9 FAMEE 7] 2to] dojuty Y& o2
FREY% 28 3 FLI5Y AYE F5E FEEo AY
E AAHA ¥v EAL #A JIEE 299 9AE ¥EE
T AT AREANY 9% & F U ROE 7gch
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rlo

FIEE1 ooie] MZW #E (cytosolic partitioning)

24T L IEEF oldo] =25 H S W, A= o}
G AEY £E2E AR SHEHE AFE YT $E25E
FH=E oldol 74zt 70 B¢ &3 F, AUZE F49 71
ZE-& soluble fraction} insoluble fractionol] oF 60%2} 40%9)
&2 FER o, ofdS o 25%9 75%2) N &R BEE
St} (Fig. 3).
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S PEIHLn, olHd AL JIEFEH ol TALE
A= B &sHA JeElgth E348E AXE B ¢
T2 ITES Ad] FAFHME AAM AAe QAL =
Agel &89 Jl=F F o B2 o] soluble fraction® 2
partitioning E| Y Q. B2, 7} &9 ZE3}7)2H(detoxification me-
chanism)ol| A} soluble fractiono] T € Q&S Y3 RO Z A}
g8t
FEEY AE W BEX AL Littorina littoreal = 0] 9
FAHAl B E Aok (Langston and Zhou 1987, Bebianno and
Langston 1998). A= &3 22 vjd-F42 A YR F48
olF FFgES U4 SA AFsY a4 842 AASAY
A2 g7 E(ligand) 53 At SAEHE YepER
(Simkiss et al. 1982), HFFES ¥R FHFFENA 5
AT 1

3t 7o) el AR A Atk I F HEHA N1F
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Fig. 3. Distribution of Cd in soluble fraction and insoluble fraction of
L. brevicula exposed to Cd only and to the mixture of Cd and Zn.
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o] HE YE 54L& JIEEFH 2Tt FE3ATIE 7170l
th o] @ &AL metallothioneinol 2= EAF o] Z2(6.5 kDa)
F4& 23 W F(metal-binding protein) 2, Wre] Ao} 2&
WA 5 2 7 (Margoshes and Vallee 1957), | FZE& v 23 &
222 ME HA ™ (Roesijadi and Klerks 1989, Bebianno
and Langston 1991, Berger e al. 1995), &X, 2 & SoME &
AHE 7155 s ets g7 E(ligand)7 R vE STk (Grill ef
al. 1985, Sanita di Toppi and Gabbrielli 1999, Hayashi ef al. 1986).
ol AL JIEE, £, 23 2 F&0) i) & 2YE
A7) @2 (Dutton ef al. 1993), X W2 o}t H|YSF
£50) 492 A%, AT BT 7225 AT Yee
F AE NFAANE BRIty d3A Qlvh (Hammer 1986).
ofdel & & Ao E 7170l dojRel wat 704 o]
J E4H ofdel ¢ 75%7} insoluble fractionol] EE & H O
|2 AL olg FART (77%). AX HWE &+
old & =2 insoluble fractiond} A¥ste AL E Vel
, o1l 3} 5] Ruditapes decussatus A E o2 g 73 gko] By
# 8} 9lth (Roméo and Gnassia-Barelli 1995). o} @ &% Z 70
AR, FAEE 35UA, FAxE 70979 soluble fraction 1] €]
ol ke A FAbEHA JUERGTH =, soluble fraction) &
okl 2% pool BEXFT Aol 0YAG), FAxET
Aol & 35dA o] x3d RS2 Bt Insoluble fraction
A8 AHEY, 953 FAXE A8 5YRTE ok
2] ko) FAEA F718t7] AFEEE, ofAL soluble fra-
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Fig. 4. Distribution of Zn in soluble fraction and insoluble fraction
of L. brevicula exposed to Zn only and to the mixture of Cd and Zn.

ction W& o} A poolel WA T3, 7 Fof insoluble
fraction W&} otd AEF poolll A 9] o} o] FrtstE Re
2 A7HE o2 Ao $3H o}gdg) o FE o} insoluble
fraction . 2 partitioning 5| ] 2 B2, o] 4= #Fe] o}
& FE-E=3}7] 2 (detoxification mechanism)o] FZ  insoluble
fraction#} FA#H ] AL A2 FHHT

Gelfiltration chromatography

% 5343 AYY DLEqignds) FTPIS Ho3)
A&l A} Gel-filtration chromatography (Sephacryl S-100)58 8 2
3= Fig 5, 63} 2tk SIEE S o}d 9 g A oy
2 t2A Jeged, stEge) REEL o 65 kDadr)g
MBP-1(Metal-Binding Protein-1)3} Z3tst2 Jgon, ofde
HMW(High molecular weight fraction, >60 kDa), MBP-1, MBP-2,
LMW(Low molecular weight fraction, <1 kDa )oj] 7.8 E X 5}=
A Z Yyttt

FIEE 23 % 7, 35, 702549 gel-filtration chromato-
graphy S 53l 7t fraction o S S BN A3, F 7))
9] FFEF peak7} UEMSIT 29 chromatogramol] A& e}
WA Bk peak, MBP-13} MBP-2, 7} VeI A& AT W2
F58 JtEgl A2 g7EY $4L fEaAAY T
S A ALES BTSNV FEQ AR 4480,
3 ZojlA) MBP-12 horse kidney MT(metallothionein)} A}t
EAFE 25 o 6.5 KDazr)9) B7Eojn, MBP2E ¢ 5
kDa 2719 BjZtEQt}:. T2y o] Fol A% 90% ©]4e] F1E
F°] MBP-13+ A3ty At 2322 soluble fraction®. 2
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Fig. 5. Elution profiles of Sephacryl S-100 gel filtration chromato-
graphy of soluble fraction of L. brevicula exposed to Cd only and to
the mixture of Cd and Zn.

partitioning § 7F=5 <] F53}7]3be A MBP-10] 2 42 &
RAo2 7iggch

I8 FAE A% 2, o] MBP-13 A8 71T FY
Er7F sk o|AE MBP-10] FIZg3 ofdde] EF
affinityS 7}#] 7] WjFol, soluble fraction W 2 partitioning® o}
A} AR oA TFad AOE FAN & & Yok FAL
29 o}<A¢] chromatogram¥} ¥l w3 H@, 35459 MBP-1
% AGE orA EFE ofd 9E ENRT EIMEE RS
2+ oo

T olde] kE:d Fol ol AP 419 A=
7F yeht=d], HMW (>60 kDa), MBP-1 (6.5 kDa), MBP-2 (5
kDa) 3 LMW (<1 kDa), o}d-& ©]& 47}9] |7kt 2 & £
Eole A%S JeEllS 7 27 =0) old AEEE ¥ S
AHEH, v & 0459+ soluble fraction &) o}3S HMW,
MBP-1 3 AT A%, =&7)300] ool wit HA
LMWz} MBP-28} ZA¥él= ot ool F7tete A #2T
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Fig. 6. Elution profiles of Sephacryl S-100 gel filtration chro-
matography of soluble fraction of L. brevicula exposed to Zn only and
to the mixture of Cd and Zn.

T A o)A F FF ol dErER A4 HEEH 5
e b I K
HMWet MBP-12 k&sir] @2 A, 5 OM«] chro-
matogramol &= e A0 2 Hob 44 28 S 43 7)
A3 #¥Y A=Y AR 44 53 HMWE 37)7
o 223 SR okde Tl A TR FRIL, FA
EEACE GELET B4 AY o7t IR EE, A
TEY ohdTS EHIHEL s 2W/FE AUE =
F49h MBP-12 okl =& 7)7h0] Ao Yol whe} ofd F
%‘ml S7H71E A, FAER 35Ut EERE 0UA,
TAEE T04AC o H=s} AR ofdel BT A
27) BEoll, FHEE okl FAxEE B¢ 35YA,
IHL ok SEREE Atoe 70949 okl 2F pool
°of Z3tEE A28 4ZtArh F, MBP-19] otd 2% pool
ot BEREAEGE AZEFH ofd $AxEA O B 2
sEE Aoz vy

FEAASEHA] A XD ALS

T%39% o, Gelfiltration chromato-
Zo] Yehles MBP2E AU R F48 ot ¢
8} *HEC’] TrE T o|AY, E2 oju] EAJ3tAS)E YTt
ToleAN FHFoz EAste okl thaf scavenger HEE 3
+ =y Zi-‘li F39Y. =277 AR wet
MBP-27} X33l otd e EFE F7HEIA 9on, $AxE
& ASo o A Ftete A& B 5 Ak ol FAREA
0}0# 23 ko] Z7)8}o]| w2} soluble fractionfo] 713k opd
< MBP27} &5t ASE AZErh MBP-i#e Ed
MBP 200 ALHOR £F N0UAA ot o] St
32 itk = MBP2E ofdo)] &g Fo peako] veht
B, & 7]7ko] A whet MBP-29} A st obd e gol &
7Hete ZEE YEQLEE ofdd o A5y AE=2
Ao} 7hsAdol ZldE, T3 HeAE g dsMe
FETH] BE 9d fE FF g o 22> At ¥
2303 3z
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Accumulation and Elimination of Cadmium and Zinc
in Littorina brevicula

Han, Soo-Jeong and In-Sook Lee
Department of Biological Science, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT: Accumulation, elimination and subcellular distribution of heavy metals in Litforina brevicula exposed
to cadmium and zinc separately and concurrently were investigated. When the winkles had been exposed to 400
¢ g/lL CdCl, and 3000 x g/t ZnSO, separately for 90 days, each of the metal body burden in the whole sofi
parts increased in proportion to time of exposure until 70 days. But it didn't increase after 70 days. But when
the winkles had been exposed to cadmium and zinc simultaneously, cadmium body burden decreased but zinc
body burden increased as compared to the winkles exposed to each of the metal. We also found that cadmium
accumulated in the winkles was not depurated for 42 days, but zinc accumulated in them was depurated.
Especially, zinc was depurated faster when they had been exposed to mixture of cadmium and zinc. After the
winkles had been exposed to cadmium and zinc separately for 70 days, about 60% cadmium of the total body
burden was associated with the soluble fraction, while about 75% zinc of the total body burden was associated
with insoluble fraction. And these trends of metal partitioning did not alter when the winkles had been exposed
to metal mixture. After the soluble fraction applied to gel-filtration chromatography column, the distribution patterns
of cadmium and zinc associated with proteins or ligands were different each other. Most of cadmium (>90%)
in the soluble fraction was bound to MBP-1 (Metal-binding protein-1, about 6.5 kDa), while zinc was distributed
evenly to HMW (High molecular weight fraction, >60 kDa), MBP-1, MBP-2 (about 5§ kDa), LMW (Low molecular
weight fraction, <1 kDa).
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