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A Ul vEES 298 =R gy ol8H A e AAHolY] AW vFaS £24 W AR HEE A
7] sl el Fh=soll 3 =Z A7) Perinereis nuntia] AV vIEE452] 55, 2543 T2 (metallothionein-
like proteins, MTLPs) 2 @itsla A 5 sl SFERX| S-70] G4 (glutathione S-transferase, GST)E w41513]
o} A o] AU wFFEL] v =F AR wRod wet TRk, 53] VR wE 2719 S48
AlRbel] WE S7HEo] Falol vlal] =T Akl e nlEaS Al 52)E (net accumulation ratey> 7FEFES
A 2700 =2 #E Hl & o] HolA| egkot FEle wEAIR] STl wet Hadhe
s 1ol wE3qAR 7Y FEel w7 A4e] H40] A3 glen, ol Al wet o Al &5 7]

2 =F §F 6 A 7MY 22 FEE HoH o] w=EAF STt

o we} 7Hash= AT Bo TEY FES 100 pg/l, 200 ng/LeE Agd AdTe 48 AMAIE |98

0
)4

O

o

AL eFAREE el wkeh fod WEkE wolx] oigith. @dakstaa]l SFERE sAdol a4l B AR s
Lol wet S7kshs BEe melow APl AU vigEEe 5 vk fAkeHl 2 el gieollA 24 ARt

olF Zashe AFS Btk B ATE B Telo} F=Ro] BAO) TS WA 0 P muntia®) A vIF T4
FA0h YA 3] T YRS A 5 Ugov], FF TRt 0GB el Tt A F4 2 PAAE

Abstract — Metal exposure experiments using polychaete (Perinereis nuntia) as a bio-indicator of trace metals
contamination were conducted to evaluate the bioaccumulation and the biomarkers responses such as met-
allothionein-like protein (MTLPs) and glutathione S-transferase (GST) which was simultaneously exposed to
Cadmium (Cd) and Copper (Cu). Cu and Cd concentrations in polychaete were enhanced with increasing expo-
sure time and their concentrations of aqueous medium. Initial accumulation of Cd was higher than that of Cu.
Our results showed that the bioaccumulation of Cu and Cd were prohibited, especially at higher Cu levels, sug-
gesting the different cellular uptake mechanisms when Cu and Cd are co-exist. Net accumulation rate of Cu was
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declined with exposure time but it did not show any significant change for Cd. Although the highest MTLPs
concentration was observed at 6 hr of exposure time, it did not show any significant change related to exposure
times and metals concentrations. An increase of GST activity tended to increase as a function of exposure time
and metals concentrations. And GST activities in P. nuntia have similar tendency with bioconcentration factors
in high concentration of Cu (treatment group V) at post 24 h of exposure. Our results provide new information
of the bioaccumulation and biomarker responses to understand the effects of co-existing contaminants (Cu and
Cd) using polychaete. Further studies are required to elucidate the bioaccumulation and biomarkers responses

for various contaminants.

Keywords: Polychaete(7! %] & ©]), bioaccumulation(*J

=55, trace metals(7] =), biomarker(2 A A
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FEE AN D A9 B o8 e vl edEa

2 7ot 3 Fe o) Bale] sherow gk, MFFES

o 87 v mjzow A, 4R /)5 4o edt A%

5ol e QUL AL HEFEEOR PRE 5 9

B34 9 At S99 AR P glel el A
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Wols14 Wl f714 Fal 28 5 QAR L 9

b3

;

- =

%

E ¥s Aol 54& YehAth(Hopkin, 1989). 7HEf2 W
FEoM = A7et AESA-S YER™ (Sorensen, 1991), T2l
I d2] B4EFE5 22 M metalloenzyme} respiratory
pigment 58] MEtjAte] H 3t A4o]th(Cousins, 1985). ©]&]
Sh n)EasS 7 Ulelx] 87 HR5 g3 A=A el 54
o] HoAES Sl PR F5E I flside] A
THGnandi and Tobschall, 1999; Morillo e al, 2004; Vazquez
and Sharma, 2004). 3l|oFel 41 <= FH2 n]&Fa<52 At
oke] Rsheo] 7] wjel] dRFEAe) F2tE o] st HA
= Ul 851 ok EHE Ul EAeHE nlEFaES @il vl
3 AR oz My E FeE ZASHIRE &2 8184 s
of we} AFFEAY FFoE ALEHTE St

AXBEE HA =l Ak el AF 0w iy
7] witel LA 4e Brtelr] Q1% BuE Yol thekst
A EAEZ o] g%l ItHBrown and Luoma, 1995; Lotufo et
al., 2001; Zorita et al, 2007; Martin-Diaz et al, 2007). X|3%AY
o IS 7P & diEshe 054 ofRe) Zo] o]Ed
o] & AERTR= AFHAR] o] 5 Hols AxgEe] o] &HTh
tjokst X ZAE 5 78| & o] (Polychaetey= E| 2 E-of] A2]3}HA
1AE U 715 28] whitel f3l E48 o 2 o
S AR o] o] &-E] a1 glom, A9 FURke] Ho|rt HER
HolAflel] 3lo] L A& o]F U FZFef 7]ofskaL Jltk(Sato
nd Nakashima, 2003; Zhou et al, 2003; Won et al., 2008).
of A alF, HAE W BE AW MBS S
O% AR AT TS Rételn e dERe] A
PEE WA &7 A8 HZeles e o]

HAQ A7 gheks] 3= L Qltk(Serafim er al., 2002;

it

I
Z.

i

=
)
r_{

l

=
Ml v gE N

o ¢

o,

7 2Bz tigh AEAe] AgEdE edmdel gk g4
ARl FA 5 Alwshd, B A olste] FwellM x
7)ol Ritstar Helakr] 18k 2] sho|th(Peakall and Shugart,

1993; Sarkar et al., 2006). 2A| 7] A2k Y=o vhgst
A AEY R GRS WAL Q7] el olHE Pkl thato]
E3HAQl At B gk 1 A W el Fo] o57] wiige] A
A el =2, i) FF 9 dF o 2ol gk dF
AEA U 52 9 57300 st A7 A= §lew (Langston
et al., 1998; Serafim et al, 2002; Mosleh et al., 2006; Sun and
Zhou, 2007), o]2]gt A5 Eviz o4 B gwstel] gk =
710 @AHAFEHA AFA = BAAEZE ol&sl] 21 vk
3k 77} 218H 31 QUrkAit ef al, 2006; Won et al., 2008).

& AelMs HAEEe] nEgeS o9s BUEY ] 9
FoRlAdTEA AA el AXFO] P onuntias =57 2 Al
3 Aol gojahs Zhea ol SAl mEAIA vgES o]
2737 AR E vEEel tigte] 2RI SA wEE T F
wol we} hmg 7o) H4 YuE nudons stE
Felol BEsgol Aol A vIFTSe] F43} obge] A
A ole] AAAZEA w5E T @ (Metallothionein-like
proteins; MTLPs)Z} &4kt 4 5 SRl SFERA|R S-dolaa
(glutathione S-transferase; GST)2] W3} n|x|= Je+S dolr
ATF.

Martin-Diaz et al, 2007; Won et al, 2008). AIXZ A= 3
3
=

|

2.1 E=AE
Ao o] g3t AHHo = AR Ho el Hale FTHIAMA

Hol(Perinereis nuntia)= AePFE oI ZAX|Eo] F2)7goxd -
daisitt. A7)l W exkE sl Akl AlE 0.05 £ 0.01 g
Ql JIAE Aste] S Ageiaict. A8 A AxHol= A
AollA 72 AZFE] A7 oM, F 720 ZHAE T 7F
CES d7ish 2 Lo] 7o) =xo 48 A7F Btk wE:AIALE 7
EFY s5e sdFel digh o]de] dvellx 7Y 1k e Bt

A FUERA] oL, T AR 25485 whilE (Metallothionein-
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like proteins)®] =7} 7P =W SR Ao, 782
e FYT A WMAAL FERTE sk 1] shellA A%
31ITHWon et al., 2008). 789} FFEH-S 22 1000 mg/Le]
atomic absorption spectrometry(AAS)E- standard &9 (Merck Co.,
Germany)e ©]-8-s31.0H pHE| 3 wiAlsH] 2late] v]g] A
AHE HZEZ 870l TEAZ] 5 A {8iA7] TR waterborne
exposure test™ FASIATE =EAZ] T2 D7IEF 50 pg/L
(CdSO) IH7F=F 50 ug/L¥ 7+2] 50 pg/L(Cd50 + Cus0), 1117}
F 50 pg/L¥} 2] 100 pg/L (Cd50 + Cul00), IV)7H=F 50 ug/
LJ+ T-2] 200 ug/L (Cd50 + Cu200)ZH 71=F2 Frs g3t
I 79 FEE TTHRIA = /\lia‘i‘r =T nEEEe] F
E% Z?ga—].;(] OJ—_Q_ E.O]—G]. OHToﬂ }\]7:]1:]. /\1?547]{ Eo}
Ho S FolaA] e¥gkor, 24 A7kl $HH 90 %2 Al *?%
o oIk =23 pH 18] 31 e AR w242 25
pH 8.1 + 0.1, 30 psu’} A= =5 3Gt 7“%]3401 Al 1
w5 BAAE EAE SIS AR AFE =F AR F 6, 12, 24
AIRE 1231 48 AlRbell 2] SrzellA] e 12 RS #

[<2an =1
sisict.

2.2 DIEES 24

P nuntia AW vEEE 24 flete] 7h=F JJr Tl =
AR RARolE SRR o9 A AEg & 7450}035}
AZH P puntic= V2] A AXE EHEZE &7 ]
AAF 5 mLE 71sk F 180 °CollA] 24 A7E Bt AEC] ¢k
aiE w7k hdsigon AR FAR) F 2% QMO 514
3Fo] Inductively Coupled Plasma-Mass Spectrometry(ICP-MS,
Thermo elemental X-7)= 23}l c), vEE4 B4 93t A
4 A2 AA ol S Ealo] 3 HHE 2
Asiglon] 24 ¥ Fg Feigith #5242 NRC Canada
©] DORM-29} NOAAS] CRM 29765 1431327 99~101%2]
2O H4ES HYTH(Table 1)

Y31 Supram

2= l-:.r: \ﬂ }\]7]—

M= SH=AE
Al =3 ARE SR A Fo] A F2E n]gagel] gt A
& 55157 (bioconcentration factor, BCF)= *|2]3F dfl5=2] w]gk
w5 skt Aol A vEEE FaE ol&sto] vt 2

o] APrsiict.

(Ce.\'pmure _ Ccomrol)

seawaler

BCF =

Table 1. Recovery rate of standard reference materials in this study

DORM-2 (ug/g dw)  CRM 2976 (ng/g dw)
Cd Cu Cd Cu
Verified values 0.043 2.34 0.83 4.02
Analytical values 0.044+0.008 2.32+0.21 0.81£0.16 4.01+0.11
Recovery (%) 101.2 98.9 99.0 99.7

BRI 2 E

A7 - olAVd - AABE

A7 C i Copors 222 A A O] A 15 &
(ng/g dry wtY%)s VR C = wE3AAT 352 oE(ug/
Lys UeRdct,

GESE AREe]] whE RG] A} vgEE HAES vash|
A8t A %4 E (net accumulation rate)vo— o} 2ol Alklst
At} (Zhou et al., 2003).

Net accumulation rate = (Coporsre = Conua) ”:”"et_ Conar)

C, i TAEO] 271 PRa% sE UehdH = =341
AR YERdTE

2.4 MHX|=E

=543 A (Metallothionein-like proteins, MTLPs); MTLPs
= Aol 557 Afste] I 24, e 58 A8
;FE A A spectrophotometric method(Viarengo et al., 1997)
BA51 ) ulEE g wEAIZ] ZAX|H O] antiproteolytic
agent7]— SHel bufferclr] 72318 5 2507215197 metallothionein
o] 38 o] Q)= cytosols w213 F DTNB(S,5-dithiobis-2-nitrogen
benzoic acid; Ellman’s reagent)% 2HA]7 412 nm(pH 8)°I4 &
FwF I3, Standardi= reduced glutathione(GSH)YE ©]&
Skt
SFERA]2 §-40] 8 4~ (Glutathione S-transferase, GST); GST+=
A3ES] AbslA &2l diddsl Qs o7&k iR X3}
Aoz & HEE ghes A U a3 3AEARl GSHEH]
conjugations- 53l TFF3t xenobioticdFgE2] 574l ToIst
o} 2412 3t 4s)h ¥ Aol AlEE 18000 gollA] 90 7+ A4
2] 8k Al FF o] AH5HS F3F] 1-chloro-2,4-dinitrobenzene
(CDNB)?} GSHE 714 % 3h= E3A]9kS 718l 340 nm IgoilA]
4 3 52t GSHS} CDNBO] Aoz I8 F7iehs 5458 5
“JaIATHRegoli et al, 1997). EE 12 AAL P nuntias A
Fato] 4 AL AAHolE EFste] Al W Rk FAste] Hat
SISlT Al Wle] F Tzl i8] | b oS #31e] Bradford
WS mE) 574515 ©1, standard= BSA(bovine serum albumin)
£ AME8FSIthH(Bradford, 1976).

2.5 71|ﬂ4H
= Fadr sk AR EE BiwkE SD)OE HER
QA 7tz ~|4 el thgt AFAHEA (One-way ANOVA)S
ANER oM, Fo4 p<0.05 FEolM AREAAS AASAT
(Tukey’s post hoc analysis). U] v]|FE42] F5& 2 F4n]9
gt 9% vluE t-3S 3H tht-test, p<0.05). Al 4
B vEEE 55, AE-551](bioconcentration factors), AU F
& (bioaccumulation rate) 2 AYA| A E(MTLPs and GST){+2] 2
A= Fol<= 23 (Pearson’s correlation coefficient; p<0.05)
2 ERAIE BA 2RI

2 SPSS® version 17.0 softwares
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0] 25} THSPSS Inc., Chicago, IL, USA).

| p&t

3. 41 =S4

--—
0

3.1 Z4X[Ho| AU n|E=ES s

) v EE e & xRl A1, Tt 7tEEY
P, nuntia A 27 F55 27 183(2.1), 0.39(£0.08) pg/eCl
W, 48 A7F F 1 17.9(x1.9) pelg, 7FEE 0.37(20.07) pg/gs
Hol A7t M {25k W} gt 7= 7=lE AEst
ATelA P onuntia AW TEI9F FFEES] FEE wE: ARNG
w59 FRel et Stk AEE Bk AT [(Cd 50)9]
A9 ZAIRE 6, 12, 24 1831 48 AR 5 9] e 2
20.7(£5.4), 16.6(x2.1), 13.9(x1.0), 18.7(x1.0) pg/g® 2 W37}t ¢l
glon, JF=F9] FE= ZH2} 0.66(£0.14), 0.84(£0.06), 0.98(+0.10),
2.39(0.10) pg/gl = AlZtell wet F7Fekgith. AT 1(Cd50 +
Cus0)2] 7% el Alzhel wel 25.2(21.7), 30.1(20.11), 39.5(26.6)
2131 46.4(x1.0) png/gC = ST OM, 7FEHEC] A9 0.71(20.04),
0.93(x0.02), 1.81(£0.09) 121l 3.03(£0.10) ng/g7HA Z7FskAch
AT MI(Cd50+Cul00)2] 735 w=ZAIZE 6, 12, 24 712]31 48 A
7F & FE)9 FEE 47 39.8(x12.6), 35.5(3.1), 82.0(x1.0) 1
231 137.6(x2.0) pg/g, 7FEFS] F 5 1.36(+0.84), 0.85(0.13),
2.26(£0.10) 123l 3.93(x0.10) pg/gl & AT [IET} =2 %
S5 HtE T AT Ive] A9 AR iE Y] s
39.5(x1.7), 46.7(£1.0), 53.0(x1.8) 18]I 59.9(x1.00) ng/gl. & A
AT el vlal] wekom, Fk=H Al 0.85(20.04), 0.86(+0.10),
2.06(£0.051) 18]3L 1.41(£0.10) ug/gRTh. P nuntia AW 2
TR IR 95 RE2A1Z AP 19 B9-(Cds0)E Alelst
I BE AdTeA 12 A= st S HolA| ke
w(p>0.05), 24 A7k} 48 A7kl 27] ol wisl A 7
3= 7107 VR THFig. 1a; p<0.05). 7FEE2] 3% 12 Al
z7] Fiol nlal] F vl olde] FeE He] Ff=Fo] FElof H]
3l e 27] AAFo] AW FAEC] w2 A o® YeRtoH Al
F A F7EFe] el vls] k=Rl Y E3THFig. 1b).
7 SEE VA AYT MI(C50 + Cul00)] 745, 12 Al
WA= AT T(CA50 + Cus0)9t & ZF]E HolX] ATk 24
AREell= Aol Ad] 7] 577 23] Skt 7] &
0] oF 4.5 1Q1 82.0 pg/g, 48 AlZHAlE= 7.5 vljol] ©8k= 137.6
pg/el] e XS BT} Sun and Zhou (2007)= 3000 pg/Le]
FI=Fol =FAI AR H o) (Hediste japonica)®] AV 57t =
= 5 72 AR 400 pg/gs 9e TEE FAES ERIEklx
E 6 YA 5815 pg/gZbA F718IICH, Won er al.(2008) <
Al Tl ZtEFl 22 =% A2 P onuntia AW 1SR4 F
St Fe ARY 543 SU1Re Bof AR o7 A =2 v
Foss F4T F S HolE vt Qltt. ey e v
7} 7K 8 AT IV(CA50 + Cu200)Q] 78X Hol= A3 111
o vjg] B AU FHES H9loH, JI=F FoAM T FUst
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Fig. 1. Cu and Cd concentration in P. nuntia (a) Copper and (b) Cad-
mium. Values (mean + SD) with different letters (a, b, ¢, d and e)
indicate significant differences over initial values (t = Oh) at same
treatment, n=3, p<0.05).

FEEFNE B0 R wEAIZ] AT oA AA|FGe] Ay £3
H 7IERS] v EE F ARl Wt 0.6 pg/eelA 2.4 pg/gZtA
S7rslsl o, olul BCFEkE =% 6 AIZHAl 5.4 3101 48 AIRE
A 40 744 VI SHAINE FEERE T TS 2 FEelA
T 2T AYT 119 A FFEF9) 5 48 A7kl 3.0
pg/gZHA Folst S Belem 48 A|ZHAl BCF#k 52.8, A8
T 118 739 70.82] =& 7S HITH(Fig. 1, Table 2). ZA%]H0]
AU 7F=F s Tl mE:AR T R STl et F
Aoz folei Trhe AdE HYloH TIEES O =
SAIX 7ol mll oF 1.5 mje] 7t=ES U FAshs A o®
ERstTHFig. 1(b), p<0.05). 7819 FEE 7P A A2st A¥
T(Cd50 + Cu200)°A] FF=2] F241& thE A3l gl v
& T71H8E BHItK(Table 2). 7F=F2] w57t A9 o) e F
571 100 pg/L ol 28 EA7t 7t=Fe S48 S0
Al713L A7l whet FFEE) e e] F2o] TN e
FE7F =& wW(Cu 200 pg/LyellE 7= 2] B Al 53

P

=
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Table 2. Bioconcentration factors (BCFs) of P. nuntia exposed at 50 pg/L of Cd and different concentrations of Cu.

Cu Cd
Cu (ng/L) 6 hr 12 hr 24 hr 48 hr 6 hr 12 hr 24 hr 48 hr
0 - - - - 5.4 8.9 11.8 40.0
50" 138 237 424 563 6.3 10.7 28.3 52.8
100" 215 172 638 1193 19.4 9.1 37.4 70.8
200" 106 142 173 208 9.1 9.3 333 20.3
“treatment I; “treatment II; ““treatment III; "“treatment IV
Table 3. Net accumulation rate of P. nuntia exposed at 50 pug/L of Cd and different concentrations of Cu.
Cu Cd
Cu (mg/L) 6 hr 12 hr 24 hr 48 hr 6 hr 12 hr 24 hr 48 hr
0 - - - - 0.04 0.04 0.02 0.04
50" 1.15 0.99 0.88 0.59 0.05 0.04 0.06 0.05
100" 3.59 1.44 2.66 2.49 0.16 0.04 0.08 0.07
200" 3.55 2.37 2.18 0.87 0.08 0.04 0.11 0.02
“treatment I; “treatment II; ““treatment III; ““treatment IV
o] whok A olo] A PIFE 5 9 ol g WAUZA o Fe) vjFel Ulg 24 J1ge] deksles wolFe, 1 A F
S mRE F0FE ot 7hehd Fh=gat 7] AAIFAEe] skl Ad s =3
Aol AW mFad FAES 72 A wE:3ARle]l T AT Zow Almdnt
71l whe} Zhashs S Boloh 7EES 2] =F 6 A
Tl 328 ghg B F ARbel] uhE 18 Sto] Holx] 3.2 MHIX|E H35}
SYcH(Table 3). ©|i= 7RX|Ho|(Hediste japonicays T2} 7F=8 ZIEE% 7EE Al 2EAZ Aol AW MTLPse %
o) Z}zt wE:AIZS w Al e FH5o] k=B gyl 24 7)ol 637.9(£53.0) pg MT/g wet wt= H31 v =% 5 6 A7)
SR AT Bel 7% AT Ak FAITHSun and Zhou, A 7P B BEE B (p<0.05), o) Fol 1 st 4
2007). 8 7haglel 7] FERT e ke WItiFig. 2). A3 B
ojFl i Bl BEF(E, AFEA W FUF)E o)Ee AT ellx] 48 Atk 7] s=9k AR AUl MTLP FEE RO
A vefet mgaHel $A mE2AZS W Al vl # MTLPsS] 557F 12 AP 24 5 23t wishr} gld A ¢
o FAV1) EDE Q) S IFES A FHel 1w 19l A% A B GSTY FFE FAR 37} 3
S7FEAY A Eckal B vl QITHElliott ef al., 1986; Engel, 3 HSITHFig. 3). =% 12 AR} 48 A7 2] <] A 28

1999; ¥t &, 2001). & A7-ollA vehd 2o} 7h=g2] A
o] AW 3 A F245 Asfe e 72 s=
(Cu 100 pg/LyelA= 7218 Frst miEe] 24 717 71
Qo) =2 T F5(Cu 200 pg/L)elAE T BAo® 9l
3l AAFole] A 7] S77F A Re= Ayzbdrt. o9}
2 A3e tewY FEd =28 952 T (Dreissena
polymorpha)®] 73-5-o1- % Kl v}l glom Fl=Fo] F2|2] %7
off & JFE A Fko}, FE|E QIS &L AT}
FI=E F48 2%t e vl Qlth(Lecoeur ef al., 2004).
Kraak et al(1992) A 7F=H3 212 FH 0= Q% D.
polymorpha®] 2|82 AshAIEE 5)2 JFS Bt gl
W, Marcano et al.(1996) 2|8} o}le] FA] w=FH o]
(Eurythoe complanatu)’t 237+2] w550l :eZEH S wWrct w2
AW T4 55 Bl Al diall + 4312 #-go] AAE
o] AlellA T3o] FAEYE w52 FA7 54 WHspAZT]
ulirolgkal AF3ATE 2 ATl T =2 8] 9 % (Cu 200
pg/L)ell 48A13F =2 A o] P nuntia= AY vl 52 &

FE gk Y

557 (BCF)9F MTPLs7} k] IS 2ol (1>0.8; p<0.05)

1400

N Oh
1200 A ¢ 3 6h

[ 12h
[ 24h

=

3 1000 - . . [ 48h

°

i 800 b

': b b b ¢

= 600 iy e be

[

3. a X W 4 a

T : ab
E 400 4 a a

200

Cd50+Cu100 Cd50+Cu200

Cd50 Cd50+Cu50

Treatment

Fig. 2. Metallothionein-like protein in P. nuntia (ug MT/g wet wt).
Values (mean + SD) with different letters (a and b) indicate signif-
icant differences over initial values at same treatment, n=3, p<0.05).
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Fig. 3. Glutathione S-transferase in P. nuntia (umol/min/mg protein).
Values (mean + SD) with different letters (a and b) indicate signif-
icantly differences at the same treatment (n=3, p<0.05), N.D indi-
cates not detected.

¢

w ek ke o] aiEE N E Aol H4% 7] sXTF A
o] Al MTLPs®] S2toll A2 1L Sle= BIATH(Fig. 2).
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