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ABSTRACT rapidly increased after exposure to Cd. These

Immunohistochemical and ultrastuructural experi-
ments were conducted to find out heavy metal
accumulation in the intestine of an Antarctic gastropod
Naceila concinna. According to the immuno-
histochemical experiment the apical cytoplasm of the
intestinal epithelium showed positive reactions to
anti-MT (metallothionein), indicating the presence of
MT, a metal-binding protein involved in metal
detoxifying process. In the transmission electron
microscopic observations, the epithelial cells of the
intestine exposed to Cd for over three hours showed
irregutar nuclear membranes, secretory granules, and
probable metal granules. According to the SEM-EDS
experiments on the intestine, concentration of Pb in
the apical epithelium was in inverse proportion to that
in the intestinal lumen. After exposing to Cd for over
three days, S was rapidly reduced. Ca and Zn were
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elements are supposed to be concerned with the
MT-reaction in the intestine. Taken together, these
data suggest that N. concinna could be used as a
potential biomarker species.

Keywords: Nacella concinna, Heavy
Metallothionein, SEM-EDS, Biomarker.
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Bioaccumulation of heavy metals in intestine of Nacella concinna

Z £33} =31cl (Ensminger ef al, 1999).
U39 §4 e A9 S5 -23Co|, Edo) 74w

2 Re A% 2% 222 m24 AR Adslee e
A5t gheh. AR, ANDRE $2 B 2ol o

_|.4

A Lxs A8E FA8ke e g s B AL
BA & F oS AT dlon, TN HEFE X
313 9vl (Ahn, 1994). 8| & W29 sokgtr]o] a|tAbe|
A 7H AR 3 SA8E QA B wRY dU
5 W A& vk & Bol 453 A EEIe SnF
(Cd) =7} vl er Fosla e Az ¥
(Honda et al, 1987). 3|59 7leg-& Aol & 4
A4 AE4 EHa el 4R 48 F o] 18
FHA 2ATE 222 AYdobdAd de FEE T5Y
A Zez AzslolAxn glaw, AR SelAE ot
A kAESe] & 559 l=FS Al A5k e
Aoz @A gith (Ahn et al, 2001; Moreno et al,
1997).

A AAFeR AkEA MY F24 298 ZUEH 3
+ ol Mussel Watch Program$s Aoz o3H
(mussel) £} F (oyster) 5°] A EZ (indicator species) &
2 48 Agsle] g9} (O'Connor ef al, 1994). 23y ¢
Foll o] F Fol At §A gkew, AAre] Aol
wew G22uzs) (Latenula elliptica) & ‘F=712)u)
(Adamussium colbecks 7} GAFo) A58l 83 A=
ANEFoR AEE o+ Aok A v} (Ahn et al, 1996
; Nigro et al, 1992). °lol| &= A|Z£7|2] ofjdE oju] 3
ZuzAE o]gsle z3toe] FH S g wl gich &)
Ank, 27H8) Afele #AELH M A xE e
A= E7sky, AAT muUE o] ojF oA okt 9o
olof thak ojMe] AjFak AAelrt P z7kdle W3l
o5k gelA 23, AV o 4o A oz df A

55 Aoztas Aol wis- Wlekely, fedd dAFER
Ak zAN7r de] Rxstn Yok ol Ao dftew
Najle et al (2000) & AAEZEF 4 ELE S I = AV |

(Nacella concinna) & 7A L Jt=go =527 & 4314
& WEEt g Wiy} glex] sl vp 9o, Ahn et
al (2002) & Z-& FoA A4 9 2o 2 FF& 55
o] 712423E 43§ w} gl Ahn et al (1996) © ¢
st AR FE45E w5 548 ke 9
o SjofEtA) e o) A EFo R o)L sl5E o] Wb
E g uf glek

2 A e GEA oA 28 AEAEFTOR oAt
oA A E ddeR sl=Fel
(intestine) oA 2] uATFE HIE AEcton] Xy F

¢

w3 E A

F4E Y daz4ds dolrs] 993 SEM-EDS
(scanning electron microscope-energy  dispersive
spectroscopy) & o &3te] 5349 $EE BAFoA

249 %3 9 AS7 %0l P N2ARE dnA +9¥3

o,
WE Y

1. AEA =

AR A48 F3AzAe AAFTEE (Mollusca), &
%7} (Gastropoda), AAo}7} (Prosobranchia), 9A 855
(Archeogastropoda), At7t273} (Patellidae) ol &3k ¢
25 4 doe gy Bxshe o84 x7ide} 2
o upglef Ratstel Ry PlHEF S o A, A3
o] 41 e Exshe AH dFo] Fehshy wE et
A7} gol o]Fo] A Folc} (Brethes ef al, 1994). ¥ A
Ho Agd ARE SV dER NERZ|AY o
Marine Cove 9ol|A A7) 8lgic),

FIEf = EAHE 93 CACLE 50 ppbE W& oatd &)
T8 B a2 Aok AR g EAE 2 14,
39, 64, 119 ¥ =&3AZch &34 e] B A8 &
EAFRE 1A 2 AYARELS 0.1 M cacodylate 3
) 22 Az Karnovsky nA el ¥ F v]Al7
R&s}7) $iste] 4TS A8k ksl

2. SEM-EDS S o] 4-3 9284

SEM-EDS &% ukE7] 43t Lub#el SE
ARAE At 2utsold AEE AL 0 o 4}
5199 A 2o 249 01 M AR (pH 7.4) @
0.1 M cacodylate ¢ (pH 7.4) oA 242k 59 4]
& & At 3712 AAsgch 1 F 60%, 70%, 80%,
90%, 100%2] A= eehgs AHslq 243 F JAA
{isoamy! acetate) I} ojgh2-9) ulE& 1:2, 11, 2;1 100%
IAA 9] #A4Z #3HE9S AA o}L critical point dryer
o/l A8 AxAFcl 4As| Az =y ¥ spy ion
sputterE o}]&3l4 200 nm F7E gold coating ¥ %
EDS (Kevex) 7} 2% H-2500C (Hitachi) 22 #aslg]
c}, EDS ZAA] A 94 23% Al Si, Cl, Ca, Cr,
Fe, Cu, Zn, Cd, Hg, Pb 11 7§ ¥4}

2 )

3. 9922 9+

ABARE 2AYE B o ABEYR A 2 242
0.1 M <lxkekzel (pH 7. 4) |4 24417t F<F washing 3t
= s 3712 AlA &8 & 50%, 60%, 70%, 80%, 90%,

100% 2 38] ¢4 2 alcoholS ARE3&}le] % xylene
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Z ofeh2 o) vl 1:2, 1:1, 2:1 100% xylened &A= %7
g 29E AA o A3 wetEd xylened] wlE 1:1,
2:1, 100% 22| A5 AA stfgie| Tafjste] £52
AR F AreolA 19 WA 3 AgA Rt Lol WF
T2 HFFch A3 F2 E5S AAAEA7] (rotary
microtome) & AH: 6 pym FAY AHo= nlEw &gl
= 7991 ol4 gefolmZead) ARAZ. olYA A%
o]zl Al2¥E metallothioneind localization 3}7] €& 4
Azt A8 D AYE 9 sigich gud
Ao} Et =2]-& hydrogen peroxide® # 3 £ u]Eo|3
9l BYukeE AAs7] Y 15 mM sodium azide$}
Eojgls PBS #deoz Hef3l &
monoclonal mouse metallothionein antibody (DAKO,
Code No. M0639) € primary antibody (anti-MT) & A}
S3lo] 1087t ¥ A9 3 secondary antibodyol|A] 1053t
link Al7le #-&  AgeA AAEgc 2 F
streptoavidin peroxide ¥} substrate-chromogen solution
°l] 7—}7—} 1027 AR ¥ 34 72 2ALFA el

FHwlEA= (hematoxylin) 2% counter staining 3t

blocking protein?]

Fig. 1. Light micrographs of immuno-reactivity against
monoclonal mouse MT antibody in the epithelial
cells of the Nacella concinna intestine. A: 0-day, B:
1-day, C: 3-day, D: 6-day, and E: 11-day exposure
to Cd.

4 35974 (Nikon, Optiphot-II) &2 #2314} oy
g mozA3lsha) Algle) e DAKO's LSAB (Labelled
Streptavidin Biotin) kitE AHEsle] AlAlslgict,

4. TEME o] 4§ v = #32

A2 AL 5 AR AL 2P S A3k
o ko)A AREE FEHA 4L BR AL mlEsiAR
2ARAE s o ALEd A e 249 0.1 M Ql4kst
Zgo (pH 7.4) ¥ 0.1 M cacodylate $+54 (pH 7.4)
A4 647 <t =AlEke] 1% "}"Pﬁ}—‘?—’\ 2F (0s0,) A 2
AlZE & 3 1A ﬂ“":} 2 F oA FUE $Eder 58
4 3 3 4 & & 50%, 60%, 70%, 80%, 90%, 100% (2
3) o AR oEEE A8k gesisich 27 B A
8= °Vﬂ% N34S A3 £ spurr medias Ao T
3k & 37Tl 124)17F, 45T o4 124]7F 60T ollA 484
T4 45 8 i‘ifxp‘lrﬂ% BE& A#sigcl A=
22 YA 7| (ultramicrotome) $ tho|olEs ol
(diatom) ¥ ©]-43}¢] 70-80 nm® 79 24AAL wkE
t}-2 200 mesh €] 28|29 -2 % uranyl acetateoli4]
204, lead citrateol4] 5%7t olF A43te) JEM-1010 %
#A2#8 0] 7 (transmission electron microscope) < ©]&

she] Basgicy.

m\ﬂ () é

2 o

1. A gz}

Gtz Aol et AAFTEY A9 v}
WA AFAZER o]Fo]A glglem 10 ym A=) 72
o]9] Arsl et Bgs A F 5 ik AlEe s
72 4EH2R 30 4m AE olglx, AHAMEY 7)AHL o}
Holl= 24 Agz3 &AL slglen, S35l A3
s} MT (methalothionein) ©¥§& o] W Q=2 3}5tAq) b
o & F& Moz BAE Uk FFE4Y kFAT o] oA
28 229 A e} Aotz #oF Adule] &2
= #abe] AEEglon w&Ex] b A wlE| kA
o2 o W AdeA FslA uks-& 2oic) (Fig. 1.

2. FHAAN A & o] &3 wjN 7= FF
sk zAel AL Satdaldvn| Ao g #ast An
AZR o)2eojA NEY Fejdo= Aur] A » “]*ﬂv
AR o) 2] 2] okoket. A= e Fulute o) i%ﬂﬁ}
on 2 atds]eiAl 2eliTA FAMNE ZHAZ
AT Ao e diidte] AAGARR o] Fo]A
on, HEAL Autyos AU} 2 H ojgle
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Bioaccumulation of heavy metals in intestine of Nacella concinna

18 =

= A T

A vlEzsels ARAUT (Fig. 2). 7H=F xd 22AL ASelE 9A Ao Wy A 2 W
AYAT 259 g4 Ao AAgiglon, a3 BAE A & 5 Ygid (Fig 3).

B Pei2 F54 B ety ggick w3 397 xE

T ARAME ZHLTAT] FAAYOR wdsle} e T 3. FAAAN) 7 2 SEM-EDS ¥

29 whorl 72E% 9% dAs el A7 5% AR FSstg e A& FAAAER R R 229 AdkE &
Aole 594 k¥ A AgAos delzl Ante) oyl @ B DAY AT S g 4RE HEY 4 ol Ao
Aetel $El 02 Aabe AR & 5 Yok w11 RelE 610 pm BESL AR, FH4 =F A7k

Fig. 2. The transmission electron micrographs of the intestine cells in Nacelfa concinna.
A: The micrograph shows well developed mitochondria (M) and cilia (C). B:
Columnar cells are predominant in the intestine of N. concinna. C: Secretory
granules. D: A cell from the intestine shows well developed Golgi body (Go).
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2AFxe Hak PHE dds)e 8 (Fig. 4.
FAAENY Ae] SEM-EDSE o4& 335 #42AH
PFAEEe) EAske 2R aP2ER We wad Az
& (Pb) & AR gl A P Rgd TtEE =2
A3 2 (5) & FASA FEdeH, dAl ZF (Ca) & oF

4 (Zn) °} AHASZ WY Foleke P & 5 AU
{Table 1).

7 om

diy-eel F2ES AL, $E5] Al Faisd AF o

Fig. 3. Transmission electron micrographs of the intestine by the period of exposure to
Cadmium (Cd).
A: Cell of intestine exposed to Cd for one day. We can see the dispersed
cadmium partictes and granules. B: A cell from the intestine exposed to Cd for
three days. Well developed rER forming a whorl {W) include many mitochondria
{M) within it. C: A cell from the intestine exposed to Cd for six days. D: A cell
from the intestine exposed to Cd for 11 days shows nuclear body in nucieus.
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Bioaccumulation of heavy metals in intestine of Nacella concinna

Table 1. Percentage variation of each element in the inside and outside of the intestine by time

courses (day)

percentage of element

location element

control 1 day 3 days 6 days 11 days

S 50.93 13.85 11.43 28.43 24.31

Ca 4.66 9.61 9.74 10.73 2.61

Cr 2.21 0.33 0.65 0.00 0.84

o Fe 5.77 0.83 0.87 0.34 0.57
(11322161) Cu 11.54 2.42 2.46 2.13 2.40
Zn 5.96 59.97 68.55 52.35 62.95

Cd 7.85 1.23 0.00 1.42 1.12

Pb 11.08 11.76 6.30 4.60 5.20

Total 100.0 100.0 100.0 100.0 100.0

S 60.79 15.98 22.18 25.82 17.29

Ca 5.01 13.95 8.99 7.81 5.88

Cr 1.89 0.53 0.49 0.52 0.74

Fe 5.36 0.82 0.58 0.59 1.24

outside Cu 7.80 2.12 1.93 2.67 4.03
Zn 5.56 60.95 56.79 52.40 60.93

Cd 2.99 2.19 0.88 1.42 2.43

Pb 10.60 3.46 8.16 8.77 7.46

Total 100.0 100.0 100.0 100.0 100.0

%59 hydroxyl radicale] 713t Barzl glew

metallothionein (MT) <]

£20 I g2 e bl Lo, 4913
) wsls el Zo2 deid 9ok Aeld U 5 7}
2} w23} ‘ﬂ}:}-—‘& 24 A% dalA (metal binding protein)
ol Z7}eltl (Geret and

Cosson, 2002; Prasad, 1992). ¢]&|3 MT+ A&d#Hes

W e e
e deA QA gk s,

sk gARA olHE 1 F ke
2 A7 FEY B

INVee FEEo] O3l #= (detoxification) 7]%& AU

Slch Hele),

MTE #o]E712) (cytokine), AAANA, BALEH2 9

FHol 39 QAo o) ALelA Fyol

TEFH A

Aoz & &R g} (Jayasurya et al, 2000; Kurasaki

et al, 2000; Nguyen et al,

2000; Hidalgo and

(O'Brien and Salacinski, 1998), 7}=&& £33t E}»— =

& &

sebted] ot v

3og

dismutase)

glutathione,

(Matozzo et al, 2001).

Hzole FS2dzA (Latemu]a elliptica) 2

stef h gl 5 A2 PR ol 8ol 24

A% ol

EAER A48Y 4

%/\] A3

25" ROS (reactive oxygen spec1es) 9] 0]
£ FAdo] 73le o

F3se 7129 2

glyoxalase, SOD
CPELEES

o

(superoxide

@A A

tjake g

234 (digestive gland) 2 A#
(kidney) 4] MT—°4 oko] @A) Frlsle AL o]&3te A

ek @77k 4

] ojzl HE ek (Lee

et al, 2002; Ahn et al, 2001). & A3 Azol4| FIA7k

Carrasco, 1998). MT #-#17k2] <28t A dl&o| & 3

A2 diFt YA AR e vl 22 FHERAR
oAz 9o (Viarengo et al, 1999), o|& Ho x5}
HATE 53 A oA £EIETHE RolRe ATE

o] ulo] 4~34%] 11 <le} (Ioachim et al, 2000; Tomita and
Matsubara, 2000). E£3 WA x5} 8h4 & 8 HEH
TAME 2 FEE doliuz) 3l AFE ST 9}
€} (Zhou and Kang, 2000). MT7} 213 o] sl=Fo »

ZAY AL E AALEL 2 FHES Yol T
APed ol MT2 +x9} AFd #=-do] glv Hoez 4z
Hojzlcl, olzd IYEL oA A wEH F
(winkle), A% (abalone), 7}2]¥] (scallop) SolA = Folz
4 94%cl (Hyne et al, 1992; Nigro et al, 1992,
Marigomez et al, 1990). 53] £%¢1% (Littorina
littorea) oA Wdslel H{L vidFzHoR AE uf
£ delA asejzl BAHEN B AE et o

_92_



Korean Journal of Malacology, Vol. 22(1): 87-95, June 30, 2006

Fig. 4. The scanning electron micrographs of the Nacella concinna intestine(A: non
treated control) treated for one day (B), three days (C), six days (D), and 11
days (E) with cadmium. Exposure time doesn't matter make difference.

FAkekeh (Nott et al, 1993)

22 g AZeN FEEe] FHHT A2 Wile ¥
52 5ol A%, 29RL tel FAAAT oo, 2 A
Fol|l A A o]A A|el EDSE EDX (energy dispersive
X-ray) 2% E3E Au2A dH o2 SEM (scanning
electron microscope) ¥ TEM (transmission electron
microscope) °f A% E o] ARgE|ojAle}, w5 24 ®= AR
AN PR F34e AAE B PR ek 2% ot
Ut o] 43U MTS AAE delslel HEo2 $34
of s57120] 9l HaF ol Whgle] sloml, Fa%e
f-9ol) w2 A EAE (phagocytosis) W FrE|Akhr]e 4

#0] superoxide °l&%& FI3E SOD  (superoxide

X

SEM-EDSE Agdle] 3349 $I3 glste] wgich

SEM-EDSE o|43d 3249 £ g dolut

F349 AR FE SPsRE el AgeiA Fen

o, 7o Bgjol et 4 FHPS AslE
3

e Ao & o FAH A3

rlo

rir

F4 248 zUHE 7] Y3 FL =7 AHRE
Hog Azksle )

ojAby} ko] B Aol Bgl BN A A Alss
GRS YAt 2 sle] sl A B AT
F3sigich & Q7oA ddzASSAT A t=gel 9
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s =8 MTS $4¢ BT 4 gon, Hege 54
A4 o AT EY Wa WAE SRR AE e 3t
& 4 9lsich E4 EDS #4 A%e oldw Yud wsie)
o HE 4BYE AU P e ek

2 Ao Gz (Nacella concinna) 2 %
(intestine) o} F5% F&ol Asle] dofinz} sl=g 3
ARE AANE 5 FF4o) xF A FEAUANAN fF5se o
WA o] sl metallothioneind Moz 288tz whwlo
2 FAHsln FHAAE]7  (transmission electron
microscope) & ©|-23}e] A Z mjAlEze] HIE dolr gt
t}. tl&°] SEM-EDS Au[E o] &3 434e 53 T34
o RXE delrol 340 53 o H57)7te] gt sj2A}
£ duA $395 9t} Metallothionein®] 25 A5 2.7)
Aate] HAzzgela o] o= vl FFLo] FHEL
S stz AAtu A ze] Aetile] metallothionein©]
wol EABtT & 4 + 3o, vdTae BEAY «
FA17bo| Aol wet #ute] A whorl 729 £4, ¢
y Z9AE B 2+ 9lgick SEM-EDS #aA3 sl f
&R, Fo] FHNA %1, TE ofdlel AdAe
2 F8He S R & S glgich ol Mgk o] Cd
2] Asel wet vz wE AERRE-S Bejs Wbt
Mo EAL kA AejollA] Cd2] kZof ok& A A
ANBFORA 71A7 Qe 7R AgHc)

do

Mo PN

JI-AI.Q_I OFAA

€ d7aAle 20028hds edgdHE dEdraidy
ZHATFHA o FFAATd FI71EATEEAL A
o AHAA] dTEE P gEY
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