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An Immunohistochemical and Ultrastructural Study of the Heavy
Metals accumulated in the Kidney of an Antarctic Clam,
Laternula elliptica
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ABSTRACT

The kidney of bivalve mollusks often contains
remarkably high concentrations of both essential and
non-essential metals and perform regulating and
detoxicating activities. The kidney has also been
proposed as a biological indicator for radioactive as
well as for stable metals in the sea. The present study
of the Antarctic clam, Laternula elliptica, concerns the
functional morphology of the kidney epithelium, which
contains highly accumulated heavy metals.

The immunohistochemical and ultrastructural study
was undertaken in order to find out the localization of
metallothionein and heavy metals accumulated in the
kidney of Laternula elliptica. In the immunochisto-
chemical investigation, an intense metallothionein
immunostaining reaction was found in the epithelial
cells of the kidney of Laternula elliptica. Transmission
electron microscopy showed that the epithelial cells
contained numerous electron-dense inclusion bodies
which were considered to be accumulated heavy
metals.
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W2 AAZRAL 7|20 ") st Axd sA $
e 2 dF £ (0-20) I FE9 W3l AY ¢le
(34.6-34.9%) EeH o= wi$- AR FFE 25 gl
thekAo] wi$- =y AESkw FRsitl (Ahn, 1994).

Laternula elliptica (4=29z) += QAsE +
(Mollusca), % 7 (Bivalvia), A3x/4 &

(Pholadomyoida), ™=/} ¥} (Laternulidae) °ll &3} &
5 2fFeEA, dEUF 2 A 7Y 2y A2 74
2 HAER o]FoA 4 20-30 m U9 4o we] A
Agta glom feuet d=7]AQ AlE7) A AT B
A7} A= ok Laternula ellipticas AEH71E
3 23] BhAede] i Fad 43S sl e e
2 933 on (Ahn, 1993), $H A w3 3] @2
FEE5E FH3 Qudl, 2 F ARl g e o] £3
He Aow ¢HA e, 2 F ARl e st=H (Cd) 9
2o T2 FF4d uj3) 20-200 v o Wo| Y gl
2oz Wt (Ahn et al., 1996).

duizo 2 HEFEY AT FE& x2HE A5 Wt
¥ 7F 9 A F3e] HA, o]a wAlFEA Hart A7k
o] & w} w5 woll HA W3EE Aew dEA Yo
(Dudley et al., 1984). 3A%F AAFEES] A5+ HF5E
9] 7he|| sl 4314 (digestive gland) Bt} Aol £
ol &3 o] sr, Azt ¥4 FEAAE AL A[E
P AMEFEL st AlelA sE T4 4= WS
Y ek o]HE A ofn] s, Atz F o £

w2
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9 2 58 5% W ARE 2 dSHglen, IR
ERoMxE w%g Aye] s u} gick(Stephan et al.,
1980). A AAFES] AL vtk A S50 A
82 A& (biological indicator) & #|¢k=]o] x|z it}
(Nigro et al., 1992).

ojwglt FEo|A FEEo] Ael = mAlFxEe] ¥
e BE, A9 Wis dojved], 71 FEg Wi
ZFE&2314 A 2] metallothionein (MT) ¢ Z7}o|uk,
MT: 929 stress protein®® oAz =y, Hit
biomonitoring?] ¢ £ ETE oA e
(Viarengo et al., 1999), °|& HAZ2]3}et4 A28 B3 =
o o|QA EEIIVE dolRy AT el f£3En
9o} (lIoachim et al., 2000; Tomita and Matsubara,
2000).

2 AF A= Laternula elliptica A#AL] =283 4l v}

AFER A7 Fohod Al fY5e b FFE) 55
g olua ol W}E MTRES] oPibe welzAs
e b

it e |
o] g3le] Aminol AEHH ;T WL 83
Laternula elliptica®)] 93t 712 A853 FE3lux} 3
Ak
AT

M X YUY

1. Laternula elliptica®) A7 2 X3}

Anz L3 F22a x50 (Laternula elliptica) & 24+
2ke] g 7)A]2 AlE7)A1 8l 3 Marine Cove Z%eilA A3
st nAlF2E BE] Sste AT vk ssle
AZE HAEd F 2A3Y JAFRE LolsiA 7] Hste o4y
zZteg AE F 1 phosphate buffered 2%
glutaraldehyde (pH 7.2) =AM Q& % 4CE x84
1k}l

2. Az A

ik Al Ase ZANE v W ASENE A Fe
x4 1 M phosphate buffer (pH 7.4) <4 244753}
AH & F AGg 2712 AET F 50%, 60%, 70%, 80%,
90%, 100% 239 %42 alcohold AR23le] epdl =
xylene:alcohol ¥]& 1:2, 1:1, 2:1 100% xylene®] A3
3 449E& AA o A3t paraffin:xylene ¥|& 1:1,
2:1, 100% paraffin®] 45 ## paraffine] Tujsle] &
22 A 3 A2eA 1d WA F AAA ] LolFleE
YErs 7ok 9433 2L £52 rotary microtomes
A3t 6 ume FAR AR ARG Aol Euk A
H-L& metallothioneing localization 3}7] 93l Ho %23}
FAHE 93 deparaffing 3}5ich

Deparaffin®] ¥4 37-2- Hydrogen peroxide® =3 &
H] 5ol HgRkg-E A7 817] $13 15 mM sodium azide
2} blocking proteine] E¢|9l& PBS &40 A3 F
Dako#}2] monoclonal mouse metallothionein antibody
(Code No. M0639)% primary antibody (anti-MT) & A}
4-3Fo] 10£7F ¥-2-47] % secondary antibody©ll4 1027}
link A7le ®RE AReA AAsgE 2 F
streptoavidin peroxidase®} substrate-chromogen £ °oj
7bzk 10%7F AT F SH4E 2ALEA o] W ¥
He3 79 hematoxylin 2F counter staining 3}
Optiphot-IT (Nikon) #3r&ln| 4oz @3slgc) o3 =
dxAstetd AdS 93t DAKO's LSAB (Labelled
Streptavidin Biotin) kit& AR&3}gich

3. TEME o] £3 uj 4| 7= %2

A2 fEE Y3t AR A 2 HE A28
o}k ks olAl A8+ BEv]AE BolAe v R
aANE v o ARREIY A 2 24 1 M
phosphate buffer (pH 7.4)°l4 6 A|7+E<k AA 3 % 1%
0504004 2A17k59F £ 74 & F thA] 548 buffer® 53
W 33 AlH & T 50%, 60%, 70%, 80%, 90%, 100% 23]
9] =4 & Merck alcohol& AHE-3}o] €43k & aceton %
#4& AA & Epon 8120 Zujgk 3 374 12417, 4
5CelA 1247+ 60°Coll 4] 484t 5% d5F st =pAH
4 EES AFsgd. 2 & BE2 ultramicrotomed
diatom$ o453} 70-80 nm<] F7e 2UNHAL UE F
200 mesh copper gridel %2 % uranyl acetate®l4] 20
¥, lead acetateol| Al 587k o|FA A} ML I F FAHAL
Ho|F (JEM-1010) & o)4-3t9 #as)ick

2 4

1. dqzA35ehs Ad7As

ga2uzole] AddEs kAl AAFEEY vt
N2 QFAEER o]Fo)A] glglen, 1 Ax] 27]: ok
gk ol Ak YBER oF 30 ym AT TEE U AuA
29| 7]A% ofdelle 2%5e] gl 1 e a4 Adx
o7 o]Folx Qigich Fujxile At zAA FF4
of o3 x5 MT ] #<1sl7] 913l DAKO'S
LSAB KITE |83 H9xx3s A8A% AEE Ad
A w4 7238 anti-MT #he-S 29} (Fig. 1-4)

2.4 72 $22H
amzole] A vATEE B A% LE AE
7 ANA o2 BEge) A Wolglon o|F ATEL a7
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PLATE 1. Light micrographs of renal epithelium of Laternula elliptica.

Fig. 1. Counter-staining of hematoxylin after immunostaining. The apical cytoplasm of the
renal epithelial cells (Ep) shows strong reaction to the anti-metallothionein immunostain. MT:
metailothionein

Figs. 2-4. Metallothionein immunostaining.

FR ATHYOR LFIUE R WA Y Type D & ¢ B microvilli§ 7H1T g AFAEG o] AT 2
AYAEA ] S o FT P AEEA B ) dEE W D gfEd, ¥ udel uyeel
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euchromatin© 2 o|F-o]A giglem z sl <x 343 =7b vils- =2 AHES o Rk 99t Fig. ). F
2 9ck AERAL gz AxdEs) 2o Ho|Pw, A A 78 (Type 2) & microvilli 9} cilia® FA°) 7}Alx
42| mitochondria® ¥ % ¢t} Microvilli¢] 2o+ 1-1.5 o= NZEA 37 x2o] FEA] FFol wo] EA3t5 e

pm BEQC} (Fig. 5). 53] AX Akt AxAde A ciliad 2olE o 10 um FELAch (Fig. 5-6). AEAF =

* 500 nm

PLATE 2. Electron micrographs of Laternula elliptica kidney epithelial cell. (T+: Type 1 cell,
T2: Type 2 cell)

Fig. 5. It shows numerous microvilli (MV) and cilia (C) on the limunal surface and a few
granules (G) in the cytoplasm.

Fig. 6. Numerous cilia (C) and microvilli are prominent.

Fig. 7. Highly magnified microvilli and granule (G).

Fig. 8. Collagen fiber (CF) bundies appeared in the connective tissue.
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A 2] Aol tight junctiono] st A48} 9lglor,
Agx7 YelE collagen fiber bundleo] o] F&=| ot

(Fig. 8).

271719 MERY F FEEEF5e] IR NEZREL
microvillithe 7H2 2 Q= A WA F89] AlEYc) o] AX
AAE Az AALdErt #& granulego] i wWel
W= o] AL Fie AA 371 F¥oE WA

Korean Journal of Malacology, Vol. 18(1): 15-21, June, 2002

t} (Fig. 9-12).

A A 799 fge AL e} vl T3 Pl
§ 2en 7 A K39 Ahe via ZW e 7} o
FAYE Aol dukHd #"J%‘EHE Ve 9] 4
Fel2 Bok vpA 3] A3 3] AY3H A
FelE 2ok

PLATE 3. Electron micrographs showing the heavy metal accumulated in the epithelial

cells in the Laternula elliptica kidney.

The granules in early stage (Figs. 9 and 10), in condensing stage (Fig. 11) and in mature

stage(Fig. 12).

_19_



Immunohistochemical and Ultrastructural Study of the Heavy Metals accumulated in the Kidney of Laternula elliptica

i

]

2 AtolA 2z 38l LR localization A
€y Zl &7 <] metallothionein (MT) & &% 3t

o] A% SARA S5 Aot gl el oig B
soj2 @iAolr}. F2 27} ol

=, ofd 2 79 Adsa gle Aes A U

o]‘.g._>|:

S R
=2
=)
av
=
>,

. &
ol
P
%
e
ofy
&Y
ap
o
_E
Y
i3

=
AT QAL T2, BHoled AT £ Dl

30 3
i

HE2 thionein® 2 ©| polypeptide TAAFo = 3
< 238l o]kl cysteino] ol £¥ 3l S B
oz o] Folu). o529 EAS B, 4 #AF0] 6000 WA
7000 dalton AEZ AEAFe] Az F2 AEA
of Exsbeu, 3 Exke] MToll 74| 129749 F&AHo)
23rE]o] ook opm|iAlk FAel glejAE cysteino] A<
22-23% AEE Az glon, WEFER  ojm|xikal
phenylalanine, tryptophane, tyrosine £-2 histidine©]
otk =3 MTx 70CAA 10 A57kA] Wgo] defur]
de WEAAHA o) thionein# A3t Q9 7]&9]
&2 o9} ] A3 (Cd > Zn > Cud $£4)°] 2 o]&¢]
=g A dA7E =He 4AE 7R Yt o]#d MTe
34 V)5l did e dAE s A7) HojA)a
o

o Y, © X omi 2

o

dl, & dFelA FEENE 7152 FEEel W 5]
S5 AUz Qeke Aelth MTE ofe) 4959 9 A=
Wellq gHdo] Rl = F4e)E, dF IEE,
cytokines, growth factor, tumor promotor, 7]} 33k
A, oy 2Ed 2o o3 o] FkEIch old QlAE¢]
# Yz Sol7bAY A WY (, cAMP)2 & MT +7
22| promotorell FFE Fo2M AAAAHE 2S5 Hi
] 53] cadmium® 3ol A BE 2FA o] 7
45 3= Ao 4#A 2} (Diane and Richard, 1981).
T3 ol AL HEFAAE FTUstA HEE o] Ak
(Bebianno and Serafim, 1998). 53| #Z 4% w2
BEZ =0 metal 3] Cd** detoxification®] 914 GSH
(endogenous glutathione and protein sulfhydryl) <}
MT7} 8% 3% 3 ge Aoz Ud#HA Urd
(Zaroogian and Jackim, 2000). Wiol| AlE £ &7
ol AALE A8 F4ol259 3] 4 MT A& gt
317] gk AdEo] Wz sistaud, WA Zs}sta uhy
5= 58 oY 7 $EES o7 7 vl 23S WA
o gol A Qrd dAFEY A% AF, o
ol diid 7lke] A 5ol ®Ho] H1 9l

AT A8 GA] JHE el A7t Hi e AF
o]l MY zA3letz ADAY Laternula elliptica?) 2

r3e o b

L

i}

29 Ao MT7} localization i g+ #He
o, ole ¥ A7 wAlFEA] AFAelA &
Az AU & AHEL] g Aol

Aoz wazEezict o]Hdt AFHEL A AE
74 3o #ste A7EAd 1FR, AEH, EEE
SoAHE FolE 4= ) 53] w5F/9l Littorina littorea
oA #E=Z HYPEL B Gl dEE R B3HEH
nAFERACR FHEHAAE FHr7l 25wl AR
EDXE co]&sle] FHHoA e F50]°] sulfurst
cadmium )2 £%3}9c} (Marigémez et al., 1990; Hyne
et al., 1992; Nigro et al., 1992).

2 A7 AT WEER BHEL 34 /A TRE
Uo] £ 4 3ok o] 7352 Stephan et al. (1980)
23] 7}eju)F-2l Pectin maximus] A7goA #a=dd A
£ vj$- 54 el sk gl9ith o] AREE AR
o] ZAsiAe Axe vt #58 e, 27|, 57,
A&712 o] FF50] 555 Ao #2488 4 g3k
o] AlZAA FHHI Y& FaFol st FIEAAE o
2 & £ glon} Ahn et al. (1996)°] w=m AlF)A
cadmiume| 714 @o] F&=o| gl AR ety 9
cadmiume] F2 FF5 i ok A=t

4 =

FaEol W BANAM MAske dEmEsle ARelAe
FTuageol $FEe s ] A%k PATEE AR
kom, ditde R FEde 2R E BF, FTEAUWINA
FEEE A 529 31<l metallothioneing HYx2] 3
29l Wl AHE-3}o] localization FoEM AEA A F
%ol 5= AAE FAdsigich Hgxzsiey Ao
2 metallothioneing F43 A3 52wz 719] A7)

Az ARl A v FE uhgo] vehtth ol Fasel
L%5]0]7] A|Zoj metallothionein®] Wo| EA)3E T3
ok AR AR AT il FE4] vHEHx
A Aoz FAsE Wi w2 AAEET} 52 inclusion

body #Feje] AhEo] A=At
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