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ABSTRACT

Although the biological functions of metallothioneins (MTs) are still being investigated, they have been
suggested to be involved in detoxification of heavy metals, scavenging of free radicals, and protection against
alkylating agents. MTs have been reported to be induced in most of animal tissues by heavy metals such as
zinc, copper, mercury and cadmium, and the proteins have binding affinities to the metals. However, the
presence or induction of MTs was reported not to be clear in leydig cells, which produce testosterone for the
maturation of spermatozoa in male testes. In this study, we investigated the inducibility of metallothionein
isomers by cadmium in cultured mouse leydig cells. Total RNA was extracted from the near confluent grown
levdig cells and RT-PCR was performed using the primers which were synthesized on the basis of MT-1, 2,
3 and 4 cDNA from GenBank database. As results, MT-1 and MT-2 mRNA were found to be expressed in
cadmium non-treated control cells and MT | mRNA expression was dose~dependent when leydig cells were
treated with cadmium chloride. But MT~3 which s known to be brain specific and MT -4 which is another
isoform of metallothionein, were not expressed. Other genes induced or depressed in cadmium treated leydig
cells were also identified by microarray techniques.
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d wl$ Fos J4EE g oA fIEAE
N DEC RESPSERERE ER BT
< Qgle] I 4 glo] HZ olo] AR A7} P
3] A8 Fo]t} (Nikula er al., 1999; Song et al.,
2002; Haider, 2004). ¥ 7oA E AR F
L3 G AaEnHES QA 8 oH 3] e 7}
=Eg AYsHE 9 vehbs BN 5A4E
Hrpsln SARE s =AY Jl=F =5& 37}
& £ Qe BAAESA A2s dFstaa ¢4
F5<0 Jd fesE Aoz gl vigzA
29 $AR HHEALE A

o g 2% 2 (Metallothionein, MT)-2 #z}gk of
TKDa o|5t8] H¥ B 2A Zn, Cu,Cd 5 5
434 474 2 FAxAR cystein®]
Faol oS ol THFE A4 o 61~689] )
9] FA opmxAlE 18~237) A=} cysteinoE
TAE lom] wat WEFER ofu]xAtel} 3]
28-S F43HA 4 BAe] d=A ol AR
74X MTE S8 72| isoforme] UYL o
EHF5C 7P gl 2231 MT- 13} MT-2%&
A8 FF9 FF5 4E, 9398 WA Sl
AF $x¥HE= Aoz ¥WHE vl ¢lv}(Schmidt er
al., 1985, Lambert et al., 1996; Coyle et al., 2002).
MT-3%& F2 HoA ATz 54 MT2
d2jx glem AAM =z AL AAse AA
4 3= Aoz BuwE v} glt) (Palmiter er
al., 1992). MT—-4¢]] dalxE o}# 2 7|5} &
Aol &l okefAl wizh BA] ek MTE F34
ofe) frEsle iAol E F24T AT
gdHoz F240) S4E e g 2
¥ gleme MTAHIZ AR Pl od 34
4ol g el Aoz AesA) dov o
S 2 ATeNE Fhedel 9T SARson
A8 MT 28uche 334 o) enAzAe o
Tl Ao} A7ehnAl 3= ool 2HE BRUeh

Holets) AzelAe) e e A B
9 B AFE 22 % A BN Eael 3
of ged A1 2 =R sk whe de)
A EA M w2 o] WaEETbe] Hg
Aolgleh 47 AFAEE dF J=FE A
@ F ugegede) MT28e zAsde o
TR A dDei o) va cysteing] B
2o A3 glutamate §8Fo) &2 testicular Cd-
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binding proteino] ZEA|¥Ie}x B3 3t w} glow
YE o2 AFAES 13 AAzA] = 98
EA FNETAME M BRAE 2 529
gz x]oe] MEEE Zlog nus|E 3y
o} ol2idt =uhe] el A mgkxz|e] EAA
zuhe 23l EAT A9 nA=AAAE
AR 7S AR S8 A deldr] dies
AZAEGom wety FHToe 1tz L] EXA
9 23l mgzA e WS Yrlsta
A} 3= dF7) 8% v} 9lo) (Abel er al., 1991,
Wang et al., 1994; Shiraishi er al., 1995; Ren et al.,
2003).

2 dFelMEe AFY n8elM fHE dold
M ZE in vitro A A] wokelHA] F}=Bg A
23t ol wRkzA e fAHAL] LHARE
Hrigtozn metzAdriel wWegdzxed A
2 2o sk AL daa slglen of2H
ARG EARAY FFE] AT AR wE T
F3t3 o] o438 AAAFIE A 4 e
712 A5E 53 75 AAEH

Mz o W

1. MlZujek

ol9A el FElF 8] o] S H E (TM3) &=
KCLB(Korea Cell Line Bank, Seoul, Korea)ol| A} F
Qstgd em 10% FBS7} @45 RPMI-1640 uj=]
&AMt 5% CO98 3¢ a=7F fA=EE
37°C M 27l A wiekatset =8 A2 M=%
A wioFE A7 AEZE AESIsied Ax
* 27 6cm?] dish type v F47] 8 AHE-3H]

2. FJIEEXE

wof4719 vpE A Ag A= A4 A=
27} =™ 2% FBS 3-8 RPMI-1640 v =je]] 7}=
E(CdCL) =7} 0,5, 10,20, 40uM H 5= ZH
208 Arsla 6 A7 F<t wioFsld) st=E-E
CdCLE AHE3lgom ARSEl FmollA wjed7)
7r gob M=o et Wi AbdA xe e
A a4 = leRE 5Y wxdl
&) 53] 370 wiekgrlel ws) X st
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3. RNA HA|, Primer MA g9l QFX SE

7t=B-& A= F 617k Fol 4°C9] Phos-
phate buffered saline©. 2 33] M23}311 guanidine
thiocyanate §-9-& X 2|3le] A5 4483 A7
o} 3235 M EHe]| sodium acetateE 37 phenol:
chloroform:isoamylalcohol £3§-& Yo = A2
F AAEHT ASHel A3 isopropanol FH o
2 total RNAS 2e]|slglc} a3t RNAS A260/
A2802 1.8 o]AFo]glt}. PCRol| A}-4-8F wigkz 2] 9
19} isoform MT-1, MT-2, MT-3, MT-4¢]| 3%}
e Zepe|m= 7]Ee] ¥ uFFH Y=
ol A} AlZ3}= GenBank | o]E|H) o] Ao 4] AjF
g Alte] mgEx e FAAF cDNA 97L&
Azz sel Azsgen, A7t Qr4de
Table 1¢)] V}elfglct

A APEES- (reverse transcription)2 RNA F3] 1
pgell oligo dT primer, reverse transcriptase % 2}
nucleotide”} g% wH-} 20ulol] wisf 42°C=x
607t AAIEE F 94°CollA 5E7F 71aste=y
& Faakch AAE 2 MT isoform®] {3
AZZ (PCR)-E RT-PCRoA] A2 ulLAAFE 2
uis} $1614 7148 7 ebolm|AL, Tag polimerase
2 7} nucleotides} 385 Bioneer™ KitZ Al-g-3}
o] Z20ule] HhENE BHE F 95°CellAM 148, 55°
CollA 14§, 72°CollM 1874 2A-= =5 3le] 25
3] ¥k A F e vk} 253 WhS- o] Fell = FHEA
oz TCAN 1587 o ZFAZ. 22 pri-
mer 4 o)-43}e] MT 3848 2547 F 2
A3 E-o| WA= 1.5% agarose gelAol| A TAE
Z8d0g Agste] A7) (Lee e al.,
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2002; Ryu et al., 2004).

4. Microarry hybridizationz} =

Fr=8 10pM X 2)Fe] v opr Lo} dz2e] A
EE 77 dArY A ¢ (phosphate buffered
saline) © 2. |3 3}31 RNAgents (Promega, USA)S
o]-2-8te] & RNAZ FZ3}¢t}. cDNA probe:=
CyScribe First—Strand cDNA labelled kit(Amer-
sham Biosciences, NJ, USA)E A}&-3}e Aj=}sied
o} 71=t3] 7|43l total RNA9 anchored oligo
dT primerE o] 2 10p= AT F 70°ColA
SEZF 218 1087 A3 primer?} RNA9] 2
a2 AlAEkT o] F dUTP Cydye-labelled
nucleotide & W23} | Lol 242 FRste] A
7}8} 2 Cyscript reverse transcriptase 2. 93 AMA]A
#Zx# cDNAE I43d=t §4° cDNA:
cyscribeGFX kitE® ARg-3le] Cy3-labelled cDNA
9 Cy5-labelled cDNAS Ztzt A A3} (Burcz-
ynski et al, 2000; Baker et al., 2001; Koike et al.,
2002).

z}zke]l Cy3- % CyS-labelled cDNAY: 3}
FHoll A speed-vacel] A=A F HAkEsia
a7 B e AAE B2 o]F Fo|x 95°C
Al 287F 7438t dge] A3 & hybridiza-
tion bufferol} o w}$-2%-"Ax} 6,000747} prin-
ting® microarray (Digital Genomics, USA)e]] load-
ing 331 42°Col|A] 14~ 18A]7FE<4} incubationA] Z
o} o] & 0.2% SDS3H 1X SSC &4 oz AH 3]
3 dAIA o Elo A 308-7F ¥}x]8 & Array WoRx
¢ Biochip Reader(Applied Precision Inc., Washing-

Table 1. Sequences of primers used in the amplification of metallothionein cDNA

Gene (GenBank accession No) Primer sequence Product size (bp)
MT-1(MN_013602) TCCTGAGTACCTTCTCCTCA 289
- GGGTTGGTCCGATACTATTT
MT-2(NM_008630) CGCTCCTAGAACTCTTCAAA 139
- TACATTTGCATTGTTTGCAT
MT-3(NM_013603) ACTGGATATGGACCCTGAG 250
- ATTTACATAGGCTGTGTGGG
MT-4(NM_008631) AGATAATTGCAAATGCACAA 129
- CAGCTGCACTTGTCTGAAC
GGACCTGACAGACTACCTCA 288

B-actin(NM_007393)

AATGTAGTTTCATGGATGCC
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ton, USA)E o]-£3led #E3HH. HE5 Ima-
Gene 5(BioDiscovery Inc, LA, USAYE ALg-319]e
™ Gene Sight 3.2 =2 718 (BioDiscovery Inc., LA,
USA)& Al238}ed exeldld W scatter plotE 2HA
319}t (Afshari et al., 1999; Nuwaysir et al., 1999;
Cardmo et al., 2002).

Zo o 1

FI=ES AR AXFolA oW wekAdE
=i AMde] Rad v} glem JARCE Jt=F
o] &L E3ld dAE KdHE A% ¥ =4
oAl W& e Aoz AT Sl (IARC,
1993) 3 AUl =274z wt Gk A4S
Wl A7), FFAAA, FA3E 28/F
T8l 3EFTH 55 U ez By Ha
At t=ge Wl 53H=2E S fdAT
9 Jl=g 9d sEAddgdz Y48 AR
ohe A=A g3 5 BREA RAE
o] H2z FYIAAY AEolt 845 B3 A
T2 §48EE= 7%7) v} (Bunger et al., 2000;
Carero et al., 2001; Pohjola er al., 2003). ¥ d7%=
Fh=gd =2d 3 AT Jehde 54
+ 3§ de AERH AR A4 AAL
vleto 2 A HEA dF ANF} oS
Frsh=d 983 72975 351

Ft=go] Ao 1e=z AEd AxAAE
231 ¥ A2} AMdEE 89 e A
A ) eBelt AELEE B3 A £
E FEE Ayt Aoz Ata st (Gong er al.,
1997). wpebr & AFelM= Az Fefdrx W
32 do7lR] 4 Av® $EAAMY AL ¥
7¥at7] $13 wWile] Al=H %o o]d a4
dstozx A TG 23 FUHE vER
Aed fAzE I A= F43137 39
o} (McKenna et al., 1996). u}-$-2 13kA) .52
Leydig Al 2ol 7}=F-& 5,10,20,40uM =2 A
23 6AIZHEE WiFgt F o] R total RNA
£ F&3ly vgEX oy f3Ae YdARE
g b E w2E AZE D A FE
AN AZS] Ragee] 4Hs o FAHAN
T membrane bubble2] A, M 22 9= M2
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Z9) e W3} Fo] BAFHA = gt AFET
of ojsid AF 9 A fAF HeolHIME
(R20)8] 7S o& dubH e Bl 7l=fY =
Aol gk Aol g B oz HIHE
g #eolH3] AHEE e AEe] wls] genotoxic
levele] 1089 1Ax2 & Aoz dzd
(Shiraishi ef al., 1995). =& % AFo|A= 7t
25 25~50uM $FolA] genotoxicity 7} HFER}A]
9l MTT-assayel] 2§} cytotoxicityx= Jeh}A] ¢
oha stHEd ol £ AFelM AE =g
FxolMe Mz B2 Wt Yty wsbs)
Jeptr g= A X1 & £ A
24 vlexe vegex]oy] cDNAS A= &
A8k 7+ zalo|msgo] B AFelA st} 8
= FolHs] Mz vgzxed fAA W
& A= d AAsA ZEshs A dob B
stew 1 AAE Fig. 1ol vehgich MT-1,
MT-2¢] A% o4 =7]9] DNAGH 289 bp %
139bp7h ZFHE = AL BT 4 Agen) MT-
28] A9 MT-1e] ujs] L ko] o=
AL BeAFT Qo 2 HzAed So
Aoz EAsl= Zlog deix]l MT-3¢ Hg23
ool = o2 isoform¢] MT-49] 7Z-$el= iz
=3 7t=d ARZedM 2F fAA SFAEE
Fqld 4 ¢k MT-39] SFAMES] oA4=7]
L+ 250bpgom MT-498 AS$: 129 bpdh
MT-3¢} MT-47} #ojt3|A ZollAe 2H4-3}A]
AE 7o) o}E isomerr} AN EAME 1 I
2ol wll-¢- vlekslr] wjEqlA] #elslr] 8] PCR
o] 83 RNAFE Z7MA 717, 7t=88 A
gk # o] 3 M L2 HE] RNAE F&3le] ZFA|A
Holx 23t Ay} Jdojxoemz MT-39

(=}
He

At

MT-1 MT-2 MT-3 MT-4

Fig. 1. nRNA expressions of metallothionein isoforms
MT-1, MT-2, MT-3, MT-4 in cadmium non—
treated leydig cells by RT-PCR. MT~1 (lane 1) and
MT-2 (lane 2) were expressed but no band was

shown in MT-3 (lane 3) and MT-4 (lane 4).
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Fig. 2. Expression of MT-1 in cadmium chloride—treated
leydig cells by RT~PCR. control was shown in lane
1 and 2, cadmium 5 M in lane 3, 10UM in lane 4
and 5, 20 uM in lane 5 and 6, 40 UM in lane 7 and 8.
MT-1 mRNA and -actin mRNA were shown in
upper and lower panel, respectively.

MT-4% do|t]d|MZollME HHEZR o FHe
2 A7t ol9) & A= Park Fo] 43)3h
A7 ZAHE FQl AS49 N ZoME JAMSE A
7} A A Ee} 9ok (Park K. er al., 2003, Park K. et
al., 2004). B-actin®] 79 ANz Zo} F=F
22| FAdz=Tolt Agle] 288bp 7)Y W=
7t dAA dehde A A 4 U

Fig. 2% #le]ts|M 2ol Fh=H(CdClL)E 5, 10,
20, 40 (M Z. 647} H2)3t 990 MT-1 4=}
LS epd Alolvt A vield ule) 2o
Ft=f Aele=rt Fold4E MT-19] 434 3
e Il A B $ Uk 40uM s
e gt 7% MT-19] w3gke] 938 47t 4
3= o] Heli=d| ol Shiraishi Fo] 1F3t v}
2} zko] 25~50uM 230l A genotoxicityZ} FER
F 5 ql7] W& Aes AlsEo MT-29] A%
Fr=gol o8 fAx dde] FUisEe Aoz B
ojuf & AfeME of 1 A3 YAARS
A 4 AR ol H 2o A9 vFtE X2
d isoform®] Az} W EAX o] o]FA M2
2ol gt AR o] oA & £ glom A4
Azeo] Rn3atgn Mgexede] BegiA 5
Ho] M2 #AAF] o|=dt WA EXh=
Ao A E 5 A7t o dasie

g9, RT-PCRE AL oFo] {AAE ZZs}y
LS T £ gl whgosa o8 dF
oA e o]&=3 gler}t FHZo|= DNA chipg
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Fig. 3. A scanned microarray image contains 6,000 mouse
genes. The array was hybridized with fluorescent
labelled cDNA mixtures of control and cadmium (10
UM CdCly) treated cells. Red spots mean the up-—
regulation of mRNA in leydig cells by cadmium
treatment and green spots mean down-regulation of
mRNA.

o] &-3led F-2 AZbel] A2 okl AgRE £
< FAA] #EE $AHE 4 3l microarray W
el Ese] &453 o & dFelM=E st=

<+ A 42 d2LF 7t=E 10U v =
£ A& Ao A& microarray A& AA|
Foss dodsldzone Hgzsed 43
A dtee] Awel dgdz el o s
AP A Hd BEAS Aswlasigch
Fig. 3-& #o|t]3| M Zol| 7I=B-& H]3 & g
o] Walyl $HAAE microarrays o]8-3}e] hy-
bridizationA] 7] 12 Yebgd AaE A7 sE Aol
el wE wish o) Hhrpe] SR S
CERPIER PR EENRSE LR
aYAE BPST H A PS4 He o
o] 2ol Bola et ol Fh=del o3 o]
JolelA chopet ke o] dake R 9
&& oul3le} FHE Tsangaris 5 (2002)2 T-cell
lineg ol-g3led Fh=fel $HA AL A7
g Az dgzzed § 959 f31A7}E up-
regulation ¥ ¢Joh= A S wm3lt v} 9o
(Tsangaris et al., 2002). ®=% Yamada 52 Hela
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Table 2. Genes which are induced by cadmium-treatment in leydig cells

Vol. 19, No. 3

Genes GenBank No Induction rate to control
Myd116, myeloid differentiation primary response gene 116 AI528708 13.5
Inpp5d, inositol polyphosphate—5-phosphatase, 145 kDa AI323613 12.8
Serpinb2, serine (or cysteine) proteinase inhibitor, clade B, member 2 AlI847983 104
Dnajbl, Dnal (Hsp40) homolog, subfamily B, member | Al465465 8.9
Fosll, fos-like antigen 1 AI225491 8.7
Myef2, myelin basic protein expression factor 2, repressor Al323617 8.1
AA407930, expressed sequence AA407930 AW321053 7.1
Sgstml, sequestosome ] Al839114 6.9
Hsp105, heat shock protein, 105 kDa AIB38486 6.9
Ptprb, protein tyrosine phosphatase, receptor type, B Al664182 5.6
Prkg?2, protein kinase, cGMP~dependent, type II AAT93588 53
Ddit3, DNA -damage inducible transcript 3 AI323295 5.0
Txnrdl, thioredoxin reductase 1 AIB54159 4.5
Abcgl, ATP-binding cassette, sub-family G (WHITE), member 1 Al323653 4.2
Ovgpl, oviductal glycoprotein 1, 120kD Al226220 39
tsg101, tumor susceptibility gene 101 AI573429 3.9
P1d3, phospholipase D3 AI839365 3.7
Eifd4a2, eukaryotic translation initiation factor 4A2 AI852357 3.7
Cth, cystathionase (cystathionine gamma-lyase) Al427530 3.6
Wasbp, Wiskott-Aldrich syndrome homolog (human) binding protein AI839378 3.6
Gelm, glutamate —cysteine ligase, modifier subunit AA008956 35
Rps25, ribosomal protein S25 AI573593 34
Abcal, ATP-binding cassette, sub—~family A (ABC1), member 1 Al323676 33
Mitl, metallothionein 1 Al427514 33
Btgl, B-cell translocation gene 1, anti-proliferative Al848411 3.2
Ndrl, N-myc downstream regulated 1 AI852317 3.2
Ube2g2, ubiquitin—conjugating enzyme E2G 2 Al413443 3.1

celle] 7l=BS 10 uM =2 HZsn §HAA
& olg3le] faAel B ARE 2. 5
o] F-o]| 4] = metallothionein& H]£3&}e] heat shock
protein 5 7L & o] 27l 46F FAAE WUE
gl om o}-28 high mobility group protein iso-
form [-C % down-regulation ¥|& 10 %2] §-H=}
£ B skl (Yamada et al., 2002). ®£3t Shin 5
2 (Toxicology 2003) AF T2 A x| 7l=F
& Azskn 1 ¥Rl FHE SRR sup
pression subtractive hyubridization ¥Pel] 2J3] &+
Qstgleh £ A7 Feold3|HEdA Tl
gl o) 2 ¥Hel FUbEE fAAet 1w
He] ZaHE §AAE At Azt 7)E
o) e Azl A LR v)wte
2 deld3HEAXY Ft=Fell 3 A
WHEXNS dolw 1} 3kl Table 2= =¥
Helell os 1 o] FHEE fARE 4H-E

g AozA Jel|A By Hfe} Ze] heat
shock protein, metallothionein—-1, protein kinase,
DNA damage inducible transcript 3 5 ©}ek3t 4
Ak ZAEE AE 2 & Asded of hed &
Q7oA BA o] AFH MT-12 Fh=FA0] 2
3 <F 300% Z=V}sl= Aoz velydt) =31 thio-
redoxin reductase’} 450% Z715¢ o 4 Y4
thioredoxin reductase= AFE}A e~ #7371 H
o2A4 wig FoF HTE = Aoz dHA
QlE}t. o] DNA-damage inducible gene, metal-
lothionein®} §HA Leydig cellel] 7}=F2 *{&] 3}y
A4 AEA AEg Ayl ZI1ENSES HeF
e Fe3 Aty Yo 7=HEel 9
3 7 ¥do] HA|H = f-HANE Table 3o ey
¢l=1d interferon gamma receptor, interleukin 11
receptor - MY Hed HAH 54 Ly
o] A Eg] e =35} transcription ¥ Al ZH <}

flf e
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Table 3. Genes which are suppressed by cadmium~treatment in leydig cells

Genes GenBank No  Suppression rate to control

Ifngr, interferon gamma receptor AlI467250 0.29
Ivd, isovaleryl coenzyme A dehydrogenase Al463340 0.29
Ubl3, ubiquitin-like 3 Al661166 0.29
Sgk2, serum/glucocorticoid regulated kinase 2 Al428788 0.29
1111ra2, interleukin 11 receptor, alpha chain 2 AA980775 0.28
Pcdh7, protocadherin 7 Al449381 0.28
Araf, raf-related oncogene All155246 0.27
Stat5a, signal transducer and activator of transcription 5A AA763337 0.27
Tct3, transcription factor 3 AI324130 0.27
Cyp2c40, cytochrome P450, 2c40 Al662104 0.26
Statl, signal transducer and activator of transcription 1 Al449540 0.26
Ghitm, growth hormone inducible transmembrane protein Al662243 0.25
Cnot7, CCR4-NOT transcription complex, subunit 7 Al851633 0.25
Cdkn2d, cyclin—dependent kinase inhibitor 2D (p19, inhibits CDK4) AA674780 0.24
Crsp6, cofactor required for Sp1 transcriptional activation, subunit 6 (77 kD) Al1449497 0.23
Pf4, platelet factor 4 AI120986 0.23
Prodh, proline dehydrogenase AlI854587 022
Hyal2, hyaluronidase 2 W83533 0.22
Gjbs, gap junction membrane channel protein beta 5 AI323309 0.20
Trex1, three prime repair exonuclease 1 Al414450 0.18
Taf4a, TAF4A RNA polymerase II, TBP-associated factor 135 kDa Al324162 0.18
Tceb3, transcription elongation factor B (SIII), polypeptide 3 (110kD) AW?227601 0.16
Manlb, mannosidase 1, beta AA874421 0.15
Stk32, serine threonine kinase 32 Al413502 0.15
Irf1, interferon regulatory factor 1 AW213282 0.12
BHE KA L o] JAHE Aoz AdH

Q. WA SR SAAe] e 2 A} 7 ZAbe] 2

=Hol| ot oI ES 5ol mA= o33
 oju gt AAE ] ool gt At s
o} Rere Welx) £33 Uk 3ol Table 2
¢} Table 3o} AAlE AR =88}] microarray
o) Azl Wb cekabAl wheg wal zzte) &
ZHAE apoptosis, cell signaling, metabolism, growth
control § T4 7|5dH ez FRIT o]E
ool Tt FAAES] Lde] sl=go 3
ARA dkE T deTtel s AR A Hol
o MTel ¥la) ue} e 2a27te wolx $d
A e Be Aew vshid o o)
Fa5d HolHeoz wkgdte FAREA uhele
Az 449 5 2 AAAE dAeAE B
T 4 glort olF fUAS B MT $73412)
o7l o) s ARHTA] AY Fr B
F B AT $8Y dFPoety DA,

°] =82 20039 Al FATe] Aol
95}ed o 75 91 2(KRF-2003-003-E00280)
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