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FIEE(CA)E [1BFe 35024 30
Aol A% G mA, A =22 7
T A Ed FHHE HA4EHtH(Berlin
and Ullberg. 1963: Korte, 1982). 7l=&<]
F8 AAFd= 3, % droj
(Andersen and Andersen. 1988: Fowler,
1988: Suzuki and Cherian. 1989:
Trakshel et al.. 1986), 3 AlAA=
Margoshes$}t Vallee(1957)¢ 23t A S0
2 2g¥ Metallothionein(MT)o]g} st=
cystein®] F%3tn ExFe] 6.000-7,000 d
PFreo] AL FEAFINAS F=dlo o9 2
a4 Hd(Dunn et al.. 1987: Hamer.
1986: Ohi et al.. 1981: Webb and Cain.
1982). MT #AH = dAls ol 88 3
Ae ouv E4FF5. H,0.8 rde=
=¥ oxidative stressol] 23lA AHE free
radicalel 9@ Mol A A7 E ol
(Hidalgo et al.. 1988. Thornalley and
Va8ak, 1985. Webb. 1972), 7]}k
2 Glucocorticoid Dexamethasone®} 19]9]

A 4

stress,

steroiddl ZT 2o gIHME HFEHI
(Bremner and Davies, 1975: Hager and
Palmiter, 1981: Hidalgo et al.. 1988:
Hidalgo et al.. 1990: Mayo and
Palmiter. 1982: Oh et al.. 1978). o}

(Zn)= FEl(Cu)st 22 5849 e #
2ok BAW cysteing] FHE FoelE= RO
2 <4#A ok(Blalock et al., 1
Brady. 1983: Etzel and Cousins. 1981:
Fuller et al.. 1990. Hidalgo et al.. 1991:
Leber and Miya. 1976: Sato et al..
1984). Agetwiael MT ol ofd, ¢ ¢
HeFRE FEEH vESE 44 v ¢ E
ZHI 2L stressEo) o3 vheddt EAF
stress proteing°l #Z¥H ™ (Locke et al..
1990: Taketani et al.. 1990), % &3 7%
& 43 A eyt Heat Shock proteing
stressol gt BEV)TE Aoz HaEHo
21tk (Schlesinger. 1986).
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2723 wlZ(dorsal roots)ollA @ujdl 24
2HE ] AEAA ELzddHg FHAEY
AR 27 TS} glycogen T 54
of ettt B3l gtk (Webster and
Valois, 1981). FHIgt #F ol l=FS FALE
S-of A4l el AR E . A ERkd A
A 9 AR EANAM 2EAA T2, ABA
frob AEF A=y g G ey
Al71el "ol FIEgo &A1 AS 534
AA #5533 G WAkl HaAbel Mg
Y HFAES HE5T Ay v)de, A%
% 2o o] Yehte Aor EauE bt
%1t} (Gabbiani et al.. 1967: Sato et al..
1978: Swandulla and Armstrong. 1989:
White et al.. 1990: Wong and Klaassen,
1982). =% axoplasmic transport® =aje}
28¢ELE Yyl el (Gan et al. .
1985).

AAZAANNE FFEY o8 stressel] 9s}
< Metallothionein-like protein(MTLP)}
% 7Y 2 proteine] AU
(Andersen et al.. 1989: Gulati et al..
1987: Hidalgo et al.. 1990: Itoh et al..
1983). 183 x2S wWddE o =g
£l st MT7F iz && sleziezn o
#H A9t Sugawara et al.. 1983).

a2} A5E g3 e ddd 109CdE FAH

M= FL giFEo] 7t 4lgeA FH
& BEFshG F340
ZARdM e dEHA ¥%n 3
ZQ M ahpA, ¥, e ¥ P
vt 2% AEHA(Arvidson and Tj
lve. 1986). 3 ofd, F2 % Jl=FE A
st otdxzt Fajol] g MTLPE A4Ey 7}
ZEe daiMe FxxA ZFuUrt(Ebadi and
Swanson, 1987).
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of MTLPe| A4 Fl=fol g S04
9] stress protein® 4= Yol nx} 3}

HEM=

AP e IFARE AMSY HE 105
" A% 180-220g% #FH F#H(Sprague
A)E AgIdon, FEFE
cadmium chloride(CdCly. 21/,H,0,
HanawaAbh) & AH&strt.

Dawley

FtE g2

o] A¥oME 372 Fez JUFAch iz
T, O 20 g S AMAIE wirk] o} R Mgl
o] AbE&AFAr Z+Z B #stddrt. Saline
treatment, HIHFF(0.85% NaChE
stereotaxic apparatus®& Algsle] Zxd 2
9l #H FANEY bregmadid o} 2 &
Beg 1.4 mm °lFd HAl tubed H2 &
39 Fet 5 WM FAMEE 3 48413 AR ohg
YA A ALEEt. Cadmium treatment.
Aeld Adgd] LA Ft=E 1000 ppmE
Agexe) e 22 WHoz FAG 484
3t Fol APAATE FAG F 37 s
o] Ab&Ad Aol 1upE}dl BEskgd Tt

M E cytosol =2

AHE AN F HE wE AUt HE
g g 135 mM NaCl®# 5 mM 2-
mercaptoethanol® E#¥3st= 10 mM Tris-
HCI buffer(pH 8.0)& A}€3la Potter-
Elvehjem ## 7|2 25%(W/V) #d9& ©g
r}, o] wANE 20.300 xgolA 3087
Al ®Eg) ko] (Hitachi, 20PR-5) 45d4E =
F 80°CellA 3% FHstn thA] #& Wie
2 i Eelste 45aE #Hetd Lowry W
(1951)e. 5 wilag Hekstd 10 mg/ml=2
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FlEEd ml/h/cm?2¢8 £x=2 £%&3te] fraction
A& Perchloric acid:c-HNO3& 1:5&8  collector2 #38< 4.7 ml 4 1fopA

A& &9 12 ml #E7lete] 300°CE 7Hd 3o
F71 84S BaslmAl s A T WAt
o 10 mM HNO; 10 ml& 33t
Atomic absorption spectrophotometer
(AAS)® air-acetylene gasg& °©]&3ld 228,
8nmolA Alme FZFEE FHsen EF
Ftle g3E2E CdCl,. 21/,H,0(Hanawa) &

Agstart,

CHHEl $AQkAL
AH I AF2T9 cytosol® SDS-PAGE

(sodium dodecyl sulfate polyacrylamide
gel electrophoresis)& °©]&3%l% Laemmli
(1970 9] ez whia RS FAHA
th. A71YE ¥ 0.25% coomassie brilliant
blue R-250 &doz JMa & 7 5% WA
7} 5% methanole]l 4191 &Aooz Gasiy,
ANE gel scanner(ISCO, UA-5) & FA3}
o

3

MTLP2| &l

Sephadex G-75 gel filtration chromatography

oM B2l cytosol E¥E Sephadex G-
75 column(1.8 x 110cm)°l
saturation method(Nolan and Shikh,
1986)2 <zt wd@F wyow (dCl,.
21/5H,0. 500 pg/ml. 100 ulE A& 6 mlol
¥ % incubation® ©& loadingstel 36

cadmium

spectrophotometer(Hitachi, U-2000)2 &
254 nm9 280 nmolAM FEZ=E FHINL
W ozt 2o fr184E AAANI F =g
PFatde. =3 l=ES TS MTLP #
e pol YeAxgor ¥

DEAE-Sephadex A-25 ion exchange
chromatography
Sephadex G-75 gel filtration

chromatography® %3l d4& MTLP #%
£ DEAE-Sephadex A-25 column(1.8 x
20 cm)el loadingdled 0.0-0.6 M7Hx] 9
NaClg 43 EFgssdoz AMdy=TuieE
AoiFW A 30 ml/h/cm29 £=2 £&FAA
7+ B8S A@ @) 4.7 ml A Bola] zk 29
o] A= gFE ZF Y.
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Table 1. Effect of saline and cadmium injection on body weight gain and brain weight

Body Wt. Gain Brain Wt. Number
g/day g
Basa! 5.500 + 0.750 1.813 + 0.033 15
Saline treatment 3.438 + 1.310 1.906 + 0.052 13
Cadmium treatment -7.650 + 1.086%* 1,924 + 0.031% 27

Rats were given intracerebroventricully saline and cadmium each day for 3 days, 5 1/1000 ppm on day 1 and then
rested 1 day. The rats remained in each cage until being sacrified. Basal rats remained in the cage until being sacrified
at the same times as saline and cadmium injected rats. ¢ : P < 0.05 compaired with Basal % : P < 0.001 compared
with basal ® : P < 0.001 compaired with saline treatment
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Sephadex G-75 gel filtration chromatography

A AgLd dRede Hyg=
cadmium saturation W] 9% 7l=§F 2
T EES 49-599 Alolo|lA A ZE FF9
Fol AEHAD. Fl=F HEFto delMe 2
< BEHAUANA iz AdgA el v
A 2w F=rt AEEAG. 28n 21-2399
g BAE 2o deMEe uxd, g5
T F FrEEA T = Hav) A
9] A Fig. la-c).
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Fig. 1a. Elution profile from sephadex G-75 in brain
cytosol of basal rats (n=6)
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Fig. 1b. Elution profile from sephadex G-75 in brain
cytosol of saline treatment rats (n=6)
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2ngste] £&A171 Az MTLPE Sol2E3
o]9le isoform< SIUTHFig. 2).
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wate EAEFE 3 A3 6,000-6,500 Da
A= o|Ak(Fig. 3).
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(12.5%. 10% gehZE 2|3 Az g A
gl M= 14.3 kDa °l3 @923 90 kDa
stress protein®] F718t9a, FImFLRE X g
AL wiolE 14.3 kDa ©o|&te} w@was 30,
64. 68. 80 ¥ 108 kDa¢2l stress protein®]
Fhtd e, AdFAe e 90 kDad
g do] zyE L FHEAM F7HEAC

1.6 [}
1.4~
s ¢
12| g
o -4 8§
o 1 a
ED.B ABE
5 9
o3 _ =
éo.e 128
S
0.4§- g
02 e
0

1 11 21 N 41 51 61 n
Fraction number

Fig. 1c. Elution profile from sephadex G-75 in brain
cytosol of cadmium treated rats (n=15)
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Fig. 2. Elution profile from DEAE sephadex A-25(n=5)
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Fig. 3. Determination of molecular weight of cadmium
binding protein (CdBP). Molecular weight was
determined from plots of the ratio of elution volumn (Ve)
to void volumn (Vo) of sephadex G-75 column (1.8 x
110) vs. log molecular weight for reference proteins of
known molecular weight.
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(Fig. 4-6).
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<+ B84 (lipid insoluble)dl =4
Z2E&HozM AUz Soled 3 A
Metallothioneing #&=3] W] ole} H3tslm
2N MTE o848 A se=d. ol disl
e 19574 o] £ wWol] AFHo] tH(Webb
and cain. 1982). 18]z 7l=&el 93A o
2] FEA BT ofye} AEdME MT9 ]
9} Hl =3k MTLP7F AN A (Grill et
al.. 1987: Sparla. 1990), o] wjze] 34
& 23 thste] Sold S 7iAzm e Few

R s Aot (Blalock et al., 1988: Hamer,
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Fig. 4. SDS-PAGE of brain cytosols of saline and cadmium treated rats. A: 12.5% gel, B: 10% gel, 1: basal, 2: saline
treated. 3: cadmium treated rats, [>: stress protein, P : marker protein (250 kDa: myosin, 116: p-galactosidase, 97.4:
phosphorylase B, 66: bovine serum albumin, 45: ovalbumin, 29: carbonic anhydrase, 24: trypsinogen, 18.4: §

lactoglobulin, 14.3: lysozyme)
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Fig. 5. Determination of molecular weight of stress
protein in brain cytosols of cadmium treated rats on
SDS-PAGE. A: 12.5% gel, B: 10% gel, S: stress protein
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Fig. 6. Scanning of SDS-PAGE (10% gel) shown in Fig.
4B. A: basal, B: saline, C: cadmium treatment rats, D:
..... C-B, B-A. ¥ stress protein

1986).

a3y HolMde MTLPO thgr a7 A<
slgle . Ebadi®t Swanson(1987)el 2}l
AdEg A old# Feld dsiAe HelA
MTLP7} fEEllev 7t=gd osire fx
HolA gy Aoy Endgdrt. EF oldg
9 atEALg A follE HelAd MTLP7E 8457
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gskovt, HAWE FARE 2% MTLP7F &4
g™ Actinomycin Dol ¢]sle] Aol A&
g3 H3stgt(Ebadi, 1984). 23 B2 9
MTLPE a4 & AAZAAHAA T
= udeyd s &+ Ak

wepA E Age e JtEFo] HAHE F
#Hatx] Fgslrg MTLPE dA4sA Hste R
A EE Ft=Fo] FFAAzHCA g
MTLPHR=e Z54o] gle HAAAE doti~
A&t stereotaxic apparatusE Ab&ste] 3
H FHAo AH =S FANAA FFAE
2202 F5E F UA=E 9t xg FH4A
of FARI=A AAlS stressell Wi ¥gE o
oliy| Yot YEFoR 7| FE ALl AY
FE XN ¢H ofFAT A3 F& +2
AR =

Auld e A3 dF F¥Hd Ft=F 5.000
ppm A& 5 ul FARG A3 25T AALEH S
n2 AAxA] Fl= g st uj§- FHpidol

q
$THeRE @ 4 99Tk £@ elde MT7
FESNS Wol ASES @W Fase A W

FALE Aol o] & g9

= Hiel 9Jsked 1,000 ppm
< 5 ul¥ 3¥H FAMSI4tH(Andersen and
Daae, 1988).

AF dsle 3 A7 dz27d HJE5A
glwtols A Wt gy Ft=EA T
e ThE 2] vt AEre] AT
(Table 1). °ol& 7I=& FALe] 1243 e
o3 A EoE JlEEE XA E do e

e Ados A 218 Aol ot A Fo|
Ha® oz Andd E9 A=EE Ay
gujol He] FHe AAAF Aold] 2 W}

fdoy Fl=EE Mg o %7 Fo1es
=4l ol& Gill(1989)2] E 9} fAFsA .
AE27|HolH MTE 2lide HH359
3l1}el Sephadex G-75 gel filtration
chromatography & °]&3le HoA MTE &
gla] Wt rellM o]bRE HPHE o] &3
< wof =z < 14.000 Da¢el 3= oF
7.000 Da®s] EgdA doARe=d ol MT &
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=A4E AFgF Azt Ee 9ty A Eol
polymerEd ¥4dste] A ZAZFRG & 4
ZFol vex EEHAAN LAl " Eolnt
(Minkel et al.. 1980). °oj&d MTLPe ¥4t
H £&& Hasslr] Hste] Gulati(1987)9
ZA2E Ediz &Fdd 5 mM  2-
mercaptoethanol® ol MTLPE
monomer FEE do] WAk, HellA
Sephadex G-75 columnoz £%¥ 7+ &3
A9 JleFmdHFE FHI AH AVAT BF
Bapgko] & A e T FHA Fl=ge] A
2590 (Fig. la-c). A3 & TgAA A
29 Jt=Fe ol Al wolA A9 dUAF3m
254 nmolA F& #4& #He Aoz Hot 7E
of ZA3le A% Fl=EH 2438 F e @
wmAg Atz MTLP2lz 44deiA&
Aol -2 WA el =g HE
Metallothionein¢| 71&9 AxZAul &)
v wfZdolg: AR #AYSE HoAFTh
Z73 AgdeEAdTE Pede FHHEt A9 ¢l
AerZ stereotaxics Al 23 stresse
MTLP Hxo A9 AF5E& FA ¥ A=
Alggth. Ft=EA P E e F2 vE
o 2ull o|ie] Jl=gEo]l HEE FHoF Hol
2u) o}4el cadmium binding proteine] &
Ad Ag 4 = Uk o] MTLP £8& =
o} anion exchange chromatography& %t
A7 gol&ddE & + dMn(Fig. 2), §%
=2 2349S "o 254 nm A & @tol Y
el 280 nm ©lME @A JElhd ez B
o} & <9 thiol7]E& 7ML o, WaFH
pel

£ o rlo o

7}

%
AGe ofuicite] Hg @A & F
t}. ol oA oA Eeld MTE 2
g M3 9 Aoz Atg¥dch(Leber and
1976:. Madapallimatam and
Riordan, 1977). 28y} Hamer %(1986)¢
Hyo ofghd oA Eel® I MTE 2714
isoformE 7AW o] oA &=
MTLP%® 37}A isoform< 7HRlthes Rart 9l
HGulati et al.. 1987). ¥ HddMe &7}
2 Hejwto] PEE Aog Hol thE FHo

Miya.,

Vol. 38, No. 2

MTLPZ Atzsd®th

383 HolMe Ft=gd 9dted MT7F f==
A ¢keth= Ebadi®t Swanson(1987)9 Ex
£ BA 84 Ft=ge] MRS AR e
H g g BshR] 2] HE Ao AL
g9t MT7 AZAZEAN ZSAHEAAN 3
ol 715 0] gltbs K 1 (Sugawara et al..
1983)0 we} 7l=go] EHPHS FHAsA ©
o FEAZ AN MT7F freso] &l
71%%E ZHA B Aeg Agdrt.

AA=F FA Q& #FH At
(Hippocampus)F#<A& 8 Kdet 20 Kde
stress protein%¥te] 4"k Hart ok
(Andersen et al., 1988). ¥ dgoMe 4
g4z AYsdS W 14.3 Kd olste] @iy
7 90 Kd B%9 stress proteine] vl A4
2 %3, ol AdF AA M FA
Wi oA FESE B Ao Algd
. Ft=EE HEAE dels 14.3 Kd ©]3¢]
gl 30 Kd, 64 Kd, 68 Kd, 80 Kd %
108 Kd9| stress proteine] ¥, 14.3
Kd ©]3te] @& A3 257 #F ] e
Me BagA & RAE oAk (Fig. 4, 5).
Stereotaxic apparatus® °|&3lo] Jl=F
Ho| 4% AL, AdFE AAE 9o
Uz e Ady A5 waEsge] Vel
g, ol Fl=Fo] AFMEAAN FEAY 4
I 229 glutamatest AAA AAAGE
1 GABAS Enld o4& FAAY Ft=F
o] Ca** channele] @At 2bd 99 Catt ¥
Lo o4& FRAoz AAE F ok ay
Ho 9lojN =g AAHNLGEH Ui il
o #elME o B AUt Holof & Ao,

o
=
T
S
3l

e oX ¥ e ale
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Induction of Metallothionein-like Protein in the Rat Brain by Intracerebroventricular
Cadmium Treatment
Seok-Joon Won and Seong-hyang Sohn! (Department of Biology, College of Natural Sciences,
Yonsei University, Seoul 120-749; 1Department of Dermatology, School of Medicine,
Ajou University, Suwon 441-749, Korea)

To study whether cadmium (Cd) could induce metallothionein like protein (MTLP) in the rat
brain, Cd was directly injected by using stereotaxic apparatus into the lateral ventricle and
changes in amount of Cd binding protein in the brain was examined.

In the case of Cd-treatment, 2 fold increase in the amount of a Cd-binding protein of a relative
MW of 6,000-6,500 Da which had a high content of amino acids with thiol group and a low
content of aromatic amino acids was observed. With the increase of the 6.5 kDa protein, Cd
treatment also induced several stress proteins - 30, 64, 68, 80 and 108 kDa - which were not
reported in the rat brain. In the case of saline injection, the Cd-binding protein was slightly
increased and new 90 kDa was observed.



