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ABSTRACT : To know the stress response and antioxidative effect of sulfur containing compounds, we
observed the expression of the stress protein (heat shock protein; inducible protein) from mouse tissues
and evaluated the protective effects to hydroxyl radical in mouse brain cell culture. Cysteine, methionine
or sodium sulfide was fed by oral administration of 1 ml/per 6hr/three times with 1 mM, 2 mM or 3 mM
to mouse, respectively. After that, the stress proteins were extracted from mouse tissues and analyzed
the features of expression. The stress proteins by sulfur containing compounds were showed different
aspects in the kinds and concentrations of their compounds, and in the tissues of mouse. In the liver,
the stress proteins were appeared at different time on the concentration of sulfur containing compounds
and had less than 20 KDa as small molecules. In general, the molecular weights of stress protein in the
spleen were evaluated from 32 KDa to 50 KDa, and the induced times were relatively late at high
concentration of cysteine, early at low concentration of methionine or sodium sulfide. The stress proteins
in mouse muscle were detected mostly between 24 hr and 48 hr after treatment of sulfur containing
compounds. Their molecular weights were 15~24 KDa. In the antioxidative effects of sulfur containing
compounds to hydroxyl radical, cell viabilities were measured by 63.2% at 10 uM, 65.5% at 50 uM,
68.6% at 100 uM, 78.3% at 150 uM, or 83.0% at 200 uM of cysteine, respectively. At addition of
methionine, the cell viabilities were assessed as 58.1% at 10 uM, 62.8% at 50 uM, 75.7% at 100 uM,
78.6% at 150 uM, and 79.2% at 200 uM after 4 hrs exposure with 20 mU/ml glucose oxidase (GO)
system, while the numbers of live cells to hydroxyl radicals in treatment of sodium sulfide were showed
48.6% at 10 uM, 54.8% at 100 uM, 51.8% at 150 uM, and 51.6% at 200 uM in the neuronal cells. In the
inhibitory effects on the proliferation of tumor cells, percentages of dead cells of the CT-26 or HeLa cell
were generally less than 30% even 48 hr after addition of sulfur containing compounds. Conclusively,
the results of these experiments indicate that stress protein by sulfur containing compounds can be
used as physiological indicator for animal nutrition and for environment, and also that cysteine and
methionine can play critical roles as an antioxidant.
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22 DNAS| 43} ze]ly FdWelE z#gozH
A Z 7150 AolE U2 A (Adelman 5, 1988) ¥] A A}
Al AR ofe} A2 2] k31 FA15k AR
A2 glt}(Ames 5, 1993; Packer, 1995). =3} in-
vitro fertilization(IVF)el| &= A2 M| x2] £3} A3
ol radicalo] A}dx o2 P $HEL EE 74
izt siutzrl 7] Aol B2 A7) Fof A
E-Fo] golAl= o] H7|= gl (Yang 5, 1998).
&yl ola}, Mann 5 (1997)2 H,0,7} Endonuclase
B4 A8 Fo] DNAE oligosome e 2 =}73}
o] radical®| apoptosisell = Fogtrl= 7S B sl
th(Thomas 5-, 1994). o]2] ¢t B2 FAE Tl = 3
ol = radical®} ko] AT digk v} s
Z18) =3 9)3=d|, Kuratko(1988)el| wl= radicalol]
)& £AH8 9= 343} A 4-(manganese superoxide
dismutase}r= 54 AAAe] glow, & sHAl
oAz o] ek 340 HAl, AgE] vk B
T80 2H radicalo] ¢+ whAls} ZAlo) % gt}
= AR S §l53kar gl

wEbA] # 3 B gAEL o238t $ =3} radical
AHo3}o] radical 2 Qls)] WA= = of2} 71| QA o W]
A= 2SRty fste] shakstel] B3l B A
F A3t Qlot. < gzl AT gL 5
7} 33 22 659 A4S /A e Ao 4
A, B2 ATaelA sulfurSy} 23k sH3hEe] 3
AksbR A A& o] 83} radical =4} vholof] gt A7}
A% A= 3 Qlch 2 o= B3 FES 1
o) e B Dbt IR R HEE
el SH(thiol) el 2, @] 2= S ¥ €f(oxidation form)
2 AAEA N A A Ex) ko] YA L] Al 3 ol Ab
3}, el Z 53] Fod3td(§F 5, 1996) radicale]] &
gt AZEARS S 5 Q7] dtelth AAE Gil-
lissens} Nowak(1998)¢] <d-ol] w23 N-acetyl-L-
cysteine(NAC)2- cysteine 22 A 2olAE3} =|of
glutathione 2] HF-A| 2 o], glutathione-2 SH 1%
o] &zas}e] A 449l H,0,, - OH, HOCI 5-& %
A AFIEE radicalol] &8 &ARS A} Rk o}
Yzb gk 3ES oo ARy AAEY gt
AFARS- B2 ol ARS-E oA gho o (et
g, 1991; o)1 7173w, 1988), -27} s}sbA &
ol "ol FFE FAL sSATIEUE o] 85
2 ghehE 5, 1996). =3 335 313HE-<l sulfoxide,
disulfides, trisulfides @ thiophenest 2] 2] ofxql #]
&}(Sainani 5, 1979), 3-2-82+4 {-2(Bordia, 1978),
u]| JE-2E oA (Subrahmanyan 5, 1958) % fibri-

nolityoll A 2] sFAM(Bordia %, 1977) E-2] w2 oA} =t
Lof] T3z AR A Qi) ol )M E su-
lindac sulfide(SS)+= wiAobA| 2 ZA]Ao % E3=
el (o 5, 1997), vk, oFsfelAe] x84 &
7% S4BT +84 1T SRl @A shed
ok dAbol gt A S 7EA 2 Qlek B o
(Fukushima &, 1997).
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W ofz] tARRREof Zlo] o
3k 33hh- 33HEo| g
Hell g AYsstAal F5= &
o] golof digh A3 7 A =l oA &t
(Pillay, 1980; Shunrou, 1996). L o]-f-5 slu}e= E&
Aol o] Ao} It Jgor vehie T
A S AAE F YA vIAH L 2= AR A
o] AgA ]l W3y} wol] dojurn® FEAH WA
stress protein(heat shock protein; inducible protein)2]
Waol| digh XAl WEE FEY F a8l 9
gl stress inducer®] | ZEZH o]-&3Fi]e} 9,
1997). Stress protein> A Aol w]ye] =2l Y& 57
(stressyo] Fol2& o, A WAl el 25
7] 18k ukg-o] T3 o =, stress inducerd] EFH
o} oFell wheh Zbat BolahA AAEAG A=
(Lindguist, 1986; Pelham, 1985), o] o 4= ==
whfdl o] W A7), F7]9) E BolHoE F3 7
ufjZol] 2w A o] Al wish 2 A= Al E 7R
et AER2 AR 97t e Zeo]ck(Stringham 3}
Candido, 1993).
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3oL of&7] 33 =] Al Eof PIX= A&
A 7)%5-8 dolry] $)5ted CT-26 cell?} Hela cell]
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8135), 3-[4,5-dimethylthiazol-2-yl]-2,5-dipheyltetrazolium
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1) gatw E=Eel =20

olo} <1(1997)e] el we} 8FE(22gE5)
mouse® 7} A Eel Suteld vPrel BEF HE
Q] cysteine, methionine 2! sodium sulfideE 747t 1
mM, 2 mM, 3 mME Z5F5e] 4847 & 647k 7
Aoz FHHE S o] &8l 1 m4 33] o3t F F
3, 6, 12, 24, 48X 7}ol| F & AFE2 3] BASA
5, ¥, 7+ A3 ste] PBS(Phosphate buffered sa-
line, pH 7.4)el] A - F -70°Coll A W5 B3slo] o
213 2] sample & AF8-3}3 ).

o) w}z} 7mle] lysis buffer [150 mM NaCl, 100 mM
Tris-HCI(pH 7.5), 5 mM EDTA, 0.05% SDS, 50 ug/m!
sulfonyl fluoride(PMSF), 0.1 mi(v/v)
Nonidet P-40, 10 mg/m/ soybean trypsin inhibitor]&- 2t
zA 6| o] FAA 7|3 3A7E Bt D39l A=A
A7) 3 13,000 rpm(VS-15000 CFN)ell4] 2087 Al
B3tk 1 & AbS9e)] 1% trichloroacetic acid
(TCA)Z w8 F23F F desiccatorgtollA] Z1xgH
oS Lowry(1951)) whiel whe} ghald e Aes),
-20°Cell A Asle] A|E2 A&t A7) E2
Mini protein II Cell(Bio Rad)ell 0.1% SDS 2 15%
acrylamide gel-3- ARg-3led AlA|3}edar, o] o Z+ lane
of| loading® whaleke- 80 uge|slom, geld] A
Coomassie Brilliant Blue R-2502_2 3}s3t}.

phenylmethyl

3) Newborn mouse brain tissue culture
A3} A1(1997)] ol W} 4l 1393 mouse
2] glolollA] 2 A3sle] PBSE A1 FA A5}
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ol 4] EeAe g 2A AAste] 0.25% trypsin, 20 pg/
m/ DNase2 A2]gF 35 37°CellA 1583 wiefA] 7|3
1,000x g2 2 YAET & A5AE AAsR
7 % PBSE A HH- A7 F A £ (800x g)ste] =
ol AE 2 wkE & 5% serum(fetal bovine serum)g ¥
&3} minimum essential medium(MEM)=} SHA S A
7Fsted 1x 10° cells/ml A =& 96 multiwellol] 7+ 3}A|
B33l 5% CO,, 37°CellA 297k wijokat ¥ 3U4
H= g serumS 334 92 MEMO 2 A& &
3hslod 1047 ] wiekslgd e}, o]wl 96 multiwell plate
9] welled #Z =] ¥-3]& 100 pl= 3}t

4) sty Y

A7) HALE 1087 IR F AL wleFale] 0.5%
D(+)-glucose2} 20 mU/ml glucose oxidase(GO)( 2
A, 1997)% ¥ t}2 cysteine, methionine, sodium
sulfideZ 7+ wellsd Z+2+ 10, 50, 100, 150, 200 uMol]

X2 culture media®} 37 H7}slar, o] o 2 well
9] & ux)=kE 100 2 3tgich. 1 ¥ mouse brain
cell& 37°Coll A 4417}k 3t wijokgt ¥ 2} wellel] 50 p!
MTT(S mg/m)Z A7 o2 thA] 447 wljokgt +
70 ul2] isopropanols& *7}ste] Microelisa Leader
(Molecular Vices Corp Tmax)Z 570 nmoi| 4] &3 5}
abo} 9l = ¥ A E4E- )F ol g percentage(%)E
ghiksksd ot

5) 2MZ ZA! AX| Eot

CT-269] ok DMEM u#lz]ol] 10% serum< A7}
3}, HeLa A 22 wjokS& MEM vi=]¢ll 3% serum-<=-
.o c}e zkzke] wiz|ef 10 ug/mle] streptomycine %
penicillin®} 50 mg/100 m/<} fungizone-g 0.5% *7}3}
F A ESE ok 1X 10 cells/m/2F 96 multiwell®] Z}
wello]] 2338F b8 5% COy37°Coll4] monolayer7}
g wj7}=] o 2~397F wl kA Rl L ¥ 7]E2] wiA
£ vE 3z A2$ A2 283 oS Al HF
el Ak =z 28 7+ wellel| cysteine, methion-
ine, sodium sulfideE Z+7z} 10, 50, 100, 150, 200 uM
2 Hzlste] welld wix]e] FaFo] 100 w7t =HAG
E 5% CO,/37°CollA Z+2t 6, 12, 24, 48X 7k ol vl
FA A MTTE A2jslct. o] o Aol gl= AEFF
= 7o gt percentage(%)E A F t|ZTo
Abolgl = A Z4E 100%=2 A s JFEF e
A2l Abolgls MEF(%)E WA Folole Ax
2 gt oA E YA 6 wA= dFE ot
Bk}
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1. &3l SIeH20] 9|8t stress protein 2l

shshf- 313152l cysteine, methionine & so-
d1um sulfideE- 2z} 1 mM, 2 mM, 3 mM=Z £3lA1A 1
mi# 6/‘]7} Z¥A o 2 33 Foi3t 3 3, 6, 12, 24, 484]
Zbel| AFF 2 BASI 7 v, S5l f =
= o 7‘a el tisl -2 A oS} o)

WA F ZrEA] gle]A] cysteines Fdg F
stress protein®] W& 1 mM T & 3A17HEE 124]
ZHapolef| Zbel & 4= g1l o), 2 mM} 3 mM gl
o]l = stress protein 7] =% ] gk}, o] w cysteine
ol &)l WA =]+ stress protein®] =7+ 2F 20 KDaC.
23] 1 oS W] gkeh(Fig. 1A). Methionine-S- F-3
g} 74, stress protein2- 1 mM F-o] 3 6X]7ke| uHg
so] 24X17kell 7P o] AYEIG O} 48K el
stress protein Ao} 2 % §ale). o] AT AL 2
mM3} 3 mM ol 5ol A} A EE 7
w]3] o, o] uf methionineol] ]3] YA F stress pro-
tein®] =Z7]+= oF 17 KDa A =9 t}(Fig. 1B). g4 so-
dium sulfide Fodoll 9)oA] 7kZ2Z] stress proteine]
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Fig. 1. The stress proteins by cysteine (A), methionine (B) or
sodium sulfide (C) in mouse liver. Electrophoresis was carried out
in a 15% polyacrylamide gel. [>; indicates 20 KDa stress protein
(A), 17 KDa stress protein (B), and 18 KDa stress protein (C).
MW; marker, Con; control.

A} B (A ZFE] 244 7AYo o) <k
18 KDa®] A 22 stress protemO] A = 2} (Fig. 1C).

Qi) B ) & A Al
%]+ stress proteine -§-7|33H5- 33HE-<] cysteine}
methionine2- -2 =% ¢l 1 mMel|A] stress protein®]
ko] glgl e}, F7]18f 313154l sodium sulfide
= 3 mM FoJFo] s AL d ¢ Ui} =gk
stress protein®] AJAJA|7FE 3FH- FEMEe] EFl
TAH] Fo] F 6A17-E 124 7b) 713t ‘%}7%4_73,5
A AT AL 2+ ek @A 2 26
stress protein®] BF-& 3}3HG- 3}3HE-Q] FolZd 3}

e SR 2R Folud we 47 o
==, 2 _:17]% of 17~20 KDa o]l=H] ¢] 9} 7t
HAS dubd o g BEAlel 9% stress protein?]
b 279 Ak AR neaEh =9
AL o)9} 91(1996)] 6& U4ial HE‘EHJ-’— 0.25 mM
HE] 1 mM 222 o -101 &}a3 & 7F z=A
o] 4] et stress protein 2§43} *n‘/‘]-'q} AdE B
o]}, o] A& olulx S FEA Eolio] Sedtt &
Asb] e At =y 334 e 2
Fol] 2 stress protein W3 Q] Aol F7)3He-+ 3}
FEL JO oA stress proteino] W= =4 B
slo] F7)315k-8 3}31E-2) sodium sulfides= ¥ =
& FEold BEsE AL & 5 Ak Yikdew
7ol glolA] F3h 31312l 2§ stress proteine] T}
2 22 vl ZrIgk 442 Toyoda 5(1990)°]
—?LOH/HE—]— Zro] 7}z A o]|= glutathione peroxidase?} 2+

o 2 ¢l rlo

&t $79 a5l Bejahis Haol o8]
# HPEL JuAE 5T & oly] J2d How
oA A},

7 ogks HiHeel Foldl 9 A AN

stress protein®] ®F& 2~ cysteine-2 1 mM3} 2 mM o]
Fof|= stress protein®] WE-E B 4 glglon), 71
F2 TEQ 3mM Fo ¥ 8/‘]7&°ﬂ o} 32 KDa?]
stress proteine] W& == 78 B 4 9lsitH(Fig. 2A).
%} methionine 2 mM3} 3 mM J-o] £ j] = stress pro-
tein®] A Holx] efstar 7P AL Fx=dl 1mM
o] F 6417k} 1247kl 4] <F 32 KDa$] stress pro-
teino] A== & & 4 s ch(Fig. 2B). o1& A
k2. sodium sulf1de«] Fodeo] glo]AE 1 mM Fof &
6A)7ke]l 2F 50 KDa2] stress proteine] A == 413k
A By oh(E FHAY=F).

dubd o R wiAelxe] 3hh ¥l oF
stress protein-2 methionine3} sodium sulfide 1 mM +
o] & 6~12A|7ke]] W= w, stress protein®] 7]+
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Fig. 2. The stress proteins by cysteine (A) or methionine (B) in
mouse spleen. Electrophoresis was performed in a 15% poly-
acrylamide gel. [>; pinpoints 32 KDa stress proteins (A), (B). MW;
marker, Con; control.

7h2} 32 KDazh 50 KDag) & o % 31gich. 12ii} cys-
teine ] 2] 749= 3 mM Fo] 3= 4847} el 4] W=
£ Ao Mol %3y SRS Fol4 ] W
S Ze ol B 65 YhwH Seo] AL
ulgel glold] 2Eel Wg-g obF wxbshe] A
w2l stress protein®] b3l o] ofilo] E-jFEELT
stress proteino] #-3l== & & 5 ATt (o] 4,
1996). =38t Eo|3}A| % stress protein 7S FA] o
eI & stress inducerel] W} W 5] = stress protein
of wEAZL 277 gEge e &+ o
(Ananthan 5, 1986).

+52] 75l 2lelA cysteine 1 mM FoIF 347k
HE] 12417kl 9F 15 KDa9] stress proteino] XA} 3}ed
o 242 E e HA A S S 4 lsen, o
o}zre A3 2 mMF 3 mM FI % FALEI o
v, freEs whAle] 2 wx] ogkrh(Fig. 3A). 1
2]t} methionine 1 mM o] 3 24X 733} 484] 7}el|A], 2
mM FoJ Foll = 3X7HEE] 24A17kell4], 28l 3 mM
FodFell= 327k 124]7kA}e] o) stress proteing] A
A& E 4 glelem, 1 stress protein®] =7]& ¢F 24
KDa ©]4it}(Fig. 3B). Methionine ool thgl o]aidt
7382 sodium sulfide®] F-oJ A]ol| & -F-AF8}gd A 2F, AY
A =] & stress protein®] Z7]& ok 15 KDa#} 27 KDa 2
R 22k #o)7} 3151ekFig. 3C)

dibH o g Ffoflii= o222 ¢ vlE) 33 3
gHE-ol] ]3] stress proteino] o}F wz}slAl AAHE S
U= AE o 5 gleled, 2 =7 diEF 15 KDad|
A} 27 KDagl 7122 vielydr}. Pelham(1984)0] XA
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Fig. 3. The stress proteins by cysteine (A), methionine (B), or
sodium sulfide (C) in mouse muscle. Electrophoresis was ac-
complished in a 15% polyacrylamide gel. [>; denotes 15 kDa
stress protein (A), 24 KDa stress protein (B), and 15 KDa and 27
KDa stress protein (C). MW; marker, Con; control.

ghule} 7o) stress protein-- stress inducere]] wa} A A
=10 KDa—rEi FA = 110 KDa7}R] ] thekdl =272
WY E Aeg elA glew, olsh dol FEH 5
el -46}04 UPEE A 27]9) gdujAde =4
FEA | ol W= stress proteine] 7)== AL
B R}eH(15~35 KDa)o.2. o] gleha s} A} 2%
2 HojSEr}(Caltadiano, 1986; o]} <, 1996). wia}bA]
e IS B A, A A5 @
A HFEE2] 3 A X stress proteinS AJAI 3
% w, stress protein®] F7}= =k 17 KDaollA 35
KDa A 2] .2 #Al3d& o 5 Al =3 3t
fr BE2} Folel 2] mouse FA WA A==
stress protein®] oL oF 1247} Ax G =], ol
Kelley$} Schlesinger(1978)2] ®.E stress proteing- -
ZA 8] Fiel upet o)A o2 Audale] BE &
oA W o] o] &= Ho] offe} A A7
< T3 APAZE #A A3 AR, o
HHE9] stress protein2- W] E 12X 7HA Fo|w 4
Hrhs 2ol o] AN} fARES: & & gl
ul2}x] 33k 35HE-9] cysteine, methionine & so-
dium sulfidee]] ©]&} stress protein®] AAJ-G-Fi} AA
o] Wsts A7k, T Y A ol A}
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Se% HYE ot we ol w2} AAHeI
Qs 2Eds Mgew EANE AL T 4
glgdch. el B} A 83} stress protein®] 7|2}
& olasr] SlAE ol Al gAY o] g3 &
AAe) 224 So) AYARt aldel & Aoz
Apg =}

. &5t

Qo

2 T 2lEtEe] sitst 5t
8316 3}3H8-2] hydroxyl radicalel] W& dH4EslE
2 dolrr] 93 Al 132 B3 embryo HAE
2 oF 107} wleFA17] ¥ hydroxyl radicale] 234 =7
9J8}e] 20 mU/ml glucose oxidase(GOYE *]2]3}x, ¢
7)ol z¥zke] #gh- 3HHE-2 7b wellell 247} 10 uMel|
A 200 uM7EA] ElEE Hrlsle] 4X7E wloFsto]
MTT assay5 E3t¢] & A= oh3-3 2ot

Fig. 4= GO A 2&lol| sl Zhzhe] 33k 322
7ol Wigt A HAze AEES ehd Zlold
=] wjokEl XA Fe] GO 20 mU/miZ A= F- cys-
teine2 Z+7F 10, 50, 100, 150, 200 uMo| =H==- 7}
g & A xe] AEES dol Ay, dizTel v
cysteine Helgo] Al Fxo wet ¥} 63.2%, 65.5%,
68.6%, 78.3% X 83.0%%4] elydr}. o] ©f GO ==
o] AEE-LS 48.0%2] v 200 uMe] cysteine
whe xe)gk A9 WEEL 985%% et =
3}, methionine& 10 uME-E] 200 uM7Hx] X&) 3-& 7
o) HAE NE=FS 7 581%, 62.8%, 75.7%,

lﬂlo
o o
I~

100

—O—Cysteine
—fr— Methionine
—8=Sodium sulfide

90

Cell viabilities (%)

0 10 50 100 150 200
Concentration of sulfur containing compounds (uM)

Fig. 4. Antioxidative effects of cysteine, methionine, and sodium ™

sulfide to hydroxyl radical in mouse neuron cells. After 10 day cul-
ture, cysteine, methionine or sodium sulfide added to neuron cells
in 10 uM to 200 uM respectively. Then, the neuron cells were ex-
posed to hydroxyl radicals generated by 20 mU/m! glucose oxidase
(GO) for 4 hr. Cell viabilities were determined by MTT assay. “0’;
20 mU/ml glucose oxidase alone. Values represent the means and
SD (n=4).

78.6%, 79.2%24 cysteine2} | A} Eeol] gl Hik3} &
o} §AFEHS oF 4= 914).2. 7, methionine(200 uM)=t
< He)gt A2 AEEL 98.8%=H dlZETol vl
z}o]7} ¢lgder. 18y} sodium sulfideE 23S 73
< ArkE Fxed AEYle] HAEe AEES UM
vebgt=dl, 10 uMF-E 100 pM7EA] FH7HE o A
220 48.6%%E 54.8% AEHow, 150 uM3} 200
M A7EA = H A 2] AEEo] 51.8%% 51.6%ZH]
238 AslEE A¥FE 2o, GO AFe] 200
pM?2] sodium sulfideRt-& A2} 3S 7 F-oll = AEEL-
84.1%24 2T} A3e 2o] & B th(Fig. 4).
0|9} 7o AHA3= cysteined} methionine GO Al
e9] hydroxyl radicalel] thal] 3H4+3} &35 7FAl AL Q)
L Ae weldul, odubdel #Eo 24 cysteine
methionine A7}2Fe] Z7le| ulgl HAPHCo =2 hy-
droxyl radicalel] 2|3} 7| A E2] &AFo] B3| A
olole AZA7 ZAeHE AL & 4 AN oF&ed
methionine3} cysteine-& 22} Al E ulj kel & vl x|
10%74A) 7}std = 1 ApAll= ob 73 A2 & 5
2] ¢re-& o & gJgirt. 1t sodium sulfide= hy-
droxyl radicalel] i3t A3t a st A gle Al
vehtond, 200 uM2] sodium sulfide BFS- 2] 30&
Aol AEFT gizTd v 84.1%=24 1 AHA 5
o2x 7 HAxd dsid F428-E 7= A&
oF &= glade). o)ejzbe) $r)3d3l3tEw Fr)3E3+E
2] hydroxyl radicalel] th3} gHAsta s b E AL
7183 B AR AAZEAE HE 5 e &
oredzl ofmlxAto 2y I Ex1e) B4 wiEolH, vt
W 27131513182 8o Alelo|A] o] 2358l &Y
7] e AzrEch g4, HakstE e vl
glo A HA|Ee] AEFES 200 uM A B]A] cysteine>
83.0%9] 1, methionine-& 79.2%=4] AHgt ditshE
& 7= AL & 5 deh wekA o] AdAAE
334 318524 cysteineZ} methionine-2 YA o
2 AE]A azHg-o| & FofshAIRE hydroxyl radical
o )3}l scavengerE2M E FAHE Mo AS B
ey wdt RE F7138 3ES AxWelA F
23 QA 715 7HalekE AL FekA s

3. QtMIE Z4] M| B2}

B3 3}gEo] AlE mlA& AeAQl 7S
o]s5}7] $J3te] stHlEFEA CT-26 2 Hela cell&
toFA|# methionine, cysteine, ¥ sodium sulfideE
welle} z+7} 10, 50, 100, 150, 200 uMA A7 36, 12,



24, 48AZke] WE SHAE Al AL G
MTT assay& &3 12 A3 Fig. 5(A, B)e} 2ol
A EZAA ol ek el ol AFeEo] A
ol3l= M EZFE A4bste] MEE-S H T R TFol 4]
HRAT) Aolsle AZFE WA FE AL Mg
& Fa)aek
A cysteineS ik CT-26] 10 uMH-E] 100 uM
HA7F F 2 wjofA| 7ol wkE APEE- cysteine-S- 2]
BA] ok thRFel v]E] ZHzt 1.1%00A 11.1% A=
2 dizTol vl Z Aol §lel e, 200 uM 2]
= wlo} 6, 12, 24, 48/\]7P°ﬂ“ ) Tol] s 4.9%,
12.8%, 14.4%, 15.8%2] A}d-E-&- v}ellic). &8, CT-
269l th3}t sodium sulfide2] _‘g_‘»}oﬂ gl = Hrlsl=
ol wlepAItho] Zb R Abelgo] Zrbohe 7
kS W=, %] CT-26¢1 200 uM 7} & nlje}A]
Zhe]| w2 A ZY7}; 14.8%, 15.9%, 18.4%, 26.7%
i&q el :LE%/} CT-26¢]] methionineS- 3 7)}st
APEE-8 BokS o 10, 50, 100 uM x{a]—?—cﬂl/q‘—
‘Hi%ﬂr 7] zpol7b glodeH, 200 uM M7} F 7+
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Fig. 5. Comparison to the inhibitory effects on proliferation of CT-
26 (A) or of HeLa cell (B) by cysteine, methionine or sodium sul-
fide. 200 uM of cysteine, methionine or sodium sulfide added to
culture media and coincubated for 6, 12, 24, or 48 hrs individually.
After incubation, the cell deaths (%) were evaluated by difference
of living cell ratio between treatment and control. “0"; indicates
control, non-treated with the compounds. Values represent the
means and SD (n=4).
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wj kA Zbel] WA 2%, 6.2%, 12.5%, 162% =2
A cysteineo]} sodium sulfide2] & 7}ol] w2 CT-269]
APEEol vl8] ohd U2 7S o 5 %191‘4(Fig 5A).
gH#H, HeLa cellel] cysteine-S 7}t 7-9-= #nkA
o A oma CT262] AR} FARNS °—J’ T AR
™, 200 uM-& A7} & ulleF 6, 12, 24, 4847} ©)
g AP B2 dETel vls 4 7.2%, 9.8%, 16.8%
23.7%% et} =&k Hela celle] sodium sulfide&
2] 8L A2 AFEEE 200 uM H7E F 7} wljoFA]
Zrell el 7.3%, 13.1%, 16.4% 2 21.5%% 1/]-5]-‘;1‘1:]-.
18]} Hela cello]] EH%P methionine2] # 7} °‘<>V1
exol gk AR E-S CT-269] 7552} o] vl$-
A ehgen, ,»_:01 200 M-S A=lgt ¥ 7L
A7k g APEER dz2Fol vls] 0%, 2.2%, 3.8%,
9% 24 ) LhebgthFig. SB).
ol At A o] Bk 2 AT
A5 ARl AR o 3 Sl 30%
ol8kz A2l 77kl el Aol 9ol P Al A
B oA Pt B4 HLE TR Solde] &
Atk oL ek shEe HAE ZAAdA o
@ 2 E3he A asteke ofnlo) A, S o
A AQANFLZA ehbs Aoz 220k
34 SHeHEe) Qb E ZAdael vl sk of
T At #S3hy SHEs FREE o F49E
H] 28-S ) sodium sulfide®} cysteine®] methionine 2.
the QHAE SR L9} Frleke Ao et
o B Al A WS Qubdo s 394 5
E9] & FrollAE CT-2601u} Hela cell®] 4]0)
U oAAol] 253F oJeke w|xx] Ealgix|ut, shtel
YT a3l P2 e S ¢
+ sloich R B e
2 = W h ST 200uM0) AE
= CT-260 ]L‘r HeLa cellel] 3] vhi A EEX2L9

0 Lo

Iv. oF

33 313E< cysteine, methionine 2 sodium sul-
fideo] cildk AAe] A2)del Wstel BBe) 2
A Zeo mA= G olalstr] 8ted stress protein,
gatstaat, kAl o) A Ao el Age Ave
b3} 72}

B3 el Fodol T AH A stess
protein®] el gleix] Zkx=A ] 7%, cysteine 1
mM o] & 3~12A]7}, methionine 1 mM F¢] & 6~
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242) 7} ol @F 20 KDa®} 17 KDa =7]9] stress protein®]
W | gict. F7]33-f 3424l sodium sulfide2] 73
% 3mME Foi8 F 6A17HEE] 24X 7Aool stress

"] &} ol) 4=, cysteine2 A
48X 7}o]| stress protein®] "'EL"_
1}, methionineS FoJ3t A=
7} 1247 4] A =gl o, 1 =7]E oF 32 KDa ©]
9t} t}= &4, sodium sulfide®] Z-$-E 1 mM F
3 6X]7kol] @F 50 KDa2] stress proteino] A3 = o)t

2-8-9] 78] 9)ejA &= cysteine 1 mM Fof F- 3~
124] 7}, methionine 1 mM Fo]¥ 24~48 |7}, 2mM
Fo F 3~2447}, a7]3 3mM g9 F 3~124%F
o] Z}7+ 15~24 KDa®] stress protein JA-S 2 5 3l
Ak

31318 3}8tE-0] hydroxyl radicalel] Tl scavenger
259 GAsET 7150 Glold, GORE THEew
Helg ol YEE-S GO A7 X7 3 2ol H]
3] 48.0% 3o}, cysteine2 10~200 uM7FA] 71}
S A9 HAHE AEES 63.2~83.0%=4 ElL
t}. 3l methionined] #A-$ AEEL 7+ A7 FZol
o8] Zh7b 58.1%%5-€] 79.2% A EZH cysteined] A
3}ha s}l w)s=3ldc). 3} %t sodium sulfide % 7}A] 2]
HAE AEEL 771335 3Eel vls GA et
o},
33h6 343159 CT-267 Hela cell®] A1)
o 2] o sko] Wik dubAlQl AL B4 ;}@E,]
S SR FUEAEA 23ld xS 3
FA71E ABE BT W, FUH el =
£7h B85, WopA gl ATUGE FHOE A
&) tzTol s AbdEe] Zch dubAos &
sho-shaE-o] Al Aol ek Adbe AR
2] 5} methionine X.th= cysteine} sodium sulfide2] #
Aol QAEe) ZAedA B} OBt S AL
Hof Folct.
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