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Fig. 1. SDS-PAGE of liver cytosol from rats treated with
arsenic. a and b are carried out sepaatedly. C: cytosol
from control rat liver. A: cytsol from As-fed rat liver. C.
Ay, Cs, Ag: 150 4 g cytosol protein loaded. C,, A, 300
g cytosol protein loaded. M: molecular weight marker
proteins.
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Fig. 2. Sephadex G-75 gel filtration chromatographic
profiles of cytosol from rats fed on water containing
As(dppm). O——0O: absorbance at 250nm. @e——e@:
absorbance at 280nm. w——k: As concentration
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Fig. 3. Sephadex G-75 gel filtration chromatographic
profiles of cytosol from rats fed on normal water. J¢——
Yr: As concentration.

8

12 -

- N N
I ) *
Arsenic concentration(ppm)

-
(<]

()

[=]

Number

Fraction

Fig. 4. Sephadex A-25 ion exchange chromatographic
profiles of arsenic binding substance. ©——0: absorb-
ance at 250nm. @-——@: absorbance at 280nm J——
%: As concentration.
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Fig. 5. Sephadex G-15 gel filtration chromatographic
profiles of arsenic binding substance. [(J——[: absorb-
ance at 250nm, A——a4&: As concentration.
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Fig. 6. Sephadex G-15 gel filtration chromatographic
profiles of cytosol without proteins more than 10kD. o
——O: absorbance at 250nm. @ ——@: absorbance at
280nm. yv——9: As concentration
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Fig. 7. Determination of molecular weight of arsenic
binding substance by Sephadex G-15 gel filtration chro-
matography. Bed size: 1.3 X 195 cm.

Fig. 8. Amino acid analysis of purified arsenic binding
substance. Solvent for development: n-butanol/glacial
acetic acid/d.w. (100/25/50, v/v/v).
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Fig. 9. Sephadex G-15 gel filtration chromatographic
profiles of GSH-As (1 : 5) mixture. Molar ration of GSH
and As mixed is 1:5. wv——<7: absorbance at 250nm.
® —@: As concentration.
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Fig. 10. Sephadex G-15 gel filtration chromatographic
profiles of GSH-As (5:1) mixture Molar ratio of GSH
and As mixed is 5: 1, v——: absorbance at 250nm.
®—— @ As concentration.
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Table 1. The binding of arsenic to glutathione from Fig. 9

Fraction GSH Conc.  Arsenic Conc.  Molar Ratio Average
Number (reg/ml) (r2g/mb) (GSH/ As) molar ratio
38 105.9 39 6.60
39 189.2 7.2 6.35 6.06
40 149.8 6.9 524

Table 2. The binding of arsenic to glutathione from Fig. 10

Fraction GSH Conc.  Arsenic Conc.  Molar Ratio Average
Number (peg/ml) (reg/mlb) (GSH/ As) molar ratio
39 1125 528 4.69
40 1425 7.20 4.83 4.76
41 96.5 4.95 4.75

Table 3. The effect of arsenic on mitochondrial respiration with
the substrate of 5 mM (pyruvate + malate).

Group Respiration rate % of control p value
Control 4.00 + 0.158 100.0
0.4 mM As 2.75 + 0.227 68.8 p < 0.005
GSH-0.4mM As 3.73 + 0.184 93.3 N.S.

Data are expressed as mean + S.E. with 6 experiments. Units of
respiration rates are nmoles of O, consumed/mg protein/min.

ef 238 ool E by = of A4S b ol o mg
proteint} 6 nmoles Z Y. 2] ] 47} v EFZ & plo}

wWell ssls|od el Fig 11).

AR e SRS

1) D]E2=2|ole] &&

pyruvatel malate®] Zglol & 3188 4}
Bk 7490l 0.1~1.0 mMe] Asel] 2}ske] 5 Eo|
ol = v (Fig. 12). 0.4 mM Ast u| X2 =g ol \ ,

n moles As bound / mg protein

483

oo &9 329 A A oL GSHe| 7 wks) 0 60 120

/% utt

180

0.4 mM Ast 7]2] odgk9 v] 2« orelri(Table Reaction Time (sec.)

3).

240

Fig. 11. Arsenic uptake by mitochondria. 1mM As is

added.
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Fig. 12. Mitochondrial respiration depending on As con-
centrastion with the substrate of pyruvate and malate.
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749 01] iz o Tk
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(contraction)d}+= & &bo] Jelykep(Fig. 17-a),
0.3 M KCL& 38 8% 858 7 9-of 4= 3 §o] =
Al elolvbed, ATP Aol <l whit e %4}
Sivk(Fig. 17-b).

st (pH 7.

Ao mv] R
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|

0.4 mM As 2| g} Aol = v & 279 3%
2 O LiLo}Oj o m] A[I) wr xlﬂ] ]_ ]g ?_oﬂ *‘E‘ ’(]‘”LL
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Fig. 13. Mitochondria just after isolation from rat liver. Most mitochondria have condensed conformation(CON) and
some have intermediated conformation(IC).

Fig. 14. Normal mitochondria after 15min of respiration with pyruvate and malate. All mitochondria are transformed
from condensed to orthodox confromation(ORT).
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W NS T v
Fig. 15. 0.4mM As-treated mitochondria after 15min of respiration with pyruvate and malate. Orthodox and
intermediate conformation are seen, and swollen mitochondria are seen, too.

-l j ;
Fig. 16. 0.4mM As-GSH complex-treated mitochondria after 15min of repiration with pyruvate and malate. All

mitochondria have orthodox confromation.
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24 AsBSO| §-2bekd Z-4 gk 4 5} 500 Dol ol o
o GSH-As Sgtal Wabebat S8 202 e}
vreh, AsBSE- 6 N HCI o8 dlol] 4 105°C, 244]
7k 4 2] shod 9bal 7h4--8ll 6o paper chroma-
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2 gef ] zhal Fof] EANSLT HxbgF 3 KDsl
AsBS(Oladimeji, 1985)+ 2 ol 7ol F3&sl
GSHe} ghaislol 248 rhsdol mlg 5& Ao
& xfa s},

W FAF A 0] b Eoll b A
£2] AsBS»} ZA sh=rl (Bertolero et al., 1981,

Marafante et al., 1985) o] 5 ZF H-x}uko| 714k 2+
£ AsBSE Hspgkel AAs| A= ofgkxul, R
of T A abol] A o £72] cytosoldl = AsBS7} o)
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et al., 1984; Yamamoto et al., 1987), o]% H-z}zk
o] 7}AF 2o Ao sl Fe| 7 o= GSHe) #
i(Katoh ef al., 1984), Z.2-2] 73 9o
i ofolsal F44%o] GSHs} gebs Ao| 2
¢l ¢l © o] (Yamamoto et al., 1987), %Fol] 2]&] A
% Yrhebol | % Ao WA GE o] Exhgreln
Raslelel(Lim et al., 1987).

2 AT Azl A F5x ASBS"E o5 A

o] §Lo|3]

Bzl AdualEal Todar Ao R Mzwie] 1
H-z} A Al o] Eae] ool A= w) AL TS}
WS g4 o B sle] xja gk od 2 gk 2l g Ao Q)
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&3], Kim(1990)2] o8 F4 »loll 2]3}el in vitro
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gkl o] Helekd =A<k A3k 1,100 DE gl
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) GSHe} ul 48] 7 §F 8wl = ok 501 4= 611
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AR TH R
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ol E5 2ol = ghako] hashl T8 5 342k
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”I"] x] oJ»oLyl wﬂ D.oi m 7L5] E},

in vitrool] A 8] 4= o] EZ= e oh | B 5 =

\01

o“‘_ _H" _l
o o,
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o 24 o|wjoll vl A mgrl 6 nmoles 2 2| u
A7} vlEE T alollo] E3pE 4= ok4lo 2 e}

yr=o) (Fig. 11) Harrise} Achenjang(1977)¢] #
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ZHA F 2] n|EZ = gloll state [V $E 4o S
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5§ feAloll b 520 nmol] A 8] FH 57} 2b4Ele
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S 7bskye okabS el el (Fowler et al., 1979).

5 mM2] pyruvate¢} malate?] &&tel-§ 72 2
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(Table 3).
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Studies on the Properties of Intracellular Arsenic Binding
Substances in the Rat Liver

Rim Soon Choe, Moon Jong Boo and Chung Hyon Kim (Department of Biology, Yonsei
University, Seoul 120-759, Korea)

Sodium arsenite (As) aqueous solution containing 4 ppm was given to male rats for 15 days as

drinking water. Electrophoretic pattern of liver cytosol from As-fed rats appeared to be signifi-

cantly different from that of the control rats. Although the normal protein content of the cytosol

fraction of As-fed rat liver was decreased, 8 stress proteins were increased. In liver cytosol

fractions of As-treated rat, one kind of arsenic-binding substance (AsBS) was observed. Molecular

weight of AsBS was identified to be 500 D and composition of amino acid was glycine, glutamic

acid and cysteine. Glutathione (GSH) appeared to bind to arsenic and GSH-As complex showed

the same mobility as AsBS on gel filtration chromatography. GSH conjugated As prevented As

from inhibiting respiration, conformational change and swelling-contration of mitochondria.

According to the above results. it is concluded that in vivo treated arsenic stimulated synthesis of

stress protein, and arsenic-binding substance might be glutathione and have a protective role

against arsenic toxicity.



