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Purification and Characterization of Glutathione Peroxidase Isolated from Rat
Erythrocyte and Histochemical Study of its Localization in Liver of White Rat.

Choe, R.S. and C.K. Choi
(Department of Biology, Yonsei University)
(1986. 3. 31. A=)

ABSTRACT

A glutathione peroxidase from white rat (Wistar strain) erythrocytes was
partially purified and characterized. In addition, localization of this enzyme in
the liver was studied by histochemical method.

A glutathione peroxidase was purified approximately 33.5-folds by ammon-
ium sulfate precipitation, Sephadex filtration column and DEAE-Sephadex
column chromatography. The optimum temperature of the crude glutathione
peroxidase was 40°C, and the optimum pH was 7.5. This crude glutathione
peroxidase was most stable at 30°C and the values of Km and Vmax were
calculated to be 8.5 mM and 15. 6 umoles/min for glutathione, and 40 uM and
10. 5 gmoles/min for hydrogen peroxide, respectively. The molecular weight of
this enzyme was estimated by Sephadex G-200 gel filtration to be approximately
90, 000.

By electron microscopic examination, histochemical reaction products were
microbodies that were prominent in the peripheral parts of the lobule.

The reaction products exhibited round shapes, the diameter of which varied
0.2~0.7 pM and their boundary membranes were not distint.
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71 5toll 4] oxyhemoglobin®] 4Fe] 2 ascorbic acid$l A & w88l HyOpZ A 43l Hy0,
hemoglobin®] tetrapyrrolesz®] i+ <144 globins} H-& A 71 & o 24 hemoglobing =}
1A 7] 2 O‘E}(Mllls 1957; Mills Randall, 1958; Mills, 1959). =i} o] 2]dF HyOuel 2
5] ‘}EFrfi= hemoglobing] 17| = glutathione peroxidasezhi= F o o8] Fmpa o2 8bA
L TD‘r kel 2l vl 9lvl (Mills, 1957). Glutathione peroxidasel= reduced glutathioneg-
7| A2 AFSEle] o] AL A skA 7 oxidized glutathione& whio]lfre 2y EA el HyOp% A
A IS dtokir Ryl o] 3 (Cohens}t Hochstein, 1961, 1963; Mills¢} Randall,
1958; Mills, 1959; Mills, 1960), ©] Fzzel Wi g3z vi-§- ke Fgsfe] g (Hill
et al., 1964; Hoekstra et al., 1973; Oh et al., 1974). 5 F-2] peroxidasel= 7] Aol oe]
Eo]A % 7}xn] Z3] glutathione peroxidasei> thiol group$ 7} 5. ¢li= glutathione 7]
Ao E2lal Eo] A (specifiity) 2 #] - selenoenzymeo & 1 517 o] ¢] ) (Behnex}  Wolters,
1979; Chow@} Tapel, 1974; Flohe et al., 1974). 2§k o] F 4+ ascorbic acide] &4 34
%= HyOp ¥l ol e} Ak lell 9liz @714 b &4k hydrogen superoxide dismu-
tases- o 8] 49 #-%o]r} hydrogen donord-x}o) xpEAdlo] )& Al A A H 3= HoOx9) o
uko] organic hydroperoxides . 3}9sli= Ao 2 dalx] ) v} (Christopersen, 1968; Little
s} Brien, 1968; Briena} Little, 1969).

ol 8 % A3t F4lel4- glutathione DCrOXidﬂSP'\} A el Sef i A, Bk, A
LHE o] 2A e FA gl e g-e Wul o] of (Chows} Tappel, 19725 Mills, 1957,
53] zholl A= AR ghuta (CCLY) 2} 7E’f-°r 70'15?% 'L’-‘ﬁlﬁfélo] v ]"‘rJJrA % 4 A 1= lipid pero-
xide5 o] HAHA e Axd 45 Aruhe HEd FE 849 goi 2iasz gl
t}(Chow et al., 1973; Christopersen, 1968, 1969; Felheg} Zlmmcrmann, 1970; Folhe et al.,
1971; Littles} O’Brien, 1968). % A7} Oyl =% 5yl H-Z 35k # vhalol peroxidatione]
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o} 1} lipid peroxider} A7) 3z o] 7l & lﬂf_”]*‘ Wl ale] Al FEel =4E A wazdl o] # gt
L2272 ¢ glutathione peroxidaser} 7| A =2 o] 4 QA7 A = o} (Christopersen, 19693

Folhes} Zimmermann, 1970; Little®} O’Brien, 1968).

ol Aol Al oAa whel o] oJelxH o FA|E= glutathione peroxidase= hydrogen
donor® 4] glutathione$- o] 4314 =t} o] 2] ¢t glutathioned- A& Fule] 2FERE T2 8}
m el 4w kel 9l Ao <] 9lrh (Jacobs} Sande, 1966).

o] ¢} 7+o glutathione peroxidasel= o] o] == o] 4] 4-2] 4asdz 251E2]
A g7e] T Eslott 1 A% A4 AaAAE o AAA v Ea A elr]
12l 7bz4 U] glutathione peroxidased] -4 Y-g]ol| ol gk A| E2}3}=
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dl A AF 180gvl Y el g 271E Abg-skal v

G A3A &4 4 P—O- 7] 4 i 2= reduced glutathione (Sigma) =} hydrogen peroxide (Hayashi)
2 A}g3lg o glutathioned] A w2 9] 38}e} 5, 5/-dithiobis-2-nitrobenzoic acid (DTNB,
Sigma) & Abgdlg vl Za-$3be] = Sephadex G-200(Pharmacia) ¥ DEAE-sephadex A-50
(Sigma) & AFg3tgor, ExeFEA A %55 A Sigmard] F4l bovine serum albumin
L Abgstg o Az e a4 aEz W o] $4 ARg-H 3, 3'-diaminobenzidine tetrac-

=
hloride 9 4] Sigma ] % o] &3¢l x, = 919 qlubzQl Aok AldAFql A %g AA 3}
o Abgehs k.

2. Agvd

(1) Glutathione Peroxidase?] 43

AFE A waste Hae AAT & $xE WAEr] $sle] sodium citrated 5 mg/
mlE 713 & 1,500xgel 4] 20 -7+ 914 2] (Hitachi, Model 20PR——5 Automatic High Speed
refrigerated centrifuge)ste] &4 ¢ A AFH}. Belx dFE2 0.1M, pH 7.0, sodium
phosphate sahne(Awashl et al., 1979) fN o7 2~33 4 ")r‘] 1,500x gell A 20 7¢
AR ste] FHE T2 b8 oo 0.7mM f-mercaptoethanol £ & He] HFE

© -

& o3 A7%10,000xgol A 30 8 LAl S @ ATES} ATIES A

=
78t et

spEo] (NHy) 80,5 25~65% % E3HA 7 5 15,000 gel A 30 #7 Q4 £ 8t X%
AEL o] L2k 20mM, pH 7.2, sodium phosphate buffer® 913 %<2l 3l buffero] 1
A4 (dialysis) 4] 7] ©}.

15,000%gol 4] 3027 AAReAse] By 2L AAGT W F oeld AEAL
crude glutathione peroxidase -§-o} o 2 A}»ﬂ—b‘} 9t

Crude glutathione peroxidase §-4-% 20 mM, pH 7.2, sodium phosphate bufferi ]3] 4
7] Sephadex G-200 columno] ~9—€% R 5’110“ e tlr S, o] & t}A 10mM, pH 7.0, sod-
ium phosphate buffer2 33} 51 DEAE-Sephadex A-50 columne ® 10 mM - 200 mM linear
buffer gradient& ¢} chromatographybl- &, Dozl Fxale 5omM, pH 7.0, sodium
phosphate buffer 2. 2134 3] Sephadex G-200 columnof] 73 o]} <=3}% glutathione peroxidase
Lol g oo} (Flow diagramitz).

2E A 4°Co A geigloen, a4 AL FAAII] el 0.7mM -
mercaptoethanol & 771 ¢] %9 sodium phosphate buffere] | 7)13}¢] ).

(2). Glutathione Peroxidase2| 2] %

1) Z4%4 Z4

FAaENy FAx &L Mills procedure(1959)8] MW S o] g3le] 20 ple] Fioa}

2 mMe] glutathione €<% 0.2mle] 1.25mM H,0, &9 0.2mlg <e 7]z gal< 37°Col
A 1087 AT 52 B 93 AEE 3 yhe  glutathione?] k& DTNB (5. 5/~
dithiobis-2-nitrobenzoic acid) & o] -&-3}o] ] & 2 19 v} (Sedlak s} Lindsay, 1968).

Spectronic 20 spectrophotometer (Baush & Lomb) & Ab&-3] o] 410 nmof| 4} &] Fojw & =
Aokel BB L v maliov] A 1014 ol Eaitiel €7 @ o] folql glutat

hione®] A% A3leFd HLwbS ¥ F 744l glutathionee] oFell 4] ghabglvh. @Adalre] |1

g
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A flow diagram of purification of glutathione peroxidase.
Citratedl blood

Cent. 1,500 g/20min.
| |
SN PPT
I Wash with 0. 1M PBS (pH 7.0), repeat 3 times
Cent. 1,500 g/20min.

l |
SN PPT

) Hemolysis in cold 0.7 mM-mercaptoethanol solution
Cent. 10, 000 g/30min.
T
PPT SN
lOvernight in 25% sat. (NHy, SO solution
Ccrllt. 15, 000 g/30min.

[
PPT SN
' Overnight in 65% sat. (NH,);SO; solution
Ceritt. 15, 000 g/30min.

& ppr
\ Resusp. with 20 mM phosphate buffer (pH 7.2)
Gel filtration (Sephadex G-200)
‘ Dialysis against 10 mM phosphate buffer (pH 7.0)
Concentration (Amicon PM-10 membrane)

Ton exchange chromatography (DEAE Sephadex A-50)
Dialysis against 50 mM phosphate buffer (pH 7.0)
Concentration (Amicon PM-10 Membrane)

Gel filtration (Sephadex G-200)

Enzyme assay

2] (unit) = Folz AelelA 187k 1 pmole] GSHE GSSGZ  A3tA7 & &40 34
o2 A3g e

Specific activity= FHA4 -SAo] 9li= whulgake] o3t F3A = (units/mg of protein
in enzyme solution) 2 &} ¢4 t}.

2) w7 A

4o & gl z gkl A8 Lowry(1951) 59 Wi & )-8t ¢ 2, column chromato-
graphy 28 9] ohil A et =742 Beckman spectrophotometer DB-G& Al-£-3}e] 230 nmof]
A 273540

3 ZxFAY mAE= 229 9T £F

Crude glutathione peroxidase £1-8 7" 28z} 3 pH 7. 0] 4 20°CH-¥] 50°C7}=]
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de] LxoA 1087 AT Z4£FA FA4YA ot ax 84E FH8d vt
% et

4) Exe Aol e A FA

Crude glutathione peroxidase £ 0.5mlg 77| of& XA 10E7E 7149431 F pH
7.5, 40°Cell A E& FA A el ot TS FATE g5 2

5) A4¥ A v A= pHY 3§ 34

Crude glutathione peroxidase8-9}-% »| 2 -2 5} 1';}7}11 pH 5.0, pH 8.571x t}<k3bA 9
A7 FFNE ARG 40°Col A 10 B-7F wbSAR F B4 B S Yl ot EF
A& &4 vxatglct

6) Glutathiones]] o3} F 4T

Crude glutathione peroxidase$%-& H,0, €49 ¥ % & 334713 glutathione§-Y 2| &
Tul MatA g A AERs} Az 40°C pH 7.5)o A 1027k A0S Zx84 FA
Wl oahe] TARAG 2489l o] A2 Lineweaver-Burk plote]l 2] 8] Michaelis constant
(Km) #d] Hr$<£ 5 (Vmax) & &4 389 o} (Lawrencest Burk, 1934).

7) HpOpoll W3t a3

Crude glutathione peroxidase & & glutathlon&OHA 2y ZAAY 3 H O 8% 5
AR e o R P R R 4*—13—7\1?5P°1] A w4 A -—%/‘j% £ 7 5}o] Lineweaver Burk
plots] o) Kmzt 2 g 58 23 e5h

8 Hx $AF 24

Sephadex G-200 column chromatographyel] &a) <3h% =
(Amicon PM 10 membrane) o] k& o s F49 HAEE A3

Gel filtrationo] A2 Sephadex G-200 column(2.5x70cm) 50mM, pH 7.0, sodium
phosphate buffer2. 38 A7) 7 tubes] 4ml¥ Wglow ol ZEHFEE 16 ml/hour® &}
%At

o] 5 B A Fa: TS AT ofg A o3l partition coefficient (Kav) & A At
B ot

o} FHAAF

rki

e ok
B

B otz))
J=

Ve--Vo

Kav—<r=vo

Ve : elution volume of sample
Vo : void volume of the column
Vt : total volume of gel bed
Void volume(Vo)e] 24 93] blue dextrang Ah-g&slgl o elution volume(Ve) 2 Fd
o Ao} 2 waTh Aol 280nmeld FHES} HelE ol BHA  Fhe A
2 AAstgt. Cytochrome c(horse, M.W. 12,400), bovine albumin (68, 000), 7-globulin
(160, 000) 5-0] FFeti A2 A8 gl
Fao Hxpeke. 7z EF Al log molecular weighto] o gk Kavi plotdle =A%)
At
(3) glutathione peroxidase®] #H-&-%-$jo] 33k 24 3b3hA] by
ARELSL 27455% J453 oAl w1 AE AR 5 e A
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glycogens] §Hebg Folsl glekol Ad A 244 25k FAAM o] &5}gleh. (Fahimis} Karmo
vsky, 1968). 7hH - ethern}z] 21 dfoll A ]9} 712 perfusions} g th. Perfusion&o) o 2=
0.15 M phosphate buffer(pH 7. 2)o 1.25%¢] glutaraldehyde3 % 3}3l= Lo g 18~320

ml/min®] §&H55 5 o] -&3slo] <F 10 27 perfusiond}sd o} (Fahimi, 1969). 23 w9 (exsan
quination) o & #] Z Zo ]J_ b2 8 el AA sl AN We ook 0,5 mmEA R
Aoratg e A 23 0.1M cacodylate buffer (pH 7.2)o| paraformaldehydeZ &3 4

A uE 4% formaldehydeoﬂ 1. 25 %2 glutaraldehyded £ 47 &a& Abslg o, &
A wleldl b AR Aol 3ARAE A zA s vk (Kanovsky, 1965). x4 = &
2% 7k9. cacodylate buffer® A A3k & 7153 & 5L AA A Atz o] 27L& 37°C
ol Al 1A 7F59F vl el et 7142 10mle] 0.1 M Tris-Hel buffer (pH 7. 6)¢l 5mge] 3.3’
-diaminobenzidine tetrachloride (Sigma)2} 8 mM glutathione(Sigma) % 0.02% H,0,& =
ghatgdeh. kA7l 248 vle] TrissHCl buffer 2~33] A& g3 0. 2M collidine

buffer (pH 7.2) = 2741 1% 0sO, srdol o & 24 7b59F Fuggdrt. w49 A8E ¢
AL T AdeTEe i et EvbA] whagt - propylene oxide® F ] #H8k v} epoxy

resine]] E+) &} o} (Luft, 1961).

Sorvall MT-2B& ultramicrotome o & Zuld & vl = & glutathione peroxidase?] IHa-&
Yateli= AAAR L = gigton] A ZW organelless A3l 98¢ = uranyl acetate
9} lead citrate® 2 % #4412 g 3 (Reynold, 1963), Hitachi HU-11E 9 H-500% A =}
el e el

[N
=

1. Glutathione Peroxidase®] 43}
(1) Sephadex G-200 column chromatography
Crude glutathione peroxidase -2-o% & 20 mM, pH 7.2, sodium phosphate buffer2 33 A
Sephadex G-200 columne]] &# chromatographystel o} (Fig. 1). 12 ml/hourd] 3 &4 %
2 3 tubee] 3.3ml¥ Higkr),

Fig. 1ol 4 sz vbs} gro] el wes4 % 3719 22 peaksl hebsfor] %
284S 28 A7 410 nmol 4] &3 8 hemoglobin peak®.r} 9} B3lofa V& A

i e

]

Ny

f g

KX
=

v
20 {5 I ' Fi . .
x 2 ig. 1. Chromatogram of glutathione peroxidase
1 L, /Eé on Sephadex G-200 column. The crude
o { 5 enzyme solution was applied to the
5\1’ i 3 f% column (2. 5x70cm) of Sephadex G-200
ghto h A - equilibrated with 20mM sodium phosp-
%E y \x T 3w hate buffer (pH 7.2). The flow rate
5 / \ 4 EE was 12ml/hour and the 3.3m! each of
L eluate was collected in a tube.

o] 10 20 30 40 50 60 70

Fraction Number
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10%

I 200mM
- o z
N e | €
— C
Q9 2 :w
® I o5 & 3
@ = Q
£S5 S
Pt 1 & [
S B

5 I
G §O
B w v R
0 g 160 b 0 MM

Fracton tium!
Fig. 2. Chromatogram of glutathione peroxidase on DEAE- Sephadex A-50 column. The pooled and
concentrated sample from the Sephadex G-200 column was applied to the column (2.5%18
cm) of DEAL-Sephadex A-50 equilibrated with 10mM sodium phosphate buffer (pH 7.0).
The column was eluted with a linear buffer gradient 10 to 200mM sodium phosphate buffer,
pH 7.0 at a flow rate of 20ml/hour and 3.3ml each of fraction was collected.

& % 9l
(2) DEAE-Sephadex A-50 column chromatography
Sephadex G-200 column chromatographye] ©]3}e] glutathione peroxidase FAo] ¢l= B
3 Gt ol 10mM pH 7.0, sodium phosphate buffer® 19 %<l %447 % Amicon PM
k2| DEAE-sephadex A-50
Y bufferz F3iA

1

10 membrane$ Ab-Rdfe] ‘EEA 7 b2 FU3dk bullerz

column(2. 5% 18 cm) o] %# chromatographys)¢lch. o)w] 3 &0

% )7

ri.‘ L

A Agslx & g4 ES Zerhe 10mMel A 200 mMe] linear gradientd #3}3slg) o}
ol &< 20ml/hourst ¥ A dlgl o] 7+ tubee] 3.3ml¥ m9ith,
Fig. 20 A] Mzwhst zho] Zasbalsr /}7]3' w8 4e] 10mM, pH 7.0 bufferz =gt

o 4] Ao # 3 buffer gradientE =313k Lol 2] 3= s FAaEA o] vrelrvhA gt

(3) Sephadex G-200 column chromatography

DEAE-Sephadex A-50 column chromatographyel] &z <¢lo]zl &40
7.0, sodium phosphate buffer® =4 4l7 3 Zsle] Zdd bufferz 3 uoll;l Sephadex
G-200 column (2.5x70 cm) o 2 chromatographyt¢l v}, o]w] 16 ml/houre] 5% Hx 2 &
tubeo]] 4 ml#¥ ukgkc},

Fig. 304 1= weh o] ehube] e peakd 9glow ExBAL 2AT A3

r\o
(2]
o
3
=
=)
jan

e

Fig. 3. Chromatogram of glutathione peroxidase
on Sephadex G-200 column. After elu-

tion from the DEAE-Sephadex A-50

column, the active fractions were pooled,

\l concentrated, and applied to a colum(2
% 70em) of Sephadex G-200 equilibrated
& with 50mM sodium phosphate buffer pH

J 7.0). The flow rate was 16m!/hour and

o o IR TRV Aml each of eclutc was collected in a

[ —
Y

A n

.

activity

s ml

Frotion Sumber tube.
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Table 1. Purification of glutathione peroxidase isolated from rat erythrocytes.

Total protein Total Scptel\crlf; Recovery of Purification
o Gy Gmme Y Go®
Hemolysate 7768. 02 2351. 97 0.30 100 1.00
(NH)2S0: (25~65%) 686. 01 870.63 1.27 34. 4 4.19
Sephadex G-200 103. 94 252,12 2.43 10.7 8.01
DEAE-Sephadex-A-50 21.70 125.78 5.80 5.3 19. 14
Sephadex G-200 4.57 44. 82 9.81 L9 32.39

One unit of enz}me brings abdﬁt oxidation of 1 gmol of GSH to GSSG per min at 37°C.
W4 peakd] e E35} gAY HdEHo| YAsATt. ooz A £IHAUS
¢ ¢ 4 9wk

Table 1-¢ glutathione peroxidase®] 7+ 438l3}A4oA9 FAFAF wyge & R4
gt Aoz 33.5v) <3k 3l

1) z&d FAZF

Crude glutathion peroxidase§] & 3 94 %3hehe A4 vhehd F4de 5547
Sephadex G-200 gel filtrationof] 2]d] -x}ekg 24 A3 oF 90,000 A =g o (Fig. 4).

2. Glutathion Peroxidase®] 4] %4

(D 54846 rAE 259 9%

Fig. 5ol 4] 2i=u}et zto] glutathione peroxidase= 40°Cell A 714 438 HALHA S e

\&Cytochrome ¢ (Horse )
100F
1.0

Kav

ivity

ecti
% control )

Fovine albnamin
0.5k & ool puoroxidase 2 50}
y - Slobulon LxL.‘!

Y/ 1 L 2 £ 11 144 1 o, i A 2. 1

o 7 5 0 oo 0o 20 30 40 50
RN Temp.( °C)
Fig. 4. Estimation of the molecular weight of Fig. 5. Effect of temperature on the activity of
glutathione peroxidase by Sephadex G- glutathione peroxidase. The crude en-
200 gel filtration. The molecular wei- zyme activity was determined at pH 7.5
ght was estimated by plotting Kav by measuring the amount of glutathione
against log(molecular weight). Standard remained after incubation of the enzy-
proteins used were cytochrome c(horse, me-substrate mixtures for 10 min at
M.W. 12,400), bovine albumin (68, 000) various temperatures. The optimum
and r-globulin (16, 000). temperature for the enzyme activity was

40°C.
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100}
100} \
. e
2o~ -
= T =
- @ c
23 ¢
L %J S0t
g 5 sof ;
g
53]
. N ) e 7 ] 1 . 1
R 50 60 70 80 o 5 6 ? 8 9
Temp. ( °C pH
Fig. 6. Thermal stability of glutathione perox- Fig. 7. Effect of pH on the activity of gluta-
idase. After heating the crude enzyme thione peroxidase. The crude enzyme
solution at various temperatures for 10 activity was determined by measuring
min, the residual enzvme activity was the amount of glutathione remained
determined by measuring the amount of after incubation of the enzyme-substrate
glutathione remained after incubation of mixtures at 40°C for 10 min at various
the enzyme-substrate mixture at 40°C, pH’s of 0.4M sodium phosphate buffer.
pH 7.5 for 10 min. The enzyme was The optimum pH for the enzyme activ-
most stable at 30°C. ity was 7.5.
wgieh 25°Col A 45°CrtAl = 80%°] 49 AL 2o vy kAl ok 20°Cof A
%A, SICAAL Baa Aol A BAL Ak

@) £x9) olo] Wg A x

Fig. 6ol A1 ¢} ko] 30°Cell A b3 tAd =gl ov] 40°C~50°CrbAl = 80%c] 49 A&
AR gl vlel oo o] o] Lxe e EekAd et 70°C~80°Col A = E T 90%
ol 2 AA =l

(3) E&EA vl A= pHY o &

Fig. 7ol 48} o] Fazo] #ie] pH 7.5004 74 2pepA vhebsks sbojit 7t e
ol A o] AA ZAYE F F Urk E=F pHS o stel A mAzF Aol et g
Skt

(4) Glutathionedl] o] & &9 g

HA 24 40°C, pH 7.5)e 4 A4 % glutathione g 9] ¥=x} 2elelel 349 A
7 Kmzto] 8.5 mM= | ul-&4 7} 15, 6 pmoles/min®z A 45 9l o} (Fig. 8)

(5) HyOpoll wH& &H£9 3

Fig. 9ol A 2iEutel 2ol HyO,49 9 Fxxt WistAgl 7| A& & AbEste #Ax=z=A
o 4 EARAS £4F A5t Km gt 2o r&Fwrt 47 40 pMst 10,5 gmoles/minZ.
A A5 et

3. Glutathione peroxidase2] #-A ¥-glel o 3} v] Al 23 343

AAE 724 ¢ DAB 4 glutathxone‘_i el w oAl A GA ] - dAdu} gL
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1/v /v
0.9 } 0.2
/e
“
=10,
5 /‘/’—0
43,
0.1 5
: a5
v >
134
£z
N O
% S S
5 10 ) 50 100
vlutathion{(mM) H, 0, (uM)
/ : . PN N A .
- 0 0.01 0.02 0.03 0.04 0.05

¢]

Fig. 8.

0.5 1.0
170 Lun

Glutathione peroxidase activity as a
double reciprocal function of glutathione
concentration at 40°C, pH 7.5. The
values of Km and Vmax were calculated
to be 8. 5mM and 15. 6pmoles/min resp-
ectively.

1/s Camhy

Fig. 9. Glutathione peroxidase activity as a

double reciprocal function of HyQ, con-
centration at 40°C., pH 7.5, The
values of Km and Vmax were calcula-
ted to be 404M and 10. 5xmoles/min,
respectively.

&3k glutathione peroxidased] #2912 x3ds1q o},

Ha7t B HAEL 57 A T 2 vkl mitochondria, £ ¥4 23 glyco-
gen go| F4H o2 vehbis ubwd (Figs. 10,11) 542 43047 ZAZA = o] &
& &gl MEAUY microbody, o] F&= o) vhelyto} (Figs. 12,13).

TEh o] FAE 7}:,“_03 <44 & (parenchymal cel)o] =2 Zaale, Kupffer Alx, A

1 g ZooAE 2 FYErt ¢e Aoz e} (Figs. 12, 13). o]
FlSAEe 9AYEs S Eor] 2 ¥k uE F23 =
2 A E¥eletg o (Fig. 14, 15).

H
Bk

19573 Millsof ¢]3) glutathione peroxidaseo] o3} 3&117} A olH, €2 FEo z
Aol A A5l gkord 53 hemoglobing 3.3 3= A& 79 glutathione peroxidases]
HE A7 23] 2959 ck(Flohe et al., 1971; Mills, 1959; Oh et al., 1974; Paglia
9} Valentine, 1967; Stults et al., 1977; Yagi et al., 1960). #7349 Az = AR5 3] 7
E A8R sl &2 2E glutathione peroxidase2 28, %F&3le] Sephadex G-200
column chromatographydt 7 s} glutathione peroxidase®t4 & Vel 149 peak o
.

el @ At Aol AATelt BAge] e
thi Awashig-(1975)9] B39} 2] bovine(Yagi et al.,

271¢] glutathione peroxidases} Z =) &
1960) ©]*} ovine(Oh et al.,
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1974) 50 A A¥ st 42 Ho 9SS o F Uk

Mills5 (1957, 1959), FloheS-(1971)¢] < &)< glutathicne percxidase: t}E peroxidases}
+ 29 cyanider} azideo| ool z ¥ o] AR ¢, F heme groupd ZA YE &
4ol urd v}, Sephadex G-200 chromatographyste] FA¥A L 72l BIEL 410
nmef| A FHFEF FZAM A3 Ak o ok £3& 2yl o] & &4~} heme group
S A2 o)A el @ alelaly] Brobs R algke] v <=3t hemoglobing] contamination
of g Aoeg AAXH oA ¢ &y 95t 3} v+ A Q] DEAE-Sephadex A-50
column chromatography & #}¢] ¢ A& A Feld 4~ 9iglct. FAN G columno] LAF
10mM, pH 7.09] buffer& A}gsled E3}sigd =), o]u] F49 & contaminationx hemog-
lobinz} 22 o] columnoi éﬁ}ﬂ A 95 10 mM buffera 4o} F = ToA] Ao} H ok

olgA e R FTANE 410nmell A FFEFE ZAG A A FYE A Fudh
uleb ] 3l F) X%ﬁé-"{-.,] glutathlone peroxidase®. mone heme enzyme ¢l-& A3 & 4 9]
At

213 A& 7-9 glutathione peroxidase?] dutH el 4AEL AHuy, #g FHALEY
A9 19801 Yoshimura 5.0 rate] 4 42°Ce}x wwd)i=u], ¥ A3 o Asiel 40°Ceh )
EE d g v -] 7] pHell o e 4] Mills(1959) += bovine®| «d 2] &= pHS8 o]
gl A A e @m G chn wasier], A} AYFREY LAy mak
pH 8 o] stola} s ubdl i1 (Paglias} Valentine, 1969), Awashi  (1975)¢ wt¢3 = pHr}
8.58}3 Hostgelk. AT o] 8ol Bl zkzF 4 Aol glutathione peroxidaser pH
8504 magdel A4 ZelA ehdeis woa o 9o (Yoshimura ef al., 1980). 3
21§ of] 4] 3= crude glutathione peroxidase® A}-g-¢le] AL Azl pH7. 5004 &4 40)
g el e 95304 pHE magel et o zA 23dgie 9
ey 399 e Ak

Paglias (1967) 2 A& A& 72 2E <4313} glutathione peroxidase® <o & A EE
Agstgd e 46°CAAE W2y 42849 Zart giort 2 o9 2xeA FA fﬂ

4l
o]

w C’

o

s8e] gadte] 65°CHnel A Easy e e Agivke shedeh ¥ 4P 2
F2HEE oL crude glutathione peroxidases] 7 $3= 30°C o] 33%E] A F LA o
57 A vlad A Ak zej 60°C o Aol A A g 7h&st it 80°Cell A
= A9 FA8AL 49} Be FE5Ee AYdteye 543 glutathione peroxidased]
Kmglo] &4 quik_r,] Abak Ael o] 7] 3= glutathioneo] ] 8 Kmglo] 10mMe] = H,0,
of 9& Kme 25 Mz ® 359 5 (Scotte} Noguchi, 1973), =} =2 & 7] 7% glutathione
H 3 Km %ALO] 3mMz= (Little et al., 1970), progesteron 17-hydroperoxidee] 3 Kmo] 40
eM= e 7 o v (Little, 1972), Awashi §- (1975)¢] 98} Ab#t A& Foll 4| glutathionez}
t-butylhydroperoxideo] o 3} zt7 4. 1 mM3} 52 yME wred g o). 2 A4 33 A&
9] glutathione peroxidase®] Kmgzlo] glutathioneo] o &le] 8 5 mM=zZ H,0.0] w3l A&

40 pMz =72 5 9l )
glutathioneo] wisl A= Km 3t5& 4vlunl 4719 sfo]lg Holz
Qs WeEAY Fole] A7 oz oAUk wP o] Hxd Hdy
5

o] v sl A 15.6 gmoles/minZ Viebtm HyOu0) o8l 10.

RA=d ol Za
1124w glutathione

pmoles/min 2. 1}l

AN
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ot7el Aol d molw k.

Glutathione Peroxidase®] ¥-x}3Fe] ol el ZH o)A &A= Ed Oh % (1974)-2 Sephadex
G-150 gel filtrationo] ¢] 3] ovine®] = &]-F glutathione peroxidase®] FAlzg& 89,0000 2
Mweld 3, Awashi 5 (1975)-& sedimentation equilibrium Wi o 2 Alg Ad-72 &&
Baleko] 95,0003, 0000 % =45ttt £ bovine®] & Fo]4 Sephadex G-150 gel
filtration ¥ o] ol8 88,0009 A dglor (Yagief al., 1960), HET o] 9o rate]
AAzA o) A NakamuraS (1974)-2 sedimentation equilibriumy o 2 96, 000 Yoshimura
. (1980)-2 94, 0009] H-A}S Sephadex G-150 gel filtrationo] 2] 9 lerm], Awashi 5
(1979) & Ab+o] eyl 4] &3 glutathione peroxidase®] ¥-}3-& Sephadex G-200 gel
filtrationy o] &3] 85, 0000] 2} B gt

3 43 o] A} 3= Sephadex G-200 gel filtrationg A}-g-a}o] 315|2] =&+ glutatione perox-
idased] ¥-A8:& 90,0004 L& FAsY e o= oM—oM Bagd FAFEI g vz
gt olAer AEAx Bayl o] EELo4 $%3 glutathione peroxidase®9] =
e Az s g7

ool o) Eaol FE W AAES eleld] Ak 04 ZAZE AR
@4 A% B A8NAE AAdrdor Bl 44T A e
= 317 727 o) 4] glutathione peroxidaset= # & Fo| A M} 2 A =7} 2w]o] A %;—31
(Behnez} Wolters, 1983), v}~ fl Aol 9ol witeleh & AgelA vehd AFe
o] mad AL raql el 9l sl 7“*]&-(Paren0h}’mal celDo 4] = &
Ayt ze] A EA 9 microbodyel uk =3} of »}E}\Jr = 7. Littlez} O’Brien(1969)¢] A
hab oAl Qdojzl Azl dAgeh wg FA e e Aoz dYeE
Btz 2 27E A7l 0.2~0.7pm FEZ thFatglh

2 v} o] FAo] whEH-HolA AAW =t 3 AA ] 2T
A e Eolgt fAe] Fxae] &4t wgol B ol E ofFx

2 AZdt of 9 B9 AL kas] FHF Fe2iA

o]
of &
zA o] AMHAE Fd st FAol A et lipid peroxide® 3

m‘ﬂ
>
X
o
o,
JIO _8_‘
N
)
o

=
L
N
e
=
L,
#Oll
2
N
AL

2A g8 wAz i P2 w o) AL Christophersen(1968) 8] sl o= o 2 &},

zelv o] &40 T2 W A% AFI g 2 JAE It ]\:fﬂ% o kA &
& ool glom, I st PP FE olefd A7 B =& € 7 e
Hojrt

HNFHE AAAER 71 48 Fo A glutathione peroxidase® (NH,),S0, A+, Sephadex
filtration column, DEAE-sephadex column chromatographyfs}oq £ 372 olRAY AHAL
Fatgonl, BelA of ma $E9T A Ao F o] WALV Aen A3
AN e B
.1. Glutathione peroxidasct- 33.50 43k g .
2. Crude glutathione perox1dase,] AL 23 40°Co) ], wlg- A pH = 7.5 ¢k



April 1996 Choe & Choi—Glutatione peroxidase 153

3.0l @4t 30°Cel Al shAk g 5 9l e glutathioney 2 ¥ 3lell o] 3t Kmzt-2 8.5 mM,
i b F iz 16, 6 pmoles/minol gLz, Hy0p gl ste] & Kmgh 40 pMo] =, 2w

84w = 10, 5 gmoles/mino] ¢
ol =

4. o] E40 AL o 90,0004 £ 2 =4 E ook
5. 719 zbel A o] mael T4 ¥9)3: microbodyel THHE o] FRRA 1 B
Aol ZA eyl

== E .
6. 24584 PHoz et 3 AFE 44 0.2~0.7,m A2 U2 2 A
E‘{E .
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Figure Legends

Fig. 10. Part of a liver cell non-incubated. There are many mitochondria (Mi) and well developed
endoplasmic reticulum (PER). Nuclear membrane(Nm) is clear and nucleolus(No) is obse-
rved. (section stained with uranyl acetate and lead) (x25,000)

Fig. 11. Non-incubated control liver cells. Endoplasmic reticulum(RER, SER) mitochondria(Mi)
are well seen. Glycogen granules are dispersed in the cytoplasm. Normal bile canaliculus
is also seen. (section stained with uranyl acetate and lead) (x10,000)

Fig. 12. Liver cell incubated with DAB and substrate for glutathione peroxidase activity. There is
uniform staining of the matrix of all microbedies(Mb). Most of the microbodies are sphe-
rical. (Section contrasted with lead citrate) (x6,500)

Fig. 13. Electron micrograph of the liver cell for glutathione peroxidase activity. The electron-
dense reaction products are limited only in the microbody (Mb) (peroxisome) of the cyto-
plasm. (Section contrasted with lead citrate) (x7,500)

Fig. 14. Microbodies stained for glutathione peroxidase activity. These organelles are spherical
Reaction products are dense stained with DAB and substrate. (Section stained with lead
citrate) (x25,000)

Fig. 15. Microbodies stained for glutathione peroxidase activity. These reaction products have various
diameters and their limiting membranes are unclear. (Section contrasted with lead citrate)
(%37, 500)
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