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RAPID,  HIGH-YIELD PURIFICATION OF RAT L I V E R  GLUTATHIONE 
PEROXIDASE BY H I G H  PERFOKK4KCE LIQUID CHROMATOGRAPHY 

David E.  Lyons,  E r i c  C .  Wilhelmsen and A 1  L .  Tappel 
Department  of Food S c i e n c e  and Technology 
U n i v e r s i t y  of C a l i f o r n i a ,  Dav i s ,  CA 95616 

ABSTRACT 

G l u t a t h i o n e  p e r o x i d a s e  (GSH:H202 u x i d o r e d u c t a s e ,  EC 1.11.1.9)  
w a s  p u r i f i e d  3500-fold from r a t  l iver  w i t h  a y i e l d  of  42% u s i n g  
h i g h  pe r fo rmance  l i q u i d  chromatography.  The c r u c i a l  p u r i f i c a t i o n  
s t e p  w a s  s i z e - e x c l u s i o n  chromatography on a S p h e r o g e l  TSK-3000SW 
column, and t h e  p u r i f i e d  enzyme e l u t e d  as a s i n g l e  peak.  The en- 
zyme s t a i n e d  as a s i n g l e  band f o l l o w i n g  SDS-gel e l e c t r o p h o r e s i s .  
The m o l e c u l a r  w e i g h t  of t h e  enzyme w a s  e s t i m a t e d  t o  b e  105,000, 
and t h e  s u b u n i t  m o l e c u l a r  w e i g h t  d e t e r m i n e d  by SDS-gel e l e c t r o -  
p h o r e s i s  w a s  25,000. Po lyac ry lamidc  g e l  e l e c t r o p h o r e s i s  i n d i c a t e d  
f i v e  bands of  p r o t e i n  w i t h  a b road  band of enzymat i c  a c t i v i t y .  
I s o e l e c t r i c  f o c u s i n g  r e s u l t e d  i n  a peak of  enzymat i c  a c t i v i t y  a t  
pH 6 .9  w i t h  a s h o u l d e r  a t  pH 7.3. The s p e c i f i c  a c t i v i t y  of t h e  
p u r i f i e d  enzyme was 1,100 Umol of NADPH o x i d i z e d  p e r  m i n u t e  p e r  
m i l l i g r a m  of p r o t e i n .  

INTRODIJC'I'ION 

G l u t a t h i o n e  p e r o x i d a s e  ( g l u t a t h i o n e  hydrogen p e r o x i d e  oxido-  

r e d u c t a s e ,  EC 1 .11.1.9)  w a s  f i r s t  r e p o r t e d  by Mills ( 1 , 2 )  t o  cata- 

l y z e  t h e  breakdown of hydrogen p e r o x i d e  i n  b o v i n e  e r y t h r o c y t e s  

u s i n g  g l u t a t h i o n e  as t h e  r e d u c i n g  a g e n t .  S i n c e  t h a t  t i m e ,  g l u t a -  

t h i o n e  p e r o x i d a s e  from s e v e r a l  mammalian and a v i a n  s p e c i e s  h a s  

been s t u d i e d .  The enzyme h a s  been  o b t a i n e d  i n  h i g h l y  p u r i f i e d  

form from b o v i n e  e r y t h r o c y t e s  ( 3 ) ,  o v i n e  e r y t h r o c y t e s  ( 4 ) ,  human 

e r y t h r o c y t e s  ( 5 ) ,  b o v i n e  l e n s  ( 6 ) ,  and r a t  l i v e r  ( 7 ) .  I n  all 
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2064 LYONS, WILHELMSEN, AND TAPPEL 

t h e s e  s t u d i e s ,  t h e  y i e l d s  of enzymat i c  a c t i v i t y  were low. Low 

y i e l d s  n e c e s s i t a t e  l a r g e  q u a n t i t i e s  of s t a r t i n g  m a t e r i a l  t o  o b t a i n  

s u f f i c i e n t  g l u t a t h i o n e  p e r o x i d a s e  t o  u s e  i n  o t h e r  e x p e r i m e n t s .  

Only Floh6 e t  a l .  (8) and L i t t1 . e  e t  a l .  ( 9 )  r e p o r t e d  s p e c i f i c  

a c t i v i t i e s  g r e a t e r  t h a n  400 un i t s /mg  of p r o t e i n  when the enzyme 

a s s a y s  w e r e  done by t h e  method d e s c r i b e d  by P a g l i a  and V a l e n t i n e  

(10 ) .  S t u l t s  e t  a l .  (11)  r e p o r t e d  o b t a i n i n g  a s p e c i f i c  a c t i v i t y  

of 278 un i t s /mg  of  p r o t e i n ,  and S t u l t s  ( 1 2 )  i n d i c a t e d  t h a t  i t  w a s  

p o s s i b l e  t o  a c h i e v e  a s p e c i f i c  a c t i v i t y  of  800 u n i t s / m g  of p r o t e i n  

from r a t  l i v e r .  Nakumura e t  a].. (7 )  r e p o r t e d  a f i n a l  s p e c i f i c  

a c t i v i t y  f o r  p u r i f i e d  r a t  live]. g l u t a t h l o n c  p e r o x i d a s e  of 35.2 

un i t s /mg  of p r o t e i n ;  t h i s  low v a l u e  p r o b a b l y  r e f l e c t s  t h e  l o s s  of 

enzymat i c  a c t i v i t y  a s  a r e s u l t  of t h c  p u r i f i c a t i o n  p r o c e d u r e s  

used.  T h i s  pape r  r e p o r t s  t h e  r e l a t i v e l y  h i g h  y i e l d  p u r i f i c a t i o n  

of ra t  l i v e r  g l u t a t h i o n e  p e r o x i d a s e  w i t h  h i g h  s p e c i f i c  a c t i v i t y .  

High y i e l d  and h i g h  s p e c i f i c  a c t i v i t i e s  a r e  b o t h  r e q u i r e d  f o r  

s t u d i e s  of p h y s i c a l  p r o p e r t i e s  of t h e  enzyme o r  f o r  t h e  u s e  of  t h e  

enzyme as a b i o c h e m i c a l  t o o l .  

MATERIALS AND METHODS 

Sephadcx G-100 and DEAE-Sephacel were o b t a i n e d  from Pharmacia  

F ine  Chemicals ;  r educed  g l u t a t h i o n e ,  g l u t a t h i o n e  r e d u c t a s e ,  NADPH, 

a-amylase from E ,  s u b t i l i s ,  and b o v i n e  e r y t h r o c y t e  c a r b o n i c  

a n h y d r a s e  from Sigma Chemical Co.; cumene h y d r o p e r o x i d e  from 

Bio-Polymers,  I n c . ;  SDS-gel e l e c t r o p h o r e s i s  s t a n d a r d s  f rom Bio-Rad 

L a b o r a t o r i e s ;  and [ 7 5 S e ] s e l e n i t e  ( 9  t o  35 Ci/mmol) f rom New 

Eng Land Nuc lea r .  

F i f t e e n  male Sprague-Dawley r a t s  (350-400 g )  pu rchased  from 

Simonscn  l a b o r a t o r i e s ,  I n c .  were f e d  K a l s t o n  P u r i n a  R a t  Chow. The 

ra t s  w y r e  f a s t e d  f o r  24 h r  p r i o r  t o  k i l l i n g  them by d e c a p i t a t i o n .  

The l i v e r s  were removed and pl.3ced i n  0 .25  s u c r o s e  a t  4°C. A l l  

subsequel i t  p r o c e d u r e s  were done  a t  4°C u n l e s s  o t h e r w i s e  s p e c i f i e d .  

Three  of t h e  f i f t e e n  ra t s  were i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  50 

p C i  of [ 7 5 S e ] s e l e n i t e  3 d a y s  b e f o r e  they  were k i l l e d .  The l i v e r s  

f rom all f i f t e e n  r a t s  were mi rced ,  washed twice w i t h  0 . 2 5  
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PURIFICATION OF GLUTATHIONE PEROXIDASE 2065 

s u c r o s e ,  and homogenized 1:4 i n  0.25 - M s u c r o s e ,  11 mM_ g l u t a t h i o n e  

f o r  30 sec i n  a Waring b l e n d o r .  The homogenate w a s  c e n t r i f u g e d  a t  

13,000 X g f o r  30 min. The s u p e r n a t a n t  p o r t i o n  w a s  a d j u s t e d  t o  pH 

7 .6  w i t h  100 mM_ Tris b a s e ,  h e a t e d  a t  50°C f o r  45 min and coo led  t o  

4 ° C .  The c o o l e d  sample was made 52% a c e t o n e  (-20°C) and c e n t r i -  

fuged  a t  13,000 X g f o r  20 min. The a c e t o n e  p r e c i p i t a t e  w a s  re- 

suspended  i n  10 mM_ T r i s - H C 1 ,  0.1 m.. EDTA, 5 + r educed  g l u t a t h i o n e  

(pH 7.6) and c e n t r i f u g e d  a t  27,000 X g f o r  30 min. 

n a t a n t  p o r t i o n  w a s  chromatographed on a Sephadex G-100 column ( 5  X 

100 cm) e q u i l i b r a t e d  w i t h  10  mz T r i s - H C 1 ,  0 .1  mM - EDTA (pH 7 . 6 ) .  

The f r a c t i o n s  t h a t  c o n t a i n e d  a c t i v e  g l u t a t h i o n e  p e r o x i d a s e  were 

p o o l e d  and made 7 .1  mM_ i n  2-mercaptoethanol .  A f t e r  m a i n t a i n i n g  

t h e  samples f o r  20 min a t  4"C, 10-ml a l i q u o t s  of DEAE-Sephacel 

e q u i l i b r a t e d  w i t h  10  T r i s - H C 1 ,  0.1 n-12 EDTA (pH 7.6) were added 

u n t i l  t h e r e  was no f u r t h e r  change  i n  t h e  a b s o r b a n c e  a t  280 nm as 

mon i to red  on small f i l t e r e d  a l i q u o t s .  The r e s u l t a n t  m i x t u r e  was 

f i l t e r e d  and t h e  DEAE-Sephacel was washed w i t h  20 m l  of  b u f f e r .  

The f i l t r a t e  and t h e  wash s o l u t i o n  were poo led ,  c o n c e n t r a t e d  i n  an 

Amicon c o n c e n t r a t o r  u s i n g  a PM-10 f i l t e r ,  and a p p l i e d  t o  a DEAE- 

S e p h a c e l  column (2.5 X 100 cm) e q u i l i b r a t e d  w i t h  10 m E  T r i s - H C 1 ,  

0 . 1  @ EDTA, pH 7.6. The sample was e l u t e d  i s o c r a t i c a l l y  w i t h  

t h e  same b u f f e r  used t o  e q u i l i b r a t e  t h e  column, and the f r a c t i o n s  

t h a t  c o n t a i n e d  "Se were poo led .  The poo led  f r a c t i o n s  were con- 

c e n t r a t e d  t o  a volume of a p p r o x i m a t e l y  1 m l  u s i n g  a n  Amicon con- 

c e n t r a t o r  w i t h  a PM-10 f i l t e r .  The sample  w a s  i n j e c t e d  as f o u r  

250-pl a l i q u o t s  o n t o  a Beckman HPLC model 322 w i t h  a S p h e r o g e l  

TSK-3000SW s i z e - e x c l u s i o n  column ( 7 . 5  X 600 mm) e q u i l i b r a t e d  w i t h  

10 mM_ sodium phospha te ,  0 .1  mM - EDTA, pH 7.0. A f t e r  e a c h  set of 

f o u r  250-ul i n j e c t i o n s ,  t h e  f r a c t i o n s  t h a t  c o n t a i n e d  75Se were 

p o o l e d ,  c o n c e n t r a t e d  i n  a n  Amicon c o n c e n t r a t o r ,  and rechromato-  

g raphed .  T h i s  p r o c e d u r e  was r e p e a t e d  twice. 

The s u p e r -  

G l u t a t h i o n e  p e r o x i d a s e  was a s s a y e d  by a m o d i f i c a t i o n  of t h e  

method of  P a g l i a  and V a l e n t i n e  (10) as d e s c r i b e d  by S t u l t s  e t  a l .  

(11). 

t e c h n i q u e  (13),  e x c e p t  t h e  f r a c t i o n s  o b t a i n e d  i n  t h e  f i n a l  p u r i f i -  

P r o t e i n  i n  a l l  samples  was de t e rmined  by a m o d i f i e d  Lowry 
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2066 LYONS, WILHELMSEN , AND TAF'PEL 

c a t i o n  s t e p s  on HPLC were a s s a y e d  by measurement of A 280-A260 ( I 4 )  
and A224-A214 ( 1 5 , 1 6 ) .  

5110 Auto-gamma c o u n t e r  w i t h  30.6% e f f i c i e n c y .  

75Se w a s  measured u s i n g  a Packa rd  model 

P u r i f i e d  g l u t a t h i o n e  p e r o x i d a s e  o b t a i n e d  a f t e r  t h e  t h i r d  

chromatography on t h e  HP1.C w a s  s u b j e c t e d  L O  d i s c - g e l  e l e c t r o -  

p h o r e s i s  a c c o r d i n g  t o  t h e  p r o c e d u r e  uf Dav i s  ( 1 7 ) .  Samples of 80 

ug of p r o t e i n  were a p p l i e d  t o  7 . 5 4  g e l s  t h a t  were s t a c k e d  a t  pH 

8.3 and e l e c t r o p h o r e s e d  a t  pH 9.5.  SDS d i s c - g e l  e l e c t r o p h o r e s i s  

was performed a c c o r d i n g  t o  t h e  inethod of Weber and Osborn (18) 

u s i n g  1.0% g e l s  a t  pH 7.0. Gel i s o e l e c t r i c  f o c u s i n g  w a s  done by 

t h e  method o u t l i n e d  i n  a Bio-Rad T e c h n i c a l  B u l l e t i n  1030. 

Coomassie b l u e  s t a i n  w a s  used t o  d e t e c t  p r o t e i n  i n  t h e  a n a l y t i c a l  

and SDS g e l s ,  b o t h  of which were scanned a t  540 nm w i t h  a Beckman 

DU s p e c t r o p h o t o m e t e r  model 2400. The g e l s  were f r o z e n ,  s l i c e d  and 

coun ted  f o r  "Sc r a d i o a c t i v i t y .  

a n  i s o e l e c t r i c  f o c u s i n g  g e l  were f r o z e n ,  s l i c e d  and a s s a y e d  f o r  

enzymat i c  a c t i v i t y  . 

An u n s t a i n e d  a n a l y t i c a l  g e l  and 

RESULTS _-- 
The d a t a  o b t a i n e d  from the p u r i f i c a t i o n  of r a t  l i v e r  g l u t a -  

t h i o n e  p e r o x i d a s e  a r e  shown i n  T a b l e  1. Sephadex G-100 chroma- 

tog raphy  r e s u l t e d  i n  an a g g r e g a t e d  form u i  g l u t a t h i o n e  p e r o x i d a s e .  

An a g g r e g a t e d  form of t h e  enzyme w a s  f i r s t  d e s c r i b e d  by S t u l t s  

e t  a l .  (11). A d d i t i o n  of 2-mercaptoethanol  a t  7 mbJ f o l l o w e d  by a 

DEAE-Sephacel t i t r a t i o n  r e s u l t e d  i n  comple t e  d i s s o c i a t i o n  of t h e  

a g g r e g a t e d  enzyme. T h i s  s t e p  r e s u l t e d  i n  a 5-fold p u r i f i c a t i o n  of 

t h e  enzyme and minimal  l o s s  of a c t i v i t y .  Use of DEAE-Sephacel 

chromatography r e s u l t e d  i n  r e t a r d a t i o n  of t h e  enzyme by the g e l  

and subsequenL e l u t i o n  a f t e r  e l u t i o n  of t h e  ma jo r  nunbound p r o t e i n  

peak. Use of t h e  100-cm DEAE-Sephacel column r e s u l t e d  i n  a much 

b e t t e r  p u r i f i c a t i o n  of t h e  enzyme than  p r e v i o u s l y  r e p o r t e d  (11). 

The i r a c t i o n a t i o n s  t o  t h i s  p o i n t  have been done a number of times 

w i t h  good r e p r o d u c i b i l i t y .  For t h e  f o u r  p r e v i o u s  f r a c t i o n a t i o n s  

th rough  t h e  DliAE-Sephacel chrornatography s t e p ,  the s p e c i f i c  

a c t i v i t i e s  were 52, 48,  50 and 54, and t h e  c o r r e s p o n d i n g  y i e l d s  
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PURIFICATION OF GLUTATHIONE PEROXIDASE 2067 

TABLE 1 
P u r i f i c a t i o n  of G l u t a t h i o n e  P e r o x i d a s e  

F r a c t i o n  T o t a l  T o t a l  S p e c i f i c  Y i e l d  P u r i f i -  
p r o t e i n  a c t i v i t y  a c t i v i  t y b  (z )  cat  i o n  
(mg) ( u n i t s  X (-f 01 d )  

10-3)a 

Homogenate 1 7  000 5.35 0.32 100 1 
Sup e r n a  t a n  t 6 853 5 .31  0.78 9 9 . 3  2.4 

H e a t - t r e a t e d  5 966 4.78 0.80 90.0 2 .5  

Ace tone  (52%) 3 075 4.40 1 . 4  8 2 . 2  4.4 

13,000 X g 

50°C 

p r e c i p i t a t e  
Sephadex G-100 752 3.51 4.7 65 .6  15  
DEAE- t i t r a t ion  147 3.44 23 64.3 7 2  
DEAE-Sephacel 54 2.87 54 53.7 170 
TSK-HPLCC 2.0 2.24 1 100 41 .8  3 560 

aumol of NADPH o x i d i z e d  p e r  minu te .  

bpmol of  NADPH o x i d i z e d  p e r  minu te  p e r  m i l l i g r a m  of p r o t e i n .  

‘Following t h e  t h i r d  chromatography.  

were 62 ,  45, 53 and 51%, r e s p e c t i v e l y .  The u s e  of a second  DEAE- 

S e p h a c e l  column r e s u l t e d  i n  a 20-30% y i e l d  of  g l u t a t h i o n e  

p e r o x i d a s e  t h a t  w a s  30-50% p u r e .  Use of th ree  c o n s e c u t i v e  

ch romatograph ies  on a TSK-3000 HPLC column ( F i g .  1) s e p a r a t e d  

g l u t a t h i o n e  p e r o x i d a s e  from o t h e r  p r o t e i n s  t o  t h e  l i m i t  of 

d e t e c t i o n .  C a l i b r a t i o n  of t h e  TSK column w a s  accompl i shed  u s i n g  

f i v e  m o l e c u l a r  w e i g h t  s t a n d a r d s .  Chromatography of t h e  enzyme on 

t h e  c a l i b r a t e d  column gave  an a p p a r e n t  m o l e c u l a r  w e i g h t  f o r  t h e  

enzyme of  105,000 t 4000 (F ig .  2 ) .  

A n a l y t i c a l  d i s c - g e l  e l e c t r o p h o r e s i s  r e s u l t e d  i n  f i v e  e q u a l l y -  

spaced  bands of  p r o t e i n  w i t h  t h e  midd le  band b e i n g  p redominan t .  

Enzymatic a c t i v i t y  was found i n  a wide  band encompassing t h e  5 

bands  of p r o t e i n .  SDS d i s c - g e l  e l e c t r o p h o r e s i s  of t h e  p u r i f i e d  

g l u t a t h i o n e  p e r o x i d a s e  r e s u l t e d  i n  a s i n g l e  c o i n c i d e n t  band of 

p r o t e i n  and 75Se r a d i o a c t i v i t y .  

t h e  enzyme based  on comparison w i t h  s i x  molecu la r -we igh t  s t a n d -  

The s u b u n i t  m o l e c u l a r  w e i g h t  of 
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RETENTION TIME (MINUTES) 

FIGURE 1. TSK-3000 HPLC s i z e - e x c l u s i o n  chromatography of r a t  
l i v e r  g l u t a t h i o n e  p e r o x i d a s e .  C o n c e n t r a t e d  g l u t a t h i o n e  p e r o x i d a s e  
from DEAE-Sephacel chromatography w a s  a p p l i e d  t o  a TSK-3000 s i z e -  
e x c l u s i o n  column e q u i l i b r a t e d  w i t h  10  mPJ sodium p h o s p h a t e ,  0 . 1  m E  
EDTA (pH 7.0) and r e s o l v e d  a t  1.0 ml/min and 400 p . s . i .  A f t e r  t h e  
f i r s t  chromatography (A), t h e  ac t ive  f r a c t i o n s  were p o o l e d  and 
c o n c e n t r a t e d .  Chromatography on t h e  TSK-3000 column was r e p e a t e d  
twice as shown i n  ( B )  and ( C ) .  
and abso rbance  a t  280 nm (-). 

75Se  (o), enzymat i c  a c t i v i t y  ( 0 )  

+ 
I 

- 
I- z w - GLUTATHIONE PEROXIDASE z I 

I I I 
17 19 21 23 25 % 

RETENTION TIME (MINUTES) 

FIGURE 2.  E s t i m a t i o n  of t h e  m o l e c u l a r  w e i g h t  of g l u t a t h i o n e  
p e r o x i d a s e  by s i z e - e x c l u s i o n  chromatography on a TSK-3000 HPLC 
column. A l i q u o t s  of 100 pg of each  p r o t e i n  were i n j e c t e d  i n  50 p 1  
of  10 I@ sodium phospha te ,  0 .1  mM - EDTA, pH 7.0. 
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I XI05 

5x104 

I x 1 0 ~ ~  I I I I I 
I 2 3 4 5 6  

MIGRATION DISTANCE (CM)  

FIGURE 3 .  E s t i m a t i o n  of t h e  s u b u n i t  m o l e c u l a r  w e i g h t  of g l u t a -  
t h i o n e  p e r o x i d a s e  by SDS-polyacrylamide d i s c - g e l  e l e c t r o p h o r e s i s .  
A s o l u t i o n  t h a t  c o n t a i n e d  2 .5  ug of each s t a n d a r d  and 80 ug of  
g l u t a t h i o n e  p e r o x i d a s e  was a p p l i e d  t o  a g e l  ( 5  X 100 mm). 

a r d s  (Bio-Rad low m o l e c u l a r  w e i g h t  s t a n d a r d s )  w a s  25,000 2000 

( F i g .  3 ) .  D i sc -ge l  i s o e l e c t r i c  f o c u s i n g  gave  a c o i n c i d e n c e  of 

enzyme a c t i v i t y  and 75Se r a d i o a c t i v i t y  i n  a s i n g l e  peak a t  pH 6 . 9  

and a s h o u l d e r  a t  pH 7.3.  

DISCUSSION 

The development  of t h e  p u r i f i c a t i o n  p r o c e d u r e  d e s c r i k e d  

s t a r t e d  w i t h  t h a t  r e p o r t e d  by S t u l t s  e t  a l .  (11 ) .  The c h o i c e  of  

t e c h n i q u e s  used th rough  t h e  DEAE Sephace l  chromatography s t e p  and 

t h e  chosen  sequence  of t h e  i n d i v i d u a l  s t e p s  are based  on r e s u l t s  

o b t a i n e d  by many p u r i f i c a t i o n s .  The o u t l i n e d  p r o c e d u r e  r e s u l t e d  

i n  t h e  p u r i f i c a t i o n  of g l u t a t h i o n e  p e r o x i d a s e  w i t h  a y i e l d  h i g h e r  

t han  any y e t  r e p o r t e d  and w i t h  a h i g h  s p e c i f i c  a c t i v i t y  s u r p a s s e d  

only by t h a t  r e p o r t e d  by L i t t l e  e t  a l .  ( 9 ) .  The d e s c r i b e d  HPLC 

p r o c e d u r e  e l i m i n a t e s  t h e  problem of a g g r e g a t e d  enzyme ( l l ) ,  and 

i t  f u r t h e r  d e m o n s t r a t e s  t h e  u s e f u l n e s s  of HPLC f o r  p r o t e i n  

s e p a r a t i o n .  The p u r i f i c a t i o n  of t h e  enzyme can b e  completed i n  

t h r e e  days ,  t h u s  i t  can be used t o  p r o v i d e  a r o u t i n e  s o u r c e  of 

g l u  t a t h i o ne p er ox i d a s  e . 
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The m o l e c u l a r  we igh t  of the rat. l i v e r  g l u t a t h i o n e  p e r o x i d a s e  

as e s t i m a t e d  by s i z e - e x c l u s i o n  chromatography is 105,000 2 4000, 

which c o r r e l a t e s  w e l l  w i t h  a tetramer hav ing  a n  SDS-gel e l e c t r o -  

p h o r e s i s  monomer s i z e  of 25,000 - + 2000. 

w e i g h t  i s  s i g n i f i c a n t l y  d i f f e r e n t  i rom t h a t  r e p o r t e d  f o r  t h e  r a t  

l iver  enzyme (7,11), and i t  more c l o s e l y  ma tches  t h e  96,000 

m o l e c u l a r  we igh t  r e p o r t e d  f o r  t h e  human e r y t h r o c y t e  enzyme ( 5 ) .  

T h e  obse rved  m o l e c u l a r  

The p r o t e i n  p a t t e r n  o b t a i n e d  with a n a l y t i c a l  d i s c - g e l  

e l e c L r o p h o r e s i s  and t h e  m u l t i p l e  c h a r g e  fo rms  of g l u t a t h i o n e  

p e r o x i d a s e  obse rved  upon i s o e l e c t r i c  f o c u s i n g  s u g g e s t  t h e  p o s s i -  

b i l i t y  t h a t  t h e r e  are two i sozymic  forms of t h e  monomer of g l u t a -  

t h i o n e  p e r o x i d a s e  in ra t  l i v e r .  The two p o s s i b l e  isozymes of 

g l u t a t h i o n e  p e r o x i d a s e ,  " a c i d i c "  (PI = 6 .9 )  and " b a s i c "  ( P I  = 

7 . 3 ) ,  cou ld  upon free h y b r i d i z a t i o n ,  g i v e  f i v e  mixed enzymes. 

T h i s  p o s s i b i l i t y  is c o n s i s t e n t  w i L h  t h e  p r o t e i n  p a t t e r n  s e e n  on 

d i s c - g e l  e l e c t r o p h o r e s i s .  

T h i s  r e s e a r c h  was s u p p o r t e d  by N I H  g r a n t  AM-06424 f rom the 

N a t i o n a l  I n s t i t u t e  of A r t h r i t i s ,  Metabol ism and D i g e s t i v e  Diseases 

and g r a n t  ES00628-05Al from t h i  N a t i o n a l  I n s t i t u t e  of  Environ-  

m e n t a l  S c i e n c e s  and t h e  Env i ronmen ta l  P r o t e c t i o n  Agency. 
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