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I N D U C T I O N  O F  GLUTATMIONE PEROXIDASE B Y  
SELENITE A N D  ITS  PHYSIOLOGICAL, FUNCTION I N  
-_ C h  1 amydomonas r e i n h a r  d t i i 

TORU TAKEDA, SHIGERU SHlGEOKA a n d  TOSIIIO 
M l T S U N A G A  
De p a r  t m e  n t o f Food a n d  Nu t r i t i  o n ,  
K i n k i  U n i v e r s i t y ,  Nara 6 3 1 ,  J a p a n  

A b s t r a c t  F e e d i n g  o f  s e l e n i t e  t o  C h l a m y d o m o n e  
g rown  u n d e r  i l l u m i n a t i o n  a n d  o r d i n a r y  a i r  
( 0 . 0 3 %  COz c o n c e n t r a t i o n )  c a u s e d  t h e  a c t i v i t y  
of g l u t a  t t i i o n e  p e r o x i d a s e  ( G H S P )  t o  i n c r e a s e  a n d  
r e a c h  a p e a k  a f t e r  2 4  h r .  The i n h i b i t i v e  
e f f e c t  o f  c y c l o h e x i m i d e  a n d  i m m u n o c h e m i c a l  
t i t r a t i o n  showed  t h a t  t h e  i n c r e a s e  i n  GSHP 
a c t i v i t y  r e s u l t s  f r o m  a n  i n c r e a s e  i n  t h e  amoun t  
of p r o t e i n .  T r a n s f e r  o f  Chlamydomonas c e l l s  
e i t h e r  K r o m  l ow COz t o  h i g h  COz ( 5 % )  o r  f r o m  t h e  
l i g h t  t o  t h e  d a r k  t o g e t h e r  w i t h  t h e  a d d i t i o n  o€ 
s e l e n i t e  s t o p p e d  t h e  i n c r e a s e  o f  t h e  enzyme  
a c t i v i t y ,  i n d i c a t i n g  t h a t  l ow COz c o n c e n t r a t i o n  
i n  t h e  a t o m o s p h e r e  a n d  h i g h  l i g h t  i n t e n s i t y  
w e r e  a l s o  r e q u i r e d  f o r  t h e  i n d u c t i o n  o f  t h e  
GSHP w i t h  h i g h  a c t i v i t y .  

I N T R O D U C T I O N  ~ _ _ _ _ . -  

GLu t a t h i o n e  p e r o x i d a s e  (GSIiP) i s  w i d e s p r e a d  i n  many 
t i s s u e s  a n d  o r g a n s  of  mammal i ans  a n d  f u n c t i o n s  i n  t h e  
p r o t e c t i o n  o f  t h e  c e l l  f r o m  o x i d a t i v e  damage  by 
s c a v e n g i n g  o f  h y d r o g e n  p e r o x i d e  (Hz 02 ) a n d  l i p i d  
p e r o x i d e s ' .  GSHP i s  a s e l e n i u m - c o n t a i n i n g  enzyme a n d  
- t h e  a c t i v e  s i t e  c o n s i s t s  o f  s e l e n o c y s t e i n e  e n c o d e d  by  
T G A ,  n o r m a l l y  n o n s e n s e  c o d o n ' .  

W e  h a v e  p r e v i o u s l y  f o u n d  t h a t  c u l t u r e  of  t h e  
u n i c e l l u l a r  g r e e n  a l g a  Chlamydomonas r e i n h a r d t i i  i n  a 
medium c o n  t a i r i i n y  s o d i u m  s e l e n i - t e  c a u s e d  t h e  a c t i v i t y  o f  
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ascorbate peroxidase ( A S A P )  to disappear and G S H P  to 
appear3. The enzymic, physicochemical and immunological 
properties of  G S H P  closely resembled those from 
mammalian sources". 

In this study we report on the induction o f  G S H P  by 
the addition of sodium selenite to Chlamydornonas cells 
grown in a medium without selenium and the effect of 
external environments such as COz concentration and 
light intensity on the induction o f  G S H P .  We also 
discuss the physiological function of the enzyme in 
Chlamydomonas reinhardtii. 

M A T E R I A L S  AND M E T H O D S  

Chlamydomonas reinhardtii Dangeard was grown aseptically 
in Allen's medium without sodium selenite under 
continuous illumination (10,000 lux) at 2 7 ° C  and 
bubbling with ordinary air ( 0 . 0 3 %  C O z )  or air containing 
5% COz. The preparation of crude enzyme and the assay of  
G S H P  and A s A P  were done by the methods described 
previously4 . Immunochemical ti tration was performed by 
the method of Cannons and Merrets'. 

R E S U L T S  AND D I S C U S S I O N  

When cultured under illumination in the medium that: 
contains no selenium, Chlamydomonas cells contained A s A P  
activity. N o  G S H P  activity was detected at all3. 
Transfer of the cells to a medium containing 3 mg of 
sodium selenite per liter caused the activity of G S H P  to 
appear and reach a peak at the growth stage ( 5  days). In 
order to elucidate in detail the appearance of  this 
enzyme, selenite was fed to the cells grown for 5 days 
in the medium without selenite. A s  shown in Fig. 1, 
G S H P  activity increased to ,reach a peak after 2 4  hr and 
then decreased gradually, while A s A P  activity was 
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GLUTATNIONE PEROXIDASE INDUCED BY SELENITE 44 1 

p e r f e c t l y  l o s t  a f t e r  6 h r .  The i n c r e a s e  o f  G S I I P  a c t i v i t y  
by t h e  a d d i t i o n  of s e l e n i t e  was i n h i b i t e d  by  c y c l o -  
h e x i m i d e  b u t  n o t  by c h l o r a m p h e n i c o l  a n d  s t r e p t o m y c i n .  
The  immunochemica l  t i t r a  t i o n  u s i n g  t h e  a n  t i . b o d y  r a i s e d  
aga : i . n s t  b o v i n e  e r y t h r o c y t e  GSfIP was d o n e  o n  t h e  c r u d e  
e x t r a c t s  p r e p a r e d  f r o m  t h e  c e l l s  a d a p t e d  f o r  5 h r  a n d  1 8  
h r  t o  s o d i u m  s e l e n i t e .  The amoun t  o f  GSHP a c t i v i t y  a t  5 
fir a n d  18 hr i n h i b i t e d  by  a f j . x e d  amoun t  of t h e  a n t i . b o d y  
was i d e n t i c a l  f o r  b o t h  enzyme p r e p a r a t i o n s  ( F i g .  2 ) .  
1'Liese r e s u l t s  i n d i c a t e  t h a t  the i n c r e a s e  o f  Lhe enzyme 
a c t i i v i t y  i s  d u e  t o  de novo  s y n t h e s i s  o f  t h e  enzyme 
p r o t e i n  a n d  n o t  t o  a n  a c t i - v a t i o n  o f  t h e  p r e - e x i s t i n g  

pr o t e i 11. 
When t h e  c o n c e n t r a t i o n  o f  CO;! was i n c r e a s e d  f r o m  

t h e  a i r  l e v e l  ( 0 . 0 3 % )  t o  5 %  C 0 2  i n  a i r  a t  t h e  t i m e  o f  
a d d i t i o n  of sodi.um s e l e n i t e ,  t h e  i n c r e a s e  o f  G S H P  a c t i v -  
i t y  was p e r f e c t l y  s u p p r e s s e d .  When t h e  c e l l s  were  a g a i n  
t r a n s f e r r e d  t o  t h e  low COz c o n c e n t r a t i o n ,  t h e  a c t i v i t y  
i n c r e a s e d  t o  t h e  s i m i l a r  l e v e l  t o  t h a t  o b s e r v e d  i n  t h e  
cel1.s c o n t i n u o u s l y  grown a t  a i r  l e v e l  of CO;! ( F i g .  3 )  . 

'I 'iinc ( 1 1  t ) 

F I G U R E  1 .  E f f e c t  of L l l e  aildi.tioll of sodium s e l e n i t e  011  GSIlP  
arid ASAP act i .vi . t ies .  
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T r a n s f e r  o f  Chlamydomonas c e l l s  f r o m  t h e  l i g h t  t o  
t h e  d a r k  c o m p l . e t e l y  a r r e s t e d  t h e  i n c r e a s e  of  t h e  enzyme 
a c t . i . v i  t y .  H e i l l u m i n a t i o n  c a u s e d  a r e n e w e d  i n c r e a s e  a t  
t h e  same r a t e  a s  t h a t  i n  tile c o n t i n u o u s l y  i l l u m i n a t e d  
celLs ( F i g .  4 ) .  I L l u m i n a t i o n  a t  6,000 lux g a v e  a 
i n c r e a s e  of t h e  enzyme a c t i v i . t y  w i t h  a l a g  p h a s e  of  6 h r  
b u t  a l l o w i n g  t o  r e a c h  t h e  same  l e v e l  a s  d i d  t h a t  a t  
10 ,000  lux. When t h e  ce1l.s w e r e  i l L u m i n a t e d  a t  2 ,000  
I.ux, t h e  enzyme a c t i v i t y  i n c r e a s e d  g r a d u a l l y  w i t h  a l a g  
p h a s e  o f  12 hr t o  r e a c h  a l e v e l  w h i c h  was a b o u t  4 0 %  o f  
ttie l e v e l  a t t a i n e d  by  t h e  c e l l s  i l l u m i n a t e d  a t  10,000 
l u x .  The  i n c r e a s e  o f  GSHP a c t i v i t y  was i n h i b i t e d  7 2 . 3 %  
by  3 -  ( 3 , 4 - d . i c h l o r o p h e n y l )  - 1 , l - d i m e t h y l u r e a  (DCMU) . 

T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  i n d u c t i o n  of  GSHP 
a c t i v i t y  by  t h e  a d d i t i o n  o f  s o d i u m  s e l e n i t e  r e q u i r e s  low 
C O X  c o n c e n t r a t i o n  a n d  h i g h  l i g h t  i n t e n s i t y  i n  t h e  a t m o s -  
p h e r e  d u r i n g  t h e  c u l t u r e .  I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  
t h e  g r e e n  a l g a  Chlamydomonas i n d u c e s  t h e  COz - c o n c e n t r a t -  
i n g  mechan i sm f o r  p l i o t o s y n t l i e s i s  when grown a t  l o w  COz 
c o n c e n t r a t i o n  i n  a i r  a t m o s p h e r e G  7 .  A l a r g e  a m o u n t  o f  
ATP i s  r e q u i r e d  f o r  t h e  o p e r a t i o n  oE t h e  m e c h a n i s m  t o  
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- I  I 

0 1 2  24  36 

Time (tir) 

F ' I G U R E  3 .  E f f e c t  of C 0 2  c o n c e n t r a -  FIGURE 4 .  E f f e c t  of i l l u r n i n a -  
t i o n  on t h e  i n c r e a s e  of GSilP t i o n  o n  the i n c r e a s e  o €  GSHP 
a c t i v i t y .  T h e  b r o k e n  l i n e  shows a c t i v i t y  . T h e  b r o k e n  l i n e  
time u i i d e r  h igh  C 0 2  c o n c e n t r a t i o n  shows time i n  t h e  d a r k .  

c o n c e n t r a t e  COz o r  H C 0 3 ^  i n  t h e  c e l l s  or c h l o r o p l a s t s  
f r o m  t h e  s u r r o u n d i n g  medium' ' .  The  e n e r g y  compound i s  
s u p p l i e d  f r o m  t h e  p s e u d o c y c l i c  e l e c t r o n  t r a n s p o r t  s y s t e m  
o f  p h o t o s y n t h e s i s ,  wti ich r e d u c e s  m o l e c u l a r  o x y g e n  ( 0 2 )  

t o  s u p e r o x i d e  a n i . o n  r a d i c a l s  ( 0 2 ' ) .  The  g e n e r a t e d  0 2 -  

i s  i m m e d i a t e l y  c o n v e r t e d  t o  H z 0 2  a n d  0 2  by  s u p e r o x i d e  
d i s m u t a s e  i n  c h l o r o p l a s t s " .  A c c o r d i n g l y ,  i t  i s  

c o n c e i v a b l e  t h a t  t h e  . t r a n s f e r  o f  Chlarnydomonas c e l l s  
e i t h e r  f r o m  low COz t o  h i g h  COz c o n c e n t r a t i o n  o r  f r o m  
t h e  l i g h t  t o  t h e  d a r k  c o n c u r r e n t l y  w i t h  t h e  a d d i t i o n  o f  
s e l e n i t e  a r r e s t s  t h e  o p e r a t i o n s  o f  t h e  C O z - c o n c e n t r a t i n g  
m e c h a n i s m  a n d  t h e  p s e u d o c y c l i c  e l e c t r o n  t r a n s p o r t  s y s t e m  
a n d ,  c o n s e q u e n t l y ,  s t o p s  11202 g e n e r a t i o n  i n  c h l o r o -  
p l a s t s .  The  r a t e  o f  1 1 ~ 0 2  p r o d u c e d  i n  p s e u d o c y c l i c  
e l e c t r o n  t r a n s p o r t  s y s t e m  g o e s  u p  t o  100 t o  150  pmol/mg 
c h l o r o p h y l l / h r '  g .  The  a c t i v i t y  o f  ASAP i s  l e s s  t h a n  
20% t h a t  of s e l e n i t e - i n d u c e d  G S H P  a n d  i s  i n s u f f i c i e n t  t o  
d e c o m p o s e  I12 0 2  s y n t h e s i z e d  i n  Chlamydomonas c e l l s  g rown  
at l o w  COz c o n c e n t r a t i o n .  I n  a d d i t i o n ,  c a t a l a s e  l o c a t e d  
i n  p e r o x i s o m e s  h a s  a l o w  a f f i n i t y  f o r  I I z O z ,  a n d  c a n n o t  
d e t o x i f y  H 2 0 z  i n  t h e  c h l o r o p l a s  t s .  T h e s e  c o n s i d e r a t i o n s  

( 5 %  C 0 2 ) .  
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lead us to conclude that sel-enite-induced GSHP mainly 
works for scavenging HzOz produced at hi.gh rates in the 
pseudocyclic el.ectron transport to produce ATP. Inhibi- 
tion of the induction of this enzyme ac-tivity by DCMU 
supports this view. 

In relation to COz-concentrating mechanism, carbonic 
anhydrase (CA) , which catalyzes the reversible hydration 
of COz, is known to play a role in concentrating COz at 
the active site of ribulose 1,5-bisphosphate carboxylase 
/oxygenase and thus promoting photosynthetic COz 
fixation7 ' ' . CA is also induced by low COz concentra- 
tion, which i-nduction is dependent on light intensity". 
The simillar responce of CA activity to that of GSHP 
supports that GSHP induced by selenite closelycorrelates 
with COz-concentrating mechanism. 
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