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D i u r n a l  V a r i a t i o n  in the  Ac t iv i t i e s  of  I s o c i t r a t e  and  G l u c o s e - 6 - P h o s p h a t e  D e h y d r o g e n a s e s  in  C a c t u s  
P h y l l o c l a d e s  

R e m a r k a b l e  d i u r n a l  v a r i a t i o n s  in  cac tus  phy l loc lades  
h a v e  been  r e p o r t e d  in t h e  ac t iv i t i e s  of va r ious  en- 
zymes  1-5, p r o t e i n  a n d  ci t r ic  ac id  c o n t e n t  3. I n  v iew of 
t h e  c ra s su lacean  t y p e  acid m e t a b o l i s m  a n d  succu len t  
n a t u r e  of t h e  cac tus  phyl loc lades ,  r h y t h m i c  v a r i a t i o n  in 
enzymic  ac t iv i t i e s  could p r ov i de  i m p o r t a n t  co r re l a t ions  
w i t h  t h e  m e t a b o l i s m  in t h i s  p l a n t .  T he  resu l t s  in  t h e  
p r e s e n t  c o m m u n i c a t i o n  descr ibe  d i u r n a l  v a r i a t i o n s  in  
t h e  ac t i v i t i e s  of i soc i t ra te  d e h y d r o g e n a s e  [EC 1.1.1.42 
threo-Ds-isocitrate: N A D P  ox ido reduc ta se ]  a n d  glucose- 
6 - p h o s p h a t e  d e h y d r o g e n a s e  [EC 1.1.1.49 D-glucose-6- 
p h o s p h a t e :  N A D P  ox ido reduc ta se ]  in  cac tus  Nopalea 
de#cta, p l a n t  g r o w n  u n d e r  n a t u r a l  cond i t i ons  of l i gh t  
a n d  da rkness .  

Materials and methods. Deta i l s  of s a m p l i n g  a n d  h o m o -  
gen iza t ion  p rocedures  were  those  desc r ibed  ear l ie r  3. T h e  
ac t iv i t i e s  of i soc i t ra te  a n d  g lucose -6 -phospha t e  d e h y d r o -  
genases  were  e s t i m a t e d  as desc r ibed  b y  SCOTT e t  a l3  a t  
l im i t i ng  c o n c e n t r a t i o n s  of enzyme .  T h e  r eac t i on  was  r u n  
for 5 m i n  a t  30°C a n d  t e r m i n a t e d  b y  t h e  a d d i t i o n  of 
e t h a n o l . a n d  s o d i u m  su l fa te  8. A u n i t  of e n z y m e  caused  
t h e  r e d u c t i o n  of 1 ~tmole N A D P  pe r  m i n  u n d e r  t h e  
assay  condi t ions .  Fo r  t h e  be s t  e v a l u a t i o n  of d i u r n a l  
va r i a t i on ,  t h e  ac t iv i t i e s  were  expressed  on  t h e  bas i s  of 
f resh  w e i g h t  of t h e  t issue*. 

Results. D i u r n a l  ac t i v i t i e s  of i soc i t ra te  a n d  glucose-6- 
p h o s p h a t e  d e h y d r o g e n a s e s  a re  desc r ibed  in  t h e  Table .  
T h e  m a x i m u m  a c t i v i t y  of  i soc i t r a t e  d e h y d r o g e n a s e  was  
a t  1 6 . 0 0 h  a n d  t h e  m i n i m u m  a t  08.00 h, t h e  f o r m e r  
be ing  200% h igher .  I n  t h e  case  of g lucose -6 -phospha t e  
dehydrogenase ,  m a x i m u m  a c t i v i t y  was, however ,  a t  
08.00 h a n d  t he  m i n i m u m  a t  m i d n i g h t  w i t h  a v a r i a t i o n  
of 3 0 0 %  

In  o rde r  to  t e s t  w h e t h e r  t h e  s p e c t r o p h o t o m e t r i c  
e s t i m a t i o n s  of t he se  d e h y d r o g e n a s e s  were a f fec ted  b y  
t h e  p resence  of N A D P H  ox id iz ing  sys tem,  t h e  r educed  
c o e n z y m e  was i n c u b a t e d  w i t h  cac tus  enzyme,  No 
ox id iz ing  s y s t e m  was  f o u n d  to  be  o p e r a t i v e  u n d e r  t h e  
t e s t  condi t ions .  

I n s p i t e  of t h e  fac t  t h a t ,  in  sampl ing ,  15-24 phyl lo -  
c lades  were  t a k e n  a t  e a c h  opera t ion ,  t h e  b io logica l  
v a r i a t i o n  a n d  t h e  s t a t i s t i ca l  r ep r oduc i b i l i t y  was  ascer-  
t a i n e d  b y  m a k i n g  5 s e p a r a t e  e s t i m a t i ons .  I n  each  case  
t h e  p a t t e r n  of  v a r i a t i o n  was  r e p r o d u c i b l e ;  t h e r e  were 
l i t t l e  d i f fe rence  in t h e  m a g n i t u d e  of  va r i a t i on .  S t a t i s t i ca l  
ana lys i s  of t h e  r e su l t s  was  f o u n d  to  b e  h i g h l y  s ign i f i can t  
(p < 0 0 1 )  

To e v a l u a t e  t h e  effect  of some e n d o g e n o u s  m e t a b o l i c  
effectors,  t h e  ac t iv i t i e s  were e s t i m a t e d  on  m i x e d  h o m o -  
genates .  E n z y m e  p r e p a r a t i o n s  of m a x i m u m  a n d  m i n i m u m  
a c t i v i t y  were m i x e d  equa l ly  a n d  s i m u l t a n e o u s  e s t ima-  
t i ons  on  m i x e d  a n d  i n d i v i d u a l  p r e p a r a t i o n s  were  made .  
I t  was  obse rved  t h a t  t h e  ac t iv i t i e s  of b o t h  t he  e n z y m e s  
were i n h i b i t e d  on  mix ing .  The  m a g n i t u d e  of i n h i b i t i o n  
was  r e spec t ive ly  15 a n d  20% for i soc i t r a t e  a n d  glucose- 
6 - p h o s p h a t e  dehydrogenases .  

Discussion. Like  o t h e r  e n z y m e s  of t he  K r e b s  cycle  s, 
i soc i t r a t e  d e h y d r o g e n a s e  also showed  m a x i m u m  a c t i v i t y  
in  t h e  d a y  t i m e  (16.00 h).  D i u r n a l  v a r i a t i o n  in  o rgan ic  
ac id  c o n t e n t  is k n o w n  for  m a l a t e  a n d  c i t r a t e  pools  in  
succu len t s  7. T h e  d i u r n a l  v a r i a t i o n  in  t h e  a c t i v i t y  of 
i soc i t r a t e  d e h y d r o g e n a s e  sugges ts  i t s  b e a r i n g  on  t h e  
ac id  m e t a b o l i s m  a t  t h e  c i t r a t e  pool.  T h e  d i u r n a l  v a r i a -  
t i on  o b s e r v e d  in  g lucose -6 -phospha t e  dehyd rogenase ,  a 
key  e n z y m e  of p e n t o s e  p h o s p h a t e  p a t h w a y ,  is of con-  
s ide rab le  s ignif icance.  RICHTER a n d  PIRSON s found  no  
r h y t h m  in g lucose -6 -phospha te  d e h y d r o g e n a s e  a c t i v i t y  
in  a l t e r n a t i n g  l igh t  a n d  d a r k n e s s  in Hydrodictyon. Ac- 
co rd ing  to  BRADBEER et  al. *, p h o s p h o e n o l p y r u v a t e ,  t h e  
m a i n  sugges ted  CO, -accep to r  in  t h e  d a r k  ac id i f ica t ion ,  
is fo rmed  f rom 3 -phosphog lyce ra t e  b y  c a r b o x y l a t i o n  of 
r ibu lose  d i p h o s p h a t e .  T h e  inc reased  g lucose -6 -phospha t e  
d e h y d r o g e n a s e  a c t i v i t y  o b s e r v e d  in t h e  d a y  t i m e  in 
cac tus  phy l loc l ades  would  c o n s t i t u t e  a m e a n s  of  p r o v i d i n g  
t h e  CO, -accep to r  for  d a r k  ac id i f ica t ion .  

KHAN a n d  SANWAL s h a v e  d i scussed  t h e  fac to rs  re-  
spons ib le  for  t h e  d i u r n a l  v a r i a t i o n s  of enzymes ,  s u c h  as  
l ight ,  da rkness ,  s y n t h e s i s  a n d  d e g r a d a t i o n  of e n z y m e  
pro te ins ,  as well  as a l t e r a t i o n s  in  t h e  level  of m e t a b o l i c  
effectors.  The  d a t a  of m i x e d  h o m o g e n a t e s  are  c o n s i s t a n t  
w i t h  t h e  v iew t h a t  a sma l l  p a r t  of t h e  e n z y m e  a c t i v i t y  
v a r i a t i o n  was  due  to  cyclic e l a b o r a t i o n  of inh ib i to r ( s )  
molecules  10. 

Zusammenfassung. Die Akt iv i t /~ ten  de r  I soc i t r a t -  u n d  
G h k o s e - 6 - P - D e h y d r o g e n a s e n  e r r e i c h e n  in K a k t e e n  (No- 
palea de]ecta) zu v e r s c h i e d e n e n  Tagesze i t en  i h r  M a x i m u m .  
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Diurnal activities of isocitrate and glucose-6-phosphate dehydro- 
genases 

Collection Enzyme activity 
of sample (unitlg fresh weight) 

Isocitrate 
dehydrogenase 

Glucose- 
&phosphate 
dehydrogenase 

08.00 h 0.030 0.080 

16.00 h 0.090 0.045 

24.00 h 0.050 0.020 

08.00 h 0.030 0.080 
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