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ASSAY OF THE ENZYMES OF P Y R I M I D I N E  SYNTHESIS BY TIHIN 
LAYER I O N  EXCHANGE CHROMATOGRAPHY AND VIDEO-DENSITOMETRY 

(CV-TECHNIQUE ) 

T.  I < a r s a i  and P. E l a d i  
Department of B i o c h e m i s t r y  
U n i v e r s i t y  Medical  Schoo l  

H-4012 Debrecen ,  POB 6 ,  Hungary 

ABSTRACT 
A s i m p l e  a n d  r a p i d  method i s  d e s c r i b e d  f o r  t h e  a s s a y  

o f  t h e  g lu t amine -dependen t  carbamoyl  phospha te  s y n t h e t a s e  
and a s p a r t a t e  c a r b a m o y l t r a n s f e r a s e  i n  minute  amounts  of 
l i v e r  t i s s u e .  From 60-120 u l  a s s a y  m i x t u r e s  10-20 J J ~  
a l i q u o t s  were chromatographed on t h i n  l a y e r  i o n  exchange 
c h r o m a t o p l a t e s ,  and t h e  amino a c i d s  were deve loped  w i t h  
n i n h y d r i n .  T h e  i n t e n s i t y  of t h e  n i n h y d r i n  s p o t s ,  i . e .  t h e  
q u a n t i t y  of amino a c i d s  formed o r  consumed, was d e t e r -  
m i n e d  by v ideo-dens i tome t  r y  and t h e  s p e c i f i c  a c t i v i t y  of 
t h e  enzymes was c a l c u l a t e d .  

I N T R O D U C T I O N  

The a c t i v i t y  of enzymes i n  t i s s u e  and c e l l  e x t r a c t s  

i s  u s u a l l y  de t e rmined  by t e c h n i q u e s  r e q u i r i n g  1 m l  o r  

even a l a r g e r  q u a n t i t y  of a s s a y  m i x t u r e  a n d ,  o b v i o u s l y ,  a 

p r o p o r t i o n a l  amount of t i s s u e  e x t r a c t .  However, t h e  a v a i l -  

a b l e  amount of t h e  t i s s u e  sample t o  be a s s a y e d  is o f t e n  

l i m i t e d .  I n  c l i n i c a l  d i a g n o s t i c s ,  f o r  example,  t h e  t i s s u e  

samples  o b t a i n e d  from a d u l t  p a t i e n t s  a s  w e l l  a s  t h a t  t a k e n  

a t  e a r l y  s t a g e s  of f e t a l  development o f t e n  weigh o n l y  a 

f e w  times 10 mg. 

I n  p r e v i o u s  i n v e s t i g a t i o n s  w e  have found (1, 2 )  t h a t  

t h e  a c t i v i t y  o f  amino a c i d - t r a n s f o r m i n g  enzymes i n  r e l a -  
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2214 KARSAI AND ELODI 

t i v e l y  s m a l l  samples  can be d e t e r m i n e d  by t h e  h i g h l y  sen- 

s i t i v e  t h i n  l a y e r  i o n  exchange c t - romatog raph ic  and v i d e o -  

d e n s i t o m e t  r i c  p r o c e d u r e  ( CV- techn ique)  . 
S i n c e  t h i s  t e c h n i q u e  has  been f o u n d  t o  be s u i t a b l e  

f o r  t h e  k i n e t i c  i n v e s t i g a t i o n  o f  o r n i t h i n e  carbarnoy l -  

t r a n s f e r a s e  a s  w e l l  ( 21, we t h o u g h t  i t  w o u l d  be w o r t h  ex- 

a r , i n i n g  o t h e r  amino a c i d - t r a n s f o r m i n g  enzymes, t o o .  

The p r e s e n t  paper  d e s c r i b e s  a method f o r  t h e  assay  

o f  a s p a r t a t e  c a r b a m o y l t r a n s f e r a s e  (EC. 2.1.3.2 ) a n d  c a r -  

barrioyl phospha te  s y n t h e t a s e  ( g l u t a m i n e - d e p e n d e n t ,  E C  

2.7.2.9.  ) ,  enzymes p a r t i c i p a t i n g  i n  t h e  de novo s y n t h e s i s  

o f  t h e  p y r i m i d i n e s .  They have an  i m p o r t a n t  r o l e  i n  t h e  

m e t a b o l i s m  o f  f a s t  g r o w i n g ,  e .g .  embryon ic ,  r e g e n e r a t i n g ,  

t umorous ,  h y p e r t r o p h i c ,  e t c ,  t i s s u e s .  

MATERIALS AND PIE1 HODS 

P r e p a r a t i o n  o f  C y t o s o l  E x t r a c t s  f r o m  L i v e r  C e l l s  

CFY r a t s ,  w e i g h i n g  200-250 g ,  were  s t a r v e d  f o r  a day  

and f e d  w i t h  w a t e r  a d  l i b i t u m ,  b e f o r e  t h e  e x p e r i m e n t s .  

They were  b l e d  u n d e r  e t h e r  a n a e s t h e s i s .  The l i v e r s  (7-8 g )  

were r a p i d l y  removed and k e p t  on i c e  u n t i l  use.The samples  

w e r e  homogenized i n  a P o t t e r - t y p e  t e p h l o n  homogen izer  a t  

O°C w i t h  3 vo lumes o f  10 m M  T r i s - H C 1  b u f f e r ,  pH 7 . 5 ,  con- 

t a i n i n g  250 mM s u c r o s e ,  500  p M  EDTA and  5 mM d i t h i o t r e i t o l .  

The homogenate wss c e n t r i f u g e d  a t  15  000 x g f o r  30 min  t o  

remove t h e  d e b r i s  and m i t o c h o n d r i a .  The r e s u l t i n g  c y t o s o l  

f r a c t i o n  was c o n c e n t r a t e d  5 - f o l d  on  an Amicon C e n t r i f l o  

50 CF membrane ( O o s t e r h o u t ,  The N e t h e r l a n d s )  b y  c e n t r i f u -  
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ASSAY OF ENZYMES OF PYRIMIDINE SYNTHESIS 2215 

g a t i o n .  The p r o t e i n  c o n t e n t  o f  t h e  c o n c e n t r a t e d  samples  

wes d e t e r m i n e d  a c c o r d i n g  t o  Locvry e t  a l .  (4). 

O r n i t h i n e  Carbamoy l t  r a n s f e r a s e  

O r n i t h i n e  c a r b a m o y l t r a n s f e r a s e  was used  f o r  t h e  de- 

t e r m i n a t i o n  o f  ca rbamoy l  phospha te  s y n t h e t a s e  a c t i v i t y  i n  

a c o u p l e d  r e a c t i o n .  The enzyme was i s o l a t e d  f r o m  b o v i n e  

l i v e r  a s  d e s c r i b e d  by  M a r s h a l l  and Cohen ( 5 ) .  The s p e c i -  

f i c  a c t i v i t y  o f  t h e  p u r i f i e d  p r e p a r a t i o n  was 4 2 0  mmol 

c i t  r u l l i n e / h r / m g  p r o t e i n .  

D e t e r m i n a t i o n  o f  Enzyme A c t i v i t y  

F o r  t h e  d e t e r m i n a t i o n  o f  t h e  a c t i v i t y  o f  t h e  enzymes 

t h e  s u b s t r a t e  and t h e  p r o d u c t / s /  f o rmed  i n  t h e  assay  m i x -  

t u r e  were  f i r s t  s e p a r a t e d  by  t h i n  l a y e r  i o n  exchange c h r o -  

matography  on  20x20  cm c h r o m a t o p l a t e s  ( F i x i o n  50x8 ,  Chro-  

m a t r o n i x ,  P a l o  A l t o ,  CA, USA). The Oowex 50x8 t y p e  r e s i n -  

c o a t e d  c h r o m a t o p l a t e s  were used  e i t h e r  i n  Na' o r  i n  L i '  

f o rm.  P l a t e s  i n  L i  f o r m  were  p r e p a r e d  by p r e c h r o m a t o -  

g r a p h y  i n  0.5 M L i C l  s o l u t i o n  ( 6 ) .  The assay  m i x t u r e s  were  

i n c u b a t e d  a t  37'12, t h e n  10 -20  j ~ l  samples  were added 

e q u a l  amounts o f  10 % t r i c h l o r o a c e t i c  a c i d  d r o p s , w h i c h  had 

been a p p l i e d  o n t o  t h e  c h r o m a t o p l a t e  b e f o r e h a n d .  The p l a t e s  

n e r e  d r i e d  b y  h o t  a i r ,  and were  t h e n  ch romatog raphed  i n  t h e  

s o l u t i o n s  d e s c i b e d  be low.  

t o  

F o r  compar i son  t h e  a c t i v i t y  o f  a s p a r t a t e  c a r b a m o y l -  

t r a n s f e r a s e  was d e t e r m i n e d  a l s o  b y  t h e  c o l o r i m e t r i c  p r o -  

c e d u r e  a s  d e s c r i b e d  b y  P r e s c o t t  and Jones, ( 7 ) .  e x c e p t  

t h a t  d e a c e t y l n o n o x i m - t h i o s e m i c a r b a z i d e  was used  i n s t e a d  
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2216 KARSAI AND ELODI 

o f  diacetylmonoxim-antipyrine, and t h e  a b s o r p t i o n  was 

measured a t  520  nm ( 8 ) .  

S o l u t i o n s  Used f o r  Chromatography  

F o r  t h e  d e t e r m i n a t i o n  o f  a s p a r t a t e  and Z l t r u l l i n e  

t h e  c h r o m a t o p l a t e  was used  i n  Na' f o r m .  Chromatography  

was c a r r i e d  o u t  a t  5OoC i n  c i t r a t e  b u f f e r ,  pH 3.3, com- 

posed o f  84 g o f  c i t r i c  a c i d ,  16 g o f  NaOH and 5 .9  m l  o f  

c o n c e n t r a t e d  HC1 i n  1000 m l  f i n a l  vo lume ( 9 ) .  

To measure t h e  amount o f  g l u t a m a t e  ch romatog raphy  
0 was p e r f o r m e d  a t  5 0  C on c h r o m a t o p l a t e s  i n  L i '  f o r m  i n  a 

l i t h i u m - c i t r a t e - f o r m a t e  sys tem composed o f  14.1 g o f  L iC1 ,  

2.3 m l  o f  85 % f o r m i c  a c i d  and 8.0 m l  o f  c o n c e n t r a t e d  H C 1  

i n  a f i n a l  volume o f  1000 m l  a t  pH 2.8 ( 6 ) .  

A f t e r  ch romatog raphy  t h e  p l a t e s  were  d r i e d  and t h e  

amino a c i d s  were d e v e l o p e d  w i t h  c a d m i u m - n i n h y d r i n  r e a g e n t .  

The r e a g e n t  was p r e p a r e d  f r e s h l y  b e f o r e  use b y  m i x i n g  100 

r n l  o f  1 % n i n h y d r i n  d i s s o l v e d  i n  a c e t o n e  and  2 0  m l  o f  1 % 

cadmium-aceta te  d i s s o l v e d  i n  10 % a c e t i c  a c i d  ( 9 ) .  

O u a n t i t a t i v e  O e t e r m i n a t i o n  o f  Amino A c i d s  

A Te lech rom r e f l e x i o n  v i d e o - d e n s i t o m e t e r  ( 3  ) was 

used  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  i n t e n s i t y  o f  n i n h y d r i n  

s p o t s  ( 1 0 ) .  The c h r o m a t o p l a t e s  were p l a c e d  i n t o  t h e  e q u i p -  

ment p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  o f  chromatography .The 

d e n s i t y  o f  i d e n t i c a l  amino a c i d  s p o t s  o f  samples ,  w i t h -  

drawn f rom t h e  assay  m i x t u r e  a t  d i f f e r e n t  t i m e  i n t e r v a l s ,  

t o g e t h e r  w i t h  t h a t  o f  t h e  r e f e r e n c e  s p o t  were t a k e n  as  

100 96 and t h e  i n t e n s i t y  o f  t h e  i n d i v i d u a l  s p o t s  w a s  ex-  
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ASSAY OF ENZYMES OF PYRIMIDINE SYNTHESIS 2217 

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

t h e  i n d i v i d u a l  amino a c i d  s p o t s  was c a l c u l a t e d  f r o m  t h e  

p e r c e n t u a l  d e n s i t y  o f  t h e  r e f e r e n c e  amino a c i d  (1, 2 ) .  

The s t a n d a r d  d e v i a t i o n  o f  t h e  v i d e o - d e n s i t o m e t r i c  e v a l u -  

a t i o n  o f  chromatograms was 2 3 %, a s  d e t e r m i n e d  w i t h  

l y s i n e  (10). 

RESIJLTS AND DISCUSSION 

D e t e r m i n a t i o n  o f  t h e  Glu tamine-Dependent  Carbamoy l  Phos- 

p h a t e  S y n t h e t a s e  A c t i v i t y  

T h i s  enzyme c a t a l y z e s  t h e  f o l l o w i n g  r e a c t i o n :  

2 ATP + g l u t a m i n e  + HCO; - 
c a r b a m o y l  phospha te  + g l u t a m a t e  + 2 ADP + Pi. 

If t h e  assay  m i x t u r e  c o n t a i n e d  o r n i t h i n e  and o r n i t h i n e  

c a r b a m o y l t  r a n s f e r a s e ,  c a r b a m o y l  phospha te  was c o n v e r t e d  

i n t o  c i t r u l l i n e :  c a r b a m o y l  p k o s p h a t e  + o r n i t h i n e  - 
c i t r u l l i n e  i- Pi. 

The a c t i v i t y  o f  c a r b a m o y l  phospha te  s y n t h e t a s e  can 

be d e t e r m i n e d  by  measur ing  t h e  i n c r e a s e  i n  g l u t a m a t e  o r  

i n  c i t r u l l i n e  c o n c e n t r a t i o n s .  When t h e  f o r m a t i o n  o f  g l u -  

t amate  was f o l l o w e d ,  t h e  assay  m i x t u r e  o f  120 ul f i n a l  

vo lume c o n t a i n e d  25 m M  ATP, 25 mM sod ium-hydrogen-ca r -  

b o n a t e ,  50 mM magnes ium-su lpha te ,  50 mM g l u t a m i n e  and 

t i s s u e  e x t r a c t  e q u a l  t o  12-15 mg o f  f r e s h  l i v e r ,  i n  50 

mM v e r o n a l - s o d i u m  b u f f e r ,  pH 7.4. The m i x t u r e  was i n c u -  

b a t e d  a t  37OC, and a t  30-min i n t e r v a l s  20 pl samples  

were  w i t h d r a w n  and a p p l i e d  o n t o  a c h r o m a t o p l a t e  

f o r m  t h e n  i t  w a s  ch romatog raphed  i n  a l i t h i u m - f o r m a t e  

i n  L i +  
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2218 W S A I  AND ELODI 

FIGURE 1 - Carbarnoyl p h o s p h a t e  s y n t h e t a s e  a s s a y  by 
CV-technique. 
A./  Format ion  of g l u t a m a t e  from g l u t a m i n e .  

s o l v e n t  sys tem a s  d e s c r i b e d  i n  Methods.  As r e f e r e n c e ,  25 

nmol o f  g l u t a m a t e  was  a l s o  r u n  (F ig .  l a ) .  The s p e c i f i c  

a c t i v i t y  of t h e  enzyme measured i n  15 l i v e r  s a m p l e s  was 

470 4 32 nmol g l u t a m a t e / g  w e t  t i s s u e / h .  

The g lu t ama te -dependen t  carbamoyl  phospha te  syn-  

t h e t a s e  can a l s o  be d e t e r m i n e d  by measu r ing  t h e  forma- 

t i o n  o f  c i t r u l l i n e  ( 2  ). I n  t h i s  c a s e  t h e  above  a s s a y  

m i x t u r e  was s u p p l e m e n t e d  w i t h  10 m M  o r n i t h i n e  and  10 ,u1 

o r n i t h i n e  ca rbamoyl t  r a n s f e r a s e .  20 p 1  samples  were  ch ro -  

matographed  on a c h r o m a t o p l a t e  i n  Na' form.  The amount o f  

c i t r u l l i n e  formed i n  t h e  r e a c t i o n  was measured  ( F i g .  l b ) .  
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ASSAY OF ENZYMES OF PYRIMIDINE SYNTHESIS 2219 

FIGURE 1 - (continued) 

B./ F o r m a t i o n  o f  c i t r u l l i n e  f rom o r n i t h i n e  

and ca rbamoy l  phosphate .  1 - 5 samples t a k e n  

i n  30  min i n t e r v a l s ,  6. r e f e r e n c e  amino 

a c i d s .  F o r  d e t a i l s  see Methods. 

The s p e c i f i c  a c t i v i t y  o f  t h e  same 15 l i v e r  samples  as  

above was 520 2 60 nmol  c i t r u l l i n e / g  wet  t i s s u e / h .  T h i s  

v a l u e  i s  by  17  7; g r e a t e r  t h a n  t h a t  o b t a i n e d  b y  measur ing  

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

by  t h e  f a c t  t h a t  a p o r t i o n  o f  ca rbamoy l  phosphate  i s  

f u r t h e r  c o n v e r t e d  b y  o r n i t h i n e  c a r b a m o y l t r a n s f e r a s e  p r e -  

s e n t  i n  t h e  l i v e r  e x t r a c t .  Hence, t h e  r e a c t i o n  i s  p u l l e d  

i n  t h e  d i r e c t i o n  o f  ca rbamoy l  phosphate  s y n t h e s i s .  Thus, 

t h e  a c t i v i t y  o f  ca rbamoy l  phosphate  s y n t h e t a s e  can be de- 
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2220 KARSAI AND ELODI 

t e r m i n e d  more r e l i a b l y  b y  measur ing  t h e  amount o f  g l u t a -  

mate .  

D e t e r m i n a t i o n  o f  A s p a r t a  t e  Carbamoy l t  r a n s f  e r a s e  A c t i v i t y  

The enzyme c a t a l y z e s  t h e  f o l l o w i n g  r e a c t i o n  i n  t h e  

p y r i m i d i n e  s y n t h e s i s :  

a s p a r t a t e  + c a r b a m o y l  phospha te  4 c a r b a m o y l a s p a r t a t e  + Pi. 

The a c t i v i t y  o f  t h e  enzyme was d e t e r m i n e d  by measur- 

i n g  t h e  changes i n  a s p a r t a t e  c o n c e n t r a t i o n .  The assay  m ix -  

t u r e  c o n t a i n e d  l i v e r  e x t r a c t ,  c o r r e s p o n d i n g  t o  1-2 mg o f  

f r e s h  l i v e r ,  10 mM a s p a r t a t e  and 15 mM c a r b a m o y l  phospha te  

i n  20 mM t r i e t h a n o l a m i n e - H C 1  b u f f e r ,  pH 7.7, i n  a f i n a l  

vo lume o f  60 ~ 1 .  I t  was i n c u b a t e d  a t  37OC and a t  30-min 

i n t e r v a l s  1 0  ~1 samples were  w i t h d r a w n  and a p p l i e d  o n t o  a 

c h r o m a t o p l a t e  i n  Na' fo rm.  As r e f e r e n c e ,  50 nmol  o f  a s p a r -  

t a t e  was a l s o  run .  A s p e c i f i c  a c t i v i t y  o f  48 2 3 . 3  @ n o 1  

a s p a r t a t e / g  wet  t i s s u e / h  was d e t e r m i n e d  i n  t h e  a s s a y  

c a r r i e d  o u t  w i t h  25 samples  o f  r a t  l i v e r .  

F o r  compar i son  t h e  a c t i v i t y  o f  a s p a r t a t e  ca rbamoy l -  

t r a n s f e r a s e  was a l s o  d e t e r m i n e d  b y  s p e c t r o p h o t o m e t r y .  Ac- 

c o r d i n g  t o  l e a s t  s q u a r e s  r e g r e s s i o n  a n a l y s i s ,  y = 0 . 9 6 ~  

+ 1.02, where y i s  t h e  s p e c t r o p h o t o m e t r i c  a c t i v i t y  and 

x i s  t h e  a c t i v i t y  d e t e r m i n e d  b y  t h e  C v - t e c h n i q u e .  The 

c a l c u l a t e d  d e t e r m i n a t i o n  c o e f f i c i e n t ,  

i n d i c a t e s  a 90 % c o r r e l a t i o n  between t h e  d a t a  o b t a i n e d  

w i t h  t h e  two p r o c e d u r e s .  

r2, was 0.90, w h i c h  

We may c o n c l u d e  t h a t  i o n  exchange ch romatog raphy  com- 

b i n e d  w i t h  v i d e o - d e n s i t o m e t r y ,  i . e .  t h e  CV- techn ique ,  i s  
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s u i t a b l e  f o r  t h e  assay  o f  t h e  a c t i v i t y  o f  t h e  above two 

enzymes, and o f  o t h e r  enzymes as  w e l l  (1,2).  The s e n s i t i v -  

i t y  o f  t h e  t e c h n i q u e  i s  r e a s o n a b l y  h i g h .  The f o r m a t i o n  o r  

consumpt ion  o f  even 1-2 nmol  o f  amino a c i d s  can be  d e t e c t e d  

b y  t h e  CV- techn ique  s t a t i s f a c t o r i l y .  Enzyme r e a c t i o n  can be 

assayed  i n  10-20 1.11 samples  o f  a r e a c t i o r ,  m i x t u r e  o f  even 

l e s s  t h a n  100 p l  f i n a l  vo lume,  and  t h u s  enzymes can  be de- 

t e c t e d  i n  e x t r a c t s  p r e p a r e d  f rom a few m i l l i g r a m s  o f  t i s -  

sues. 
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