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ABSTRACT 

A c o n v e n i e n t ,  s i m p l e  a n d  r e l i a b l e  HPLC a s s a y  m e t h o d  f o r  
membranc -bounc!  e n z y m e s ,  s u c h  a s  g u a n y l a t e  c q c l a . i e  a n d  5 ' - n u t l e o -  
t j d a s e ,  were d e v e l o p e d .  T h e  m e m b r a n e  e n z y m e s  o f  g u a n y l a t e  
c y c l a s e  h a d  b e e n  a s s a y e d  by d e t e r m i n a t i o n  o f  t h e  p r o d u c t  c y c l i c  
GYP by r a d i o i m m u n o a s s a y  a f t e r  c o l u m n  c h r o m a t o g r a p h i c a l  s e p a r a -  
t i o n  oE c y c l i c  GMP, a n d  5 ' - n u c l e o t i d a s e  h a d  b e e n  a s s a y e d  by 
c o l o r i m e t r i c a l  p h o s p h a t e  a s s a y  m e t h o d .  T h e  u s e  o f  r a d i o i s o -  
t o p e  i s  d a n g e r o u s  a n d  r e q u i r e s  a s p e c i a l  l a b o r a t o r y ,  a n d  p h o L o -  
m e t r i c a l  a s s a y  m e t h o d  o n  m e m b r a n e  e n z y m e s  1 s  d i f f i . c u l t  t o  
b e  c a r r i e d  o u t  r e l i a b l y  b e c a u s e  m e m b r a n e  s a m p l e s  e x h i o l t  t u r D i -  
d i c y .  RP-HPLC a s s a y  m e t h o d  f o r  g u a n y l a t e  c y c l a s e  d i r e c t l y  
m e a s u r e s  t h e  p r o d u c t  o f  c y c l i c  GMP f l u o r i m e t r i c a l l y ,  w h i c h  
a f f o r d  a s e n s i t i v e  d e t e c t i o n  f o r  c y c l i c  CMP a t  t)rr,al l c v e l .  
KP-HPLC a s s a y  m e ~ h o d  f a r  - 5 ' - n u c l e o t i d a s e  e l s o  d i r e c t l y  t h e  
p r o d u c '  o f  a d e r o s i n e  by U V  d e t e c t i 0 . 1  a t  260 nm. R c 1 i : b l e  
s t o i c h i o n e t r y  was o b s e r v e d  i n  b o t h  of  e r z y m ?  a s s a y .  ; . e . ,  
d e c r e a s e  i n  s u b s t r a t e  o f  GTP a n d  i n c r e a s e  i n  p r o d u c t  o f  c y c l i c  
GMP f o r  g u a n y l a t e  c y c l a s e ,  d e c r e a s e  i n  s u b s t r a t e  o f  AMP a n d  
i n c r e a s e  i n  p r o d u c t  o f  a d e n i n e  f o r  5 ' - n u c l e o t i d a s e .  T h e s e  
a s s a y  m e t h o d  a r e  s u c c e s s f u l l y  a p p l i e d  o n t o  m e m b r a n e  s a m p l e s  
a n d  a l s o  o n t o  s e r u m  s a m p l e s .  

INTKODUCTION 

M e m b r a n e - b o u n d  e n z y m e s  were e s s e n t i a l  f o r  e n e r g y  t r a n s -  

d u c t i o n ,  s u c h  a s  e l e c t r o n  t r a n s p o r t  s y s t e m s  ( s u c c i n a t e  o x i d a s e  

sys tem,  N A D H  o x i d a s e  s y s t e m ,  a n d  p h o t o s y n t h e t i c  p h o t o n - e l e c t r o n  
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2230 OIZUMI A N D  H A Y A K A W A  

e n e r g y  t r a n p o r t  s y z t e m ) ( l ) ,  a c t i v e  t r a n s p o r t  s y s t e m s  ( a m i n o  a c i d  

t r a n s p o r t ,  s u g a r  t r a n s p o r t ,  a n d  p o s s i b l y  v i t a m i n  a n d  e s s e n t i a l  

m e t a l  t r a n s p o r t ) ( 2 ) ,  a n d  r e c e p t o r  s y s t e m s  ( i n s u l i n  r e c e p t o r ,  

a s i a l o g l y c o p r o t e i n  r e c e p t o r ,  h o r m o n e  r e c e p t o r s ) ( 3 .  4 )  were p r e s e n t  

i n  t h e  m e m b r a n e  s t r u c t u r e s .  

F u r t h e r ,  i m p o r t a n t  m e m b r a n e - b o u n d  a n d / o r  i n t e g r a l  m e m b r a n e  

e n z y m e s  were p r e s e n t ;  l i p o a m i d a s e  ( 5 ,  6 ) ,  g u a n y l a t e  c y c l a s e  ( 7 ) ,  

a c e t y l c h o l i n e s t e r a s e  ( 4 ,  8 ) .  a n d  5 ' - n u c l e o t i d a s e  ( 9 )  were p r e s e n t  

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

d u c t i o n  o r  a c t i v e  t r a n s p o r t .  

T h e s e  m e m b r a n e  e n z y m e s  w e r e  a s s a y e d  hy p h o t o m e t r i c  a n d  

r a d i o i s o t o p i c  m e t h o d s .  However,  m e m b r a n e s  s a m p l e s  were n o t  

c l e a r  o r  t r a n s p a r e n t ,  a n d  r e l i a b l e  p h o t o m e t r i c  a s s a y s  were 

u s u a l l y  d i f f i c u l t  t o  p e r f o r m .  R a d i o i s o t o p i c  m e t h o d  i s  

s e n s i t i v e ,  h o w e v e r  t h e  m e t h o d  i s  d a n g e r o u s  a n d  s p e c i a l  p r e -  

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

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

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

a h i g h  l e v e l  o f  b a c k g r o u n d  v a l u e s .  

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

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

a c c o r d i n g  t o  h y d r o p h o b i c i t y  o f  m o l e c u l e s  ( 1 0 ) .  R e v e r s e d - p h a s e  

HPLC s e p a r a t e s  s u b s t r a t e s  a n d  p r o d u c t s  o f  e n z y m e  r e a c t i o n  

f r o m  m e m b r a n e  c o m p o n e n t s ,  a n d  f r e e - f r o m  i n t e r f e r e n c e  o f  

t u r b i d i t y  o r  e n r o l m e n t .  W e  d e v e l o p e d  HPLC a s s a y  m e t h o d s  f o r  

t w o  r e p r e s e n t a t i v e  m e m b r a n e  e n z y m e s  by u s i n g  r e v e r s e d - p h a s e  

o c t a d e c y l  s i l a n e  ( O D S )  c o l u m n .  S u c h  m e t h o d  i s  a l s o  s h o w n  

t o  b e  a p p l i c a b l e  t o  b o d y  f l u i d  ( c o m p o s e d  o f  c o m p l e x  c o m p o n e n t s )  

of  human  s e r u m .  
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MEMBRANE-BOUND ENZYMES 223 I 

MATERIALS A N D  METHODS 

C h e m i c a l s  r e a g e n t s :  A d e n o s i n e  5 ' - m o n o p h o s p h a t e  (AMP) ,  

a d e n o s i n e ,  g u a n o s i n e  5 ' - t r i p h o s p h a t e  ( G T P ) ,  a n d  c y c l i c  g u a n o s i n e  

3 ' , 5 ' - m o n o p h o s p h a t e  ( c y c l i c  GMP) wcrc p u r c h a s e d  f r o m  B o e h r i n g e r -  

M a n n h e i m  Y a m a n o u c h i  C o . ,  T o k y o ,  J a p a n .  3 - I s o b u t h y l - 1 - m e t h y l -  

x a n t h i n e  (IBMX) was f r o m  S i g m a  C h e m i c a l  C o . ,  S t . L o u i s ,  M O ,  USA. 

D e v e l o s i l  ODS ( 5  micrometer p a r t i c l e  d i a m e t e r )  was from N o m u r a  

C h e m i c a l  Co. .  S e t o ,  A i c h i ,  J a p a n .  Home-made  D e v e l o s i l  ODS 

c o l u m n  ( 5 0  x 4 . 6  m m  I.D.) was m a n u a l l y  p a c k e d  a c c o r d i n g  t o  t h e  

p r o c e d u r e  a s  p r e v i o u s l y  d e s c r i b e d  ( 1 1 ) .  N u c l e o s i l  5 C 1 8  ( 2 5 0  x 

4 . 6  m m  I . D . )  p a c k e d  c o l u m n ,  t r i f l u o r o a c e t i c  a c i d  ( T F A ) ,  p h o s p h o r i c  

a c i d ,  a n d  s o d i u m  d i h y d r o g e n  p h o s p h a t c  were f r o m  Wako P u r e  C h e m i c a l  

C o . ,  O s a k a ,  J a p a n .  

S p e c i m e n s :  M e m b r a n e  f r a c t i o n s  were p r e p a r e d  f r o m  p i g  b r a i n  

a s  d e s c r i b e d  p r e v i o u s l y  ( 6 ) .  Microsomal m e m b r a n e s  ( P 3 )  were 

o b t a i n e d  a f t e r  u l t r a c e n t r i f u g a t i o n  of  t h e  S 2  f r a c t i o n  a t  1 0 5 , 0 0 0  

x g for 60 m i n  i n  0 . 3 2  M s u c r o s e  ( s p e c i f i c  g r a v i t y = 1 . 0 5 )  c o n t a i n -  

i n g  1 mM s o d i u m  p h o s p h a t e  b u f f e r  (pH 7 . 0 ) .  Human s e r u m  was 

o b t a i n e d  f r o m  N a t i o n a l  C h i l d r e n ' s  H o s p i t a l ,  S e t a g a y a - K u ,  T o k y o ,  

J a p a n .  T h e  s p e c i m e n s  were s t o r e d  a t  -2O'C. 

H i g h - p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y :  ( 1 )  A p p a r a t u s  

f o r  G u a n y l a t e  c y c l a s e  (EC 4 . 6 . 1 . 2 )  a s s a y ;  HPLC pump u s e d  was 

Waters m o d e l  600 ( W a t e r s  A s s o c i a t e s ,  I n c . ,  M i l f o r d ,  MA, USA) .  

M o d e l  116K s a m p l e  i n j e c t i o n  u n i t  ( W a t e r s ;  0 . 2  m l  s a m p l e - l o o p )  a n d  

H i t a c h i  F - 3 0 0 0  F l u o r o m e t e r  ( H i t a c h i  C o r p . ,  T o k y o ,  J a p a n )  were 

u s e d  w i t h  5 0  m m  l o n g  h o m e - m a d e  ODS c o l u m n .  S o l v e n t  A was a q u e -  

o u s  0 .1% TFA. a n d  s o v e n t  R w a s  m e t h a n o l .  A s t e p  g r a d i e n t  was 

u s e d  a s  s h o w n  i n  T a b l e  I .  C o l u m n  t e m p e r a t u r e  was a t  a m b i e n t  o f  

23 'C.  ( 2 )  A p p a r a t u s  f o r  5 ' - n u c l e o t i d a s e  (EC 3 . 1 . 3 . 3 1 )  a s s a y ;  

C o m b i n a t i o n  o f  HPLC pump o f  LKB m o d e l  2150 ( P h a r m a c i a - L K B ,  
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2232 OIZUMl A N D  H A Y A K A W A  

T a b l e  I .  T y p i c a l  e l u t i o n  programme r o u t i n e l y  used  i n  t h e  

g u a n y l a t e  c y c l a s e  a s s a y .  
* 

T i m e  F l o w - r a t e  S o l v e n t  A S o l v e n t  B 
( m i n )  ( m l l m i n )  ( % )  ( % )  

I n i t i a l  1 . o o  100  0 

7.00 1 .oo 100  0 

7 .01  2.00 0 100 

10.00 2 . 0 0  0 100 

1 0 . 0 1  2 .00  100 0 

1 3 . 0 0  2 . 0 0  1 0 0  0 

1 3 . 0 1  1 . 0 0  100  0 

* G u a n y l a t e  c y c l a s e  a s s a y  p e r  one  c y c l e  o f  d e t e r m i n a t i o n  

r e q u i r e d  f u r  15 m i n .  

U p p s a l a ,  Sweden) ,  an  i n j e c t o r  model SSC-EIE-005 ( 0 . 2  m l  o f  l o o p  

f o r  s a m p l e ;  Senshu  S c i e n t i f i c  C o . ,  Tokyo J a p a n ) ,  a co lumn oven  

model 6558-52 ( H i t a c h i ) ,  and model 655A-21 v a r i a b l e  w a v e l e n g t h  

U V  m o n i t o r  ( H i t a c h i )  was u s e d .  An i s o c r a t i c  e l u t i o n  by a 

s o l v e n t  of 0 . 1  M sodium p h o s p h a t e  b u f f e r  (pH 2 . 0 )  was u s e d ,  and 

a f l o w r a t e  was 1 . 5  s l / m i n .  Column t e m p e r a t u r e  was 45'C. 

Enzyme a s s a y :  ( 1 )  G u a n y l a t e  c y c l a s e ;  G u a n y l a t e  c y c l a s e  

a c t i v i t y  was a s s a y e d  i n  t h e  r e a c t i o n  m i x t u r e  e s s e n t i a l l y  a c c o r d i n g  

t o  r e f e r e n c e  7 .  The r e a c t i o n  m i x t u r e  c o n s i s t e d  o f  2 0  mM T r i s -  

h y d r o c h l o r i d e  (pH 8 . 0 ) ;  3 mM manganese  c h l o r i d e ,  0 . 1  m M  G T P ,  

0 . 2  mM I B M X ,  and enzyme 0 . 0 1  m l  (membrane f r a c t i o n ,  1 0  mg of  

p r o t e i n / m l ;  1 0 - f o l d  d i l u t e d  se rum w i t h  d i s t i l l e d  w a t e r ,  6 . 5  m g  
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MEMBRANE-BOUND ENZYMES 2233 

of p r o t e i n / m l )  i n  a t o t a l  v o u m e  o f  0 . 1  ml. A s  a c o n t r o l ,  b o i l e d  

e n z y m e  s a m p l e ,  w h i c h  % a s  h e a t e d  a t  100'C f o r  3 m i n ,  was a l s o  

i n c u b a t e d .  R e a c t i o n  was s t a r t e d  by i n c u b a t i n g  t h e  r e a c t i o n  t e s t  

L u b e  ( 1 0  x 75  mm) a t  37 'C.  A f t e r  i n c u b a t i o n ,  t h e  r e a c t i o n  

m i x t u r e  was a d d e d  0 . 1  m l  o f  6 M h y d r o c h l o r i c  a c i d  t o  s t o p  t h e  

r e a c t i o n .  T h e  t e s t  t u b e  w a s  c e n t r i f u g e d  a t  1,500 x g f o r  15  m i n .  

A p o r t i o n  (0.01 m l )  of  t h e  c l e a r  s u p e r n a t a n t  w a s  i n j e c t e d  i n t o  

t h e  N P L C - f l u o r i m e t r i c  s y s t e m .  P r o d u c e d  c y c l i c  GMP was mea- 

s u r e d  by t h e  i n t r i n s i c  f l u o r e s c e n c e  ( e x c i t a t i o n  w a v c l e n g t h  a t  

290 nm a n d  e m i s s i o n  w a v e l e n g t h  a t  400  n m ) .  

( 2 )  5 ' - N u c l e o t i d a s e ;  T h e  r e a c t i o n  m i x t u r e  was e s s e n t i a l l y  

a c c o r d i n g  t o  t h e  r e f e r e n c e  9 .  T h e  r e c t i o n  m i x t u r e  ( t o t a l  o f  

0 . 1  m l )  was a s  f o l l o w s ;  2 0  mM T r i s - h y d r o c h l o r i d e  ( p H  8 . 0 ) ,  0 . 0 1  

m l  o f  m e m b r a n e  f r a c t i o n  ( 1 0  mg o f  p r o t e i n / m l )  o r  1 0 - f o l d  d i l u t e d  

s e r u m  by water  ( 6 . 5  mg o f  p r o t e i n / m l ) ,  a n d  0 . 1  mM AMP. T h e  

r e a c t i o n  was s t a r t e d  a f t e r  a d d i t j o n  o f  e n z y m e  by i n c u b a t i n g  a t  

37'C. A f t e r  t h e  r e a c t i o n ,  0 . 1  m l  o f  6 M h y d r o c h l o r i c  a c i d  was 

a d d e d  t o  

x g f o r  

i n j e c t e d  

m e a s u r e d  

a d e n i n e  

s t o p  t h e  r e a c t i o n .  A f t e r  t h e  c e n t r i f u g a t i o n  a t  1 .500 

5 m i n ,  0 . 0 1  m l  p o r t i o n  of t h e  c l e a r  s u p e r n a t a n t  was  

i n t o  t h e  HPLC s y s t e m .  T h e  p r o d u c e d  a d e n i n e  was 

by U V  a d s o p t i o i l  a t  260 nm. T h e  a m o u n t  o f  AMP a n d  

n j e c t e d  were c a l c u l a t e d  by a d a t a  p r o c e s s o r  ( C h r o m a t o p a c  

m o d e l  C-RIA S h i m a d z u  C c . ,  K y o t o ,  J a p a n ) .  

P r o t e i n  a s s a y  P r o t e i r ,  c o r c e n t r a t i o n s  were d e t e r m i n e d  by  

B C A  P r o t e i n  A s s a y  K i t  ( P i e r c e  C h e m l c a l  C o . .  R o c k f o r d ,  I L ,  USA) 

u s i n g  b o v i n e  s e r u m  a l b u m i n  a s  a s t a n d a r d .  

RESULTS A N D  DISCUSSION -- 
( I )  G u a n y l a t e  c y c l a s e  a s s a y :  When a D e v e l o s i l  ODs c o l u m n  

(50  x 4 . 6  mm I . D . )  a n d  t h e  g r a d i e n t  p r o g r a m m e  s h o w n  i n  T a b l e  I 
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F i g u r e  1.  

~ 

Serum 

L- 
3 5 10 

I L 

0 5 10 
Time (min) 

T y p i c a l  c h r o m a t o g r a m s  f o r  t h e  d e t e r m i n a t i o n  o f  
g u i n y l a t e  c y c l i s e  a c t i v i L y  i n  s e r u m  s a m p l e .  P a n e l  A ;  s e r u m  
s a m p l e .  P a n e l  B ;  b o i l e d  s e r u m  c o n t r o l .  T h e  a m o u n t  o f  cGMP 
i n  p a n e l  A was d e t e r m i n e d  a s  53 p m o l  by e x t e r n a l  c a l i b r a t i o n  
( p e a k  h e i g h t ) .  O t h e r  c o n d i t i o n s  were a s  d e s c r i b e d  i n  Mate- 
r i a l s  a n d  M e t h o d s .  

were u s e d ,  Lhe  t w o  s t a n d a r d s  (GTP a n d  c y c l i c  GMP) were e l u t e d  

a t  1 . 2  m i n  ( i n j e c t i o n  p o i n l )  a n d  6 . 4  m i n ,  r e s p e c t i v e l y .  T h e  

r e l a t i o n s h i p  h e t w e e r  t h e  a m o u n t  o f  GTP a n d  c y c l i c  GMP i n j e c t e d  

a n d  t h e  p e a k  h e i g h t  was l i n e a r  i n  t h e  c o n c e n t r a t i o n  r a n g e  5- 

5000 p m o l .  T h e  c o c f f i c i e n t  of v a r i a t i o n  ( C . V . )  f o r  d e t e r -  

m i n a t i o n  o f  GTP a n d  c y c l i c  GMP wcre l e s s  t h a n  1%.  

We a p p l i e d  t h i s  m e t h o d  t o  m e m b r a n e  f r a c t i o n  ( P 3 )  a n d  

d i l u t e d  s e r u m  s a m p l e s .  A t y p i c a l  e x a m p l e  ( s e r u m  s a m p l e )  of 

c h r o m a t o g r a p h i c  s e p a r a t i o n  i s  s h o w n  i n  F i g u r e  1 .  GTP was 

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

c y c l i c  GMP was c l e a r l y  s e p a r a t e d  i n  t h i s  H P L C  s y s t e m .  I n  
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m e m b r a n e  s a m p l e s  t h e r e  a r e  l e s s  i n t e r f e r i n g  c o m p o u n d s  t h a n  s e r u m ,  

a n d  s i m i l a r  s t o i c h i o m e t r i c a l  c o r r e l a t i o n  b e t w e e n  t h e  d e c r e a s e  i n  

t h e  a m o u n t  o f  s u b s t r a t e  ( G T P )  a n d  t h e  i n c r e a s e  i n  t h e  p r o d u c t  

( c y c l i c  GMP) was a l s o  o b t a i n e d  s i m i l a r l y  a s  t h e  p r e v i o u s  r e f e r e n c e  

1 2 .  A s  s h o w n  i n  F i g u r e  1 ( p a n e l  B ) ,  b o i l e d  s e r u m  d i d  n o t  

p r o d u c e  t h e  p r o d u c t  o f  c y c l i c  GMP a t  a l l .  T h e  p r o d u c t i o n  o f  

c y c l i c  GMP w a s  l i n e a r  b e t w e e n  O t o  1 5  h .  

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

m i c r o s o m a l  m e m b r a n e s  ( P 3 )  a n d  h u m a n  s e r u m  were 1 6 7  f 6 . 2  ( n = 3 )  

a n d  6 . 4  f 1 . 2  ( n 1 3 )  p m o l / m i n  p e r  mg o f  p r o t e i n ,  r e s p e c t i v e l y .  

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

a n d  a l s o  h u m a n  s e r u m .  

( 2 )  5 ' - N u c l e o t i d a s e  a s s a y :  When a N u c l e o s i l  5 C 1 8  c o l u m n  ( 2 5 0  

x 4 . 6  m m  I.D.) a n d  a n  i s o c r a t i c  e l u t i o n  by a c i d i c  p h o s p h a t e  

b u f f e r  ( 0 . 1  M s o d i u m  p h o s p h a t e  b u f f e r ,  pH 2 . 0 )  were u s e d ,  t h e  

t w o  s t a n d a r d s  (AMP a n d  a d e n o s i n e )  were e l u t e d  a t  4 . 0  a n d  8 . 7  

m i n ,  r e s p e c t i v e l y .  A t y p i c a l  e x a m p l e  f o r  s e r u m  s a m p l e  was 

s h o w n  i n  F i g u r e  2 ,  w h e r e  s i m u l t a n e o u s  d e t e r m i n a t i o n s  f o r  t h e  

s u b s t r a t e  (AMP) a n d  t h e  p r o d u c t  ( a d e n o s i n e )  by  a d a t a  p r o c e s s o r  

were a l s o  i n d i c a t e d .  A s  s h o w n  i n  F i g u r e  2 ( p a n e l  B ) ,  b o i l e d  

s e r u m  a l s o  s h o w e d  no  p r o d u c t i o n  o f  t h e  p r o d u c t  o f  a d e n o s i n e .  

T h e  c o e f f i c i e n t  o f  v a r i a t i o n  ( C . V . )  was a l s o  w i t h i n  1%.  T h e  

r e l a t i o n s h i p  b e t w e e n  t h e  a m o u n t s  o f  AMP a n d  a d e n o s i n e  i n j e c t e d  

a n d  t h e  p e a k  h e i g h t s  was l i n e a r  i n  t h e  c o n c e n t r a t i o n  r a n g e  1- 

100 n m o l .  I n  t h e  c a s e  o f  1 0 - f o l d  d i l u t e d  s e r u m  a n d  m e m b r a n e  

s a m p l e s  i n  5 ' - n u c l e o t i d a s e  a s s a y ,  t h e r e  i s  a c l e a r  s t o i c h i o -  

m e t r i c  d e c r e a s e  i n  s u b s t r a t e  o f  AMP a n d  i n c r e a s e  i n  p r o d u c t  

o f  a d e n o s i n e .  A d e n o s i n e  p e a k  was r a t h e r  a s y m m e t r i c  a s  s h o w n  

i n  F i g .  2 ,  a l t h o u g h  t h e  c o l u m n  u s e d  was a n e w l y  o b t a i n e d  c o l u m n .  

T h i s  r e a s o n  i s  n o t  y e t  c l e a r  a t  t h i s  t i m e ,  h o w e v e r  d e l e t i o n  o f  

T h e  s p e c i f i c  
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Serum 

_1 AMP 
1 
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" , . . I  ..., . _ _  
* . , . * . , . r  ,..> 
fl .: , .. ., .s 

I -  , o r  
t .. , .. " .  I , 

: . . .  . I : . .  

Y v,,.,.. .. 
7 P . C  0 : .  ,., 
..., .. .,,.n.> 
._ . . . . . . , 

f ; : *  
.I .I (I 

. - , ,  

Boiled Serum 
*. . AMP 
/ 

r- 

F i g u r e  2 .  T y p i c a l  c h r o m a t o g r a m s  f o r  t h e  d e t e r m i n a t i o n  
o f  5 ' - n u c l e o t i d a s e  a c t i v i t y  i n  s e r u m  s a m p l e .  P a n e l  A ;  s e r u m  
s a m p l e .  P a n e l  En; b o i l e d  s e r u m  c o n t r o l .  CONC i n  p a n e l  A a n d  
B r e p r e s e n t s  t h e  a m o u n t  o f  AYP a n d  a d e n i n e  i n j e c t e d  a t  n m o l .  
O t h e r  c o n d i t i o n s  were a s  d e s c r i b e d  i n  M a t e r i a l s  a n d  M e t h o d s .  

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

h a v i n g  c o m p l e x  p a r - i t i o n  n a t u r e ;  i . c .  s u c h  a s  g l y c h y r h i t i n  ( a  

g l y c o s i l a t e d  m o l e c u l e )  e x h i b i t  s u c h  a c o m p l e x  s o l v o p h o b i c  

p h e n o m e n o n .  H o w e v e r ,  t h e  p e a k  o b t a i n e d  was s a t i s f a c t o r y  i n  

t h e  p e a k  a r e a  m e a s ~ r m e n t  by a d a t a  p r o c e s s o r .  

5 ' - N u c l e o t i d a s e  a c t i v i t i e s  i n  p i g  b r a i n  microsomal  m e m -  

b r a n e s  ( P 3 )  a n d  huinan s e r u m  were 2 7 5  f 1 2 . 3  ( n = 3 )  a n d  4 6 . 8  f 7.8 

p m o l / m i n  p e r  m g  of p r o t e i n ,  r e s p e c t i v e l y .  T h e  m e t h o d  was 

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

s e r u m .  

5 ' - N u c l e a s e  i s  l o c a t e d  o n  t h e  o u t e r  s i d e  ( e x t e r i o r  s i d e )  o f  

p l a s m a  m e m b r a n e s ,  o n  t h e  o t h e r  h a n d  g u a n y l  c y c l a s e  i s  l o c a t e d  i n  
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t h e  i n n e r  s i d e  ( c y t o p l a s m i c  s i d e )  o f  t h e  p l a s m a  m e m b r a n e .  T h e  

m e m b r a n e  p r e p a r a t i o n s  o f  m i c r o s o m e s  e x h i b i t e d  b o t h  o f  5 ' - n u c l e o -  

t i d a s e  a n d  g u a n y l  c y c l a s e  a c t i v i t i e s .  T h i s  i n d i c a t e s  t h a t  b o t h  

d i r e c t i o n s  o f  i n v e r t e d  a n d  n o r m a l  v e s i c l e s  wcre p r e s e n t  i n  

microsomes.  T h e  p r e c i s e  d e t e r m i n a t i o n  m e t h o d  by  HPLC i s  e x -  

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

5 ' - N u c l e o t i d a s e  a c t i v i t y  h a s  b e e n  k n o w n  t o  b e  p r c s c n t  i n  

s e r u m  a s  a l k a l i n e  p h o s p h a t a s e  d o e s .  H o w e v e r ,  t h e  p r e s e n c e  o f  

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

r e m a i n e d  t o  b e  e l u c i d a t e d  t h e  r e a s o n  why s u c h  e n z y m e s  a s  l a c t a t e  

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

a n d  g u a n y l a t e  c y c l a s e  a r e  p r e s e n t  i n  s e r u m .  
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