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Ral  l iver  xanthine dehydrogenase exists  as NAD-dcpendent 
type(type-D) in t h e  freshly prepared sample but  through t h e  procedure 
of purilication most of type-D enzyme is converted t o  0 -dependent 
type(type-0) .  This conversion occurs  e i the r  reversibly &rough t h e  
oxidation of sulfhydryl groups o r  irreversibly through t h e  proteolysis 
of enzyme molecule. In t h e  present  experiment using purified type-D 
enzyme 8 moles of sulfhydryl groups per mole of FAD were  modified 
with 4,4'-dithiodipyridine for  t h e  complete  conversion. 2 moles of 
4-ttiiopyridone were  formed by addition of 1 mole of 
4,4'-ditl~iodipyridine, suggesting tha t  these sulfhydryl groups were 
located closely t o  e a c h  other .  Modification with o the r  sulfhydryl 
reagents  showed tha t  sulfhydryl groups essent ial  f o r  t h e  conversion 
existed in t h e  hydrophobic environments. This enzyme i s  known t o  
consist of two  identical subunits. Each subunit contains one PAD, 
two  iron-sulfur cen te r s  and one molybdo-pterine as cofactors. 
Anaerobic t i t rat ion of  both types of enzyme showed tha t  the  redox 
propert ies  of FAD of type-D enzyme was d i f f e ren t  from tha t  of 
typc -0  enzyme, but  t h a t  the  former became similar t o  t h e  l a t t e r  
in t h e  presence of NAD. This suggests tha t  t h e  binding of  NAD 
modulates Lhe react ivi ty of type-D enzyme. The s teady s t a t e  kinetics 
of  both types of enzyme showed tha t  Km value fo r  0 of type-D 
enzyme was considerably higher than t h a t  of type -0  a n 8  tha t  Vm 
of xanthine-0 act ivi ty of type-D enzyme was about  one-four?): 
of  t h a t  of  typg-0  enzyme. 
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P u r i n e  n u c l e o s i d e  phesphory lase  (PNP) d e f i c i e n c y  is c h a r a c t e -  
r i z e d  by s e v e r e  combined immunodeficiency. Although c a s e s  of  
adenos ine  deaminase d e f i c i e n c y  have been r e p o r t e d ,  t h i s  f i r s t  
c a s e  has  been t h e  o n l y  one e v e r  r e p o r t e d  i n  Japan .  The p a t i e n t  
was a  7-year-old g i r l  who had developed r e c u r r e n t  r e s p i r a t o r y  in -  
f e c t i o n s  s i n c e  3 y e a r s  o l d  and d i e d  from v a r i c e l l a  i n f e c t i o n .  
She had s i g n i f i c a n t l y  low l e v e l s  of serum u r i c  a c i d  and reduced 
T-lymphocytes f u n c t i o n ,  which l e a d  us  t o  examine t h e  PNP a c t i v i t y  
i n  e r y t h r o c y t e s .  The a c t i v i t y  was o n l y  4.8% of t h e  c o n t r o l s .  I n  
a d d i t i o n ,  PNP a c t i v i t y  i n  t h e  p a r e n t s  showed on ly  abou t  50% of 
normal c o n t r o l s .  The r e s i d u a l  PNP i n  l i v e r  was immunological ly 
c r o s s  r e a c t i v e  t o  t h e  an t ibody  which was determined by Ochtalony 
and Western b l o t t i n g .  The physico-chemical  c h a r a c t e r i s t i c s  of 
PNP a c t i v i t i e s  from t h e  p a t i e n t ' s  l i v e r  showed no r e x a r k a b l e  
d i f f e r e n c e  when compared t o  t h a t  of t h e  c o n t r o l s  excep t  f o r  t h e  
s l i g h t l y  d i f f e r e n t  o p t i m a l  pH. To de te rmine  t h e  r eason  why t h e  
PNP a c t i v i t y  i n  t h e  p a t i e n t  was d e f i c i e n t ,  t h e  molecu la r  approach 
was necessa ry .  For t h i s  purpose t h e  m RNA was e x t r a c t e d  from t h e  
p a t i e n t ' s  a s  w e l l  a s  c o n t r o l  l i v e r s  and Northern b l o t t i n g  method 
was used.  The r e s u l t  showed t h a t  t h e  p a t i e n t  had t h e  same mole- 
c u l a r  RNA s i z e  and t h e  i n t a c t  volume of m RNA. These s t r o n g l y  
s u g g e s t s  t h a t  t h e  p a t i e n t  h a s  p o i n t  muta t ion  i n  PNP-DNA. 
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I n  p h o s p h a t e - f r e e  i so ton ic  m e d i a ,  14-C h y p o x a n t h i n e  
is t a k e n  u p  b y  h u m a n  e r y t h r o c y t e s  b u t  less t h a n  5% of 
t h e  p u r i n e  b a s e  is m e t a b o l i z e d  t o  IMP. T h e  k i n e t i c s  o f  
u p t a k e  is s t r o n g l y  d e p e n d e n t  o n  t e m p e r a t u r e  a n d  on i n i -  
t i a l  h y p o x a n t h i n e  c o n c e n t r a t i o n  i n  t h e  s u s p e n d i n g  me- 
d i u m .  A t  0 -5°C.  b u t  not  at h i g h e r  t e m p e r a t u r e s ,  the a d -  
d i t i o n  of c o l d  h y p o x a n t h i n e  t o  t h e  i n c u b a t i o n  m i x t u r e  
l e a d s  t o  a d e c r e a s e  of t h e  a m o u n t  o f  l a b e l e d  b a s e  t a k e n  
up b y  t h e  cel ls .  E x p e r i m e n t s  p e r f o r m e d  a t  e q u i l i b r i u m  
s h o w  t h a t  the t o t a l  a m o u n t  o f  r a d i o a c t i v e  m a t e r i a l  ta- 
k e n  u p  b y  e r y t h r o c y t e s  is a h y p e r b o l i c  f u n c t i o n  of t h e  
t o t a l  ( l a b e l e d  p l u s  c o l d )  h y p o x a n t h i n e  c o n c e n t r a t i o n .  
A d e c r e a s e  i n  t h e  rate of 14-C h y p o x a n t h i n e  u p t a k e  is 
o b s e r v e d  w h e n  t h e  c e l l s  are p r e i n c u b a t e d  i n  t h e  p r e s e n -  
ce o f  p r o t e i n a s e  K .  By c o n t r a s t ,  w h e n  the u p t a k e  i s  
s t u d i e d  a t  20-37'C,  t h e  t i m e  c o u r s e  of h y p o x a n t h i n e  up-  
t a k e  b y  p r o t e a s e - t r e a t e d  ce l l s  a p p e a r s  t o  b e  v e r y  s i m i -  
lar  t o  t h a t  o b s e r v e d  u s i n g  na t ive  cel ls .  A t  t h e s e  t em-  
p e r a t u r e s ,  h y p o x a n t h i n e  is t a k e n  u p  b y  t h e  c e l l s  u n t i l  
i ts i n t r a c e l l u l a r  c o n c e n t r a t i o n  b e c o m e s  a p p r o x i m a t e l y  
e q u a l  t o  t h e  e x t r a c e l l u l a r  o n e .  
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R a d i o l a b e l e d  a d e n i n e  ( 1 - 2 0  p M )  is t a k e n  u p  a n d  accu- 
m u l a t e d  i n t r a c e l l u l a r l y  a b o v e  e q u i l i b r i u m  l eve l s  b y  h u -  
man  e r y t h r o c y t e s  s u s p e n d e d  i n  p h o s p h a t e - f r e e  i so ton ic  
m e d i a  a t  37'C.  A d e n i n e ,  a d e n o s i n e ,  a n d  a d e n i n e  nucleot i -  
d e s  a r e  t h e  c h i e f  l a b e l e d  c o m p o u n d s  p r e s e n t  i n  t h e c e l l s  
u n d e r  these conditions.  T h e  i n c o r p o r a t i o n  of l a b e l e d  
a d e n i n e  is s t r o n g l y  i n h i b i t e d  b y  c o l d  a d e n i n e  ( 5 - 5 0  pM), 
b u t  n o t  b y  h y p o x a n t h i n e  ( u p  t o  2 mM). T h e  rate o f  a d e -  
n i n e  i n c o r p o r a t i o n  is i n d e p e n d e n t  o f  t h e  o x y g e n  p a r t i a l  
t e n s i o n  a n d  r e a c h e s  a maximum v a l u e  a r o u n d  p h y s i o l o g i -  
cal pH. T h e  rate of i n c o r p o r a t i o n  of the p u r i n e  base 
i n c r e a s e s ,  if t h e  ce l l s  are p r e i n c u b a t e d  f o r  10-30 m i n  
a t  37'C i n  t h e  p r e s e n c e  o f  4 0 - 1 0 0  mU/ml x a n t h i n e  o x i d a -  
se. T h e  s a m e  r e s u l t  can b e  o b t a i n e d ,  u s i n g  e r y t h r o c y t e s  
e n r i c h e d  w i t h  PRPP o r  w i t h  14-C IMP. I n  t h e  lat tercase,  
a d e n i n e  u p t a k e  is a s s o c i a t e d  w i t h  the release o f  e q u i -  
m o l a r  a m o u n t s  of h y p o x a n t h i n e  w h i c h  r e s u l t s  f r o m  t h e  
c a t a b o l i s m  of i n t r a c e l l u l a r  IMP. 
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It i s  l i k e l v  t h a t  an  e x o ~ e n o u s l y  a p p l i e d  enzyme can a c c e s s  . .- 
t h e  s y n a p t i c  r e g i o n  and can be used t o  examine the  r o l e  of i t s  
s u b s t r a t e  a s  a  n e u r o t r a n s m i t t e r  provided t h a t  t h e  end product  
has reduced a c t i v i t y  i n  t h e  t i s s u e .  

I n  guinea-pig ATP has been sugges ted  a s  t h e  n e u r o t r a n s m i t t e r  
med ia t ing  r e l a x a t i o n  by t h e  non-adrenergic ,  non-cho l ine rg ic  
(NANC) ne rves  i n  t h e  t a e n i a  c o l i  and a s  a  c o t r a n s m i t t e r  
med ia t ing  t h e  t w i t c h  component of the  c o n t r a c t i o n  i n  r e sponse  
t o  sympa the t i c  ne rve  s t i m u l a t i o n  i n  t h e  vas de fe rens .  
Nuc leo t ide  pyrophosphatase c o n v e r t s  ATP t o  a  much l e s s  a c t i v e  
AMP and caused a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  r e l a x a t i o n s  t o  
NANC nerve s t i m u l a t i o n  i n  t h e  t a e n i a  and t o  t h e  t w i t c h  
components of c o n t r a c t i o n s  t o  sympa the t i c  ne rve  s t i m u l a t i o n  i n  
t h e  vas de fe rens .  The enzyme f a i l e d  t o  a f f e c t  r e sponses  t o  
n o r a d r e n a l i n e  and a d r e n e r g i c  neuro t ransmiss ion  i n  each t i s s u e  
demons t ra t ing  i ts s p e c i f i c i t y .  

I n  t h e  guinea-pig t r a c h e a  adenosine has been sugges ted  a s  t h e  
n e u r o t r a n s m i t t e r  i n  NANC i n h i b i t o r y  nerves.  I n  d ipyr idamole  
t r e a t e d  p r e p a r a t i o n s ;  adenos ine  deaminase caused a s i g n i f i c a n t  
r e d u c t i o n  i n  i n h i b i t o r y  r e sponses  t o  NANC nerve  s t i m u l a t i o n  and 
t o  adenos ine  wherease r e sponses  t o  VIP and c h o l i n e r g i c  ne rve  
s t i m u l a t i o n  were unaf fec ted .  Thus s t u d i e s  wi th  nuc leos ide  and 
n u c l e o t i d e  me tabo l i s ing  enzymes have provided suppor t  f o r  
p u r i n e r g i c  t r a n s m i s s i o n  i n  t h e  guinea-pig. 
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Exogenously a p p l i e d  ATP c a u s e s  a  r ap id  c o n t r a c t i o n  of t h e  
i s o l a t e d  guinea-pig vas d e f e r e n s  p r e p a r a t i o n  and is a c a n d i d a t e  
a s  a  c o t r a n s m i t t e r  med ia t ing  t h e  t w i t c h  component of t h e  
r e sponse  t o  sympa the t i c  ne rve  s t i m u l a t i o n  i n  the  p r e p a r a t i o n .  

The enzyme n u c l e o t i d e  pyrophosphatase conver t s  ATP t o  AMP 
which is i n a c t i v e  i n  t h e  vas d e f e r e n s  p r e p a r a t i o n .  I n  p repa ra -  
t i o n s  t r e a t e d  wi th  t h e  enzyme, c o n t r a c t i o n s  t o  ATP were 
markedly reduced compared t o  c o n t r o l  u n t r e a t e d  p r e p a r a t i o n s .  
C o n t r a c t i o n s  i n  r e sponse  t o  sympa the t i c  ne rve  s t i m u l a t i o n  were 
reduced i n  ampl i tude  only s l i g h t l y  by n u c l e o t i d e  pyro- 
phosphatase t r ea tmen t  a l though  t h e  peak of t h e  i n i t i a l  t w i t c h  
component was a b o l i s h e d  l e a v i n g  t h e  s lower phas ic  component. 
The drug phentolamine a b o l i s h e d  t h e  s lower  phas ic  response t o  
sympa the t i c  nerve s t i m u l a t i o n  which is a t t r i b u t e d  t o  t h e  
n o r a d r e n a l i n e  component of t h e  co t ransmiss ion  but  t h e  i n i t i a l  
tw i t ch  component was not  reduced. I n  phentolamine t r e a t e d  
p r e p a r a t i o n s ,  n u c l e o t i d e  pyrophosphatase caused a  marked 
r e d u c t i o n  of t h e  response t o  sympa the t i c  nerve s t i m u l a t i o n .  
Nuc leo t ide  pyrophosphatase f a i l e d  t o  a f f e c t  c o n t r a c t i o n s  due t o  
n o r a d r e n a l i n e  i n  phentolamine-free p repa ra t ions .  

The f i n d i n e  t h a t  n u c l e o t i d e  ovronhosnhatase s e l e c t i v e l v  .. . . 
an tagon i sed  t h e  t w i t c h  component of the  r e sponse  t o  sympa the t i c  
ne rve  s t i m u l a t i o n  and c o n t r a c t i o n s  t o  ATP s u p p o r t s  t h e  i d e a  
t h a t  ATP is a c o t r a n s m i t t e r  i n  t h e  t i s s u e .  
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