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Complete d e f i c i e n c y  of HPRT r e s u l t s  i n  a  d e v a s t a t i n g  
n e u r o l o g i c a l  d i s e a s e ,  Lesch-Nyhan syndrome. We have 
c o n s t r u c t e d  two v e c t o r s  de r ived  from HSV-1 c o n t a i n i n g  
e x p r e s s i b l e  human HPRT cDNA, des igna ted  HSV-HPIO and HSV- 
HP87. HPRT d e f i c i e n t  c u l t u r e d  r a t  neurona l  c e l l s  i n f e c t e d  
wi th  t h e s e  v e c t o r s  express  human HPRT a t  l e v e l s  comparable t o  
those  i n  wild type r a t  neurona l  c e l l s .  S t a b l e  t r ans format ion  
t o  t h e  HPR* phenotype was observed i n  t o  of 
i n f e c t e d  c e l l s .  These Vec to rs  were s l i g h t l y  l e s s  c y t o p a t h i c  
than  wild-type HSV-1 ( s t r a i n  KOS). We a r e  a t t empt ing  t o  
reduce v i r a l  c y t o p a t h i c  e f f e c t  by  W - i r r a d i a t i o n  of  t h e  
recombinant v i r i o n s  which renders  HSV-1 r e p l i c a t i o n  d e f e c t i v e  
whi le  main ta in ing  t r ans forming  c a p a c i t y .  These experiments  
demonstrate  t h e  f e a s i b i l i t y  of HSV-1 mediated HPRT gene 
t r a n s f e r  i n t o  neurona l  c e l l s .  I n  v ivo  i n f e c t i o n  of mice is  
c u r r e n t l y  i n  p rogress .  
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I n  LND, Hx i s  e l e v a t e d ,  e s p e c i a l l y  i n  b r a i n  and CSF. 
Since Hx accumulat ion may promote l i p i d  pe rox ida t ion  

and s i n c e  s i m i l a r  mechanisms may subserve  6-OHDA n e u r o t o x i c i t y ,  
we considered a s i n ~ p l e  r e l a t i o n s h i p  between Hx accumulat ion and 
DA d e p l e t i o n  i n  p a t i e n t s  w i t h  LND. Cannulas packed wi th  s o l i d  
Hx were implanted i n  cauda te  nuc leus  of r a t s ;  t u r n i n g  behav ior  
was s t imula ted  by i n j e c t i o n  of apomorphine. Trea ted  animals  
show pronounced t ime and dose-dependent i p s i l a t e r a l  tu rn ing ,  
which peaks 14-18 days a f t e r  cannu la  implan ta t ion .  Turning is 
blocked n r  reduced by h a l o p e r i d o l ,  a  g e n e r a l  DA a n t a g o n i s t s  and 
by SCH 23390, a  s e l e c t i v e  Dl a n t a g o n i s t .  U r i c  ac id .  pur ines ,  
nuc leos ides ,  catecholamines and m e t a b o l i t e s  and 5HIAA were moni- 
t o r e d  by HPLC of b r a i n  reg ions .  Dep le t ion  of DA was i n v e r s e l y  
r e l a t e d  t o  pur ine  concen t ra t ion  a t  peak t imes of  behav iora l  
e f f e c t .  NE was no t  reduced i n  l i m b i c  o r  c o r t i c o l  f o r e b r a i n .  DA 
r e c e p t o r s  were inc reased  1 . 3 - 1 . 7 ~  i n  t r e a t e d  cauda te .  Allop-ri-  
no1 d i d  n o t  block the  development of DA d e p l e t i o n .  I n  f a c t ,  
cannulas ;acked wi th  a l l o p u r i n o l  e l i c i t e d  s i m i l a r  behav iors .  

I n  a  p re l iminary  c l i n i c a l  t r i a l ,  we t e s t e d  the  a b i l i t y  of 
encapsulated and immobilized xan th ine  ox idase  t o  reduce c i r c u l a -  
t i n g  pur ines .  A s i n g l e  HPRT-null p a t i e n t  (age 18 monghs) s topped 
a l l o p u r i n o l  the rapy  3 days be fore  admission t o  the  s tudy .  Over 
a  10 day period of microcapsule a d m i n i s t r a t i o n ,  h i s  UA/Creat 
r a t i o  re tu rned  t o  1.9 and h i s  plasma Hx l e v e l  f e l l  from 190 
t o  100 uM. 
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I n  a  v a r i e t y  of t i s s u e s ,  bo th  A1 and A2 r e c e p t o r s  
have been demonstrated;  i n  s e v e r a l  i n s t a n c e s  they f a c i l i t a t e  
opposing p h y s i o l o g i c a l  e f f e c t s .  We have found bo th  A1 and A2 
r e c e p t o r s  on the  s u r f a c e  of  c u l t u r e d  murine neuroblastoma (NB) 
c e l l s .  A1 r e c e p t o r s  predominate i n  B and A2 r e c e p t o r s  i n  T 
lymphoblastoid (LB) c e l l s .  Many s t u d i e s  have shown upregu la t ion  
of A1 r e c e p t o r s  by methy lxan th ines  (MXs), whi le  a  few have sug- 
ges ted  t h a t  carbamazepine (CBZ) a c t s  a s  a n  A1 a n t a g o n i s t .  The 
p r e s e n t  i n v e s t i g a t i o n  demons t ra tes  t h a t  A2 r e c e p t o r s  a r e  a l s o  
upregulated i n  NB c e l l s  and i n  T LB c e l l s  e i t h e r  by acu te  (16 h r )  
o r  chron ic  (1-3 week) exposure t o  MX. The e f f e c t s  were time and 
dose dependent, and a r e  s t i m u l a t e d  a s  w e l l  by CPT, a  presumed A1 
an tagon is t .  Binding s t u d i e s  show a n  i n c r e a s e  i n  number of recep- 
t o r s ,  b u t  no change i n  a f f i n i t y .  The p h y s i o l o g i c a l  ba lance  
between AlIA2 e f f e c t s  is  thus  p r i m a r i l y  a  f u n c t i o n  of the  concen- 
t r a t i o n  of a g o n i s t  p r e s e n t  i n  t h e s e  i s o l a t e d  c e l l  systems. 

There is  a l s o  evidence t o  sugges t  t h a t  d rugs  may s h i f t  t h e  
balance of A1/A2 a c t i o n s  i n  c l i n i c a l  s i t u a t i o n s .  We show t h a t  
e thano l  a c u t e l y  i n c r e a s e s  t h e  s e n s i t i v i t y  of A2 r e c e p t o r s ;  
ch ron ic  e t h a n o l  d imin i shes  i t .  Chronic e f f e c t s  a r e  no t  r e f l e c t e d  
i n  inc reased  b ind ing  s i t e s .  Contrary t o  pub l i shed  r e p o r t s ,  CBZ 
(a  widely used a n t i c o n v u l s a n t )  f a c i l i t a t e s  a c t i o n s  of ADO a t  A2 
recep to rs ,  but  i n h i b i t s  A1 response.  
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i n  mamal ian  c e l l s  we i s o l a t e d  a series o f  Chinese 
hamster  ovar.v(CI-10) c e l l  mutants  d e f e c t i v e  i n  t h e  
enzymatic s t e p s  r e q u i r e d  f o r  Uflp s y n t h e s i s .  Llrd-A 

mutants a r e  d e f i c i e n t  i n  CAD,  the mul t i func t iona l  o r o t e i n  
c a t a l y r i n q  the f i r s t  3 a c t i v i t i e s  o f  t h e  n a t h w y ,  Urd-C mutants  
a r e  d e f i c i e n t  i n  t h e  4 t h  s t e p  of the  nathway, DHO dehvdroaenase,  
and Urd-C mutants a r e  d e f i c i e n t  i n  U!IPS, t h e  m u l t i f u n c t i o n a l  
o r o t e i n  c a t a l y z i n q  t h e  l a s t  two s t e p s  of UMP s y n t h e s i s .  Urd-C 
mutants a r e  f u n c t i o n a l l y  e q u i v a l e n t  t o  c e l l s  from human o a t i e n t s  
with o r o t i c - a c i d u r i a .  The hunan Urd-A locus  mans t o  hunan 
chromosome 2 and Urd-C t o  chromosome 3. To ana lyze  muta t ions  i n  
these  qenes we i s o l a t e d  s e n a r a t e  Cl lO c e l l  mutants  i n  whicli t h e  
CAD and UMPS genes a r e  ampl i f i ed  by ca .  25-fold.  lle fused  t h e s e  
two mutants t o  c r e a t e  a  hybrid c e l l  l i n e  i n  which both CAD and 
UMPS a r e  ampl i f i ed .  l4e used t h e s e  a m n l i f i e d  l i n e s  t o  c o n s t r u c t  
both cDllA ( i n  lambda a t  10) and aenomic ( i n  lambda EIlBL-3) 
l i b r a r i e s .  From t h e s e  l i b r a r i e s  we i s o l a t e d  a c l o n e  v~hich 
con ta ins  a  1.9 kb UtlPS cONA, a c lone  o f  q r e a t e r  than 3 .0  k S  
which appears  t o  be a CAD cM4A, and i n  a d d i t i o n  s e v e r a l  nenonic 
c lones  which nrobablv c o n t a i n  a t  l e a s t  Dart o f  t h e  CHO UllPS qene. 
Ile hive i n i t i a t e d  experiments  usinq t h e s e  c lones  t o  s tudy  
r e s u l a t i o n  o f  UMP s y n t h e s i s  and t h e  n a t u r e  o f  t h e  d e f e c t s  i n  o u r  
various mutants .  In one Urd-A mutant ,  mRNA l e v e l s  a r e  markedly 
reduced,  but  t r a n s c r i ? t i o n a l  e lonqa t ion  r a t e  a s  ncasured by 
nuc lea r  run on i s  no t  reduced. 
&leanor  Roosevelt I n s t i t u t e  f o r  Cancer Research,  Denver, CO, US:, 
-Case Western Research, Cleveland,  ON, USA 

QUALITATIVE AND QUANTITATIVE STUDIES ON THE 
NUCLEOTIDES OF INTESTINAL MUCOSA. 
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The conversion of  hypoxanthine and xan th ine  t o  u r a t e  v i a  
x a n t h i n e  ox idase  (Xanthine: oxygen ox idoreduc tase  (E.C. 1.1.3.22.) 
may when ischaemic t i s s u e s  a r e  re-oxygenated g e n e r a t e s  r a d i c a l  
oxygen spec ies .  Such ischaemia may be invo lved  i n  t h e  adverse  
e f f e c t s  of non-s te ro ida l  ant i- inflammatory d rugs  (NSAIDS) on t h e  
human i n t e s t i n e  where h igh  l e v e l s  of x a n t h i n e  ox idase  a r e  known t o  
be p resen t .  However l i t t l e  q u a l i t a t i v e  o r  q u a n t i t a t i v e  in fo rmat ion  
concerning t h e  nuc leo t ide  con ten t  of i n t e s t i n e  i s  a v a i l a b l e .  

We have determined t h e  nuc leo t ide  p r o f i l e s  i n  freeze-clamped 
s e c t i o n s  of r a t  i n t e s t i n e  (stomach, jejunum, i l eum and colon) and 
f o r  comparison l i v e r  and h e a r t  by anion-exchange HPLC and 
q u a n t i f i e d  t h e  i n d i v i d u a l  nuc leo t ides .  The mean of  10 a n a l y s e s  
a r e  summarised below 

ATP ADP AMP GTP GDP UTP CTP nmol/g wet wt 
J e  junum 1936 616 252 444 213 150 30 
L iver  2930 960 222 400 90 260 99 
Heart  3210 690 120 115 42 t r a c e  

The r e s u l t s  sugges t s  t h a t  the  i n t e s t i n e  i s  a major s i t e  of 
nuc leo t ide  metabolism wi th  n u c l e o t i d e  c o n c e n t r a t i o n s  e q u i v a l e n t  
t o  l i v e r  r a t h e r  than h e a r t .  A s l i g h t  c o n c e n t r a t i o n  g r a d i e n t  down 
t h e  g u t  was observed. During shor t - t e rm a b s o r p t i o n  s t u d i e s  us ing  
s a l i n e ,  glucose,  a c e t a t e  and c i t r a t e  n e i t h e r  energy charge nor 
a b s o l u t e  l e v e l s  of n u c l e o t i d e s  changed s i g n i f i c a n t l y .  Rapid 
degrada t ion  of n u c l e o t i d e s  was induced by warm ischaemia and 
NSAID's. 
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High Performance L iqu id  Chromatography is t h e  accep ted  
method f o r  the  s tudy  of n u c l e o t i d e s  i n  c e l l  and t i s s u e  
e x t r a c t s .  A v a r i e t y  of chromatographic s e p a r a t i o n s  have been  
desc r ibed  b u t  t o  d a t e  t h e  use  o f  m i c r o p a r t i c u l a t e  an ion  
exchange procedures remains t h e  most popu la r .  However t h e  
a c c u r a t e  a n a l y s i s  o f  c e l l  e x t r a c t s  r e q u i r e s  c a r e f u l  a t t e n t i o n  
t o  bo th  sample p r e p a r a t i o n  and chromatographic o p e r a t i o n .  Th i s  
s tudy  records  the  r e s u l t s  o f  some 14  y e a r s  exper ience  and many 
thousands of ana lyses .  

Optimal c o n d i t i o n s  f o r  t h e  a c i d  e x t r a c t i o n  of c e l l u l a r  
n u c l e o t i d e s  t o  maximise recovery ,  minimise n u c l e o t i d e  
i n t e r c o n v e r s i o n s ,  maximal removal o f  p r o t e i n  and excess  a c i d  
e x t r a c t a n t  have been def ined .  For RBC's t h e s e  a r e  1 p a r t  c e l l s  
t o  2 .5  p a r t s  12% TCA wi th  a c i d  removal wi th  e t h e r  o r  Alamine 
/Freon. P r o t e i n  removal was 99.8% e f f i c i e n t  Cyc l ic  n u c l e o t i d e s  
e . g  cXMP a r e  e x c e l l e n t  i n t e r n a l  s t a n d a r d s .  For t h e  r e l i a b l e  
s e p a r a t i o n  of s t andard ,  normal and abnormal c e l l  e x t r a c t s  by 
an ion  exchange chromatography over  t ime wi th  any one column. 
adherence t o  t h e  fo l lowing  c o n d i t i o n s  was c r i t i c a l .  Buffer  pH 
needs t o  be  a d j u s t e d  t o  main ta in  d i f f i c u l t  s e p a r a t i o n s  e . g .  
ADP/NADP, GMP/IMP, b u f f e r  m o l a r i t y  shou ld  be  r e g u l a r l y  reduced 
t o  coun te r  column age ing  and main ta in  r e s o l u t i o n  and p o t e n t i a l  
i n t e r f e r e n c e s  such a s  EDTA, Ficol-hypaque shou ld  be  avoided.  
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