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Mutant c e l l  l i n e s  have been i s o l a t e d  from wild t y p e  S49 
c e l l s  t h a t  p o s s e s s  a  novel high a f f i n i t y  p u r i n e  base  t r a n s p o r t  
system t h a t  is n o t  found in p a r e n t a l  c e l l s  o r  any o t h e r  
mammalian c e l l  l i n e .  These c e l l s  a r e  c a p a b l e  of t r a n s p o r t i n g  
p u r i n e  bases  a t  a  r a t e  10 t o  30-fold g r e a t e r  t h a n  wild t y p e  
c e l l s .  The Km v a l u e  o f  t h i s  novel nuc leobase  t r a n s p o r t e r  f o r  
p u r i n e  bases  is e x c e p t i o n a l l y  low, approx imate ly  10-100 
micromolar .  The h igh  a f f i n i t y  t r a n s p o r t e r  does  n o t  r ecogn ize  
n u c l e o s i d e s  o r  pyr imid ine  nuc leobasas  and can be d i s t i n g u i s h e d  
from o t h e r  p r e v i o u s l y  d e s c r i b e d  nuc leobase  t r a n s p o r t e r  in 
mammalian c e l l s  on t h e  b a s i s  o f  i t s  high a f f i n i t y  f o r  l i g a n d s  
and i t s  s e n s i t i v i t y  t o  i n h i b i t i o n  by DPA and NBtPR. That  t h e  
e x p r e s s i o n  of t h i s  high a f f i n i t y  p u r i n e  base t r a n s p o r t  system 
i s  independent  o f  t h e  NBMPR- and DPA-sensi t ive nuc leos ide  
t r a n s p o r t  system has  been demonstrated by t h e  i n s e r t i o n  o f  t h e  
h igh  a f f i n i t y  nuc leobase  t r a n s p o r t  muta t ion  i n t o  nuc leos ide  
t r a n s p o r t - d e f i c i e n t  549 c e l l s .  Two c l a s s e s  of high a f f i n i t y  
p u r i n e  base  t r a n s p o r t  mutan t s  were genera ted  t h a t  can be 
d i f f e r e n t i a t e d  on t h e  b a s i s  o f  t h e i r  s u b s t r a t e  s p e c i f i c i t i e s ,  
a f f i n i t i e s  f o r  p u r i n e  bases ,  and s e n s i t i v i t i e s  t o  i n h i b i t o r s  o f  
ooucleoside t r a n s p o r t .  Tha d a t a  sugges t  t h a t  t h e  express ion  o f  
t h e  high a f f i n i t y  t r a n s p o r t  probably r e q u i r e s  t h e  unmask~ng o r  
a l t e r a t i o n  of a  s p e c i f i c  g e n e t i c  locus  t h a t  is s i l e n t  o r  
d i f f e r e n t  in wild t y p e  c e l l s .  
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PRPP and p u r i n e  n u c l e o t i d e  s y n t h e s i s  and c u l t u r e  growth i n  
r e sponse  t o  medium a d d i t i o n s  were compared i n  c loned  human B  
lymphoblast  l i n e s  s e l e c t e d  f o r  r e s i s t a n c e  t o  growth i n h i b i t i o n  
by 6 - th ioguan ine  (TG) and i n  t h e  r e s p e c t i v e  normal and PS- 
s u p e r a c t i v e  p a r e n t a l  c e l l  l i n e s .  TG-res i s t an t  c e l l  l i n e s  were 
s e v e r e l y  d e f i c i e n t  i n  HGPRT (<0.2% normal a c t i v i t y ) .  C e l l s  w i t h  
b o t h  HGPRT d e f i c i e n c y  and PS s u p e r a c t i v i t y  r e t a i n e d  t h e  k i n e t i c  
d e f e c t  i n  PS o f  t h e  p a r e n t a l  c e l l s  b u t  had PRPP c o n c e n t r a t i o n  
20-fold g r e a t e r  than normal c e l l s  and 6- and 5-fold g r e a t e r ,  
r e s p e c t i v e l y ,  t h a n  t h e  p a r e n t a l  PS-superact ive c e l l s  and c e l l s  
d e f e c t i v e  i n  HGPRT a lone .  Never the les s ,  PRPP g e n e r a t i o n  i n  
HGPRT-deficient l i n e s  waa minimally i n c r e a s e d  ((8%) compared 
w i t h  p a r e n t a l  c e l l  l i n e s  and pur ine  s y n t h e s i s  d e  novo i n  t h e  
c e l l  l i n e  w i t h  b o t h  enzyme d e f e c t s  was comparable t o  t h a t  i n  t h e  
PS-superact ive p a r e n t a l  l i n e .  

R e g a r d l e s s  of t h e  s t a t u s  of  PS a c t i v i t y ,  a l l  HGPRT-deficient 
c e l l  l i n e s  showed growth p a t t e r n s  t y p i c a l  of HGPRT d e f i c i e n c y  i n  
HAT medium and i n  medium wi th  8-azaguanine. However, growth o f  
HGPRT-deficient c e l l  l i n e s ,  i n c l u d i n g  t h e  l i n e  wi th  PS 
s u p e r a c t i v i t y ,  was more s e n s i t i v e  than  t h a t  of p a r e n t a l  l i n e s  t o  
i n h i b i t i o n  of pur ine  s y n t h e s i s  de novo by 6 -methy l th io inos ine  
(MMPR), e s p e c i a l l y  when a d e n i n m  prov ided ,  most l i k e l y  
r e f l e c t i n g  compromised guan ine  n u c l e o t i d e  s y n t h e s i s  i n  HGPRT- 
d e f i c i e n t  c e l l s  when pur ine  s y n t h e s i s  d e  novo is blocked and 
aden ine  is t h e  s o l e  s o u r c e  of pur ine  f o r  s a l v a g e .  
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I n  f i b r o b l a s t s  from an  8  year-old male (VRG) wi th  tophaceous 
g o u t ,  u r i c  a c i d  overp roduc t ion ,  and s e n s o r i n e u r a l  d e a f n e s s ,  and 
from h i s  gou ty  mother ,  s u p e r a c t i v i t y  of PS due t o  p u r i n e  nucleo- 
t i d e  i n h i b i t o r - r e s i s t a n c e  was found. Compared w i t h  normal 
c e l l s ,  VRG f i b r o b l a s t s  showed i n c r e a s e s  i n  t h e  fo l lowing :  PRPP 
c o n c e n t r a t i o n  (3-fold)  and g e n e r a t i o n  (2 - fo ld ) ;  p u r i n e  s y n t h e s i s  
d e  novo (2.5-fold);  p u r i n e  b a s e  s a l v a g e  (2.6-fold);  ATP and GTP 
c o n c e n t r a t i o n s  (1.4-fold);  and e x c r e t i o n  o f  newly s y n t h e s i z e d  
p u r i n e s  (5-fold) .  Derangements i n  PS and i n  PRPP and p u r i n e  
s y n t h e s i s  were a t t e n u a t e d  i n  c e l l s  from t h e  mother ,  sugges t ing  
t h a t  VRG is a  hemizygote f o r  an  X chromosome-linked d e f e c t  and 
h i s  mother is a  he te rozygo te .  Comparison was made of a f f e c t e d  
males  i n  8  f a m i l i e s  wi th  PS s u p e r a c t i v i t y .  VRG was i n t e r m e d i a t e  
i n  r ange  o f  e x p r e s s i o n  o f  PS s u p e r a c t i v i t y  and i n  s e v e r i t y  of 
t h e  enzyme d e f e c t  a s  measured by t h e  degree  o f  a b e r r a t i o n  o f  
PRPP and p u r i n e  n u c l e o t i d e  s y n t h e s i s  i n  f i b r o b l a s t s .  Metabolic  
a b n o r m a l i t i e s  were more s e v e r e  i n  VRG than  i n  most p a t i e n t s  ( i n  
whom e x p r e s s i o n  is l i m i t e d  t o  e a r l y  adu l t -onse t  gout  wi th  u r i c  
a c i d  overp roduc t ion) ,  b u t  l e s s  seve re  than  i n  2  p a t i e n t s  w i t h  
more complex d e f e c t s  i n  PS a s s o c i a t e d  wi th  u r i c  a c i d  over-  
p roduc t ion  and neurodevelopmental  a b n o r m a l i t i e s ,  i n c l u d i n g  
d e a f n e s s  i n  hemizygous male c h i l d r e n  and heterozygous women. 
Within t h e  spectrum of d e f e c t s  r e s u l t i n g  i n  PS s u p e r a c t i v i t y ,  
c e r t a i n  derangements  may b e  c a u s a l l y  r e l a t e d  t o  n e u r o l o g i c a l  
impairment ,  most commonly s e n s o r i n e u r a l  d e a f n e s s .  
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Twenty-two d e f e c t i v e  r e t r o v i r u s  v e c t o r s  c a r r y i n g  human adeno- 
s i n e  (ADA) cod ing  sequences were t e s t e d  f o r  e f f i c i e n t  t r a n s d u c -  
t i o n  o f  human ADA enzyme a c t i v i t y .  These v e c t o r s  were des igned  
t o  t e s t  f u n c t i o n a l  a s p e c t s  o f  c o n s t r u c t i o n  i n c l u d i n g  t h e  u s e  of  
i n t e r n a l  t r a n s c r i p t i o n a l  u n i t s ,  t h e  importance o f  t h e  Moloney 
sequences 563-1038 (gag+) ,  and a l t e r a t i o n s  i n  t h e  3' LTR. 
Promoters  from t h e  h m a n  ADA and cFos genes ,  h e r p e s  v i r u s  
thymidine k i n a s e ,  and cy tomega lov i rus  immediate e a r l y  r e g i o n  
gene were t e s t e d  a s  a l t e r n a t i v e s  t o  t h e  v i r a l  LTR promote r .  
S e v e r a l  v e c t o r s  a l l  c o n t a i n i n g  t h e  gag+ r e g i o n  a l l o w  h i g h  t i t e r  
v i r u s  p roduc t ion .  These v e c t o r s  were t h e n  t e s t e d  i n  bone marrow 
t r a n s p l a n t  exper imen t s .  Two v e c t o r s ,  one u t i l i z i n g  t h e  Moloney 
LTR promoter  and one wi th  t h e  HSVTK promote r ,  gave e x p r e s s i o n  of  
ADA i n  C N - C .  C N - S  and i n  t h e  b lood  of  r e c o n s t i t u t e d  a n i m a l s .  
I n f e c t i o n  e f f i c i e n c y  ranged from 15-85% i n  C N - S  by Sou the rn  
a n a l y s i s .  Expression e f f i c i e n c y  was a l s o  v a r i a b l e .  A l l  an ima l s  
had human ADA i n  b lood  2-4 weeks p o s t - t r a n s p l a n t  b u t  a t  10-12 
weeks l e v e l s  o f  t h e  enzyme d e c l i n e d .  Four oE 14 l o n g  term 
r e c i p i e n t s  however, demons t ra t ed  e x p r e s s i o n  f o r  up t o  5  months. 
PCR a n a l y s i s  on nonexpresso r s  i n d i c a t e d  a  l o s s  o f  c e l l  w i t h  t h e  
p r o v i r a l  DNA s u g g e s t i n g  t h a t  t h e  i n i c i a l  e x p r e s s i o n  r e s u l t e d  
from i n f e c t i o n  o f  more mature p r o g e n i t o r s .  Immuno-staining is 
b e i n g  used t o  c h a r a c t e r i z e  t h e  l i n e a g e s  and d i s t r i b u t i o n  of  ADA 
producing c e l l s  i n  t h e  t r a n s p l a n t  r e c i p i e n t s .  
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Human e r y t h r o c y t e s  c o n t a i n  a  c y t o s o l i c  purine 5 ' -nuc leo t idase  
(5'-Nase) (Bontemps e t  a l . ,  Adv. Exp. Med. B io l .  195B:283-90, 
1986; Biochem. J .  250:687-96, 1988) which, s i m i l a r l y  t o  o t h e r  
c y t o s o l i c  5 ' -Nases,  is more a c t i v e  on IMP and  GflP t h a n  on AMP, 
i s  s t i m u l a t e d  by .4TP and,  i n  a d d i t i o n ,  by glycerate-2,3-bisphos-  
pha te  (2.3-DPC), t h e  main phosphate e s t e r  i n  human e r y t h r o c y t e s .  
Both s t i m u l a t o r s  i n c r e a s e  a c t i v i t y  t o  the  same e x t e n t  a t  s a t u r a -  
t i n g  c o n c e n t r a t i o n s ,  b u t  2.3-DPG is more p o t e n t  tllan ATP a t  
s u b s a t u r a t i n g  c o n c e n t r a t i o n s .  To i n v e s t i g a t e  i f  2.3-DPG was a b l e  
t o  s t i m u l a t e  c y t o s o l i c  5'-Nase i n  o t h e r  t i s s u e s ,  s t u d i e s  were 
performed on high-speed s u p e r n a t a n t s ,  f r e e d  from smal l  molecules  
by d i a l y s i s  o r  by f i l t r a t i o n  on G-25. 5'-Nase a c t i v i t y  was 
measured a t  pH 7.2 by r e l e a s e  of l a b e l l e d  nuc leos ides  and bases 
from 0.2 mM [814~] - IMP.  At 5  mM, 2,3-DPG was found t o  
s t i m u l a t e  t h e  a c t i v i t y  of c y t o s o l i c  pur ine  5'-Nase t o  the  same 
e x t e n t  a s  5 mM ATP, i n  l i v e r ,  c a r d i a c  and s k e l e t a l  muscle,  
b r a i n ,  s p l e e n  and e r y t h r o c y t e s  from r a t ,  and i n  human polymorph- 
o n u c l e a r  l e u k o c y t e s ,  mixed p e r i p h e r a l  blood lymphocytes and 
p l a t e l e t s .  Depending on t h e  t i s s u e ,  maximal s t i m u l a t i o n  v a r i e d  
between 2- and 14-fold.  2.3-DPC was l i t t l e  hydrolyzed i n  t h e  
v a r i o u s  p r e p a r a t i o n s  and was wi thou t  e f f e c t  on the  membranous 
5'-Nase. 2.3-DPC i s  thus  a  common s t i m u l a t o r  of c y t o s o l i c  pur ine  
5'-Nase o f  v a r i o u s  t i s s u e s  and can  be used t o  i d e n t i f y  and 
r e v e a l  t h i s  enzymic a c t i v i t y  i n  c rude  p r e p a r a t i o n s .  
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I n  adenos ine  deaminase (ADA) d e f i c i e n c y  and dur ing  t r ea tmen t  
wi th  deoxycoformycin (dCF), d e p l e t i o n  of ATP accompanies nccumu- 
l a t i o n  of dATP i n  e r y t h r o c y t e s  and lymphocytes (Bagnara & 
H e r s h f i e l d ,  PNAS, 79: 2673-77, 1982 and r e f s  t h e r e i n ) .  St imula-  
t i o n  of AMP deaminase and c y t o s o l i c  5 ' -nuc leo t iddse  by dATP was 
proposed t o  account  f o r  t h i s .  However, both enzymes a r e  not more 
s t i m u l a t e d  by dATP t h a n  by ATP. I n  human e r y t h r o c y t e s  i n  which 
ADA was i n h i b i c e d  wi th  1 uM dCF, a 3- t o  30-fold s t i m u l a t i o n  of 
aden ine  n u c l e o t i d e  (AN) c a t a b o l i s m  was recorded upon a d d i t i o n  of 
dAdo, but  a l s o  of o t h e r  s u b s t r a t e s  of adenosine k inase  (AK) such  
a s  Ado, Ara-A, t u b e r d i c i n  and 6-ECIPR. Concomitant ly,  t h e r e  was a  
r e p r o d u c i b l e  i n c r e a s e ,  from LO uM up t o  100 uEl, of AMP and of 
IMP, i n d i c a t i n g  a n  i n c r e a s e d  a c t i v i t y  of AMP deaminase. The 
e f f e c t s  of Ado were suppressed  upon p r i o r  i n h i b i t i o n  of AK by 
1 0  uPI i o d o t u b e r c i d i n  (ITu).  S t r i k i n g l y ,  they were a l s o  suppres-  
s e d  i f  ITu was added 2  h  a f t e r  &do, a l though  dATP was maintai-  
ned under  t h i s  c o n d i t i o n .  ITu a l s o  a b o l i s h e d  ATP ca tabo l i sm 
induced by the  o t h e r  nuc leos ides .  With a l l  nuc leos ides ,  AMP 
i n c r e a s e d  dur ing  t h e i r  phosphory la t ion  and dec reased  a f t e r  i n h i -  
b i t i o n  of AK. S t u d i e s  wi th  e r y t h r o c y t i c  ILYP deaminase,  a t  low 
s u b s t r a t e  and p h y s i o l o g i c a l  c o n c e n t r a t i o n s  of e f f e c t o r s ,  showed 
t h a t ,  because of  s igmoida l  k i n e t i c s ,  t he  enzyme i s  ve ry  s e n s i t -  
i v e  t o  v a r i a t i o n s  of  AMP between 5  and 100 uM. We conclude t h a t  
e l e v a t i o n  of AMP, secundary  t o  phosphory la t ion  of t h e  nuc leos i -  
d e s ,  1 s  the  main mechanism whereby they  s t i m u l a t e  AN ca tabo l i sm.  
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