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A hypoxanthine phosphoribosyl t ransferase  (HPRT) minigene has 
been constructed from both human and mouse HPRT cDNA by the  
add i t ion  of proper t r ansc r ip t ion  i n i t i a t i o n  and polyadenylation 
s igna l s  from genomic subclones of the  HPRT gene. Calcium 
phosphate mediated gene t r a n s f e r  of these HPRT minigenes i n t o  
HPRT de le t ion  l i n e s  has shown s t a b l e  transformation frequencies 
from 10-7 t o  5x10-7. When an 'enhancer from the  mouse HPRT 
i s  inse r ted  i n t o  e i t h e r  the mouse HPRT minigene o r  human HPRT 
minigene, the  s t a b l e  transformation frequency approaches 

Microinjection of 5, 50, 250 l i n e a r  o r  supercoi l  
copies  of each minigenelcell demonstrates enhancer a s  well a s  
plasmid conformational importance f o r  s t a b l e  HPRT+ colonies .  
Enzymatic, Northern, and Southern analyses on these l i n e s  have 
been performed. Expression of HPRT depends on both loca t ion  
and copy number of the  transgene. These minigenes have been 
inse r ted  i n t o  r e t r o v i r a l  vectors  and shown t o  s t ab ly  express 
the  HPRT gene by t rans fec t ion  a s  well  a s  infect ion.  T i t e r s  of 
these helper f r e e  v i rus  vary from l o 2  t o  l o 5  cfulml. HPRT 
expression i n  v i r a l l y  infected c e l l s  have been monitored by 
enzymatic, Northern and Southern ana lys i s .  This work was 
supported by a N I H  Fellowship t o  SMC, an A r t h r i t i s  Foundation 
Fellowship t o  PIP, and N I H  AM31428 and the  Howard Hughes 
Medical I n s t i t u t e  (ACC and CTC). 
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A marked increase i n  erythrocyte adenosine deaminase (ADA) 
a c t i v i t y  has been associated with chronic hemolytic anemia and 
decreased erythrocyte ATP l e v e l s  (Valentine e t  a l . ,  Science 
1977). This defect  i s  inher i t ed  a s  an autosomal dominant t r a i t  
s p e c i f i c  f o r  e ry th ro id  c e l l s .  The k i n e t i c  and physicochemical 
p roper t i e s  of ADA are  normal, suggesting the  c e l l  l ine - spec i f i c  
overproduction of a normal enzyme. We have invest igated the 
molecular bas i s  of t h i s  defect  i n  erythrocytes  and lymphoid 
c e l l s  from an a f fec ted  individual .  The proband's erythrocytes  
had a 70-fold increase i n  ADA s p e c i f i c  a c t i v i t y  and a 30-fold 
increase i n  immunologic cross-reacting mater ial  (CRM) as  mea- 
sured by a solid-phase radioimmunoassay. Southern b l o t  ana lys i s  
of genomic DNA using a ful l - length ADA cDNA probe revealed no 
evidence of ADA gene amplif icat ion o r  rearrangement. Northern 
b l o t s  of r e t i cu locy te  RNA did not demonstrate correspondingly 
increased l e v e l s  of ADA-specific RNA. RNA from control  ret icu-  
locy tes  hybridized with the ADA cDNA probe i n  three d i s t i n c t  
bands a t  5.8 kb, 3.0 kb, and 2.0 kb. The proband's r e t i cu lo -  
cyte  RNA d i f fe red  from controls  i n  t h a t  the  3.0 kb band was re- 
placed by a 2.0 kb band. Lymphoblast ADA s p e c i f i c  a c t i v i t y ,  
CRM, and RNA were s imi la r  to  those i n  normal B lymphoblast con- 
t r o l s .  We conclude t h a t  the re  i s  a t rue  overproduction of ADA 
protein which is s p e c i f i c  f o r  red c e l l s  and which may be medi- 
a ted a t  the t r a n s l a t i o n a l  r a the r  than the t r ansc r ip t iona l  level .  
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Methionine j ~ e t )  dependency was invest igated i n  a Met-depen- 
dent (CCL 39) and i n  a Met-independent (Ra j i )  c e l l  l i n e .  Met 
dependency was s imi la r ly  observed with two Met precursors, L- 
homocysteine and 5'-deoxy-5'-methylthipadenosine (MTA), sugges- 
t i n g  t h a t  t h i s  phenomenon represents ,  i n  f a c t ,  the i n a b i l i t y  of 
a c e l l  t o  grow on a metabolic precursor of Met. The study of MTA 
metabolism i n  CCL 39 and Raji c e l l s  ind ica tes  t h a t  Met dependen- 
cy is not due t o  the i n a b i l i t y  t o  syn the t i ze  Met from MTA, nor 
t o  incorporate  newly synthet ized Met i n t o  proteins ,  nor i n t o  S- 
adenosylmethionine (SAM). However, the re  a r e  differences i n  SAM 
metabolism and disposi t ion between CCL 39 and Raji c e l l s .  The 
synthesis  of SAM from labe l l ed  MTA is higher i n  CCL 39 than i n  
Raji c e l l s ,  but SAM i s  much more excreted by CCL 39 than by Raji  
c e l l s ,  with r a t i o s  of ex t race l lu la r  t o  i n t r a c e l l u l a r  SAM of 20.3 
and 5.1, respect ively.  However, when the c e l l s  a re  incubated 
with l abe l l ed  Met, the synthesis  of SAM is s imi la r  i n  both types 
of c e l l s ,  and the r a t i o s  of ex t race l lu la r  t o  i n t r a c e l l u l a r  SAM 
are  much lower than i n  the previous case (0.8 and 1.0 f o r  CCL 39 
and Raji c e l l s ,  respect ively) .  These r e s u l t s ,  and the  f a c t  t h a t  
exogenous unlabelled Met moderately a f f e c t s  the incorporation 
of label led MTA i n t o  i n t r a c e l l u l a r  SAM by CCL 39 c e l l s ,  and pro- 
foundly depresses it i n  Raji c e l l s ,  support the hypothesis of a 
metabolic compartmentation of exogenous and endogenous Met i n  
Met-dependent c e l l s .  

A APRT p a r t i a l  d e f i c e n c y  c a s e  i n  a 30 y e a r s  o l d  v o n a n  
w i t h  g o u t ,  n e p h r o l i t h i a s i s  a n d  r e n a l  f a i l u r e  h a d  
b e e n ,  p r e v i o u s l y ,  d e s c r i b e d . ( A c t a  Reuma. P o r t .  
2 , 1 2 5 , 1 9 7 4 ) .  iJe h a v e ,  r e c e n t l y ,  s t u d i e d  t h e  p u r i n e  
m e t a b o l i s m  i n  t h i s  p a t i e n t  a n d  i n  h e r  f a m i l y  
( G u i d o , l 7 ;  G i o r g i a , l 6 ;  G i u l i a , l 3  y e a r s - o l d ) .  G i u l i a  
i s  a p p a r e n t l y  h e a l t y  w i t h  n o r m a l  u r i c e m i c  v a l u e ;  
G i o r g a  showed a n  i n c r e a s i n g  s e r u m  u r a t e  l e v e l s  ( 8  
mg%) i n  1 9 8 0 ,  when s h e  was t r e t e d  w i t h  p u r i n e  f r e e  
d i e t  a n d  h e n c e f o r t h  s h e  is  n o r m a l  u r i c e m i c .  Guido  
shows  s e v e r a l  a t t a c k s  o f  g o u t  f r o m  t h e  a g e  o f  1 2  
y e a r s .  I n  t h e y  a l l  we h a v e  i n v e s t i g a t e d  HGPRT, APRT 
a c t i v i t y  (nmol/mg p r o t . / h )  a n d  e r y t h o c y t e  l e v e l  o f  
PRPP (nmol/mg pro t . ) .HGPRT,  a n d  APRT, w e r e  d e t e r m i n e d  
a s  i n  C l i n i c a l  Rheumat.  3 ,  229 ,  1984 .  L e v e l s  o f  PRPP 
w e r e  d e t e r m i n e d  m e a s u r i n g  t h e  amount  o f  IMP 
s y n t h e s i z e d  w i t h o u t  a d d i n g  a n y  e x o g e n o u s  PRPP. The  
d a t a  a r e  r e p o r t e d  i n  t a b l e :  

PRPP HGPRT APRT PRPP HGPRT APRT 
M.Te. 12.6 1 4 1  8 . 6  G i o r .  2 1 4 0  27 
Guid .  4 1 4 8  1 3  G i u l .  1 3 . 8  1 2 4 . 4  5 
n . v a l .  1-5 1 1 1 t i 3  28+6 
T u r n o v e r  o f  [ C]  u r i c  a c i d  a n d  i t s  p l a s m a  
d i s a p p e a r e n c e  h a s  b e e n  e v a l u a t e d  i n  e v e r y o n e .  
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Oxidants, induce in ju ry  and death of neighboring c e l l s .  We 
have s tudied e a r l y  changes following exposure of the  c e l l s  t o  
oxidants. Exposure of P38801 c e l l s  t o  Hz02 (0.1 t o  2.5 mM) 
induced a rapid (3-5 min) f a l l  i n  ATP, turnover of components 
of the  glutathione cycle ,  a slower (>I5  min) r i s e  in  
i n t r a c e l l u l a r  ~ a + +  and ~ a +  and, a f t e r  4-5 hrs ,  c e l l  l y s i s .  
Exposure t o  Hz02 produced a s l i g h t  e levat ion of ADP a t  a 
time when ATP levels  were low, and a s toichiometr ic  increase in 
IMP and inosine. In determining t h e  cause f o r  t h e  f a l l  i n  ATP, 
we observed tha t  P388D1 c e l l s  exposed t o  0.04 t o  2.5 mM 
Hz02 l o s t  NAD a t  an i n i t i a l  r a t e  of 0.26 nmolesll06 
cel ls lmin,  leading t o  an 80 percent deplet ion of NAO within 20 
min. This f a l l  in  NAD i s  coupled with inh ib i t ion  of glycolysis .  
Poly(ADP-ribose)pol ynerase, the nuclear enzyme catalyzing 
conversion of NAD t o  nicotinamide and protein-bound ADP-ribose, 
was act ivated by exposure of the  c e l l s  t o  H202. Inhibi t ion 
of  t h i s  enzyme by 2.5 mM 3-amionobenzamide prevented the  
oxidant induced f a l l  i n  NAD. This also prevented the  sustained 
f a l l  in ATP, and the other  events (above) except f o r  
glutathione cycle  a c t i v i t y .  H202 induced DNA s t rand breaks 
i n  t a r g e t  c e l l s ,  po ten t i a l ly  responsible  f o r  act ivat ion of the  
polymerase. These c e l l s  indicate  t h a t  oxidant induced 
s t imulat ion of poly(A0P-ribose)polymerase causes a f a l l  in  NAD 
leading t o  a sustained depletion of ATP, leading t o  c e l l  death. 

PURINE NUCLEOTIDE AND DEOXYNUCLEOTIDE CATABOLISM I N  
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I n  PNP and ADA def ic ienc ies  the abnormalities observed i n  

i n t r a c e l l u l a r  deoxynucleotide l e v e l s  a r e  more severe than i n  the 
corresponding r ibose  de r iva t ives .  These observations ind ica te  
s e l e c t i v e  r o l e s  f o r  ADA and PNP i n  adenine and guanine deoxy- 
nucleot ide degradation a s  compared t o  the  corresponding ribo- 
nucleot ide catabolism. We have found t h a t  d i s t i n c t  pathways a r e  
used f o r  the catabolism of these purine deoxynucleotides and 
r ibonucleot ides.  Thus, while adenine r ibonucleot ides a r e  deami- 
nated primari ly by adenylate deaminase, adenine deoxynucleotides 
a r e  exclusively deaminated by adenosine deaminase, explaining 
t h e  s p e c i f i c  impairment of adenine deoxynucleotide catabolism 
observed i n  ADA deficiency. In  p a r a l l e l ,  two d i s t i n c t  ca tabo l ic  
pathways e x i s t  f o r  guanine nucleot ide and deoxynucleotide degra- 
dat ion,  while guanine r ibonucleot ide deamination proceed prim- 
a r i l y  through guanylate reductase t o  IMP, guanine deoxyribo- 
nucleot ides a r e  exclusively dephosphorylated t o  deoxyguanosine 
and then phosphorylized by PNP t o  guanine. These observations 
emphasized the importance of ADA and PNP not only i n  nucleot ide 
degradation but pr imari ly i n  the  conversion of purine deoxyribo- 
nucleot ides t o  t h e i r  corresponding r ibonucleot ide de r iva t ives  
through the  a c t i v e  purine nucleoside cycles .  The apparent a c t i -  
v i t i e s  of the  ca tabo l ic  enzymes adenosine deaminase, adenylate 
deaminase and purine nucleoside phosphorylase a s  well  a s  the 
purine nucleoside cycle change markedly i n  the course of human 
T-lymphocyte d i f f e r e n t i a t i o n .  
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