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As a model f o r  thymidylate deficiency we have s tudied 
cul tured mammalian c e l l s  t r ea ted  with methotrexate i n  t h e  
presence of a purine supplement (Ex). Associated with the f a l l  
i n  i n t r a c e l l u l a r  dTTP, the re  i s  g rea te r  than 1000-fold increase 
i n  dUTP. which i s  normally undetectable ((0.3 uM) (due t o  the  
normal dUTPase mechanism) but under these circumstances 
approaches, and can even exceed, dTTP. Since DNA polymerases do 
not dis t inguish between dUTP and dTTP, dUMP i s  incorporated i n t o  
DNA, the f i r s t  demonstration of u r a c i l  i n  eukaryotic DNA 
Uracil i s  rapidly removed from the DNA by uracil-DNA glycosylase 
followed by excis ion repa i r  of the r e s u l t i n g  apyrimidinic s i t e s .  
However, because of the  high dUTP/dTTP r a t i o ,  r epa i r  r e s u l t s  i n  
re-inser'tion of u r a c i l ,  leading t o  a f u t i l e  cycle of removal and 
re inse r t ion ,  with the poss ib i l i ty  (especial ly  when dUTP exceeds 
dTTP) of progressively widening single-stranded gaps i n  the DNA 
We have proposed t h a t  these h i t h e r t o  unsuspected l es ions  may 
contr ibute  t o  the t o x i c i t y  of thymidylate deprivation. We have 
now been ab le  t o  show t h a t  when dUTP i s  increased i n  ce l l s ,  even 
i n  the presence of normal dTTP (produced by t rea t ing  c e l l s  wi th  
dUrd i n  HAT medium), newly synthesized DNA i s  fragmented and t h e  
c e l l s  die, a s  wi th  l imi t ing  thymidylate. Finally, the t o x i c i t y  
of low dTTP (caused by t rea t ing  c e l l s  with methotrexate and Hx) 
i s  mit igated when dUTP i s  lowered (with glucosamine). These 
r e s u l t s  strongly support an important r o l e  f o r  elevated dUTP i n  
thymineless death, through a mechanism of DNA damage r e s u l t i n g  
from urac i l  inse r t ion  and removal. 
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I n  B and  T l y m p h o b l a s t o i d  l i n e s ,  t h e  d i f f e r e n t i a l  
s e n s i t i v i t y  o f  T - c e l l  l i n e s  t o  AdR i s  m e d i a t e d  by 
t h e i r  p r e f e r e n t i a l  a c c u m u l a t i o n  o f  t h e  AdR 
m e t a b o l i t e ,  dATP. To d e t e r m i n e  w h e t h e r  t h i s  m e c h a n i s m  
o f  AdR t o x i c i t y  a p p l i e s  t o  n o r m a l  human  B a n d  T c e l l s  
a c t i v a t e d  f r o m  a r e s t i n g  s t a t e ,  we e x a m i n e d  t h e  
e f f e c t s  of AdR on  DNA s y n t h e s i s  and  t h e  a c c u m u l a t i o n  
of dATP i n  E - r o s e t t i n g  ( E t )  c e l l s  s t i m u l a t e d  w i t h  PEA 
a n d  i n  n o n - r o s e t t i n g  c e l l s  (E-1 s t i m u l a t e d  w i t h  
S t a p h .  a u r e u s  Cowan I. C e l l s  w e r e  i n c u b a t e d  f o r  40 
h o u r s  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  6 0  p-M AIR a n d  1 
pM 2 ' - d e o x y c o  o r m y c i n  ( d C F ) ,  a n  ADA i n h i b i t o r .  
I n h i b i t i o n  of  5 H - t h y m i d i n e  u p t a k e  by AIR a n d  dCF 
v a r i e d  w i t h  t h e  c u l t u r e  c o n d i t i o n s .  I n  t h e  a b s e n c e  of  
dCF a n d  AdR, n e i t h e r  E+ n o r  E- c e l l s  h a d  dATP 
d e t e c t a b l e  by BPLC. However,  ADA-inh ib i t ed  E-, c e l l  
i n c u b a t e d  w i t h  AdR a c c u m u l a t e d  1 0 1 2 6  p m o l  d A T P l l 0  8 
v i a b l e  c e l l s ,  w h i l e  c o m p a r a b l  t r e a t e d  E t  c e l l s  
a c c u m u l a t e d  8 ~ 4  p m o l  d A T P / l o B  v i a b l e  c e l l s .  I n  
h e r e d i t a r y  ADA d e f i c i e n c y ,  w h e r e  T - c e l l  f u n c t i o n  i s  
more  s e v e r e l y  i m p a i r e d  t h a n  B, a mechan ism o t h e r  t h a n  
t h e  a c c u m u l a t i o n  of dATP m i g h t  be  r e s p o n s i b l e .  
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Cultured human BMC have been in fec ted  wi th  a t ransmissible  
amphotrophic mur ine  r e t r o v i r a l v e c t o r  c o n t a i n i n g  t h e  human 
HPRT cDNk Infect ion of the  cul tured c e l l s  and production of 
progeny vector  has been determined by a colony formation assay 
i n  which c u l t u r e  medium from t h e  i n f e c t e d  c e l l s  i s  used t o  
i n f e c t  HPRT-deficient mouse f i b r o b l a s t s .  S u c c e s s f u l  marrow 
c e l l  i n f e c t i o n  demons t ra ted  by progeny v i r u s  p roduc t ion  i s  
indicated by formation of colonies of mouse c e l l s  r e s i s t a n t  t o  
hy poxanthine-aminopter in-  thymidine (HAT) s e l e c t i v e  medium. 
I n f e c t e d  bu lk  marrow c e l l s  have been found t o  produce 
detectable  progeny HPRT virus,  and t h e  condit ions of in fec t ion  
including such var iab les  a s  m u l t i p l i c i t y  of infect ion,  time 
of i n f e c t i o n ,  serum c o n d i t i o n s ,  polybrene concentration and 
o t h e r s  a r e  be ing  op t imized .  S u c c e s s f u l  i n f e c t i o n  of a s t em 
c e l l  popu la t ion  has  been demons t ra ted  by e f f i c i e n t  v i r u s  
production from i so la ted  granulocytelmonocyte colony forming 
u n i t s  (CFU-GM) growing i n  semisolid (agar) medium. 
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In  CHO c e l l s ,  three d i f f e r e n t  types of mutants a f fec ted  i n  
purine nucleoside salvage pathway enzyme adenosine kinase (AK) 
have been i so la ted .  One c l a s s  of mutants obtained a t  high fre-  
quency using various adenosine analogs (Class A) exh ib i t  high 
degree of cross  res i s t ance  t o  various C- a s  well a s  N- adenosine 
analogs. These mutants show grea t ly  reduced phosphorylation of 
a l l  adenosine analogs and c e l l  e x t r a c t s  from these contain no 
measurable a c t i v i t y  of AK. The second type of mutants (Class B) 
obtained using formycin A (a C- adenosine analog) exh ib i t  increa- 
sed cross  res i s t ance  to  various C- nucleosides (viz. 9-deazaade- 
nosine, pyrazofurin, e tc . ) ,bu t  t h e i r  s e n s i t i v i t y  towards various 
N- adenosine analogs was found to  be unaltered. Ce l l  ex t rac t s  
from these mutants a l s o  contained no measurable a c t i v i t y  of AK. 
Reduced phosphorylation of C- adenosine analogs but not  N- ade- 
nosine analogs by Class B mutants provides s t rong evidence tha t  
they contain a novel genet ic  l e s ion  a f fec t ing  AK t h a t  spec i f i -  
c a l l y  a f f e c t s  the phosphorylation of C- nucleosides. The th i rd  
type of mutants (Class C) se lec ted  using inos ine  analog formycin 
B, exh ib i t  cross  res i s t ance  and reduced phosphorylation of  both 
C- a s  well  a s  N- adenosine analogs. However, t h e i r  degree of 
res i s t ance  was lower i n  comparison to  the Class A mutants. Cell 
ex t rac t s  from the  Class C mutants contained between 50-100% of  
AK a c t i v i t y ,  but i ts a f f i n i t y  towards adenosine analogs was 
found to  be a l t e red  i n  comparison t o  the wild-type enzyme. 
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After immunization of mice with partially purified 
human placental 5'-nucleotidase hybrid cells were pro- 
duced following the standard protocol. Culture super- 
natants were screened for the ability to inhibit enzy- 
me activity. From 18 different hybrids showing signi- 
ficant inhibition 5 were established as clones. Pro- 
perties of the MABs were studied in ascites fluid and 
in purified Ig-preparations. Inhibition of the MABs 
is directed against the enzyme in membrane bound and 
solubilized form and there is no tissue specificity. 
Similar inhibitory titers were observed with the MABs 
coated on plastic. The MABs belong to the IgO 1 and 
IgG 2b subclasses. Some of them show a marked tempe- 
rature dependence in their inhibitory potency. They 
are not directed against the sugar moiety of the 5'-N 
molecule. In fluorescence studies with PBL a smaller 
subpopulation, compared to polyclonal antisera, shows 
a positive reaction with the MABs. The titers for 
optimal fluorescence are much lower than for inhibi- 
tion. Results of flow-cytometric studies relating 
cell size to positive reaction with the MABs will be 
reported. 
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In addition to the well studied 5'-nucleotidase 
other enzymes of nucleotide metabolism are characte- 
rized on the surface of human lymphoid cells, especi- 
ally on lymphoblastoid B-cell-lines: An ATPase, an 
ADPase and a nucleosidediphosphate kinase. The true 
ectoenzyme nature of all three activities is establi- 
shed by various independent criteria. Typical proper- 
ties such as substrate specificities, metal ion re- 
quirement and kinetic constants are determined. 
Treatment of intact lymphoblasts with sublytic con- 
centrations of certain detergents induces membrane 
shedding. All three enzymes together with 5'-nucleo- 
tidase are enriched in the shed membrane fraction. 
All these ectoenzymes seem to follow a pattern of co- 
ordinated expression in lymphoblastoid B-cell-lines, 
with low or absent activities in lines derived di- 
rectly from Burkitt's lymphoma and high activities in 
lines established by EBV-infection of normal PBL. 
On the other hand ATPase, compared to 5'-nucleotidase 
is much less suitable as an enzyme marker for diffe- 
rential diagnosis in acute leukemias. 
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