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eie isola-Led c h r e  zi:nin2 su::o'irophic mutants  (Ade 1-3) ;f 
mouse Fc13;I c e l l s  6 e f i c i c n . t  i n  iminoinidazo1ecarboxar.i ide ribdbiti:.  
(,1ICAR) t r a n s f o r n y l a s - .  Ade 1  and Ad;. 2 3180 lacited inos in ico ;z  
. j c t i v i t y .  Ad2 2 2nd Ad: 3 complemenCei i n  c e l l - c e l l  h y b r i d s ,  
al.chough Adc 1  d i d  no; e i t h e r  o f  then .  An i n t e r m e d i a t e  AICAR 
was found .Lo ~ c c u m u l a t e  i n  i l l  .<he mutants  i n d i c a t i n g  i h a t  
e a r l i t r  s t e p s  than  hat o f  fo rmyla t ion  o f  AICAX i n  - ; h ~  p u r i n e  
b i o s y n t h e t i c  pathway seem normal. Primary and seconti i ry i r a n s -  
fo rman t s  wers i s c l a t e d  f r o n  Ade ; and Ade 3  us ing  hunjn 
ch roc3son+media te i  Ccnc t r a n s f ? r .  All t h e  , t ransformants  'Lesiej 
were found Lo produce boih huma- type  XICAR t rans fo rmylase  and 
i n o s i  n i c a s z .  dnexpsc;edly,  human DNA i n t e r g r a t e d  i n  t h e  h o s t  
Tenons o f  :he c e r l a i n  pr imary t r ans fo rmant  was reduced t o  a s  
l i t t l e  i s  s c v e r a l  hundred k i l o b a s e  p a i r s  i n  l eng th .  Uhen 
d i g e s t ~ d  wi th  c e r t a i n  r e s t r i c t i o n  e n d o ~ w c l e a s e s ,  i d e n t i c a l  human 
DNA bands ss probed w i t h  a  human :Alu sequence were d e t e c t e d  i n  
t h e  t r a n s f o r m a n t s  o f  A d  i and A t i n .  S i n c e  on ly  human 
chromoson: 2 was cnough t o  r e s c u e  :he s e n e t i c  d e f e c t s  i n  t h e  
t h r e c  mutani-s, t h e s e  mueanls seem t o  have a r i s e n  by ; r,iu;aiion 
i n  t h e  AICAR i r a n s f o r n y l a s e  Sene or i  Ls z d j a c e n t  gene. 

CELL SPECIES-DEPENDENT METABOLISM OF THE POTENT 
ANTI-HIV (HUMAN IMMUNODEFICIENCY VIRUS) COMPOUNDS 6 3'-AZIDO-2' ,3'-DIDEOXYTH IDINE AND 2 '  ,3'-DIDEOXY- 
C T D  E  J a n  Balzarr , 'C E r i k  De clercq*,  Samuel 
Brode) and D.G. Johns  . * ~ e g a  I n s t i t u t e  f o r  Medical  
Rfsearch,  Ka tho l i eke  U n i v e r s i t e i t  Leuven, Leuven, 

Belgium and N a t i o n a l  Cancer  I n s t i t u t e ,  Na t iona l  I n s t i t u t e s  of 
H e a l t h ,  Bethesda,  Maryland, U.S.A. 

The c y t o s t a t i c  and a n t i - r e t r o v i r u s  a c t i v i t y ,  a s  w e l l  a s  t h e  
i n t r a c e l l u l a r  metabolism, o f  3'-azido-2',3'-dideoxythymidine 
(AzddThd) and 2 ' , 3 ' -d ideoxycy t id ine  (ddCyd) have been e v a l u a t e d  
u s i n g  c e l l  l i n e s  d e r i v e d  from d i f f e r e n t  s p e c i e s .  AzddThd and 
ddCyd a r e  c o n s i d e r a b l y  more c y t o s t a t i c  t o  human c e l l  l i n e s  than  
murine c e l l s .  I n  human lymphoid (ATHB, MoltI4F) c e l l s  AzddThd 
accumula tes  p r i n c i p a l l y  a s  i t s  5'-monophosphate m e t a b o l i t e  
(AzddTMP), whereas i n  murine leukemia L1210 c e l l s  i t  is r e a d i l y  
me tabo l i zed  t o  AzddTTP. The r a p i d  convers ion  of AzddThd t o  
AzddTTP i n  murine c e l l s  may e x p l a i n  why AzddThd has  a  more pro-  
nounced a c t i v i t y  a g a i n s t  Moloney murine sarcoma v i r u s  (MSV)-in- 
duced t r a n s f o r m a t i o n  of murine C3H c e l l s  than  human immunodefi- 
c i ency  v i rus - induced  c y t o p a t h o g e n i c i t y  i n  ATHB c e l l s .  I n  con- 
t r a s t ,  ddCyd i s  l e s s  a c t i v e  i n  murine than  human c e l l s ,  most li- 
k e l y  due t o  a  d i f f e r e n t i a l  convers ion  o f  ddCyd t o  i t s  5 ' - t r i -  
phosphate i n  murine,  a s  compared t o  human c e l l s .  When [ % I -  
AzddThd and [ 3 ~ ~ d d ~ y d  were compared f o r  t h e i r  metabolism i n  hu- 
man (ATH8, Molt lhF) c e l l s ,  s u b s t a n t i a l  l e v e l s  of [ ~ H ] ~ ~ c T P  b u i l t  
up g r a d u a l l y ,  whereas l i c t l e  ( 3 ~ l ~ z d d ~ ~ ~  was formed even a f t e r  a 
48 h r - incuba t ion  p e r i o d .  Thus,  much h i g h e r  ddCTP than  AzddTTP 
l e v e l s  were ach ieved  i n  human lymphoid c e l l s ,  an  o b s e r v a t i o n  
t h a t  may b e  p a r t i c u l a r l y  r e l e v a n t  from a  t h e r a p e u t i c  v iewpoin t .  
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C e l l s  of B lymphocyte l i n e a g e  (non-E-roset t ing B lymphocytes from 
p e r i p h e r a l  blood o r  t o n s i l s  and d i f f e r e n t  B  lymphoblastoid c e l l  
l i n e s )  showed t h e  p resence  of v e r y  a c t i v e  e c t o n u c l e o t i d a s e  s i t e s  
on t h e i r  e x t e r n a l  s u r f a c e .  Thus,  B  c e l l s  a r e  a b l e  t o  m e t a b o l i z e  
e x t r a c e l l u l a r  ATP i n  e x t r a c e l l u l a r  pathway v i a  AMP* ADP- AMP + 
adenos ine .  S ince  adenos ine  is  n o t  produced d u r i n g  i n t r a c e l l u l a r  
ATP d e g r a d a t i o n ,  t h e  d e g r a d a t i o n  of e x t r a c e l l u l a r  ATP may be t h e  
on ly  source  of adenos ine  p roduc t ion  i n  lymphocytes .  The e x p r e s -  
s i o n  o f  ectoATPase, ectoADPase and ectoAMPase seems t o  b e  c l o s e l y  
a s s o c i a t e d  wi th  B c e l l  development .  EctoATPase and ectoAPPase 
a c t i v i t i e s  i n c r e a s e  c o n t i n ~ ~ o u s l y d u r i n g  B c e l l  m a t u r a t i o n ( e a r l y  
preB, l a t e  preB, ma tu re  B c e l l s ) ,  whereas ectoAMPase r e a c h e s  
maximal a c t i v i t y  i n  l a t e  preB c e l l s .  E x t r a c e l l u l a r  n u c l e o t i d e  
c a t a b o l i s m  seems t o  have low s p e c i f i c i t y  w i t h  comparahle degrada-  
t i o n  r a t e  of  dATP, CTP, dCTP and CTP. E x t r a c e l l u l a r  ATP degrada-  
t i o n  i s  s t i m u l a t e d  by M ~ ? +  b u t  n o t  by ~ a 2 + .  These ectoenzymes a r e  
n o t  r e l e a s e d  from c e l l  s u r f a c e  t o  e x t r a c e l l u l a r  space .  I n  con-  
t r a s t  t o  B  c e l l s ,  T  lymphocytes  (E r o s e t t i n g  lymphocytes from 
p e r i p h e r a l  blood o r  t o n s i l s  were u n a b l e  t o  degrade  e x t r a c e l l u l a r  
n u c l e o t i d e s .  These r e s u l t s  showed s i g n i f i c a n t  d i f f e r e n c e  between 
e x t r a c e l l u l a r  and i n t r a c e l l u l a r  ATP ca tabo l i sm.  I n t r a c e l l u l a r  ATP 
degrada t ion  proceeds e x c l u s i v e l y  v i a  AMP deamina t ion ,  whereas 
e x t r a c e l l u l a r  v i a  AMP dephosphc.rylat ion r e s u l t i n g  i n  adenos ine  
format ion.  
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In o u r  p rev ious  s t u d i e s  i t  has been shown t h a t  lymphocytes  of B  
l i n e a g e  bu t  n o t  T  lymphocytes  a r e  a b l e  t o  degrade  e x t r a c e l l u l a r  
ATP, normal ly  p r e s e n t  i n  h m a n  blood plasma (20-30,uM). Adenosine 
produced by B  lymphocytes  front e x t r a c e l l u l a r  ATP can e a s i l y  e n t e r  
t h e  d i f f e r e n t  c e l l s  and t h e r e f o r e  e x t r a c e l l u l a r  n u c l e o t i d e  de-  
g r a d a t i o n  may s i g n i f i c a n t l y  a f f e c t  i n t r a c e l l u l a r  metabolism. 
Adenosine produced e x t r a c e l l u l a r l y  by c e l l s  is mainly deaminated 
i n t r a c e l l u l a r l y  t o  i n o s i n e  whereas a  minor p a r t  i s  i n c o r p o r a t e d  
t o  i n t r a c e l l u l a r  n u c l e o t i d e s  - mainly ATP. The c e l l s  which a r e  
unab le  t o  degrade  e x t r a c e l l u l a r  ATP such  a s  T lymphocytes o r  red 
blood c e l l s  a l s o  i n c o r p o r a t e  adenos ine  e x t r a c e l l u l a r l y  produced 
by B c e l l s  t o  t h e i r  n u c l e o t i d e s  and t h i s  i n c o r p o r a t i o n  is 
e s p e c i a l l y  e f f i c i e n t  i n  red blood c e l l s .  Although e x t r a c e l l u l a r  
ATP has  no e f f e c t  on i n t r a c e l l u l a r  n u c l e o t i d e  metabolism, i t s  
d e g r a d a t i o n  product  adenos ine  s i g n i f i c a n t l y  i n h i b i t s  p u r i n e  b io -  
s y n t h e s i s  d e  novo a s  w e l l  a s  t h e  s a l v a g e  of aden ine ,  hypoxanthine,  
guanos ine  o r  thymidine i n  bo th  B  and T  lymphocytes .  O n  t h e  o t h e r  
liand, adenos ine  fonnec' e x t r a c e l l u l a r l y  may a c t  a s  a  p h y s i o l o g i c a l  
m d u l a t o r  through s p e c i f i c  membrane adenos ine  r e c e p t o r s ,  and 
r e g u l a t e  c y c l i c  AMP l e v e l s .  
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Res idua l  a d e n y l o s u c c i n a t e  l y a s e  a c t i v i t y  was 
s t u d i e d  i n  c u l t u r e d  lymphob las t s  f rom a  p a i r  o f  s i b l i n g s  who 
have mental  r e t a r d a t i o n  and a u t i s m ,  and who have been  p r e -  
v i o u s l y  shown t o  e x h i b i t  a  d e f i c i e n c y  o f  t h e  enzyme. U t i l i z a -  
t i o n  of formate by i n t a c t  c e l l s  showed d e  novo s y n t h e s i s  i n  t h e  
mutant  lymphoblasts  t o  b e  s i m i l a r  t o  normal ,  c o n s i s t e n t  w i t h  a  
p a r t i a l  d e f i c i e n c y  of  t h i s  enzyme a s  p r e v i o u s l y  r e p o r t e d .  The 
s t e a d y - s t a t e  k i n e t i c s  and the rmal  s t a b i l i t y  o f  a d e n y l o s u c c i n a t e  
l y a s e  were examined i n  t h e  lymphob las t  l y s a t e s .  The p H - a c t i v i t y  
c u r v e s  were n e a r l y  i d e n t i c a l  f o r  t h e  mutant  and normal  c e l l s ,  
w i t h  an  optimum i n  t h e  r e g i o n  of  pH 7 . 8 .  While t h e  s u b s t r a t e  
a f f i n i t y  was n o t  d i s t i n g u i s h a b l e  from normal ,  t h e r e  was a  s i g -  
n i f i c a n t  d i f f e r e n c e  ( p  < 0 . 0 5 )  i n  t h e  Vmax o f  t h e  mutant  c e l l s .  
The l y a s e  from normal c e l l s  e x h i b i t e d  a n  a p p a r e n t  Km o f  3 . 3  + 
0 . 8  pM and a  Vmax of 1 3 . 8  + 0 . 9  nm01.m~-"min-'. I n  t h e  mutant  
c e l l s ,  t h e  l y a s e  had a n  a p p a r e n t  Km o f  2 . 6  2 0 . 5  pM and Vmax of 
6 . 7  2 1.1 nmol mg-'.min-'. There  was a s i g n i f i c a n t  d i f f e r e n c e  
between t h e  normal and mutant  c e l l  l y a s e s  w i t h  r e g a r d  t o  t h e r -  
mal s t a b i l i t y .  At  37'C, t h e  h a l f - t i m e  f o r  i n a c t i v a t i o n  was 22.2 
h o u r s  f o r  t h e  normal  c e l l s  and 15 .7  h o u r s  f o r  t h e  mutant  c e l l  
l y s a t e s ,  and a t  60°C t h e  h a l f - t i m e s  were 5 . 0  and 0 . 4 9  minu tes  
f o r  normal and mutant  c e l l  l y s a t e s ,  r e s p e c t i v e l y .  There was no 
ev idence  o f  i n h i b i t o r y  a c t i v i t y  i n  t h e  l y s a t e s  o f  t h e  mutant  
c e l l s .  The r e s u l t s  a r e  c o n s i s t e n t  w i t h  a  s t r u c t u r a l  m u t a t i o n  
i n  t h e  adeny losucc ina te  l y a s e  gene of  t h e  a f f e c t e d  i n d i v i d u a l s .  
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Leishmania donovani is t h e  c a u s a t i v e  agen t  of v i s c e r a l  
l e i s h m a n i a s i s  o r  k a l a  a z a r .  A  c lona l  mutant s t r a i n  of 
Leishmania donovani was de r ived  in a  s i n g l e  s t e p  from a wild 
t y p e  popu la t ion  by v i r t u e  of its r e s i s t a n c e  t o  1 m i l l i m o i a r  
me tho t rexa te .  T h i s  c e l l  l i n e ,  MTXA5, was c r o s s - r e s i s t a n t  t o  
aminop te r in  bu t  e q u a l l y  s e n s i t i v e  t o  two o t h e r  i n h i b i t o r s  o f  
c e r t a i n  d i h y d r o f o l a t e  r e d u c t a s e s ,  pyrimethamine and t r ime tho-  
prim. In c o n t r a s t  t o  t h e  wild t y p e  pa ren ta l  c e l l s ,  MTXA5 c e i l s  
were incapab le  of t a k i n g  up o r  t r a n s p o r t i n g  r a d i o l a b e l l e d  
me tho t rexa te  and f o l a t e  from t h e  c e l l  c u l t u r e  mediun. 
S u r p r i s i n g l y ,  however, both wild t y p e  and mutant  c e i l s  grew 
e q u a l l y  woll in i n c r e a s i n g  c o n c e n t r a t i o n s  of  f o l a t e ,  a l though  
only t h e  wild t y p e  pa ren ta l  c e l l s  were capab le  of growing in 
f o l a t e - d e f i c i e n t  growth mediwn supplemented with e i t h e r  
b i o p t e r i n  o r  neop te r in .  In o r d e r  t o  a t t empt  t o - a n a l y z e  t h e  
t r a n s p o r t  system o f  Leishmania b iochemica l ly ,  an a f f i n i t y  
l a b e l l i n g  t e c h n i q u e  was developed using r a d i o l a b e l l e d  metho- 
t r e x a t e  and f o l a t e  t h a t  had been ' a c t i v a t e d '  with 1-ethyl-3(3-  
dimethylaminopropyl)carbodiimide. Using t h i s  p r o t o c o l ,  a  
p r o t e i n  with MW = 46 kd was l a b e l l e d  in wild t y p e  c e l l s .  T h i s  
46 kd p r o t e i n  was a s s o c i a t e d  with plasma membrane f r a c t i o n s .  
No band was observed in wild t y p e  c y t o s o l i c  f r a c t i o n s .  These 
d a t a  have b iochemica l ly  and g e n e t i c a l l y  i d e n t i f i e d  a  common 
f o i a t e / m e t h o t r e x a t e  c a r r i e r  in t h i s  genus of p a r a s i t e s .  
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