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The e f f e c t  of deoxynucleosides on s i n g l e  s t r and  chromosomal 
breaks  i n  pe r iphe ra l  blood lymphocytes (PBL) were measured both  
by t h e  sucrose  g rad ien t  nucleoid  sedimentat ion method and by al-  
k a l i n e  unwinding followed by f l u o r i m e t r i c  measurement of e t i d ium 
bromide binding t o  double s t randed DNA. E x t r a c e l l u l a r  deoxy- 
adenosine (0.3-10 pM) i n  the  presence of deoxycoformycin (1 vM) 
cause ex tens ive  DNA damage i n  PBL i n  a concen t r a t ion  dependent 
manner. The appearance of DNA damage fol lowing deoxyadenosine 
a d d i t i o n  t o  PBL c o r r e l a t e d  wi th  t h e  accumulation of i n t r a c e l l -  
u l a r  dATP l e v e l s .  E x t r a c e l l u l a r  deoxycyt idine  (50 pM) i n h i b i t e d  
t h e  accumulation of i n t r a c e l l u l a r  dATP from deoxyadenosine and 
i n  p a r a l l e l  prevented t h e  DNA damage caused by deoxyadenosine i n  
PBL. On t h e  o the r  hand, a d d i t i o n  of e x t r a c e l l u l a r  deoxyguano- 
s i n e  (50 pM) o r  thymidine (50 LIM) a l s o  completely prevented t h e  
DNA damage by deoxyadenosine but  wi thout  i n t e r f e r r i n g  wi th  dATP 
accumulation. Measurements of i n t r a c e l l u l a r  deoxynucleoside 
t r i phospha te s  l e v e l s  i n  PBL show extremely low l e v e l s  of dGTP, 
dCTP and TTP and higher  l e v e l s  of dATP. It is  poss ib l e  t h a t  t he  
marked inc rease  of i n t r a c e l l u l a r  dATP l e v e l s  combined wi th  the  
extremelylow l e v e l s  of t he  o t h e r  deoxynucleoside t r i phospha te s  
i n t e r f e r  w i th  DNA r e p a i r  process  i n  r e s t i n g  PBL r e s u l t i n g  i n  t he  
appearance of s i n g l e  s t randed breaks. Thymocytes, which con ta in  
higher  l e v e l s  of deoxynucleoside t r i phospha te s ,  d i d  no t  show DNA 
damage i n  t he  presence of deoxyadenosine. 
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Though c y c l i c  GMP (cGMP) has been s t r o n g l y  impl icated i n  mor- 
ph ine ' s  a n a l g e t i c  a c t i o n ,  t h e  r e l a t i o n s h i p  between pharmacologic 
a c t i v i t y  o f  morphine and b ra in  l e v e l s  o f  cGMP i s  not  y e t  well 
understood. Here, we inves t iga t ed  e f f e c t s  of morphine on cGMP 
metabolism. Brain s l i c e s  were incubated i n  tonometer a t  37OC 
with Krehs-Ringer b icarbonate /glucose  bu f fe r ,  pH 7.35, cons t an t  
flow o f  02/C02 (20: 5 )  and 2.90 x 10" mM of s u b s t r a t e  cGMP o r  
5'-GMP. Sequen t i a l ly  withdrawn a l i q u o t s  o f  incubat ion mixture 
were analyzed by HPLC. Control b ra in  s l i c e s  y i e lded  primary 
metabolic products ,  GMP, guanosine (GUS), guanine, xanthine ,  and 
inosine .  Accumulation o f  guanosine agreed with evidence demon- 
s t r a t i n g  t h a t  nucleoside  phosphorylase i s  r a t e  l imi t ing .  Chroma- 
tog raph ic  f ind ings  of i nos ine  from samples of human b ra in  s l i c e s  
incubated with cGMP o r  5'-GMP a s  s u b s t r a t e  extended ou r  e a r l i e r  
r e p o r t  of 5'-GMP reductase  a c t i v i t y  i n  r a t  bra in .  No u r i c  ac id  
was detected.  Morphine (1.46 x mM) s i g n i f i c a n t l y  reduced 
r a t e  o f  cGMP and 5'-GMP metabolisms r e s u l t i n g  i n  l a t e n t  GUS 
accumulalion s u b s t a n t i a l l y  increased over  con t ro l  values. Our 
da t a  suggest  t h a t  morphine a l t e r s  pur ine  metabolism by i n h i b i t i n g  
cGMP phosphodiesterase and 5 ' -nucleot idase .  This  may u l t ima te ly  
a s s i s t  i n  e s t a b l i s h i n g  both b io log ica l  s ign i f i cance  of cGMP meta- 
b o l i t e s  and mul t ip l e  a c t i o n s  of morphine on t h e  cen t r a l  nervous 
system. Supported by NIH/MBRS Grant RR 0809-12. 
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Cytosol ic  5 ' -nucleot idase  from r a b b i t  h e a r t  has  been p u r i f i e d  

approximately 40-fold t o  a s p e c i f i c  a c t i v i t y  of 0.6 umolfmg pro- 
t e in jmin .  A t  t h i s  s t a g e  of p u r i f i c a t i o n ,  t h e  enzyme is f r e e  of 
o t h e r  phosphatases and is s t a b l e  t o  repeated cyc le s  of f r e e z i n g  
and thawing over  a 3 months per iod.  Soluble  5 ' -nucleot idase  has  
an abso lu t e  requirement f o r  d i v a l e n t  metal  i o n s  and i s  a c t i v a t e d  
by ATP, GTP, and ADP. Ac t iva t ion  by t h e s e  nuc leo t ides  causes  a 
s h i f t  from a s igmoidal  t o  a hyperbol ic  s u b s t r a t e  s a t u r a t i o n  
curve. ATP (1  mM) i n c r e a s e s  t h e  Kapp of t h e  enzyme f o r  AMP 
about 5-fold. Ac t iva t ion  by GTP i s  s i m i l a r .  Ac t iva t ion  by ADP 
a l s o  inc reases  Kapp, bu t  h igh concen t r a t ions  of ADP cause a de- 
c r ease  i n  Vmax. AMP i s  t h e  p re fe r r ed  s u b s t r a t e  i n  terms of 
Vmax/Ka p,  w i th  AMP>UMP>GMP>IMP. Nucleoside monophosphates 
o t h e r  tEan AMP a r e  i n h i b i t o r y  a t  high s u b s t r a t e  concen t r a t ions .  
The f u l l y  a c t i v a t e d  enzyme e x h i b i t s  a Kapp f o r  AMP of 2.5 mM. 
The enzyme p u r i f i e d  by u s  has  p r o p e r t i e s  d i f f e r e n t  from t h e  sol -  
ub le  l i v e r  enzyme descr ibed by Van Den Berghe e t  a l .  (Biochem. J. 
(1977) 162, 611) and from t h e  plasma membrane enzyme from rat 
h e a r t  descr ibed by Nai to  & Lowenstein (Biochem. (1981) 0, 5188) 
wi th  r e spec t  t o  both s u b s t r a t e  s p e c i f i c i t y  and r egu la to ry  
p rope r t i e s .  

ELEVATED ERYTHROCYTE ADENOSINE DEAMINASE (ADA) ACTI- 
41) VITY I N  ACQUIRED IMMUNODEFICIENCY DISEASE (AIDS) . - 

Morton J .  Cowan and Kenneth J .  Widder, u n i v e r s i t y  o f  
Ca l i fo rn i a ,  School o f  Medicine, Department o f  P e d i a t r i c s ,  San 
Francisco and Molecular Biosystems, Inc ,  San Oieqo, CA USA 

AIDS i s  an o f t e n  f a t a l  d i sease  thouqht t o  be caused by a r e t r o -  
v i r u s  (LAV) f r equen t ly  r e s u l t i n q  i n  maliqnancy such a s  Kaposi 's 
sarcoma (KS) and/or o p p o r t u n i s t i c  i n f e c t i o n  (01 ) .  One AIDS re -  
l a t e d  d i sease  is  lymphadenopathy syndrome (LAS) which may proq- 
r e s s  t o  KS o r  01. Because t h e  immune de f i c i ency  i n  AIDS is  sim- 
i l a r  t o  t h a t  i n  some pur ine  enzyme d e f i c i e n c i e s  we measured e r y t h  
rocy te  ADA and pur ine  nucleoside  phosphorylase (PNP) a c t i v i t i e s  
(nm/mgHg/hr).in p a t i e n t s  with AIDS, heterosexual c o n t r o l s  (CONT) 
and a high r i s k  asymptomatic populat ion (RISK). ADA was s i a n i f -  
c a n t l y  e l eva ted  i n  t h e  AIDS p a t i e n t s  and i n  5/11 RISK p a t i e n t s  
whi le  PNP was normal (mean t SD): 

CONT ' KS - 01 KS/OI LAS RISK 
ADA 

- - -  WO 36+8 3 c 8  53+12 43+11 3 3 5 3  
Anti-LAV c o r r e l a t e d  with ADA i n  t h e  RISK ~ a t i e n t s  whi le  T-cell  

ANTI-LAV T4/T8 
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immunity was r e l a t i v e l y  unaffected.  
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RISK: HIGH ADA (5)  -4 
NL ADA (6 )  22t4  0/4 1.6zD.4 17091z5643 

AIDS (20) 40z11 --- 0.250.1 1136t1829 
CONT (16) 25+10 --- 2.2t0.4 100 

.. 

39T9899 
Increased ADA appears t o  be a d i agnos t i c  marker o f  AIDS and may 
be useful  a s  a proqnost ic  i n d i c a t o r  o f  d i sease  proqress ion i n  

ua l s .  asymptomatic, high r i s k  ind iv id  
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We evaluated t h e  e f f e c t s  of recombinant DNA IL-2, a T-cell 
lymphokine which i s  e s s e n t i a l  f o r  normal immune funct ion on t h e  
responses t o  mitogen and a l loan t igen  o f  per ipheral  blood mono- 
nuc lea r  c e l l s  (PBMC) from 3 ADA d e f i c i e n t  p a t i e n t s .  There was 
s i g n i f i c a n t  enhancement by IL-2 o f  mitogenic responses  t o  phyto- 
hemagglutinin (PHA), pokeweed mitogen (PWM) and a l loan t igen  
(MLR) in  a l l  3 p a t i e n t s .  Pa t i en t s  with ADA p o s i t i v e  severe  com- 
bined immunodeficiency d i sease  showed no responses t o  IL-2: 

PHA(tiL-2) PWM(;IL-21 MLR(t[L-2) 
Control 40255 56566) 4969 4780 16505 15623) 
ADA def  #1 606(23449) 3163(8151) 218(1526) 
ADA def #2 1190(20354) 2290(6086) -- 
ADA def #3 282(23182)- -- -- 
To determine t h e  responsive  c e l l  populat ion we measured T3, T4 
and T8 express ion in  PBMC exposed t o  PHA + IL-2. Normal PBMC 
respond with increased T3 c e l l s  but  no change i n  T4 o r  T8 ex- 
p re s s ion .  The ADA d e f i c i e n t  PBMC incubated with an ADA i n h i b i -  
t o r ,  deoxyadenosine and PHA cannot be salvaged by IL-2. These 
r e s u l t s  demonstrate a unique f e a t u r e  o f  t h e  immunodeficiency i n  
ADA de f i c i ency  and provide f u r t h e r  evidence t h a t  pur ine  metabo- 
l i sm is  d i s t i n c t  i n  lymphocyte subse t s .  Also, t h e  s t anda rd  5 
v i t r o  c e l l  m d e l  o f  ADA de f i c i ency  may he s i q n i f i c a n t l y  l i m i t e d  
i n s  use i n  understanding t h e  pathogenesis  o f  t h i s  d i sease .  
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A severe deficiency of adenosine deaminose (ADA) is associated with 
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~ssociated with 
an autosanal  recessive form of severe combined immunodeficiency 
disease, while subjects with partial enzyme activity a r e  immuno- 
competent. To further our understanding of ADA deficiency, specific 
mRNA levels and ra tes  of protein turnover were  determined in partial 
ADA deficient cells and enzyme expression of cloned human ADA cDNA 
was assessed. Genetic expression of ADA in cultured B lymphoblast cell 
lines from 4 partially (5-50% activity) ADA deficient subjects showed 
norm01 t o  2-fold normal ADA mRNA levels (Northern blot). Among 
these cell lines enzyme synthesis varied from 165% t o  15% of normal. 
ADA degradation ra tes  were 1.5 t o  almost 3 t imes  fas ter  than normal, 
consistent with the  complete absence of t h e  enzyrne in patient 
erythrocytes. Cloned normal human ADA cDNA inserted into an SVbO 
based expression vector was shown t o  generate human ADA activity In 
monkey kidney (COS) host cells (7-fold over host). An vnexpected 
finding was t h e  identification of another normal human ADA cDNA 
construct which failed t o  prodlice human ADA activity or 
immunoreactive protein upon transfection. DNA sequence analysis 
revealed a single nucleotide substitution within this clone that  altered 
the  predicted sequence of ADA protein a t  amino acid 50. 

Thus, our studies define transcriptional, translational and post- 
translational defects in partial ADA deficiency and identify a point 
mutotion in ADA cDNA which mimics the phenotype expressed in severe 
ADA deficiency. 
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