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Mice homozygous for the mutation wasted (wst/wst) have been 
postulated to be a model for the form of human severe combined 
immunodeficiency disease (SCID) that is secondary to a genetic 
deficiency of adenosine deaminase (ADA). To test this hypothesis 
more critically. we transplanted marrrow from wst/wst and 
littermate control mice into lethally irradiated normal 
recipients. If there was an inherent ADA deficiency in the 
hematopoietic stem cells of the wst/wst mutant, the defect would 
be expected to be passed on to the irradiated marrow chimeras, 
resulting in decreased Vmax values for ADA, and/or changes in the 
Km for adenosine. However, the Vmax and Km values for ADA and 
adenosine, repsectively, in recipient's hematologic and non- 
hematologic tissues did not differ significantly from control 
values. In addition, we also found no significant differences in 
ADA activities between lymphoid and liver tissue from untreated 
24-to-28-day-old wst/wst and littermate control mice. These 
results indicate that the wasted mouse is not a model for ADA 
deficiency and SCID. 
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The adenosine analogs 4-amino- and 4-wthoxy-8-(E-ribofurano- 
sy1amino)-pyrimido[5.4-dlpyrimidine provide ID50 values against 
the  human lyaphoblast l i n e  MI-L2 o f  0.18 u.1 and 0.05 lltl. 
respect ively.  Cultured MI-L2 and i n  v ivo  muse  L1210 t u m r  
l i n e s  selected f o r  res is tance t o  these analogs are character ized 
by a def ic iency  i n  adenosine kinase a c t i v i t y .  These compounds 
completely i n h i b i t  de novo pur ine  and pyr imidine biosynthesis 
as wasured by [l4C]-bicarbonate incorpora t ion  and reduce 
by > 852 the  r a t e  o f  incorpora t ion  i n t o  nucleot ides o f  e i t h e r  
[14C]-hypoxanthine. -adenine, o r  -orotate and by > 601 [14C]- 
nicot inamide i n t o  NAO; a requirement f o r  PRPP i s  coanan t o  
each of these incorpora t ion  pathways. I n  cont ras t  the  ra tes  
o f  incorpora t ion  o f  [14C]-adenosine. -5-aminoimidazole-4-carboxa- 
mide r i bos i de  and -ur idine, which do no t  r equ i r e  PRPP f o r  
incorporat ion, are r e l a t i v e l y  unaffected. Treatment o f  c e l l s  
w i t h  the  4-amino analog causes a 502 reduct ion  i n  the  PRPP 
pool and, i n  studies o f  inosine-driven, adenine incorpora t ion  
by HPRT d e f i c i e n t  ce l l s .  > 951 reduct ion  i n  PRPP a v a i l a b i l i t y .  
Studies w i t h  the  human ery throcy te  PRPP synthetase i nd i ca te  
t h a t  a t  phys io log ica l  phosphate concentrations, 1 - 5 dl ,  
the  monophospha,te form o f  these adenosine analogs maintains 
the  enzyme i n  an i nac t i ve  f om.  A t  h igh  phosphate concentrations, 
> 32 n t 4 ,  the  monophosphates o f  the  analogs have no e f f e c t  
on the  a c t i v i t y  o f  PRPP synthetase. 
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One i n  v i t r o  model o f  the  chondro-osseous dysplasia 
(COD) seen i n  adenosine deaminase def ic iency  i s  character ized by 
dep le t ion  o f  chondrocyte ATP. I f  normal bone minera l iza t ion  i s  an 
energy dependant process, low growth p l a t e  ATP concentrat ion could 
be a p a r t i a l  basis f o r  COD. Since ca r t i l age  mat r ix  ves ic les  (MV) 
are involved i n  m ine ra l i za t i on  o f  growth ca r t i l age  and MV possess 
an ensemble o f  membrane bound pur ine nucleotide-processing enzymes 
inc lud ing ATP pyrophosphohydrolase, 5 'nucleot idase and a l ka l i ne  
phosphatase, we invest iga ted whether ATP was requ i red  f o r  MV 
minera l iza t ion .  

MV were prepared by u l t r acen t r i f uga t i on  o f  collagenase-digested 
adu l t  porcine hya l ine  a r t i c u l a r  ca r t i l age .  M ine ra l i za t i on  
experiments were conducted i n  inorganic phosphate (P i ) - f ree  media 
containing 2.2nlM "Ca a t  ph 7.6 and 37' C. Addit ions o f  ATP, AMP, 
P i ,  aO-methylene ATP were made i n  var ious experiments. 
Minera l iza t ion  was expressed as 'I5Ca uptake i n  MV separated by 
0.45 micron membrane f i l t r a t i o n .  Minera l iza t ion  occured by 6 
hours i n  the  presence o f  0.5-1.5 mM ATP o r  Oymethylene ATP but  no t  
w i t h  s to ich iomet r ic  added P i  alone. Minera l iza t ion  was i n h i b i t e d  
by 5 mM ATP. AMP alone on ly  poor ly  supported minera l iza t ion ,  and 
no m ine ra l i za t i on  was observed w i t h  aB-methylene ATP. 

ATP requirement f o r  MV m ine ra l i za t i on  ind ica tes  the  po ten t i a l  
importance o f  t h i s  simple model i n  studing the mechanisms o f  
de fec t ive  bone-formation i n  COD. 
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Car t i lage S'nucleotidase (5NT) a c t i v i t y  has been 
impl ica ted i n  calcium pryophosphate d ihydra te  (CPPD) 

deposi t ion [ A r t h r i t i s  Rheum 24:492,1981]. We measured synovial  
f l u i d  (SF) 5NT and nuc leot ide  pyrophosphohydrolase (NPPH), another 
ca r t i l age  ectoenzyme associated w i t h  CPPD deposi t ion, i n  173 
pat ien ts  w i t h  wel l -character ized arthropathies. A cy toso l i c  
enzyme, adenosine deaminase (ADA), and an ectoenzyme not  associat-  
ed w i t h  CPPO deposi t ion, a l ka l i ne  phosphatase (AP), were measured 
as controls.  

Enzyme A c t i v i t y ,  mean+SD(n), nmol/hr/mg p ro te i n  
NPPH 5NT AP AnA ... . .. 

gout 1.210.8(10) 
~ s u e d o ~ o u t  1.8i0.91 71 
RA - 1.6to.gi33j  
o s t e o a r t h r i t i s  2.0?1.5(34) 
CPPD 2.6a2.2(101 
BCP 2.411.3(25j 5.5+2.2(19j 11.7+3.2(6j 2.3+1.7i24j 
CPPDtBCP 3.1+3.2(27) 8.8+5.4(23) 11.9+3.7(9) 2.2+1.5(22) 
MSS 2.5t0.6(20) 10.4i4.4111) 11.2+6.4(61 3.6+1.6(101 

BCP=basic calcium pho;phate; ~ S ~ = ~ i l w a u k e e  shouider syndrome 
' 

SF 5NT and NPPH a c t i v i t i e s  are highest and ADA a c t i v i t i e s  are 
lowest i n  j o i n t s  w i t h  non in f l ama to r y  SF which contain calc ium 
c r ys ta l s  (Wilcoxon rank-sum, p<0.05).  SF a c t i v i t i e s  correspond 
w i t h  those reported i n  ca r t i l age  and suggest a s p e c i f i c  associa- 
t i o n  o f  elevated SF 5NT and NPPll a c t i v i t i e s  w i t h  a r t i c u l a r  calctum 
c r ys ta l  deposi t ion. 
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The inhibitory mechanisms of ribavirin 5'-monophosphate. 
(RMP), SM-108 nucleotide (bredinin 5'-monophosphate. BMP) and 
thiazole-4-carboxamide adenine dinucleotide (TAD), the active 
forms of the antimetabolites, ribavirin, SM-108 and tiazofurin, 
were studied in IMP dehydrogenase purified to homogeneity from 
rat hepatoma 392411. RMP and BMP as well as XMP inhibited com- 
petitively with IMP and noncompetitively with NAD'. The in- 
hibition by TAD was similar to that of NADH: uncompetitive with 
IMP and mixed type with NAD+. Ki values for RMP (0.8 uM), BMP 
(0.11 tlM) and TAD (0.13 uM) were markedly lower than those for 
XMP (136 uM) and NADH (210 uM), and also the Km for IMP (23 uM) 
and NAD' (05 uM). Thus, the drugs interact with IMP dehydro- 
genase with higher affinities than the natural metabolites, RMP 
or BMP with IMP-XMP and TAD with NADR site. Preincubation of 
the purified enzyme with RMP enhanced its inhibitory effect in a 
time-dependent manner. The enzyme was protected from inacti- 
vation by IMP or XMP but not by NAD or NADil. Ribavirin and 
tiazofurin together provided synergistic killing of hepatoma 
cells in clonogenic assays and the metabolic flux of de novo 
guanylate synthesis was also synergistically inhibited. The 
rcsults provide a biochemical basis for combination chemotherapy 
wiLh tiazofurin and ribavirin against the 2 different ligand 
sites of IMP dehydrogenase. (Supported by Outstanding 
Investigator Grant CA-42510 to C.W.) 
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IMP dehydrogenase (EC 1.1.1.205), the rate-limiting enzyme of 
de novo GTP biosynthesis, a promising target for cancer - - 
chemotherapy, was purified about 5,000-fold to homogeneity from 
rat transplantable hepatoma 3924A. Sephacryl S-400 gel 
filtration showed that the molecular weight of the native enzyme 
protein was about 245,000. SDS electrophoresis indicated that 
Lhe molccular weight of the subunits was about 60,000. Thus, 
the enzyme has a tetrameric structure. The double reciprocal 
plot? for substrate dependence yielded Km values for IMP and 
NAD+ of 23 and 65 uM, respectively. Excess NAD' caused 
sul>sLrate inhibition in the purified enzyme. The enzyme 
requires potassium ions; an apparent Km value for K+ was 7.8 
mM. Product-inhibition studies showed that XMP was cam etitive 
with IMP (Ki = 136 uM) and noncompetitive with NAD'. NADH 
exerted uncompetitive inhibition with respect to IMP (Ki = 210 
uM) and mixed type with NAD+ (Ki(s1ope) = 290 uM). This 
inhibirory pattern suggests an ordered Bi-Bi mechanism for the 
enzyme reaction in which IMP binds to the enzyme first, followed 
by NAD'. NADH dissociates from the ternary complex after 
rearrangement, and finally XMP is released. XMP interacts with 
the free enzyme and competes for the ligand site with IMP, while 
NADll binds to the enzyme XMP complex. (Supported by Outstanding 
Investigator Grant CA-42510 to G.W.) 
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