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( 5  Ci/mmole), [U-l'Cc] glycine (100 mCi/ 
mmole), and [8-3H] deoxyadenosine were 
purchased from ICN Pharamaceutics (Irvine, 
Calif.). Purine and pyrimidine nucleotides 
and bases were purchased from Sigma Chem- 
icals, (St. Louis, Mo.). 

Cells. Hypoxanthine guanine phosphori- 
bosyltransferase-deficient human T lympho- 
blast cell line was generously supplied by 
H.-M. Dosch (The Hospital for Sick Children, 
Toronto, Ontario). Purine nucleoside phos- 
phorylase-deficient mouse T lymphoma cell 
line was generously supplied by Dr. Ullman 
(University of Kentucky, Lexington, Ky.). 

Measurements of nucleotide catabolism. 
Cells were preincubated for 2 hr with radio- 
active ( 1  pCi/ml) purine precursors in RPMI 
1640 with 5% fetal calf serum (heat inacti- 
vated 30 min at 56"C), to allow sufficient 
labeling of the respective intracellular nucleo- 
tide pools ( 5 ) .  After washing out the radio- 
active precursor the cells were incubated in 
the presence or absence of catabolic inducer 
(5.5 mA4 deoxyglucose) and the intracellular 
and extracellular catabolic products analyzed 
as previously described ( 5 ,  6). 

Preliminary experiments were conducted 
to select 2'-deoxycoformycin concentration 
of 50 pA4 which completely inhibited ( ~ 9 7 % )  
adenosine deaminase activity in intact lym- 
phocytes without any detectable inhibition 
of AMP deamination by adenylate deaminase 
in intact lymphocytes (6). 

Results and Discussion. To study nucleo- 
tide catabolic pathways and the role of the 
purine nucleoside cycles in the degradation 
of purine deoxyribonucleotides and ribonu- 
cleosides we have analyzed the catabolism of 
ATP, deoxyATP, GTP, and deoxyGTP in T 
lymphoblastoid cells. For studies of ATP and 
deoxyATP catabolism we have used a hu- 
man T lymphoblastoid cell line deficient in 
hypoxanthine guanine phosphoribosyltrans- 
ferase activity (HGPRTase). The use of 
HGPRTase-deficient cells allowed exclusive 
labeling of deoxyATP pools by deoxyadeno- 
sine without labeling of intracellular ATP 
since no salvage of hypoxanthine is possible 
in HGPRTase-deficient cells. In order to 
achieve sufficient labeling of deoxyATP pools 
it was also necessary to prevent the deami- 
nation of deoxyadenosine using the potent 
ADA inhibitor 2'-deoxycoformycin. After la- 
beling of deoxyATP pools with deoxyaden- 

osine, nucleotide catabolism was induced by 
deoxyglucose in the presence of deoxycofor- 
mycin and the degradation of adenine de- 
oxyribonucleosides was followed in cell ex- 
tracts as well as the efflux of deoxynucleosides 
and bases into the extracellular medium (Ta- 
ble I). Deoxyglucose caused a rapid degra- 
dation of deoxyATP which was completed 
within 30 min, no accumulation of intracel- 
lular deoxyADP or deoxyAMP was observed 
(data not shown) and all the radioactivity 
appeared in the extracellular medium. Anal- 
ysis of the radioactivity in nucleosides and 
bases in the medium revealed that over 95% 
of the radioactivity was found in deoxyaden- 
osine. This observation indicates that in the 
absence of deoxycoformycin the catabolism 
of deoxyATP flows exclusively through the 
adenosine deaminase reaction and there is 
no deamination of deoxyAMP by adenylate 
deam i nase. 

The degradation of adenine ribonucleotides 
was also induced by deoxyglucose and the 
production of ribonucleosides and bases was 
followed in HGPRTase-deficient cells labeled 
with radioactive adenine and incubated in 
the presence or in the absence of deoxyco- 
formycin (Table 11). Again deoxyglucose in- 
duced a rapid breakdown of ATP without 
accumulation of ADP or AMP (results not 
shown) resulting in an efflux of the radioactive 
nucleosides and bases into the extracellular 
medium. In the absence of deoxycoformycin 
only inosine and hypoxanthine were formed 

TABLE I. DEOXYATP CATABOLISM 
IN T LYMPHOBLASTS 

Labeled deoxyATP catabolites 
(pmole/ 1 O6 cells) 

Time HYPOX- Deoxy- Deoxy- 
(min) anthine inosine adenosine 

10 <1 < I  8.4 
20 t l  < 1  13.0 
30 < 1  < 1  19.6 

Note. Cells were preincubated with [8-3H]deoxy- 
adenosine in the presence of 50 pM deoxycoformycin 
allowing the formation of 36 pmole/106 cells radioactive 
deoxyATP. The radioactivity was washed out and the 
production of catabolic products analyzed. Results rep- 
resent a single experiment; three other experiments gave 
similar results for additional details see Materials and 
Methods. 
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TABLE 11. ATP CATABOLISM IN T LYMPHOBLASTS 

Labeled ATP catabolites 
(pmole/ 1 O6 cells) 

Deox yco- 
Time formycin Hypox- 
(min) (50 pM)  anthine Inosine Adenosine 

~~ 

118 542 8 10 
20 239 567 I 1  

335 612 13 30 
10 + 170 590 38 
20 + 342 634 79 
30 + 465 668 103 

- 

- 

Note. Cells were preincubated with [ 8-3H]adenine and 
in the presence or absence of 50 p~ deoxycoformycin, 
ATP catabolism was induced with 5.5 mM deoxyglucose 
and catabolic products were analyzed in the extracellular 
medium. At the beginning of catabolic induction (time 
0) the radioactive ATP concentration was 1360 (pmole/ 
lo6 cells) in the absence of deoxycofonnycin, and 1590 
(pmole/ 1 O6 cells) in the presence of deoxycoformycin. 
Results represent a single experiment; three other exper- 
iments gave similar results for additional details see 
Materials and Methods. 

and no adenosine was found whereas in the 
presence of deoxycoformycin inosine and 
hypoxanthine were the major degradation 
products but small amounts of adenosine 
were also produced. These results indicate 
that adenine ribonucleotide degradation can 
flow mainly through the adenylate deaminase 
reaction and only a small amount of adeno- 
sine is deaminated by adenosine deaminase. 
These findings may explain the selective im- 
pairment of deoxyadenosine metabolism ob- 
served in adenosine deaminase-deficient pa- 
tients (7-9). 

For studies of GTP and deoxyGTP catab- 
olism we have used a T lymphoblast cell line 
deficient in purine nucleoside phosphorylase 
activity which enabled the exclusive labeling 
of intracellular deoxyGTP pool by radioactive 
deoxyguanosine without any flow of radio- 
activity into the GTP pool. The results of 
deoxyGTP catabolism are summarized in 
Table 111. During 4-hr incubation in me- 
dium the radioactivity in deoxyGTP and 
deoxyGDP pools decreased without a sig- 
nificant change in the radioactivity in 
deoxyGMP (results not shown). The final 
breakdown products of deoxyGTP are found 
exclusively in the extracellular medium. 
Analysis of the radioactivity associated with 

TABLE 111. DEOXYGTP CATABOLISM 
IN T LYMPHOMA CELLS 

Labeled deoxyGTP Catabolites 
(pmole/ 1 O6 cells) - Time 

(hr) Deoxyinosine Deoxyguanos ne 

1 <o. 1 
2 <o. 1 
4 <o. 1 

4.3 
7.5 
9.4 

Note. Purine nucleoside phosphorylase-deficient cdls 
were labeled with [8-3H]deoxyguanosine to label 
deoxyGTP pools (15.5 pmole/106 cells at time 0). Cells 
were than incubated in growth medium and the labeled 
extracellular metabolites were analyzed after var i 'm 
times. Results represent a single experiment; three other 
experiments gave similar results. See Materials itnd 
Methods for additional details. 

nucleosides and bases revealed that all ihe 
radioactivity was found in deoxyguanosiiie. 
These results indicate that all the deoxyGMP 
formed during deoxyGTP catabolism is tie- 
phosphorylated directly to deoxyguanosin =. 

The results of guanine ribonucleotide :a- 
tabolism are presented in Table IV. Again 
there is a decrease in the radioactivity asso- 
ciated with GTP with little change in the 
radioactivity of GDP and GMP pools (data 
not shown). Analysis of radioactive degra- 
dation products in the extracellular medium 
revealed the production of equal amounts of 
guanosine and inosine from guanine nucleo- 
tide degradation. This finding suggested that 
half of the GMP formed during guanine 
nucleotide degradation is dephosphorylated 
first and half undergoes a reductive deani- 

TABLE IV. GTP CATABOLISM IN MOUSE T 
LYMPHOMA CELLS 

Labeled GTP Catabolites 
(pmole/ I O6 cells) 

Time 
(hr) Inosine Guanosine 

1 53 47 
2 92 90 
4 I37 142 

~~ ~~ 

Note. Purine nucleoside phosphorylase-deficient cells 
were labeled with [8-3H]guanine to label the GTP 11001, 
(394 pmole/ 1 O6 cells at time 0), the radioactive guanine 
was washed out and the extracellular catabolites produced 
were analyzed. Results are from a single experiment; 
three additional experiments gave similar results. See 
Materials and Methods for additional details. 
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nation yielding IMP which is then dephos- 
phorylated to inosine. 

These results clearly demonstrate the ex- 
istence of different catabolic pathways for 
degradation of purine ribonucleotides than 
those for purine deoxyribonucleosides possi- 
bly explaining the disparity observed in their 
catabolic rates (3). Thus, both adenine and 
guanine deoxyribonucleotides are dephos- 
phorylated all the way to the nucleoside level, 
while the corresponding ribonucleotides can 
be first deaminated to IMP which is then 
dephosphorylated to inosine (Figs. 1 and 2). 
These findings may explain the widely differ- 
ent catabolic rates of purine ribonucleotides 
and deoxyribonucleotides revealed in PNP- 
deficient patients (3). Deoxyribonucleotides 
are dephosphorylated to the corresponding 
deoxyribonucleoside, and their salvage re- 
quires the ADA and PNP reactions, whereas 
purine ribonucleotides are deaminated to IMP 
(Figs. 1 and 2) which may be directly incor- 
porated back to the nucleotide triphosphate 
pools independent of the PNP and ADA 
reactions. These findings reveal a possible 
role for the purine nucleoside cycles namely 
the conversion of purine deoxyribonucleo- 
tides to their corresponding ribonucleotide 
derivatives (4). Thus, guanine deoxyribonu- 
cleotides are converted to guanine ribonucle- 
otides through the deoxyguanosine cycle while 
adenine deoxyribonucleotides are converted 
first to deoxyinosine via the adenosine de- 
aminase reaction. The deoxyinosine produced 
this way is cycled to yield IMP which may 
be subsequently converted to adenine and 
guanine ribonucleotides by the purine nu- 
cleoside cycles (Figs. 1 and 2). It thus appears 
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FIG. 1. Catabolic pathways of ATP and deoxyATP 
and the inosine cycle in T lymphocytes. Arrows represent 
the following enzymatic reactions. ( 1 ) 5’-Nucleotidase, 
(2) purine nucleoside phosphorylase, (3) hypoxanthine 
guanine phosphoribosyltransferase, (4) adenosine deam- 
inase, and ( 5 )  adenylate deaminase. See text for additional 
details, 
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FIG. 2. Catabolic pathways of GTP and deoxyGTP 
and the guanosine cycle in T lymphocytes. Arrows 
represent the following enzymatic reactions. ( 1 )  5’-Nu- 
cleotidase, (2) purine nucleoside phosphorylase, (3) hy- 
poxanthine guanine phosphoribosyltransferase, and (4) 
guanylate deaminase. 

that the purine nucleoside cycles are essential 
for the regulation of purine deoxyribonucle- 
otide levels. Disruption of these cycles as in 
the case of ADA and PNP deficiencies leads 
to the observed abnormalities of deoxyribo- 
nucleosides triphosphate metabolism (7- 10). 
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