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Abstract-The metabolism of H-i4C-labelled 2’-deoxyadenosine (dAR) and 2’-deoxyguanosine (dGR) 
has been investigated using lymphocvtes in long-term culture transformed by Epstein-Barr (EB) virus 
(B-cells) from eight patients with different inherited purine enzyme defects. The use of such lines 
enabled accurate mapping of the route of metabolism by acting as a ‘trap’ for the radiolabel at specific 
points. With either substrate (25 ,uM) most of the label was recovered in the medium. Using dAR. less 
than 30% of the radiolabel was incorporated into cellular nucleotides. For dGR. values were le,s than 
18%. 

Studies with dAR alone confirmed the principal route of metabolism was to hppoxanthine. with 
further metabolism (by lines with intact salvage pathways) to ATP and GTP in the ratio of approximateI\ 
4: 1. Lack of accumulation of deoxyinosine in the purine nucleoside phosphorylase (PNP) deficient line. 
or hypoxanthine in the hypoxanthine guanine phosphoribosy!transferase (HGPRT) deficient line. using 
dAR together with the adenosine deaminase (ADA) inhIbItor 2’-deoxycoformycin (dCF) at lO!rM. 
confirmed the effectiveness of ADA inhibition. Nevertheless. some ATP was still formed by all lines in 
the presence of dCF by a route as yet unknown. Only the ADA deficient lines formed dATP with dAR 
alone. However. some dATP was formed by all lines in the presence of dCF. A partially HGPRT 
deficient line formed extremely high dATP levels. well in excess of those formed by the T-cell line 
CEM. 

Studies with dGR revealed some interesting differences. a large proportion of the substrate being 
metabolized predominantly to xanthine by most enzyme deficient lines. In the PNP deficient line most 
of the substrate remained unmetabolized. but some dGTP was formed. No other enzyme deficient 
line formed anv dGTP-with or without the PNP inhibitor 8-aminoguanosine (%NH?GR)-with one 
exception. Again this was the partially HGPRT deficient line. which with the inhibitor again formed 
more dGTP than the T-cell line. Within the cells most of the substrate was metabolized to GTP. except 
in the PNP. and totally HGPRT deficient lines. Levels of GTP formed were not altered by the inhibitor. 
reflecting the lack of effective PNP inhibition by 8-NH:GR. Some counts were also found in ATP and 
IMP. confirming the existence of this route in mammalian cells of lymphoid origin. 

The results also support previous studies by us using cell lines nlth intact purine pathways. \+hich 
demonstrated that. contrary to current beliefs. some B-cell lines are capable of accumulating high Ie\,els 
of deoxynucleotides. They Indicate that the levels of substrate used in many studies are Benerall! well 
in excess of those either desirable or necessary. They suggest that in any such irl uirro studtes in cultured 
lymphocytes-using either EHNA. dCF or &NH?GR to inhibit the degradation of dAR or dGR- 
toxicity demonstrated could equally relate to either the accumulation of large amounts of unmetabolized 
substrate. or metabolism and accumulation of the substrate in other purine. not deox!purine. pools. 

Of the known inherited disorders of purine metab- peculiar to the former [2. S-131. These 
olism only two are associated with immunodefici- deoxynucleotides are potent inhibitors of the ribo- 
ency. In adenosine deaminase (ADA, EC 3.5.4.4) nucleotide reductase (EC 1.17.4.1) essential for 
deficiency both T- and B-cell function are defective. DNA synthesis. which could explain the preferential 
In purine nucleoside phosphorylase (PNP. EC 2.4. toxicity of dAR or dGR to T-cells in uicio [ZO, 211. 
2.1) deficiency. T-cells are affected. Since these are Assumptions based on the above in vitro experi- 

also the only purine disorders in which the accumula- ments may be questioned because studies of 

tion of deoxynucleosides has been demonstrated. a deoxynucleoside toxicity have been confined almost 

cause and effect relationship has been postulated [I- exclusivelv to measurement of deoxvnucleotide 

71. levels. an&or viability of cells in long-t&m culture 

Many it7 vitro studies in cultured lymphocytes have [ZO]. The toxicity in different studies could well relate 
found that T-lymphoblasts are much more sensitive to metabolism of the substrate by other routes- 
than B-lymphoblasts to the cytotoxic effects of 2’- particularly in those studies relating to dGR where 
deoxyguanosine (dGR) or 2’-deoxyadenosine (dAR) no PNP inhibitor has been available until recentlv. 

in the presence of an ADA inhibitor such as erythro- The present report details metabolic studies ;n 

9-(2-hydroxy-3-nonyl)adenine (EHNA) or 2’-deoxy- cultured Iymphoblasts deficient in enzymes which 
coformycin (dCF) [g-19]. The accumulation of high catalyse sequential steps in the synthesis and depra- 
levels of dATP. or dGTP. in such studies in T-. but dation of different purine nucleotides. The purpose 
not B-cells. has been related to an enzyme pattern was to investigate findings during similar studies in 
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cells with intact purine pathw-ays.* They have pro- 
vided an accurate map of the principal routes of 
metabolism of both dAR and dGR. The combined 
results do not accord with published work and indi- 
cate that new experiments employing much lower 
substrate levels must be devised. 

MATERIALS AND METHODS 

Mafevids. [8-“C]Deoxyadenosine (40.9 mCi/ 
mmole) and [8-1~C]deoxyguanosine (56.6 mCi/ 
mmole) were purchased from New England Nuclear. 
Unlabelied 2’-deoxyadenosine (Sigma Chemical 
CO.. St. Louis. MO) and 2’-deoxyguanosine (BDH 
Chemicals Ltd.. Poole, Dorset, U.K.) were used to 
dilute the labelled substrates. Mediums used were 
either Iscoves or RPMI-1640 (Flow Laboratories) 
with appropriate additives to ensure viability and 
growth. 

~‘-Deoxvcoformycin (pentostatin for injection) 
was a gift from Professor A. V. Hof~rand. Royal 
Free Hospital and 8-aminoguanosine (8-NHGR) a 
gift from Dr. J. Wilson, Department of Medicine. 
Ann Arbor. MI. 

Cell lines. The cell lines used in this study were 
obtained from patients with different purine enzyme 
defects during collaborative studies of purine metab- 
olism. ADAl and ADA2 were from patients SY 
and KA 1221, studied in collaboration with Dr. R. 
Levinsky. Institute for Child Health. London. PNP 
was from patient SB (231, studied in collaboration 
with Dr. A. Watson, Royal Manchester Children’s 
Hospital. HGPRTr was from GK. a Lesh-Nyhan 
patient; HGPRTr from CL with partial hypoxanthine 
guanine phosphoribosyltransferase, (EC 2.4.2.8) de- 
ficiency [24], a patient of Professor J. S. Cameron, 
Renal Unit. Guy’s Hospital PPRPS (aberrant phos- 
phoribos~llpyrophosphate synthetase. EC X7.6.1) 
was from NB 1251% a patient of Dr. J. Wilson, 
Great Ormond Street Hospital for Sick Children. 
APRTikz [adenine phosphoribosyltransferase (EC 
2.4.2.7) deficiency] were from B D’H, and F D’H 
[X], patients of Professor K. J. Van Acker, Univer- 
sity of Antwerp, Belgium. The lines were trans- 
formed bv Epstein-Barr (EB) virus infection and 
made available to us through the courtesy of Dr. S. 
Pereira. Northwick Park: Dr. M. Greaves. Imperial 
Cancer Research Fund: and Dr. J. E. Seegmiller. La 
Jolla, CA. The T-cell line CEM was kindly supplied 
by Professor M. A. Epstein. University of Bristol. 

Cell lines were checked monthly for mycoplasma 
contamination using two separate methods: a fluores- 
cent DNA-binding dye (Hoechst 33256) method, and 
the h-methvl-purine deoxyriboside (h-MeP-dR) test 
of McGarritv and Carson 1271. All lines used were 
checked initially by culture and found to be myco- 
plasma-free. We are greatly indebted to Dr. D. A. 
Carson. La Jolla. CA for kindly donating the h-Mep- 
dR. and to Dr. Windsor and staff of the Mycopiasma 
Unit, Wellcome Research Laboratories. 
Beckenham. U.K. for the mycoplasma culture 
testing. 

,2iletabolism of deoxyadenosine and deoxyguanos- 

ine in intact cells. Cells in logarithmic growth phase 
were harvested 38 hr after subculture and rcsus- 

pended in fresh complete medium (Iscove’s or 
RPMI-164~ plus 10% heat-inactivated foetal calf 
serum} and incubated for 2 hr at 37” in an atmosphere 
of 95% air 5% CO::. with [8-i%] dAR or [8-%]dGR. 
at a final concentration of 25 {IM. The incubation 
volume was lOO!rl in total. The conditions chosen 
were selected to be as close to physiological as pos- 
sible (i.e. physiological phosphate, plus final sub- 
strate concentration of 25 @l). The latter was 
selected as being ct~mparable to the lower concentra- 
tion used in most published studies [ZO]. Viability 
over 2 hr was greater than 90% (trypan blue exclu- 
sion). Densities of the different cell lines studied 
were 1 X l(l’/ml. In each experiment yuadruplicate 
samples were analysed as follows: 

(i) When the incubations were carried out in the 
presence of the ADA inhibitor (10 PM) dCF or 
the PNP inhibitor (210 PM) 8-NHzGR, 40 ~1 of 
cell suspension (containing 1 X 10” cells) was 
preincubated for 10 min together with 10 /iI of 
inhibitor (of the appropriate molarity to give the 
above final concentration) prior to addition of 
labelled substrate. 

(ii) Duplicates containing 40 ,ul of cell suspension 
plus 10 ,ul medium (or inhibitor, as above) were 
preincubated for 10min and the reaction was 
started by the addition of 50 ~1 of labelled sub- 
strate (dAR 1 &i/ml or dGR 1.4 ,uCi/ml). After 
2 hr the incubations were terminated by centrifu- 
gation at 400 ,g (1500 rpm) for 5 min at 4”. Super- 
natants containing the incubation medium were 
transferred to a tube containing 25 p! of ice-cold 
trichloroacetic acid (TCA) (40%) and the cell 
pellet was suspended in 100,ul of cold TCA 
(8%). The protein precipitate was removed at 
12,000 g (Beckman microcentrifuge) for 1 min 
and both the above supernatants were immedi- 
ately extracted with water-saturated diethyl 
ether to pH 5.0. All manipulations were done 
on ice to minimize the acid breakdown of deoxy 
compounds. Samples were then stored at -20” 
until analysed by high performance liquid 
chromatography (HPLC). 

(iii) The remaining duplicates. containing isotope 
diluted with cold substrate to a final radioactive 
concentration of 0.25 &i/ml dAR (or 0.28 $i/ 
ml dGR), were processed to quantify total radio- 
activity in the soluble and insoluble ceflular frac- 
tions, and in the medium. Two hours after the 
start of the incubation. the cells were centrifuged 
at 400 g (1500 rpm) for 5 min at 4” and the 
supernatant was removed by aspiration. A wash 
with 200/11 of cold isotonic saline followed 
(5 min at 4OOg at 4”). Both supernatants were 
transferred to a counting vial to quantify total 
radioactivity in the medium. The cell pellets 
were then extracted with X(1$ 8% TCA for 
20 min at @ and centrifuged at 600 R (2000 rpm) 
for 20 min at 4”. The supernatant was removed 
and the pellet washed with 100~~1 of cold 8% 
TCA and spun again for 10 min (6(!0 g. q). Both 
supernatants were transferred to a counting vial 
for acid-soluble fraction quantification. The re- 
maining pellets were resuspended in 100 ~1 TCA 
(8%) and incubated at 70” for 40 min. The sus- 
pension plus 200 !rl 11:O used to wash the tube 
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were transferred to a scintillation vial and quan- 
tified as the cellular insoluble fraction. Scintil- 
lant (3 ml) was added to each vial and radioactiv- 
ity determined by liquid scintillation counting 
(1215 Rachbeta. LKB Wallac). 

Chromatography. The HPLC system used has 
been described 1281. A reverse-phase system was 
employed to separate nucleosides and bases in the 
medium. For the dAR incubations, buffer A 
contained KHzPO J, 2.7 $1. (20 mM). pH 4.45; buf- 
fer B consisted of 60% methanol, 40% water (v/v). 
A linear gradient (gradient 6) increasing to 40% B 
in 2Omin was used. For studies using dGR the pH 
of buffer A was 3.0. For the nucleotides in the 
cell extracts, an anion exchange system employing a 
phosphate gradient was used. Buffer A contained 
KH~POJ, O.@g/l. (5 mM), pH 2.65; buffer B, 25g 
KH?PO$. plus 25 g KC@.. pfH 3.85. The flow rate 
was 3 ml/min using a linear gradient (gradient 6) 
increasing to 100% B in 20 min (Tri-modular system, 
Waters Associates, Cheshire. U.K. 

The phosphate was Aristar grade. the potassium 
chloride Analar grade. from BDH Chemicals Ltd. 
(Poole. Dorset. U.K.). The methanol was a special 
HPLC grade from Rathburn Chemicals 
(~‘aikerburn. Scotland. U.K.). For all studies. the 
2X0 nm channel recorder was disconnected and the 
radioactivity monitor attached in its place for con- 
tinuous monitoring of radioactivity in parallel with 
the UV absorbance at 25Jnm. The radiodetector 
contained a flow cell (2~0~~1 void volume) packed 
with solid scintillant (‘YZ.1811 GSI #ass scintillant 
powder, Grade W. 63-N) obtained from Koch-Light 
Ltd. The radiodetector was a Precision Radioactivity 
Monitor supplied by Reeve Anall;tical Ltd. (Chapel 
Street. Glasgo\v. U.K. ). 

RESI’LTS 

Metabolism of dAR with and without 10 @I dCF 

Figure I shows that of the enzyme deficient lines 

only those with intact pathways for both catabolism 
and salvage of dAR (APRTlkz. PPRPS) incorpor- 
ated significant anlounts (up to 23%) of radioactivity 
into the cell. predominantly into the solubie fraction. 
As expected. the ADA deficient line ADA, showed 
no change in incorporation in the presence of dCF. 
while incorporation if anything increased slightly in 
the PNP and completely HGPRT deficient hne 
HGPRT,. Surprisingly. incorporation by the parti- 
ally deficient line HGPRT? was trebled m the pres- 
ence of dCF. The T-cell line incorporated approxi- 
mately 30%. which was reduced to 12% by dCF. In 

all lines incorporation into the insoluble fraction was 
proportional to the incorporation into the soluble 
fraction and was reduced by up to 90% by dCF in 
lines with intact salvage pathways. 

Table i demonstrates the reason for the differ- 
ences observed in Fig. 1 and shows that the majority 
of counts were in the medium. The results are expres- 
sed on a protein basis because of considerable varia- 
tion in ceil size. Lines APRTI~:~ HGPRTl. PNP and 
AD.4 were relatively uniform in size and contained 
from 0.14 to 0.18 mg protein/lo6 cells (mean of seven 
determinations per cell type). Lines ADA?. 
HGPRT? and CEM were much larger, with a mean 
protein content of 0.317.0.244 and 0.292 mg protein/ 
lOh cells, respectively. 

As anticipated. in the two ADA deficient lines 
most of the substrate was recovered as unchanged 
dAR. (The small amount of radioiabel in adenine 
was found. bv experiments at zero time, to be due 
to the instabi<tv of dAR in the acid extraction condi- 
tions.) These lines were the only lines (apart from 
the T-cell line CEM) to form significant amounts of 
dATP without dCF. but surprisingly counts were 
also found in ATP. In the other lines counts in the 
medium were found predominantly in hypoxanthine 
(H). except in the PNP deficient line where they were 
found almost exclusivelv in deoxyinosine (dHR). 
(Again in the PNP deficient line the small fraction 

30 

% counts in 

25 
rzi Soluble fraction 

insoluble fraction 20 m 

cl Medium 

15 + dCF 

CEM ADA* tiGPRT, PNP 
ADA, PPRPS APRT, 

APRT* 
HGPRT* 
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of radiolabel in H was due to the lability of dHR in 
the acid extraction conditions.) The absence of 
counts in H or dHR in all lines using dCF, and the 
accumulation of label in the medium exclusively in 
unmetabolized dAR. confirmed the effectiveness of 
dCF as an ADA inhibitor. 

Within the cells with intact pathways for the 
catabolism and salvage of dAR. counts were found 
predominantly in ATP or GTP (ratio 4: 1 
approximately). but some counts were also found in 
IMP and NAD’. The virtual absence of counts in 
either IMP or GTP in the PNP and completely 
HGPRT deficient line, and their accumulation in 
dHR or H respectively, confirmed dAR degradation 
via ADA and PNP. with recycling via HGPRT. as 
the route of origin of the label in ATP and GTP in 
cells with intact pathways. 

This also explains the almost complete disappear- 
ance of label from these nucleotides following ADA 
inhibition with dCF. Nevertheless. in all lines some 
counts were still found in ATP. The fact that similar 
amounts of ATP were formed by the two APRT as 
well as the PNP deficient lines would exclude the 
potential degradation of dAR via adenine by a nu- 
cleoside phosphorylase with subsequent conversion 
to ATP by APRT. These results. together with the 
finding of significant amounts of label in ATP in the 
ADA deficient and completely HGPRT deficient 
line. would appear to exclude known routes of ATP 
formation. 

Most lines svnthesized some dATP from dAR with 
the ADA inhibitor dCF. although in the case of 
the PNP deficient line the level was extremely low. 
Curiously, the partially deficient HGPRT line 
formed more dATP than any other cell line, even 
the T-cell line, with dCF. 

Metabolism ofdGR with and without the PNP inhibi- 
tor 8-NHzGR 

Studies were restricted to five enzyme deficient 
lines compared with one T-cell line (CEM) because 
of the limited availability. of f&%fdGR. However, 
using dGR, even in cell hnes with normal pathways 
of deoxynucleoside catabolism and salvage total 
cellular incorporation of radiolabel was much lower 
than with dAR (Fig. 2). The inhibitor did not alter 
this pattern significantly, except in the case of the 
partially deficient line HGPRTz which showed incre- 
ased incorporation of radiolabel with the inhibitor. 
In all lines the % incorporation into the insoluble 
fraction (6.4-375X) was not altered greatly by the 
presence of the inhibitor (Fig. I). 

The metabolic studies (Table 2) again help to 
provide a picture of the above sequence of events. 
In cells with intact pathways. counts within the cell 
were found mostly in GTP, and this pattern was not 
changed by the inhibitor. In the medium, counts in 
CEM were predominantly in guanine (G) with dGR 
alone. but predominantly in dGR with the inhibitor. 
For the PNP deficient line. counts were found almost 
exclusively in dGR and the only counts in any nucleo- 
tide were found in dGTP. (The very small number 
of counts in guanine was due to dGR degradation in 
the acid extraction step.) CEM was the only other 
line to form significant amounts of dGTP without 
inhibitor. 

It is noteworthy that in all the enzyme deficient 
lines (apart from HGPRT: where the ratio was rever- 
sed) counts in the medium were found predominantly 
in xanthine. as compared with guanine for CEM. 
Counts in xanthine were reduced by the inhibitor, 
with the majority now being found in unmetabolized 
dGR. Nevertheless, the nucleotide pattern did not 

20 % counts in 

ia Soluble fraction 

l5 n Insoluble fraction 

El Medium 

10 
? 8NH2GR 

ADA, HGPRT, PNP 

GEM PPRPS HGPRT* 

CELL LINE 

Fig. 2. Percentapc incorporation of rad~olabellcd dGR (25 @ll) in 2 hr into the soluble (hatched bars) 
and insoluble (closed bars) crllular fractions relative to the counts rcmainine in the medium (open bars) 

in six different cell lines a-ith (+i and without (-) rhe PNP inhibitor X-NH:GR (710 ghl). 
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alter significantly with the inhibitor, except in 
HGPRT? which again showed a curious pattern in 
that it now incorporated counts into dGTP but 
formed no xanthine. The levels of dGTP attained 
were even higher than those formed by the T-cell 
line CEM. However, none of the other enzyme 
deficient lines formed any dGTP. with or without 
inhibitor. apart from the PNP deficient line. 

The fact that (except in the PNP and HGPRT 
deficient lines), most of the counts were still found 
in GTP. with or without inhibitor, confirmed our 

previous studies in normal cell lines showing 8- 
NH?GR to be a poor PNP inhibitor.* The results in 
the PNP and HGPRT deficient lines demonstrated 
that the GTP is derived from dGR by prior degrada- 
tion to guanine. However, the presence of some 
counts in ATP and IMP also indicate the existence 
of a route for the conversion of guanine to adenine 
nucleotides in mammalian cells. 

DISCUSSION 

The present studies were undertaken to determine 
whether further insight into the underlying mechan- 
isms of lvmphospecific cytotoxicity associated with 
the absel.ce of two sequential enzymes of purine 
catabolism [S-19] could be gleaned from detailed 
metabolic studies using cultured lymphocytes. Cur- 
rent concepts based on such studies favour the accu- 
mulation of dATP or dGTP in T- as distinct from B- 
lymphocytes. with subsequent arrest of cell division 
due to inhibition of ribonucleotide reductase 1211. 

Recent studies in uivo by us [22.23] together with 
in vitro studies by others [29-321 have questioned 
these concepts. Many such in vitro studies may be 
criticized in that they have focused almost exclusively 
on cell viability in the long-term (72 hr) relative to 
dATP (or dGTP) accumulation in the short-term, 
sometimes only the former [20]. Moreover, there is 
considerable inconsistency in the results obtained [8- 
201 and frequently as few as two lines have been 
compared. For example. dATP levels of 600 pmole/ 
1V cells were noted in 30 min using EHNA to inhibit 
dAR metabolism [IO]. but only after 24 hr 191 by 
others using 5 !IM dCF. Substrate levels, using either 
dAR or dGR, have also varied widely (range 1 = 
750 JJM [ZO]. Only one study with dGR has used a 
PNP inhibitor and again only one T- and B-cell lines 
were compared 1331. The possibility that any toxicity 
demonstrated could equally result from metabolism 
of either dAR or dGR by other routes has not been 
considered in most cases. 

For the above reasons, we carried out detailed 
metabolic studies in cultured lymphocytes with intact 
purine pathways”. utilizing sensitive methods coup- 
ling simultaneous radiodetection with rapid and effi- 
cient separation of nucleotides, nucleosides and 
bases 1281. The first probiem encountered was that 
only dCF completely inhibited ADA. With EHNA 
at concentrations normally employed (10 ,uM) 50% 
of dAR was still metabolized by ADA, 
predominantly to ATP. The PNP inhibitor 8-NHzGR 
likcuise in this intact cell system did not alter the 
amount of GTP formed from dGR. and was seem- 

ingiy an ineffective inhibitor.~ There were other 
inconsistencies, such as the fact that two of the four 
B-cell lines studied formed amounts of dATP or 
dGTP comparable to those formed by a T-cell line. * 
Since these two lines were of malignant origin, we 
speculated that the ability of cells to accumulate 
toxic deoxynucleotides could be related to an altered 
metabolism, associated with the process of malignant 
transformation, rather than the original cell type.* 
This would also explain the finding by others that 
null cells of leukaemic origin, with an enzyme pattern 
quite different from T-cells, also accumulate high 
dATP levels [31]. 

In the present report we have utilized lines from 
our patients deficient in several steps of the purine 
recycling process [22-261 in an attempt to answer 
some of the questions posed by the above studies. 
We now confirm the ability of a third B-cell line 
(which is also clearly unusual) to accumulate high 
levels of dATP and dGTP. The high level of counts 
found in ATP and GTP (ratio approximately 4: I), 
or in H or dHR in lines incapable of metabolizing 
these purines further. confirmed deamination of 
dAR and metabolism via these intermediates as the 
principal route of ATP formation. It also demon- 
strates that hypoxanthine salvage is a significant 
source of GTP as well as ATP in both T- and B-cell 
lines. The finding of some counts in NAD+ indicates 
active synthesis from ATP. However, the fact that 
in the presence of dCF some ATP was still formed 
by all the different enzyme deficient lines would 
exclude known routes of ATP formation, and other 
explanations must be sought. 

The finding of low percentage of counts in ATP 
and IMP using dGR confirms the existence of 
pathways for the conversion of GTP to ATP via IMP 
in mammalian cells. but this pathway does not seem 
to be of significance in T- or B-cells. It is noteworthy 
that in lines with intact salvage pathways counts in 
GTP were again not reduced by the inhlbttor. which 
is thus an inappropriate model for the inherited 
disorder. The above observations relating to nucleo- 
tide levels were confirmed in all instances by the 
accumulation of the substrate in the appropriate 
intermediate in the different lines deficient in specific 
enzymes. 

These studies in the enzyme deficient lines have 
also provided interesting data regarding nucleoside 
and base metabolism. The fact that dAR is rapldly 
taken up (except by the ADA deficient lines), com- 
pletely metabolized, with 70% or more being ex- 
creted back into the medium-partly as dHR. while 
some unmetabolized dGR was always recovered in 
the medium using the same lines-confirms that 
ADA is more active than PNP in these B-cell lines 
given the same amount of substrate. The behaviour 
of some of the enzyme-deficient lines in forming 
significant amounts of xanthine from dGR is curious. 
particularly in view of the report that human lympho- 
cytes apparently lack the enzyme 8uanase 1341. 
However, it is noteworthy that xanthme formation 
occurred only in those lines where, or when. no 
detectable amounts of dGTP were formed. 

The present studies demonstrate that even using 
as little as 25 t&l substrate. a maximum of = 30% of 
dAR (and less than this for dGR) is utilized by the 
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cell for nucleotide formation. The remainder will 
remain in the medium. or be metabolized by other 
routes to form purines. not deoxypurines, depending 
on the effectiveness of the inhibitor used to simulate 
inherited ADA or PNP deficiency. Clearly, substrate 
levels used in many studies have been well in excess 
of those either desirable or necessary. Moreover. the 
significance of studies comparing dAR toxicity alone 
or together with dCF must be questioned. since they 
could merely relate to the enhancement of ATP 
pools by dAR in the uninhibited situation. This is 
particularly relevent to the reciprocal relationship 
demonstrated between ATP and dATP if. as curren- 
tly believed. the maintenance of adequate ATP levels 
is essential for the survival of resting. as well as 
dividing, lymphoid cells [Xl. The effect of dGR on 
GTP levels likewise cannot be disregarded. 
especially when GTP formation was not influenced 
by 8-NHrGR. 

Further studies using lower substrate levels are 
planned to resolve the many points raised by these 
studies. Nevertheless. the observations are import- 
ant for several reasons. First. they demonstrate the 
major routes of purine metabolism in T- and B-cells. 
Second. they confirm there is considerable variation 
in the ability of B-ceils to form dATP and dGTP. 
and indicate that too few lines have been investigated 
in the past. Such limited studies as have been done. 
by chance, have been carried out in EB virus 
transformed normal lines where purine metabolism 
is different from that of mali&nant lines. 

The fact that substrate levels have often been 
too high and consequently have significantly altered 
cellular ATP or GTP levels is particular!y, important 
when comparing deoxynucieoside toxtctty over a 
72hr period with the ability to accumulate 
deoxynucieotides in short-term metabolic experi- 
ments. Our studies confirm that only dCF will effec- 
tively simulate the in ~ivo situation in ADA defici- 
encv and there is no effective PNP inhibitor yet 
available-findings pertinent to all reports employ- 
ing dGR. and to those with dAR usin, EHNA to 
inhibit ADA activity [lo, 13, 35. 361. 

The results concur with our unsuccessful attempts 
to alter the clinical course. or improve immunological 
parameters. in children with either ADA or PNP 
deficiencv [22,23] and cast further doubt on the 
ribonucleotide reductase hypothesis. New experi- 
ments may need to be devised to resolve many of 
these points and more studies in T-cells are essential. 
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