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Abstract. We have studied the turnover and synthesis of purine nucleoside phosphorylase by 
using a polyclonal rabbit antiserum to this protein. The turnover of purine nucleoside 
phosphorylase was studied in the B lymphoblast cell, WI-L2, by specific immunoprecipitation 
of [3H]leucine-labeled proteins. The half-lives for total protein and purine nucleoside phos- 
phorylase were 14.5 and 14.1 hr, respectively. For cells cultured in the presence of inosine the 
half-life of purine nucleoside phosphorylase was reduced to 11.2 hr. The synthesis of purine 
nucleoside phosphorylase was analyzed during phytohemagglutinin-stimulated T cell transfor- 
mation by pulse labeling cells with [35S]methionine. Purine nucleoside phosphorylase synthesis 
increased greater than 10-fold during the first 12 hr of transformation and continued to a 
maximum of 30-fold. The relative rate of purine nucleoside phosphorylase labeled to total 
proteins was 0.04% in unstimulated T cells and increased to 0.18% 12 hr after stimulation. 
These studies identify some preferential synthesis of purine nucleoside phosphorylase during 
the early stages O f  T cell transformation. 0 1985 Society for Experimental Biology and Medicine. 

The discoveries of the inherited deficiencies 
of adenosine deaminase (1)  and purine nu- 
cleoside phosphorylase (2) and their associa- 
tion with severe immunological dysfunction 
have fostered a variety of studies. Extensive 
characterization of the metabolism and tox- 
icity of purine nucleosides has been con- 
ducted. Purine nucleoside phosphorylase cat- 
alyzes the reversible phosphorolysis of the 
purine ribo- and deoxyribonucleosides, ino- 
sine, guanosine, deoxyinosine, and deoxy- 
guanosine. The inherited deficiency of purine 
nucleoside phosphorylase results in a severe 
T cell immunodeficiency disease (2). In the 
present report we describe our findings on 
the turnover of human purine nucleoside 
phosphorylase in cultured lymphoblasts and 
the synthesis of purine nucleoside phosphor- 
ylase during p h yto hemagglut inin-induced T 
lymphocyte transformation. These studies 
were accomplished by purification of human 
erythrocyte purine nucleoside phosphorylase 
to homogeneity using a previously developed 
procedure (3) and the preparation of an 
antiserum to the purified protein. 

Materials and Methods. For studies of 
purine nucleoside phosphorylase turnover, 
WI-L2 human lymphoblasts were used and 
cultured as previously described (4). Proteins 
were labeled by transferring lymphoblasts to 

leucine-free medium for 3 hr, then passing 
them into a 75:25 mixture of leucine-free- 
leucine plus media containing 0.35 mCi/27 
ml culture [4,5-3H]leucine, 58 Ci/mmole 
(I.C.N., Irvine, Calif.). After overnight labeling 
cells were resuspended in nonradioactive me- 
dium and analyzed at various times. 

Human T lymphocytes were isolated from 
peripheral blood by banding on Ficoll-Hy- 
paque and rosetting with 2-aminoethylthio- 
uronium-treated sheep red blood cells (5). 
Greater than 70% of the T lymphocyte prep- 
aration form further rosettes with exposure 
to sheep red blood cells. T lymphocyte cul- 
tures were stimulated with phytohemagglu- 
tinin (6) and pulsed at various times for 3 
hr with ~-[~'S]methionine, 1000 Ci/mmole 
(Amersham, Oakville, Ontario). 

Cells were harvested and washed twice 
with cold media, once with phosphate buff- 
ered saline and resuspended in 12 mA4 phos- 
phate buffer at pH 7.0. The cells were lysed 
by three freeze-thaw cycles in liquid nitrogen 
and centrifuged at 10,OOOg for 20 min. Su- 
pernatants were recovered for immunopre- 
cipitation. Total labeled protein was also 
analyzed by collection of trichloroacetic acid 
precipitates on glass-fiber filters. 

Samples for immunoprecipitation were 
made up to 0.5 ml with immunoprecipitation 
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buffer (1 mg/ml bovine serum albumin, 5 
mg/ml heparin, 10 mA4 dithiothreitol, 0.1% 
sodium azide in phosphate buffered saline). 
Previously washed Staphylococcus aureus cells 
(Calbiochem) were added, 0.05 ml, and the 
mixture incubated at room temperature for 
10 min. The S. aureus cells were removed 
by centrifugation for 5 min at 10,OOOg and 
the procedure was repeated. Purine nucleoside 
phosphorylase antiserum was added and the 
mixture incubated at 4°C overnight. The 
antibody-antigen complex was precipitated 
by addition of S. aureus cells and incubated 
at room temperature for 10 min. The com- 
plex was washed four times with a detergent 
solution containing 0.15 A4 NaCl, 1 % triton 
X- 100, 0.1% sodium dodecyl sulfate (SDS), 
10 mA4 Tris base, pH 7.2, 0.1 mA4 leucine 
or methionine. The final precipitate was taken 
up in SDS sample buffer for electrophoresis 
as described. Background and nonspecific 
immunoprecipitation were analyzed by im- 
munoprecipitating the same lysate a sec- 
ond time. Purine nucleoside phosphorylase 
antibody immunoprecipitated material and 
background labeling were analyzed by cutting 
out the appropriate bands of the dried gel 
and counting them. 

Polyacrylamide slab gel electrophoresis was 
carried out in 10% gels with 5% stacking gels 
containing 1 % SDS using the discontinuous 
buffer system (7). Samples were denatured 
by dissolving in SDS sample buffer (1% p- 
mercaptoethanol, 1 % SDS, and 10% glycerol) 
and heating at 100°C for 5 min. prior to 
loading on the gel. Electrophoresis was carried 
out at 45 mA for 3 to 4 hr after which the 
gel was fixed overnight, stained with Coo- 
massie brilliant blue, and destained. Fluorog- 
raphy was performed by impregnating the 
gel with Enhance (New England Nuclear), 
drying the gel onto Whatman 3 mm and 
exposing to Kodak XAR-5 film using Dupont 
intensifying screens at -70°C. 

Results and Discussion. Human erythro- 
cyte purine nucleoside phosphorylase was 
purified to homogeneity as previously de- 
scribed (3) and a polyclonal antibody to this 
enzyme was produced in the rabbit. We have 
used this antibody to study the turnover of 
purine nucleoside phosphorylase in the B 
lymphoblastoid line WI-L2 and examined 
the synthesis of this protein during phytohe- 

magglutinin-induced transformation of 'r 
cells. 

Turnover of purine n ucleos ide phosphor? 1- 
lase in cultured lymphoblasts. The turnovcr 
of purine nucleoside phosphorylase was ex- 
amined in WI-L2 lymphoblasts in the absence 
and presence of the substrate inosine and 
compared to total protein turnover. In studics 
of thermal inactivation of purine nucleosicie 
phosphorylase in erythrocyte lysates at 70°C, 
inosine was found to stabilize this activi1.y 
(8). Lymphoblast proteins were labeled wi1 h 
[3H]leucine, cells were resuspended in noii- 
radioactive medium and aliquots of the cul- 
ture were removed at various times for mema- 
surement of total labeled protein and purine 
nucleoside phosphorylase. Purine nucleosicle 
phosphorylase turnover was monitored by 
electrophoresis of immunoprecipitates of the 
lymphoblast lysates on SDS-polyacrylamicie 
gels. Purine nucleoside phosphorylase fro m 
human granulocytes is reported to have a 
trimeric subunit structure having a subunit 
molecular weight of 32,800 (9). In Fig. 1 the 
32,500 molecular weight subunit of purine 
nucleoside phosphorylase was identified as a 
discrete band by fluorography of the dricd 
gel. Adjacent negative lanes show a second 
immunoprecipitation of each lysate illustrat- 
ing all of the purine nucleoside phosphorylase 
was precipitated in the primary exposure to 
antibody. Appropriate areas were cut out of 
the gel and counted with the second immu- 
noprecipitation serving as the background 
for each time point. 

A composite plot of total lymphoblast 
protein and purine nucleoside phosphorykse 
turnover is shown in Fig. 2. Both total protein 
and purine nucleoside phosphorylase exhibit 
essentially the same rate of first order decay 
having half-lives of 14.5 and 14.1 hr, respec- 
tively. These studies indicate the turnover of 
lymphoblast purine nucleoside phosphorylase 
closely corresponds to the average of cellular 
proteins. Of interest, the half-life of purine 
nucleoside phosphorylase in the presence of 
a nontoxic concentration of inosine, 0.5 m-W, 
was less than in the absence, being reduced 
to 1 1.2 hr. While these results are in apparant 
conflict with the stabilization by inosine in 
erythrocyte lysates (8), in the intact cell irio- 
sine also affects the concentration of another 
substrate, orthophosphate. The results of 
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FIG. 1 .  Turnover of purine nucleoside phosphorylase in human lymphoblast WI-L2 analyzed by specific 
immunoprecipitation. Proteins were labeled as described with [3H]leucine and cells were resuspended in 
nonradioactive medium at 2.5 X lo5 cells/ml in the absence or presence of 5 X M inosine. At 
various times 37.5-ml cultures were harvested for immunoprecipitation with purine nucleoside phosphorylase 
antibody and determination of total labeled protein. After sodium dodecyl sulfate-polyacrylamide 
electrophoresis of solubilized immunoprecipitates, fluorography of the dried gel was camed out. Lanes 
denoted (+) are the primary immunoprecipitates and those denoted (-) are from a second immunopre- 
cipitation of each time point. Molecular weight markers were visualized by staining with Coomassie 
brilliant blue. 

Planet and Fox (10) infer that 0.5 mM 
inosine would reduce intracellular ortho- 
phosphate concentrations by as much as 
twofold in short incubations with intact hu- 
man erythrocytes. We have shown that purine 
nucleoside phosphorylase from mouse eryth- 
rocyte lysates is stabilized by orthophosphate 
(1  1). Thus the role of both orthophosphate 
and inosine on purine nucleoside phosphor- 
ylase stability are interrelated in the cultured 
cell and need to be further examined. 

Synthesis of purine nucleoside phosphory- 
lase during T cell transformation. Lympho- 
cytes of the T cell lineage develop in the 
microenvironment of the thymus and there 
is indirect evidence to suggest that purine 
nucleoside phosphorylase deficiency adversely 
affects some later stages of T cell differentia- 
tion. The purine nucleoside phosphorylase 

substrate, deoxyguanosine, inhibits lympho- 
cyte proliferation by two mechanisms (12) 
and has been shown to inhibit proliferation- 
dependent T cell functions ( 13). Mitogen- 
stimulated or proliferating T-cells exhibit in- 
creased sensitivity to deoxyguanosine relative 
to nondividing cells (1 4, 15). We have there- 
fore examined purine nucleoside phosphor- 
ylase synthesis during the transition of human 
peripheral blood T lymphocytes from the 
nondividing to mitogen transformed state. 
Human T lymphocytes were stimulated with 
phytohemagglutinin and pulsed at various 
times for 3 hr with [35S]methionine. Lym- 
phocytes were harvested, lysed, and purine 
nucleoside phosphorylase and total protein 
synthesis were measured. Fluorography of an 
SDS-polyacrylamide gel for such an experi- 
ment is shown in Fig. 3. As before, adjacent 
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FIG. 2. Purine nucleoside phosphorylase and total 
protein turnover in human lymphoblast WI-L2. For the 
experiment described in Fig. 1 the decrease in specific 
activity relative to the given 0-hr values are plotted for 
total proteins, 9 X lo6 dpm/mg protein (0, solid line); 
and for purine nucleoside phosphorylase, 3.6 X lo3 dpm/ 
mg protein, in the absence (A, broken line) and presence 
of 5 X M inosine (0, broken line). 

lanes represent the primary and secondary 
or reprecipitation of the cellular supernatants 
with the purine nucleoside phosphorylase 
antibody. The increase in intensity of label 
in the 32,500 molecular weight purine nu- 
cleoside phosphorylase species is visually ap- 
parent over the time course. 

A composite plot of total protein and 
purine nucleoside phosphorylase synthesis 
during T cell transformation encompasses 
the results of four experiments (Fig. 4). The 
maximum rate of label for each individual 
experiment was set at 100 and other time 
points were expressed relative to that maxi- 
mum value. Total protein synthesis increased 
10- to 20-fold over the 66-hr time course 
with a 2- to 5-fold increase in the first 12 hr 
(Fig. 4B). There was a 30-fold overall increase 
in the rate of purine nucleoside phosphorylase 
synthesis and greater than 1 0-fold increase 
during the first 12 hr (Fig. 4A). These exper- 
iments indicate there is some increased syn- 
thesis of purine nucleoside phosphorylase 
relative to total protein synthesis during T 
cell transformation. 

There is also evidence for some preferential 

lation of T cells. This can best be illustratcd 
by examining the relative rate of purine 
nucleoside phosphorylase labeling to tot a1 
protein, At 0 hr the relative rate of purine 
nucleoside phosphorylase to total protein la- 
beled was 0.04%. By 12 hr this fraction had 
increased to 0.18% or approximately a fivefold 
increase and for 40 to 60 hr after mitogcn 
stimulation the fraction remained essentially 
constant between 0.16 to 0.19%. For corn- 
parison the relative amount of purine nu- 
cleoside phosphorylase to total protein labeled 
in continuously dividing WI-L2 B lympho- 
blasts from Fig. 2 was 0.04%. These findings 
are similar to estimates of the abundance of 
purine nucleoside phosphorylase for human 

FIG. 3. Immunoprecipitation of purine nucleo jide 
phosphorylase from phytohemagglutinin-stimulated T 
lymphocytes. T lymphocytes were cultured at a density 
of 1 X lo6 cell/ml and stimulated with phytohemagglu- 
tinin. At various times separate cultures were pulsed for 
3 hr with [35S]methionine, 0.2 mCi/l2 ml culture, 2.fter 
which cells were harvested, lysed, and immunoprecipit; ited 
extracts were electrophoresed on a SDS-polyacrylanlide 
gel and examined by fluorography of the dried gel. For 
each time Doint odd numbered lanes refer to the primary 

synthesis of purine nucleoside phosphorylase 
in the early period or first 12 hr after stimu- 

immunoprecipitation and even numbered lanes the sec- 
ond immunoprecipitation. 



100 

80 

60 

40 

20 

2 

I 1 0 -  
W 

? 

rr- 
- 

- 

- 

- 

- 

z 
c 
0 
a 
w > 
l- 

-J 
W U 

- 
a 

v) 

6 

4 

100 

80 

60 

40 

20 

10 

,I 

PURINE NUCLEOSIDE PHOSPHORYLASE SYNTHESIS 

20 40 60 

HOURS 

FIG. 4. Changes in the rate of purine nucleoside 
phosphorylase (A) and total protein synthesis (B) during 
phytohemagglutinin-induced T lymphocyte transforma- 
tion. The maximum label from a 3-hr pulse with 
[35S]methionine for either total protein or purine nucleo- 
side phosphorylase was for each experiment set equal to 
100 and other time points were expressed relative to that 
maximum value. The results of four experiments such 
as that shown in Fig. 3 were averaged; bars represent 
standard deviation. Maximum labeling occurred between 
40 and 60 hr and was typically for the 3-hr pulse 6-10 
X lo6 dpm/mg protein for total protein and 1-3 X lo3 
dpm/mg protein for purine nucleoside phosphorylase. 

erythrocytes, 0.04% ( 3 )  and for HeLa cells, 
0.05% (16). Our studies suggest there is some 
preferential synthesis of purine nucleoside 
phosphorylase during the early stages of T 
lymphocyte transformation but this enzyme 
remains a relatively low abundance protein 
even in cells where its function is crucial. As 
metabolic and pharmacological studies on 

the role of nucleosides in lymphocyte differ- 
entiation, proliferation, and function have 
already revealed, we will want to know what 
happens during these processes not only to 
purine nucleoside phosphorylase but also the 
other enzymes which metabolize purine ribo- 
and deoxyribonucleosides. 

This work was supported by the Medical Research 
Council of Canada, Grant MT-6376. 
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