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ABSTRACT

Binding enthalpies, dissociation constants and stoichiometry of binding for
interaction of trimeric calf spleen and Cellulomonas sp. purine nucleoside
phosphorylases with their ground state analogues (substrates and inhibitors) were
studied by calorimetric and spectrofluorimetric methods. Data for all ligands,
with possible exception of hypoxanthine, are consistent with three identical
non-interacting binding sites.
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INTRODUCTION

Ubiquitous purine nucleoside phosphorylase (PNP, E.C. 2.4.2.1.) catalyzes the
reversible phosphorolysis of purine nucleosides, as follows: b-purine nucleosideþ
orthophosphate, purine baseþ a-d-pentose-1-phosphate. Two families of PNPs
with different specificity were characterized: homotrimers and homohexamers.[1]

PNP is of interest as a drug target because of its role in some immunological diseases
and in the intracellular degradation of some antitumor and antiviral drugs. Recently
antitumor gene therapy has profited from some PNP substrates specific for the
E. coli enzyme.[1] Details of the catalytic mechanism of the reaction catalyzed by
PNPs are not yet explored. PNPs show complex kinetic characteristic. Deviations
form Michaelis-Menten kinetics is observed with some substrates, e.g., with phos-
phate as variable substrate, suggesting negative cooperativity or different non-inter-
acting sites.[1] For hexameric E. coli enzyme X-ray and solution studies have shown
that binding of phosphate and nucleoside is associated with negative cooperativity.[2]

By contrast, for trimeric PNPs negative cooperativity was documented only for
transition state events, e.g., for the calf spleen enzyme third-the-sites-binding of
transition state inhibitors – immucillins was observed, and of hypoxanthine only
in the absence of phosphate.[3,4]

RESULTS AND DISCUSSION

Here we describe interactions of several ground state analogue ligands with
trimeric PNPs from calf spleen and Cellulomonas sp., studied by calorimetric and
fluorimetric titrations. The studies were conducted for several substrates, guanine
(Gua), hypoxanthine (Hx) and phosphate (Pi), as well as some inhibitors, namely
acyclic nucleoside phosphonates, 2,6-diamino-(S)-9-[2-(phosphonomethoxy)propyl]-
purine ((S)-PMPDAP), 2-amino-6-oxo-9-[2-(phosphonomethoxy)ethyl]-8-azapurine
(PME-8-azaGua) and 2-amino-9-[2-(phosphonomethoxy)ethyl]-6-sulfanylpurine (PME-6-
thioGua),[5] known to act as multisubstrate analogue inhibitors.[6]

The titrations conducted in the present study using both fluorimetric and
calorimetric methods, although involve quite different enzyme concentrations (as
monomer 0.5–5.0 mM and 90–300 mM, respectively), are sufficiently described by
the one-binding site model[7] for all ligands studied. Stoichiometry of binding,
n, was found in most cases (with possible exception of Hx, see below) to be consis-
tent with three ligand molecules bound per enzyme trimer. For example stoichiome-
try for Pi, the ligand most often suggested to bind cooperatively with trimeric
PNPs,[1] was found (by calorimetric titration) to be n¼ 2.8 ± 0.7 for the calf spleen
enzyme. Hence our data for the calf and Cellulomonas PNPs are consistent with three
identical non-interacting binding sites, in contrast to previous preliminary fluori-
metric studies for the calf enzyme for these and similar multisubstrate analogue
inhibitors.[8]

The only exception in the present study is Hx for which stoichiometry slightly
lower than 3 was determined for both calf (calorimetric studies) and Cellulomonas
(fluorimetric studies) enzymes. In the absence of Pi n¼ 2.0 ± 0.3 and 2.2 ± 0.6 for
calf and Cellulomonas PNPs, respectively, and for calf PNP and Pi in the range
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0.37–10mM, n¼ 1.9 ± 0.3. Although, in contrast to Kline & Schramm,[4] third-the-
sites-binding of Hx in the absence of Pi was not observed, Hx was found to be an
unusual ligand not only because of stoichiometry close to 2 molecules per enzyme
trimer. In addition enthalpy associated with its binding to calf PNP is about
DH¼ 60 kJ=mol, as compared with DH¼ 10, 25 and 21 kJ=mol for binding of Pi,
(S)-PMPDAP and PME-8-azaGua, respectively.

Dissociation constants Kd for both enzymes and all ligands studied, except that
for Pi, were in the range of about 0.5 mM to 5mM. For Pi (calf spleen enzyme, calori-
metric titrations) less potent binding was observed, Kd¼ 71± 26 mM, in fairly good
agreement with previous fluorimetric titrations.[9] Binding of Gua and Hx to both
enzymes was less potent in the presence of Pi. For example, Kd¼ 0.46± 0.08 mM
and 1.7 ± 0.2 mM for Gua and Cellulomonas PNP were obtained in fluorimetric
titrations, and Kd¼ 0.49± 0.36 mM and 2.0 ± 0.7 mM for Hx and calf PNP were
determined in calorimetric experiments, in the absence and in the presence of Pi,
respectively.

CONCLUSIONS

Ligands studied (Gua, Pi, acyclic nucleoside phosphonates) bind uniformly to all
three sites of the calf and Cellulomonas PNPs, in contrast to the transition state inhi-
bitors – immucillins, and possibly Hx. These results support hypothesis that non-
Michaelis kinetics of trimeric PNPs is not caused by cooperative interactions
between enzyme subunits or by presence of different non-interacting sites but rather
by complex kinetic mechanism of the phosphorolytic reaction involving random sub-
strate binding, unusually slow and hence strongly rate limiting dissociation of some
products (Gua, Hx), and dual function of Pi acting as a substrate and as a modifier[9]

(see also two related papers in this volume).
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