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The ubiquitous enzyme purine nucleoside phosphorylase
(PNP, E.C. 2.4.2.1.) is the key enzyme of the purine salvage
pathway [1]. In mammals homotrimeric PNPs catalyse the
reversible phosphorolytic cleavage of the glycosidic bond of
6-oxopurine nucleosides (ribo- and 2'-deoxyribo) and some
analogues, as follows: purine nucleoside + orthophosphate -
base + pentose-1-phosphate. PNP deficiency in humans leads to
inhibition of T-cell response. Potent inhibitors of this enzyme
are therefore considered as potential immunosuppressive
agents. In the 28 years since the genetic deficiency of PNP has
been discovered [2], great efforts have been made to design
inhibitors of PNPs with potential medical applications [1].
However, only the transition state analogue of human PNP,
immucillin-H (trade name BCX-1777), has reached phase I/II
clinical trials against human T-cell leukemia [3]. The important
class of potent ground-state analogue inhibitors of trimeric
PNPs (Ki in nM range) is composed of so called multisubstrate
analogue inhibitors. These are compounds consisting of three
structural parts linked together: (1) purine base, (2) acyclic
chain or cyclic moiety, and (3) phosphonate or phosphate or
other electronegative group [1]. These three parts mimic two
substrates of PNP, namely, purine nucleoside (part 1 and 2) and
phosphate (part 3) in the phosphorolytic direction or purine base
and pentose-1-phosphate in the synthetic direction, hence they
are expected to bind to purine, pentose and phosphate binding
sites in a binary complex with the enzyme. In the Protein Data
Bank there are no reported structures of the complexes of
trimeric PNPs with multisubstrate analogue inhibitors. We
describe here for the first time the high resolution X-ray
structure of trimeric calf spleen PNP, highly homologous to the
human PNP, with the potent (Ki

app = 16 and 18 nM at pH 7.4
with calf and human enzymes, respectively [4]) multisubstrate
analogue inhibitor 9-(5,5-difluoro-5-phosphonopentyl)guanine.
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Threonine synthase (TS) is a pyridoxal phosphate
(PLP)-dependent enzyme that catalyses, in plants and
micro-organisms, the synthesis of threonine from
O-phospho-L-Homoserine (OPH). In plant, TS and
Cystathionine-�-synthase, the first enzyme in the methionine
pathway shares the same substrate OPH. At this branch point,
TS was activated by S-adenosylmethionine (SAM), a key
metabolic downstream product of methionine synthesis. This
positive allosteric TS activation triggered by SAM is specific to
plant. With the aim to determine the molecular basis of this
allosteric activation, biochemical and crystallographic
experiments were carried out. The first structure of Arabidopsis
thaliana TS without SAM was solved in our group [1]. In this
structure, the PLP was not bound in the active site and the local
conformation did not allow PLP binding in the position
observed in non allosteric TS such as the Thermus thermophilus
TS [2]. Indeed, several aminoacids that are involved in the
interaction with the PLP are in a different orientation, and a
variable loop that comes on top of the PLP site is disordered in
the structure of the plant TS. We have now solved the structure
of A. thaliana TS complexed with SAM at 2.8Å resolution. The
asymmetric unit contains one asymmetric dimer. Two SAM
molecules bind at the dimer interface and induce
conformational changes and loops stabilisation. It is clear that
the presence of the activator triggers conformational changes,
that allows the PLP to bind. However, only one active site
shows a PLP bound in the same orientation as in Thermus
thermophilus TS, while the other site is empty. These first
conformational changes explain the role of SAM in the binding
of one PLP leading to substrate recognition in one monomer.
Biochemical studies [3] as well as crystal structure of Thermus
thermophilus TS in the absence and in the presence of a
substrate analogue [2] indicate that binding of the substrate
would induce further conformational changes leading to PLP
binding in the second monomer. These results allowed us to
propose a new mechanism for the allosteric activation of plant
TS by SAM.
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SIG1 & SIG7 MS8 – Molecular recognition principles in protein - ligand interactions


