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Malaria is caused by protozoan parasites of the genus Plas-
modium. Five species of Plasmodium cause infection in hu-
mans, with the majority of lethal cases caused by Plasmodium
falciparum. This species is responsible for more than 500 mil-
lion clinical cases of malaria each year (59). In the past 2
decades, efforts to combat this disease have been met with the
emergence of widespread resistance to most of the commonly
used antimalarial drugs (68). The poor efficacy of current drugs
and the lack of a promising vaccine have resulted in alarming
increases in the rates of malaria morbidity and mortality world-
wide, with the major toll felt in the developing world.

P. falciparum is transmitted to humans via the bite of an
infected female anopheline mosquito. In humans, the parasite
undergoes one cycle of asexual multiplication in hepatocytes,
followed by several cycles of infection and multiplication in red
blood cells. Whereas the hepatocytic stage is asymptomatic,
the erythrocytic stage is accompanied by the destruction of the
host erythrocytes, resulting in anemia and, in the absence of
treatment, death. Extensive efforts are presently under way to
develop a vaccine, and advances in our understanding of the
biology of the parasite and its metabolic and nutritional needs
offer new routes for chemotherapy. In this regard, purine me-
tabolism holds significant promise as a target for drug devel-
opment.

It has long been recognized that protozoan parasites, includ-
ing Plasmodium spp., are unable to synthesize purine rings de
novo (4). Consistent with this observation, the sequencing of
protozoan genomes has failed to uncover any genes encoding
enzymes involved in the biosynthesis of purine nucleosides or
nucleobases (12). Protozoan parasites rely instead on salvage
of purines from the host. The strategies used in acquiring
purines vary significantly among parasite genera. This review
will focus primarily on the purine salvage pathways present in
the Plasmodium parasite. Recent reviews have examined the
metabolic pathways for purine salvage in other protozoa (11,
17, 29).

Initial studies on purine and pyrimidine synthesis in Plasmo-
dium parasites were performed on erythrocytic stages of the
rodent malaria species P. berghei (7, 8, 65), the macaque mon-
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key malaria species P. knowlesi (46), and the avian malaria
parasite P. lophurae (61, 66). Work by Sherman and colleagues
indicated a functional purine salvage pathway in P. lophurae
(61, 66). Bungener and Neilsen demonstrated that P. berghei
can incorporate the purines [*H]adenosine and [*H]hypoxan-
thine, but not the pyrimidines [*H]uridine and [*H]thymidine,
into nucleic acids (7, 8). Van Dyke and colleagues showed that
uptake and incorporation (into nucleic acid) occur for the
purine adenosine but not for the pyrimidines uridine and cyti-
dine and that adenosine is incorporated far more efficiently
than adenine, guanosine, and deoxyadenosine (65). Polet and
Barr demonstrated that monkey erythrocytes infected with P.
knowlesi were unable to incorporate ['*C]thymine, ['*C]thymi-
dine, [**Cluracil, or [**C]Juridine but could incorporate ['**C]-
and [*H]orotate (a pyrimidine precursor) and ['*Cladenine
into nucleic acids (46). Following on from these findings, Gut-
teridge and Trigg found that, in P. knowlesi, all radiolabeled
purines were significantly incorporated into nucleic acids while
none of the pyrimidines tested were (28). These early biochem-
ical studies demonstrated that Plasmodium parasites lack the
ability to metabolize exogenous pyrimidines and instead are
entirely dependent on de novo synthesis. Conversely, Plasmo-
dium parasites are entirely reliant upon the salvage of extra-
cellular purines (4) and are capable of metabolizing a wide
variety of exogenous purine nucleobases and nucleosides.

The continuous culture of P. falciparum in serum-free media
is dependent upon the supply of exogenous purines (1, 43),
suggesting that the erythrocyte adenylate nucleotide pool is not
a sufficient purine source and that the parasite is dependent
upon extraerythrocytic purine salvage for survival. The first
step in purine salvage is, therefore, the transport of purines
into the infected cell and, from there, into the intracellular
parasite. We provide a short description of this process below;
more-thorough reviews of purine transport in Plasmodium spp.
have been provided elsewhere (2, 29).

PURINE TRANSPORT

Within the erythrocyte, the Plasmodium parasite resides
within a parasitophorous vacuole created upon parasite inva-
sion by the invagination of the host cell membrane. The par-
asite cytosol is therefore separated from the nutrient-rich ex-
tracellular medium by a series of three membranes: the host
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cell membrane, the parasitophorous vacuole membrane, and
the parasite plasma membrane.

Nucleosides and nucleobases cross the host cell membrane
via a combination of a high-affinity transport process and, in
mature trophozoite-stage parasites, nonsaturable, broad-spec-
ificity new permeability pathways induced by the parasite in the
erythrocyte membrane (25, 26, 36, 37, 64). The high-affinity
transport process is sensitive to inhibition by nitrobenzylthio-
inosine and probably represents transporters native to the
erythrocyte (25), such as human ENT1. The infected erythro-
cyte also displays the ability to transport L-enantiomers of
nucleosides, and this uptake is inhibited by classical new per-
meability pathway blockers, such as furosemide and 5-nitro-2-
(3-phenylpropylamino)benzoic acid (25, 27, 64). Once inside
the infected erythrocyte, the nucleosides are presumed to cross
the parasitophorous vacuole membrane via the large-diameter,
nonselective pores present on this membrane (18).

From early work by Gero and colleagues, it was clear that
the uptake of at least one nucleoside, the purine adenosine,
across the parasite plasma membrane is extremely rapid (27,
64). In the first study of the functional expression of P. falci-
parum-encoded transporters in Xenopus laevis oocytes, cells
injected with total mRNA from blood-stage parasites showed
elevated transport of adenosine and hypoxanthine, consistent
with the expression of one or more parasite-encoded nucleo-
side transporters (45); however, the proteins responsible were
not identified. Subsequently, two independent studies reported
the cloning of a P. falciparum nucleoside transporter, desig-
nated either P. falciparum NT1 (PINT1) (10) or PfENT1 (44).
In both cases, the protein was identified by searching for ho-
mologues of known nucleoside transporters in the P. falcipa-
rum genome sequence. The gene was cloned and expressed in
Xenopus oocytes and shown to transport a range of nucleosides
and nucleobases (10, 44). There were significant differences
between the results of the two studies with regard to the re-
ported characteristics of the transporter. Carter et al. (10)
described the transporter (referred to hereafter as PINT1) as
having a high affinity for adenosine (K, = 13 pM) and being
sensitive to inhibition by 10 wM dipyridamole, whereas Parker
et al. (44) described it as having a much lower affinity for
adenosine (K,, = 320 pM) and being insensitive to 10 uM
dipyridamole. These differences notwithstanding, it is clear
that PINT1 is a nucleoside transporter. In a subsequent study,
Rager et al. used immunoelectron microscopy to obtain strong
evidence that the protein is localized predominantly, if not
exclusively, to the parasite plasma membrane (and not to the
parasitophorous vacuole or host erythrocyte membrane) (51).
Transport experiments on parasites isolated from their host
cells by saponin treatment (which renders the host cell mem-
brane freely permeable to macromolecules while leaving the
parasite plasma membrane intact) revealed that nucleosides
(20) and nucleobases (19) are transported across the parasite
plasma membrane by a fast, low-affinity process, similar to that
seen for the transport of these substrates by PINT1 in Xenopus
oocytes (19, 20). The absolute dependence of the parasite on
PfNT1 expression was demonstrated in experiments by El Bis-
sati and colleagues, in which it was shown that parasites har-
boring a genomic deletion of the PINT1 gene (pfntlA) were
viable only when the purines adenosine, inosine or hypoxan-
thine were present at super-physiological concentrations (21).
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While initial transport studies in pfntIA parasites (21) sug-
gested that pfnt/A parasites exhibited residual (PfNT1-inde-
pendent) adenosine and inosine transport, further studies (tak-
ing into account the metabolic properties of the parasite) have
shown that pfntIA parasites were unable to transport adeno-
sine, inosine and hypoxanthine (21a). Further studies with this
parasite strain have indicated that pfntI A parasites were unable
to grow when guanine, guanosine, xanthine, or adenine were
present at physiological concentrations (21a) and that pfutlA
parasites were unable to transport guanine, guanosine, or xan-
thine but were able to transport adenine, albeit at a lower rate
(21a).

Recently, Quashie and colleagues have proposed the pres-
ence at the parasite plasma membrane of a high-affinity aden-
osine transport mechanism, which they have equated with
PENT1 (48). Their experimental design and subsequent inter-
pretation of the data, however, do not take into consideration
the rapid metabolism of purines, which is a high-affinity pro-
cess. Taking into account the difficulties of distinguishing be-
tween transport and metabolism, a comprehensive analysis of
all the available PINT1 transport data (10, 19-21a, 44, 48)
would suggest that PINT1 is a low-affinity transporter that
mediates the rapid uptake of adenosine, inosine, hypoxan-
thine, adenine, guanine, guanosine, and xanthine. There is
some evidence that for adenine there is, in addition to PfNT1,
a PfNT1-independent mechanism (21a, 48), yet to be charac-
terized.

While available studies demonstrate an essential function
for PfNT1, the completion of the P. falciparum genome se-
quencing project revealed three additional nucleoside trans-
porters (PfNT2, PfNT3, and PINT4) (24, 40). Like PfNT1,
these proteins are expressed during the intraerythrocytic stage
of the parasite life cycle as well as in gametocytes (5, 40, 70).
Their cellular localization, as well as their role in parasite
physiology, is yet to be elucidated.

PURINE METABOLISM

Studies of P. falciparum parasites isolated from host eryth-
rocyte membranes by mechanical rupture showed the presence
of the purine salvage enzymes adenosine deaminase (ADA),
purine nucleoside phosphorylase (PNP), and phosphoribosyl
transferase (PRT) (52). Only minimal adenosine kinase activ-
ity was observed in this study (52). Subsequent studies have
indicated that the parasite lacks adenosine kinase activity (55),
and no adenosine kinase gene has been found in the genome
(24). This is consistent with the idea that the majority of purine
salvage occurs via the sequential conversion of adenosine and
inosine to hypoxanthine, which is then phosphoribosylated to
form IMP (52).

P. FALCIPARUM ADENOSINE DEAMINASE

The enzyme ADA catalyzes the irreversible hydrolytic cleav-
age of adenosine to produce inosine and ammonia. As native
human ADA (hADA) activity is high in uninfected erythro-
cytes (15, 69), parasite-encoded ADA (PfADA) was initially
characterized by infecting erythrocytes taken from a human
donor genetically deficient in ADA with P. falciparum (15).
Parasite growth levels were comparable in normal and defi-
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cient host cells, and infected deficient host cells exhibited a
level of ADA activity twice that seen in normal, uninfected
erythrocytes. The ADA activity in parasite protein prepara-
tions exhibited essentially the same K,,, for adenosine as the
ADA activity in protein preparations from uninfected, normal
erythrocytes (15). Both erythrocyte and parasite ADA enzymes
are inhibited by nanomolar concentrations of deoxycoformycin
(15). PfADA, however, has a much lower sensitivity than
hADA to the inhibitor erythro-9-(2-hydroxy-3-nonyl)adenine
(15). Recombinant PFADA (expressed in Escherichia coli) has
akK,, of 11 = 2 pM for adenosine (22), a figure similar to that
reported for free P. falciparum parasite lysates (7 pM) (6) and
to that seen for lysates from the duck parasite P. lophurae (23
M) (69). The P. falciparum enzyme is also reportedly sensitive
to two L-nucleoside structural analogues of deoxy-p-coformy-
cin that have no effect on hADA (6) as well as to 5’-methylthio
coformycins (as detailed below) (63).

P. FALCIPARUM PURINE NUCLEOSIDE
PHOSPHORYLASE

PNP enzymes are responsible for the phosphorolysis of
nucleosides into the corresponding nucleobases and ribose
groups. This reaction is reversible and is carried out in the
presence of inorganic phosphate (9). There are two major
families of nucleoside phosphorylases: the low-molecular-mass
homotrimers, which include all mammalian PNPs and some
bacterial PNPs, and the high-molecular-mass homohexamers,
which include most bacterial PNPs, along with mammalian and
bacterial uridine phosphorylases (9). Most PNPs contain con-
sensus sequences specific to the relevant family (33). Initial
studies of P. falciparum PNP (PfPNP; utilizing red blood cells
taken from a child deficient in PNP) (16) showed that PfPNP
is capable of utilizing inosine, guanosine, and deoxyguanosine
but not adenosine or xanthosine. Expression of the gene en-
coding PfPNP in E. coli revealed that PfPNP is not a typical
member of either of the two major classes of PNPs, having low
sequence homology and a distinct substrate specificity to PNPs
from other species (33). The purified enzyme has a K,,, for
inosine of 5.0 = 0.9 uM and can be inhibited by immucillins
with dissociation constants as low as 0.6 nM (33). Immucillins
are PNP transition state analogues, some of which have K,
values as low as 7 pM (54). Immucillin-H is currently in clinical
trials for treating human T-cell malignancies (23, 54) and has
been shown to inhibit PfPNP, as well as inhibiting P. falciparum
growth, in vitro (33, 34). This in vitro inhibition of parasite
growth can be reversed by the addition of hypoxanthine, but
not inosine, to the culture medium, indicating that PNP is the
target for this drug (34).

PfADA AND PfPNP UTILIZE UNIQUE SUBSTRATES

The crystal structure of PfPNP in complex with immucil-
lin-H revealed a homo-hexamer, organized as a trimer of
dimers, with an immucillin-H molecule bound at each of the
catalytic sites (58). The structure also revealed that the cata-
Iytic site has a capacity for binding 5'-substituted nucleosides,
and kinetic studies have confirmed that 5'-methylthioinosine
(MTI) is a good substrate for PfPNP, being converted to hy-
poxanthine, indicating that this protein has dual catalytic func-
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tions in the parasite (58). Methylthioadenosine (MTA) is
a common by-product of polyamine metabolism, and like
PfPNP, PfADA is able to utilize this 5'-substituted compound,
converting it to MTI (58, 60). The abilities of PFADA and
PfPNP to utilize methylthiopurines allow the salvage of pu-
rines from both the traditional purine nucleoside pathways and
the polyamine synthesis pathway (Fig. 1).

When supplied in vitro, ["*C]MTI is metabolized by P. fal-
ciparum and incorporated into nucleic acids (60). A reaction
mixture of purified PFADA and PfPNP efficiently converted
MTA to hypoxanthine, but replacement of either enzyme with
its mammalian counterpart stopped the reaction (60). Like-
wise, purified E. coli PNP had no detectable activity against
MTI or MTA, despite phosphorolysing both adenosine and
inosine (60).

PfADA AND PfPNP AS DRUG TARGETS

The abilities of PPADA and PfPNP to recognize methylthio-
substituted purines led to the development of 5'-methylthio
coformycins (63) and methylthio—immucillin-H (MT-immuci-
llin-H) (60). The 5’-methylthio coformycins inhibit PFADA at
very low concentrations but do not inhibit hADA (63). The
abilities of these compounds to inhibit parasite growth in the
presence of physiologically relevant concentrations of inosine
and hypoxanthine remain to be established. The validity of
ADA as an antiplasmodial target is questionable, however.
While early studies showed that 2'-deoxycoformycin can clear
an in vivo P. knowlesi infection (67), the in vitro growth of P.
falciparum was not inhibited by 10 pM 2’-deoxycoformycin,
despite complete inhibition of (both host and parasite) ADA
enzyme activity at this concentration (15, 53). Whether this
discrepancy is due to species-specific differences or due to in
vitro culture conditions is unknown.

The addition of a 5'-methylthio group to immucillin-H al-
lows the preferential binding of MT-immucillin-H to PfPNP
over human PNP (hPNP) by a factor of 112 (58). MT-immu-
cillin-H kills P. falciparum in vitro with a 50% inhibitory con-
centration of 50 nM, compared to a 50% inhibitory concentra-
tion of 63 nM for immucillin-H (60). It should be noted,
however, that these values were derived from inhibition curves
carried out with culture media containing no hypoxanthine,
under which conditions parasite growth would be completely
reliant upon PNP activity (60).

The potential of PFADA and PfPNP as therapeutic targets is
yet to be validated by genetic means. While the extent to which
purine concentrations fluctuate in mammalian blood is un-
known and the amounts of adenosine, inosine, and hypoxan-
thine available in human plasma are a source of contention,
several groups report that hypoxanthine is the major purine
available in human serum in vivo (42, 62). Therefore, it seems
likely that a block in the purine salvage pathway at the ADA or
PNP step could be circumvented by the downstream salvage of
hypoxanthine, guanine, or xanthine from the host, all of which
are transported into the parasite by PEINT1 and phosphoribo-
sylated by P. falciparum hypoxanthine-guanine-xanthine PRT
(PfHGXPRT). There is a clear need for in vitro studies in
which the serum concentrations of all purines are replicated or,
ideally, in vivo animal studies on the effects of these com-
pounds on Plasmodium growth. Despite the fact that recom-
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FIG. 1. Purine metabolism within the infected erythrocyte. Inosine is produced from adenosine by ADA. Inosine is then converted to
hypoxanthine by PNP). hADA and hPNP are present in the red blood cell cytoplasm, while the parasite ADA (PfADA) and PNP (PfPNP) are
active in the parasite cytosol. Both PPADA and PfPNP are capable of acting on 5’-substituted compounds, and so the parasite is able to salvage
purines from the polyamine biosynthesis pathway (58, 60). Ado, Ino, Hxt, Guo, Gua, Xan, and Ade are transported across the parasite plasma
membrane by PfNT1. Adenine also enters the cell via a second, PfNT1-independent mechanism. Adenine may be metabolized to other
nucleosides/nucleobases (Ns/Nb) in the erythrocyte cytoplasm. PRT activity converts hypoxanthine to IMP, guanine to GMP, and xanthine to
XMP. IMP, GMP, and XMP are then converted to guanylate and adenylate nucleotides by the action of several more enzymes, outlined in the
text and in Fig. 2. There is some evidence to suggest that the parasite can also convert adenine to AMP by using a parasite-encoded APRT
(PfAPRT). Abbreviations: Ado, adenosine; Ino, inosine; Hxt, hypoxanthine; Guo, guanosine; Gua, guanine; Xan, xanthine; Ade, adenine; PRPP,
phosphoribosylpyrophosphate; RBC, red blood cell; PV, parasitophorous vacuole; MTA, methylthioadenosine; MTI, methylthioinosine.

binant Toxoplasma gondii PNP is sensitive to immucillin-H, the
in vitro growth of the parasite is unaffected due to the presence
of a redundant purine salvage pathway (the direct phosphory-
lation of adenosine by adenosine kinase). While T. gondii
parasites deficient in adenosine kinase are sensitive to immu-
cillin-H, this sensitivity can be rescued by addition of hypoxan-
thine to the medium (13).

P. FALCIPARUM PHOSPHORIBOSYLTRANSFERASE
ENZYMES

Nucleobases can be converted directly to nucleoside mono-
phosphates by the action of PRT enzymes. PRT enzymes
catalyze the reversible transfer of a phosphoribosyl group from
phosphoribosylpyrophosphate to a nucleobase, resulting in the

production of a nucleotide and pyrophosphate (14). In P.
falciparum, PRT activity is catalyzed by a single enzyme,
HGXPRT (49), while a second enzyme was shown to account
for adenine PRT (APRT) activity (Fig. 1) (50), as is the case
for mammalian cells. The ability of the enzyme to utilize xan-
thine as a substrate distinguishes PFEHGXPRT from its coun-
terpart enzyme in the human red blood cell.

Although P. falciparum has only low levels of APRT activity
(high-performance liquid chromatography data indicated that
the amount of HGXPRT activity is about 1,500 times greater
than that present for APRT) (50), this activity does exhibit
properties that differ from those of the APRT present in hu-
man erythrocytes. These include a lower apparent molecular
weight and a differing inhibition profile (50). Studies on duck
erythrocytes infected with P. lophurae indicated that the avian
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FIG. 2. Nucleotide production in P. falciparum. Hypoxanthine, which is both transported into the cytoplasm from plasma and produced from
adenosine and inosine metabolism (indicated by multiple arrows; see Fig. 1 for more detail), is converted to IMP by PPHGXPRT. IMP can then
be converted to adenylate or guanylate nucleotides. To make adenylate nucleotides, IMP is converted to adenylosuccinate by adenylosuccinate
synthetase. Adenylosuccinate lyase then converts adenylosuccinate to AMP. AMP is phosphorylated to ADP (by adenylate kinase). Alternatively,
IMP can be converted to XMP by IMP dehydrogenase. XMP (which can also be produced directly from xanthine by PEHGXPRT) is converted
to GMP by GMP synthetase. GMP can also be produced from guanine by PPHGXPRT. Guanylate kinase phosphorylates GMP to form GDP. Both
GDP and ADP are then converted to the NTP or deoxynucleoside triphosphates used in nucleic acid synthesis. PRPP, phosphoribosylpyrophos-

phate; RBC, red blood cell; PV, parasitophorous vacuole.

parasite also has APRT activity with kinetic properties differ-
ent from those of the host cell APRT enzyme (Plasmodium
K,, = 34 pM, and host K,, = 69 pM) (69). Pollack and
colleagues (47) reported the cloning of P. falciparum APRT,
although the gene sequence was not determined. Mouse cell
lines transfected with this gene exhibited APRT activity with a
K, value similar to that seen for lysates from isolated P. fal-
ciparum (47). However, the presence of APRT activity in Plas-
modium parasites remains an area of contention. A recent
study suggested (based on genetic, biochemical, and genomic
data) that APRT enzymes are not present in Plasmodium,
Eimeria, or Cryptosporidium spp. (12). Although wild-type par-
asites are able to grow on adenine as a sole purine source,
pfntlA parasites are unable to complete the intraerythrocytic
life cycle on physiological concentrations of adenine, despite
measurable uptake of adenine by saponin-isolated pfnt/A par-
asites (21a). This suggests either that all adenine is converted

in the red blood cell such that the parasite cytosol never sees
adenine or that adenine cannot be metabolized by the parasite,
a hypothesis consistent with the suggestion that the parasite
lacks an APRT enzyme.

The PfHGXPRT enzyme displays high activity for all three
purine substrates, with some variation in affinity for them (K,
of hypoxanthine = 0.46 uM, K,,, of guanine = 0.30 uM, and K,,,
of xanthine = 29 pM) (49). King and Melton reported the first
cloning and sequencing of PFHGXPRT (35). When expressed
in E. coli (31), the recombinant enzyme was shown to differ
from the human enzyme in several respects, including an in-
creased ability to utilize allopurinol as a substrate. There are
many good inhibitors of PRT enzymes, including phosphory-
lated versions of the previously described immucillins (e.g.,
immucillin-HP and immucillin-GP). The cell permeability of
phosphorylated inhibitors is, however, an obvious concern. The
available crystal structures of PFHGXPRT (56) and human
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HGPRT (57), each in complex with these compounds, should
aid in the design of species-specific inhibitors (38). Recently,
several purine nucleobase analogues were identified that, while
being good substrates for PFHGXPRT, were comparatively
weak substrates for the human enzyme (32). The discovery of
compounds that can interact preferentially with the parasite
enzyme, together with the reported lack of nucleobase
phosphoribosylation redundancy in P. falciparum, makes
PfHGXPRT a promising target for the development of anti-
malarial therapies.

NUCLEOTIDE PRODUCTION

As detailed above, the great majority of purines salvaged by
P. falciparum are funneled through hypoxanthine to IMP. To
generate adenylate nucleotides within the parasite, IMP is first
converted to adenylosuccinate (by adenylosuccinate syn-
thetase), which is then converted by adenylosuccinate lyase to
AMP (Fig. 2) (30, 39). In order to obtain guanylate nucleo-
tides, IMP dehydrogenase converts IMP to XMP, which is then
converted to GMP by GMP synthetase (41). A recent biochem-
ical characterization of this enzyme suggests that it differs from
its mammalian counterpart on several levels, including differ-
ences in ligand specificity (3). HGXPRT can also convert xan-
thine base directly to XMP and guanine base to GMP. AMP
and GMP are then converted to the final nucleotides used in
nucleic acid synthesis (Fig. 2).

SUMMARY

Purines enter the intraerythrocytic malaria parasite via a
fast, low-affinity, broad-capacity process that can be attributed
primarily to the parasite plasma membrane transporter PENT1.
The reliance of the parasite on PfNT1 makes this protein a
worthy target for further investigation, while the determination
of the roles played by PNT2, PfNT3, and PfNT4 in parasite
physiology should also prove interesting. Within the parasite,
the metabolism of purines appears to be funneled through
hypoxanthine by the sequential actions of ADA and PNP, prior
to phosphoribosylation of hypoxanthine by PRT. The fact that
hypoxanthine is the main purine source found in human serum
suggests that PPADA and PfPNP are unlikely to play an essen-
tial function under physiological conditions or be considered
good drug targets. However, the apparent dependence of the
parasite on PEHGXPRT for nucleotide synthesis makes this
protein a promising drug target. Efforts to develop compounds
that can distinguish between this enzyme and the human coun-
terpart are well justified and may well form the basis for future
antimalarial drug strategies.
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