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Isolation and analysis of nucleotides
from erythrocyte-free malarial parasites
(Plasmodium berghei) and potential
relevance to malaria chemotherapy*
KNOX VAN DYKE,' MICHAEL A. TRUSH,2 MARK E. WILSON,2 & PATRICIA K. STEALEY 3

Studies using erythrocyte-free preparations of P. berghei were conducted with a view
to improving knowledge of parasite metabolism, particularly nucleotide metabolism.
The free parasites employed in these studies were prepared by saponin lysis ofparasitized
mouse erythrocytes in isotonic glucose solutions. A comparative study ofpost-lytic metabolic
activity offree parasitesprepared by saponin, ammonium chloride, or osmotic lysis indicated
a significantly greater retention of metabolic activity in the saponin-lysis preparations.
Separations of nucleoside mono-, di-, and triphosphates extracted from free parasites
were performed by means of high pressure liquid chromatography (HPLC), and ATP
was additionally measured by luciferin-luciferase assay. Studies designed to differentiate
among uptake, phosphorylation, and subsequent incorporation of 3H-adenosine into nucleic
acids of the free parasite strongly suggested that adenosine is metabolized either outside
or on the parasite membrane, being first deaminated to inosine and then deribosylated to
hypoxanthine. Observations from HPLC and radioisotope precursor studies support a
hypothesis in which hypoxanthine may be proposed as being a pivotal substrate for purine
salvage by malarial parasites. Some of the key steps in purine salvage and pyrimidine
biosynthesis were investigated, using radiolabel uptake studies and HPLC analysis of
nucleotides of the free malarial parasite. These studies suggest that hypoxanthine uptake
may constitute an important new basisfor chemotherapeutic attack on the malarial parasite.

Antimalarial chemotherapy is based on the ability
of drugs to be toxic to the parasite while affecting the
host to a minimal extent. Such selective toxicity is
due to either anatomical or biochemical differences
between the parasite and the host. The best example
of this difference is the fact that the parasite must
synthesize folic acid from precursors while the host
uses folic acid preformed as a vitamin. Therefore,
sulfa drugs and tetrahydrofolate dehydrogenase
(EC 1.5.1.3) inhibitors (which compete in folic acid
biosynthesis) damage the parasite selectively.
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A further difference between malarial parasites
and host cells is the manner in which purines and
pyrimidines are utilized. It is clear that the parasite
makes its own pyrimidines de novo and salvages
purines (1-4). However, there are several pathways
for the salvage of purines (Fig. 1) and include the
utilization of: (a) adenine to form adenosine mono-
phosphate (AMP); (b) adenosine to form AMP;
(c) inosine to form inosine monophosphate (IMP);
(d) hypoxanthine to form IMP; and (e) adenosine to
form adenine, which proceeds through reaction (a).

Previously, we reported (5-7) that the preferred
salvage pathway of the malarial parasite appears to
be the hypoxanthine-- IMP reaction, with IMP
being sequentially connected to AMP, ADP, and
ATP. As a result, tritium-labelled hypoxanthine
was incorporated into DNA and RNA of the para-
site more extensively than were the tritiated adenine
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Fig. 1. Possible pathways of purine metabolism including
de novo synthesis of purines, salvage pathway,
synthesis of nucleotides, and incorporation of nucleo-
tides into nucleic acids.

compounds. The enzyme (hypoxanthine phosphori-
bosyltransferase, EC 2.4.2.8) for catalysing the con-
version of hypoxanthine to IMP was reported by
Walter & Konigk (8) in P. chabaudi simultaneously
with our finding of similar enzyme activity in
P. berghei.
While some mammalian tissues possess the ability

to synthesize purines de novo, under normal con-
ditions in most tissues purine salvage provides the
greatest source of purines. In these tissues, purine
salvage appears to follow the adenine or adenosine
pathways preferentially (9, 10). The parasite, on the
other hand, utilizes a degradative end product
(hypoxanthine) as the basis for its purine salvage.
As may be seen in Fig. 1, hypoxanthine is further
metabolized by xanthine oxidase (EC 1.2.3.2) to
form xanthine and uric acid, the latter being
extensively eliminated via the urine. It is clear
therefore that a compound such as allopurinol, a
xanthine oxidase inhibitor, should result in an
accumulation of hypoxanthine. By making more

hypoxanthine available to the malarial parasite,
allopurinol should and does exacerbate malarial
infection (11).
Once hypoxanthine has been converted to IMP,

what is the metabolic fate of this compound in the
malarial parasite? It is clear that 3H-IMP. can be
converted to 3H-AMP, 3H-ADP, and 3H-ATP (6).
Therefore, it should be possible to determine the
endogenous levels of these compounds in the para-
site and such an investigation would provide impor-
tant information concerning parasite energetics.
Differences in nucleotide metabolism could constitute
an important basis for selective toxicity of anti-
malarial agents. To ascertain whether such differences

in nucleotide metabolism exist, experiments were
undertaken to determine endogenous levels of
nucleotides in free parasites. Comparison of such
determinations of endogenous levels of nucleotides
with data from radioisotope precursor studies may
yield information on the turnover rates of key
intermediates in parasite-purine metabolism.

METHODS AND RESULTS

Isolation and characterization of the free malarial
parasite

Isolation. Heparinized blood was drawn intra-
cardially from mice infected previously with
P. berghei (NYU-2 strain). Ten to twelve millilitres
of whole blood (70% infected erythrocytes) were
mixed with 20 ml of Krebs' buffer (Ca++ free) con-
taining 6% dextran (molecular weight 100 000 to
200 000) with the addition of 2 g/litre glucose. This
mixture was allowed to sediment in a 50-ml syringe
for 30 min at room temperature. The upper layer
(plasma), which contains most of the platelets and
white cells, was discarded. Free parasites were then
prepared in glucose-isotonic solutions as described
previously (12). Incorporation and/or nucleotide
analysis of remaining white cell contaminants
showed negligible activity.

Appearance. Free parasites were resuspended in
buffered 2% glutaraldehyde, fixed for 16 h, and
sequentially dehydrated in 70%, 90%, and 100%
ethanol and transferred to isoamyl acetate (35-
100 %). The specimen stubs were processed sub-
sequently in a Denton DCP-1 critical-point drying
apparatus using liquid CO2. The specimens so ob-
tained were coated with gold-palladium alloy 15 nm
thick. A Kent-Cambridge Stereoscan (S4-10) at
20 kV was employed for scanning electron micro-
scopy (SEM) with the scanning time set at 100 s.

Fig. 2-5 depict the free malarial parasite prepara-
tions magnified 2000 to 20 000 times. The parasites
are shown to be generally spherical and to have a
relatively smooth surface interrupted by occasional
membranous projections. The size of these parasites
(which represent all of the red-cell stages) varies
from approximately 0.5 to 2.0 ,um. The parasites,
prepared by an isotonic-saponin technique, retain
significant metabolic activity.

Fig. 2 depicts many parasites scattered over a
field, some isolated and some in clusters. Magnifica-
tion is about 2000 x. The cluster of three parasites
indicated by the arrow is shown in Fig. 3 at about
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Fig. 2. Scanning electron micrograph of free malarial parasites (P. berghei), about x
2000. This includes the cluster of three free parasites seen in Fig. 3.

Fig. 3. Scanning electron micrograph of free malarial parasites, about x 20 000.



Fig. 4. Scanning electron micrograph of a free malarial parasite at about x 10 000.

Fig. 5. Scanning electron micrograph of the free malarial parasite seen in Fig. 4 at
about x 20 000.
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20 000 x; the apparently smooth parasite at the
lower magnification is seen to have a somewhat
rougher surface at higher magnification. Fig. 4
shows an apparently smooth isolated parasite at
about 10 000 x while Fig. 5 depicts the same

" smooth " parasite at about 20 000 x. The lines are

artifacts caused by the linear scanning system of the
SEM. (Fig. 2-5, see pages 263-264.)

Quantification of malarial parasites. Free parasites
were counted by turbidity measurement and corre-

lated with particle counting performed by a Coulter
counter model B equipped with an industrial
stand. A 30-,m aperture was used and both white
cells and parasites were assayed in various prepara-

tions. Electronic noise was compensated for by
blanking with the diluent (Krebs' buffer, pH 7.4,
Ca++ omitted). Turbidity was measured in a Perkin-
Elmer spectrometer at 600 nm. Fig. 6 displays the
relationship between turbidity and particle numbers
originally counted on the Coulter counter.

Comparison of metabolic activity offree parasites
prepared by saponin lysis and ammonium chloride
lysis. The metabolic activity of free parasites
prepared by saponin and ammonium chloride lysis
of parasitized red blood cells was evaluated using
3H-adenosine incorporation into adenine nucleotides.
Whereas free parasites recovered after saponin lysis
retained considerable metabolic activity (Table 1),
those prepared by ammonium chloride or osmotic
lysis displayed no significant activity.

Uptake and incorporation ofradioactive purines
Uptake experiments. Experiments were designed

to separate the uptake of radioactive precursors
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Fig. 6. Relationship between turbidity and free parasite
number. Turbidity was measured at 600 nm.

(3H-adenosine or 3H-hypoxanthine) from phospho-
rylation and subsequent incorporation into nucleic
acids. Parasites incubated with radioactive purines
were surface layered into a centrifuge tube con-

taining 2.0 ml of a mixture of Octoil S and diiso-
butylphthalate and centrifuged at 1500 g for 30 s.

An aliquot of the supernatant liquid was taken and
acidified with 0.2 mol/litre HC104, neutralized with
K2CO3 and chromatographed on PEI-cellulose thin
layer sheets (nucleotides) or cellulose thin layer
sheets (free bases and nucleosides) as previously
described (6). The Octoil S-diisobutylphthalate was

Table 1. Comparison of the ability of " free parasites " prepared by two different lysis
techniques to phosphorylate and incorporate exogenous 3H-adenosine a1

Amount of 3H-adenosine incorporated Total phosphorylation of 3H-adenosine
Time of into parasite nucleic acids (ATP + ADP + AMP)

incubation ((Bq/ml ± SE) x 103) b ((Bq/ml ± SE) x 103)
(min)

NH4CI lysis Saponin lysis NH4CI lysis Saponin lysis

3 0 0.42 ± 0.05 0.33 ± 0.08 40.50 ± 5.63

5 0 1.68 + 0.07 1.22 ± 0.08 88.65 ± 0.83

10 0.07 i 0.02 3.25 i 0.03 8.57 + 0.53 174.82 i 2.88

15 0.02 ± 0 7.68 ± 0.03 8.63 + 0.08 191.13 i 13.35

20 0.13 i 0.03 10.13 ± 0.28 12.88 ± 6.65 168.42 ± 2.17

a N = 6, number of observations.
b Each millilitre contained " free parasites " prepared from 1000 million parasitized erythrocytes.
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aspirated and the pellet acidified; the protein-free
extract was neutralized and chromatographed as
previously described.

Incorporation of radioactive precursors into nucleic
acids. Reaction tubes contained the following
ingredients: 0.5 ml of modified Krebs' buffer (with
or without drugs); 370 kBq of 3H-adenosine or
3H-hypoxanthine; and 0.5 ml of free parasite
suspension containing between 5 x 108 and 1 x 109
free parasites.

Incubations were started by the addition of 0.5 ml
of free parasites with the temperature maintained
at 370C for 10 min. The reaction was stopped with
perchloric acid and the pellet washed and hydro-
lysed as previously described (6).

Counting of radioactive samples. All radioactivity
was counted on a Packard liquid scintillation
counter, model 2002. The cocktail used in counting
aqueous samples has been described previously (6)
and consisted of a BioSolv-toluene, POPOP-PPO
mixture.

Results of uptake and incorporation studies. The
results of uptake and incorporation studies indicated
that adenosine is converted to hypoxanthine (prob-
ably at the membrane level of the free parasite),
which is the preferred precursor for purine salvage.
This hypothesis is supported by the following
evidence:

(a) Adenosine is metabolized to hypoxanthine
Conversion of adenosine-3H to hypoxanthine-3H.

Ninety percent of adenosine-3H is metabolized within
3 min of incubation with free parasites with the
concomitant formation of tritiated inosine and
hypoxanthine. The rise and fall of inosine-3H and
hypoxanthine-3H seem to be temporally related.
Adenosine appears to be deaminated to form inosine
and subsequently deribosylated to form hypoxanthine
(see Fig. 7).

Distribution of radioactivity inside and outside the
free parasite. The distribution of radioactivity in the
free parasites is shown in Fig. 8. The phthalate ester
(PE) technique was used, whereby the medium ap-
peared on top, separated by PE from the parasites
pelleted on the bottom. The majority (>95%) of non-
phosphorylated compounds were in the medium. All
four phosphorylated compounds (IMP, AMP, ADP,
and ATP) were found essentially with the parasites
(75-98 %). The distribution suggests that adenosine-3H
is deaminated to inosine and deribosylated to hypoxan-
thine-3H outside or on the surface of the parasite.
Rapid appearance of IMP. Labelled nucleotides

formed from the metabolism of adenosine-3H are
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Fig. 7. Formation of 3H-inosine and 3H-hypoxanthine
from 3H-adenosine in free parasites. DPM = disintegra-
tions per minute (= Bq x 60).
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Fig. 8. Distribution of radioactivity in various purines and
purine nucleotides in free parasites.

shown in Fig. 9. The first phosphorylated derivative
to appear in a significant amount was IMP-3H. Radio-
activity associated with IMP increased to a maximum
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T I M E [MIN]

Fig. 9. Formation of labelled nucleotides by the free
parasite. DPM = disintegrations per minute (= Bq x 60).

value within 2 min after incubation at 20°C and then
decreased gradually. AMP-3H appeared in very small
amounts and was no greater than 5 % of the maximum
radioactivity in IMP at any time during the experi-
ments. The level of ADP-3H detected was likewise
much less than IMP-3H but more than AMP-3H at all

times. The kinetics of ATP-5H formation were different
from that of AMP and ADP formation. A fast rise
in ATP-3H paralleled the initial increase in IMP-3H and
it continued rising, whereas radioactive IMP decreased
after 2 min. ATP-3H continued to increase throughout
the 10 min of incubation, with the most rapid accumula-
tion during the first minute. More than 80% of the
added adenosine-3H was converted to ATP-3H within
10 min.

(b) A purine other than adenosine is taken up and in-
corporated (into nucleotides and/or nucleic acids)
Inability of adenosine uptake blockers to inhibit in-

corporation of adenosine-3H. The most potent nucleo-
side transport inhibitors for mammalian cells, including
dipyridamole (1 x 10-5 mol/litre), 2-amino-6(2-hydroxy-
5-nitrobenzylthio) 9fl-D-ribofuranosyl purine (1 x 10-'
mol/litre), and 6-(p-nitrobenzyl) thio-9-/3-D-ribofura-
nosyl purine (2 x 10-5 mol/litre), failed completely to
block uptake and/or incorporation of adenosine-3H
into nucleic acids in the free malarial parasite (13).

Ability ofhypoxanthine to block adenosine-3H uptake,
phosphorylation, and incorporation. Table 2 gives the
results of competition experiments in which adenosine-
3H was metabolized in the presence or absence of non-

radioactive adenosine, inosine, and hypoxanthine. All
of these competitors blocked phosphorylation of
label while deamination (inosine-3H) and deribosyla-
tion (hypoxanthine-3H) continued. In the absence of
competition by purines, most of the adenosine-3H was

converted to phosphorylated intermediates. If adeno-
sine-3H or inosine-3H are converted directly by kinases
surely some phosphorylated intermediates would be
found even in the presence of competitors. This is
consistent with the idea that hypoxanthine is a key
intermediate.
(c) Hypoxanthine is incorporated to a greater extent

than is adenosine
Direct phosphorylation of hypoxanthine is consistent

with the finding that hypoxanthine is the most efficient

Table 2. Effect of competitors on the metabolism of 3H-adenosine a

Adenosine Hypoxanthine Inosine
formed

p t Control 3 10-5 mol/litre 5 x 10-5 mol/litre 5 x 10-5 mol/litre(Bq l ) (Bqxl ) (BqxlO3

Adenosine 21.67 ± 1.75 58.83 + 0.17 24.07 ± 0.52 33.47 ± 0.10

Inosine 6.43 ± 0.52 47.97 ± 7.10 50.73 ± 0.53 71.18 ± 0.30

Hypoxanthine 7.28 ± 1.03 16.92 ± 1.30 51.00 ± 1.07 23.68 ± 0.77

(IMP + AMP + 98.12 ± 2.45
ADP + ATP)

a Parasites were incubated at 20°C with 185 kBq of 3H-adenosine for 10 min in the presence of given
concentrations of competitors. The reaction was stopped by the addition of HC104. An aliquot of the prepara-
tion was neutralized with K2C03 and then chromatographed and the radioactivity determined.
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Fig. 10. Separation of nucleotides from free malarial parasites by high pressure liquid chromatography. The graphs
depict the retention times of the nucleotides after injection versus ultraviolet absorbance at 254 nm. From left to
right is shown the elution of nucleotide monophosphates (NM), diphosphates (ND), and triphosphates (NT),
which were eluted with the following buffer conditions: NM, 0.05 mol/litre KH2PO4, pH 3.3; ND, 0.03 mol/litre
KH2PO4, pH 4.5; and NT, 0.75 mol/litre KH2PO4, pH 4.5. Flow rate was 0.83 ml/min with a pressure of 5.5-6.9 MPa

precursor for incorporation into nucleic acids of the
free malarial parasite (7). It was shown that hypoxan-
thine-3H was incorporated to the greatest extent and in
the following order: hypoxanthine > adenosine > ino-
sine > > adenine.

Methods used to study endogenous levels of malarial
nucleotides

Measurement ofA TP by luciferin-luciferase assay.

Adenosine triphosphate (ATP) was measured by
the method of Stanley & Williams (14), using the
liquid scintillation counter set in the non-coincidence
mode. Firefly luciferin-luciferase was the source of
light in the presence of ATP. All measurements were

performed at at least two dilutions (full strength and
1:10) for detection of possible enzyme inhibitors
present in the biological preparations (however,
none was detected).

Preparation and analysis of nucleotides using high
pressure liquid chromatography (HPLC). Two ml
of 10% trichloroacetic acid were added to free
parasites and the residue was ultrasonically dis-
rupted, vortexed, and centrifuged at 5°C. The
resulting supernatant solution was extracted using
the alamine-freon system of Khym (15). This
system yields 97-100% recovery of nucleotides. The
aqueous layer (50 ,Il) was injected directly into
a Waters HPLC Model 202. The pressure was

adjusted to 5.5-6.9 MPa and the flow rate was

0.83 ml/min. The HPLC was fitted with a Reeve
Angel microparticle anion exchange column (Partisil

SAX, 25 cm x 4.6 mm). Unknown nucleotides were
compared to standard nucleotides dissolved in
distilled water. Chromatograms were plotted as a
function of ultraviolet absorbance (254 nm) versus
retention time in seconds and peaks were quantified
using the formula developed by Khym (15). The
buffers used to elute the various nucleotides are listed
in the legend of Fig. 10.

Results from the luciferin-luciferase and HPLC
nucleotide analyses. Table 3 lists the determinations
of parasite ATP by the luciferin-luciferase system.
Before incubation with glucose, the parasite con-
tained 6 x 10-19 moles of ATP but after incubation
it contained 1.7 x 10-18 moles. The parasite gen-

Table 3. Determination of parasite (NYU-2) ATP by
luciferase

Experimental conditions Moles ATP/parasite b

Before incubation 0.6 ± 0.1 x 10-18

10-min incubation without glucose 0.6 ± 0.1 x 10-18

10-min incubation with glucose 1.7 ± 0.3 x 10-10

10-min incubation with glucose and 1.5 ± 0.4 x 10-18
31H -adenosine

a N = 3, number of observations.
b The ATP in white blood cells represents less than 1 %-3 % con-

tamination.
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Table 4. The amount of phosphorylation and incorporation into nucleic acids of 3H-adenosine by P. berghei and
mouse white cells

(Bq/mli SE) x 103a
Experimental Incorporated
conditions Adenosine AMP ADP ATP into nucleic

acids

White blood cells b

10-min incubation with
glucose (1 g/litre) 193.45 ± 0.70 (96) c 5.67 ± 0.83 (4) 0 0.93 ± 0.40 (1) 0.006 ± 0

10-min incubation
without glucose 191.42 ± 2.35 (96) 7.80 ± 0.53 (4) 0 0.50 ± 0.05 (0) 0

Parasites d

10-min incubation with
glucose (1 g/litre) 6.73 ± 0.23 (3) 7.57 ± 2.35 (5) 18.22 ± 0.25 (9) 165.62 ± 3.33 (83) 3.68 ± 0.15

10-min incubation
without glucose 231.22 ± 1.28 (92) 9.77 ± 1.37 (4) 0.30 ± 0.03 (0) 10.48 ± 0.10 (4) 0.17 ± 0.02

a N = 3, number of observations.
b 6.2 x 109 white cells prepared from normal blood.
c Figures in parentheses indicate the percentage of the radioactivity associated totally with adenosine and its nucleotides.
d 1.0 x 109 parasites and 1.4 x 107 white cells in the preparation.

erated three times more ATP after incubation with
glucose. Table 4 provides results of the phosphoryla-
tion and incorporation of adenosine-3H into nucleic
acids of the free parasite. It is clear that glucose is
needed to provide the energy for the phosphorylation
of purine to yield ATP-3H and subsequent incorpora-
tion into parasite nucleic acids. White cells were

prepared from normal blood to show how little
adenosine-3H is phosphorylated and/or incorporated
into their nucleic acid pool. Fig. 10 shows the separa-

tion of parasite nucleoside mono-, di-, and tri-
phosphates by HPLC. The separation was achieved
by a stepwise gradient of phosphate buffers as in-
dicated by the legend. Table 5 indicates the relative
concentrations of parasite nucleoside mono-, di-,
and triphosphates. The order of concentration of the
various nucleoside triphosphates was ATP >UTP>
GTP>CTP, that of the diphosphates was ADP>
CDP>UDP>GDP, and that of the monophos-
phates was NAD > >AMP>CMP >IMP >UMP >

GMP. The order in relative amounts of the various
nucleotides was triphosphates >monophosphates>
diphosphates.

DISCUSSION

What do all these investigations mean regarding
a possible new approach to the chemotherapy of
malaria? Is anything revealed that could give new

insight into a more selective means by which to kill
the malarial parasite?

Table 5. Quantity of nucleotides present in P. berghei
as determined by high pressure liquid chromatography

Percentage contribution of
Nucleotide group Quantity each nucleotide to its

(nmoles) corresponding nucleotide
group a

Triphosphates

ATP 6.42 48

CTP 1.30 10

GTP 1.99 15

UTP 3.80 28

Diphosphates

ADP 0.68 41

CDP 0.53 32

GDP 0.12 7

UDP 0.33 20

Monophosphates

AMP 1.14 53

CMP 0.60 28

GMP 0.20 9

IMP 0.40 -

NAD 3.98 -

UMP 0.23 11

a Based on A, C, G, and U compounds only.
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Fig. 11. Possible nucleotide pathways of the malarial
parasite based on radioactivity and chromatographic
data.

The first observation that we believe very impor-
tant is that glucose is vital to the generation of ATP
as well as to the synthesis of nucleic acids. This is
shown clearly in Tables 3 and 4. Also, we found
that if glucose was not included in the isolation media
in all steps prior to acidification there was much
less nucleotide material to recover. Clearly chemo-
therapy against glucose utilization, which would
have selective toxicity, could be of great importance.
The observation that glucose is a key to parasite
metabolism was originally shown by Bowman (16).
The problem is the major importance of glucose to
the mammalian cell so that a selectively toxic drug
would be difficult to find.

Second, the free malarial parasite model has not
been utilized to a great extent. We believe that the
high metabolic activity, as shown in all the figures
and tables relating to metabolism, as well as in
Fig. 2-5, which show scanning electron microscopy
of the free parasite, reveal the importance of this
model.

Third, we feel that the most important step taking
place outside the parasite is the formation of
hypoxanthine. Its penetration and conversion to
IMP must be a key step within the parasite. The
radioactive IMP formed from adenosine-3H has a

rapid turnover rate and the pool size of IMP may

be quite large. However, the HPLC analysis shows
the endogenous amount of IMP to be quite small,
approximately the amount of GMP + UMP in the
parasite. A possible interpretation of this is that
the IMP turns over very quickly as a transient inter-
mediate of purine metabolism. Its formation could
be and probably is a key point of chemotherapeutic
attack. Drug design and drug screening should be
directed towards inhibition of hypoxanthine utiliza-
tion and therefore blockage of the formation of
IMP. This would ultimately block the formation of
RNA and DNA as well. If the radioactivity and
HPLC data are considered collectively, the pathway
of purine metabolism is as shown in Fig. 11. Further,
the metabolism of guanine to GMP as well as the
inhibition of de novo pyrimidine biosynthesis could
also be important points of chemotherapeutic
attack.
Another observation from the HPLC data

(Fig. 11, Table 5) is the disproportionate amount of
UTP. In mammalian cell types, the amount of
ATP and GTP is larger than the amount of UTP.
However, the order of relative concentrations of
parasite nucleoside triphosphates is ATP>UTP>
GTP>CTP. Why should the parasite have such a

large amount of UTP? It is possible that one of the
unknown peaks in the monophosphate fraction
(Fig. 11) is uridine diphosphate glucose which, if
present, would chromatograph as a monophosphate
because it has only one negative charge. This
interpretation is only speculative but it certainly
warrants further investigation.

It is clear that anything that increased the amount
of hypoxanthine available to the parasite would
potentially increase the severity of a malarial infec-
tion. A drug such as allopurinol can increase hypox-
anthine because it inhibits xanthine oxidase and
therefore the formation of both xanthine and uric
acid. This drug blocks the degradative pathway and
causes hypoxanthine to accumulate.

It is our hope that the ideas presented in this
paper will stimulate further work in solving the
riddle of the chemotherapy -of malaria. Surely the
recent work on the cultivation of human malarial
parasites (17, 18) will be extremely useful to such
investigations in the future.

NUCLEIC ACIDS
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RI-SUMt

ISOLEMENT ET ANALYSE DE NUCLEOTIDES TIRE'S DE PREPARATIONS DE PLASMODIES
(PLASMODIUM BERGHEI) EXEMPTES D'ERYTHROCYTES: INTE'RET POTENTIEL EN CHIMIOTHEIRAPIE

DU PALUDISME

La chimiotherapie antipaludique doit prendre de nou-
velles orientations (par exemple celle d'une toxicite
selective au niveau de la voie de synthese des purines par
reutilisation des derives puriques), si l'on veut pouvoir
venir a bout des souches resistantes du parasite. Utilisant
des preparations de Plasmodium berghei exemptes
d'erythrocytes, notre laboratoire a mene des dtudes en
vue de parvenir a une meilleure connaissance du metabo-
lisme du parasite, plus particulierement en ce qui con-
cerne les nucleotides. Les parasites libres utilises dans
ces etudes ont ete pr6pares par lyse a la saponine d'ery-
throcytes de souris parasites en solution glucosee iso-
tonique. Une etude comparative de l'activite metabo-
lique post-lytique des parasites libres prepares par lyse a
la saponine et au chlorure d'ammonium ou encore par
lyse hypotonique, a revel6 que cette derniere etait sensi-
blement mieux conservee dans les preparations obtenues
par lyse a la saponine (comme l'a montr6 la production
d'ATP ainsi que la phosphorylation ou l'incorporation
dans les acides nucleiques de la 3H-adenosine).
La separation des nucleosides-mono-, di- et triphos-

phates extraits des parasites libres a ete realisee par
chromatographie liquide sous haute pression et l'on a en
outre dose I'ATP au moyen de l'epreuve a la luciferine-
luciferase.

Les etudes menees en vue de distinguer le captage, la
phosphorylation puis l'incorporation de la 3H-adenosine
dans les acides nucleiques des parasites libres donnent
fortement a penser que l'adenosine est metabolisee soit a
I'exterieur de la membrane parasitaire soit sur cette mem-
brane, apres avoir subi au prealable une desamination en
inosine puis une deribosylation en hypoxanthine. L'hypo-

these selon laquelle l'hypoxanthine jouerait un r6le cen-
tral dans la reutilisation des derives puriques chez les
plasmodies est etayee par les resultats suivants de la
chromatographie liquide sous haute pression et des
etudes de precurseurs radio-isotopiques:

1. L'addition de puissants inhibiteurs du captage des
nucleosides n'a pu bloquer le captage de la 3H-adeno-
sine ni l'incorporation ulterieure du compos6 radio-
marque dans les derives phosphoryles et/ou les acides
nucleiques des parasites libres.
2. I1 semble que les parasites libres captent la 3H-hypo-
xanthine de preference a la 3H-adenosine et it la
3H-inosine.
3. L'analyse en chromatographie liquide sous haute
pression des nucleotides des parasites libres indique la
presence d'un pool relativement reduit d'IMP endo-
gene, meme si ce pool est rapidement marque apres
incubation des parasites libres en presence de 3H-hypo-
xanthine. L'analyse chromatographique ainsi que
l'dtu,de du captage de la 3H-hypoxanthine montre que
les molecules du pool d'IMP se renouvellent rapide-
ment, ce qui vient a l'appui de l'hypothese selon laquelle
l'hypoxanthine est captee puis convertie en IMP.
Nous avons etudie quelques-unes des phases princi-

pales de la reutilisation des derives puriques et de la
biosynthese des pyrimidines en procedant a l'etude du
captage de nucleotides radio-marques et a leur analyse
par chromatographie liquide sous haute pression. Les
resultats laissent supposer que c'est au niveau du captage
de l'hypoxanthine que pourrait se situer un point d'at-
taque nouveau et important pour la chimiotherapie du
paludisme.
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