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Abstract

The studies of mechanism of pyrimethamine resistance were

~achieved in two clones of Plasmodium chabaudi ; clone AS modeling

as drug-sensitive parasites, susceptible to pyrimethamine 15 mg/kg
body weight and clone AS(Prl) modeling as drug-resistant parasités,

~ susceptible to pyrimethamine 30 mg/kg body weight. 14C—pyrimethamine
ﬁas used to investigate the process of pyrimethamine uptake

in mouse red blood cells infected with pyrimethamine-resistant or
with pyrimethamine—senéitive P.chabaudi, as well as in normal red
cells. The preliminary data indicated that pyrimethamine.

uptake was slowest in P.chabaudi AS(Prl) infected cells. By ethanol
extraction of the uptaken 14C—pyrimethamine s the absolute intracellu-
lar level of 14C-pyrimethamine (at 30 oM drdg in HEPES buffer saline
pH 7.4 at 37°c for 15 min) was approximately 12.0, 4.9 and 1.3
pmole/lO9 cells for cells infected with clone AS, AS(Prl) and unin-
fected cells respectively. The saturable process of drug uptake by

normal red blood cells (Km .94+ 0.1 nM) resembled carrier-mediated

transport, although it was not shown significantly temperature and



pPH dependence according to its low uptake. Considerably, the charac-
teristics of pyrimethamine uptake by P.chabaudi AS infected cells
was slightly concentrative yet still remained pH and temperature
sensitive together with obviously drug ability to penetrate cells
even at low temperature, It was therefore suggested that pyrimetha-
mine was transported across clone AS infected red cell membrane via

a combination of two processes : carrier-mediated transport (Km 3.9 %
0.7 nM) and simple diffusion. The simple diffusion process might be
distinctly suspected in red cellsvinfected with P.chabaudi AS(Prl)
owing to its temperature independent. However, the carrier-mediated
transport was reasonably still existed in clone AS(Pfl) infected
cells since the éxperimental data showed pH sensitive and somehow
rather non-concentrative pattern (K.m 6.3 + 0.9 nM). The cafrier—
mediated transport of P.chabaudi AS and AS(Prl) infected cells could
be distinguished from each other by the difference in pH and folic
acid effects on drug uptake. Further studies with glucose depleted
cells were clearly evident that the_lhc—pyrimethamine incorporation
of infected cells was dependent on concentration of glucose and
various types of substrate. The uptake was shown to be inhibited
by 2,4-dinitrophenol. The conclusive data demonstrated the possibi-
lity that the mechanism of pyrimethamine wuptake in mouse red blood

cells infected with P.chabaudi may have been partially energy depen-

dent via oxidative phosphorylation.

The comparativé studies of three folate metabolizing enzymes
were achieved with crude extract of erythrocyte-free parasites,
P.chabaudi AS and AS(Prl), obtained from 0.015 % saponin treatment

of parasitized cells of the two clones for 10 min. The biochemical



&

and kinetic properties of dihydrofolate reductase isolated from resis-
tant parasites (clone AS(Prl))was remarkably different from sensitive
parasites (clone AS). The 50 % inhibitory level of pyrimethamine
increased about 9;Pfolds in clone AS(Prl) (ED56 288.4 nM) when
comparing to clone AS (EDSO 33.1 nM). The inhibition of enzyme in
P.chabaudi AS(Prl) by pyrimethamine was found to be non-stoichiome-
tric in nature, meanwhile in P.chabaudi AS was stoichiometric.

Due to Ki for pyrimethamine, it is estimated that the dihydrofolate

reductase from P.chabaudi AS(Pr (Ki 160 nM) binds to pyrimetha-

1)
mine app:oximatly 5.5 times less effective than do the sensitive clone

(Ki 30 nM). The kinetic of pyrimethamine inhibition to the enzyme

in clone AS(Prl) and AS was found to be competitive and non-competitive
respectively. The affinity of clone'AS(Prl) enzyme to substrate DHF

(Km 11.8 + 0.7.uM) seemed to be better than clone AS enzyme (Km 44,9 +
0.6 uM). Different from the sensitive clone of which dihydrofolate
reductase activity was stimulated by 0.05 M KC1l, the resistant enzyme

did not need KCl as cofactor. Optimal temperature which was observed

at 45 - 50°C for the enzyme isolated from AS(Prl) parasites was in.

the range of 10°¢c higher than P.chabaudi AS. In spite of the fact that
pH optimum for énzyme from both sources was not significantly different

( pH 5.9), the resistant enzyme activity was shown to be contrarily
inhibited by tris buffer. ' The maximum total activity/lOg parasite cells,
9.3+0.2 enzyme unit in clone AS and 34.8+0.6 enzyme unit in clone AS(Prl),

gives an interesting clue that pyrimethamine resistance of P.chabaudi

AS(Prl) is also associated with an increase in maximum total enzyme activity.

Crude extracts of serine hydroxymethyltransferase from P.chabaudi -

AS and AS (Prl) exhibited similar broad pH optimum centering at 8.4. Clone



AS enzyme showed a sharp optimal temperature at SOOC, whereas the
AS(Prl) enzyme had a rather broad figure at 50 - 55°C. There were
no significant differences in the Michaelis constants for substrates,
serine an THF, between enzyme from P.chabaudi AS and AS (Prl). The
maximum total‘activity/lo9 parasite cells in pyrimethamine resistant
parasite -was slightly greater than that in pyrimethamine-sensitive,
Pyrimethamine at 1.1l mM (one-half of The concentration) did not
exhibit any effect on serine hydroxymethyltransferase from both

sources.

The further comparative studies of the folate metabolizing
enzyme was extended to the crude extracts of dihydropteroate synthase.
The properties of resistant plasmodial eﬁzyme were similar to P.chabaudi
AS enzyme in its activatipn B2 M.MgCl2 and pH'dependence.
Dihydropteroate synthase isolated from P.chabaudi AS showed higher
activity in the temperature range of 40 - 45°C, meanwhile the
P.chabaudi AS(Prl) enzyme had an optimal temperature quite sharp
at 45°C. Kinetic data analysis made it possible to conclude that
the enzyme from both sources were not different in their affinity to
substrates, PABA and DHPP. The maximum total activity/109 parasite
cells of the enzyme isolated from plasmodium AS(Prl) was demonstrated
to be slightly higher than clone AS. Pyrimethamine 0.25 mM (one-
fourth of DHPP concentration) did not inhibit dihydropteroate synthase

activity.

The experimental data confirm the hypothesis of pyrimethamine
action on plasmodial growth that dihydrofolate reductase is drug target

enzyme,
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ACD =
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DHFR

Dimedon

duMp
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FTHFS
Glu ‘ =
Gly | =
GTIP =

HEPES

H2P t-CHZOPP

HomoCys-: =

Met =

MTHF DH =
NADP =

NADPH =

PP : =
PABA =
Ser =
SHMT =
THF , FH =

4
TMS =

1]
Ao

acid citrate dextrose
dihyarofolate
dihydrofolate reductase
5,5~-dimethyl-"1, 3~cyclohexanedione

deoxyuridine monophosphate (deoxyuridylic acid)
deoxythymidine monophosphate (deoxythymidylic acid)
formyl - tetrahydrofolate synthase

glutamate

glycine

guanosine triphosphate

N-2-hydroxyethyl pipe{?zine—N'—2-ethanesulfonic acid
= 2 -amino-4-hydroxy-6-hydroxymethyl-7,8-dihydrop-

teridine pyrophosphate (DHPP)

homocysteine

methionine

methylene—tetrahydrofolate dehydrogenase
nicotinamide adenine diﬁucleotide phosphate
ﬁicotinamide adenine dinucleotide phpsphate
reduced form

pyrophosphate

para - aminobenzoic acid

serine

serine hydroxymethyltransferase

tetrahydrofolate

thymidylate synthase
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