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Summary

A kinetic model of glucose catabolism in Plasmodium
falciparum

Malaria infects over 200 million individuals and leads to the death of over 600 000
people annually. Currently artemisinin combination therapy treatments are effective
in treating the disease, but resistance has started to emerge in Cambodia and it is
suspected in parts of Vietnam. To maintain the drive to eradicate malaria globally,
a great deal of research is aimed at identifying novel prevention strategies, vaccines
and antimalarial compounds.

Plasmodium falciparum, the most deadly of the malaria parasites, is entirely de-
pendent on glycolysis for ATP. Several of the enzymes within this pathway have
been proposed as drug targets and studied in isolation, but the pathway as a whole
has not been considered. In this study we employ a bottom up approach for drug
target identification in P. falciparum glycolysis.

In this thesis we present the biochemical characterisation each of the glycolytic
enzymes in P. falciparum trophozoites. The kinetic rate equations, which described
the kinetic behaviour of the individual enzymes, were incorporated into a kinetic
model. The unfitted model was validated in its ability to predict experimentally
measured steady state metabolite concentrations and fluxes as well as the experi-
mental inhibition of the glucose transporter.

The validated model provided a tool for drug target identification in P. falciparum
glycolysis. Metabolic control analysis and differential control analysis identified the
glucose transporter, PfHT1, as a drug target based on its high control of glycolytic
flux in the parasite, but low control of flux in the host erythrocyte. This differ-
ential control makes the transporter an attractive drug target, as even if both the
erythrocyte and parasite glucose transporters are inhibited to the same degree, it
is expected that the parasite glycolytic flux would be inhibited to a much greater
degree.

To demonstrate the differential control of the glucose transporter on the flux and
provide further evidence that PfHT1 is an attractive drug target, we investigated
the inhibition of the glucose transporter in isolated trophozoites by cytochalasin B.
We also measured the inhibition of lactate production flux by cytochalasin B in
both isolated P. falciparum trophozoites as well as in erythrocytes. Our findings
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demonstrated that differential control analysis can be used as a tool for drug target
identification and that PfHT1 is an attractive drug target.

In this study the fields of biochemistry and systems biology were merged to cre-
ate a detailed kinetic model of asexual P. falciparum glycolysis and identify several
drug targets in the pathway. The model prediction and experimental evidence of
differential flux control of the glucose transporter in the host and parasite, has high-
lighted PfHT1 as a drug target and also demonstrates the strength of differential
control analysis in identifying drug targets within a system. The kinetic model is a
valuable tool for furthering our understanding of P. falciparum glycolysis and it pro-
vides a good foundation for expansion to identify drug targets in the entire central
carbon metabolism of P. falciparum


