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Polyamines are ubiquitous components of all living cells and their depletion usually causes growth arrest or
cytostasis, a strategy employed for treatment of West-African trypanosomiasis. In the malaria parasite,
Plasmodium falciparum, polyamine biosynthesis is regulated by the uniquely bifunctional protein, S-
adenosylmethionine decarboxylase/ornithine decarboxylase (PfAdoMetDC/ODC). The unique nature of this

protein could provide a selective mechanism for antimalarial treatment.

To validate polyamine depletion and specifically PfAdoMetDC/ODC, as drug target for antimalarial therapeutic
intervention, polyamine biosynthesis was completely restrained via the inhibition of both catalytic sites of
PfAdoMetDC/ODC with DFMO and MDL73811. The physiological effects during the resulting cytostasis were
studied with a comprehensive functional genomics approach. The study was preceded by various assays to
determine the treatment dosage that would result in complete cytostasis, without non-specific chemical
cytotoxicity. The results obtained revealed that the cytostatic mechanism with growth arrest of the treated
parasites and normal progression of the untreated controls require special consideration for basic comparisons
of response in terms of the assay methodology used and data analysis. This is particularly important when
studying a multistage organism such as P. falciparum, which constantly develops and change during the
intraerythrocytic developmental cycle, such that growth arrest compared to normal progression would result in
significant differences merely due to stage. This critical principle was kept in mind throughout the investigation
and was applied to the relative quantification of RNA, proteins and metabolites via a relative time zero

approach as opposed to the standard parallel time point comparison.

Three independent functional genomics investigations, namely transcriptomics, proteomics and metabolomics
were conducted, in which highly synchronised 3D7 parasite cultures were treated during the schizont stage
and parasites were sampled during a time course at three time points (just before and during cytostasis).
Transcriptome analysis revealed the occurrence of a generalised transcriptional arrest just prior to the growth
arrest. To our knowledge this is the first time that transcriptional arrest as the preceding mechanism of
cytostasis due to polyamine depletion, was demonstrated. However, despite the transcriptional arrest, the
abundance of 538 transcripts was differentially affected and included three perturbation-specific compensatory
transcriptional responses: the increased abundance of the transcripts for lysine decarboxylase and ornithine
aminotransferase (OAT) and the decreased abundance of that for S-adenosylmethionine synthetase (AdoMet
synthetase). Pearson correlations indicated more subtle effects of the perturbation on the proteome and even
more so on the metabolome where homeostasis was generally maintained, except downstream to the

enzymatic blockade at PfAdoMetDC/ODC. The perturbation-specific compensatory roles of OAT in the



<5
=
UNIVERSITEIT VAN PRETORIA
UMIVERSITY OF PRETORIA
Qo YU RIA

0
NIBESITHI YA PRETO

regulation of ornithine and AdoMet synthetase in the regulation of AdoMet were confirmed on both the protein

and metabolite levels, confirming their biological relevance.

The results provide evidence that P. falciparum respond to alleviate the detrimental effects of polyamine
depletion via the regulation of its transcriptome and subsequently the proteome and metabolome, which
supports a role for transcriptional control in the regulation of polyamine and methionine metabolism within the
parasite. The study concludes that polyamines are essential molecules for parasite survival and that

PfAdoMetDC/ODC is a valid target for antimalarial drug development.
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5'-Deoxy-5'-[N-methyl]-N-[2-(aminooxy)buthyllamino]adenosine
5'-Deoxy-5'-[N-methyl]-N-[2-(aminooxy)ethyl]amino]adenosine
5'-{[(Z)-4-amino-2-butenylJmethylamino}-5’-deoxyadenosine
Multidrug-resistance type 1 protein

Methanol

Minimum information about a microarray experiment
3-(N-morpholino)propanesulfonic acid

Malaria Parasite Metabolic Pathways

Molecular weight

Messenger RNA

Messenger ribonucleoprotein complexes

Mass spectrometer/spectrometry

Tandem mass spectrometry

Merozoite surface protein 1

Methylation-sensitive restriction endonucleases
Multidimensional protein identification technology

Nitroblue tetrazolium
Nuclear magnetic resonance
Nitric oxide

Ornithine aminotransferase

Methylated ornithine amino transferase DNA
Ornithine decarboxylase

Open reading frame

Phosphate buffered saline

Polymerase chain reaction
Pyridoxal-5’-phosphate synthase

Phenazine ethosulphate

Plasmodium export element

P. falciparum S-adenosylmethionine decarboxylase/ornithine decarboxylase
P. falciparum chloroquine-resistance transporter
Erythrocyte membrane protein 1

Propidium iodide

Iso-electric point

Plasmodium database

Pyridoxal-5'-phosphate

Partial Least Squares

Peptide mass fingerprint/fingerprinting

Photon multiplier tube (fluorescent scanners)
Parts per million

Princeton University Microarray database

Quadropole
Quadropole-time-of-flight mass spectrometer/spectrometry

Pearson correlation
Correlation coefficient of the regression line of data plotted on the same graph
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Rifin Repetitive interspersed family (genes)

RNA Ribonucleic acid

rRNA Ribosomal RNA

SAGE Serial analysis of gene expression

SDS Sodium-dodecylsulphate

SERCA Sarcoplasmic reticulum calcium-dependent ATPase
SRM Single reaction monitoring (mass spectrometry)
SSC Saline sodium citrate

SSP Standard spot numbers

Stevor Subtelomeric variable open reading frame (genes)
T Thymidine or treated (sample)

to Time zero

t1 Time point 1

to Time point 2

t3 Time point 3

TAE 40 mM Tris, 20 mM glacial acetic acid, 1 mM EDTA (buffer)
Tm Melting temperature

TNF Tumour necrosis factor

TOF Time-of-flight

tRNA Transfer RNA

U Units

uT Untreated (sample)

uv Ultraviolet

\% Volts

var Variant (genes)

Vh Volt hours

VTS Vacuolar transport signal

WHO World Health Organisation

a. HRP is the customary abbreviation for horseradish peroxide, but to distinguish from the abbreviated histidine rich protein, lowercase
characters (hrp) were used.
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