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Krungkrai J, Krungkrai S. Malaria parasite: Genomics, biochemistry and drug target for
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Malaria remains a global health problem attributed by its major cause of morbidity and
mortality in developing and tropical countries. Of these, 400-500 million people are infected
with the parasite, and two million die each year. Plasmodium falciparum, the etiologic agent of
the most lethal and severe form of the four species that infect humans, is resistant to most of
the currently available antimalarial drugs. The need of more efficacious agents — particularly
rational drugs that exploit metabolic pathways and targets unique to the malaria parasite — is
therefore urgent. The basic knowledge of the current genomics and biochemistry of the parasite
are essential to the design and development of new antimalarial drugs. This paper reviews the
most recent information on P. falciparum genomics and metabolomics, and will apply the data

for drug development, and also identify the molecular targets of the drug.
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Table 1. Overview of antimalarial drugs.
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Drug Target Main limitation’

Chloroquine food vacuole resistance

Quinine not known compliance/safety/resistance
Amodiaquine not known safety/resistance

Mefloquine not known (safety)/resistance/(cost)
Primaquine not known safety

Halofantrine not known safety/resistance/cost
Artemisinins food vacuole compliance/(safety)/(GMP)?/(cost)
(artemether,arteether,artesunate)

Sulfadoxine-pyrimethamine folate pathway resistance

(Fansidar®)
Atovaquone-proguanil
(Malarone®)
Lumefantrine-artemether
(Coartem®)

Antibiotics used in combination  apicoplast

(DHPS-DHFR)®
mitochondrion-folate

resistance / potential/cost

not known-food vacuole (compliance)/resistance/potential(cost)

(safety)/(cost)

! Liabilities placed in brackets refer to issues that are less serious for the drug in question than those

liabilities not placed in brackets.
? GMP= good manufacture practice.

* DHPS-DHFR= dihydropteroate synthase-dihydrofolate reductase .
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Table 2. Malaria parasites have three genomes: one chromosomal and two organellar genomes.

Numbers of

Genome Size Genes&protein RNA genes  Protein targeting
Chromosomal DNAs 2.28Mb 5,268 43 4,471 (cytosol/membrane)
Chromosome 1 0.64Mb 143 0 ND'

2 0.95 Mb 223 1 ND

3 1.06 Mb 239 2 ND

4 1.20 Mb 237 5 ND

5 1.34 Mb 312 5 ND

6 1.38 Mb 312 3 ND

7 1.35 Mb 277 7 ND

8 1.32 Mb 295 0 ND

9 1.54 Mb 365 0 ND

10 1.69 Mb 403 0 ND

11 2.04 Mb 492 2 ND

12 227 Mb 526 3 ND

13 2.75 Mb 672 5 ND

14 3.29 Mb 769 2 ND
Extrachromosomal (organellar) DNAs
Mitochondrial DNA 6 kb’ 3 246
Apicoplast DNA 35 kb® 30 551

'ND= not determined.
?jinear DNA with A+T = 69 %
3 circular DNA with A+T= 86 %
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Table 3. Unique characteristics of genomes in P. falciparum, P. vivax, Anopheles spp. and human.

Characteristic P. falciparum’ P. vivax Anopheles Human
Size (Mb) 23 24 280 2,900
(A+T) content (%) 81 60 ND? 59
Number of genes 5,268 5,126 15,000 31,000
Hypothetical protein (%) 60 ND ND ND
Gene density (kb per gene) 4.3 44 ND ND
Genes with introns (%) 54 ND ND >90
Percent coding 53 ND ND <5
Number of exons per gene 24 ND ND ND
Microsattelites frequency ++ + ND ++++
SNPs (site) 10,000° ND 400,000 1,420,000

' Comparative genomics of P. falciparum and Arabidopsis thaliana shows the most similarity.® ™2

? ND= not determined.

* SNPs (single nucleotide polymorphisms) of P. falciparum is only determined in chromosome 3 (~403

sites), the value is based on our calculation for all 14 chromosomes, assuming 1 SNP site per 2.3 kb).
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Table 4. Possibly molecular functions predicted from P. falciparum genomics.

Function

% of total protein

Structural molecule

Cell adhesion molecule
Chaperone
Defense/tmmunity protein
Enzyme

Enzyme regulator

Ligand binding or carrier
Transporter

Transcription regulator
Translation regulator
Other

No assignment
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Figure 1. Overview of metabolism in P. falciparum. Glucose and glycerol are carbon sources.

Broken lines indicate several omitted steps of a metabolic pathway. In various

metabolic pathways, anaerobic glycolysis to generate ATP operates in cytosol,

Krebs cycle exists in a mitochondrion and operates only in sexual gametocytes but

not in asexual stages, heme and fatty acid synthesis operate in apicoplast,

hemoglobin catabolic pathway operates in food vacuole. The known antimalarial

drug targets are also illustrated (Ref. 6).
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+ Glycolysis (e.g. lactate
dehydrogenase)
+ Nucleotide biosynthesis

+ Quinolines interact with -

haem/haemozoin
» Peroxides oxidoreductively

generate free radicals

+ Falcipain:
protease

o

Parasite plasma 3
¥ |membrane +
« Glucose transport

* Nutrient uptake
+ Na*/H* antiport

Mitochondrion

Figure 2. Growing trophozoite stage of P. falciparumin a human red cell. The organellar
(mitochondrion, apicoplast, food vacuole) and cytosolic metabolic pathways are

possible targets for new antimalarial development. Lists of about 20 enzymes in

the pathways are also proposed (Ref. 19).
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dylethanolamine (PE) Wa¥ phosphatidylcholine (PC)
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Figure 3. Biosynthesis of phospholipid (PL) in P. falciparum. Phosphatidylethanolamine (PE)

and phhosphatidylcholine (PC) synthetic reactions are typically Kennedy pathway.

Bold lines indicate the reactions operating in the malaria parasite, but absence

from human cell: CDP-DAG = PS and serine = ethanolamine. Broken lines show

the reactions existing in human cell, but no significance in the malaria parasite.

Most abbreviations are found in the text (Ref. 39).
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Figure 4. Four enzymatic steps in elongation of fatty acid biosynthesis in P. falciparum.

The enzymes are shown with the GenBank database accession numbers

(in brackets). Enzyme NADH-dependent enoyl-ACP reductase, catalyzes

conversion of trans-2-enoyl-ACP into Acyl-ACP, serves as molecular drug
target of antibactenal tricosan, Genz-8575 and Genz-10850.
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