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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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%3m@;ﬂuﬂivmmmmumﬁmﬁmmmﬂuﬂjumi@ﬂ
immﬂﬂ’]ammm@m‘lﬁmuﬂ (pneumococcal acute
resplratory infections) Lmzf?mim tubercu|03|s)
mnm@mmm@\mn’ﬁﬂmuﬂim ) wuanilnsaie
uanBelsranns 400-500 anunuluunazd uavide
Tamanulsniltsznn 2 amaunei Tnafanmnan
ﬂ’]'a“ﬁm%@ Plasmodium falciparum, Plasmodium
vivax, Plasmodium malariae %38 Plasmodium ovale
sfinlaaidaniione 2 slaluiy 29 dmiailsaiily
Uszwelng anadnd 1998 wesnsznensanasnge
WLNTIERINNsRAEeLlsvany 100 996 Wazna1Ae
FAmlsranny 1.26 ematlazanng 1 auaw
nsRndaTiia P, falciparum Y luiAnlza
mmﬁmﬁmqmm (severe malaria) &zﬂ')ﬂuwi’lﬁlm@
A 3etugned (cerebral malaria) Slannnsunsn

FOUNTULIY DI NIITIABARIITULSY (severe

Table 1. Overview of antimalarial drugs.
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anemia) 16]@’18 (renal failure) ‘]Jfrmuqmm (pulmonary
edema) P ITTaT P IYF Py ess (hypoglycemia) #
\AARAN (bleeding) ﬁﬂquLLN (repeated generalized
convulsion) N11¢N?A{Y (acidemia/acidosis) Wag
1T8819=Am (malaria hemoglobinuria) ulum Fawly
ToymndrAnylunng
o = X = o ! = X ! o e ¥
TNEHIAR LIANINTLTE ﬁﬁﬂ@ﬁ')ﬂﬂ'ﬁiﬂﬂ[ﬁlﬂﬁ??ﬂﬂ’]%iﬁ

anmnyn lugoadediala ©

o luaq iy g angadaiiaesialunig
o eafian pnatlufie Annnlad uazsatune
et (0997t 1) et 1975 -1097 lafinnawain
gvia < lulite 1,223 9iin undianluanianlsdwiy
SnelaannanFaies 3 9aAa halofantrine,
mefloquine WAL malarone uazlugeay 3-4 ﬁ‘ﬁlml’]um
Infinonamenenasnn TureavaneesAnsAvUA L
navmEnin lsaunanFeaiialua Tanenduasn
ArnugIAEaTUTes A ufing (genomics) wazdaiadl

X =
PALTAN AT NN 1

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
(artemether,arteether,artesunate)
Sulfadoxine-pyrimethamine
(Fansidar®)
Atovaquone-proguanil
(Malarone®)
Lumefantrine-artemether
(Coartem®)

Antibiotics used in combination  apicoplast

folate pathway
(DHPS-DHFR)®
mitochondrion-folate

not known-food vacuole

compliance/(safety)/(GMP)?/(cost)
resistance

resistance / potential/cost
(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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(Genomies and biochemistry of malaria parasite)
mdeLmlﬂ 1996 The Institute for Genomic

Research, The Wellcome Trust Sanger Institute Wae

Stanford Genome Technology Center Iaganiuyn

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 2.28 Mb 5,268 43 4,471 (cytosol/membrane)
Chromosome 1 0.64 Mb 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 2.27 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 kp® 30 551

'"ND= not determined.
% linear DNA with A+T = 69 %

3 circular DNA with A+T= 86 %
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Malaria Genome Project lngidlqauunglunismansy  wywe © ' yanainilidenianedsd genome

ﬁfmmﬂiwir“llm genomeslul,%@ P. falciparum %Gﬁ
chromosomes @ﬁﬁqgu 14 ﬂmiﬂwmmmm@ﬂﬂum
(chromosome 1 U119 0.64 Mb > chromosome 14
flauna 3.29 Mb) TagenAaANTIEAeaNL3EY
Cerela Genomlcs Mm@@mmmmmmmtmmv gene
@QU‘L&LL[F]Z\]V chromosome Lmvmuummﬂu gene Vl
code &1115U protein WAL gene #1150 RNA ﬂ:VL';TU’N
sue v v ng (protein targeting) 21%
L‘ﬂlu lalmdaa (cytosol) L@I'm:j:m"ﬁmr (cell membrane)
TulnpauLas e (mitochondria) 34 apicoplast
([ﬂ’]?’m‘ﬁ 2) L?E’a P. falciparum genome ulsvanng 5,300
genes (‘;Tﬂ nuclear genomes LA extrachromosomal
genomes %Qm;uﬂl genome Tumitochondria waz
apicoplast) Lmzvl,c;ﬂizmﬁmmd’]L?*@Lﬁ'mﬁﬂuﬁ;mﬂu
1 2002 A ©

Genome w83 P, falciparum - RANEU
drfyane 7 lavianilSendieusy genomes 704
P. vivax, 84WUE Anopheles spp. muw‘gwm

dun 2 agnasmniua ulnAoweTE T9RUUR 6 Kb
wazidudumsa (linear DNA) azil genes Wiel 3 17l
IFEY genome 1 3 @qﬁfammm@ apicoplast
Telaunn 35 kb uazidurenan (circular DNA) Azl
genes Uszainnd 30 10A (A13197 3) aasnualuin-
ABULATE WAY apicoplast EXERATRN transcription
wax translation wWikuuimaallsandlen (prokaryotic
Aa K ° ! ¥

cell) tazuuanize aadusunualmutgaa9en
antibiotics (15197 1) anueildslaladszlatuues
6kb-DNA annlulnAguade LaNNIN1II9mUINITT
17891 P. falciparum WINNNANN P. reichenowi 18N
a a oA ¥ ! P=]

AT uuludif atszanns 5 -10 anuidney HAZEY A
fufinfnALsWann uaznszanglilgnfinnasng I i

T@mmﬂiymm 5 MN‘LA‘E“I’]N’]‘L&N’W %Q@'ﬂrﬂﬂ@’ﬂ\iﬂu

mmﬂamﬁmmw single nucleotide polymorphisms
(SNPs) 114 chromosome 3 ﬁmnwﬁ%ﬁmm P.

falciparum ey Usznnns 1 uauingn

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 4.4 ND ND
Genes with introns (%) 54 ND ND >90
Percent coding 53 ND ND <5
Number of exons per gene 2.4 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 S|m||ar|ty ©.12)

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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y0stuaullsRuianun anfiiy structural proteins,
cell adhesion, chaperone, defense/immunity, carrier,
transporter, T1shuAaL ANNTTLIUNITNNT transcription
uae translation uazieulay wiuay (A1397 4)
flsaud aralaundslunaumuniian 61 % w09
Truaulilsiin uananidslaiinnsdnyin website
metabolomics 184 metabolic pathways ml’l\‘i RN

11 Toe g weun NN Kyoto

e P. falciparum
Encyclopedia of Genes and Genomes (KEGG)
(18) o ¥ =® = dsl’ /
pathway LAZAIMHIIINNITANBININDILAN LTINS
30-40 TMKNUNT  $9NRITAYAAINNNTILATIZUA AL
faralalna 11 Malaria Genome Project © 2 @1309n
L‘”ﬁfamimg’mmg@mq °| 11 Entrez, Swiss-protein

database, KEGG Lilumi
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(Overview of malaria parasite metabolism)
%@H@ﬁumﬁamn Malaria Genome Project

WL (39 P, falciparum vl 733 400 (Uszann

14 % 4993 U UTITAURIUNA 5,268 TRA, A19197 4)

Chula Med J

ANNTTDATNINNANLBAAN (metabolic pathways)
AN ) a17LEu glycolysis, tricarboxylic acid cycle
(Krebs cycle), electron transport pathway, pentose
phosphate pathway, fatty acid biosynthetic
pathway, heme biosynthetic pathway, coenzyme Q
biosynthesis, shikimic acid pathway, amino acid
metabolism, purine WAL pyrimidine pathway, folate
metabolism LAY hemoglobin catabolic pathway
(g9 1)

oo a X o '

'JE]LNM’]U@@@NLM@’]‘L&@’WQN@mLLLI\iLLﬂﬂL']ju
A7UAN4 7 MU UeAanlunL It aaTesNyme
A7 88INA apicoplast YTaLNRTNATLARAN
ananulaluimaa 1 Ny He un HANHUEANG 7 299
nlanluandu 7 wananely 1wy nisaaeuinig
ﬂQTﬂ'& azituuuy 'l l O2 (anaerobic glycolysis)
= aa a = o o o Add‘
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& A R ' o o i b

GAALLANLIE A LUAIN9AATIZUlA L’auvL"ﬂﬁJIWL@[ﬂ
2 o Coo o o !
Sﬁ\ﬂmLﬂummeLﬂmmmmminmmmL?ﬂﬂqu
antifolates AMa8N9LTY pyrimethamine, cycloguanil,
sulfonamides LuaY Ao mgAMEN ladNEuE LT
lNANHUANNIZIEND WA LeRaN A nulalu

@8 P. falciparum tagianiziowlaniieedizen

Table 4. Possibly molecular functions predicted from P. falciparum genomics.

Function

% of total protein

Structural molecule

Cell adhesion molecule
Chaperone
Defense/Immunity protein
Enzyme

Enzyme regulator

Ligand binding or carrier
Transporter
Transcription regulator
Translation regulator
Other

No assignment

N

A A AN NN W
o

61
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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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+ Nucleotide biosynthesis

Apicoplast

Drugs

« Antibiotics inhibiting protein translation
{e.g. tetracycline and doxycycline)

New targets " / 4
« Plastid DNA replication and transcg&jpﬁnn
« Type 2 fatty acid biosynthesis F égf i
» Non-mevalonate isoprenyl biosynthesis =

(link to protein prenylation}

Cytosol

Drugs Drugs New targets
.+ Antifolates . Quino}ines interact with + Plasmepsin aspartic
. haem/haesmozoin proteases

NZT t.alrggts lactat + Peroxides oxidoreductively  « Falcipain cysteine

: deﬁ;‘;?j‘;ﬁg‘é)ac qie - f generate free radicals protease

7

[Lysosomal food vacuole |

Parasite plasma
membrane

New targets

+ Glucose transport
+ Nutrient uptake

+ Na*/H+ antiport

Mitochondrion

Drugs

+ Atovaquone inhibition of cyt ¢ reductase
New targets

+ (Dihydreorotate dehydrogenase)

Figure 2. Growing trophozoite stage of P. falciparum in 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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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
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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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