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ABSTRACT

£16256

The brevalence of drug resistance amongst the human malaria Plasmodium
species has most commonly been associated with genomic mutation within the
parasites. This phenomenon necessitates evolutionary predictive studies of possible
resistance mutations, which may occur when a new drug is introduced. Therefore,
identification of possible new P. falciparum dihydrofolate reductase (P/DHFR)
mutants that confer resistance to antifolate drugs is essential in the process of anti-

malarial drug development.
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A system to identify mutation in Pfdhfr gene that confers antifolate drug
resistance using an animal Plasmodium parasite model was developed. By using
error-prone PCR and Plasmodium transfection technologies, libraries of Pfdhfr mutant
were generated and then episomally transfected to P. berghei parasites, from which
pyrimethamine-resistant P/DHFR mutant were selected. The principal mutation found
from this experiment was S108N, coincident with the first pyrimethamine-resistance
mutation isolated from the field. A transgenic P. berghei, in which endogenous
Pbdhfr allele was replaced with the mutant Pfanfi®' N was generated and confirmed
to have normal growth rate comparing to parental non-transgenic parasite and also
confer resistance to pyrimethamine. Furthermore, we generated libraries of Pfdhfr

mutants by error-prone PCR using Pfdhfis'%N

gene as a template followed by
transfection and selection in P. berghei. Two clones of transgenic P. berghei
expressing P/DHFR with major interest due to the position of such mutations,
PbPDHFR3m1(M551+S108N+S189C) and PhP/DHFR3m2(C50Y+S108N+F1168S),
were selected for drug sensitivity test. The transgenic parasite clones showed similar
reproducibility with the parental transgenic P. berghei expressing PfDHFR with
mutation at SI08N (PbP/S108N) in response to antifolate pyrimethamine.

This study demonstrated the power of the transgenic P. berghei system to predict
drug-resistant Pfdhfr mutations in an in vivo parasite/host setting. The system could

be utilized for identification of possible novel drug resistant mutants that could be

arise against new antifolate compounds and for prediction the evolution of resistance.
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Ala
Arg
Asn
ATP

BSA

0
CaCl,
Cyc
Cys
dhfr
DHF
DHFR
DHFS
DHPS

dhfr-ts

DMSO
DNA
dATP

dCTP
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ABBREVIATIONS

alanine

arginine

asparagine

adenosine triphosphate

bovine serum albumin

base pair

degree Celsius

calcium chloride

cycloguanil

cysteine

dihydrofolate reductase gene
dihydrofolate

dihydrofolate reductase enzyme
dihydrofolate synthase enzyme
dihydropteroate synthase enzyme
dihydrofolate reductase thymidylate
synthase gene

dimethyl sulfoxide
deoxyribonucleic acid
deoxyadenosine triphosphate

deoxycytidine triphosphate
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dGTP deoxyguanosine triphosphate

dNTP deoxynucleotide triphosphate

dTMP deoxythymidine 5' -monophosphate
dTTP deoxythymidine triphosphate

dUMP deoxyuridine 5' -monophosphate
dssurna double strand small subunit ribosomal

ribonucleic acid

E. coli Escherichia coli

ED effective dose

EDTA ethylenediaminetetraacetic acid
g gravity

g gram

GCHI1 GTP-cyclohydrolase I enzyme
GFP green fluorescent protein

HCI hydrochloric acid

hr hour

ICs . inhibitory concentration at 50%
1.p. intraperitoneal injection

1.v. intravenous

Ile isoleucine

kb kilobase

kV kilovolt

LB Luria-Bertani (broth)
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Leu leucine

MgCl, magnesium chloride

min minute

mol mole

ml milliliter

mM | millimolar (millimole/liter)

mRNA messenger RNA

MTX methotrexate

NaCl sodium chloride

NADP" nicotinamide adenine dinucleotide
phosphate

NADPH nicotinamide adenine dinucleotide

phosphate (reduced form)

NaOAc sodium acetate

NaOH sodium hydroxide

ng nanogram

OD optical density

PCR polymerase chain reaction

P. berghei Plasmodium berghei

P. falciparum Plasmodium falciparum

Pfdhfr-ts Plasmodium falciparum dihydrofolate

reductase thymidylate synthase gene



P/DHFR-TS

PPPK

PTPS
Pyr
RBC

RFLP

RNA

RNase

RT-PCR

S. cerevisiae
sec

Ser

SSC

TE

TS

THF

Thr

T. gondii

XXV

Plasmodium falciparum dihydrofolate
reductase thymidylate synthase enzyme
hydroxymethyldihydropterin
pyrophosphokinase enzyme
6-pyruvoyltetrahydropterin synthase
pyrimethamine

red blood cell

restriction fragment length
polymorphism

ribonucleic acid

ribonuclease

revolution per minute

reverse transcriptase polymerase chain
reaction

Saccharomyces cerevisiae

second

serine

saline-sodium citrate

Tris-EDTA

thymidylate synthase
Tetrahydrofolate

Threonine

Toxoplasma gondii
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U unit

UTR untranslated region
v/v volume by volume
Val valine

ng microgram

uJ ' microjoule

ul microliter

uM micromolar



