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ARTICLE INFO ABSTRACT

Article history:

Objective: To compare the protein patterns from the extracts of the mutant clone T9/94-M1-1(h3)
induced by pyrimethamine, and the original parent clone T9/94 following separation of parasite
extracts by two—dimensional electrophoresis (2—DE). Methods: Proteins were solubilized and
separated according to their charges and sizes. The separated protein spots were then detected by
silver staining and analyzed for protein density by the powerful image analysis software. Results:
Differentially expressed protein patterns (up— or down-regulation) were separated from the
extracts from the two clones. A total of 223 and 134 protein spots were detected from the extracts of
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ﬁ;f:;:j;mm falciparum T9/94 and T9/94—M1-1(b3) clones, respectively. Marked reduction in density of protein expression
P was observed with the extract from the mutant (resistant) clone compared with the parent (sensitive)
Pyrimethamine clone. A total of 25 protein spots showed at least two—fold difference in density, some of which
Drug resistance exhibited as high as ten—fold difference. Conclusions: These proteins may be the molecular
Protein targets of resistance of Plasmodium falciparum to pyrimethamine. Further study to identify the

chemical structures of these proteins by mass spectrometry is required.

Molecular target

1. Introduction

Malaria is still a major public health problem affecting
the populations in tropical and subtropical countries(ll. The
major cause contributing to failure to eliminate malaria is
the emergence and spread of resistance of malaria parasites
to most of the available antimalarial drugs. Research and
development of new antimalarial agents are therefore
urgently needed to overcome the situation. Among the four
species of human malaria, Plasmodium falciparum (P.
falciparum) is the most virulent and is responsible for the
vast majority of deaths worldwide. The complete genome
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sequence of the P. falciparum clone 3D7 provides valuable
information for proteomics investigation of the parasite in
order to identify new potential drug and vaccine targetsi2.
Folate metabolism of malaria parasite has been well
established as one of the most valuable targets for
antimalarial drugs. Antifolate agents such as pyrimethamine,
proguanil and chlorproguanil act by inhibiting dihydrofolate
reductase (DHFR) enzyme in folate biosynthesis pathwayl3l.
Resistance to antifolates occurs through stepwise mutations
of this enzyme, which eventually causes the change in
parasite’s sensitivity to the drugsl45]. To understand the
underlying mechanism of antifolate resistance, Thaithong
et allé]l obtained the mutant clone T9/94—-M1-1(b3) with
increased resistance to pyrimethamine through selective
drug pressure. The mutant clone T9/94—M1-1(b3) exhibited a
100 fold increase in minimal inhibitory concentration (MIC)
of pyrimethamine (510 M) as compared with the original
parent clone (510" M). However, no change in the coding
sequence of neither DHFR nor gene amplification was
observed in both clones. Since the decrease in sensitivity of
the mutant clone T9/94—M1-1(b3) could not be explained on
the basis of the mutation in the DHFR gene, it is imperative
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to ascertain whether the antifolate drugs induce differential
changes in the expression levels of other proteins apart
from DHFR enzyme. The aim of the present study was to
explore other protein targets other than the target enzyme
DHFR, which may be involved in resistance of P. falciparum
to antifolates. Comparative protein patterns of both the
sensitive and resistant clones were analyzed after separation
by 2—dimensional electrophoresis 2-DE).

2. Materials and methods
2.1. Parasite culture

The P. falciparum clone T9/94 used in this study was
cultured in vitro in group O human red blood cells according
to the previously described methodi6l. Briefly, parasites
were grown in RPMI1640 medium (supplemented with
37.5 mM HEPES, 7 mM D-glucose, 6 mM NaOH, 25 g/mL
gentamicin sulphate, 2 mM L-glutamine and 109 human
serum) under an atmosphere of 96¢, nitrogen, 3¢ carbon
dioxide, and 1¢, oxygen. Synchronization of the parasite
to early ring stage was performed using 5¢, sorbitol. The
mutant clone T9/94M1-1(h3) with up to 1 000—fold increase in
resistance to pyrimethamine was selected by exposing the
parent T9/94 clone with stepwise increased concentrations
of pyrimethamine in culture medium. The synchronized
culture of both the parent and mutant clones were further
maintained until approximately 5¢, parasitemia of schizont
were obtained.

2.2. Extraction of parasite protein

Synchronized parasite culture was harvested and cell pellet
was resuspended in 0.15¢, saponin in PBS and incubated on
ice for 1 h in order to lyse red cells. The lysate was collected
through centrifugation at 13 000 X g for 5 min (4 C) and
washed three times with 1 mL of PBS until the supernatant
was clear. Red blood cell pellet was washed in 1 mL of 10 mM
Tris—HCI (pH 7.4) containing 1 X protease inhibitor Cocktail
(Roche Co. Ltd.) until red cell ghost was colorless. Pellet was
then re—suspended in 500 ~L of lysis buffer 8 M urea, 2 M
thiourea, 19, CHAPS, 65 mM DTT, 0.5% ampholyte pH 3-10)
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and sample was vortexed and sonicated on ice four times,
eight seconds each (21¢, amplitude, 8 sec, interspersed with
9 sec), followed by centrifugation at 13 000 X g for 1 h @ ),
and the supernatant was subjected to 2-DE. Quantification
of protein concentrations of the extracts was performed by
using Bradford reagent (BioRad Co. Lid.).

2.3. Two—dimensional gel electrophoresis

Two—dimensional gel electrophoresis 2—-DE) was carried
out using a 2D electrophoresis system (BioRad Co. Ltd.,
USD) according to the manufacturer’s recommendation with
modifications. The extract of parasite protein (100 1 g) was
mixed with rehydration buffer 8 M urea, 19, CHAPS, 15 mM
dithiothretol, 0.001% bromophenol blue). Protein mixture
(125 »1) was applied onto 7 em IPG strips in an isoelectric
focusing (IEF) system (BioRad Co. Ltd., USA), and was
subjected to pH gradient (3—10) with an electrical charge
using ampholytes as carrier. IEF was performed initially at
250 v for 15 min, followed by 4 000 v for 1 h, and terminated
with 4 000—20 000 v=h. The focused strips were equilibrated
in 5 mL equilibration solution T (37.5 mM Tris—HCI, pH 6.8, 6
M urea, 209 glycerol, 29, SDS) containing the reducing agent
DTT (130 mM) for 10 min, followed by 5 mL equilibration
solution TI containing iodoacetamide (135 mM) for additional
10 min. The strips were then briefly washed with 1 x gel
running buffer and loaded onto 12¢, SDS—polyacrylamide
gel electrophoresis (SDS—PAGE) for second dimension
separation. The gels were run on 1 X electrode buffer pH 8.3.
After electrophoresis, gels were fixed and stained with silver
stain (BioRad Co. Ltd., USA) according to the manufacturer’s
recommendation. The 2-DE gel images were scanned and
analyzed by PDQuestTM software (BioRad Co. Lid., USA). At
least four independent gels were analyzed for each sample.
The density of protein spots separated from the extracts of
pyrimethamine—sensitive and pyrimethamine—resistant
clones were compared as the ratio between the spot density
of T9/94 and T9/94M1-1(b3).

3. Results

Proteins extracted from pyrimethanine—sensitive (T9/94)

pl3 ¥ plio

B) P. falciparum clone T9/94 M1-1(b3)

Figure 1. Differential expression of protein spots from the extracts of (A) T9/94, and (B) T9/94 M1-1(b3), separated by 2—DE according to their
charges (first dimension by isoelectric focusing IPG strips pH range 3—10), followed by molecular weights (second dimension using 129, SDS—

PAGE).
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Table 1

Protein spots separated from the extracts of T9/94 (pyrimethamine—sensitive) and T9/94 M1-1(h3) mutant (pyrimethamine—resistant) clones with at

least two—fold difference in protein density.

Protein spot density

Protein spot density

Spot ID T9/94 T9/94 M1-1(b3)  Ratio of spot density [T9/94 : SpotID  T9/o4  T9/94 M1—1 h3 Ratio of spot density [T9/94 :
T9/94 M1—1(b3)] T9/94 M1—1(b3)]

SSP0214 9 078.00 2598.20 3.49 SSP6615 8 567.38 411.97 20.79
SSP2003 15 301.15 1588.42 9.63 SSP6616 3 501.46 344.86 10.15
SSP2119 15 411.90 205.78 74.89 SSP7111 4 100.69 772.46 5.30
SSP2208 24 868.95 770.26 32.28 SSP7112  1601.11 135.01 11.85
SSP2313 18 998.45 2 144.37 8.85 SSP7307  1422.20 216.88 6.55
SSP2614 13 781.72 302.75 45.52 SSP7308 10 054.00 373.10 26.94
SSP2817 4245.18 674.55 6.29 SSP8507  1079.04 143.98 7.49
SSP3111 21 031.61 662.08 31.76 SSP9205  5932.10 2 260.99 2.62
SSP3214 7075.11 2 539.02 2.78 SSP9206  11978.64 2 081.70 5.75
SSP3306 9143.13 604.13 15.13 SSP9405  15157.39  2442.15 6.20
SSP4707 16 223.82 3894.43 4.16 SSP9406 19770.03 6 221.96 3.17
SSP5713 32 681.61 3332.01 9.80 SSP9507  19310.89 4 090.94 472
SSP6106 4944.89 475.05 10.40

and pyrimethamine—-resistant [T9/94M1-1(b3)] P. falciparum
clones were analyzed by 2-DE. Protein spots were separated
from the extracts of both clones using 7 em immobiline
IPG strip at the pH range of 3-10, and were visualized by
silver staining gels. The differentially expressed proteins
separated by 2—-DE gel for each sample were shown in Figure
1. The 2-DE gel images were scanned and analyzed using
PDQuestTM software (BioRad Co. Ltd.). The extracts of both
clones showed similar basic protein patterns (649 similarity),
but with a number of some different spots. A total of 223 and
134 protein spots were detected from the extracts of T9/94
and T9/94—M1-1(b3) clones, respectively. Marked reduction
in density of protein expression was observed with the
extract from the mutant (resistant) clone compared with the
parent (sensitive) clone. A total of 25 protein spots showed at
least two—fold difference in density, some of which exhibited

as high as ten—fold difference (Table 1).

4. Discussion

Proteomics offers a new approach for exploring potential
targets for drug and vaccine development. Traditional
methods for characterization and identification of large
numbers of proteins from a complex protein mixture have
relied mainly on 2—-DE combined with mass spectrometry.
Numerous proteomics studies of bacterial pathogen as well
as other organisms signify the value of these approaches(7.8.
Nevertheless, the application of 2-DE in the investigation
of malaria parasite proteomes is still limited. The extraction
and solubilization of all components are the critical steps
that are essential for the success of the technique. The
inefficient extraction procedure, including the large size of
some proteins, the contamination of haemoglobin—derived
products and thiourea result in low reproducibility of the
separated proteins.

Few proteomic research have been undertaken to elucidate
the mechanisms of action or resistance of antimalarial drugs
in P. falciparuml9-111. In the present study, the proteomic
approach was applied to analyze the pattern of protein
expression in the schizont stage of P. falciparum following
being subjected to selective pressure by the antifolate drug

pyrimethamine. Protein expression of entire P. falciparum
proteome of the pyrimethamine-sensitive and induced
resistant clones were compared in order to elucidate
potential target(s) of pyrimethamine resistance apart form
DHFR enzyme. Although analysis of malaria proteins by
2-DE gel has widely been established, major problem
encountered is the insolubility of membrane proteins which
leads to reduced efficiency in discriminating the separated
protein spots on 2-DE. In addition, contamination by human
host proteins with a wide range of molecular weights and
isoelectric points (pl) remains problematic for improvement
of proteomic profiles. Modification of the extraction protocol
based on types of samples, or utilization of a variety of
chaotropic mixtures with detergents, has been applied to
solve these problems(12-25]. Results from a previous study
indicated that approximately 52¢, of the proteins identified
from P. falciparum blood stage samples were host red cell
proteins[26l. The contamination by haemoglobin—derived
products during extraction steps result in smearing and high
background after 2-DE separation|27].

The current results of the 2-DE profiles revealed
differently expressed proteins separated from the extracts of
P. falciparum original clone T9/94 and mutant clone T9/94—
M1-1(b3). This indicates that the up— or down-regulated
proteins may be involved in sensitivity of P. falciparum
to pyrimethamine. A total of 223 and 134 protein spots,
respectively, were detected in T9/94 and T9/94—M1-1(b3)
clones. Abundant malaria proteins were mainly distributed
in the 2-DE in the pH gradient ranging from 3 to 7, and
molecular weights ranging from low to high (10-100 kDa).
The low abundant proteins were located at the pH of greater
than 7. The protein densities of a total of 25 spots from both
clones were found to exhibit at least two—fold difference. Of
these protein spots, a 10—fold reduction in protein density
was observed in the mutant (resistant) clone compared with
the parent (sensitive) clone. The ability to measure the levels
of protein expression following drug challenge is one of the
main goals in malaria proteomics research. Identification
and quantification of proteins from the parasite extracts
could be performed in these differentially expressed
proteins. Prediction of the chemical structures of these
protein spots according to molecular weights and isoelectric
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points can be obtained by comparison with those reported
in SWISS—-PROT database. Nevertheless, in order to clearly
elucidate the mechanism of resistance of P. falciparum to
pyrimethamine, further identification of these proteins by
either peptide mass fingerprinting using MALDI-TOF or
direct peptide sequencing by tandem mass spectrometry is
required. In addition, the optimized 2—DE method with high
reproducibility and sensitivity is essential to allow for the
highly expedient analysis of differentially expressed malaria
proteins at low amounts.
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