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The main objective of present study was to evaluate the efficiency of real-time
PCR techmque for detection of 72-76 pfert gene mutations. In this regard, by using
hybridization probes technology on light cycler instrument, the point mutations
have been successfully detected in 28 blood samples collected from falciparum
malaria patients in Chabahar in Southeast Iran. Our data showed pfert K76T
mutation 1s present in 99% of samples. Three samples (10.7%) showed deletion in
amino acid located in position 75, Asparagine, one of them was located at CVMEK
and two at SVMT alleles. Sequencing analysis of these samples was the same as
real-time PCR result. Five samples were found with multi-clonal population of
P. falciparum, which identified by the presence of the two peaks simultaneously
in melting curve analysis. Real time PCR is found a sophisticated technique that
can distinguish these mutations reliably with acceptable speed, high accuracy,
sensitivity and reproducibility.
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INTRODUCTION

Chloroquine is the cheapest and the most widely
prescribed anti-malaral drug m almost all the endemic
countries. Since the first report of chloroqume (CQ)
resistant falciparum malaria in south-east Asia and South
America, almost half a century ago, drug resistance
malaria is consider as a vitally important public health
concern (Wongsrichanada et al., 2002). Understanding
the mechanisms of such resistance is urgently essential
in malaria endemic area. It could contribute to information-
based policy decisions on future therapeutic options
against malaria. Great progress has been made recently in
studying the mechamsms of drug action and drug
resistance in malaria parasites, particularly in Plasmodium
falciparum. These efforts are highlighted by the
demonstration of mutations m P. falciparum chloroquine-
resistance transporter (pferf) gene. These mutations may
severely limit the therapeutic options for the treatment of
malaria. With ever-increasing failure rates associated with
chloroquine treatment, attention has tumed to the few
alternatives, which include quinine and mefloquine in
some part of the world (Sangster et al., 2002).

Point mutations in pfert gene have been shown to be
associated with CQ resistance phenotype (Babiker ef al.,
2001). Now a day, polymorphisms in the pfert gene of the
P. f genome are the focus of studies on the molecular
basis of CQ resistance in endemic areas. The pfert gene 1s
located on chromosome 7 and codes for pfert, a vacuolar
membrane transporter protein (Wongsrichanada ef al.,
2002).

The several studies performed on isolates from
Africa (Babiker et af., 2001; Basco and Ringwald, 2001;
Dijimde et al., 2001, Dorsey et al., 2001; Mayor et al.,
2001), Asia (Pillai et al., 2001; Lim et al., 2003) and South
America (Vieira et al., 2001) have shown that the K76T
mutation is present in almost all CQR samples.

In Iran P. falciparwm transmission mainly occurs in
the South eastern of the country. Chabahar 1s a harbor
located 1 South-east Iran, where more than 85% annual
malaria cases occur. Some workers (Edrissian and
Shahabi, 1985, Zakeri et al., 2002; Ursing ef al., 2006) had
reported CQ resistance (CQR) in endemic areas of Iran
previously. In a study carried out by Ursing et al. (2006)
in South-east of Tran, polymorphisms in the pfert and the
pfimdrl  genes were detected by PCR-RFLP and
sequencing methods.

There are four basic methods for testing malaria for
drug resistance;, in vivo tests, in vitro tests, molecular
characterization and amimal models. Of these, only the first
three are routinely done. For chloroquine molecular

markers have been identified that confer resistance.
techniques, such as Polymerase Chain
Reaction (PCR) or gene sequencing can identify these
markers 1n blood taken from malaria-infected patients.
Real time PCR is a novel technique that recently has
utilized successfully for drug sensitivity assessment
(Cheesman et al., 2003; de Monbrison ef ai., 2003).

The main objective of present study was to evaluate
the efficiency of real-time PCR technique for detection of
72-76 pfert gene mutations in blood samples taken from
malaria patients i endemic area of South-east Iran.

Molecular

MATERIALS AND METHODS

Blood samples: Twenty eight blood samples were
collected from Iranian mdividuals, infected with
P. falciparum in Chabahar. The infection was confirmed
by microscopic examination of thick and thin smears. The
samples were stored at -20°C until use.

The DNA was 1solated from blood samples using
QTAamp DNA minikit (Qiagen®, Germany) according to
manufacturer’s instructions.

Plasmodium falciparum reference strains: Three
P. falciparum strains selected as references. CQ-sensitive
strain was 3D7 and CQ-resistant strains were W2 and
7G8. These stramns were generously provided by
Dr. de Monbrisen from Claoude Bemard University,
Lyon, France.

Detection of 72-76 pfcrt gene mutations: Detection of
mutations was carried out with light cycler ™ using
hybridization probes according to de Monbrison
(de Monbrison ef ai., 2003) method.

For pfert mutations, an amplification primer iLC
Labeled with Light Cycler™ Red 640 on the third base
from the 3' end was used.

During amplification, extension of the primer iL.C
occurs, allowing hybridization to the 3'-FITC labeled
sensor probes. FRET 1s occured between the sensor
probe and the whole PCR product working as anchor
probe (de Monbrison ef al., 2003).

A specific melting temperature 15 obtained for each
genotype; a sensor probe spamning one mismatch could
still hybridize to the target sequence but melted off at
lower temperature than a sensor probe with a perfect
match (de Monbrison ef al., 2003).

Primers and probe were synthesized by
TIBMOLBIOL (DNA Synthesis Service, Germany), to
detect 72-76 mutation of pfert gene (Gen Banlk: AF233068).

The primers and probe used for detection of pfert
M741, N75E, K76T mutations were:
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Primer F: 5'- CTTGTCTTGGTAAATGTGCTCA-3'
Sensor:  3- TGTGTAATTGAAACAATTTTTGCTAA-3
iL.C: 5- GTTACCAATTTTGTTTAAAGTTCT-3'

PCR amplification: For pfc#f codons, after an initial step
at 95°C for 10 min, amplification was performed with
40 cycles of denaturation (95°C for 10 sec), annealing
(45°C for 10 sec) and extension (65°C for 15 sec). The
temperature transition rates were 20°C sec™' for
denaturation and annealing and 5°C sec™ for extension.
The melting curve program consisted of one cycle of 95°C
for 2 sec, 32°C for 20 sec and heating at 75°C. The
temperature change rates were 20°C sec ™" except for the
final step which had a temperature transition rate at 0.2°C.

Reference samples have been included in each runs
as references.

PCR product coning: PCR product was purified using
PCR purification kit for recovery of DNA fragments from
agarose gel (Fermentas®, Lithuania), according to the
manufacturer’s recommendations. Purified PCR product
was cloned in to PTZ37R/T Vector (Fermentas®,
Lithvania).

The ligation product was transformed into
Escherichia coli, TGl strain, competent cells. Then,
plasmids from positive colonies, white colony, were
extracted for sequencing. Sequencing of both strands was
done using Mb/puc primers, by MWG company.

Sequencing used as a gold standard to confirm the
real-time PCR results.

Detection of multi clonal infection: In order to evaluate
the capacity of the method to detect multi-clonal
infection, 3D7 strain (has wild type allele in all codon
positions) and W2 strain (has mutant type allele in all
codon positions) were mixed in proportion of 1/10, 1/8,
1/5, %%, 4/5 and 9/10. Then melting curve analysis of mixed
strains was used for the detection of mutation.

Evaluation of technique reproducibility: To evaluate
technique reproducibility, melting temperature of
reference strains was done in 4 independent assays.

RESULTS

The potential for detection of 72-76 point mutations
in  pfert gene using Thybridization probes and
LightCycler™ technology was evaluated with comparison
of melting temperatures™ of blood samples and reference
strains (Fig. 1).

3D7 strain showed wild pfert genotype for all codon
positions, 72, 73, 74, 75, 76 and its melting temperature
was 41.340.2°C (Fig. 1). Only one samples showed the
Tm similar to 3D7.

W2 strain showed the highest melting temperature,
52.940.7°C and mutant pfcrt genotype for all codon
positions (Fig. 1). Seven samples showed Tm like
W2,

7G8 strain showed mutant pfert genotype for codon
position 76 and wild pfcrt genotype for codons positions
74,75, its melting temperature was 43.7+0.2°C (Fig. 1).

Ielting peaks
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Fig. 1: Melting curve analysis of W2, 7G8 and 3D7 (reference straing) from right to left respectively
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Melting peaks
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Fig. 2: Upper curves: Melting curve analysis of five samples which infected with multi-clonal population of
P. falciparum. Lower curves: Mixed strains of 3D7 and W2 in proportion of 1/10, 1/8, 1/5, Y2, 4/5 and 9/10. The
curve with two wide peaks is belonging to proportion of 'z (50% 3D7 with 50% W2), each peak corresponding

to the melting temperature of the reference strains

RiB_PRIMERF -- 27...... 121 of sequence

GAT AAT ATT TTT ATT TAT ATT TTA AGT ATT ATT TAT TTA AGT GTA

AGT
C725 75 deletion  K76T
AAC AAC AAT CA.

--- ACA ATT TTT GCT AAA AGA ACT TTA AAC AAA ATT GGT

Fig. 3: Sequencing results represent the deletion of amino acid located in position 75, Asparagine, in addition to C728

and K76T mutations in SVMT allele

ZaB15_PRIMERF -- 27.....121 of sequence

GAT AAT ATT TTT ATT TAT ATT TTA AGT ATT ATT TAT TTA AGT GTA

TGT ---

75 deletion K70

GGT AAC AAC AAT CA.

AAA ATT TTT GCT AAA AGA ACT TTA AAC AAA ATT

Fig. 4: Sequencing result represent only deletion of amino acid located in position 75, Asparagine in CVMK allele

Present data indicated that, all but one sample showed the
pfert K76 T mutation. Eleven samples showed similar Tm
and sequencing analysis to 7G8.

Melting curve analysis of mix of 3D7 and W2 for the
detection of M741, N75E, K76T pfert mutations is shown
in Fig. 2. Multi-clonal population was identified (wild-type
and mutant-type alleles) by the presence of the two peaks
simultaneously. Five (17.8%) samples showed two peaks
simultaneously (Fig. 2). Each peak is corresponding to the
melting temperature of specific strains.

Amino acid changes in pfert gene of P. falciparum
found are shown in Table 1. According to the Table 1,
mutation of C72S in SVMNT and SVMT alleles,
mutation of M741 in CVIE allele, mutation of N75E
in CVIET allele, mutation of K76T in CVMNT,
SVMNT, CVIET, SVMT were observed. The rates of

Table I: Amino acid changes in different alleles of pferr gene of
P. falciparum found in Chabahar, South-cast of Iran

Mutations

Alleles €728 M741 N75E K76T Mutation rate (%)
CVMNT C M N 1 11(39.28)
SVMNT S M N T T (25.00)
CVIET C I E T 7 (25.00)
SVMT S M Deletion T 2(7.14)
CVMK C M Deletion K 1(3.57)
Total 7 7 7 27 28

C: Cysteine, S: Serine, M: Mcﬂlioniﬁc, I: Isoleucine, N: Asparaginee,
E: Glutamic acid. T: Threonine, K: Lvsine

mutation in CVMNT, SVMNT, CVIET, SVMT and
CVMK were 39.28, 25, 25, 7.14 and 3.57%, respectively.

Two deletions of Asparagine in position of 75
were found in sequence of SVMT and CVMT alleles
(Fig. 3 and 4).
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DISCUSSION

One of the greatest challenges facing malaria control
1s the spread and intensification of parasite resistance to
antimalarial drugs (Baird, 2001; Remme et al., 2001). A
crucial step for malaria control is to make better and more
informed decisions regarding anti-malarial drug use
policy. This 1s dependent on the quality of the tools used
for the detection and monitoring of resistance. Among
four drug resistant assessment methods, molecular
technmiques are known with high accuracy and
reproducibility for distinguishing the mutations.

Results obtained frem molecular studies revealed that
several point mutations in the pfert gene have been
associated with resistance to chloroquine (Bloland et al.,
2000). According to the report of Johnson et af. (2004),
point mutations in the trans-membrane protein pfert can
not only determine whether P. falciparum 1s resistant to
CQ but can also significantly influence parasite
susceptibility to structurally unrelated anti-malarials. The
results extend earlier observations on the role of pfert in
contributing to parasite response to quinolme drugs
(Sidhu et al., 2002) and implicate this transporter as a lkey
component underlying the complex cross resistance
patterns observed in this organism (Johnson et al., 2004).

The major molecular changes described to date
include the replacement of a lysine (K) by a threonine (T)
at position 76. This mutation 1s the most predictive of
CQR, both in wvitro and in vivo, suggesting that the
characterization of this codon could be used as an
epidemiological tool for large-scale studies of CQR in the
field (Djimde et af., 2001; Sidhu et ai., 2002).

The current methods for detection of these specific
point mutations are laborious and time-consuming
(Cheesman et «l., 2003). Real-time PCR does not
require post PCR mampulations and the assay may be
facilitated by high-throughput robotics. This closed-
tube method also reduces contammation with PCR
products that may interfere with subsequent assays
(de Moenbrison ef al., 2003).

In the present study, point mutations (pfert K76T,
pfert SVIET and SVMNT as well as mix mutations) have
been successfully detected in 28 blood samples using
real-time PCR method. The SVMNT pattern detected i
Chabahar is the same as the most prevalent resistant
haplotype n India (Vathsala et af., 2004). The CVIET i
the same as the South East Asia (Pickard et al., 2003).
Three samples showed the deletion in amino acid located
at position 75, Asparagine. Mixed infections (wild-type
and mutant-type alleles) were detected among 11% of the
major pfert alleles of which five samples (17.8%) showed
two peaks simultaneously. It was probably consequence
of mix-clone infections, contained two genotypes.

As the sensor probes are perfectly matched to the
mutant-type allele, the melting temperature for mutant
type alleles 13 lugher than the melting temperature of wild
type alleles.

In general, the sequencing results confirmed all the
results obtained from real time PCR. In addition, real time
PCR 1s considered as a sophisticated technique that can
distinguish the mutations, reliably with acceptable speed,
high accuracy, sensitivity and reproducibility. Tt is
suggested to use real time PCR in association with in vivo
test to provide fast and reliable complete early warning
system for the detection and monitoring of CQ resistance
in malarial areas.
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