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Malaria situation

300-500 million people of world’s 
population suffer from malaria.

1-2 million children under than 5 years  
old die from malaria annually.



Plasmodium falciparum
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Chloroquine

A schizontocidal 4-aminoquinoline 
Rapid action, Low cost, Low incidence of side effects
It is still effective against P. vivax, P. malariae, P. 
ovale and CQ-sensitive P. falciparum.



Action of Chloroquine in digestive 
vacuole (DV)

CQ is a weak base, accumulated as CQ2+ in DV
of the parasite up to 1000-fold higher than in the 
cytoplasm.

CQ inhibits heam detoxification by binding to 
ferriprotoporphyrin. The FP-CQ complex will  
increase membrane permeability of digestive 
vacuole and cause death of parasite.



CQR Plasmodium falciparum

CQR parasites showed a markedly 
reduced concentration of CQ in their 
digestive vacuoles.



Fidock et al. Mol Cell, 2000

The putative transporter PfCRT was 
identified through the analysis of genetic 
cross between a chloroquine sensitive 
(CQS) and chloroquine resistant (CQR)
clones.



pfcrt is a major gene of CQR

This gene encodes 45 kDa peptide 
which contains 10 predicted 
transmembrane domains, localized on 
DV membrane.



K76T mutation in PfCRT

Point mutation at K76T in PfCRT 
protein is a key of CQ resistance. This 
mutation is called                         

“Charge loss mutation”
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K76T is major mutation in PfCRT (Cooper et al., 2005)



“Charged drug leak” hypothesis

From the “Charge loss mutation” to   
the “Charged drug leak” hypothesis

CQR

CQS

K1
CQ IC50= 101nM

K1 AM
CQ IC50= 26nM

K1HF
CQ IC50=38nM
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“Charged drug leak” hypothesis

“Charged drug leak” hypothesis was 
proposed by Johnson et al. by using 
selected lines.

Bray PG. et al., 2005



Objectives

To identify nucleotide polymorphisms of 
pfCRT in Thai isolates.
To determine the polymorphisms of 
pfCRT and changing of CQ resistant 
levels in Thai isolates.



Materials and methods

DNA extraction PCR DNA sequencing

DNA & Protein Alignment

Newly Adapted 
laboratory isolates

Statistical analysis

Determination of CQ IC50



Samples

Ninety isolates of P. 
falciparum from different 
malaria endemic areas in 
Thailand were used.
CQ IC50 for all samples 
were determined.



PCR

Length 3096 bp
Spliced length 1275 bp

pfcrt

13 exons



PCR

This gene is separated into 7 fragments

pfcrt

E1-2

E13
E5-6 E9-10

E11-12E3-4 E7-8



DNA sequencing

Dye-terminator seqencing



Exon positions of Dd2 line

In 2000, Su et al.
submitted the 47,573 
bp of Dd2 line which 
contain pfcrt gene at
positions 23488 to 
26557. The position 
of 13 exons were 
indicated.

Exon start pos. end pos.
1 23488 23578

2 23748 24016

3 24180 24352

4 24522 24654

5 24816 24887

6 25011 25086

7 25192 25274

8 25401 25451

9 25589 25645

10 25788 25880

11 26075 26119

12 26257 26311

13 26481 26557



DNA alignment (Megalign)



Predicted 10 transmembrane domains

Peptide Amino acid position Nucleotide position

TM1 59-78 175-234

TM2 91-113 271-339

TM3 126-148 376-444

TM4 158-175 472-525

TM5 180-197 538-591

TM6 212-229 634-687

TM7 242-264 724-792

TM8 315-337 943-1011

TM9 344-366 1030-1098

TM10 376-398 1126-1194

http://v4-4.plasmodb.org/plasmodb/servlet/sv?page=gene&source_id=MAL7P1.27&view=proteinset



Predicted 10 transmembrane domains

TM1...2….3….4…5…6…7….8…9…10

CP1……2………3……4………5……..6

DP1……..2…….3………4…..….5



EditSeq



DNA translation from selected 
sequence



Data Table

Samples

CQ IC50

(nM)
TM1 (20 amino acid)

pI Charge M.W.
Basic(+) 

AA.
Acidic(-)

AA.
Hydrophobic 

AA.
Polar 
AA.

BC36
(76T)

99. 9 3.745 -1.121 2362. 93 0 1 13 6

J10
(76K)

14 6.151 -0.122 2390 1 1 13 5

BC38
(76T)

160. 1 3.745 -1.121 2362. 93 0 1 13 6

BC39
(76T)

124. 8 3.745 -1.121 2362. 93 0 1 13 6

BC1 
(76T)

75. 8 3.745 -1.121 2362. 93 0 1 13 6

BC11
(76T)

123.7 3.745 -1.121 2362. 93 0 1 13 6

BC12
(76T)

49. 2 3.745 -1.121 2362. 93 0 1 13 6



Data analysis

Each peptide of PfCRT was analyzed 
with the level of CQ IC50 by 
independent t-test and one-way 
ANOVA.



Analysis of the pfcrt sequence

Group Statistics
TM1

Charge 
group N

Mean 
CQ_IC50 

(nM)
Std. 

Deviation
Std. Error 

Mean p value

CQ_IC50 76T (-1.12) 83 85.3 40.9 4.5 0.02

76K (-0.12) 2 16.0 3.1 2.2



Analysis of the pfcrt sequence

Group Statistics

TM2 
charge 
group N

Mean 
CQ IC50

Std. 
Deviation

Std. Error 
Mean p value

CQ_IC50 97H (-0.95) 82 81.0 39.6 4.4 0.01

97L (-1.12) 3 157.8 38.0 21.9



Boxplot of charge TM2 and CQ IC50

97H 97L



Results of TM1 and TM2

TM1 polymorphism

76K 76T

Charge - 0.12 - 1.12 decreased

CQ IC50 16.03 85.31 increased

TM2 polymorphism

97H 97L

Charge - 0.95 - 1.12 decreased

CQ IC50 80.97 157.83 increased



Conclusions

Polymorphisms of exon 1 and 2 of the 
pfcrt sequence were identified.
These polymorphic sequences caused 
the changing in the charge of the 
peptides in TM1 and TM2. And it would 
influence the CQ IC50 level.
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Mechanisms of CQR

Two hypotheses
The first hypothesis: CQR parasite 
regulates physiological condition in DV 
by changing pH which then reduces CQ 
accumulation.

The second hypothesis: CQR parasite 
reduces an accumulation of CQ in DV by 
increased CQ efflux.



CQ makes a comeback



4-Aminoquinoline

Amodiaquine
Chloroquine
Hydroxychloroquine





J10 vs BC36

AAA ACA
K T



Results from DNA alignment

Samples
Nucleotide 

position nucleotide change amino acid change peptide

BC28 16 A>C K6Q CP1

BC35
12 A>C A4A CP1
16 A>C K6Q CP1
29 A>G Q10R CP1
77 T>G L26S CP1

PCM6 12 A>C A4A CP1
16 A>C K6Q CP1

PCM12 12 A>C A4A CP1
J10 227 C>A T76K TM1

RN28 227 C>A T76K TM1
BC33 198 T>C I66I TM1

J6 290 A>T H97L TM2
PCM11 290 A>T H97L TM2
KS25 290 A>T H97L TM2



Overview

Introduction
Basic knowledge of malaria
Antimalarial drug i.e., Chloroquine
Chloroquine resistant P.falciparum and pfcrt gene 

Research 
Materials and Methods 
Results 
Conclusions
Future plan



Antimalarial drug response assays
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Steps to CQR

Under CQ pressure, malaria parasites 
acquired pfcrt mutation sequentially.
As many as  8 to 9 pfcrt mutations are 
associated with CQR in some geographical 
regions whereas only 4 mutation was required 
for the other regions. The number of acquired 
mutations for CQR was varied with genetic 
background of P. falciparum strains) 

However, the mutation at position 76 from K to
T was definitely required for CQR.



Characters ofCharacters of pfcrtpfcrt gene in gene in Plasmodium Plasmodium 
falciparumfalciparum



Results from DNA alignment

Samples position nucleotide change amino acid change peptide

BC4 16 A>T K6stop CP1

34 A>T N12Y CP1

BC6 13 A>T S5C CP1

16 A>T K6stop CP1

BC9 16 A>T K6stop CP1

BC10 16 A>T K6stop CP1



A point mutation, or single base substitution, is a type of 
mutation that causes the replacement of a single base nucleotide 
with another nucleotide. 

Genetic polymorphism is the occurrence together in the same 
locality of two or more discontinuous forms of a species in such
proportions that the rarest of them cannot be maintained just by
recurrent mutation [5]. It is sometimes called balancing selection,
and is intimately connected with the idea of heterozygote 
advantage.



TM analysis program

Protscal
TMMHM 2.0



PCR results from E1-2 and xxx

500

700
800

1000
1200
1500

1 12 2 33 4 75 6 4 5 6 7 NN

731 bp 1,219 bp



PCR results from xxxx

1000

1500
1200

1 2 3 4 5

1,382 bp



Mechanisms of drug resistance 

Mutations in drug target
Increasing of drug target 
Decreasing of drug accumulation (includes
increasing efflux)

Drug inactivation (physiological change at 
drug action site)
Using alternative pathway



Position of PfCRT on DV
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