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ABSTRACT 
 
Background: Plasmodium vivax is responsible for approximately 80 million malaria cases in the 
world. Apical membrane antigen1 (AMA-1) is a type I integral membrane protein present in all 
Plasmodium species. AMA-1 interferes in critical steps of invasion of human hepatocytes by sporo-
zoites and red blood cells by merozoites and is one of the most immunodominant antigens for elicit-
ing a protective immune response in human. It is considered as a promising antigen for inclusion in a 
vaccine against P. vivax. Since more knowledge is needed to lighten the scope of such antigen we 
compared genetic variation in P. vivax AMA-1from an Iranian isolate with those reported from some 
of the other malarious countries so far. 
Methods: P. vivax genomic DNA was extracted from the whole blood of an Iranian patient with pa-
tent P. vivax infection. The nucleotide sequence for 446 amino acid (AA) residues (42–488 of 
PvAMA-1) was amplified by PCR and cloned in pUC19 vector for sequencing. 
Results: Sequence analysis of the antigen showed a high degree of identity (99%) with strong homol-
ogy to the PvAMA-1 gene of P. vivax S3 and SKO814 isolates from India and Korea (Asian isolates) 
respectively, and 96% similarity with P. vivax Sal-1 AMA-1 gene from El Salvador. 
Conclusions: We cloned and characterized three domains of PvAMA-1 gene from an Iranian patient. 
Predicted protein sequence of this gene showed some discrepancies in corresponding protein in com-
paring with similar genes reported from other malarious countries.  
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Introduction 
 

ne of the most widespread human 
malaria parasites is Plasmodium 
vivax and about 2.6 billion people 

are at risk of the infection in the world (1). 
The infection causes approximately 132-391 
million episodes of disease each year (2). 
Although P. vivax is the main responsible 
for malaria morbidity outside Sub-Saharan 
Africa, it has received little attention and 
limited funds for research and control owing 
to producing less severity than P. falciparum 
(3). Moreover, non-cultivable nature of P. 
vivax has induced some limitations for the 
study of its molecular biology up to now. 
Indeed, increasing the knowledge of genetic 
diversity and population structure of this 
parasite will result in the development of an 
effective vaccine to control the disease (4). 
Apical membrane antigen (AMA-1) is a 
member of a group of molecules which are 
quite conserved in Plasmodium species (5) 
and are expressed on the micronemes and 
surface of merozoite in all Plasmodium spe-
cies (6). AMA-1 is expressed in the late 
schizont stage of the asexual plasmodia life 
cycle (7). The antigen plays a unique role in 
critical stage of invasion the human hepato-
cytes by sporozoites (8) and red blood cells 
by merozoites (9-12). This gene shows few 
predominant haplotype and displays very 
limited genetic diversity within any geo-
graphic region so more investigations are 
needed to confirm these observations (13). 
Moreover, AMA-1 is one of the most immu-
nodominant antigens which are considered 
as promising antigen for the development of 
a recombinant vaccine against P. vivax (7, 
14, 15). It could be also used for immu-
nological studies to evaluate the natural ac-
quired antibody response to P. vivax AMA-1 
(16). Therefore, polymorphism investigation 
of this gene in different areas could result in 
developing diagnostic kits. 

Iran is one of the endemic areas for P. vivax. 
The parasite possesses the most reported 
cases of the malaria parasites each year in 
the country (17). So it is important to inves-
tigate the molecular nature of the parasite 
nested in Iran in comparing with the same 
species of the parasites in the other mala-
rious areas. Because of strong candidate of 
PvAMA-1 for vaccine development and 
producing diagnostic kits, the PvAMA-1 
was sequenced and then compared with 
similar genes recorded in GenBank. 
 
Materials and Methods 
 
Parasite sample 
The case was an Iranian inhabitant of Jask 
district (Hormozgan Province) with sympto-
matic P. vivax infection. Blood of the patient 
was collected into the EDTA tube using 
venipuncture method. P. vivax infection was 
documented by microscopic analysis using 
Giemsa stained thick and thin blood smears.   
 
DNA extraction 
The genomic DNA was extracted from the 
whole blood using Genomic DNA Extrac-
tion Kit, ACCUPreP® kit (BIONEER) ac-
cording to the manufacturer’s instructions. 
The quality and quantity of the extracted 
DNA was checked using a biophotometer 
(Ependorf) at 260 and 280 nm and electro-
phoresis on 1% agarose gel. 
 
PCR amplification of PvAMA-1 gene 
A partial region of PvAMA-1 gene, includ-
ing domain I, domain II and domain III, 
covering amino acids (AA) residue 42–488 
was targeted for amplification. The primers 
were designed based on the sequence of P. 
vivax Sal-1 apical merozoite antigen- 1 
(PvAMA-1gene, ACCESSION NO.: 

O 
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XM_001615397) with the following sequences: 
PvAMAF  
(5′-CCATGGGGCCTACCGTTGAGAGAA-3′) 
and PvAMAR as (5′- CTCGAGTCATAGTAG-
CATCTGCTTGTT- 3′).  
The PCR was performed in a 200 µl thin-
walled PCR tube containing: 200 ng ex-
tracted DNA as template, 20 pmol of each 
primer, 12.5 µl of Pwo master PCR master 
mix (Roche) and ddH2O up to 25µl. The tar-
geted gene was amplified for 30 cycles (95◦C 
for 20s, 58◦C for 30s and 72◦for 2 min) and 
the PCR product was checked on 1.0% aga-
rose gel against DNA size marker (Fermen-
tase), then it was purified from agarose gel 
by Qiaquick gel extraction kit (Qiagen) to be 
prepared for cloning.  
 
Cloning and sequencing of the PvAMA-1 
gene 
Purified DNA fragment was inserted into a 
SmaI cut pUC19 plasmid using rapid DNA 
ligation kit (Roche) according to the manu-
facturer's protocol. The transformation was 
done in CaCl2 treated competent cells of Es-
cherichia coli Novablue using thermal shock 
method (30min at 0°C, 2min at 42°C and 
2min at 0°C). The transformants were incu-
bated at 37°C for 45 min and cultured on the 
LB agar plates containing 100 µg/ml am-
picillin, 1 mM IPTG and 50 µg/ml X-gal and 
incubated for 16 hours at 37◦C. White (posi-
tive) colonies were selected and validated by 
PCR. One of the positive clones was cul-
tured in LB medium containing 100µg/ml 
ampicillin for plasmid purification by using 
Plasmid Purification Kit (Roche). The ex-
tracted plasmid was sent for sequencing us-

ing universal M13-pUC primers. DNA se-
quence was performed by Gen Fanavaran 
Company (Tehran, Iran). The sequencing 
result was analyzed by BLAST and Clus-
talW softwares to compare the reported se-
quences in GenBank. 
 
Results 
 
As Fig. 1 shows a 1300bp band has been re-
sulted from extracted genomic DNA by PCR. 
The production of PCR was cloned in pUC19 
and then sequenced. The sequenced gene was 
submitted to the GenBank and registered under 
the HM535663.1 accession number. The pre-
dicted protein sequence analysis revealed that it 
composes of 446 amino acids including 3 do-
mains and sixteen Cysteine residues (Fig. 2). 
 
 

 

Fig. 1: Gel electrophoresis of PCR product from a P. 
vivax-infected patient. Lane1: PvAMA-1 gene was 
approximately 1300bp long. Lane2: SM: Size marker
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Fig. 2: Multiple protein sequences alignment of PvAMA-1 gene in P. vivax isolated from Iran and corresponded part 
of the genes isolated from India, Korea and El Salvador. The great numbers of changes are situated in the most varia-
ble domain I of AMA-1. Domain II shows limited diversity in our study. Sixteen Cysteine residues are bold 
 
Discussion 
 
In the first study on PvAMA-1 that was con-
ducted  by Cheng and Saul two complete 
sequences were reported from two patients, 
one from Philippines and the second from 
Brisbane (who had visited Malaysia, Thail-
and and Indonesia), which were different in 
12 single nucleotide substitutions that re-
sulted in changing  9 amino acids (18). An-

other study that conducted onto Indian iso-
lates at the nucleotide level showed 48 point 
mutations along the length of the gene in-
cluding 42 non-synonymous and six syn-
onymous amino acid changes (19). 
In our study nucleotide analysis showed that 
there were 11 SNP (single nucleotide polymor-
phism) along the gene that resulted in changes 

 
 
Iran            GPTVERSTRMSNPWKAFMEKYDIERTHSSGVRVDLGEDAEVENAKYRIPAGRCPVFGKGI 60 
India           GPTVERSTRMSNPWKAFMEKYDIERTHSSGVRVDLGEDAEVENAKYRIPAGRCPVFGKGI 60 
Korea           GPTVERSTRMSNPWKAFMEKYDIERTHSSGVRVDLGEDAEVENAKYRIPAGRCPVFGKGI 60 
El-Sal          GPTVERSTRMSNPWKAFMEKYDIERTHSSGVRVDLGEDAEVENAKYRIPAGRCPVFGKGI 60 
                ************************************************************ 

 
Iran            VIENSAASFLTPVATGDQRLNDGGFVFSNADDHISSMTLENLKARYKDNVEMMKLNDIAL 120 
India           VIENSAVSFLTPVATGDQRLKDGGFAFPNADDHISPMTLENLKARYKDNVEMMKLNDIAL 120 
Korea           VIENSAVSFLRPVATGDQRLKDGGFAFPNADDHISPMTLANLKERYKDNVEMMKLNDIAL 120 
El-Sal          VIENSDVSFLRPVATGDQKLKDGGFAFPNANDHISPMTLANLKERYKDNVEMMKLNDIAL 120 
                ***** .*** *******:*:****.*.**:****.*** *** **************** 

 
Iran            CRTHAASFVMAGDQNSSYRHPAVYDEKNKTCHMLYLSAQENMGPRYCSPDAQNRDAVFCF 180 
India           CRTHAASFVMAGDQNSSYRHPAVYDEKNKTCHMLYLSAQENMGPRYCSPDAQNRDAVFCF 180 
Korea           CRTHAASFVMAGDQNSSYRHPAVYDEKEKKCHMLYLSAQENMGPRYCSPDAQNRDAVFCF 180 
El-Sal          CRTHAASFVMAGDQNSSYRHPAVYDEKEKTCHMLYLSAQENMGPRYCSPDAQNRDAVFCF 180 
                ***************************:*.****************************** 

 
Iran            KPDKNVDFENLVYLSKNVRNDEDKKCPRKNLGNAKFGLWVDGNCEEIPYVKEVEAKDLRE 240 
India           KPDKNVDFENLVYLSKNVRNDWDKKCPRKNLGNAKFGLWVDGNCEEIPYVKEVEAKDLRE 240 
Korea           KPDKNVDFENLVYLSKNVRNDWDKKCPRKNLGNAKFGLWVDGNCEEIPYVKEVEAKDLRE 240 
El-Sal          KPDKNESFENLVYLSKNVRNDWDKKCPRKNLGNAKFGLWVDGNCEEIPYVKEVEAEDLRE 240 
                ***** .************** *********************************:**** 

 
Iran            CNRIVFGASASDQPTQYEEEMTDYQKIQQGFRQNNREMIKSAFLPVGAFNSDNFKSKGRG 300 
India           CNRIVFGASASDQPTQYEEEMTDYQKIQQGFRQNNREMIKSAFLPVGAFNSDNFKSKGRG 300 
Korea           CNRIVFGASASDQPTQYEEEMTDYQKIQQGFRQNNREMIKSAFLPVGAFNSDNFKSKGRG 300 
El-Sal          CNRIVFGASASDQPTQYEEEMTDYQKIQQGFRQNNREMIKSAFLPVGAFNSDNFKSKGRG 300 
                ************************************************************ 

 
Iran            FNWANFDSVKKKCYIFNTKPTCLINDKNFIATTALSHPQEVDPEFPCSIYKDEIEREIKK 360 
India           FNWANFDSVKKKCYIFNTKPTCLINDKNFIATTALSHPQEVDPEFPCSIYKDEIEREIKK 360 
Korea           FNWANFDSVKKKCYIFNTKPTCLINDKNFIATTALSHPQEVDLEFPCSIYKDEIEREIKK 360 
El-Sal          FNWANFDSVKKKCYIFNTKPTCLINDKNFIATTALSHPQEVDLEFPCSIYKDEIEREIKK 360 
                ****************************************** ***************** 

 
Iran            QSRNMNLYSVDGERIVLPRIFISNDKESIKCPCEPERISNSTCDFYVCNCVEKRAEIKEN 420 
India           QSRNMNLYSVDGERIVLPRIFISNDKESIKCPCEPERISNSTCDFYVCNCVEKRAEIKEN 420 
Korea           QSRNMNLYSVDGERIVLPRIFISNDKESIKCPCEPERISNSTCDFYVCNCVEKRAEIKEN 420 
El-Sal          QSRNMNLYSVDGERIVLPRIFISNDKESIKCPCEPERISNSTCNFYVCNCVEKRAEIKEN 420 
                *******************************************:**************** 

 
Iran            NQVVIKEEFRDYYENGEEKSNKQMLL 446 
India           NQVVIKEEFRDYYENGEEKSNKQMLL 446 
Korea           NQVVIKEEFRDYYENGEERSNKQMLL 446 
El-Sal          NQVVIKEEFRDYYENGEEKSNKQMLL 446 
                ******************:******* 
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of six amino acid substitutions in comparison 
with S3 isolate reported from Indian (GenBank 
ACCESSION NO.: EF025195.1), while 21 
point mutations and 13 changes in amino acids 
happened in compare to SKO814, Korean iso-
late, (GenBank ACCESSION NO.: GU476488.1). 
Additionally, 24 point mutations and 18 amino 
acid changes were observed in the reported iso-
late from El Salvador (GenBank ACCESSION 
NO.:XM_001615397). The ali-gnment be-
tween the Iranian isolate and Indian, Korean 
and El Salvador samples showed the range of 
96%-99% homology. 
As it has been illustrated in Fig. 2, the most 
variations among amino acids occurred in do-
main I in compare with Sal-1 isolate (from El 
Salvador). These changes can be resulted in 
diversity within parasite populations. So it is 
suggested that domain I could be applied to de-
termine the varieties for parasite populations.  
Domain II and domain III from Iranian iso-
late were completely similar to S3, but with 
one difference to SKO814 and Sal-1isolates 
in both domains (Fig. 2). These domains had 
the most identity in our study with the re-
ported genes. Domain I and domain II can 
induce protective immunity and provide use-
ful markers to detect the presence of antibo-
dies in individuals who live in endemic areas 
(20, 21). So this region could be a good can-
didate for immunological researches and 
producing a protective vaccine. Domain III 
is responsible for cross-species reactivity of 
the antibody response to AMA-1 (5). 
Based on the previous reports, the structure 
of PvAMA-1 is stabilized by 16 cysteine 
residues; these residues were totally con-
served in the Iranian isolate (Fig. 2). Cyste-
ines are necessary for constant conformation 
of related protein and antibody productions 
against this protein (22). In spite of the high 
similarity in domain II with the compared 
outside isolates, it is obvious that domain I 
in our study was different with other re-
ported AMA-1 genes.  

In conclusion, at the present study, we 
cloned and characterized three domains of 
PvAMA-1 gene from an Iranian patient. Pre-
dicted protein sequence of this gene ob-
viously has a high degree of identity (99%) 
with strong homology to the PvAMA-1 gene 
of P. vivax with Asian isolates and also has 
96% similarity with PvAMA-1 gene from El 
Salvador isolate. 
 
Acknowledgments 
 
This study received full financial support 
from, Tehran university of Medical Science. 
The authors would like to express their grati-
tude to Dr. Faramarzi and Mr. Mohseni for 
their useful collaboration. The authors dec-
lare that they have no conflict of interest. 
 
References 
 

1. Guerra CA, Snow RW, Hay SI. Mapping the 
global extent of malaria in 2005. Trends Para-
sitol. 2006; 22(8):353-358. 

2. Hay SI, Guerra CA, Tatem AJ, Noor AM, 
Snow RW. The global distribution and popula-
tion at risk of malaria: past, present, and future. 
Lancet Infect Dis. 2004; 4(6):327-336. 

3. Price RN TE, Guerra CA, Yeung S, White NJ, 
Anstey NM. Vivax malaria: neglected and not 
benign. Am J Trop Med Hyg.  2007; 77: 79-87 

4. Figtree M, Passay C, Slade R, Cheng Q, Coo-
lan N, Walker J, Saul A. Plasmodium vivax 
synonymmous frequencies, evalution and 
population structure deduced from diversity in 
AMA-1 and MSP-1 genes. Mol Biochem 
Parasitol. 2000; 108:53-66. 

5. Igonet S, Vulliez-Le Normand B, Faure G, 
Riottot M-M, Kocken CHM, Thomas AW, 
Bentley GA. Cross-reactivity Studies of an 
Anti-Plasmodium vivax Apical Membrane 
Antigen 1 Monoclonal Antibody: Binding and 
Structural Characterisation. J Mol Biol. 2007; 
366(5):1523-1537. 

6. Holder A. Preventing the merzoite invasion of 
erythrocytes.  In: Hoffman S.L. editor. In ma-
laria vaccine Development: A Multi-immune 



Motevalli Haghi et al.: Sequence Analysis of Different Domains of Plasmodium… 
 

31 

Response Approach, Washington DC: ASM 
press; 1996. p.77-104.  

7. Narum DL, Thomas AW. Differential local-
ization of full-length and processed forms of 
PF83/AMA-1 an apical membrain antigen of 
Plasmodium falciparum merozoites. Mol Bio-
chem Parasitol. 1994; 67:59-68. 

8. Silvie O, Franetich JF, Charrin S, Mueller MS, 
Siau A, Bodescot M, Rubinstein E, Hannoun 
L, Charoenvit Y, Kocken CH, Thomas AW, 
Van Gemert GJ, Sauerwein RW, Blackman 
MJ, Anders RF, Pluschke G, Mazier D. A role 
for apical membrane antigen 1 during invasion 
of hepatocytes by Plasmodium falciparum 
sporozoites. J Biol Chem. 2004; 279: 9096–
9490. 

9. Fraser TS, Kappe SH, Narum DL, Van-
Buskirk KM, Adams JH. Erythrocyte-binding 
activity of Plasmodium yoelii apical membrane 
antigen-1 expressed on the surface of trans-
fected COS-7 cells. Mol Biochem Parasitol. 
2001; 117:49–59. 

10. Triglia T, Healer J, Caruana SR, Hodder AN, 
Anders RF, Crabb BS, Cowman AF. Apical 
membrane antigen 1 plays a central role in 
erythrocyte invasion by Plasmodium species. 
Mol Microbiol. 2000; 38:706–718. 

11. Mitchell GH, Thomas AW, Margos G, Dlu-
zewski AR, Bannister LH. Apical membrane 
antigen 1, a major malaria vaccine candidate, 
mediates the close attachment of invasive 
merozoites to host red blood cells. Infect Im-
mun. 2004; 72:154–158. 

12. Dutta S, Haynes JD, Moch JK, Barbosa A, La-
nar DE. Invasion-inhibitory antibodies inhibit 
proteolytic processing of apical membrane an-
tigen 1 of Plasmodium falciparum merozoites. 
Proc Nat Acad Sci USA. 2003; 100:12295–
12300. 

13. Cui L, Scalante A, Snounou G. The genetic di-
versity of Plasmodium vivax populations. 
Trends Parasitol. 2003; 19:220-226. 

14. Rosa DS, Iwai LK, Tzelepis F, Bargieri DY, 
Medeiros MA, Soares IS, Sidney J, Sette A, 
Kalil J, Mello LE et al. Immunogenicity of a 
recombinant protein containing the Plasmo-
dium vivax vaccine candidate MSP119 and 
two human CD4+ T-cell epitopes adminis-
tered to non-human primates (Callithrix jac-

chus jacchus). Microbes Infect. 2006; 
8(8):2130-2137. 

15. Anthony W, Stowers MC, Kennedy B, Kee-
gan P, Saul A, Carole A. Long, Miller LH: 
Vaccination of Monkeys with Recombinant 
Plasmodium falciparum Apical Membrane 
Antigen 1 Confers Protection against Blood-
Stage Malaria. Infect Immun. 2002; 
70((12)):6961–6967. 

16. Doderer C, Heschung A, Guntz P, Cazenave 
JP, Hansmann Y, Senegas A, Pfaff AW, Ab-
delrahman T, Candolfi E. A new ELISA kit 
which uses a combination of Plasmodium fal-
ciparum extract and recombinant Plasmodium 
vivax antigens as an alternative to IFAT for de-
tection of malaria antibodies. Malar J. 2007; 
6:19. 

17. Edrissian G: Malaria in Iran: past and Present 
Situation. Iranian J Parasitol. 2006; 1(1):1-14. 

18. Cheng Q, Saul A. Sequence analysis of apical 
membrane antigen1 (AMA-1) of plasmodium 
vivax. 1994. Mol Biochem Parasitol.1994; 
65:183-187. 

19. Rajesh V, Elmaran M, Vida S, Gowrishankar 
M, Kochar D,Das A. Plasmodium vivax: Ge-
netic diversityof the apical membrain antigen-
1(AMA-1) in isolates from India. Exp Parasitol. 
2007; 116(3):252-256.  
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