
Jundishapur J Microbiol. 2018 January; 11(1):e14606.

Published online 2017 November 21.

doi: 10.5812/jjm.14606.

Research Article

Evaluation of LACK Gene Diversity in Leishmania major Using PCR and

Sequencing Methods

Tahereh Kardooni,1 Mahmoud Rahdar,1,2, * Ali Teimoori,3 and Abdollah Rafiei2

1Infectious and Tropical Diseases Research Center, Health Research Institute Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
2Department of Parasitology, Faculty of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
3Department of Virology, Faculty of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran

*Corresponding author: Mahmoud Rahdar, Department of Parasitology, Faculty of Medicine, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran. Tel: +98-9166153521,
Fax: +98-6133332036, E-mail: rahdar-m@ajums.ac.ir

Received 2017 April 12; Revised 2017 August 25; Accepted 2017 September 24.

Abstract

Background: Cutaneous leishmaniasis is one of the most important tropical diseases in many parts of the world caused by two
main species of parasites including Leishmania major and L. tropica in the old world. Several attempts have been made to reach an
effective and reliable vaccine against the disease with a spectrum of success. Selection of an effective target for vaccination needs
to recognize a protein antigen with minor diversity. Leishmania activated C kinase (LACK) antigen is one of the good targets for this
purpose that needs to be evaluated for its diversity in local study areas.
Objectives: This study was conducted to evaluate the diversity in LACK protein among L. major species.
Methods: We collected 30 L. major isolates from different parts of Khuzestan province, southwest of Iran. Leishmania activated C
kinase gene was selected for amplifying by PCR and sequencing.
Results: Phylogenetic tree showed that there is no diversity in LACK gene in this area.
Conclusions: Leishmania activated C kinase gene is a very conservative gene, suitable for vaccination.
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1. Background

Leishmania is an intracellular parasite in variety of
mammals with worldwide distribution reported from
87 countries in the world. Seventy five percent of all
world leishmaniasis cases occur in 10 countries includ-
ing Afghanistan, Iraq, Algeria, Colombia, Brazil, Iran, Syria,
Ethiopia, Sudan, Costa Rica, and Peru (1). Iran is one of
the endemic or hyperendemic regions with almost 20000
new cases annually. Cutaneous leishmaniasis (CL) has
been reported from 17 out of 31 provinces of Iran (2).
Iran is surrounded by many infected countries such as
Afghanistan, Pakistan, and Iraq. The transmission occurs
through refugees and religious visitor’s activities. In re-
cent years, a variety of clinical features has been reported
about CL in this area indicating that parasite behaviors
have changed towards resistance to conventional drugs
and development of a variety of lesion shapes due to dif-
ferent parasite genotypes from neighbor countries.

The existence of several genotypes interferes with
achievement of uniform vaccine for controlling CL. Leish-
manization with live promastigotes of Leishmania major

was first introduced in 1970s in Israel, then in Iran in 1980s
(3). Currently, live attenuated vaccines, killed vaccines, re-
combinant, and DNA vaccines are administered with vari-
ety of success in human and experiment animals (4). Sev-
eral studies reported that Leishmania activated C kinase
protein (LACK) vaccine in combination with recombinant
IL12 can successfully protect Balb/c mice against leishmani-
asis (5-7).

Leishmania activated C kinase protein has a weight of
36 KD and as a highly immunogenic protein, is very con-
served in many Leishmania species in both stages of pro-
mastigote and amastigote (8). Although the exact role of
LACK in parasites is not clear, it is suggested that LACK has
a critical role in viability of parasites and multiplication
ability in infected macrophages (9). Leishmania activated
C kinase protein serves as a transduction signal to perform
many vital processes in eukaryote cells for example in RNA
processing and cell control (10).
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2. Objectives

To design a reliable local vaccine using LACK protein,
we need to identify exact diversity and polymorphism of
LACK gene in this region. Therefore, this study was con-
ducted to evaluate LACK gene diversity of L. major in differ-
ent parts of Khuzestan province, southwest of Iran.

3. Methods

3.1. Ethics Statement

The protocol of the study was evaluated and approved
by the ethics and research committee of Ahvaz Jundisha-
pur University of Medical Sciences with the approval num-
ber 94122 - 2015. Written informed consent was provided by
all adult participants, and for minors, it was obtained from
their parents.

3.2. Study Areas

Khuzestan province is located in southwest of Iran bor-
dering with Iraq in the west and Persian Gulf in the south,
with latitude 31° 19’ 38.28′′ N and longitude 48° 41′ 38.4′′ E.
The province covers the area of 63,238 km2 and has moun-
tain and hills in the north and flat and marshland in the
south. Three major rivers irrigate the province areas. The
temperature is very high and can usually reach up to 55°C
in summer. The range of temperature is between -5°C
in winter to 55°C in summer. Many parts of Khuzestan
province comprise deserts with sandstorms in many times
of the year. Annually, the rate of raining is low as 322.6
mm per year; therefore, the province is considered an arid
zone. According to early national census, the population of
Khuzestan province is 4,531,720 people with 64% rural, 35%
urban, and 1% non-residency (11, 12). The capital of Khuzes-
tan province is Ahvaz. In the current study, study areas
were selected from the north, south, west, east, and central
parts of the province as shown in Figure 1.

3.3. Sampling and Culture

In this observational cross-sectional study, 30 curetting
samples of the lesions from infected patients with CL were
collected from different parts of Khuzestan province. One
sample of Iranian standard L.major also was obtained from
health school of Tehran University of Medical Sciences.
First, the samples were cultured in NNN media and incu-
bated at 22°C for 7 days and then transferred to RPMI 1640
media (Sigma, Germany) with 20% FBS (Sigma, Germany)
and penicillin-streptomycin 100UI/mL (Sigma, Germany)
for further proliferation of promastigotes. After culturing,
the promastigotes were centrifuged at 3000 rpm for 5 min-
utes and then, they were collected and stored at -20°C until
performing molecular techniques.

3.4. PCR

DNA was extracted using QIAamp DNA mini kit (QIA-
GEN, Germany) according to manufacturer’s instruction.
To distinguish L.major from L. tropica, PCR method was em-
ployed using Sinaclone Kit (Shiraz, Iran). In the PCR assay,
620 bp nucleotide bands introduce L. major. The primer
pairs were used from kinetoplast DNA minicircle that in-
cluded forward: GGG GTT GGT GTA AAA TAG GG and reverse:
TTT GAA CGG GAT TTC TG (13). The PCR was performed in a fi-
nal volume of 25 µL including master mix 12.5 µL, primers
2.5 µL, DNA sample 5 µL, and DDW 5 µL. The PCR process
consisted of 3 minutes at 95°C, 30 seconds at 63°C, 1 minute
at 72°C running for one cycle followed by 35 cycles con-
sisted of 40 seconds at 93°C for initial denaturation, 40 sec-
onds at 63°C for annealing, and 1 minute at 72°C for exten-
sion. The electrophoresis of PCR products was performed
using gel agarose 2% and ethidium bromide and the bands
were appeared by gel documentation apparatus.

After L. major confirmation in all samples, the region
of coding of LACK gene was amplified using the following
primers: Forward: 5 - ACCATGAACTACGAGGGTCACCT - 3 and
Reverse: 5 - TTACTCGGCGTCGGAGAT -3 (14). The process of
PCR included five minutes at 96°C for initial denaturation
followed by 30 cycles of 1 minutes at 96°C for denaturation,
1 minute at 51°C for annealing, 90 seconds at 72°C for exten-
sion, and 10 minutes at 72°C for final extension. PCR yields
were sent to SEQLAB (Germany) for LACK gene sequencing.

3.5. Statistical Analysis

Nucleotide sequence was compared with other booked
sequences in gene bank (NCBI) and a phylogenetic tree was
drawn using likelihood drawing. Mega 6 and Bioedite soft-
ware were used for drawing the phylogenetic tree.

4. Results

4.1. Demographic Information and Lesions

In this study, 12 out of 30 (40%) patients were male and
18 (60%) were female. The age of most patients ranged be-
tween 21 and 30 years. The infection was seen in patients
aged from 2 to 80 years. The lesions were seen more in the
hands of patients in 21 out of 30 (70%) cases followed by foot
9 out of 30 (30%) cases and face with 20% involvement. In
four cases, the lesions were seen in more than one site. In
50 percent of the patients, they had more than one lesion.

4.2. PCR Reaction

Primary molecular evaluation to distinguish L. major
from L. tropica revealed that all species in the study area be-
longed to L.major with 620 bp nucleotide (Figure 2). Distin-
guishing L. major from other Leishmania species was done
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Figure 1. The Location of Khuzestan Province and Its Cities

The study areas are shown with black spots.

by appearing different bands in the electrophoresis of PCR
products. L. tropica and L. infantum produce 800 bp nu-
cleotide in PCR.

Figure 2. The 620 bp Nucleotide Bands Belonging to L. major from Isolated Leishma-
nia in Different Parts of Khuzestan Province

Positive control (PC) and negative control (NC).

After L. major confirmation, PCR reaction was per-
formed for amplifying LACK gene on all the isolated Leish-
mania. Figure 3 shows approximately 939 bp nucleotide
bands.

Figure 3. The PCR of Amplifying LACK Gene Showing 939 bp Nucleotide Bands in
Isolated Leishmania

The PCR products of all samples were sequenced and
compared with Friedline reference strain. There was no
difference between all the isolated Leishmania strains and
they also did not differ with Friedline reference strain.
However, Tehran strain differed only in one nucleotide
when compared with other samples and with Friedline
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strain in which cytosine was replaced by thymine. This
change did not lead to the change of acid amine in LACK
molecule. The phylogenic findings showed that all L. ma-
jor isolates from Khuzestan and Friedline and France iso-
lates (U27568) were in the same clade but according to nu-
cleotide sequence, L. major, L. tropica, and L. infantum from
Tehran isolates were set to different clades. These data
show that there are minor differences between Khuzestan
and Tehran isolates that may be a beginning genetic varia-
tion for LACK gene of L. major (Figure 4).

5. Discussion

Iran is one of the endemic areas for CL in the world.
17 out of 31 provinces of the country are involved in the
disease. Annually, several CL cases are reported by hy-
gienic centers and clinics from Khuzestan province as well
as from other infected areas in Iran. The use of conven-
tional drugs for treatment of the disease has some limi-
tations such as drug resistance, long period of treatment,
and many drug side effects. The control of parasite vectors
and reservoir hosts (rodents) is very difficult and in some
areas is not possible. Therefore, achieving an effective and
reliable local vaccine is necessary.

The use of host keeping and conserved genes for devel-
oping vaccines against Leishmania has been considered by
many investigators. The LACK gene as an appropriate tar-
get has been introduced (5-7). In this study, we collected 30
samples of CL from different parts of Khuzestan province.
L.major was confirmed by PCR technique in all samples and
amplification of total LACK gene was performed. Accord-
ing to this study, L. major is the predominant species caus-
ing CL in this region. Reports from other parts of Iran also
indicate that the main causative agent for CL is L. major in
Semnan, Golestan, North Khorasan, Isfahan, Fars, Hormoz-
gan, and Ilam provinces whereas the predominant species
in Kerman, Yazd, and Razavi Khorasan provinces has been
L. tropica (15). Sarkari et al. presented the most diversity in
L. major and the least diversity in L. tropica using PCR on
nagt (N-acetylglucosamine-1-phosphate transferase) gene
in Fars, south of Iran (16). Hajaran et al. showed that there
are 5 haplotypes of L. major, 8 haplotypes of L. tropica, and
4 haplotypes of L. infantum (17). It seems that nagt gene is
better than LACK gene to indicate diversity of Leishmania
species in this area.

Spotin et al. used Cyt b and ITS-rDNA and microsatel-
lite genes for presenting diversity in Leishmania species in
Khuzestan province, south west of Iran. More than 90%
of the isolated Leishmania in suspected patients were re-
lated to L. major and 10% to L. tropica. They showed 3 hap-
lotypes of L. major using Cyt b amplifying; however, sur-
veying ITS-rDNA gene did not show any diversity in L. major

(18). Sample sequencing revealed that this area has no di-
versity in LACK gene except for one change in nucleotide
base observed in Tehran strain without any change in acid
amine arrangement. There was no different nucleotide ar-
rangement between isolated samples and Friedline strain
in LACK gene.

The phylogenetic tree was created using Mega 6 soft-
ware to evaluate the relationship between the study iso-
lates (Figure 4). All of the collected samples in this area
showed a similar arrangement in LACK gene with 939 bp
nucleotides. This nucleotide arrangement had 100% ho-
mology to Friedline strains. Zhang et al. reported that
there are minor differences between 22 Leishmania strains
isolated from four districts of China. Although they found
minor differences in sequenced LACK gene in L. donovani
complex, L. turanica, L. gerbil, and Sauroleishmania, they
concluded that LACK gene is not a useful tool for indicat-
ing diversity in Leishmania species due to the conservation
of the gene (19).

6. Conclusion

This study presented LACK gene as one of the most con-
servative genes in L. major that can be a good target for vac-
cination in this area but not useful for identifying diversity
in Leishmania species.
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