
Introduction 

Leishmaniosis is one of the world’s most
neglected vector-borne infectious diseases with
various clinical manifestations which affecting 12
million people and 350 million at risk of infection in
98 countries. So far, no vaccine are available against
leishmaniosis and currently used drugs have high
side effects [1,2]. Two epidemiologically important
forms of cutaneous leishmaniosis (CL) have been
reported in Iran and  other Middle-East countries;
zoonotic CL (ZCL) and anthroponotic CL (ACL)
caused by L. major and L. tropica, respectively [3].
Numerous factors influence disease severity, but the
most important determinant of the form of
leishmaniosis is the species of Leishmania involved.
The life cycle of the parasite is digenetic and
dimorphic including two extracellular and
intracellular stages. The procyclic promastigotes

differentiate to metacyclic promastigotes inside the
gut of female sandflies and amastigote forms
residue in the infected vertebrate host macrophage
cells [4]. Metacyclic promastigotes change their
gene expression levels to achieve infectivity and
adaptation in the vertebrate host cells such as human
macrophages. The species-specific gene regulation
in infective stage of Leishmania has provided
valuable data about interspecific gene expression
profile differences and also providing an indication
of genes involved in biology, pathogenesis and host-
pathogen interaction mechanisms in the two
different species of CL causing agents [5,6].
Increased mitochondrial activity, response to stress
and energy metabolism may involve in high
infectivity and maintaining the parasite inside
macrophages [7]. Among the energy metabolism
involved enzymes, pyruvate kinase (PyrK) is the
final enzyme that contributed in glycolysis pathway.
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Leishmania parasite uses cytosolic peroxidase such
as tryparedoxin peroxidase (TryP) and glutathione
peroxidase for detoxification of peroxides, in which
is a pivotal event for the survival of digenetic
parasites living in two disparate biological
environments [8,9]. Real-time PCR is advantageous
over conventional PCR because it is faster, less
labour-intensive and reduces risk of contamination
[10]. Comparative assessment have shown
important differences in expression level between
both species. This analysis may serve to improve
our understanding of parasite difference between
these two closely related species that could be
linked to their different disease phenotypes and to
provide further windows into their molecular
mechanism of pathogenicity as distinct species. This
is the first study that describes the expression level
of genes encoding PyrK and TryP in metacyclic
stage of L. major compared to L. tropica by
quantitative molecular method. The results of this
comparison can provide information about
pathogenicity, biology and virulence differences
that could be led to potential targets for drug
discovery and/or vaccine development effort.
Hence, we have conducted a comparative analysis
of gene expression value of PyrK and TryP between
metacyclic forms of Iranian isolates of L. major and
L. tropica by real-time PCR technique.

Materials and Methods

Leishmania samples and culture. Clinical
isolates of CL patients were collected in endemic
foci of ACL (Bam city in Kerman Province) and
ZCL (Gonbad city in Golestan Province) of Iran. All
primary isolates initially were grown on NNN
(Novy-Nicolle-Mc Neal) medium and for mass
production, parasites were transferred to RPMI1640
medium (Gibco, Germany) supplemented with 10%
FBS (Gibco, Germany), 100 U/ml penicillin, and
100 µg/ml streptomycin (Gibco, Germany) at 25°C.
Promastigotes were cultured with repeated medium
for 6–10 days for achievement the metacyclic
promastigotes phase. During this time, the numbers
of parasites were counted with light microscope. To
ensure the collection of purified metacyclic
promastigotes, we also performed agglutination
assay by peanut agglutinin (PNA; Sigma) and
morphometric analysis [11,12]. Briefly, we added
PNA to PBS-washed metacyclic promastigotes to a
final concentration of 30 μg/ml for 1×107 cells/ml.
The next stage was involved separation of PNA-

cells (metacyclic promastigotes) from PNA+ cells
(procyclic promastigotes) by centrifugation at 100 g
for 10 min [11,12]. Finally, the last supernatant was
centrifuged at 3500 g for 20 min to recover PNA–

promastigotes. The cell body size and flagellum
lengths for 300 parasites in each day were measured
by light microscopy, and promastigotes whose
flagellum/body length ratio was ≥2 were considered
metacyclic form as described [11,12]. Then, the
parasites (107 cells/ml) were centrifuged at 3500
rpm for 20 min at 4°C and then were washed 3 times
with sterile phosphate-buffered saline (PBS; pH:
7.4) and collected in two aliquots in -70°C for DNA
and RNA extraction.

DNA extraction and species identification.

Cultured metacyclic promastigotes from the
stationary phase were washed with PBS (pH 7.4)
before subjected to DNA extraction. Using DNG-
PLUS commercial kit (Sinaclon-Iran) according to
the manufacturer’s instructions. For the evaluation
of quality, the total extracted DNA were
electrophoresed on 1.5% agarose gel. We used the
primers L1TSR (5ʹ-CTGGATCATTTTCCGATG-
3ʹ) and L 5.8S (5ʹ-TGATACCACTTATCGCACTT-
3ʹ) to amplify the internal transcribed-spacer-1
(ITS1) region of the parasites’ ribosomal-RNA
gene, followed by HaeIII digestion of the resulting
amplicons as described previously [12]. After using
the restriction enzyme, banding patterns of the
isolates were obtained in comparison with the
molecular profiles of the WHO reference strains of
L. tropica (MHOM/IR/99/YAZ1), and L. major
(MRHO/IR/75/ER).

RNA extraction and cDNA synthesis. Total
RNA was extracted from 107 metacyclic
promastigotes using RiboEx reagent (GeneAll
Biotech, Korea) as described by the manufacturer.
The quality (based on the appearance of the spectra)
and quantity of RNA were assessed using Nano
Drop (ND-1000, Thermo Scientific Fisher, US).
Three independent RNA samples were used for each
real-time PCR experiment. Complementary DNA
(cDNA) was synthesized from 3 µg of total RNA
using RevertAid™ First Strand cDNA Synthesis Kit
(Thermo Fisher Scientific Inc) following the
manufacturer’s instructions.

Real-time PCR. Primers for targeted genes were
designed using Gene Runner software version
6.5.50 (wwwgenerunner.net). The sequence of the
primers has shown in Table 1. Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) gene was
included for normalization purposes, referred to as
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internal control. Equal amounts of cDNA were run
in triplicate and amplified in 20 ml reaction
containing 1 µl cDNA target, 100 nM forward and
reverse primers and 1x SYBR Green RealQ Plus
Master Mix (Ampliqon, DK-5230 Odense M,
Denmark). Experiments were carried out in
duplicate using a StepOne TM Real-time PCR
System (Applied Biosystems, Life Technologies,
USA). The PCR condition was as follows:
activation at 95°C for 10 min., amplification at
95°C for 15 s, 60°C for 1 min. for 40 cycles. The
relative expression value of each gene was
determined based on the threshold cycle (Ct) value
of the target genes, normalized to that of reference
genes (GAPDH) using the 2-∆∆Ct method.

Data analysis. All experiments were done at
three replicates and data are reported as the mean ±
SD (standard deviations) and comparison between
L. major and L. tropica groups were analysed by
student’s t-test. The level of significance acceptable
was 95% and P-value <0.05.

Results  

PCR-RFLP analysis

After DNA extraction, samples were characteri
zed by PCR-RFLP. Quality assessment of PCR
product were performed on agarose gel and 350 bp
band correspond to Leishmania genus were confirmed
(Fig. 1). After digestion of PCR product with HeaIII

enzyme, isolates and the reference strain exhibited
two bands (135 bp, 215 bp) on agarose gel which
correspond to L. major and two bands (57 bp, 185
bp) correspond to L. tropica (Fig. 2).

Real-time PCR analysis

Real-time-PCR was conducted to examine the
relative differential expression of pyruvate kinase
and tryparedoxin peroxidase genes between
metacyclic stage of L. tropica and L. major isolates.
Figure 3 shows up-regulation of PyrK and TryP
genes in metacyclic of L. major isolates compared
with L. tropica. The average mRNA expression of
PyrK and TryP genes in L. major was 1.69 and 3.72
fold of its expression in L. tropica. Moreover, there
was significant difference in the mentioned genes
expression between procyclic and metacyclic forms
of the both of L. major and L. tropica (result not
shown).

Discussion

Gene expression analyses by microarray and
real-time PCR in Leishmania species have been
performed successfully for the detection of
differentially expressed, stage-specific, species-
specific genes and drug resistance mechanism study
in this parasite [5,13–15]. A review of previous

Table 1. Oligonucleotide sequences of genes amplified in this study

GAPDH: Glyceraldehydes-3-phosphate dehydrogenase

Genes Primer sequence (5’→3’) Primer sequence (3’→5’)

Pyruvate Kinase (PyrK) CTAACGCGCACACGATCTCT AAGATCATGTCCACGCCCTG 

Tryparedoxin Peroxidase (TryP) AGTCGCTTCAACGAGCT CTTGTCGGCTAGCATTG 

GAPDH GAAGTACACGGTGGAGGCTG CGCTGATCACGACCTTCTTC 

Figure1. Result of Leishmania genus DNA with ITS1
primers. M: marker 100bp; lanes 1-2: samples; lane 3:
blank; lane 4: standard strain of Leishmania.

Figure 2. Result of RFLP patterns of ITS1 amplicons
digestion with HaeIII enzyme.
Lane 1: standard strain of L. tropica; lane 2: standard
strain of L. major; lane 3: L. major sample; lane 4: L.
tropica sample; M: marker 50bp.
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studies searching for potential drug targets
molecules involved in Leishmania metabolism
identified several enzymes for drug targets.
Pyruvate kinase (involved in glycolysis) and
tryparedoxin peroxidase (as an antioxidant) are
considered essential for the survival of Leishmania
in host environment and introduced as appropriate
therapeutics targets [16,11]. In addition, different
structure of Leishmania energy metabolism
involved proteins compared with Homo sapiens
because of evolutionary distance, make those as
potential drug targets [17]. The two genes evaluated
in this study were selected also because of they
showed differential expression value in the different
stage and different species of Leishmania
[11,18,19]. These genes may be required for
survival in the amastigote stage and also may be
directly responsible for the disease pathogenesis and
different lesion manifestation. The gene pattern
differences between the two species of Leishmania
and within the same species causing distinct
pathologies that govern the outcome of infection
and pathogenesis in the mammalian host cells are
unknown. Assessment of in vivo mRNA level
highlighted substantial differences in gene
expression patterns, providing an indication of the
genes involved in pathogenesis in different forms of
leishmaniosis [5]. Tryparedoxin peroxidase (TryP)
is one of the trypanothione metabolism pathway that
introduced as another potential drug target in

literatures review and it is a key enzyme in the
defence mechanism against oxidative stress
condition [20,21].  Glycolysis occupies a central
role in cellular metabolism, and is of particular
importance for the catabolic production of ATP in
protozoan parasites such as Leishmania and
Trypanosoma. In these organisms pyruvate kinase
plays a key regulatory role [22]. Since Leishmania
is infectious in the metacyclic form and has the
ability to interact with the mammalian host, it has to
pre-adapt to host cell environment for survive in it.
For this purpose, the parasite changes the some
genes expression such as TryP to compatibility with
the oxidative stress conditions of the host cells. In
addition, we observed overexpression of these
genes in metacyclic form compared with procyclic
form in both of L. major and L. tropica isolates. In
fact, these changes can indicate the importance of
these genes in host-parasite interaction and
increased infectivity. It is thus possible that the
higher expression of genes involved in glycolysis or
response to stress can generate sufficient ATP
necessary and appropriate condition for the
intracellular remodelling and morphological
differentiation of metacyclic parasites. Similarly,
previous studies using genomic microarrays and
proteomics analysis showed more abundant
expression of gene and protein in metacyclics and
amastigotes of the parasite [11,23,24]. Also, the
difference in expression of these genes in these two
species can be interpreted as such that the both
species of L. major and L. tropica caused different
cutaneous lesion morphologically and pheno -
typically. A few species parasite genes implicated in
pathogenesis and clinical manifestation, but the
parasite gene expression levels differ highly among
different species [25]. Therefore, the increased
expression in the genes evaluated in this study can
be related to the severity of the ulcer in Zoonotic
cutaneous leishmaniosis. Regarding the shorter
communicative term of the L. major than the L.
tropica, the high expression of PyrK and TryP genes
in the L. major can be the reason for the earlier
appearance of clinical manifestation in cutaneous
leishmaniosis patients caused by this species. Also,
high expression of TryP gene in L. major can be
attributed to its high ability of this species against
oxidative stress. Therefore, these genes and their-
related encoding proteins may be appropriate targets
for the prevention of metacyclogenesis and host-
pathogen interaction interruption. However, further
investigations and detailed studied are needed for
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Figure 3. Relative gene expression pattern of two
correspond genes of differential expressed proteins
between L. major and L. tropica metacyclic stage by
real-time PCR.The expression of GAPDH was used as
internal control gene. PyrK: pyruvate kinase; Tryp:
tryparedoxin peroxidase.



species-specific drug and vaccine target ability of
the mentioned proteins.

Analysis of comparative gene expression pattern
of pyruvate kinase and tryparedoxin peroxidase
between L. major and L. tropica metacyclic forms
by real-time PCR demonstrated high expression of
PyrK and TryP in Iranian isolates of L. major
compared with L. tropica. The conservation in gene
organization between L. major and L. tropica
contrasts their distinct pathogenesis, suggesting that
highly regulated changes in gene expression may be
involved. Therefore, these enzymes may play
critical roles in infectivity, virulence, pathogenesis
and pre-adaptation of parasite for survival in host
macrophage cells.

Acknowledgements

This study has been financially supported by
Shahid Beheshti University of Medical Sciences
grant (Projects No 15127) and Proteomics Research
Center, Shahid Beheshti University of Medical
Sciences.

References

[1] World Health Organization, Expert Committee on the
Control of Leishmaniases. 2010. Control of the
leishmaniases: report of a meeting of the WHO
Expert Committee on the Control of Leishmaniases,
Geneva, 22-26 March 2010. WHO Technical Report
Series, no. 949, WHO, Geneva, Switzerland.

[2] Atan N.A.D., Koushki M., Ahmadi N.A., Rezaei-
Tavirani M. 2018. Metabolomics-based studies in the
field of Leishmania/leishmaniasis. Alexandria
Journal of Medicine 54: 383-390. 
doi:10.1016/j.ajme.2018.06.002

[3] Ahmadi N.A., Modiri M., Mamdohi S. 2013. First
survey of cutaneous leishmaniasis in Borujerd county,
western Islamic Republic of Iran. Eastern Medite rra -
nean Health Journal 19: 847-853.

[4] Wheeler R.J., Gluenz E., Gull K. 2011. The cell cycle
of Leishmania: morphogenetic events and their
implications for parasite biology. Molecular
Microbiology 79: 647-662. 
doi:10.1111/j.1365-2958.2010.07479.x

[5] Sharma P., Gurumurthy S., Duncan R., Nakhasi H.L.,
Salotra P. 2010. Comparative in vivo expression of
amastigote up regulated Leishmania genes in three
different forms of leishmaniasis. Parasitology
International 59: 262-264. 
doi:10.1016/j.parint.2009.11.003

[6] Amiri-Dashatan N., Koushki M., Rezaei Tavirani M.,
Ahmadi N. 2018. Proteomic-based studies on

Leishmania. Journal of Mazandaran University of
Medical Sciences 28: 173-190 (in Persian with
summary in English).

[7] Naderer T., McConville M.J. 2008. The Leishmania-
macrophage interaction: a metabolic perspective.
Cellular Microbiology 10: 301-308. 
doi:10.1111/j.1462-5822.2007.01096.x

[8] Diechtierow M., Krauth-Siegel R.L. 2011. A
tryparedoxin-dependent peroxidase protects African
trypanosomes from membrane damage. Free Radical
Biology and Medicine 51: 856-868. 
doi:10.1016/j.freeradbiomed.2011.05.014

[9] Harder S., Bente M., Isermann K., Bruchhaus I. 2006.
Expression of a mitochondrial peroxiredoxin prevents
programmed cell death in Leishmania donovani.
Eukaryotic Cell 5: 861-870. 
doi:10.1128/EC.5.5.861-870.2006

[10] Dymond J.S. 2013. Chapter twenty three – Expla na -
to ry chapter: quantitative PCR. Methods in Enzy mo -
logy 529: 279-289. 
doi:10.1016/B978-0-12-418687-3.00023-9

[11] Amiri-Dashatan N., Rezaei-Tavirani M., Ahmadi N.
2020. A quantitative proteomic and bioinformatics
analysis of proteins in metacyclogenesis of
Leishmania tropica. Acta Tropica 202: 105227. 
doi:10.1016/j.actatropica.2019.105227

[12] Tabrizi F., Seyyed Tabaei S., Ahmadi N., Arefi
Oskouie A. 2020. A nuclear magnetic resonance-
based metabolomic study to identify metabolites
differences between Iranian isolates of Leishmania
major and Leishmania tropica. Iranian Journal of
Medical Sciences 46 (in press).

[13] Alcolea P.J., Alonso A., Gómez M.J., Postigo M.,
Molina R., Jiménez M., Larraga V. 2014. Stage-
specific differential gene expression in Leishmania
infantum: from the foregut of Phlebotomus
perniciosus to the human phagocyte. BMC Genomics
15: 849. doi:10.1186/1471-2164-15-849

[14] Elikaee S., Mohebali M., Eslami H., Rezaei S.,
Najafian H.R., Kazemi-Rad E., Keshavarz H.,
Eshraghian M.R., Hajjaran H., Oshaghi M.A.,
Ayazian Mavi S. 2018. Comparison of p27 gene
expression of promastigote and amastigote forms of
Leishmania major (MRHO/IR/75/ER) by real-time
RT-PCR. Iranian Journal of Parasitology 13: 186-
192.

[15] Hossain F., Ghosh P., Khan M.A.A., Duthie M.S.,
Vallur A.C., Picone A., Howard R.F., Reed S.G.,
Mondal D. 2017. Real-time PCR in detection and
quantitation of Leishmania donovani for the diagnosis
of visceral leishmaniasis patients and the monitoring
of their response to treatment. PloS One 12:
e0185606. doi:10.1371/journal.pone.0185606

[16] Chawla B., Madhubala R. 2010. Drug targets in
Leishmania. Journal of Parasitic Diseases 34: 1-13. 
doi:10.1007/s12639-010-0006-3

[17] Nowicki M.W., Tulloch L.B., Worralll L., McNae

Comparison of gene expression 17



I.W., Hannaert V., Michels P.A.M., Fothergill-Gilmore
L.A., Walkinshaw M.D., Turner N.J. 2008. Design,
synthesis and trypanocidal activity of lead
compounds based on inhibitors of parasite glycolysis.
Bioor ganic and Medicinal Chemistry 16: 5050-5061. 
doi:10.1016/j.bmc.2008.03.045

[18] Depledge D.P., Evans K.J., Ivens A.C., Aziz N.,
Maroof A., Kaye P.M., Smith D.F. 2009.
Comparative expression profiling of Leishmania:
modulation in gene expression between species and
in different host genetic backgrounds. PLoS
Neglected Tropical Diseases 3: e476. 
doi:10.1371/journal.pntd.0000476

[19] Ashrafmansouri, M., Sadjjadi, F.S., Seyyedtabaei,
S., Haghighi, A., Rezaei-Tavirani, M., Ahmadi, N.
2019. Comparative two-dimensional gel electro -
phoresis maps for amastigote-like proteomes of
Iranian Leishmania tropica and Leishmania major
isolates. Galen Medical Journal 8: e1520. 
https://doi.org/10.31661/gmj.v8i0.1520

[20] Dumas C., Ouellette M., Tovar J., Cunningham M.L.,
Fairlamb A.H., Tamar S., Olivier M., Papadopoulou B.
1997. Disruption of the trypanothione reductase gene
of Leishmania decreases its ability to survive
oxidative stress in macrophages. The EMBO Journal
16: 2590-2598. doi:10.1093/emboj/16.10.2590

[21] Iyer J.P., Kaprakkaden A., Choudhary M.L., Shaha
C. 2008. Crucial role of cytosolic tryparedoxin
peroxidase in Leishmania donovani survival, drug
response and virulence. Molecular Microbiology 68:
372-391. doi:10.1111/j.1365-2958.2008.06154.x

[22] Fothergill-Gilmore L.A., Rigden D.J., Michels P.A.,
Phillips S.E. 2000. Leishmania pyruvate kinase: the

crystal structure reveals the structural basis of its
unique regulatory properties. Biochemical Society
Transactions 28: 186-190. doi:10.1042/bst0280186

[23] Rochette A., Raymond F., Ubeda J.-M., Smith M.,
Messier N., Boisvert S., Rigault P., Corbeil J.,
Ouellette M., Papadopoulou B. 2008. Genome-wide
gene expression profiling analysis of Leishmania
major and Leishmania infantum developmental
stages reveals substantial differences between the two
species. BMC Genomics 9: 255. 
doi:10.1186/1471-2164-9-255

[24] Moreira W., Légaré D., Racine G., Roy G., Ouellette
M. 2014. Proteomic analysis of metacyclogenesis in
Leishmania infantum wild-type and PTR1 null
mutant. EuPA Open Proteomics 4: 171-183. 
doi:10.1016/j.euprot.2014.07.003

[25] Peacock C.S., Seeger K., Harris D., Murphy L., Ruiz
J.C., Quail M.A., Peters N., Adlem E., Tivey A.,
Aslett M., Kerhornou A., Ivens A., Fraser A.,
Rajandream M.-A., Carver T., Norbertczak H.,
Chillingworth T., Hance Z., Jagels K., Moule S.,
Ormond D., Rutter S., Squares R., Whitehead S.,
Rabbinowitsch E., Arrowsmith  C., White B.,
Thurston S., Bringaud F., Baldauf S.L.,
Faulconbridge A., Jeffares D., Depledge D.P., Oyola
S.O., Hilley J.D., Brito L.O., Tosi L.R.O., Barrell B.,
Cruz A.K., Mottram J.C., Smith D.F., Berriman M.
2007. Comparative genomic analysis of three
Leishmania species that cause diverse human disease.
Nature Genetics 39: 839-847. doi:10.1038/ng2053 

Received 16 February 2019
Accepted 20 December 2019

18 N. Amiri-Dashatan et al. 


