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Abstract

Leishmania mexicana is an intracellular parasite that causes cutaneous leishmaniasis (CL) in some countries,
including Mexico. Recently, we identified the elongation factor-1a (EF-1a) of L. mexicana by im-
munoproteomic analysis. In Leishmania donovani, this molecule has been reported as a virulence factor in-
volved in downregulation of macrophages by no-canonical function when EF-1a interacts with protein tyrosine
phosphatase-1 (SHP-1). However, in L. mexicana the key role of EF-1a in host–parasite relationship has not
been elucidated, by this reason we started with cloning and recombinant expression of this antigen. A sequence
of 1350 bp corresponding to EF-1a (EF-Lm) full-length gene was amplified from genomic DNA of L. mexicana
(GenBank: MG256973); this gene contains only one nucleotide change: C464T, compared with L. mexicana
reference sequence (GenBank: FR799570.1). The gene cloned (EF-Lm) codes for a protein of 449 residues. It
was expressed in Escherichia coli and purified as 63 kDa sumo-fusion protein, which was recognized in the sera
of patients diagnosed with CL. Our results show that EF-Lm is immunogenic during infection, and the rEF-Lm
could be used for further analyses in the host–parasite relationship.
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Introduction

By immunoproteomic analysis of Leishmania mex-
icana, we detected a prominent antigen that was de-

signed first as p29 based on molecular weight (Salazar et al.
2010), and then was identified as elongation factor-1 alpha
(EF-1a) of this parasite (Piedra-Quintero et al. 2015). The key
role of this antigenic molecule in host–parasite relationship in
cutaneous leishmaniasis (CL) caused by L. mexicana has not
been clarified yet, but in visceral leishmaniasis (VL) caused
by Leishmania donovani it has been described as a protein
with dual function: a canonical function common in eukaryotic
cells, involved in protein synthesis; and no-canonical function,
as activator of protein tyrosine phosphatase-1 (SHP-1) in-
volved in downregulation of macrophages microbicide
activity, promoting an increase in survival of Leishmania
intracellular stage: amastigotes (Nandan et al. 2003).

To start a more detailed analysis of EF-1a in host–parasite
relationship evoked in CL, our aim was to clone and express a
recombinant of EF-1a from L. mexicana.

Materials and Methods

To clone the EF-1a gene, located on the chromosome 17 of
the genomic sequence of L. mexicana strain MHOM/GT/
2001/U1103 (GenBank: FR799570.1), optimal primers des-
ignated as Z-F (5¢-TGGGCAAGGATAAGGTG-3¢) and Z-R
(5¢-TTACTTCTTCGCAGCCTT-3¢) were designed in silico
using Oligo 7� software, and analyzed in the Workbench,
Gene DB, and NCBI databases, afterward were synthesized
(Sigma-Aldrich Mexico). Genomic DNA L. mexicana was
isolated using the PureLink Genomic DNA kit (Qiagen), and
was visualized on agarose gel 1% w/v with SybrGold (In-
vitrogen) staining on UV transilluminator.

Each PCR-mix (all reactives from Invitrogen) microtube
contained 1 U of Taq polymerase, 1 lL of 2 mM dNTPs,
1.5 lL of 2 mM MgCl2 and 40 mM of each forward and re-
verse primers, 5 lL of Leishmania DNA or not related DNA
(as negative control) and nuclease-free water with a final
volume of 25 lL. The PCR was performed using a Mas-
tercycler Epgradient (Eppendorf), programmed as follows:
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an initial DNA denaturing step at 95�C for 5 min; 25 cycles of
95�C for 2 min, primers annealing at 55�C for 2 min and 72�C
for 2 min with a final extension period at 72�C for 5 min, and
the products were resolved on 1% agarose gel as described
above. Specific amplicons were excised with sterile scalpels
and purified using a Qiaquick Gel kit (Qiagen).

DNA sequencing was performed at LANGEBIO (Labor-
atorio Nacional de Genómica para la Biodiversidad in Ir-
apuato, Guanajuato, México) and confirmed by sequence
obtained using Macrogen (South Korea).

L. mexicana EF-1a full-length gene (EF-Lm) was in-
serted into pETSUMO expression system (Life Technolo-
gies) using T4 ligase. The recombinant DNA obtained was

amplified by growing the transformed Escherichia coli
Mach-1 in LB broth medium supplemented with 25 lg/mL
of kanamycin, and then was purified using NucleoSpin�

Plasmid column (MN); the purified DNA was used for
transformation of E. coli BL21 cells. The recombinant ex-
pression of EF-1a as sumo-fusion protein containing His6-
tag was induced by 1 mM of IPTG until the optic density
was 0.6 at 600 nm. Recombinant EF-Lm (rEF-Lm) was
partially purified from inclusion bodies, solubilized in 5 M-
guanidine hydrochloride, and then purified by affinity
chromatography using a HiTrap chelating column (GE),
following the protocol described previously by our group
(López-Moreno et al. 2003).

FIG. 1. Cloning and recombinant expression of elongation factor-1a of Leishmania mexicana. (A) PCR product amplified
from the genomic DNA of L. mexicana. Lane M: DNA ladder; lane 1: negative control using genomic DNA from S.
Typhimurium; lane 2: sample without DNA; and lane 3: a 1350-bp PCR product corresponding to EF-1a full-length gene
from L. mexicana. (B) Nucleotide sequence alignment of EF-1a from L. mexicana reference (R) strain MHOM/GT/2001/
U1103 (GenBank acc. no. FR799570.1) and our sequence corresponding to L. mexicana EF-1a gene strain MHOM/92/
UAY68 (GenBank acc. no. MG256973), respectively. Identical nucleotides are shown as dots, and differences are shown
with gray background. (C) EF-Lm and EF-Ld amino acid sequence comparison was analyzed, identical amino acids
corresponding to 98.4% are shown as dots, and differences are shown with gray background. The exposed site shown in
box. Two ITIMs are shown in boxes. (D) Structural 3D modeling of EF-Lm and EF-Ld proteins, and it shows the overlay of
both proteins, without structural differences observed in these models. (E) rEF-Lm purified, the arrow indicates a 63-kDa
band corresponding to 50 kDa of EF-1a and 13 kDa of sumo-protein. Lane M: DNA ladder; lanes 1 and 2: rEF-Lm purified.
(F) Western blot using rEF-Lm as antigen and sera of CL patients or controls, showing a 63-kDa reactive band only
developed by sera patients (black arrows). W1, without serum; W2, without serum (using irrelevant protein); C1, serum of
healthy volunteers as test control; C2, serum of CL patient as test control; H1, H2, and H3, sera of healthy volunteers as
negative control; P1, P2, P3, and P4, sera of CL patients infected with L. mexicana. CL, cutaneous leishmaniasis; ITIMs,
immunoreceptor tyrosine-based inhibitory motifs.
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Purified protein was separated by conventional 12% so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) following standard protocols. The antigenicity
of the protein was evaluated by Western blot using CL sera of
patients infected with L. mexicana (confirmed by PCR-
RFLP) (Pérez-Vega et al. 2009, Ochoa-Dı́az et al. 2012),
diluted 1:100, followed by incubation of the samples with
antihuman IgG peroxidase conjugated (Bio-Rad) at 1:3000
dilution. The immunoreaction was evidenced by H2O2 ( JT
Baker) and diaminobenzidine (Research Organics) as previ-
ously described (Salazar et al. 2010).

Results

Since the immunodominant antigen p29 was identified as
EF-1a of L. mexicana (Salazar et al. 2010, Piedra-Quintero
et al. 2015), we focused on obtaining the nucleotide sequence
of the EF-1a gene. As predicted in silico, a 1350-bp amplicon
was obtained (Fig. 1A). As expected, a nucleotide sequence
of 1350 bp was obtained and was 99.9% identical to that of
the EF-1a from L. mexicana strain MHOM/GT/2001/U1103;
they only differed in one nucleotide: T to C, this sequence
was deposited in GenBank: MG256973 (Fig. 1B).

In the BLAST analysis of the amino acid sequence of the
EF-Lm protein of the strain MHOM/MX/92/UAY68 with the
EF-Ld protein (GenBank: AAL08019), a 98.4% similarity
was observed when differing in 7 amino acids of the 449 that
make up the complete protein (Fig. 1C). In the amino acid
sequence of EF-Lm, an exposed region was identified
(EKVRFIPIS, 186-194aa) that is conserved, which is asso-
ciated with the modulation of protein translation (shown in
green box, Fig. 1C) (López et al. 2007).

Likewise, the amino acid sequence analysis of EF-Lm
revealed the presence of two immunoreceptor tyrosine-based
inhibitory motifs, which are also conserved (xxxYAxV)
(shown in red boxes, Fig. 1C), since in other studies focused
on the structural analysis of EF-1a of L. donovani these
conserved regions had been identified by Nandan et al.
(2003). These motifs are potential binding sites to SH2-
domain-containing proteins, which explains the ability of
Leishmania EF-1a to bind SHP-1 and perform its non-
canonical function. In addition, the prediction of the tertiary
structure of the EF-Lm and EF-Ld proteins was performed,
obtaining a 98.8% identity in the structural comparison be-
tween both proteins; however, this difference in a single
nucleotide does not generate structural modification of the
protein (Fig. 1D) (Kelley et al. 2015).

The gene was inserted into pETSUMO expression system,
and expressed as recombinant sumo-fusion protein that was
purified and evidenced as 63-kDa band, which includes the
50 kDa of EF-1a plus 13 kDa of sumo-protein (Fig. 1E).
Likewise, the antigenicity of rEF-Lm was confirmed by
Western blot, where a 63-kDa reactive band was observed,
showing that rEF-Lm presents antigenicity reacting with the
sera of patients with parasitological diagnosis of CL
(Fig. 1F).

Discussion

The production of rEF-Lm gives the possibility of in-
creasing our knowledge about this molecule, including a
more detailed study of the interaction with SHP-1 in mac-
rophages or dendritic cells, contributing to elucidate the

immunological mechanisms involved in host–parasite rela-
tionship of CL caused by L. mexicana as was reported in VL
by L. donovani (Nandan et al. 2003). The antigenicity of rEF-
Lm evidenced in this study was similar to that reported for
other parasites, such as Giardia duodenalis, where EF-1a has
been identified as an immunoreactive protein during acute
infection (Skarin et al. 2011).

In addition, the immunogenicity properties of rEF-Lm
suggest that it can be used in a more extensive study of host–
parasite relationship, or it can be evaluated as a candidate for
designing a diagnosis method of CL, as proposed for other
recombinant proteins such as rLdPDI and rKLO8 from
L. donovani (Kushawaha et al. 2012, Abass et al. 2013).
However, the possible cross-reactivity with other related
parasites such Trypanosoma cruzi should be evaluated. Fi-
nally, rEF-Lm can also be evaluated as a vaccine candidate
against CL or other Leishmaniasis variants.

Conclusion

This study showed for the first time the cloning of L.
mexicana EF-1a full-length gene, as well as its recombinant
expression and purification. The purified recombinant protein
(rEF-Lm) presents immunoreactivity against sera of CL pa-
tients, showing that it can be used in further studies that
involve EF-1a and supports further research in host–parasite
interaction.
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Héctor S. López-Moreno

Laboratorio de Biomedicina Molecular
Posgrado en Biotecnologı́a

Facultad de Ciencias Quı́mico Biológicas
Universidad Autónoma de Sinaloa

CP. 80010, Culiacán
Sinaloa
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