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A B S T R A C T   

Visceral leishmaniasis (VL) is a protozoan disease caused by Leishmania infantum in the Mediterranean region 
including Iran. In 95% of cases, the disease can be fatal if not rapidly diagnosed and left untreated. We aimed to 
identify immunoreactive proteins of L. infantum (Iranian strain), and to design and evaluate a recombinant multi- 
epitope antigen for serodiagnosis of human VL. To detect the immunoreactive proteins of L. infantum promas-
tigotes, 2DE immunoblotting technique was performed using different pooled sera of VL patients. The candidate 
immunoreactive proteins were identified using MALDI-TOF/TOF mass spectrophotometry. Among 125 immu-
noreactive spots detected in 2-DE gels, glucose-regulated protein 78 (GRP78), ubiquitin-conjugating enzyme E2, 
calreticulin, mitochondrial heat shock 70-related protein 1 (mtHSP70), heat shock protein 70-related protein, i/6 
autoantigen-like protein, ATPase beta subunit, and proteasome alpha subunit 5 were identified. The potent 
epitopes from candidate immunodominant proteins including GRP78, mtHSP70 and ubiquitin-conjugating 
enzyme E2 were then selected to design a recombinant antigenic protein (GRP-UBI-HSP). The recombinant 
antigen was evaluated by ELISA and compared to direct agglutination test for detection of anti L. infantum human 
antibodies. We screened 34 sera of VL patients from endemic areas and 107 sera of individuals without 
L. infantum infection from non-endemic area of VL. The recombinant protein-based ELISA provided a sensitivity 
of 70.6% and a specificity of 84.1%. These results showed that GRP78, ubiquitin-conjugating enzyme E2, and 
mtHSP70 proteins are potential immunodominant targets of the host immune system in response to the parasite 
and they can be considered as potential candidate markers for diagnosis purposes.   

1. Introduction 

Leishmaniasis is a vector-borne disease caused by Leishmania species. 
The disease is transmitted by the bite of phlebotomine sandflies. Based 
on recent infectious disease burden statistics, leishmaniasis is the second 
and fourth most common cause of death and morbidity in tropical area, 

respectively (Bern et al., 2008; WHO, 2019). Visceral leishmaniasis (VL), 
also known as kala-azar, is the most severe form of leishmaniasis that is 
caused by Leishmania donovani complex. The visceral disease is found in 
97 countries, mostly in tropical and subtropical areas. The disease can be 
fatal if not rapidly diagnosed and left untreated. There is an estimated 
incidence of 50,000 to 90,000 new cases per year worldwide (WHO, 
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2017; WHO, 2019). In Iran, the Mediterranean visceral leishmaniasis 
(MVL) form is caused by Leishmania infantum (Hajjaran et al., 2013). 
Although sporadic occurrence of MVL has been reported, the disease is 
mostly endemic in northwest, southwest, southern, and recently in 
northeastern parts of Iran (Mohebali, 2013). From 2002 to 2012, a total 
number of 1698 serologically positive VL cases were recorded in Iran, 
with more than 90% of the cases were children younger than 12 years in 
the endemic areas (Mohebali, 2013). 

The microscopic identification of amastigotes of the parasite in as-
pirates of spleen, bone marrow or lymph node is considered as the gold 
standard for the diagnosis of VL. This invasive method offers a high 
specificity but suffers from variable sensitivity and strongly relies on the 
number parasites in the biopsy, the clinical form, the tissue, the sam-
pling process, and the technical skill of the operator (Chappuis et al., 
2007). Serological methods such as direct agglutination (DAT), indirect 
immunofluorescence assay (IFA), and enzyme-linked immunosorbent 
assay (ELISA) are commonly used for the detection of anti-Leishmania 
antibodies in the sera of VL patients (Sarkari et al., 2018; Sundar and 
Rai, 2002). 

The sensitivity of serological tests for VL diagnosis is relatively 
higher than parasitological methods and their specificity depends on the 
antigen used. Serological methods are generally unreliable because they 
cannot distinguish active infections from past infections. In addition, 
cross-reactivity with other parasitic diseases is another problem re-
ported for serological methods, particularly when crude antigens are 
used (Do Rosário et al., 2005; Sarkari et al., 2018; Sundar and Rai, 
2002). The use of recombinant or purified Leishmania antigens such as 
rKE16, rKE26, rKE39, rA2, rHSP83, PQ10, PQ20, heat shock protein 70 
(HSP70), and glucose-regulated protein 78 (GRP78) has improved 
serological methods for the sreodiagnosis of leishmaniasis (Farahmand 
and Nahrevanian, 2016; Hosseini Farash et al., 2017; 2020; Jensen et al., 
2002; D. Kumar, 2013). 

The improvement in the diagnosis of leishmaniasis depends on the 
advancement of the diagnostic techniques and the availability of suit-
able biomarkers. The evolution of immunoproteomics approach has 
provided a powerful tool for the discovery of Leishmania proteins, spe-
cifically recognized by sera of VL patients. Therefore, these antigenic 
proteins have been suggested as biomarkers for serodiagnosis of human 
visceral leishmaniasis (HVL) and canine visceral leishmaniasis (CVL) as 
well as ELISA-based diagnostic of VL. 

In this context, the identification of novel antigenic proteins from 
local or native L. infantum strains is highly demanded for improving the 
sensitivity and specificity of the serodiagnostic tests. Variability in hu-
moral response against different parasitic antigens at different stages of 
the disease suggests that a combination of immunodominant epitopes of 
several antigens can potentially improve the diagnosis efficiency. 

The aim of the present study was to identify immunoreactive pro-
teins of L. infantum (Iranian strain) and to design and evaluate a re-
combinant multi-epitope antigen for serodiagnosis of HVL. 

2. Material and methods 

2.1. Identification of L. infantum immunoreactive proteins 

2.1.1. Serum samples 
The VL-positive sera were obtained from cryopreserved VL-positive 

human serum samples, collected and stored at the leishmaniasis 
research laboratory of Tehran University of Medical Sciences from 2010 
to 2017. The cryopreserved sera were obtained from 30 patients with 
parasitologically confirmed VL in endemic areas of Iran. 

Serum samples were tested by direct agglutination test (DAT) using 
L. infantum promastigotes according to the method described by Harith 
et al. (1986). Individuals with specific Leishmania antibodies at a titra-
tion of 1:3200 or higher with specific clinical manifestations of VL (i.e. 
fever, hepatosplenomegaly, and anemia) were considered as VL positive 
and those with antibody titers below 1:800 were considered as VL 

negative (Mohebali et al., 2006). Based on the DAT results, forty-five 
human sera (30 VL-positive and 15 VL-negative) were used to prepare 
9 (P1–P9) pooled sera, consisting of 6 VL-positive and 3 VL-negative 
pools. The 6 VL-positive pooled sera contained 3 pooled sera with 
high antibody titer 1:12800–1:102400 and 3 with low antibody titer 
1:3200–1:6400. The 3 VL-negative pooled sera (negative controls) were 
prepared from serum samples of healthy adults from a non-endemic area 
of Iran. They had no documented history of infection or exposure to 
Leishmania parasites and were DAT negative for VL. 

This study was approved by the Ethics Committee of Tehran Uni-
versity of Medical Sciences under ethics code: IR-TUMS-VCR-REC-1395- 
721. 

2.1.2. L. infantum culture and protein extraction 
L. infantum promastigotes (MCAN/IR/14/M14) were grown at 24 ◦C 

in RPMI 1640 medium (Gibco, USA) supplemented with 10% heat- 
inactivated fetal calf serum and were harvested at the late log phase. 
The cells were washed three times with phosphate buffered saline (PBS: 
pH 7.4). The parasitic concentration was adjusted to 3×108 promasti-
gotes/mL. Proteins were extracted using trichloroacetic acid (TCA)/ 
acetone precipitation method described by Damerval et al. (1986). The 
concentration of extracted proteins was determined by Bradford assay 
using bovine serum albumin (BSA) as standard (Bradford, 1976). 

2.1.3. 2-DE and 2-DE immunoblotting analysis 
For isoelectric focusing, 200 μg of total protein extract was solubi-

lized in 125 μL of rehydration buffer [7 M urea, 2 M thiourea, CHAPS 2% 
(w/v), 40 mM DTT, 5% immobilized pH gradient (IPG-buffer, pH 4–7), 
and 0.002% bromophenol blue]. The solubilized samples were loaded 
onto immobilized linear pH gradient (IPG) strips (7 cm, linear gradient 
of pH 4–7; BioRad). Rehydration was performed at room temperature 
(RT) overnight in a reswelling tray overlayered with mineral oil to 
prevent oxidation and drying. Isoelectric focusing (IEF) was performed 
using a PROTEAN IEF cell (BioRad, USA) at 20 ◦C. Voltage ramping 
linearly increased from 50 V to 4000 V as follows: 20 min at 50 V, 30 
min at 200 V, 1 h at 1000 V, 1 h at 2000 V, 2 h at 4000 V, and finally 
4000 V until 13,000 Vh. After IEF, IPG strips were first reduced with 2% 
(w/v) DTT and then alkylated using 2.5% iodoacetamide for 15 min in 
equilibration solution containing 6 M urea, 2% (w/v) sodium dode-
cylsulfate (SDS), 75 mM Tris-HCL buffer (pH 8.8), 30% glycerol and 
0.002% bromophenol blue. The equilibrated IPG strips were rinsed with 
de-ionized water and placed on top of 12% SDS-polyacrylamide gels and 
sealed with 1% (w/v) agarose. Electrophoresis was performed in a Mini- 
Protean II system (BioRad, USA) and a Tris/glycine/SDS buffer at 100 V 
for 90 min (Gharechahi et al., 2014). The protein spots were stained by 
silver nitrate (Merck, Germany) and colloidal Coomassie brilliant blue 
(CBB) G-250 (Sigma, Germany). The stained gels were scanned using a 
GS-800 calibrated densitometer (BioRad, USA). The molecular weights 
of the proteins on gels were determined by co-electrophoresis of a 
pre-stained standard protein marker (Sinaclon Inc., Tehran, Iran, Cat 
number: SL7002). The pI of the proteins was determined by the relative 
migration of the protein spots on 7 cm IPG strips with linear gradient 
(4–7) of pH using Image Master 2D Platinum 6.0 software package. To 
calibrate pI, values provided by the supplier of the IPG strips were used 
in the software. 

To identify the immunoreactive L. infantum promastigote proteins, 
western blotting analyses were performed using sera samples from both 
VL patients and healthy individuals. The proteins resolved in 2-DE gels 
were electro-transferred onto polyvinylidene difluoride (PVDF) mem-
branes by wet blotting for 4 h at 70 V (300 mA). Free binding sites on the 
membranes were blocked in 5% (w/v) skim milk, 0.05% Tween-20 in 
tris buffered saline (TBS) by overnight incubation at 4 ◦C, followed by 
incubation with pooled sera (infected cases or uninfected controls) at 
1:10000 dilution for 2 h at RT. Membranes were then treated with 
peroxidase-labeled affinity-purified rabbit anti-human IgG H&L conju-
gate (ab6759, Abcam) at a dilution of 1:50000 for 1 h at RT. The 
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membranes were washed between each step with TBS plus 0.05% 
Tween-20 (TBS-T) (Coelho et al., 2012). Finally, immunolabeled protein 
bands were detected using ECL prime western blotting detection reagent 
(GE Healthcare, UK), and digitized by Kodak Image Station 4000 MM 
PRO Imaging System (USA). 

2.1.4. Selection of immunoreactive spots and MS analysis 
The immunoblots from infected and uninfected human sera samples 

were aligned using Melanie software and visually inspected. Fifteen 
immunoreactive spots on immunoblots showing the highest binding 
affinity with sera from infected individuals were selected for protein 
identification. The immunoreactive spots of the western blots were 
matched to their corresponding spots on the coomassie-stained gels. The 
selected immunoreactive spots were manually excised from 2-DE gels 
for mass spectrometry-based protein identification. 

The spots were sent to the Bioscience Technology Facility, Depart-
ment of Biology, University of York (York, UK) for trypsin in-gel 
digestion and MALDI-TOF/TOF-MS analysis as described previously 
(Gharechahi et al., 2014). MALDI-TOF/TOF-MS was performed using a 
Bruker ultraflex III MALDI-TOF/TOF (Bruker Daltonics, Bremen, Ger-
many). The resulting peptide pick lists were searched against L. infantum 
proteins in NCBI (8173 sequences; 5142613 residues) and UniProt 
(551705 sequences; 197114987 residues) databases using MASCOT 
search engine. 

2.2. Immuno-bioinformatics analysis and recombinant fusion protein 
design 

Three L. infantum immunodominant proteins GRP78, mitochondrial 
HSP70 (mtHSP70), and Ubiquitin-conjugating enzyme E2 with strong 
immunoreactivity based on western blot analysis were selected for 
immuno-bioinformatics analysis and recombinant fusion protein design. 

The amino acid sequence of L. infantum (strain JPCM5) candidate 
immunoreactive proteins were retrieved from the NCBI database with 
the following accession numbers: XP_001470161.1, XP_001468943.1, 
and XP_001467093.1. The presence of signal peptides and the location 
of cleavage sites on proteins were predicted by SignalP 5.0 server 
(Almagro Armenteros et al., 2019). The secondary structure of candidate 
proteins was predicted using the improved self-optimized prediction 
method (SOPMA) (Geourjon and Deléage, 1995). The tertiary structure 
of the proteins was predicted using the iterative threading assembly 
refinement (I-TASSER) online prediction server which uses 
template-based homology modeling method to predict the protein 
structure (Yang and Zhang, 2015). The quality of the predicted models 
for each antigen was determined using ramachandran plot analysis. 

The linear B cell epitopes for three immune-dominant proteins were 
predicted using multiple online prediction servers including IEDB, 
LBTope, ABCpred, SVMTrip, Bepipred, and BCPREDS (El-Manzalawy 
et al., 2008; Jespersen et al., 2017; Saha and Raghava, 2006; Singh et al., 
2013; Vita et al., 2009; Yao et al., 2012) based on amino acid propensity 
scales (hydrophilicity, accessibility, flexibility, and antigenicity prop-
erties) and machine learning–algorithm. The conformational and 
discontinuous B cell epitopes were predicted using DiscoTope and 
ElliPro online prediction tools which relies on three dimensional (3D) 
structure of the proteins (Haste Andersen et al., 2006; Ponomarenko 
et al., 2008). 

For each protein, peptide sequences with the highest linear and 
conformational B cell epitopes as well as high antigenicity score were 
selected for construction of a multi-epitope fusion antigen. The se-
quences of selected peptides were then fused using a flexible amino acid 
linker Gly4Ser (GGGGS). The secondary and 3D structures of the fusion 
protein were predicted using SOPMA and Phyre2 servers, respectively. 
The physico-chemical properties of the constructed peptide were 
determined using the online prediction software ProtParam (Gasteiger 
et al., 2005). Antigenicity and solubility of the fusion protein were 
determined using ANTIGENpro and SOLpro servers, respectively. 

2.3. Cloning, expression and purification of the recombinant antigen 

The fusion protein was back-translated to DNA, and its nucleotide 
sequence was optimized for maximal protein expression in E. coli using 
OptigeneTM software (Generay Codon Optimization Analysis Platform). 
The sequence of BamH1 and EcoR1 restriction sites were also added to 
the 5′ and 3′ ends of sequence, respectively. 

The codon optimized gene was synthesized by Generay Biotech-
nology Company (http://www.generay.com.cn) and cloned into the 
BamH1/EcoR1 sites of a pET-28a (Novagen, Madison, WI) expression 
vector. 

The pET-28a (6314bp) vector containing the GRP-UBI-HSP gene 
construct (957bp) was diluted in 50 μL of UltraPure™ DNase and RNase- 
free distilled water (Invitrogen, USA) and stored at − 20 ◦C. The E. coli 
BL21 (DE3) (novagen) was used as the host for protein expression. 
Calcium chloride (CaCl2 0.1 M) method was used to make E. coli BL21 
competent cells. Competent cells were transformed with pET-28a/GRP- 
UBI-HSP afterwards and cultured on Luria-Bertani (LB) agar medium 
supplemented with kanamycin (50 μg/mL) at 37 ◦C overnight. The 
transformed colonies were picked and cultured in LB broth medium 
supplemented with kanamycin (50 μg/mL) to a mid-log growth phase 
(O.D.~0.6 at 600 nm), and were induced with 1 mM isopropyl-β-D 
thiogalactopyranoside (IPTG) (Sigma, USA). After induction, the culture 
was incubated in a shaker incubator for 8 h at 37 ◦C and 150 rpm. The 
induced cells were centrifuged, suspended in lysis buffer (100 mM Tris, 
2 M urea, 1 mM DTT, 2% Triton X100, pH 7). The lysate was sonicated 
on ice with three 20-s pulses at high intensity and then centrifuged at 
15000×g for 15 min. Proteins released in the supernatant were analyzed 
by 12% SDS-PAGE method. The expressed recombinant protein with a 
His-tag fused to its N-terminal was purified using Ni-NTA agarose resin 
column (QIAGEN, Germany) according to the manufacture’s protocol. 
The purity of the obtained fractions was evaluated using 12% SDS- 
PAGE. The recombinant protein concentration was determined using a 
BCA protein quantification kit (Parstous Biotechnology, Iran). 

The expression of GRP-UBI-HSP protein was confirmed by western 
blot using an anti His-tag antibody. Briefly, the purified recombinant 
protein was transferred from the gel onto PVDF membrane (GE 
Healthcare, UK). The membrane was blocked with 5% skim milk in TBS- 
T at 4 ◦C overnight. The membrane was incubated with anti His-tag HRP 
conjugated antibody (Sigma-Aldrich, USA) at a 1:2000 dilution for 2 h. 
Protein bands were developed using DAB (3,3′- diaminobenzidine) and 
H2O2 in PBS. 

The immunogenicity of GRP-UBI-HSP protein was evaluated by 
western blotting using the sera of VL patients and healthy controls. The 
PVDF membrane transblotted with fusion protein was then probed with 
pooled sera of VL patients and healthy individuals at a 1:400 dilution for 
2 h. Bound human antibodies were detected by 1:2500 diluted HRP- 
conjugated rabbit anti-human IgG H&L (ab6759, Abcam) and visual-
ized using DAB. 

2.4. Evaluation of the recombinant antigen 

To evaluate the recombinant antigen by ELISA for detection of anti 
L. infantum antibodies in human, 141 sera samples were examined. The 
sera samples included 34 sera samples from individuals showing clinical 
manifestations of VL with a DAT titer of ≥1:3200 and diagnosed as VL 
positive and 107 VL-negative sera samples. The VL-negative samples 
included 90 sera samples collected from individuals without clinical 
manifestations which were DAT negative, besides 17 sera samples from 
individuals suffering from different infectious diseases: cutaneous 
leishmaniasis (CL, n = 4), toxoplasmosis (n = 2), malaria (n = 1), 
hydatidosis (n = 3), strongyloidiasis (n = 2), fascioliasis (n = 3), 
tuberculosis (n = 1), and syphilis (n = 1). 

Indirect ELISA was used to detect anti- IgG antibodies against the 
recombinant GRP-UBI-HSP antigen. To setup the ELISA test, microtiter 
plates (Nunc, Denmark) were coated with 50 ng/well of recombinant 
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protein in a carbonate buffer (pH 9.6) at 4 ◦C overnight. Afterwards, 
nonspecific binding sites were blocked with 2.5% (w/v) skim milk in 
PBS at 4 ◦C overnight. Subsequently, 1:400 dilutions of human sera (VL 
patients, healthy individuals, and patients with other infectious dis-
eases) were added to the plates followed by incubation with 1:50000 
diluted HRP conjugated anti-human IgG antibody (ab6759, Abcam). The 
plates were then incubated at 37 ◦C for 1 h and washed three times with 
PBS containing 0.05% Tween-20 (PBS-T). Finally, 100 μl of 3,3′,5,5′- 
tetramethylbenzidine (TMB) substrate was added to each well and the 
plates were incubated for 15 min at RT in the dark. The reaction was 
stopped by adding 50 μl of 2 M H2SO4 and then the optical density was 
measured at 450 nm. 

For recombinant antigen-ELISA test, the best cut-off value was 
determined by generating receiver operator characteristic analysis 
(ROC) using GraphPad Prism v 8 (GraphPad Prism Inc., San Diego, CA). 
The validation parameters for ELISA test were calculated in comparison 
with DAT according to the Smith’s method (Smith and Hadgu, 1992). 

3. Results 

3.1. Identification of L.infantum promastigote immunoreactive proteins 

We obtained high resolution and reproducible 2-DE maps of the 
protein extracts of L. infantum. Approximately, 422 spots were visualized 
in 2-DE gel stained with CBB G-250 (Fig. 1) and 933 spots in the gel 
stained with silver nitrate. 

Incubation of 2-DE immunoblots with VL patient’s sera revealed the 
presence of 125 antigenic spots with varying intensities (Fig. 2A–F). 
Most of the immunoreactive spots were located in the pI range 5–6.5. 
Approximately, 65 protein spots specifically reacted with high titer sera 
and 8 spots with low titer sera of infected individuals. Fifty-two spots 
were shared between the two groups and three spots cross reacted with 
negative sera (Fig. 2G-I). 

Since the detection sensitivity of CBB staining is far less than 
antibody-based detection, only 68 spots (54.4%) out of 125 immuno-
reactive spots could be reliably detected in CBB G-250 stained gel 
(Fig. 1). 

For protein identification, fifteen immunoreactive spots were 
analyzed using MALDI-TOF/TOF mass spectrometry. MS analysis iden-
tified 18 proteins which eleven proteins were identified with at least 2 
matched peptides and 7 proteins with a single peptide and thus 

discarded from further analysis. A single spot (spot #30) contained 
multiple identified proteins. The identified proteins were functionally 
classified using Uniprot database. Most of the immunoreactive proteins 
were involved in stress response, chaperone function, protein synthesis 
and catabolism, as well as nucleic acid metabolism. The details of pro-
teins identified are presented in Table 1. 

3.2. Immuno-bioinformatics analysis and recombinant protein design 

Based on western blot analysis, three candidate L. infantum proteins 
with strong immunoreactivity were selected GRP78, ubiquitin- 
conjugating enzyme E2, and mtHSP70. Signal peptide prediction 
revealed the presence of a signal peptide in GRP78 (positions 1–27) and 
mtHSP70 (positions 1–26), indicating they might be targeted for 
secretion or membrane. Before any further analyses, the signal peptide 
sequences were omitted from protein sequences. 

Structure prediction revealed a high ratio of alpha helix and random 
coils in the secondary structure of all three proteins. Tertiary structures 
were generated by ITASSER web server. The confidence of the predicted 
models was determined quantitatively by a C-score. The model having 
the highest C-score amongst the homology modelling of the three pro-
teins was selected. The C-score values of GRP78, ubiquitin-conjugating 
enzyme E2, and mtHSP70 were 0.06, 1.41, and 0.25, respectively. 

Five peptides including two peptides of GRP78, two peptides of 
mtHSP70, and one peptide of ubiquitin-conjugating enzyme E2 were 
included in the multi-epitope fusion protein. The selected peptides had 
the highest antigenic epitopes and frequently occurred in the predictions 
of all servers. Amino acid sequences of the selected peptides are pre-
sented in Table 2. The sequences of the selected peptides were joined 
together using Gly4Ser (GGGGS) linkers (Fig. 3A). 

The predicted secondary and 3D structures of the fusion protein are 
displayed in Fig. 3B and C. The elements of the secondary structure of 
the fusion protein were predicted as follows: α-helixes (19.11%), β-turns 
(10.19%), extended strands (30.25%), and random coils (40.45%). The 
high ratio of extended strands and random coils in the secondary 
structure suggests that the protein correctly presents the antigenic 
epitopes. 

The molecular weight, number of amino acids, and theoretical pI of 
the fusion protein were predicted as 33.85 kDa, 314, and 5.08, respec-
tively. An instability index of 45.64 suggested that the protein is un-
stable. The aliphatic index as an indicator of thermostability was 
calculated to be 74.24. The predicted grand average of hydropathicity 
(GRAVY) was − 0.462 indicating the hydrophilicity of the protein. The 
results of ANTIGENpro and SOLpro servers indicated that the fusion 
protein had the antigenicity probability of 0.88 and the solubility 
probability of 0.65. 

3.3. Production of the recombinant antigen 

The codon adaptation index (CAI) of the optimized nucleotide 
sequence was 0.97. The CAI value greater than 0.9 indicates a high 
expression level. The GC content of the gene was 46%. The recombinant 
expression plasmid was expected to express a fusion protein with a 
molecular weight of 40 kDa. SDS-PAGE analysis of crude protein lysate 
showed a sharp protein band of about 40 kDa (Fig. 4A), which was 
specifically recognized by anti- His tag Ab (Fig. 4B). The recombinant 
protein was only reacted to the pooled sera from VL patients but not 
healthy individuals (Fig. 4C), confirming the immunogenicity of the 
recombinant protein. 

3.4. Evaluation of the recombinant antigen 

To investigate the reactivity of L. infantum recombinant GRP-UBI- 
HSP protein toward the patient’s sera, the purified protein was used 
as a target antigen in ELISA. Twenty-four out of 34 sera from VL patients 
reacted with our recombinant protein. In contrast, 90 out of 107 sera 

Fig. 1. 2-DE profile of the total protein extract of L. infantum promastigotes 
protein (200 μg) were separated based on their net charge (first dimension: IEF 
pH range 4–7) and their molecular weights (second dimension: 12% SDS- 
PAGE), and stained with CBB/G-250. Numbered spots were immunoreactive 
proteins detected by western blotting. 
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Fig. 2. Two-DE immunoblot analysis of total protein extracts from L. infantum promastigotes. 2-DE separated proteins were transferred to PVDF membranes and 
probed with different pools of high titer sera from infected humans (A, B, C), low titer sera from infected humans (D, E, F), and sera from uninfected humans (G, H, I). 
Immunoblots were developed with peroxidase conjugated anti- IgG antibodies. 

Table 1 
Immunoreactive proteins identified using MALDI-TOF/TOF MS analysis.  

Function/Biological process Spot 
IDa 

Protein name Uniprot(Acession 
Number) 

Gene name MW (kDa) 
(The/Exp)b 

PI(The/ 
Exp)c 

Scored MP/% 
Sce 

Protein synthesis and catabolism/ 
Ubiquitin- dependent protein catabolic 
process 

4 Proteasome alpha 5 subunit, 
putative 

A4HZI9 LinJ_21_2200 26/27 5.14/ 
5.17 

477 6/32 

Protein synthesis and catabolism/Ubiquitin 
conjugation pathway 

18 Ubiquitin-conjugating 
enzyme E2, putative 

A4IB24 LinJ_35_1310 16/13 6.08/ 
6.09 

205 3/24 

Chaperone/Protein folding 27 Calreticulin, putative A4I765 LinJ_31_2670 45/58 4.58/ 
4.53 

214 3/7 

Stress response/chaperone, protein folding 30 Heat shock protein 70- 
related protein(HSP70.4) 

A4I253 LinJ_26_1220 70/69 5.09/ 
5.23 

81 2/4 

50 mtHSP70[Leishmania major] P12076 HSP70.1 68/68 5.52/ 
5.62 

232 2/5 

66 HSP70.4 A4I253 LinJ_26_1220 70/66 5.09/ 
5.17 

900 9/19 

70 mtHSP70 A4I5S5 LinJ_30_2480 71/68 5.8/5.76 572 7/14 
Stress response/chaperone, carbohydrate 

metabolism 
30 Glucose-regulated protein 

78, putative 
A4I3J9 LinJ_28_1310 71/69 5.08/ 

5.23 
311 4/8 

31 Glucose-regulated protein 
78, putative 

A4I3J9 LinJ_28_1310 71/69 5.08/ 
5.28 

305 4/8 

Nucleotide and nucleic acid metabolism/ 
ATP synthesis 

34 ATPase beta subunit, 
putative 

A4I1G1 LinJ_25_1210 56/57 5.14/5.1 349 5/14 

Unknown function 12 i/6 autoantigen-like protein A4I005 LinJ_22_1310 23/27 5.68/ 
5.66 

108 2/8  

a The number assigned to the spot in 2-DE gels. 
b Theoretical and experimental molecular weights (MW, in kDa). 
c Theoretical and experimental isoelectric points (pI). 
d The sum of all peptide score values. 
e Number of matched peptides (MP)/sequence coverage percentage (% SC). 
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Table 2 
The sequence of the selected peptides used for construction of the chimeric protein (GRP-UBI-HSP).  

Protein name Peptide 
name 

Sequence amino acid 

GRP78 GRP1 Residue 352–399: EDAKLKKSDIDEIVLVGGSTRIPKVQQLIKDFFSGKEPNKGINPDEAV 
GRP2 Residue 460–541: 

YQDNQPSVLIQVFEGERGMTKDNRLLGKFDLSGIPPAPRGVPQIEVAFDVDENSILQVTASDKSSGKREEITITNDKGRLSE 
ubiquitin-conjugating enzyme 

E2 
UBI Residue 24–64: 

GPVSESDLFNWKATIIGPEDSPYAGGLFFLNIHFPSDYPFK 
mtHSP70 HSP1 Residue 444–493: HIFTTVDDGQTAIKFQVFQGEREVASKNQMMGQFDLSGIAYAPRGVPQIE 

HSP2 Residue 260–330: 
ILEEFRKTSGIDLSKERMALQRVREAAEKAKCELSSAMETEVNLPFITANADGAQHIQMHISRSK FEGITQ  

Fig. 3. Properties of the recombinant protein. (A) Schematic illustration of the designed recombinant protein and expressed recombinant protein in pET-28a vector. 
GRP1 and GRP2: peptides of GRP 78, UBI: peptide of ubiquitin-conjugating enzyme E2, HSP1 and HSP2: peptides of mtHSP70. Amino acid sequences of the selected 
peptides are presented in Table 2 (B) Secondary and (C) 3D structures of designed recombinant protein. 

Fig. 4. Expression and western blot analysis of the recombinant protein. (A) SDS-PAGE analysis of total protein extract of the bacteria expressing the recombinant 
protein. Lane 1: prestained protein MW marker. Lane 2: soluble part of crude extract of E. coli BL21 without pET28-a vector (control negative). Lane 3: soluble part of 
crude extract of E. coli BL21 containing pET28-a/GRP-UBI-HSP gene. GRP-UBI-HSP protein (40 kDa) was marked with arrow. (B) Western blot analysis of the re-
combinant protein was probed with anti His-tag antibody. Lane 1: prestained protein marker. Lane 2: soluble part of the crude extract of E. coli BL21. Lane 3: soluble 
part of the crude extract of E. coli BL21 containing pET28-a/GRP-UBI-HSP gene. (C) Analysis of immunogenicity of GRP-UBI-HSP protein by western blotting. Lane 1: 
prestained protein marker. The recombinant protein was probed with pooled sera of VL patients (lane 2), pooled sera of healthy controls (lane 3). 
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from individuals without L. infantum infection did not react with the 
protein. The absorbance values of GRP-UBI-HSP antigen-based ELISA for 
the sera of various groups are displayed in Fig. 5. Using a cut off value of 
1:320 for DAT and 0.41 for recombinant antigen-ELISA, the concor-
dance between these two tests was 0.51. 

Two out of four sera obtained from CL patients did weakly react with 
GRP-UBI-HSP antigen. However, sera from toxoplasmosis (n = 2), ma-
laria (n = 1), hydatidosis (n = 3), strongyloidiasis (n = 2), fascioliasis (n 
= 3), tuberculosis (n = 1), and syphilis (n = 1) patients did not react with 
the GRP-UBI-HSP antigen. 

The sensitivity and specificity of the recombinant antigen-based 
ELISA method were 70.6% (CI 95%: 53.83%–83.17%) and 84.1% (CI 
95%: 76.02–89.84%), respectively, compared to DAT for the detection 
of anti L. infantum antibodies in human. The positive and negative 
predictive values were found to be 58.53% and 90%, respectively. The 
accuracy and validity of the test were 80.85% and 77.35%, respectively. 

4. Discussion 

The evolution of immunoproteomics approach has provided a 
powerful tool for the discovery of Leishmania proteins specifically 
recognized by sera of VL patients, which can be used as biomarkers for 
serodiagnosis of HVL and CVL. The present study was sought to identify 
immunoreactive proteins of native Iranian strain of L. infantum pro-
mastigotes using immunoproteomics approach. Immunoblotting using 
sera of VL patients revealed 125 immunoreactive proteins in 2-DE gels. 
To minimize the diversity in immune response to L. infantum across 
individuals, different pooled sera of VL patients were used. Differences 
in the number of antigens and the immunoreactivity intensity of proteins 
between immunoblots may be due to the differences in disease stages 
(acute or chronic), parasitic antigenicity among different strains of 
L. infantum, and immunogenic differences of individuals. 

The identified immunoreactive proteins using MS/MS analysis are 
known to play important roles in physiological function and parasitic 
virulence. These included GRP78, mtHSP70, calreticulin, proteasome 
subunit, ATPase beta subunit, I/6 autoantigen-like proteins. Many of 
these proteins have already identified as immunodominant in Leish-
mania amastigotes and associated with humoral immune response in VL 
patients (Debrabant et al., 2002; Brotherton et al., 2014; Silva-Jardim 
et al., 2004; Jensen et al., 2001). Some of these proteins have been 

suggested as candidate biomarkers for serodiagnosis of VL (Dea-Ayuela 
et al., 2006; Forgber et al., 2006; D. Kumar et al., 2011). 

Some immunogenic antigens of Leishmania are members of HSPs 
such as mtHSP70 and GRP78. The high expression of HSPs in promas-
tigotes of Leishmania species during transmission and exposure of 
parasite to free radicals in the macrophage lysosome has been reported 
in previous studies (Hübel et al., 1997; Rico et al., 2002; Robert, 2003). 
HSPs play a role in both innate and adaptive immunity (Javid et al., 
2004; Kuppner et al., 2001; Robert, 2003). Leishmania HSP70 is an 
immunogenic protein and a strong stimulator of humoral immune re-
sponses in CL and VL patients (D. Kumar, 2013; S. Kumar et al., 2012; 
Rasouli et al., 2009). Due to the high similarity of the nucleotide se-
quences of HSP70 between different strains of L. infantum, HSP70 pro-
tein can be used in vaccine research for leishmaniasis as well as a 
diagnostic tool (Rasouli et al., 2009; Robert, 2003). 

GRP78 plays a key role in viability of Leishmania parasite in human 
(Jensen et al., 2001). Strong humoral and cellular immune responses 
against GRP78 has been observed during Leishmania infection in 
humans. It has been suggested that GRP78 can be used as a target an-
tigen in ELISA for serodiagnosis of human VL (Jensen et al., 2001, 2002; 
Yousif et al., 2008). The ubiquitin-conjugating enzyme E2 protein plays 
a critical role in the survival and pathogenesis of Leishmania (Muñoz 
et al., 2015). We provided evidence that GRP78, mtHSP70, and 
ubiquitin-conjugating enzyme E2 may have a diagnostic value and can 
serve as suitable markers for the serodiagnosis of VL. 

In recent years, recombinant fusion proteins have been used as bio-
markers to diagnose HVL and CVL. Due to the variation in humoral 
immune response to different parasitic antigens, fusion of antigenic 
epitopes in recombinant proteins can increase the magnitude of immune 
response and thereby improve the diagnostic efficiency. For example, 
rK28 is a chimeric protein containing multiple tandem repeat sequences 
of rK9, rK26, rK39 antigens which showed appropriate results in the 
diagnosis of CVL (Boarino et al., 2005). Q5 is another chimeric antigen 
containing repeated sequence of Lci3, Lci2, and Lci12 antigens which 
showed high sensitivity for detection of both HVL and CVL (Santos et al., 
2020). Previous study also showed that multicomponent chimeric an-
tigen containing epitopes from LiP2a, LiP2b, LiP0, H2A could serve as a 
suitable serodiagnostic tool for CVL (Soto et al., 1998). 

The key step in designing synthetic peptides for diagnosis purposes is 
to identify potential antigenic epitopes. Here, we tried to predict the 
linear and conformational epitopes of the candidate immunodominant 
proteins GRP78, mtHSP70, and ubiquitin-conjugating enzyme E2 using 
different bioinformatic approaches. For serodiagnosis of human VL, the 
highest antigenic peptides were combined to design a recombinant 
fusion antigen (GRP-UBI-HSP). 

We are the first group that used mtHSP70 and ubiquitin-conjugating 
enzyme E2 proteins of L. infantum for HVL serodiagnosis. The results of 
the GRP-UBI-HSP-based ELISA indicated the presence of immunological 
reactions against the recombinant epitopes in L. infantum infected pa-
tients. The sensitivity and specificity of the recombinant fusion protein 
-based ELISA test were determined to be 70.6% and 84.1%, respectively. 

The positive reactions in some negative controls are probably due to 
sequence similarity of L. infantum proteins with those of host proteins. It 
seems that a degree of cross-reactivity with recombinant antigen in some 
individuals may be due to the presence of antibodies against human 
proteins in autoimmune diseases. A weak reaction with the recombinant 
antigen in a few sera samples of CL patients was also observed. The high 
similarity of the amino acid sequence of L. infantum with that of Leish-
mania major might therefore be the cause. 

Researchers have reported antibody production against GRP78 in VL 
and post kala-azar dermal leishmaniasis (PKDL). It has been suggested 
that GRP78-based ELISA could be used as a confirmatory diagnosis for 
leishmaniasis based on clinical manifestations. In a previous study, 
GRP78 of L. donovani was used for serological evaluation of plasma 
samples which confirmed immune response against this antigen in 89% 
of VL patients, 78% of PKDL patients, and 85% of CL patients (Jensen 

Fig. 5. Antibody responses to recombinant GRP-UBI-HSP antigen in 34 visceral 
leishmaniasis patients (VL) and 107 negative controls (controls) in ELISA 
method. The continuous line shows mean OD in each group and dashed line 
shows the cut off value (OD = o.46). 
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et al., 2002). Yousif and co-workers reported that 72.4% of VL patients 
and 70% of PKDL patients had a high immune response against this 
antigen compared to the control group (Yousif et al., 2008). Our result 
indicated that 70.6% of VL patients had an immune response against the 
recombinant fusion antigen, which contained two antigenic peptides 
from GRP78 and mtHSP70 sequence and one from the 
ubiquitin-conjugating enzyme E2. 

The L. donovani and L. infantum HSP70 are important diagnostic 
antigens in Leishmania infection. Studies have shown that recombinant 
HSP70 of L. donovani was capable of detecting 92% of HVL (Wallace 
et al., 1992) and also HSP70 gene of the Iranian strain of L. infantum had 
a sensitivity of 81.8% and a specificity of 93.6% for the serodiagnosis of 
HVL (Rasouli et al., 2009). The researchers reported that the HSP70 
complete protein of L. infantum could not detect VL specifically because 
it also reacted with the serum of patients with Chagas whereas a syn-
thetic peptide of HSP70 specifically reacted with 78.9% of HVL sera 
(Quijada et al., 1998). Kumar and co-workers reported that recombinant 
BHUP1 antigen, which belongs to the HSP of L. donovani family, works 
better than the rK39 for the serodiagnosis of VL. Although its 
non-specific response to other infectious diseases limits its usefulness (D. 
Kumar, 2013). 

The results of this study show that a combination of immunopro-
teomics and immuno-bioinformatics analysis can be used as a novel 
approach for identification of new antigens to diagnose VL disease. We 
also observed that GRP78, ubiquitin-conjugating enzyme E2, and 
mtHSP70 are immuno-dominant targets of the host immune system 
response against the parasite. Therefore, they can be used as potential 
diagnostic markers for serodiagnosis of HVL. Improvements in the 
quality of the technique described in the present study could pave the 
way for the diagnosis of HVL and differentiate clinical and subclinical 
forms of this disease. 
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