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Abstract
Background. Toxoplasma gondii (T. gondii) is a ubiquitous protozoan parasite which causes a serious disease 
called toxoplasmosis. The high prevalence of T. gondii infection has attracted a great deal of interest in its 
diagnosis and treatment. The use of pure antigens shows high sensitivity and specificity, but challenges such 
as cross-reactivity remain diagnostic difficulties.

Objectives. The aim of this study was to use 3 surface antigens (SAGs) of T. gondii to design gene-encoding 
a multi-epitope and immunogenic protein as a serodiagnostic marker.

Material and methods. The multi-epitope antigen was expressed using Escherichia coli BL21 (DE3) cells 
and purified using affinity chromatography. To evaluate acute toxoplasmosis, 95 human sera with anti-T. gondii 
IgG, 25 human sera without anti-T. gondii IgG and 6 serum samples with nosocomial infections were collected 
and submitted to an enzyme-linked immunosorbent assay (ELISA) analysis. The potential of purified protein 
as a diagnostic marker of T. gondii infection was also investigated using ELISA analysis.

Results. The western blot analysis for both protein expression and purification confirmed that the protein was 
expressed and purified successfully. The results of validation showed a sensitivity of 72.6% and a specificity 
of 90.3% for recombinant ELISA.

Conclusions. Although this protein showed potential for detecting T. gondii, the sensitivity and specificity 
were lower than in tests that use the whole body of the parasite.
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Introduction

Toxoplasma gondii, a ubiquitous protozoan parasite, 
is one of the most successful pathogens that can infect 
almost all warm-blooded animals, including humans. 
The primary infection is mostly asymptomatic in humans, 
but it can cause severe damage, especially in pregnant 
women and immunocompromised hosts with T-cell de-
fects. For example, transmission from an infected mother 
to a fetus may lead to spontaneous abortion or stillbirth.1 
Recently, it has been found that T. gondii infection can 
correlate with neuropsychiatric disorders, including de-
pression and suicidal behavior.2

Toxoplasma gondii infection in humans occurs in 3 stag-
es, including tachyzoite, bradyzoite and oocyst environ-
mental stages. People can be infected through ingestion 
of oocytes. Tissue cysts containing bradyzoites appear 
in all warm-blooded animals, including humans. Rap-
idly replicating tachyzoites, which are responsible for 
acute toxoplasmosis, divide inside specialized vacuoles 
of the host cells.3 The complicated virulence is dependent 
on factors involved in the interaction between the parasite 
and the host in cell invasion and intracellular development, 
as well as factors involved in the host immune response. 
Resident surface proteins are among the virulence factors 
affecting the gliding, attachment and invasion of the para-
site. In initial studies on T. gondii, P30 (surface antigen 
SAG1), which causes strong antibody responses, was iden-
tified as a glycosylphosphatidylinositol (GPI)-anchored 
surface protein.4 Later investigations led to the detection 
of more surface antigens in T. gondii. These antigens have 
different roles in  pathogenesis, including attachment 
and invasion of  the  parasite to  the  host cells and im-
mune modulation. Surface antigens 2, 3, 4, 5, and SAG1-
related sequences (SRS) are other proteins on the surface 
of T. gondii tachyzoites and bradyzoites.5

Molecular factors involved in infection diseases are gen-
erally used as serodiagnostic markers. At the same time, 
serological tests that measure antibodies raised against 
infection are the primary methods for diagnosing T. gondii 
infection. These tests usually measure immunoglobulin M 
(IgM, as an indication of recent infection) or immuno-
globulin G (IgG) (as a demonstration of the immune status 
against a particular pathogen) antibody titers using labora-
tory methods. A panel of serological tests has been used 
to demonstrate specific antibodies against T. gondii.6 Al-
though conventional antibody screening against T. gondii 
(and also many other pathogens) is an optimal strategy 
to prevent and decrease mainly congenital type toxoplas-
mosis, the low accuracy of the crude native antigens makes 
them unsuitable for use in diagnostic methods. Further-
more, there are difficulties in standardizing diagnostic 
kits that employ native antigens. Therefore, assuming 
it may be fruitful to replace these antigens with alternative 
proteins and peptides, investigations have been inclined 
significantly towards alternative and standard methods 

with the help of suitable reagents with high diagnostic 
sensitivity. Recently, peptide-based antigens and poly-epi-
tope antigens have been considered by some researchers 
as increasing the sensitivity and specificity of diagnostic 
tests for some pathogens.7 In this method, only a highly 
immunogenic region of an antigen in the form of a pep-
tide or a poly-epitope protein is employed to diagnose 
the presence or absence of specific antibodies in human 
serum.

In the present study, we constructed a synthetic gene en-
coding epitopes and highly immunogenic regions of 3 sur-
face genes of T. gondii, namely SAG1 (P30), SAG2 (P22) and 
SAG3 (P43), for the production of a poly-epitope protein 
as a novel reagent to detect infection caused by T. gondii.

Material and methods

Sequence retrieval, in silico analysis 
and design of a poly-epitope protein

Nucleotide sequences for 3 surface antigens (SAG1, SAG2 
and SAG3) of the extremely virulent RH strain of T. gondii 
were obtained from the National Center for Biotechnology 
Information (NCBI; Bethesda, USA) Nucleotide Database. 
After translation into amino acid sequences, all 3 proteins 
were aligned with proteins from different virulent strains 
using the Clustal algorithm. The secondary and tertiary 
structures of  the proteins were considered for further 
evaluation. Amino acid distribution was analyzed using 
the  LRRfinder server (http://www.lrrfinder.com), and 
the transmembrane topology of the proteins was studied 
with methods available on the TMHMM server (http://
www.cbs.dtu.dk/services/TMHMM-2.0/) for investigat-
ing the  location of  immunogenic regions. The  IEDB,8 
ABCpred,9 Bcepred,10 and Bepipred11 web servers were 
used to predict B-cell epitopes; the epitopes were selected 
mainly on the basis of the Kolaskar and Tongaonkar antige-
nicity method.12 Finally, 3 immunogenic regions were cho-
sen from the surface antigens and then connected to each 
other with linker peptides. A 405-nucleotide sequence con-
taining epitopes was synthesized into the multiple cloning 
sites (MCS) of the pQE30 expression vector.

Expression and purification  
of the poly-epitope protein

The  recombinant pQE30 vector was analyzed us-
ing polymerase chain reaction (PCR) for confirmation 
of the synthesized sequence. After the transformation 
of the recombinant vector into Escherichia coli BL21 (DE3) 
cells, protein expression was induced by placing 1 mM 
of  the  final isopropyl-D-thiogalactopyranoside (IPTG) 
concentration in a Luria broth (LB) medium. Aliquots 
of the medium were removed 2 h and 3 h after the induc-
tion of protein expression. The cells were lysed in lysis 
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buffer (50 mM Tris-HCl, 10% glycerol, 0.1% Triton X-100, 
and 1 mM phenylmethylsulfonyl fluoride (PMSF)). To ver-
ify and assess the protein expression, western blot analysis 
was carried out on protein extracts. First, 2X SDS-loading 
buffer (100 mM Tris-HCl pH 6.8, 20% glycerol, 4% SDS, 
0.005% bromophenol blue, and 200 mM DTT) was added 
to the proteins, and then the samples were heated at 85°C 
for 5 min. The proteins of the cell extracts were sepa-
rated on a 12% polyacrylamide gel and run in 1X Tris-
Glycine SDS buffer (TGS). The proteins were transferred 
to a nitrocellulose membrane sheet and blocked with 3% 
skimmed milk powder in phosphate buffer saline (PBS) 
for 1 h. The membrane layer was washed 3 times in PBS 
with 0.1% Tween (PBST). Anti-polyhistidine-alkaline 
phosphatase (ALP) antibody in a 1:10,000 dilution was 
then used to incubate the membrane layer with 40 rpm 
shaking for 2 h. The washing step was repeated and finally 
bromo-color-indolyl-phosphate (BCIP) and nitro blue tet-
razolium (NBT) were applied to detect the target protein 
on the membrane sheet.

After confirmation of protein expression, the aliquots 
taken 3 h after induction were used for the protein puri-
fication process. Using the pQE30 vector, a His6 tag was 
conjugated to the target protein. In this process, the lysis 
of the cells was carried out in equilibrium buffer (2 M urea, 
20 mM Tris-HCl, 500 NaCl, 50 mM imidazole, 0.5% Triton 
X-100, and PMSF, pH 8) and the samples were sonicated 
on ice for 1 h. The lysate was centrifuged at 5,000 rpm for 
20 min, and the supernatant was poured into an Ni(II)-
based immobilized metal ion affinity chromatography 
column. The column was shaken for 1 h and then washed 
3 times with washing buffer (0.4 M urea, 20 mM Tris-HCl, 
500 NaCl, 50 mM imidazole, 0.5% Triton X-100, and PMSF, 
pH 8) and finally eluted with elution buffer (0.4 M urea, 
20 mM Tris-HCl, 500 NaCl, and 500 mM imidazole, pH 8). 
The purification process was confirmed with western blot 
analysis and dot-blot analysis. The western blot was car-
ried out as described above for the confirmation of protein 
expression, but instead of using the anti-polyhistidine ALP 
antibody, we used the anti-polyhistidine antibody conju-
gated to horseradish peroxidase (HRP) and its chromo-
genic substrate, 3,3′-diaminobenzidine (DAB), along with 
hydrogen peroxide (H2O2). For dot-blot, a drop of liquid 
from the purification process and a drop of flow-through 
were placed directly on a nitrocellulose membrane sheet; 
the  membrane was then blocked with skimmed milk, 
washed, incubated with anti-polyhistidine HRP antibody 
and detected with DAB, as in the process described for 
western blot analysis.

Serum samples and indirect IgG ELISA

The potential of purified protein as a diagnostic marker 
of T. gondii infection was investigated using enzyme-linked 
immunosorbent assay (ELISA) analysis. To evaluate acute 
toxoplasmosis, 95 human sera with anti-T. gondii IgG and 

25 human sera without anti-T. gondii IgG were collected 
from Nilou Medical Laboratory in Tehran, Iran, as well 
as 6 serum samples with nosocomial infections (infections 
other than toxoplasmosis). All of the serum samples were 
first analyzed using a commercial IgG ELISA kit (Euro-
immun AG, Lübeck, Germany). To set up the assay, dif-
ferent concentrations of purified protein in 1 × PBS were 
prepared and used to coat a polystyrene 96-well microti-
ter plate, which was incubated overnight at room tem-
perature. Afterward, the plate was washed 3 times with 
PBST (1 × PBS and 0.05% Tween 20) and then blocked with 
300 μL of 1% bovine serum albumin (BSA) in 1 × PBS for 
1.5 h. The plate was washed 3 times and 100 μL of a series 
of 2 anti-T. gondii IgG-positive and 2 anti-T. gondii IgG-
negative serum samples that had already been prepared 
using 1 × PBS were added to each well. The plate was left 
at room temperature for 2.5 h. The plate was again washed 
3 times; 100 μL of HRP-conjugated rabbit anti-human IgG 
(1:10,000 dilution in 1 × PBS) was added to each well; and 
the plate was left at room temperature for 1 h. After re-
washing the plate, 100 μL of 3,3’,5,5’-tetramethylbenzi-
dine (TMB) substrate was added, and after 15 min at room 
temperature, the reaction was stopped with 50 μL of 2N 
H2SO4. The optical density (OD) of each well was measured 
with an ELISA reader at wavelength 450 nm with a refer-
ence wavelength of 630 nm. The assay was repeated for all 
of the serum samples at a 1:200 dilution and with 1 μg/mL 
of purified protein. The mean ± standard deviation (SD) 
of all 25 anti-Toxoplasma IgG-negative serum samples was 
considered the cut-off value.

Statistical analysis

The sensitivity and specificity were calculated using 
the  VassarStats website (http://vassarstats.net/) with 
the following formulae: sensitivity = TP/(TP+FN) × 100 
and specificity = TN/(TN+FP) × 100 (TP – true positive, 
FN – false negative, TN – true negative, FP – false posi-
tive). The sensitivity and specificity were calculated with 
receiver operating characteristic (ROC) curve using Prism 
graphing and statistics software (GraphPad Software, San 
Diego, USA).

Results

Design of the poly-epitope protein

The alignment of amino acid sequences of 3 surface an-
tigens obtained from the RH strain showed high similarity 
with other pathogenic strains of T. gondii. The selection 
of immunological regions was based on the distribution 
of amino acids and transmembrane topology. The analysis 
of the predictions obtained from the TMHMM server 
showed that all 3 proteins were embedded on the cell 
surface and therefore available to the  immune system 
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(Fig. 1). The epitopes with high scores were selected, and 
the region with the most epitopes from each protein was 
identified. For SAG1, the amino acids 198–226 were se-
lected, for SAG2 the amino acids 116–164 were selected 
and for SAG3 the amino acids 234–276 were selected; 
subsequently, a poly-epitope protein was designed (Fig. 2). 

Fig. 4. Western blot analysis of expressed (left) and purified (right) 
proteins. Left: lane 1 – protein molecular size marker; lanes 2 and 3 
– lysate of induced cells 2 h and 3 h after induction; lane 4 – lysate of cells 
without the vector as a control. Right: lane 1 – lysate of induced cells after 
purification; lane 2 – protein molecular size marker; lane 3 – lysate of cells 
without the vector as a control

Fig. 3. PCR results of the multi-epitope gene 
fragment: lanes 1 and 2 – PCR product; 
lane 3 – DNA ladder

Fig. 2. Predicted 
tertiary structure 
of the multi-
epitope protein 
by the Phyre2 
protein fold 
recognition server

Fig. 1. Prediction of transmembrane topology of the p22, p30 and 
p43 proteins
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The size of the multi-epitope gene (405 bp) was confirmed 
with PCR (Fig. 3). The calculation of molecular weight 
showed a protein with a molecular weight of about 12 kDa.

Analysis of the purified protein

The western blot analysis of protein expression revealed 
that protein is expressed at both 2 h and 3 h after induc-
tion. The expressed protein was purified using affinity 
chromatography, after which western blot and dot-blot 
analysis confirmed that the protein was purified success-
fully but not completely (Fig. 4).

IgG ELISA analysis

The cut-off value was 1.65. From 95 serum samples with 
anti-T. gondii IgG, 69 cases were positive by poly-epitope 
protein. Two cases from the negative serum samples and 
1 case from the nosocomial infections were also positive 
(Fig. 5). The comparison of the results of the commer-
cial and recombinant ELISA assays indicated a sensitivity 
of 72.6% and a specificity of 90.3% for the recombinant 
ELISA (Table 1). Moreover, the result of the ROC curve 
analysis using GraphPad Prism software showed the area 
under the curve as 0.93 (0.88 to 0.97) with a 95% confidence 
interval (95% CI) (Fig. 6).

Table 1. Sensitivity and specificity of multi-epitope IgG ELISA for diagnosis of toxoplasmosis

Sensitivity [%] Specificity [%] Positive predictive value [%] Negative predictive value [%] Agreement [%]

72.6 90.3 95.8 51.8 76.9

Agreement: (TP+TN)/(TP+TN+FP+FN) ×100.

Fig. 5. Results of IgG ELISA 
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Discussion

The current study evaluated the potential of a poly-
epitope protein comprising 3 immunological regions ob-
tained from surface antigens of T. gondii as a diagnostic 
tool. The selection of epitopes was based on various fac-
tors, mainly regions with high immunogenicity. For ex-
ample, the nature of a given polarity of amino acids and 
also the number of hydrophilic residues in the protein and 
thus the solubility of the protein have a remarkable effect 
on the immunogenicity of antigens. Moreover, the cellu-
lar location of antigens and their accessibility to the im-
mune system may be an important factor in designing 
diagnostic proteins. The in silico analysis exhibited that all 
3 surface antigens in this study possess more hydrophilic 
amino acids. They also have significant elements acces-
sible to the immune system.13 Studies have also shown that 
these proteins can be considered in controlling strategies 
against toxoplasmosis, including diagnosis and vaccine 
design.14 Most of the diagnostic studies have been based 
on whole antigens.

Native antigens have shown promising results in de-
tecting pathogenic microorganisms, including T. gondii, 
but their use entails problems like high price, low sen-
sitivity and low specificity. This may be due to differ-
ent reasons, such as cross-reactivity. A new alternative 
method is the use of a multi-epitope-based antigen with 
the help of in silico prediction tools in which only highly 
immunogenic regions or only regions which do not show 
cross-reactivity with other microorganism antigens are 
selected. This study showed that although a multi-epit-
ope protein comprising epitopes from SAG1, SAG2 and 
SAG3 can detect some of the individuals suffering from 
toxoplasmosis, we need further investigation to improve 
the  diagnosis of  this infection by  modified epitopes, 
by selecting other epitopes and even by involving other 
antigens of T. gondii. The current multi-epitope protein 
showed that such proteins could be a potential candi-
date for use in diagnostic work; however, more studies 

as well as other methods are needed to increase the sen-
sitivity and specificity of multi-epitope antigens to use 
as target tools in diagnostic kits. Hajissa et al. produced 
a synthetic protein consisting of epitopes obtained from 
3 T. gondii antigens for use as a diagnostic marker and vac-
cine candidate.7 In their study, 9 epitopes from 3 antigens 
(SAG1, GRA2 and GRA7) were used for the construction 
of a multi-epitope protein. GRAs are dense granule anti-
gens in T. gondii which cause high induction of antibody 
response in humans. The ability of this designed protein 
to detect anti-Toxoplasma antibodies was analyzed with 
western blot and ELISA, which have shown that the pro-
tein can detect acute T. gondii infection with high sensi-
tivity and specificity.

The most important thing in designing these proteins 
is choosing appropriate antigens with high immunoge-
nicity, and then selecting epitopes with the highest score 
using web servers with high predictive potential. There-
fore, in silico analysis and software-based prediction tech-
niques are vital steps toward a promising multi-epitope 
protein for use in diagnostic kits. Studies have shown 
that for T. gondii, surface antigens are ideal candidates 
for diagnosis as well as for vaccine design; each of these 
antigens alone has been studied as a potential diagnos-
tic marker. Khanaliha et al. evaluated 3 surface antigens 
(SAGs 1, 2 and 3) separately for their diagnostic useful-
ness and efficacy. Recombinant SAG1, SAG2 and SAG3 
produced in E. coli showed suitable antigens to detect anti-
Toxoplasma IgG with 93.6%, 95.4% and 100% sensitivity, 
and specificity of 92.9%, 89.4% and 91.2%, respectively.14 
The relatively low values in our study could indicate that 
better designing and further investigation in the selection 
of epitopes is required.

The differences between the current study and those 
mentioned above could be due to various reasons. Protein 
conformation and protein folding are influenced by the re-
action conditions, such as pH and temperature during 
experiments in artificially differentiated conditions as op-
posed to the natural synthesis of the protein. Therefore, 

Fig. 6. Results of ROC analysis in the assessment of diagnostic marker utility. A – optical density values of 2 anti-T. gondii IgG-positive and 2 anti-T. gondii  
IgG-negative serum samples; B – ROC curve; graphical plot of sensitivity vs specificity

negative

p < 0.0001

4.0
3.6
3.2
2.8
2.4
2.0
1.6
1.2
0.8
0.4
0.0

140

120

100

80

60

40

20

0

O
D

 4
50

positive

A B

specifity [%]

95% CI: 0.8882 to 0.9747
area: 0.9314

ROC curve

0 10 20 30 40 50 110 120130 140 15060 70 80 90 100

se
ns

iti
vi

ty
 [%

]



Adv Clin Exp Med. 2020;29(6):669–675 675

a test that uses the whole body of the parasite has greater 
sensitivity and specificity than the tests using selected epit-
opes in this study, and may achieve better results by adding 
other antigen-determinant epitopes.
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