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Abstract

Toxoplasmosis is one of the most widespread infections in animals and humans. The Toxoplasma gondii major surface antigen, called
SAGL1 or p30, is a highly immunogenic protein which has generated great interest as a diagnostic reagent, as a potential subunit vaccine,
and for its role in invasion. In this study, the epitopes of Toxoplasma gondii SAG1 were identified using bioinformatics. Through the
analysis of the out-put of both NetCTL and CTLPred, and B-cell epitope prediction, the position of all the epitopes were found and
combined in four sequences. The different tasks including, T-cell and B-cell prediction, Antigenicity determination of the conserved
peptides, Homology modeling, Allergenicity and epitope conservancy analysis were done on the conserved peptides. We predict that our

proposed epitopes would also trigger an immune response in vitro.

Keywords: Immunoinformatic; SAG1; Toxoplasma Gondii.

1. Introduction

Toxoplasma gondii is an obligate, intracellular, parasitic protozoan
that causes the disease toxoplasmosis (Hill & Dubey 2002). Found
worldwide, T. gondii is capable of infecting virtually all warm-
blooded animals(Tenter et al. 2000), although felids such as do-
mestic cats are the only known definitive hosts in which the para-
site can undergo sexual reproduction(Elmore et al. 2010). serolog-
ical studies estimate that 30-50% of the global population has
been exposed to and may be chronically infected with T. gondii,
although infection rates differ significantly from country to coun-
try(Flegr et al. 2014). For example, previous estimates have shown
the highest prevalence of persons infected to be in France, at 84%.
Although mild, flu-like symptoms occasionally occur during the
first few weeks following exposure, infection with T. gondii pro-
duces no readily observable symptoms in healthy human
adults(Berdoy et al. 2000, Flegr et al 2014). In the present study,
we have used an immunoinformatics approach to identify potential
epitope that could form the basis of a vaccine against the TOXGO
Surface antigen protein segment protein of T. gondii. Both T-cell
and B-cell epitopes were assessed, and four epitopes in combining
T-cell and B-cell predicted epitopes were found to be the most
promising. The epitopes were also found to be no allergenic as
well. In vivo study of our proposed peptide is advised for novel

universal vaccine production, which might be an effective path to
prevent T. gondii disease.

2. Methodology

Sequence retrieval and conserved region identification UniProtKB
(Apweiler et al. 2004) database was used for the retrieval of the
sequences of Surface antigen protein Fragment protein of Toxo-
plasma gondii the FASTA protein format. CLUSTAL OMEGA
sequence alignment was used for the identification of the con-
served region among the sequences through multiple-sequence
alignment (MSA) (Clustal 1994). Mega6 software was used for
further sequence analysis.

2.1. Antigenicity determination of the conserved pep-
tides

VaxiJen v2.0 Web-based server (Doytchinova & Flower 2007),
was used for the determination of the antigenicity of the conserved
sequences. Herein, we used the default parameters with a thresh-
old value of 0.4 for the prediction.

Table 1: Antigenicity Determination of the Conserved Peptides by Vaxijen Server

Peptide Number  Peptide Vaxijen Score (Threshold: 0.4)
1 PTENHFTLKCPKTALTEPPTLAYSPNRQICPAGTTSSCTSKAVTLSSLIPE 0.5627
2 SASLDTAGIKLTVPIEKFPVTTQTFVVGCI 0.5826
3 DAQSCMVTVTVQARASSVVNNVARCSYGAD 0.8842
4 TLGPVKLSAEGPTTMTLVCGKDGVKVPQDNNQYCSGT 0.8333
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Fig. 1: Multiple-Sequence Alignment of 8 Surface Antigen Protein Sequences by CLUSTAL OMEGA

2.2. T-cell epitope prediction

Two online servers were used for the prediction of the T-cell
epitope. First of all, the NetCTL v1.2 server was used for the iden-
tification of the potential T-cell epitope(Larsen et al. 2007). We
used the default approach to predict the epitopes. The threshold
for epitope identification was set at 0.5 to maintain sensitivity and
specificity of 0.89 and 0.94, respectively. Finally,
CTLPred(Bhasin & Raghava 2004) was implemented additionally

for further confirmation about the prediction with default parame-
ters.
Table 2: Prediction of the T-Cell Epitope by Ctlpred Server
Peptide Rank  Start Position ~ Sequence Score(ANN/SVM)
1 114 RASSVVNNV  0.98/1.3782908
2 29 AYSPNRQIC 0.79/1.0925069
3 101 DAQSCMVTV  0.97/0.64089241
4 70 SLDTAGIKL 0.63/0.73284585
5 9 TENHFTLKC 0.88/0.41939895

Abbreviations: ANN/SVM, artificial neural networks/support vector ma-
chines.

Table 3: Prediction of the T-Cell Epitope by Netctlserver on the Basis of
Combined Score

Number Epitope Combined score (M)
1 LTEPPTLAY 3.4348
2 KVPQDNNQY 0.8830
3 PTENHFTLK 0.8511
4 SLDTAGIKL 0.8056
5 DTAGIKLTV 0.6559
6 CTSKAVTLS 0.6202

2.3. B-cell epitope prediction

B-cell epitope initiates immunoresponse through the interaction
with B lymphocytes and causes the differentiation of B lympho-

cytes into plasma and memory cells(Nair et al. 2002). IEDB-AR
hosts a number of Web-based tools for the prediction of B-cell
epitope. Multiple tools, including the Kolaskar and Tongaonkar
antigenicity scale(Kolaskar & Tongaonkar 1990).

Table 4: Kolaskar and Tongaonkar Antigenicity Analysis

Start End e
No - - . tide
Posi- Posi- Peptide Lengt
tion tion = 9
1 14 20 TLKCPKT 7
2 23 31 TEPPTLAYS 9
3 33 40 NRQICPAG 8
4 42 58 TSSCTSKAVTLSSLIPE 17
LDTAGI-
e va o KLTVPIEKFPVTTQTFVVGCI 2y
AQSCMVTVTVQARASSVVNN-
6 102 128 VARCSYG 27
7 132 141 TLGPVKLSAE 10
8 146 158 MTLVCGKDGVKVP 13
9 162 168 NQYCSGT 7

2.4. Homology modeling

Homology model of the conserved region was obtained by SWISS
MODEL(Sali et al. 1995), and the predicted model was assessed
by PROCHECK server(Laskowski et al. 1996).

Allergenicity and epitope conservancy analysis

In order to predict the allergenicity of the proposed epitopes with
high accuracy, a Web-based server AlgPred(Saha & Raghava
2006) was used. We used a hybrid prediction (SVMc + IgEepitope
+ ARPs BLAST + MAST) approach to predict the allergenicity
with an accuracy of about 87% at a threshold value of —0.4. A
Web-based tool from IEDB-AR(Bui et al. 2007) was used in order
to identify the specific conservancy of the proposed epitopes.

3. Results

Analysis of the retrieved sequences and their divergence
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A total of 8 Surface antigen protein Fragment protein of Toxo-
plasma gondii from different variants of the CCHFV were re-
trieved from the UniProt database. Conserved regions were found
for the antigenic property analysis. Mega6 software was used to
construct phylograms in order to analyze the divergence among
the retrieved sequences and clustal omega was used for alignment.

3.1. Antigenic peptide identification

Initially, the conserved sequence of Surface antigen protein Frag-
ment of Toxoplasma gondii was selected for further analysis. Then
the VaxiJen v2.0 server was used to predict the antigenicity of the
conserved peptides (Table 1). In this study the epitopes for both T-
cell and B-cell were combined and finally we had 4 combined
epitope peptides shown in table 1.

3.2. B-cell and t-cell epitope identification

120

T-cell epitopes were predicted using two online servers of
CTLPred server and NetCTL v1.2 server. The results are shown in
table 2 and table 3, respectively. Amino acid—based methods were
used for the prediction of potential B-cell epitope. Antigenic prop-
erty of the peptides was assessed using the Kolaskar and
Tongaonkar antigenicity scale (table 4). The average antigenic
propensity score of the protein was 1.044, with a minimum of
0.900 and a maximum of 1.175. The threshold value for antigenic
determination of the peptide was 1.0, where all epitopes with val-
ues >1.0 were potential antigenic determinants. We found that 9
epitopes satisfied the threshold value set prior to the analysis, and
they had the potential to express the B-cell response. The results
are summarized in Table 4 and Figure 2.

115
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095
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090
0 80

Average: 1.044 Minimum: 0.900 Maximum: 1.175
Fig. 2: Kolaskar and Tongaonkar Antigenicity

Notes: The X- and Y-axes represent the sequence position and
antigenic propensity score, respectively. The threshold value is 1.0.
The regions above the threshold are antigenic, shown in yellow.

3.3. Structure analysis and protein variability determi-
nation

Homology model of the conserved region was obtained by the
SWISS MODEL, which is shown in Figure 3. PROCHECK server
validated the stereochemical quality of the model through Rama-
chandran Plot (Figure 4).

100 140

Position

120 160 1580

Prediction of the Main Conserved Sequences.

3.4. Epitope conservancy and allergenicity analysis

IEDB conservancy analysis tool analyzed the epitope conservancy
of the proposed epitopes that all for combined peptides conservan-
cy were 100%. AlgPred predicted the allergenicity of the epitopes
based on amino acid composition. The prediction score of AlgPred
for the two epitopes in combination was 0.60310896 at threshold
of -0.4.
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Fig. 3: Three-Dimensional Structure Prediction and Validation.
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peptide 3

Notes: Three-dimensional model of four combined epitopes including the predicted epitopes for 4 peptides including T-cell and B-cell

epitopes.
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4. Discussion

Toxoplasmosis, caused by the protozoan parasite Toxoplasma
gondii, is one of the most common parasitic infections of man and
other warm-blooded animals(Hill & Dubey 2002). The ability of
an epitope-based vaccine to stimulate an effective specific im-
mune response with a minute structure and without any unex-
pected side effects has made it a good choice for vaccine devel-
opment(Shrestha & Diamond 2004). In this present study, we
started with the preferable target, the Surface antigen protein
Fragment, to design a peptide vaccine against it. The alignment of
the sequences are shown in figurel. SAGL, is considered an im-
portant antigen for the development of effective diagnostic tests or
subunit vaccines(Hill & Dubey 2002). Antigenicity of the con-
served peptides indicated their ability to provoke potential im-
mune response and they were used for further analysis involving
T-cell epitope prediction. Through the analysis of the output of
both NetCTL and CTLPred, and B-cell epitope prediction, the
position of all the epitopes were found and combined in four se-
quences. In order to see the exact location of the proposed epitope
of the protein (shown in Figure 3), the three-dimensional structure
of the conserved peptides were modeled. These predicted models
were validated with Ramachandran Plot (Figure 4). The most im-
portant feature of an epitope enabling its use as a vaccine is its
conservancy. Conservancy analysis of the proposed epitopes
found 100% conservancy among all the available sequences. An-
other important criterion of the peptide vaccine is its allergenici-
ty(McKeever et al. 2004); our proposed epitope was examined in
silico and found to be nonallergenic in nature. As our proposed
epitope is shown to be 100% conserved among examined toxo-
plasma surface antigen proteins, we suggest that it will be a good
possible candidate for vaccine designing. Epitope-based vaccine
designing is now becoming more popular and already has been
established for rhinovirus(Lapelosa et al. 2009), dengue
virus(Chakraborty et al. 2010), human corona virus(Oany et al.
2014), and some others. This type of work has also been proven in
vitro(Khan et al. 2014). So, considering the above analysis, we
predict that our proposed epitopes would also trigger an immune
response in vitro.

5. Conclusion

The achieved results from this study denote that integrated com-
putational approaches are very much effective for designing vac-
cine candidates against some deadly parasites such as Toxoplasma
gondii, with the formally delineated experimental procedure.
Therefore, computational studies save both time and cost for re-
searchers and can lead the wet laboratory work with higher possi-
bilities of getting the desired outcome.
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