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Abstract 

Background: Surface antigens (SAGs) of Toxoplasma gondii are known candidates for diagnostic tests and vaccines. 

The present study argues about the main necessary properties for determination and prediction of T-cell agretopes and 

B-cell epitopes of surface antigens of Toxoplasma gondii. 
Materials and Methods: Primary, secondary and tertiary structures of the proteins were analyzed by different 

methods. The three-dimensional structures were determined by use of ab initio method for prediction of discontinues 

epitopes. The agretopes and epitopes were predicted via several various web servers with different methods 

employed. 

Results: The results of in silico analyses showed that the regions 129-GAPAGRNNDGSSAPT-143 for protein p22, 

234-SENPWQGNASSD-245 for protein p30 and 348-PGTEGESQAGT-358 for protein p43, have the highest 

immunogenic potential. 

Conclusion: We reached to three antigenic epitopes for cloning and protein expression. In following the purified 

polypeptide will be applied for diagnosis of Toxoplasma gondii. 
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Introduction 

Toxoplasma gondii (T. gondii) is an obligate intracellular 

protozoan that infects virtually all of the warm-blooded 

animals including humans and hence could be 

successfully distributed worldwide
1,2

. Furthermore, 

acquired infection during pregnancy may cause severe 

damage to fetus
3,4

. Infection mainly is transmitted 

through food or water contaminated with the parasite 

oocytes excreted by cats or by eating raw meat 

containing cysts, and thus disease so-called 

toxoplasmosis occurs. In fact, after ingesting the parasite 

invades intestinal epithelial cells and into host cells via 

some of the factors, is able to inhibit phagosome-

lysosome fusion
4
. 

The factors that are of utmost importance and play a role 

in the pathogenesis, surface antigens (SAGs) can take 

into consideration. Namely, SAG1 (p30) plays an 

essential role in attachment of tachyzoites (one of the 

several different infectious forms of T. gondii) to the host 

receptor and in the invasion of tachyzoites into host cells. 

It has been shown that an anti-SAG1 antibody can 

partially inhibit the invasion of tachyzoites to host cells
5
. 

SAG2 (p22) is another protein on the surface of the 
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parasite, which is a binding ligand and also has a good 

immunogenicity. SAG3 (p43) is found in both 

tachyzoites and bradyzoite (other infectious form of T. 

gondii) and like SAG1, anchors to membrane through 

Glycosyl Phosphatidyl Inositol (GPI). The role of SAG3 

is cellular invasion and attachment, as well6. These 

factors are used in diagnostic tests and subunit vaccines 

and are promising candidates for vaccines
4
. 

One of the new approaches in vaccine design is 

construction of synthetic polyepitopes using T- and B-

cells epitopes that can cause different T-cell responses 

and induction of neutralizing antibodies
7,8

. Epitopes are 

generally divided into two types: Linear epitopes (LEs) 

that comprised of continuous amino acids in the primary 

structure of proteins and conformational epitopes (CEs) 

that composed of dispersed amino acids among 

discontinuous regions but become aggregated on the 

protein surface. T-cells only recognize linear epitopes. 

However, B-cell epitopes are linear or conformational. 

Conformational epitopes have much greater proportion 

and their prediction is dependent on three-dimensional 

structural information. Thus, predict of these epitopes has 

become more difficult and laborious
9-13

. The prediction 

and applying all of the epitopes can be beneficial in 

development of vaccines and diagnostic tests. This study 

aimed to evaluate and predict the potential B-cell 

epitopes and T-cell agretopes of surface antigens, p22, 

p30 and p43 of Toxoplasma gondii using in silico 

methods. 

Methods 

Sequence retrieval, translation and alignment: 

Nucleotide sequences for the surface proteins, p22 

(GenBank: JX045478.1), p30 (Reference Sequence: 

XM_002368164.1) and p43 (GenBank: AF340227.1), 

were retrieved from the National Centre for 

Biotechnology Information (NCBI) Nucleotide Database. 

Basically, the target sequences were selected from well-

known RH strain of Toxoplasma gondii, which is an 

extremely virulent strain
14

 .The sequences were 

translated into amino acid 

(http://web.expasy.org/translate/) and then aligned with 

protein sequences of different virulent strains of 

Toxoplasma gondii, obtained from UniProt 

Knowledgebase (www.uniprot.org/help/uniprotkb), using 

the Clustal algorithm available in the ClustalX2 

software
15

. 

Analyzing primary structure, physicochemical 

properties and transmembrane topology: For the 

analysis of primary protein structure, the putative protein 

sequences of p22, p30 and p43 were submitted to Expasy 

tools (http://web.expasy.org/protparam/)
16

. Amino acids 

distribution was evaluated in the lrrfinder server 

(http://www.lrrfinder.com/lrrfinder.php) and 

transmembrane topology of the proteins was examined 

according to a hidden Markov model (HMM) in the 

TMHMM server v. 2.0
17

. 

Evaluation of potential N-glycosylation, 

phosphorylation and palmitoylation sites: For 

prediction of potential N-glycosylation and 

phosphorylation sites in the proteins, we used NetNGlyc 

1.0 (http://www.cbs.dtu.dk/services/NetNGlyc/) and 

Phospho.ELM (http://phospho.elm.eu.org)
18

 servers, 

which employ Artificial Neural Networks (ANN) for 

prediction
19

. Palmitoylation sites were predicted with the 

help of CSS-Palm 2.0 software. Glycosylation, 

phosphorylation and palmitoylation are the covalent 

attachment of a carbohydrate to the sequence context of 

Asn-Xaa-Ser/Thr sequences, a phosphate (PO4) group to 

serine, threonine and tyrosine and fatty acids, such as 

palmitic acid to cysteine residues of the proteins, 

respectively. 

Prediction and analysis of secondary structure: 

Jpred3, a secondary structure prediction server
20

, was 

used to identify the alpha helices, beta strands and other 

residues. This server utilizes hybrid method in predicting 

the structure of a protein. Hybrid methods with accuracy 

in the range of 70-77% are a combination of alignment-

based and single sequence-based methods. For further 

analysis, the method of GOR4 (http://npsa-

pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_ 

gor4.html)
21

 was used as well. 

Prediction and analysis of tertiary structure: Since the 

parasite proteins are typically unique, ab initio method 

was taken as means of identifying tertiary structure of the 

p22, p30 and p43 surface proteins of Toxoplasma gondii. 

This method can build structure with no prior 

information. Thus, we made use of bioinformatics tools 

available on the Robetta server, a full-chain protein 

structure prediction server
22

, and especially Rosetta 

2014.35 software. For further evaluation on tertiary 

structure, we also use I-TASSER server
23

. These two 

servers can produce results based on template-based 

homology modeling (fold-recognition) or can 

additionally build models in the absence of a template 
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(ab initio)
22

. 

The best model for each protein was selected by 

GROMOS96 force field
24

 application (with computation 

of energy) in Swiss-PdbViewer 4.1.0 software. For 

confirmation of the predicted structures, the 

Ramachandran plot was studied through PROCHECK
25

 

analyses in the PSVS server v. 1.5 (http://psvs-1_5-

dev.nesg.org)
26

. Finally, 3D models were analyzed by the 

PyMOL software. 

Prediction of T-cell agretopes: The sequences of 

proteins p22, p30 and p43 were submitted to IEDB 

(Immuno Epitope Database)
27

, MHCpred
28

 and 

SYFPEITHI
29

 server websites to predict MHC class I 

epitopes and IEDB, MHCpred and ProPred
30

 to predict 

MHC class II epitopes. Among all HLA alleles, HLA-

A0201 and HLA-DRB10101 are the most available ones 

in the world
31,32

. Therefore, redictions of agretopes were 

performed for these alleles. 

Prediction of linear and discontinuous B-cell epitopes: 

For prediction of linear B-cell epitopes, the IEDB, 

ABCpred
33

, Bcepred
34

, and Bepipred
35

 web servers were 

employed, so that the epitopes predictions were mainly 

on the basis of Chou and Fasman beta-turn
36

, Emini 

surface accessibility
37

, Karplus and Schulz flexibility
38

, 

Kolaskar and Tongaonkar antigenicity
39

, Parker 

hydrophilicity
40

 and Bepipred linear epitope prediction
35

 

(in the IEDB and in the Bcepred server), Artificial Neural 

Network (ANN) information-processing paradigm (in the 

ABCpred server) and Hidden Markov Model (HMM) 

algorithm (in the Bepipred server). 

The discontinuous B-cell epitopes were predicted by 

online prediction tools in the Discotope
41

 and the 

ElliPro
42

 web servers, hosted in IEDB, and also by those 

given in the SEPPA 2.0
43

 web server and Superficial 1.2 

software
44

. 

Results 

Sequence retrieval, translation and alignment: After 

translation of the nucleotide sequences retrieved from 

NCBI Nucleotide Database, the protein sequences of p22 

(186 amino acids), p30 (319 amino acids), and p43 (385 

amino acids) were aligned with protein sequences of 

different strains of Toxoplasma gondii obtained from 

UniprotKB (Fig.1). As seen in figure 1, multiple 

alignments of the three protein sequences with its equal 

proteins from other strains represented a very high 

similarity. 

Analysis of physicochemical properties and 

transmembrane topology: An overview of most 

important data obtained from Expasy server (ProtParam 

tool) is given in table 1. Every three proteins especially 

p30 and p43 have isoelectric point (pI) above 7 and 

therefore are somewhat basic in nature. Proteins p22 and 

p43 according to instability index can be classified as 

unstable and p30 protein considered as a stable protein. 

Aliphatic index of all three proteins are relatively low 

and this means that at different temperatures are 

relatively unstable. Grand Average Hydropathicity 

(GRAVY) shows the degree of protein hydrophilicity and 

increasing positive score indicates greater 

hydrophobicity. Here it is clear that p43 protein 

compared with two other proteins has more 

hydrophilicity and more tendencies to interact with 

surrounding water molecules. 

Moreover, the charts of amino acids distribution show 

that number of amino acids of proteins with hydrophilic 

positive and negative amino acids in compared with 

amino acids with hydrophobic R-groups is significant 

and thus all three proteins contain noteworthy exposed 

residues. 

On the other hand, the results of transmembrane topology 

that can be helpful in the selection of efficient epitopes, 

shows that almost all of the proteins are in the outer part 

of the membrane and only in the p43, amino acid 

residues between 21 and 40 is located in the region of the 

transmembrane. 

Analysis of potential N-glycosylation, phosphorylation 

and palmitoylation sites: The results of potential 

glycosylation using server Net NGlyc 1.0 shows that the 

protein p30 at positions 178 (NSTL) and 241 (NASS), 

appears to be prone to glycosylation but in the proteins 

p22 and p43, no sites predicted. In addition, the analysis 

of phosphorylation using Phospho.ELM server showed 

that in protein p30, there is a potential phosphorylation in 

GSPEKHH sequence at positions 271-274, however this 

modification was not observed in other proteins. Finally, 

analysis of potential palmitoylation results by using CSS-

Palm 2.0 software indicated that there is only the 

probability of a palmitoylation at the cysteine residue at 

position 31 of p43 with a cutoff 10.722. 
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Protein secondary and tertiary structures prediction 

and validation of modeled structures: The prediction 

results of secondary structure, illustrated the alpha-

helices and beta-turns parts of proteins (Fig. 2). For B-

cell epitopes prediction, it was necessary that first we 

determine the spatial and three-dimensional structure of 

the proteins. Therefore, using the aforementioned servers, 

tertiary structures of the proteins were predicted. From 

the presented models, using GROMOS96 force field 

application that minimizes the energy of models, the best 

ones for each protein were selected. After all, the quality 

evaluation of the modeled tertiary structures using 

PROCHECK analyses, revealed that for the selected 

model of protein p22, 86.0% of residues are in the 

favored regions, 13.3% of that are in the allowed regions 

(additional allowed + generously allowed) and 0.7% are 

in the disallowed regions. These values for the model of 

protein p30 are 89.0%, 11.0% and 0.0% and for the 

model of protein p43, are 81.2%, 18.5% and 0.3%, 

respectively (Fig. 3). These imply that the modeled 

structures are reliable. 

T-cell agretopes prediction: Table 2 shows T-cell 

agretopes predicted using different servers. These 

agretopes were predicted in all relevant servers and were 

with the highest score in all servers. 

Linear and discontinuous B-cell epitopes prediction: 

Table 3 shows predicted conformational and linear 

epitopes for B-cells. Overwhelming majority of the 

epitopes is common at the all servers and besides, only 

epitopes with the highest scores were selected. 

In figure 4, the predicted conformational B-cell epitopes 

on the 3D structures of the protein is schematically 

shown.  

 

 
 

Figure 1. Multiple alignment of protein sequences of surface proteins of different virulent strains of Toxoplasma gondii. (A) p22, (B) p30, (C) p43. 
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Discussion 

In the present study, the protein sequences obtained from 

different strains of Toxoplasma gondii showed a high 

degree of homology to each other. This highlights that 

designing of vaccine with using these surface proteins 

 
 

Figure 2. Secondary structure, the alpha-helices and beta-turns parts of the proteins. (A) p22, (B) p30, (C) p43. E: Alpha Helix (α-helix), H: 

Extended Strand (β-strand). 

 

 
 

Figure 3. Ramachandran plot of predicted models for the surface proteins p22, p30 and p43. 

 

 
 

Figure 4 The schematically 3D structures of the proteins. Predicted conformational B-cell epitopes with highest score is shown in red color. (A) p22, 

(B) p30, (C) p43. 
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can cause similar and universal immune in the all strains. 

Another important issue that must be considered in the 

design of a vaccine is the physicochemical properties of 

proteins. For example, the isoelectric point (pI) can be 

used to estimate the solubility at a certain pH. Molecules 

at pH equal to its pI often precipitate in solution. General 

charge of proteins is determined by the constituent amino 

acids. Every amino acid has naturally the positive, 

negative, neutral or polar charge. According to table 1 

and figure 1 of the present study, these three proteins, 

p30 and p43 in particular have the basic nature. 

Furthermore, in the distribution of amino acids, the 

number of hydrophilic residues and the residues with 

positive and negative R group, compared with 

hydrophobic amino acids, are more and therefore most of 

that is on the outside of the membrane.  

Due to the analysis of trans-membrane topology, it can 

be also mentioned that all three proteins are completely 

outside the cells. Previous laboratory studies have shown 

that these proteins are anchored to the membrane by 

GPI
45

. Accordingly, it appears that the proteins have 

significant solubility and have a good level of exposure 

for immune system. In addition, the grand average of 

hydropathicity (GRAVY) that measures the hydrophilic 

amounts based on Kyte-Doolittle scale
46

, indicates that 

these proteins particularly p43 have good hydrophilicity. 

The other factor, aliphatic index is a measure of the 

relative volume occupied by the side chain of the alanine, 

valine, leucine and isoleucine amino acids that shows the 

protein stability against different temperatures. This 

amounts for three proteins used in this study is relatively 

low that this condition, for example, can be a sign of high 

content of amino acids forming hydrogen bonds
47

. 

Another important feature that should be taken into 

account is post-translational modifications on proteins 

such as glycosylation, phosphorylation, palmitoylation 

etc. The studies show that glycosylation has effects on 

the thermodynamics, folding, hydrophobicity, 

antigenicity and immunogenicity of proteins. This post-

translational modification may disrupt local hydrogen 

bonding network and hence reduces the solubility of the 

peptide
48,49

. The addition of a molecule of phosphate 

(PO4) on residues of amino acids also may have a 

significant impact on the hydrophobicity of the 

molecule
50

. Palmitoylation improve surface 

hydrophobicity of proteins, membrane affinity and 

several other biochemical changes
51

. In this study, the 

post-translational modifications have no large share in 

proteins and it can be considered that this category has 

the minimal change in immunogenicity of the amino 

acids of these proteins.  

Table 1: Parameters computed for the proteins by using Expasy ProtParam tool. 

 P22 P30 P43 

No. of amino acids 186 319 385 

Molecular weight 18980.7 32916.5 41785.2 

Theoretical pI 8.19 7.89 7.07 

Instability index 40.77 37.36 43.73 

Aliphatic index 81.29 76.49 69.12 

Grand average of hydropathicity (GRAVY) 0.123 0.055 -0.343 
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Success of polytope vaccine approach is dependent on 

strict criteria for selecting epitopes and also the linkers 

between these epitopes
7
. Proteins p22, p30, and p43 of 

Toxoplasma gondii were used for diagnostic works and 

vaccine alone
6,52

. However, some problems related to the 

expression of proteins and antibodies cross-reaction 

problems may lead to disturbances in the process. 

Therefore, the selection of parts of proteins with high 

immunogenicity can overcome these problems. From the 

results of the present study, it seems that for p22 protein, 

especially for induction of antibodies, the residues in the 

region among 129-143, have the most immunogenic 

potential. The prediction tools of epitope in p30 protein 

revealed such region is in the residues 234-245 and 

likewise for protein p43, region among 348-358, is a 

region with high immunogenicity. 

 

Conclusion 

Finally, in order to build the polytopes that stimulate T 

cells as well as B cells, it can be made in the following 

order: N-terminal, Arg-Gly-Asp (RGD), T-cell epitope 

peptide, di-lysine linker (KK) to B-cell epitope peptide. 

In this construct, the linker di-lysine is target sequence of 

one of the important lysosomic proteases in antigen 

processing and RGD motif improves immunogenicity of 

peptide by raising the attachment ability
53,54

. 
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Table 2: Predicted T-cell agretopes by using IEDB, MHCpred and SYFPEITHI servers for HLAA0102 allele and IEDB, 

MHCpred and ProPred for HLADRB10101 allele. The agretopes were predicted at the all servers with highest score. 

HLA type p22 p30 p43 

T cell – HLA – HLAA0102 

allele 

173-VLAPGLAGL-181 

11-SLALTGLFV-19 

82-KLTTVLPGA-90 

148-KLIVRVPGA-156 

28-AMASDPPLV-36 

99-TLSSLIPEA-107 

302-SIFAMVTGL-310 

118-SLDTAGIKL-126 

310-LIGSIAACV-318 

69-ALTEPPTLA-77 

375-FLLGLLVHV-383 

306-FLVGCSLTV-314 

36-ILGTGEHGL-44 

372-ALAFLLGLL-380 

136-FLTDYIPGA-144 

13-SLGRQSLPL-21 

T cell – HLA – DRB10101 

allele 

17-

LFVVFKFALASTTET-31 

80-

SRKLTTVLPGAVLTA-94 

1-MSFSKTTSLASLALT-

15 

172-

KVLAPGLAGLLITFV-

186 

301-VSIFAMVTGLIGSIA-315 

21-MSFLRCGAMASDPPL-35 

3-PKAVRRAVTAGVFAA-17 

163-ASSVVNNVARCSYGA-177 

167-TVPWIFLPPAKQRYK-181 

24-FFAAFGLCVLSAILG-38 

370-SVALAFLLGLLVHVA-384 

102-LGGEFLPLEGGTSSY-116 

302-EDKSFLVGCSLTVDG-316 

66-PNWYRCSSTRANEEV-80 
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