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ARTICLE INFO ABSTRACT

Keywords: Introduction: Toxoplasmosis is a well-known zoonotic disease caused by Toxoplasma gondii. The
Toxoplasma gondii main causes of the disease range from eating undercooked or contaminated meat and shellfish to
Rhoptry proteins cleaning litter trays into which cats that excreted toxoplasma via faeces. This pathogen can live
ROP7 . . P s les . .

ROP21 for a very long time, possibly a lifetime, within the bodies of humans and other animals.

ROP22 Aims and objectives: This study aimed to predict and analyse candidate immunogenic epitopes for
Bioinformatics vaccine development by evaluating the physio-chemical properties, multiple sequence alignment,
Vaccine secondary and tertiary structures, phosphorylation sites, transmembrane domains, and signal
Epitope peptides, of T. gondii rhoptry proteins ROP7, ROP21, and ROP22 using bioinformatics tools.

Methods: To find immunogenic epitopes of rhoptry proteins, numerous bioinformatics web servers
were used containing multiple sequence alignment, physiochemical properties, antigenicity and
allergenicity, post-translational modification sites (PTMs), signal peptides, transmembrane do-
mains, secondary and tertiary structures, and screening of predicted epitopes. We evaluated
immunogenic linear B-cell epitopes as candidate proteins for vaccine development.

Results: Nine epitopes were identified for each protein, and analysis of immunogenicity, revealed
three candidate epitopes for ROP7, one for ROP21, and four for ROP22. Among all candidate
epitopes, ROP22 contained the most immunogenic epitopes with immunogenicity score of
0.50575.

Conclusion: We acquired detailed information on predicted immunogenic epitopes using in-silico
methods. The results provide a foundation for further experimental analysis of toxoplasmosis, and
potential vaccine development.
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1. Introduction

Toxoplasmosis, caused by T. gondii, is a serious global public health issue [1]. The apicomplexan parasite T. gondii is unusual in its
ability to infect a wide range of intermediate hosts, including all mammals and birds. Infection mainly occurs via consumption of living
tissue-cysts present in undercooked meat or oocysts in cat faeces. Congenital transmission may occur when a primary infection arises
during pregnancy [2]. Rhoptries, dense granules, and micronemes are three types of apical secretory organelle in T. gondii. Rhoptries
have a club-like shape and two different halves comprising; an anterior duct (neck) and a posterior bulb. T. gondii is the only api-
complexan parasite species in which this particular apical secretory organelle has been found [3,4]. Rhoptries help T. gondii to actively
enter the host cell, and they play a role in the development of the parasitophorous vacuole, a unique intracellular compartment in
which the parasite grows rapidly and escapes intracellular elimination [4].

Rhoptry proteins (ROPs) are essential for parasite survival inside host cells, and they contribute to the various stages of parasite
invasion [3-6]. Rhoptries comprise between 1% and 30% of the total volume of toxoplasma cells. Many ROPs including ROP11,
ROP16, ROP17, ROP19, ROP29, ROP38, ROP20, ROP21, ROP27, ROP25, ROP28, ROP30, ROP31, ROP32, ROP33, ROP34, ROP35,
ROP39, ROP41, and ROP46, are active kinases. Others such as ROP2, ROP8, ROP5, ROP4 and, ROP7 are anticipated to be pseudo-
kinases [7].

ROP7 is a member of the ROP2 family. It is found in rhoptries at the apical end of permeable tachyzoites after synthesis and
maturation, and it colocalises with ROP1 and translocates into the parasitophorous vacuole following invasion [8,9]. ROP21 con-
tributes to host cell invasion, and it has a protective effect against additional strains of T. gondii, but this needs further investigation
[10]. ROP22 also contributes to host cell invasion, and it could be useful for developing anti-T. gondii vaccines with several components
because it partially protects the mice against acute and chronic T. gondii infections [1].

Many T. gondii antigens have undergone immunogenic effectiveness testing to guard against both acute and chronic toxoplasmosis
[1]. Toxoplasmosis vaccine halt disease spreading. In the past 15 years, significant advancements have been made in the fields of
immunological techniques, parasite mutant creation, gene cloning, and antigen isolation and characterisation [11].

Commonly given toxoplasma medications only work against the tachyzoite stage; while agents are ineffective against encysted
bradyzoites, which are very long lived. They may also cause adverse reactions including hypersensitivity and bone marrow suppression
[12]. Consequently, establishing vaccine strategies and developing vaccine pipelines are of utmost importance for both cattle and
humans due to the global burden of latent illness. It is strongly advised to detect parasite antigens with high immunogenicity for this
purpose [13]. Genes encoding ROPs essential in protozoan pathogenicity and virulence, have gained much attention [14].

Bioinformatics is a powerful and rapidly expanding field [15]. Bioinformatics is mostly used for evaluation of gene and protein
expression and to evaluate properties such as immunogenicity, protein structures, and physiochemical characteristics. This knowledge
advances our comprehension of protein molecules, and helps analysts choose the ideal proteins or particular epitopes for vaccine
development and diagnosis studies [16].

The aim of the present study was to predict and analyse candidate immunogenic epitopes for vaccine development by evaluating
physio-chemical properties, multiple sequence alignment (MSA), secondary and tertiary structure, phosphorylation sites, trans-
membrane domains, and signal peptides, of T. gondii proteins (ROP7, ROP21, ROP22) using bioinformatics tools.

2. Materials and methods
2.1. Protein sequence retrieval

The complete amino acid sequences of ROP7, ROP21, and ROP22 were accessed from the GenBank database (https://www.ncbi.
nlm.nih.gov). The accession numbers of proteins are XP_018638552.1, EPT29717.1, and EPT32442.1, for ROP7, ROP21 and ROP22,

respectively. Sequences were retrieved in FASTA format [17]. The NCBI Nucleotide database, which links to relevant data including
taxonomy, genomes, protein sequences, protein structures, and articles in PubMed, provides access to GenBank [18].

2.2. Assessing physiochemical properties
Expasy ProtParam (https://web.expasy.org/protparam/), was used, to evaluate the number of amino acids, molecular weight

(MW), aliphatic index, instability index, estimated half-life, extinction coefficients, total number of positively and negatively charged
residues and grand average of hydropathicity (GRAVY), and thereby assess the physiochemical features of ROPs [19].

2.3. Multiple sequence alignment

The MSA of the three ROPs was performed by using Clustal Omega. (https://www.ebi.ac. uk/Tools/msa/clustalo/). Many sequence
analysis techniques start with MSA, and this progressive alignment heuristic is used to compute most alignments [20].

2.4. Antigenicity and allergenicity

Antigenicity and allergenicity of proteins were calculated using Antigenpro (https://scratch.proteomics.ics.uci.edu/) and Vaxijen
2.0 (http://www.ddg-pharmfac.net/Vaxijen/Vaxijen/Vaxijen_help.html) web servers. To predict antigenicity, Antigenpro was used
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alone for microarray analysis [21], while Vaxijen was used to estimate allergenicity. Vaxijen was created to enable the classification of
antigens without using sequence alignment, which is only based on physiochemical properties of proteins. Vaxijen can be used
independently or alongside alignment-based prediction techniques [22]. To assess the allergenicity of proteins, we used a the Allertop
webserver (https://www.ddg-pharmfac.net/Allertop/). Allertop is a webtool used to predict allergens based on primary physi-
ochemical characteristics of proteins [23].

2.5. Prediction of post-translational modification sites

Almost all proteins undergo post-translational modification (PTM). Knowing the potential PTMs of template proteins may help us
better understand the molecular processes in which they participate because the functions of altered proteins are frequently adversely
affected by these changes [24]. The phosphorylation sites of toxoplasma ROP7, ROP21 and ROP22 were evaluated using Netphos 3.1
(https://services.healthtech.dtu.dk/service.php?NetPhos-3.1).

2.6. Prediction of signal peptides, transmembrane domains, and isoelectric point

Signal peptides in amino acid sequences were identified using the webserver SignalP 6.0 (https://services.healthtech.dtu.dk/
service.php?SignalP). This uses a transformer protein language model for structural prediction. Proteins have short amino acid se-
quences known as signal peptides that direct them into or across membranes. Various bioinformatics tools are available for prediction
of signal peptides, but many are unable to differentiate between signal types, as proteins can have different types of signal peptides
including Sec/SPI (“standard” secretory signal peptides transported by the Sec translocon and cleaved by Signal Peptidase I), Sec/SPII
(lipoprotein signal peptides transported by the Sec translocon and cleaved by Signal Peptidase II), Tat/SPI (Tat signal peptides
transported by the Tat translocon and cleaved by Signal Peptidase I), and no signal peptide [25]. Using the TMHMM 2.0 webserver
(https://services.healthtech.dtu.dk/service.php? TMHMM-2.0) probable transmembrane domains were predicted. TMHMM can
correctly predict 97-98% of transmembrane helices accurately. Moreover, TMHMM can distinguish between membrane and soluble
proteins along with sensitivity and specificity, but the precision can be affected in the presence of signal peptides [26]. The isoelectric
point (pI) of ROP7, ROP21, and ROP22 was calculated using the isoelectric point calculator (IPC) online server (http://isoelectric.org/
). IPC is a webserver used to precisely calculate the pI of a protein using dissociation constant (pKa) values [27].

2.7. Prediction of secondary structure

The position-specific iterated prediction (PSIPRED) online server (http://bioinf.cs.ucl.ac.uk/psipred) and the PSI-BLAST results
were employed to elucidate the secondary structure of ROP7, ROP21 and ROP22. To predict the secondary structure using PSIPRED,
users can select a protein structure prediction server, execute a program of their choice, and receive prediction email and graphically
over the web [28].

2.8. Prediction of tertiary structure

To predict tertiary structure we used, PHYRE2 (http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index). PHYREZ2 builds
3D models, examines ligand-binding sites, and assesses the impact of amino acid variation such as nonsynonymous single nucleotide
polymorphisms (SNPs) for a given input protein sequence [29].

2.9. Prediction of linear B-cell epitopes

Based on the 3D structure of a protein and using default settings, the immune Epitope Database (IEDB) Ellipro webserver (http://
tools.iedb.org/ellipro/) was used to predict the linear B-cell epitopes. After submission of protein ID, the default threshold for epitope
minimum prediction was 0.5 (minimum score) and 6 (maximum distance). Ellipro uses Thornton’s method along with residue clus-
tering, Jmol viewer, and MODELLER programs to predict, evaluate and visualise antibody epitopes of a protein of interest [30].

2.10. Screening of linear B-cell epitopes

Linear B-cell epitopes toxicity, antigenicity and, allergenicity were investigated by using various webservers. To assess the toxicity
of epitopes, we used the Toxinpred webserver with a threshold of 0.5 (https://webs.iiitd.edu.in/raghava/toxinpred/multi_submit.
php). ToxinPred is an online server that predicts the toxicity of peptides or proteins. It is a useful tool for the construction of vac-
cines using non-toxic peptides [31]. Non-toxic linear epitopes were examined for antigenicity using Vaxijen (http://www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html) with a threshold of 0.5. After exploring toxicity and antigenicity, selected epitopes
were further assessed for their allergenicity using the online server Allertop with a threshold of (https://www.ddg-pharmfac.net/
AllerTOP/).

2.11. Prediction of immunogenicity of probable epitopes

To analyse immunogenicity of linear epitopes, we used the IEDB server class I immunogenicity (http://tools.iedb.org/
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Fig. 1. Multiple sequence alignment of ROP7, ROP21 and ROP22 proteins using Clustal Omega.
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immunogenicity/) [32].

3. Results

3.1. Prediction of physiochemical properties

The GenBank database was used to retrieve the amino acid sequences of ROP7 (XP_018638552.1), ROP21 (EPT29717.1), and
ROP22 (EPT32442.1) in FASTA Format. ROP7 is a 575 amino acid polypeptide sequence with a pI of 6.53 and a molecular mass of
63,395.25 Da, according to the ProtParam server results. A total of 64 positively and 67 negatively charged residues were found in the
protein. At 280 nm, the 8926 atoms have an extinction coefficient of 74,370. The half-life was calculated 30 h in -vitro (mammalian
reticulocytes), >20 h in -vivo (yeast), and >10 h in -vivo (Escherichia coli). The instability score was calculated as 42.43, indicating that
it is unstable. The aliphatic and GRAVY scores were calculated to be 86.16 and —0.243, respectively.

ROP21 is a 749 amino acid polypeptide with a pI of 6.27 and a molecular mass of 82,580.42 Da. A total of 87 positively and 95
negatively charged residues were found in the protein. At 280 nm, the 11,550 have an extinction coefficient of 86,860. The half-life
was calculated as 30 h in -vitro (mammalian reticulocytes), >20 h in -vivo (yeast), and >10 h in -vivo (E. coli). The instability score was
calculated as 48.53, indicating that it is unstable. The aliphatic and GRAVY scores were calculated to be 76.30 and —0.425,
respectively.

ROP22 is a 611 amino acid polypeptide with pI of 7.71 and a molecular mass of 68,931.40 Da. A total of 79 positively and 78
negatively charged residues were found in the protein. At 280 nm, the 9585 atoms have an extinction coefficient of 75,400. The half-
life was calculated as 30 h in-vitro (mammalian reticulocytes), >20 h in-vivo (yeast), and >10 h in-vivo (E. coli). The instability score was
calculated as 48.39, indicating that it is unstable. The aliphatic and GRAVY scores were calculated to be 80.64 and —0.383,
respectively.

3.2. Multiple sequence alignment
For MSA of ROP7, ROP21 and, ROP22 we used Clustal Omega. In the MSA asterisk in which “*” means all sequences have the same

residue (i.e.; fully conserved), no dots mean no conservation, “.” means some conservation, “:” means partially conserved (i.e.; amino
acids with somewhat different properties, and “-” means a gap inserted for better alignment). Results for MSA are shown in Fig. 1.

3.3. Antigenicity and allergenicity

The antigenicity of ROP7, ROP21, and ROP22 was predicted, and the scores are 0.316442, 0.728490 and 0.600087 for Antigenpro
and 0.5852, 0.5966 and 0.5859 for Vaxijen. Thus, both web servers showed that ROP7, ROP21 and ROP22 are not allergenic.

3.4. Prediction of post-translational modification sites

The results of the Netphos 3.1 webserver predicted that ROP7 has 47 phosphorylation sites; including 18 threonines, 4 tyrosines,
and 25 serines. ROP21 has 79 phosphorylation sites; including 31 threonines, 2 tyrosines, and 46 serines, and ROP22 has 64
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Fig. 2. (a-c). Prediction of phosphorylation sites using the Netphos 2.0 webserver. ROP7 has 47 phosphorylation sites (a). ROP21 has 79 phos-
phorylation sites (b). ROP22 has 64 phosphorylation sites (c). The predicted sites were for S (serine), T (threonine) and Y (tyrosine).
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phosphorylation sites; including 11 threonines, 50 serines, and 3 tyrosines. Results are shown in Fig. 2(a—c).

3.5. Prediction of signal peptides, transmembrane domains and isoelectric point

Based on the SignalP-6.0 and TMHMM results, ROP7 and ROP22 were predicted to include a signal peptide at the cleavage site
between residues 30-34 and 30-31, with a probability of 0.864365 and 0.591464, respectively. Meanwhile, ROP21 was not predicted
to have a signal peptides, hence there is no predicted cleavage site. Results are summarized in Table 1 and Fig. 3(a—c). In addition, one
transmembrane domain was predicted in ROP7, but none were predicted for ROP21 or ROP22 as shown in Fig. 4(a—c). The predicted pI
values for ROP7, ROP21 and ROP22 were 6.25, 5.99 and 7.05 plotted in Fig. 5(a—c).

3.6. Prediction of secondary structure

The secondary structures of ROP7, ROP21 and ROP22 were predicted and visualised using the PSIPRED webserver. ROP7 consists
of 56% (322/575) random coil, 33.7% (194/575) alpha helix and 10% (59/575) beta sheet. ROP21 consists of 61.28% (459/749)
random coil, 32.44% (243/749) alpha helix, and 6.27% (47/749) beta sheet, ROP22 consists of 49.42% (302/611) random coil,
41.73% (255/611) alpha helix and 8.83% (54/611) beta sheet. Results are shown in Fig. 6(a—c).

Amino acid types can be classified into four types: small nonpolar, hydrophobic, polar, and aromatic plus cysteine. ROP7 contains
36% (211/575) small nonpolar, 22.9% (132/575) hydrophobic, 30.7% (177/575) polar, and 9.56% (55/575) aromatic plus cysteine,
ROP21 contains 37.38% (280,/749) small nonpolar, 21.89% (164/749) hydrophobic, 32.84% (246,/749) polar, and 7.87% (59/749)
aromatic plus cysteine, ROP22 contains 34.53% (211/611) small nonpolar, 21.76% (133/749) hydrophobic, 34.69% (212/611) polar,
and 9% (55/611) aromatic plus cysteine. Results are shown in Fig. 7(a—c).

3.7. Prediction of tertiary structure

PHYRE2 was used for tertiary structure prediction based on the most similar templates. For ROP7, 344 residues were modelled with
100% confidence and 60% coverage, and 35% identity with the most similar template. ROP21, 239 residues were modelled with 100%
confidence and 39% coverage, and 24% identity with the most similar template, for ROP22, 258 residues were modelled 100%
confidence and 42% coverage, and 21% identity with the most similar template. Results are shown in Fig. 8(a—c).

3.8. Prediction of linear B-cell epitopes

The Ellipro web tool was used to predict linear epitopes. ROP7, ROP21, and ROP22 all contain nine linear epitopes. The predicted
epitopes are listed in Table 2 with number of residues and score present in every epitope.

3.9. Screening of linear B-cell epitopes

ToxinPred was used to predict toxic and non-toxic epitopes. All nine epitopes of ROP7 and ROP21 were found to be non-toxic, while
one epitope of ROP22 was toxic. Results are summarized in Table 3.

The online tool Vaxijen was then used to check the antigenicity of non-toxic epitopes. ROP7 contains seven probable antigens,
ROP21 contains four probable antigens, and ROP22 contain six probable antigens as shown in Table 4. All probable antigens were
checked for allergenicity using the Allertop webserver, which showed that ROP7 contains three probable non-allergen epitopes,
ROP21 contains one probable non-allergen epitope, and ROP22 contains four non-allergen epitopes Results are summarized in Table 4.

3.10. Prediction of immunogenicity of probable epitopes

The immunogenicity of non-allergen linear epitopes was checked using the IEDB webserver, which calculated immunogenic score
for every epitope according to immunogenicity, predicting that all the epitopes given in Table 5 can be considered as probable
epitopes.

Table 1
Prediction of signal peptides using the SignalP webserver.
Protein  Cleavage Probability ~ Other Signal peptide  Lipoprotein signal TAT signal TAT lipo-protein Pilin-like signal
site (Sec/SPI) peptide (Sec/SPII) peptide (Tat/ signal peptide (Tat/ peptide (Sec/
SPI) SPII) SPIII)
ROP7 30 and 34 0.864365 0.0554 0.9431 0.0007 0.0003 0.0002 0.0003
ROP21 - - 1.0001 0 0 0 0 0
ROP22 30 and 31 0.591464 0.361 0.6322 0.0056 0.0004 0.0003 0.0005
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Fig. 3. (a-c). Prediction of signal peptides using the Signalp 6.0 webserver. ROP7 has a signal peptide at the cleavage site between residues 30-34
(a). ROP21 has no signal peptides (b). ROP22 has a signal peptide at the cleavage site between residues 30-31. Sec/SPI, Sec/SPII, Tat/SPI, Tat/SPII,
Sec/SPIII (c).

4. Discussion

The T. gondii parasite affects ~30% of humans, and the best control strategies are immunisation and vaccination. However, most
infected humans do not show clinical symptoms, and those with underlying immune deficits may experience severe effects. For
instance, toxoplasma encephalitis occurs in ~45% of AIDS (acquired immune deficiency syndrome)-related immunocompromised
individuals [33]. According to immunological research on antigens, immune responses are mediated by certain immunogenic epitopes
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Fig. 4. (a—c). Prediction of transmembrane domains using by TMHMM-2.0 webserver. ROP7 contains one transmembrane domain (a). ROP21
contains no transmembrane domain (b). ROP22 contains no transmembrane domain (c). TMHMM predicts the length of the protein sequence, the
number of transmembrane helices (TMHs), the number of amino acids in TMHs, the first 60 amino acids, the probability of N in TMHs, and possible
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Fig. 5. (a—c). Prediction of the isoelectric point (pI) using the isoelectric point calculator (IPC). The pI of ROP7 is 6.25 (a). The pI of ROP21 is 5.99
(b). The pI of ROP22 is 7.05 (c).

rather than the full. Protein antigens can have epitope structures that are detrimental to protective immunity in addition to the
structures of epitope used by B, T, cytotoxic T lymphocyte (CTL), and natural killers (NK) cells to mediate immune responses [34].

Vaccines are important tools for preserving worldwide health. Traditional vaccine technologies have been used across a wide range
of bacterial and viral pathogens. There are numerous instances where traditional vaccine technologies have failed, including in-
fections, viral antigens, and emerging pathogens [35]. The usage of vaccines has improved the quality of life for humans and other
animals and saved a numerous lives. Inmunoinformatics is a powerful computational method in the study of infectious diseases for
investigating features relevant to host-pathogen association. Assigning tasks to uncharacterised genes that can be targeted as candi-
dates in vaccine design using bioinformatics techniques can be effective for pregnant women in vaccine trials and programmes [36].
Studying the antigenic and immunogenic epitopes of T. gondii has improved our knowledge of the composition and function of an-
tigens, the interactions between antigens and antibodies, and many other immunological concepts. It has also contributed to the
development of novel diagnostic tools and vaccines [34].

ROPs are distinct secretory molecules present in all apicomplexan invasive stages [37]. Toxoplasma ROPs have been subjected to
proteomic investigation, revealing many serine-threonine kinases and protein phosphatases [5]. In the present study, several bioin-
formatics webservers were used to predict and evaluate the various properties and immunogenic epitopes of three proteins (ROP7,
ROP21 and, ROP22) of T. gondii. Expasy was used to predict the physiochemical properties of proteins. The protein sequence of ROP7,
ROP21, and ROP22 comprise 575, 749 and 611 residues, with MW values of 63395.25, 82580.42, and 68931.40 Da, implying good
antigenic nature because antigens with MW of <5-10 kDa are considered weakly immunogenic [38]. The instability scores of ROP7,
ROP21 and ROP22 was calculated as 42.43, 48.53 and 48.39, indicating that all three are unstable. The instability index of a protein
provides an estimate of the stability in a test tube. A protein whose instability index is smaller than 40 is predicted as stable, a value
above 40 predicts that the protein may be unstable (ProtParam, n.d.). The calculated aliphatic indices and GRAVY scores of ROP7,
ROP21, ROP22 were 86.16 and —0.243, 76.30 and —0.425, and 80.64 and —0.383, respectively. Negative GRAVY scores indicate a
hydrophilic nature, consistent with strong interactions with the water molecules surrounding membranes. Target proteins are more
stable over a higher temperature range if the aliphatic index is higher [39].

Many sequence analysis techniques start with MSA [20]. In the present study, MSA was performed by using Clustal Omega. This
revealed high sequence identity and similarity between all three proteins shown in Fig. 1. A favourable vaccine possesses probable
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Fig. 6. (a—c). Secondary structure prediction using PSIPRED. ROP7 consists of 56% random coil, 33.7% alpha helix, and 10% beta sheet (a). ROP21
consists of 61.28% random coil, 32.44% alpha helix, and 6.27% beta sheet (b). ROP22 contains 49.42% random coil, 41.73% alpha helix, and 8.83%
beta sheet (c). Graphical illustrations show strands, helices and coils.
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Fig. 7. (a—c). Prediction of amino acid type by PSIPRED. ROP7 contains 36% small nonpolar, 22.9% hydrophobic, 30.7% polar, and 9.56% aromatic
plus cysteine amino (a). ROP21 contains 37.38% small nonpolar, 21.89% hydrophobic, 32.84% polar, and 7.87% aromatic plus cysteine amino acid
residues (b). ROP22 contains 34.53% small nonpolar, 21.76% hydrophobic, 34.69% polar, and 9% aromatic plus cysteine (c). Graphical illustrations
show small nonpolar, hydrophobic, polar, and aromatics plus cysteine amino acids.

antigenicity, while lacking allergenicity. In this study, Antigenpro, Vaxijen and Allertop webservers were used, and they predicted that
ROP7, ROP21, ROP22 are probable immunogenic and non-allergenic proteins. Antigenpro predicted antigenicity probability values
for ROP7, ROP21 and ROP22 of 0.316442, 0.728490, and 0.600087. In immunology, virology, and bacteriology, the identification of
antigen proteins that can cause a large humoral immune response is crucial. This is also important for a variety of practical appli-
cations, including vaccine design and diagnostics [21].

10
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Fig. 8. (a-c). Tertiary structure prediction using PHYRE2. 3D structure of ROP7 (a). 3D structure of ROP21 (b). 3D structure of ROP22 (c). 3D
models show helices, loops and strands.

Table 2
Prediction of linear epitopes using the Ellipro IEDB webserver.
Protein Chain Start End Peptide No. of residues Score
ROP7 A 453 470 PETTAERMLPFGQHHPTL 18 0.812
ROP7 A 223 260 EYAADSLVSTSLWNTGQ 35 0.788
PFRVESELGERPRTLVRG
ROP7 A 275 281 TDQETGE 7 0.763
ROP7 A 334 356 VKDPQVLS 8 0.763
ROP7 A 289 300 YFTERAIK 8 0.748
ROP7 A 313 317 RGIKN 5 0.707
ROP7 A 493 518 PNTDDAALGGSEWIF 26 0.674
RSCKNIPQPVR
ROP7 A 190 201 NLYFQGFRGTDP 12 0.627
ROP7 A 437 444 RDGASAVS 8 0.594
ROP21 A 252 258 RDVERLE 7 0.805
ROP21 A 212 235 ATVWPQNAETTVDSLLSQ 24 0.776
GERKLK
ROP21 A 311 329 AVQSQPPFAQLSPGYA 16 0.772
ROP21 A 413 418 KVGTRG 6 0.77
ROP21 A 508 514 NFDRRRR 7 0.76
ROP21 A 353 364 FVYVFRGDEGIL 12 0.746
ROP21 A 430 440 REFLNASTATF 11 0.719
ROP21 A 267 274 MGAENSRS 8 0.687
ROP21 A 470 501 IKGSWKRPSLRVPGTDSLAFGSCTPLPDFVKT 32 0.66
ROP22 A 462 481 PELEARRATISYHRDRRT 20 0.822
LM
ROP22 A 344 366 KDPQKKKMIRVMWYVLSR 17 0.774
ROP22 A 284 290 TDETGE 6 0.77
ROP22 A 322 326 RGIKN 5 0.734
ROP22 A 232 269 EMQSAADSLVSTSLWNGQPFRVESELGERPRTLVRG 36 0.721
ROP22 A 385 397 LSHSSTHKSLVHH 13 0.714
ROP22 A 300 309 TEPPSNAIK 9 0.695
ROP22 A 503 529 PIGGSEWIFRSCKNIPQPVRA 21 0.667
ROP22 A 446 453 RDGARVVS 8 0.621

PTM of proteins is a crucial element of cellular regulatory mechanisms that modify the physical and chemical characteristics of
proteins including folding, stability, conformation and activity, which in turn affects how they function [6]. In this study, the Netphos
2.0 webserver was used to identify PTMs of ROP7, ROP21, and ROP22. ROP7 has 47 phosphorylation sites, ROP7 has 79 phos-
phorylation sites, and ROP7 has 64 phosphorylation sites shown in Fig. 2(a-c). SignalP 6.0 and TMHMM webservers were used to
predict signal peptides and transmembrane domains. ROP7 and ROP22 include a signal peptide at cleavage sites between residues
30-34 and 30-31, with probability values of 0.864365 and 0.591464, respectively. ROP21 does not have a signal peptide. ROPs have
an N-terminal signal sequence and C-terminal hydrophobic region assumed to be transmembrane domains [21]. In this study, one
transmembrane domain was predicted for ROP7, and no transmembrane domains were predicted for ROP21 and ROP22 shown in
Fig. 4(a—c).

Numerous proteomic processes and biochemical phenomena can be predicted with reasonable accuracy using pl values estimated
based on the amino acid sequence. Under physiological conditions, the pI value indicates whether a protein will carry a net positive
and negative charge. Proteins with pI > 7.0 are basic, and proteins with pI < 7.0 are acidic [40]. In this study, the pI of ROP7, ROP21
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Table 3
Prediction of non-toxic epitopes by the ToxinPred webserver.
Protein Peptide sequence Svm score Prediction Hydro-phobicity Hydro-pathicity Hydro-philicity Charge Mol weight
Name
ROP7 PETTAERMLP —1.47 Non-Toxic —0.16 —0.81 —0.05 0.00 2062.60
FGQHHPTL
ROP7 EYAADSLVST —-1.92 Non-Toxic —-0.22 —0.58 0.19 —-1.00 3922.84
SLWNTGQPFR
VESELGERPRT
LVRG
ROP7 TDQETGE -0.97 Non-Toxic —0.41 —-2.26 1.20 -3.00 778.82
ROP7 VKDPQVLS -1.09 Non-Toxic —0.15 —0.14 0.21 0.00 885.14
ROP7 YFTERAIK —-1.28 Non-Toxic —0.26 —0.60 0.19 1.00 1027.29
ROP7 RGIKN —0.80 Non-Toxic —0.52 -1.56 0.88 2.00 586.76
ROP7 PNTDDAALGG —0.99 Non-Toxic —0.20 —0.65 0.15 0.00 2872.58
SEWIFRSCKNIP
QPVR
ROP7 NLYFQGFRGTDP -0.97 Non-Toxic —0.16 —0.83 —0.26 0.00 1414.71
ROP7 RDGASAVS —0.100 Non-Toxic —0.23 —0.28 0.51 0.00 761.88
ROP21 RDVERLE -1.15 Non-Toxic —-0.63 —-1.64 1.67 —-1.00 916.09
ROP21 ATVWPQNAETT -1.36 Non-Toxic —0.22 —0.69 0.22 0.00 2672.35
VDSLLSQGERKL
K
ROP21 AVQSQPPFAQLS -1.21 Non-Toxic —0.01 —-0.15 —0.52 0.00 1661.07
PGYA
ROP21 KVGTRG -0.70 Non-Toxic —0.36 —0.95 0.68 2.00 616.80
ROP21 NFDRRRR —1.01 Non-Toxic -1.11 -3.17 1.81 3.00 1019.21
ROP21 FVYVFRGDEGIL -1.28 Non-Toxic 0.07 0.72 —0.41 —1.00 1414.80
ROP21 REFLNASTATF —0.69 Non-Toxic —0.13 —0.06 -0.19 0.00 1256.52
ROP21 MGAENSRS —0.44 Non-Toxic —0.36 -1.23 0.62 0.00 851.00
ROP21 IKGSWKRPSLRV -1.23 Non-Toxic —0.14 —0.23 0.03 3.00 3462.49
PGTDSLAFGSCT
PLPDFVKT
ROP22 PELEARRATISYH -1.60 Non-Toxic —0.46 -1.19 0.65 2.50 2472.10
RDRRTLM
ROP22 KDPQKKKMIRVM —0.67 Non-Toxic —0.38 —0.85 0.52 5.00 2143.94
WVLSR
ROP22 TDETGE —0.95 Non-Toxic —0.36 —0.25 1.37 -3.00 650.67
ROP22 EMQSAADSLVSTS -1.90 Non-Toxic —0.26 —0.69 0.31 1.00 4573.74
LWNGQPFRVESEL
GERPRTLVRG
ROP22 LSHSSTHKSLVHH —-1.30 Non-Toxic —0.18 —0.68 —0.25 3.00 1469.82
ROP22 TEPPSNAIK —0.80 Non-Toxic —-0.22 -1.03 0.42 0.00 956.18
ROP22 PIGGSEWIFRSCKN -1.18 Non-Toxic -0.14 —0.32 —0.06 2.00 2356.05
IPQPVRA
ROP22 RDGARVVS -1.12 Non-Toxic —0.38 —0.44 0.72 1.00 859.05

and ROP22 was 6.25, 5.99 and 7.05, respectively.

Secondary structure and amino acid types were predicted by the PSIPRED webserver. In a polypeptide chain, the pattern of
hydrogen bonding between carboxyl oxygen and amino hydrogen atoms determines the secondary structure, with alpha helices and
beta sheets the most common types [41]. In this study, the three major secondary structural elements in the ROP7 protein are 56%
random coil, 33.7% alpha helix, and 10% beta sheet. The ROP21 protein consist of 61.28% random coil, 32.44% alpha helix, and
6.27% beta sheet. The ROP22 protein contains 49.42% random coil, 41.73% alpha helix, and 8.83% extended sheet. Fig. 6. Amino acid
type prediction is important to understand the nature of a protein. In this study, four amino acid types (small nonpolar, Hydrophobic,
Polar, and Aromatic plus cysteine) were explored for ROP7, ROP21 and ROP22, and differences were noted.

It is well known that the function of a protein depend on its structure. In this study, tertiary structures of ROP7, ROP21 and ROP22
were predicted by PHYRE2 webserver. For ROP7, 344 residues were modelled with 100% confidence and 60% coverage, and 35%
identity with the most similar template. For ROP21, 239 residues were modelled with 100% confidence and 39% coverage, and 24%
similarity with the most similar template protein. For ROP22, 258 residues were modelled with 100% confidence and 42% coverage,
and 21% identity with the most similar template.

A critical step in the development of epitope-based vaccines, therapeutic antibodies, and diagnostic tools is the identification of B-
cell epitopes. Currently, epitope-based antibodies are the most promising class of biopharmaceuticals [42]. In this study B-cell linear
epitopes were predicted using IEDB and Ellipro webservers. Ellipro, derived from Ellipsoid and Protrusion, uses a modified method for
predicting continuous B-cell epitopes in protein regions projecting from the globular surface of antigens combined with a residue
clustering algorithm for predicting discontinuous epitopes from amino acid sequence [30].

All pathogenic alterations caused by the accumulation, mis localisation, and multimerisation of disease-specific proteins are
collectively referred to as protein toxicity, one of the main pathogenic pathways for most neurodegenerative illnesses, but the specifics
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Table 4
Prediction of antigenicity and allergenicity of non-toxic epitopes.
Protein Peptide Antigenicity Allergenicity
ROP7 EYAADSLVSTSLWNTGQPFR 0.6194 Probable allergen
VESELGERPRTLVRG
ROP7 YFTERAIK 1.2032 Non-allergen
ROP7 NLYFQGFRGTDP 0.8924 Non-allergen
ROP7 PNTDDAALGGSEWIFRSCKN 0.6111 Probable allergen
IPQPVR
ROP7 TDQETGE 0.9401 Probable allergen
ROP7 RDGASAVS 0.5750 Probable allergen
ROP7 VKDPQVLS 0.6342 Non-allergen
ROP21 KVGTRG 3.4472 Non-allergen
ROP21 MGAENSRS 0.7091 Probable allergen
ROP21 ATVWPQNAETTVDSLLSQG 0.5915 Probable allergen
ERKLK
ROP21 IKGSWKRPSLRVPGTDSLAF 0.8577 Probable allergen
GSCTPLPDFVKT
ROP22 PELEARRATISYHRDRRTLM 0.6916 Non-allergen
ROP22 RDGARVVS 0.8556 Probable allergen
ROP22 EMQSAADSLVSTSLWNGQP 0.8758 Probable allergen
FRVESELGERPRTLVRG
ROP22 TDETGE 1.0113 Probable allergen
ROP22 TEPPSNAIK 1.0141 Non-allergen
ROP22 KDPQKKKMIRVMWVLSR 0.7415 Non-allergen
Table 5
Prediction of immunogenicity score of probable epitopes using the immunogenicity IEDB webserver.
Protein Peptide Length Score
ROP7 YFTERAIK 8 0.3129
ROP7 NLYFQGFRGTDP 12 0.27882
ROP7 VKDPQVLS 8 —0.08726
ROP21 KVGTRG 6 0.10046
ROP22 PELEARRATISYHRDRRTLM 20 0.50575
ROP22 TDETGE 6 0.10456
ROP22 TEPPSNAIK 9 -0.07117
ROP22 KDPQKKKMIRVMWYVLSR 17 —0.72342

of protein toxicity remain unknown [43]. Thus, it is important to choose non-toxic protein epitopes for vaccine and drug development.
In this study, the ToxinPred webserver was used to assess the toxicity of epitopes, which showed that all nine epitopes of ROP7 and
ROP21 were non-toxic, while one epitope of ROP22 was toxic. To choose the best candidate epitopes of ROP proteins, antigenicity and
allergenicity were checked using online Vaxijen and Allertop. Vaxijen predicted that ROP7 contains seven probable antigens, ROP21
contains four probable antigens, and ROP22 contain six probable antigens. Allertop predicted that ROP7 contains three probable
non-allergen epitopes, ROP21 contains one probable non-allergen epitope, and ROP22 contains four non-allergen epitopes.

In this study, the final step was to explore the immunogenicity of probable epitopes and to calculate Class I immunogenicity scores
using the IEDB web tool. The immunogenicity of a peptide major histocompatibility complex (MHC) is predicted by this tool using the
properties of the amino acids and their positions within the peptide. This server gave scores for every probable epitope of ROP7, ROP21
and ROP22 according to their immunogenicity as summarized in Table 5. It is well known that a higher score indicates a greater
probability of eliciting an immune response. Based on evaluation by all tools, three immunogenic epitopes of ROP7, one immunogenic
epitope of ROP21, and four immunogenic epitopes of ROP22 were predicted.

5. Conclusion

The goal of this study was to use bioinformatics to analyse ROP proteins (ROP7, ROP21, ROP22) of T. gondii, and identify candidate
immunogenic and antigenic epitopes. Several candidate epitopes of ROP proteins were identified using in silico approaches, indicating
that these methods can be useful for immunogenic epitope prediction. All identified epitopes had good immunogenic scores. The
protein with the highest immunogenic score (0.50575) was ROP22. ROP7 had two high-scoring epitopes with scores of 0.3129 and
0.27882. ROP21 had one immunogenic epitope with a score of 0.10046. The predicted immunogenic epitopes for ROP7, ROP21 and
ROP22 suggests they may serve as candidate proteins for vaccine development for toxoplasmosis.
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