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A B S T R A C T   

Rhoptry proteins (ROPs) play a significant role in various stages of Toxoplasma gondii (T. gondii) life cycle, being 
critical for both invasion and intracellular survival. ROP38 is a key manipulator of host gene expression and has a 
function in tachyzoite to bradyzoite conversion. In this study, we’ve employed various bioinformatics online 
tools for immunogenicity prediction of ROP38 protein, comprising physico-chemical, antigenic and allergenic 
profiles, transmembrane domain, subcellular localization, post-translational modification (PTM) sites, secondary 
and 3D structure, B-cell, MHC-binding and cytotoxic T-lymphocyte (CTL) epitopes. The findings showed 54 PTM 
sites without a transmembrane domain. Also, ROP38 was proved a non-allergenic and antigenic protein. The 
protein had Sec signal peptide (Sec/SPI) with 0.8762 likelihood. The secondary structure included 52.68% 
random coil, 29.57% alpha helix and 17.74% extended strand. Based on Ramachandran plot output for refined 
model, 95.3%, 3.4%, and 1.4% of amino acid residues were incorporated in the favored, allowed, and outlier 
regions, respectively. B-cell epitopes TFPGDDIQTSS (67–72) and KAKNKWGRTRYTLQG (207–221) as well as T- 
cell epitope LSPVGFFTAL (6–15) possessed the highest antigenic index in the protein sequence. This paper is a 
premise for further researches, and provides insights for the development of a suitable vaccine against toxo-
plasmosis. More empirical studies are required using the ROP38 alone or in combination with other antigens/ 
epitopes in the future.   

1. Introduction 

The intracellular apicomplexan protozoa, Toxoplasma gondii 
(T. gondii), is a ubiquitous organism with interesting ability to virtually 
infect all warm-blooded vertebrates, including humans [1,2]. People can 
become infected by the intake of oocysts shed by cats and by the con-
sumption of contaminated meat with tissue cysts, as well as by 

congenital infection [3–5]. The most important manifestation of 
T. gondii among livestock is fetal abortion, which inflicts financial 
burden globally [6]. In humans, seronegative women in child-bearing 
age are significantly exposed to infection, as the acute, tachyzoite 
stages may cross the placenta and enter the developing fetus. Conse-
quences varies based on the occurrence time during gestation period [7, 
8]. Serious clinical symptoms are more frequent in women with early 
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gestational infections [9]. In the case of such a severe infection, there 
may be many consequences, including deafness, mental retardation, 
hydrocephalus, and microcephalus [10]. On the other hand, with the 
gestational age the risk of vertical transmission is raised. The disease is 
usually symptomless at this stage but can develop clinical conditions 
such as neurological disorders and chorioretinitis in longer periods [11]. 
The incidence of congenital Toxoplasma infection was globally calcu-
lated as 190100 cases (95% CI: 179300–206300), with higher ende-
micity in South America and the Middle East [12]. The threat of 
toxoplasmic encephalitis in patients with suppressed immune status 
such as those with acquired immunodeficiency syndrome (AIDS), organ 
transplant recipients, and patients with malignancies is another serious 
complication of toxoplasmosis [13,14]. Previous review studies esti-
mated Toxoplasma seroprevalence seemingly healthy blood donors, 
cancer and HIV/AIDS patients as 33% (95% CI: 28%–39%), 26% (95% 
CI: 20.5%–31.5%) and 42.1% (95% CI: 34%–50.2%), respectively [13, 
15]. Several risk factors may contribute to the morbidity of T. gondii 
infection, comprising contact with cats, exposure to soil in public places, 
age, gender, residence, eating raw meat, occupation and host’s immu-
nity status [16]. 

Common prescribed drugs for toxoplasmosis only affect tachyzoite 
phase of the parasite, while they lack efficacy on encysted bradyzoites, 
which may remain alive for lifetime. Additionally, they may provoke 
side effects such as hypersensitivity and bone marrow suppression [17]. 
Therefore, due to the global burden of latent infection, designing im-
munization approaches and development of vaccine pipelines is a great 
priority in both livestock and humans. For this aim, it is highly suggested 
to recognize parasite antigens with high immunogenicity [18]. In 
addition to surface antigens (SAGs) with adhesive functions, Toxoplasma 
employs micronemes (MICs), rhoptries (ROPs) and dense granule 
(GRAs) proteins for a successful invasion to host cells [19,20]. Genes of 
rhoptry protein family have become popular lately, encoding a wide 
array of key proteins being involved in protozoan pathogenicity and 
virulence [21]. Some of ROPs, including ROP1, ROP2, ROP21 and 
ROP42 are expressed during the whole life cycle of T. gondii, while some 
are only present in tachyzoites and bradyzoites, such as ROP5, ROP16 
and ROP17 [22]. Toxoplasma ROP38 seems to be an active rhoptry ki-
nase (ROPK), proved to suppress the MAPK signaling pathway and 
inhibit the host cell transcription. Moreover, there is low sequence di-
versity in ROP38 of various T. gondii strains [23]. Hence, it shows sub-
stantial features for in silico analysis and further empirical researches as 
a potential vaccine candidate. Bioinformatics is one of the newest 
research fields used to better tackle biological issues [24]. They are 
widely used to analyze gene and protein expression, and to predict 
protein structure, immunogenicity and general characteristics. 
Analyzing and evaluating the physical, chemical and immunogenic 
properties of proteins will improve our understanding about these 
molecules and allow scientists to select the correct epitopes for vaccine 
research [25]. The identification of protein epitopes via bioinformatics 
strategies will, therefore, be valuable for both diagnostic purposes and 
vaccine development [26]. Therefore, present study demonstrates the 
bioinformatics screening of ROP38 gene of Toxoplasma using several 
online web servers to find candidate epitopes. 

2. Materials and methods 

2.1. Amino acid sequence retrieval 

The T. gondii ROP38 amino acid sequence was obtained as FASTA 
format using a comprehensive, high-quality and freely accessible 
resource of protein sequence and functional information called Uni-
ProtKB, available at https://www.uniprot.org. 

2.2. Prediction of physico-chemical, antigenic, allergenic and solubility 
profiles 

In order to reveal physico-chemical properties of ROP38, Expasy 
ProtParam web server (https://web.expasy.org/protparam/) was uti-
lized, demonstrating amino acid quantity, protein molecular weight 
(MW), aliphatic index (AI), instability index (II), isoelectric point (pI), 
grand average of hydropathicity (GRAVY), extinction coefficients, in- 
vitro and in-vivo half-life as well as residues with positive and nega-
tive charges [27]. Two online servers were used to predict antigenicity 
of ROP38, including VaxiJen v2.0 (http://www.ddgpharmfac.net/ 
vaxijen/) [28] and ANTIGENpro (http://scratch.proteomics.ics.uci. 
edu/) [29]. The former performs prediction free from any alignment 
according to several physicochemical features of the protein, whereas 
the latter is developed on the basis of microarray analysis data. 
Furthermore, allergenicity screening is noticeable, suggesting the 
capability of a vaccine candidate to provoke allergic and sensitization 
reactions. Thus, Allergen FP v1.0 server was employed with 88.9% 
prediction accuracy and fingerprint-based method (http://ddgpharm 
fac.net/AllergenFP/) [30]. SOLpro was also applied for prediction of 
protein solubility upon overexpression (http://scratch.proteomics.ics.uc 
i.edu/) [31]. 

2.3. Post-translational modification (PTM) sites 

SignalP online tool (http://www.cbs.dtu.dk/services/SignalP/) was 
used to determine signal peptide in the sequence. The protein can have a 
Sec signal peptide (Sec/SPI), a Lipoprotein signal peptide (Sec/SPII), a 
Tat signal peptide (Tat/SPI) or no signal peptide at all (Other) [32]. 
Serine, threonine and tyrosine phosphorylation sites were demonstrated 
by ensembles of neural networks in NetPhos 3.1 server (http://www.cbs 
.dtu.dk/services/NetPhos/). Also, the CSS-Palm (http://csspalm.biocu 
ckoo.org/online.php) was employed to reveal potential acylation sites 
in ROP38 sequence [33]. Moreover, N-linked glycosylation and O-linked 
glycosylation regions were predicted via NetNGlyc1.0 server (http:// 
www.cbs.dtu.dk/services/NetNGlyc/) [34] and NetOGlyc 4.0 servers, 
respectively (http://www.cbs.dtu.dk/services/NetOGlyc/) [35]. 
N-linked glycosylation areas were determined in the NetNGlyc1.0 server 
by selecting "Predict on all Asn residues" and default parameters were 
assumed for the O-linked glycosylation regions. 

2.4. Transmembrane domains and subcellular localization 

The subcellular localization of protein was revealed by PSORT II web 
server with k-nearest neighbors classifier algorithm (https://psort.hgc. 
jp/form2.html). Also, potential transmembrane domains of ROP38 
were predicted using TMHMM 2.0 online server (http://www.cbs.dtu. 
dk/services/TMHMM-2.0/) [33]. 

2.5. Secondary and tertiary structure validation 

In order to clarify the ROP38 secondary structure, two web servers 
were utilized, including position specific iterated prediction (PSIPRED) 
analysis on outputs from PSI-BLAST (http://bioinf.cs.ucl.ac.uk/psipred/ 
) [36], and Garnier-Osguthorpe-Robson (GOR IV) servers (https://nps 
a-prabi.ibcp.fr/cgibin/npsa_automat.pl?page=npsa_gor4.html) [37, 
38]. Subsequently, three-dimensional (3D) protein models were con-
structed using a fully automated protein structure homology-modelling 
web server called SWISS-MODEL, available at (https://swissmodel.ex 
pasy.org/) [33,39]. 

2.6. Tertiary structure refining and validation 

Among designed templates and built models by SWISS-MODEL, one 
with appropriate coverage and sequence identity was selected and 
applied for refinement through GalaxyRefine online tool, based on 
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CASP10-tested method (http://galaxy.seoklab.org/) [40,41]. Total 
structure relaxation via dynamic simulation and rehashing structure 
perturbations are the abilities of GalaxyRefine server for better protein 
visualization [42]. Next, ProSA-web server used to record the overall 
quality of crude and refined protein structures (https://prosa.services. 
came.sbg.ac.at/prosa.php) [43]. Ramachandran plots of the crude and 
refined models were constructed using RAMPAGE server (http://mordr 
ed.bioc.cam.ac.uk/-rapper/rampage.php). Based on Laskowski et al. 
“this server confirms protein structure based on energetically allowed 
and disallowed dihedral angles psi (ψ) and phi (φ) of amino acid resi-
dues” [44]. 

2.7. Prediction of continuous and conformational B-cell epitopes 

The ABCpred server with a threshold of 0.5 and overlapping filter 
was used for mapping linear B-cell epitopes (http://crdd.osdd.net/ragha 
va/abcpred/) [45]. Continuous B-cell epitopes were also discerned by 
Bcepred web tool, based on physico-chemical characteristics (http 
://crdd.osdd.net/raghava/bcepred/bcepred_submission.html) [46,47]. 
Moreover, BCPREDS 1.0 (http://ailab.ist.psu.edu/bcpred/predict.html) 
with epitopes of 20-mer and the default specificity of 75% [48] and 
SVMTriP (http://sysbio.unl.edu/SVMTriP/prediction.php) [49] servers 
with linear epitopes of 20-mer length were used to analyze the B-cell 
linear epitopes. Also, graphical illustration of linear epitopes was done 
using ProtScale tool (https://web.expasy.org/protscale/), based on 
average flexibility, beta-turn, alpha-helix, hydrophobicity and percent 
of accessible residues [27]. The ElliPro tool of the Immune Epitope 
Database (IEDB) at http://tools.iedb.org/ellipro/was applied for 
discontinuous B-cell epitope prediction based on antigen’s 3D structure 
and default options, comprising 6 Å max distance and 0.5 min-score 
[50]. 

2.8. Prediction of specific epitopes for major histocompatibility complex 
(MHC) molecules 

Those epitopes from T. gondii ROP38 protein with higher affinity to 
couple with MHC-I (http://tools.iedb.org/mhci/) and MHC-II (http:// 
tools.immuneepitope.org/mhcii) molecules were mapped using IEDB 
online tool (recommended method 2.22), according to half-maximal 
inhibitory concentration (IC50) score [51,52]. For this aim, six mouse 
alleles (H2-Db, H2-Dd, H2-Kb, H2-Kd, H2-Kk and H2-Ld) were consid-
ered for prediction of MHC-I (10-mer) epitopes, while three mouse al-
leles (H2-IAb, H2-IAd and H2-IEd) employed for MHC-II (15-mer) 
epitope prediction. 

2.9. Prediction of cytotoxic T-lymphocyte (CTL) epitopes 

The CTLpred server with combined approach was utilized to distin-
guish CTL epitopes with 75.8% accuracy (http://www.imtech.res.in/ra 
ghava/ctlpred/index.html). The prediction regular settings were 0.51 
and 0.36 for artificial neural network (ANN) and support vector machine 
(SVM), respectively [53]. 

2.10. The prediction of dominant T- and B- cell epitopes of the ROP38 
protein 

We identified the overlapping peptides as dominant epitopes, based 
on the epitopes listed. 

Fig. 1. NetPhos server output for ROP38 phosphorylation sites. (A) The number of predicted sites, based on S (serine), T (threonine) and Y (tyrosine); (B) Prediction 
diagram of ROP38 phosphorylation sites (http://www.cbs.dtu.dk/services/NetPhos-2.0/output.php). 
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3. Results 

3.1. Primary characteristics of ROP38 

The protein sequence of Toxoplasma ROP38 was obtained using 
UniProtKB database. It is a 59965.33 Da protein with 541 amino acid 
residues and theoretical pI of 8.72. There exist 60 positively charged 
(Arg + Lys) and 56 negatively charged (Asp + Glu) residues in the 
protein sequence. The total number of atoms was 8410 with extinction 
coefficient of 68325 M− 1 cm− 1 in water at 280 nm wavelength. The half- 
life was also estimated for ROP38 protein as follows: 30 h (mammalian 
reticulocytes, in vitro), >20 h (yeast, in vivo) and >10 h (Escherichia coli, 
in vivo). The II score was computed to be 50.48, rendering the protein as 
unstable. Moreover, AI score and GRAVY were calculated as 81.83 and 
− 0.228, respectively. The predicted probability of antigenicity by 
ANTIGENpro was 0.444170, which indicates ROP38 is probable non 
antigen and overall prediction for the protective antigen by VaxiJen 
server was 0.5694, rendering ROP38 as probable antigen. The output of 
Allergen FP web tool rendered the protein as probable non-allergen. 
According to SOLpro results, the protein was insoluble with probabil-
ity of 0.819865. 

3.2. Prediction of PTM sites of ROP38 

Based on NetPhos 3.1 analysis results, there was 54 phosphorylation 
sites in the ROP38 protein sequence, with 27 serine, 24 threonine and 3 
tyrosine (Fig. 1). Also, only one acylation site existed in the position 21 
of the sequence. The putative signal peptide of ROP38 protein was 
predicted by the SignalP Server. The results showed that the protein 
possesses Sec signal peptide (Sec/SPI) with 0.8762 likelihood (Fig. 2). 
Moreover, ROP38 protein was predicted to have 14 N-linked glycosyl-
ation and 36 O-linked glycosylation regions. 

3.3. Transmembrane domains and subcellular localization of ROP38 

Subcellular localization analysis output by PSORT II was as follows: 
endoplasmic reticulum (55.6%) and cytoplasmic, nuclear, Golgi and 
mitochondrial (11.1% for each). In addition, TMHMM server results 
showed no transmembrane domain in the ROP38 sequence (Fig. 3). 

3.4. Secondary and tertiary structure evaluation 

GOR IV web server was employed for secondary structure prediction, 

Fig. 2. Signal peptide prediction of the ROP38 protein of T. gondii, using SignalP-5.0 online tool. SP (Sec/SPI): type of signal peptide predicted; CS: the cleavage site; 
Other: the probability that the sequence does not have any kind of signal peptide. 

Fig. 3. Bioinformatics analysis of transmembrane 
domain of ROP38 sequence(http://www.cbs.dtu.dk/ 
services/TMHMM-2.0/). (A) Number of predicted 
TMHs: The number of predicted transmembrane he-
lices; Exp number of AAs in TMHs: The expected 
number of amino acids in transmembrane helices. If 
this number is larger than 18 it is very likely to be a 
transmembrane protein (OR have a signal peptide); 
Exp number, first 60 AAs: The expected number of 
amino acids in transmembrane helices in the first 60 
amino acids of the protein. If this number more than a 
few, you should be warned that a predicted trans-
membrane helix in the N-term could be a signal 
peptide; Total prob. of N-in: The total probability that 
the N-term is on the cytoplasmic side of the mem-
brane; POSSIBLE N-term signal sequence: a warning 
that is produced when “Exp number, first 60 AAs” is 
larger than 10 (http://www.cbs.dtu. 
dk/services/TMHMM-2.0/TMHMM2.0.guide. 
html#output); (B) Graphical illustration of trans-
membrane domain analysis of ROP38.   
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Fig. 4. Graphical output of the secondary structure prediction of ROP38 using (A) PSIPRED (http://bioinf.cs.ucl.ac.uk/psipred/) and (B) GOR IV online servers 
(https://npsaprabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.html). 

Fig. 5. SWISS-MODEL server output of ROP38 (https://swissmodel.expasy.org/). (A) Computed 3D model; (B) Model-template alignment; (C) Global quality es-
timate; (D) Sequence identity and coverage; (E) Comparison with non-redundant set of PDB structures; and (F) Local quality estimate. 
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indicating 285 (52.68%) random coil, 160 (29.57%) alpha-helix and 96 
(17.74%) extended strand in the sequence. PSIPRED v4.0 server was also 
used for secondary structure analysis, based on two feed-forward neural 
networks, as illustrated in Fig. 4. In total, 50 SWISS-MODEL templates 
were made for ROP38 protein sequence, among which 2 models were 
successfully built. The model with suitable coverage and 18.18% 
sequence identity was selected. Further details of the SWISS-MODEL 
analysis output are illustrated in Fig. 5. 

3.5. Rehashing and validation of tertiary structure 

GalaxyRefine server yielded five refined models according to various 
qualifying criteria; accordingly, model number 5 was the best refined 
structure, with GDT-HA (0.9653), RMSD (0.362), MolProbity (2.074), 
Clash score (15.5), Poor rotamers (1.0) and Rama favored (94.4). ProSA- 
web online tool appraised the quality of models, implying a Z-score of 
− 6.32 in the crude and − 6.48 in the refined models. Pertinent to 
RAMPAGE server results, there were 318 (88.8%) residues in the 
favored region, 29 (8.1%) in the allowed area and 11 (3.1%) in the 
outlier region of the crude model. Following refinement, the results 
changed to 341 (95.3%) in favored area, 12 (3.4%) and 5 (1.4%) in 
allowed regions, respectively (Fig. 6). 

3.6. Linear and non-linear B-cell epitopes 

The ABCpred results with overlapping filters were 12-mer contin-
uous B-cell epitopes with highest scores (Table 1). Moreover, B-cell- 

specific epitopes based on some physico-chemical parameters were 
appointed using Bcepred and ProtScale web servers (Table 2, Fig. 7). 
Also, the results of BCPRED and SVMTriP are listed in Tables 3 and 4. 
There observed five predicted discontinuous B cell epitopes as follows: 
81 residues (score: 0.749), 58 residues (score: 0.664), 23 residues (score: 
0.634), 19 residues (score: 0.614) and 11 residues (score: 0.559). 

3.7. MHC-binding epitopes 

Affinity of specific epitopes to various mouse alleles of MHC mole-
cules were predicted by IEDB server. Those peptides with lowest IC50 
values for binding to MHC alleles were chosen, as they represent more 
potent affinity to receptor molecules (Tables 5 and 6). 

3.8. CTL epitope prediction 

According to CTLpred analysis, a total number of ten 9-mer epitopes 
with highest score were predicted in the protein sequence of T. gondii 
ROP38, as illustrated in Table 7. 

3.9. The T- and B-cell dominant epitope predictions 

Based on analyzes of the dominant epitopes, 5 dominant epitopes (4 
for B-cells and 1 for T-cells) were predicted for ROP38 protein. More 
details are shown in Table 8. Among dominant epitopes, all of them were 
predicted as probable antigen according to VaxiJen v2.0. 

Fig. 6. Confirmation of the 3D structure of ROP38 by 
Ramachandran plots (http://mordred.bioc.cam.ac. 
uk/~rapper/rampage.php) and ProSA-web (https:// 
prosa.services.came.sbg.ac.at/prosa.php). (A) crude 
model: the Z-score was estimated as - 6.32, with 
Ramachandran plot analysis of 88.8% of amino acid 
residues in favored region, 8.1% and 3.1% in allowed 
and outlier regions, respectively; (B) refined model: 
the Z-score was increased to − 6.48 indicating closer 
quality to protein structure defined by X-ray crystal-
lography, with change in RAMPAGE results as follow: 
95.3% of residues in favored regions, 3.4% in allowed 
regions, and 1.4% in outlier regions.   
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4. Discussion 

For any particular disease there are different prevention strategies 
and vaccination is a well-known representative which improves global 
living standards [54]. During last century, a great deal of investigations 
was based on developing vaccines against infectious agents. In a his-
torical context, production of vaccines was premised on the Pasteur’s 
principles, i.e. “isolate, inactivate and inject” the pathogen [55,56]. 
Although, such procedures were unsafe, costly and ineffective with 
toilsome experimental processes. Further progress in biotechnology 
rendered the advent of DNA and protein vaccine formulations, being 
expressed in an engineered vector organism with their own benefits and 
drawbacks [57–59]. Sophisticated computer programs, such as 
web-based tools and/or standalone softwares, have enabled us to pre-
cisely detect the immunodominant epitopes of a particular molecule. 

This reverse vaccinology approach was pragmatically performed for the 
first time on Neisseria meningitidis serogroups B in the year 2000, leading 
to the MenB vaccine licensing [60]. Thereafter, plenty of in-silico im-
munization projects were designed and examined against cancers and 
various pathogens, including protozoa [61–65]. 

Beyond a century passes from T. gondii discovery and it still over-
whelms in human population, particularly in at-risk groups [4,66]. The 
protozoan provoke bouncing humoral and cellular immunity in the host. 
Immunoglobulins especially IgG block the action of parasite adhesins for 
attachment and enhance cellular phagocytosis through opsonization 
process. Of note, the most protective immune mechanism against 
toxoplasmosis is mediated via CD4

+ and CD8
+ T cells as well as IFN-γ 

cytokine, which together limit the parasite invasion and replication [67, 
68]. Thus, it is highly recommended to explore the potential epitopes of 
Toxoplasma antigens for better immunization using a reverse vaccinol-
ogy approach. Several ROP proteins are involved in Toxoplasma viru-
lence, among these ROP38 is a putative kinase associated with PV that 
impact the expression of a wide variety of host genes and promotes 
conversion of tachyzoites to cystic stages [16]. Current investigation 
was done to shed light on the potential candidate epitopes of T. gondii 
ROP38 protein. 

Based on ProtParam results, this protein was a good immunogenic 
compound, with a molecular weight of 59.96 KDa (antigens with MW of 
>5–10 KDa to be regarded as strong immunogens) [5], though it showed 
instability with II score of 50.48. Improved thermotolerance of ROP38 
was shown in current study with AI score of 81.38. In brief, the high 
aliphatic index indicates that the protein is more stable at a wide range 
of temperatures. The GRAVY score was negative (− 0.228), indicating 
hydrophilic traits of this molecule with better contribution in 
water-based milieu. The pI (pH at which net charge turns zero) of ROP38 
was calculated to be 8.72, which could be beneficial for protein purifi-
cation via ion-exchange chromatography and isoelectric focusing. 
Totally, above primary biochemical features would be advantageous for 
further extraction/purification protocols in future experimental in-
vestigations. Although analysis by ANTIGENpro showed that the protein 
is non-immunogenic, bioinformatics analysis by VaxiJen and SOLpro 
revealed that the protein is immunogenic and non-allergen with likely 

Table 1 
Linear B-cell epitopes from Toxoplasma ROP38 by ABCpred server.  

Rank Sequence Start position Score 

1 ETVVQNPLTFWAKMYI 345 0.92 
2 MHARTTRPPPNFRLCR 476 0.91 
2 ELVSGMPTWFAAGDSF 313 0.91 
3 QRENEITPHRDAWATG 429 0.90 
3 VSPLFTCDLETVVQNP 336 0.90 
3 PSTRLTPVDRRGRSHT 156 0.90 
4 AVTPEGDAWNHSGVVP 119 0.89 
5 THLYMDPDSSEAFFEQ 414 0.87 
6 SSTDGSGLRPPQEVDS 33 0.86 
7 GPPQVMRVTVMHARTT 466 0.85 
7 IQRQAAHAPPSTRLTP 147 0.85 
8 VEDVMRPDQSAAMHAV 181 0.84 
9 REQSGASVRVGFPQNA 83 0.83 
9 PREVRNLVTGFLQWNE 494 0.83 
9 TFLGMGAEGIVVRLNQ 224 0.83 
9 FLTQREARDEIANAHE 101 0.83 
10 DSAPRTPSIAVKELAT 47 0.82 
11 TFPGDDIQTSSQELPG 62 0.81 
11 CGVFPFGLQNVANAGP 452 0.81 
11 HRDAWATGVLLFYLWC 437 0.81 
11 LCLIRAAVFSGLTWWR 255 0.81 
12 AATDDGGREARRIRTH 524 0.80 
12 HQKGISHNDLKLENVL 372 0.80 
12 VRLNQVKSDRERSVTP 235 0.80 
13 AVKELATFPGDDIQTS 56 0.79 
13 AVLIECHLSDRCVAHH 16 0.79 
13 PASGSFIQRQAAHAPP 141 0.79 
14 RLCRRIPREVRNLVTG 488 0.77 
15 AKMYITRQLLKSIAWM 356 0.76 
16 SVRVGFPQNAESFLTQ 89 0.75 
16 LVTGFLQWNEEARRLP 500 0.75 
16 LLFYLWCGVFPFGLQN 446 0.75 
16 KSIAWMHQKGISHNDL 366 0.75 
17 PEEQTVTPASGSFIQR 134 0.74 
18 QNVANAGPPQVMRVTV 460 0.73 
18 GLTWWRKRRTRTELMK 265 0.73 
19 TSSQELPGYELWTREQ 70 0.72 
20 LSNENSVKRALPDLDP 283 0.71 
20 RYTLQGPATFLGMGAE 216 0.71 
21 QWNEEARRLPSDVADA 506 0.70 
21 PDSSEAFFEQRENEIT 420 0.70 
22 IGDFGFSSPFGASLPI 396 0.69 
22 KAKNKWGRTRYTLQGP 207 0.69 
23 RTRTELMKLFLSNENS 273 0.68 
23 TPVAVKLCLIRAAVFS 249 0.68 
23 KSDRERSVTPVAVKLC 241 0.68 
23 RGRSHTVSAVRRRVTV 166 0.68 
23 ARDEIANAHELVAVTP 107 0.68 
24 RALPDLDPAEMLEHGL 291 0.65 
25 MLEHGLVVPHHAELVS 301 0.62 
26 TWFAAGDSFFVLPVVS 320 0.58 
26 DAWNHSGVVPEEQTVT 125 0.58 
27 VLSAFGGGLVLKAKNK 196 0.56 
28 ENVLLSADGRVAIGDF 384 0.55 
28 QSAAMHAVLSAFGGGL 189 0.55  

Table 2 
B-cell linear epitopes based on different physico-chemical parameters using 
Bcepred server.  

Hydrophilicity HHGSSTDGSG; DSAPRTP; GDDIQTSSQ; TREQSGAS; 
TQREARDE; DRRGRSHT; RPDQSAA; NQVKSDRERSVT; 
RKRRTRTE; SNENSVKR; MDPDSSEA; FEQRENEI; 
AATDDGGREARR 

Flexibility VAHHGSSTDG; DDIQTSS; ELWTREQSG; LTQREAR; 
LTPVDRRGRS; RLNQVKSDRERS; TWWRKRRTR; 
KLFLSNENSV; LYMDPDS; AFFEQRE; MHARTTR; LQWNEEA; 
LAATDDGGREA 

Accessibility SGLRPPQEVDSAPRTPS; DIQTSSQELPGYELWTREQSGAS; 
FPQNAESFLTQREARDEI; PEEQTVTP; 
HAPPSTRLTPVDRRGRSHT; RRRVTVEDVMRPDQSAA; 
VLKAKNKWGRTRYTLQGP; RLNQVKSDRERSVTP; 
LTWWRKRRTRTELMK; SNENSVKRA; PDLDPAE; 
KMYITRQLLKS; HNDLKLEN; 
YMDPDSSEAFFEQRENEITPHRDAW; 
MHARTTRPPPNFRLCRRIPREVRNL; QWNEEARRLPSDV; 
TDDGGREARRIRTHQF 

Turns AWNHSGV; LSNENSV; GISHNDLK 
Polarity ECHLSDRCVAHHG; YELWTREQ; LTQREARDEIANAHE; 

PVDRRGRSHTVSAVRRRVTVEDVMRPD; VLKAKNKWGRTRY; 
QVKSDRERSVTP; LTWWRKRRTRTELMKL; NENSVKRA; 
PAEMLEHGLVVPHHAELVS; HQKGISHNDLKLE; 
EAFFEQRENEITPHRD; MHARTTRPPPNFRLCRRIPREVRNLV; 
QWNEEARRLPS; TDDGGREARRIRTHQF 

Antigenic 
Propensity 

NTLLSPVGFF; VLIECHLSDRCV; SVRVGFPQ; HSGVVPE; 
VRRRVTVEDV; EGIVVRLNQVK; VAVKLCLIR; LMKLFLS; 
LEHGLVVPHH; DSFFVLPVVSVSPLFTCDLETVVQNPLT; 
YITRQLL; LKLENVLLS; TGVLLFYLWCGVFPFGLQ; 
PPQVMRVTV; LVTGFLQ  
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insolubility of 0.819865. An insoluble protein could actually be 
re-dissolved with a change in ionic strength (salt) or pH, detergent, 
and/or dilution during purification experiments to get increased protein 
yield [69]. Also, all of the dominant epitopes were predicted as probable 
antigen according to VaxiJen v2.0 server. The Extinction coefficient 
(measure of how potently a chemical substance absorbs light at a spe-
cific wavelength) of ROP38 was 68325 M− 1 cm− 1 in water at 280 nm 
wavelength. Two major components impact the yield of the recombinant 
protein production, including secretory machinery and the presence of 
signal peptides. This signal or leader sequence is usually a short-length 
peptide at the N-terminus of the most recently synthesized proteins, 
carrying zip codes related to the protein secretion pathway as well as 
protein target location. As shown in the results, ROP38 protein have a 
standard Sec/SPI signal peptide with the likelihood of 0.8762. The 

Sec/SPI is standard secretory signal peptides transported by the Sec 
translocon and cleaved by Signal Peptidase I [70]. Crude synthesized 
proteins would undergo several enzymatic modifications such as phos-
phorylation and acylation known as PTMs [71]. The existence of PTMs 
in eukaryotic cells such as parasites (e.g. T. gondii) is significant for 
choosing the correct expression system in the development of recom-
binant proteins [72]. Herein, we have predicted these PTM sites in the 
ROP38 protein sequence using CSS-Palm and NetPhos 3.1 online tools. 
Totally, there existed 55 PTM sites encompassing 54 phosphorylation 
regions and only one acylation site, which undoubtedly impress the 

Fig. 7. Linear B-cell epitopes of ROP38 protein sequence predicted by ProtScale server (https://web.expasy.org/protscale/), based on (A) percent of accessible 
residues, (B) average flexibility, (C) beta turn, (D) hydrophobicity and (E) alpha helix. 

Table 3 
B-cell linear epitopes predicted using BCPRED server.  

Position Epitope Score 

31 HGSSTDGSGLRPPQEVDSAP 0.998 
456 PFGLQNVANAGPPQVMRVTV 0.996 
479 RTTRPPPNFRLCRRIPREVR 0.99 
151 AAHAPPSTRLTPVDRRGRSH 0.972 
207 KAKNKWGRTRYTLQGPATFL 0.963 
69 QTSSQELPGYELWTREQSGA 0.955 
174 AVRRRVTVEDVMRPDQSAAM 0.873 
417 YMDPDSSEAFFEQRENEITP 0.867 
332 PVVSVSPLFTCDLETVVQNP 0.865 
118 VAVTPEGDAWNHSGVVPEEQ 0.836  

Table 4 
B-cell linear epitopes predicted using SVMTriP server.  

Rank Location Epitope Score Recommend* 

1 53–72 PSIAVKELATFPGDDIQTSS 1.000 
2 329–348 FVLPVVSVSPLFTCDLETVV 0.866 
3 228–247 MGAEGIVVRLNQVKSDRERS 0.858  
4 202–221 GGLVLKAKNKWGRTRYTLQG 0.720  
5 95–114 PQNAESFLTQREARDEIANA 0.525   

Table 5 
IC50 values for ROP38 binding to MHC class I molecules obtained using the 
IEDBa.  

MHC-I alleleb Start-Stopc Peptide sequence Percentile rankd 

ROP38 ROP38 

H2-Db 42–51 SSPFGASLPI 0.56 
33–42 GFPQNAESFL 0.84 
14–23 KGISHNDLKL 1.5 

H2-Dd 16–25 SGMPTWFAAG 1.95 
33–42 RLPSDVADAF 2.2 
6–15 LSPVGFFTAL 2.65 

H2-Kb 9–18 VGFFTALAVL 0.5 
36–45 IGDFGFSSPF 2.5 
27–36 SFFVLPVVSV 2.9 

H2-Kd 40–49 KLFLSNENSV 3.8 
2–11 SDRERSVTPV 4.3 
7–16 PDQSAAMHAV 7.65 

H2-Kk 49–58 DEIANAHELV 2.5 
29–38 EEARRLPSDV 5.6 
46–55 VDSAPRTPSI 6.9 

H2-Ld 33–42 GFPQNAESFL 0.8 
34–43 FPQNAESFLT 0.88 
49–58 QNPLTFWAKM 1.9  

a The immune epitope database (http://tools.iedb.org/mhci/). 
b H2-Db, H2-Dd, H2-Kb, H2-Kd, H2-Kk, and H2-Ld alleles are mouse MHC 

class I molecules. 
c Ten amino acids for analysis was used each time. 
d Low percentile rank = high level binding; high percentile rank = low level 

binding; IC50 values = percentile rank. 
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biological function of the protein. We also established the existence of N- 
and O-linked glycosylation location, which is one of the essential post 
translational modifications [20]. Based on the findings of the PTM sites, 
if T. gondii ROP38 protein is aimed to be generated alongside other 
proteins of interest in a recombinant form, the existence of N-linked 
glycosylation, phosphorylation and acetylation sites should be consid-
ered and eukaryotic expression systems like yeast, insects and mammals 
should be preferred rather than bacterial systems. Lack of possible 
transmembrane domain would promote antigen presentation for 
igniting humoral and cell-mediated immunity and rapid response [5]. As 
usual, the scheme of hydrogen bonds between amino hydrogen and 
carboxyl oxygen atoms in a polypeptide chain indicates the secondary 
structure, which is mostly composed of α-helices and β-structures [73]. 
In the following, present bonds and interactions in a particular protein 
molecule defines tertiary structure. Alpha-helix and beta-turn inside the 
protein structure with high hydrogen-bond energy can preserve the 
protein conformation and therefore generate a good interaction with 

antibodies [25]. As illustrated by both GOR IV and PSIPRED servers, 
there was three major secondary structure constituents in the protein, 
consisting of 52.68% random coil, 29.57% alpha helix and 17.74% 
extended strand. Moreover, best-fit model among 50 templates of ter-
tiary structures was selected for further analysis. Subsequently, the 
GalaxyRefine server was used for rebuilding and repacking side-chains 
in chosen 3D model, which remarkably enhances the overall quality 
via molecular dynamics simulation [74]. Next, the refined model 
(number 5) was selected based on various quality parameters, 
comprising GDT-HA (0.9653), RMSD (0.362), MolProbity (2.074), Clash 
score (15.5), Poor rotamers (1.0) and Rama favored (94.4). The global 
quality of the protein model is determined by GDT-HA, while RMSD 
devotes to deviation in the angles and bond lengths between crude and 
refined models. So, the lower RMSD, the premier the refined model is 
comparable to the crude structure. According to Chen et al., “a structure 
with a numerically lower MolProbity score than its actual crystallo-
graphic resolution is, quality wise, better than the average structure at 
that resolution” [48,75]. Steric clashes application of rehashed model is 
assigned to clash score, which is relied on the protein structure resolu-
tion. The declined capacity of a number of residues for likely rotation in 
their side chains are poor rotamers [76]. RAMPAGE and ProSA-web 
outputs also revealed structural enhancements in the overall quality of 
the refined model in contrast to the crude model. 

Inherent immune response pathways against T. gondii provide a basis 
for further activation of acquired immunity, i.e. humoral and cellular 
immune responses [77]. An advantage of vaccination approaches with in 
silico origin is to directly elicit such a strong immunity to properly 
confine the parasite. This aim is facilitated by epitope mapping of B-cell, 
CTL and MHC-binding regions of a particular protein using several web 
servers [78,79]. ANN-based, fixed-length pattern linear B-cell epitope 
prediction was done by ABCpred server with 65.93% accuracy. Bcepred 
prediction of continuous B-cell epitopes was performed based on 
accessibility, flexibility, polarity, hydrophilicity, turns, and antigenic 
propensity, with varying accuracy from 52.92% to 57.53% [46,47]. The 
SVMTriP Database estimated the B-cell epitopes depending on the 
Tri-peptide correlation and Propensity values [49]. In this survey we 
identified overlapping peptides of predicted linear epitopes by evalu-
ating the results of the above-mentioned databases. There were 4 
dominant epitopes of 336–351 amino acids, 62–72 amino acids, 
230–239 amino acids, and 207-221amino acids for the ROP38 protein. 
The other remarkable step for bioinformatics analysis of a vaccine 
candidate is to determine conformational epitopes for improved 
antigen-antibody interaction. Hence, ElliPro tool was exploited. IEDB 
online tool elucidated epitopes with higher binding affinity to MHC-I 
and MHC-II. As previously mentioned, the lower IC50 scores (or 
percentile ranks) represent higher level of affinity. Finally, a number of 
10 CTL-specific epitopes were mapped via CTLpred server, which are of 
utmost significance for toxoplasmosis vaccine design. Consensus and 
combined prediction methods of CTLpred are more accurate than ANN 
and SVM options [53]. After comparison of the various findings, one 
T-cell dominant epitopes of the ROP38 protein was predicted: 7–15 
amino acids. 

Table 6 
IC50 values for ROP38 binding to MHC class II molecules obtained using the 
IEDBa.  

MHC-II alleleb Start-Stopc Peptide sequence Percentile rankd 

ROP38 ROP38 

H2-IAb 146–160 FIQRQAAHAPPSTRL 0.55 
147–161 IQRQAAHAPPSTRLT 0.6 
145–159 SFIQRQAAHAPPSTR 0.86 

H2-IAd 187–201 FIQRQAAHAPPSTRL 0.55 
188–202 IQRQAAHAPPSTRLT 0.6 
186–200 PDQSAAMHAVLSAFG 0.83 

H2-IEd 262–276 VFSGLTWWRKRRTRT 0.02 
263–277 FSGLTWWRKRRTRTE 0.03 
264–278 SGLTWWRKRRTRTEL 0.03  

a The immune epitope database (http://tools.immuneepitope.org/mhcii). 
b H2-IAb, H2-IAd, and H2-IEd alleles are mouse MHC class II molecules. 
c Fifteen amino acids for analysis was used each time. 
d Low percentile rank = high level binding; high percentile rank = low level 

binding; IC50 values = percentile rank. 

Table 7 
Predicted ROP38 CTL epitopes by CTLpreda.  

Peptide rank Start positionb Sequence Score (ANN/SVM)c 

1 171 TVSAVRRRV 0.91/1.2285505 
2 7 SPVGFFTAL 0.01/1.834221 
3 388 LSADGRVAI 0.81/1.0329345 
4 493 IPREVRNLV 0.93/0.85929443 
5 247 SVTPVAVKL 0.73/1.0373982 
6 167 GRSHTVSAV 0.94/0.8005965 
7 441 WATGVLLFY 0.87/0.84276637 
8 408 SLPIRGTHL 0.64/1.028405 
9 323 AAGDSFFVL 0.72/0.94623052 
10 285 NENSVKRAL 0.98/0.66368532  

a CTLpred, available online at http://www.imtech.res.in/raghava/ctlpred/i 
ndex.html. 

b Nine amino acids for analysis was used. 
c The default artificial neural network (ANN) and support vector machine 

(SVM) cut-off scores were set 0.51 and 0.36, respectively. 

Table 8 
Predicted T- and B-cell dominant epitopes of the ROP38 protein.  

Episode Methods Location Sequence VaxiJen v2.0 Value 

B-cell epitope ABCpred, BCPREDS, 
SVMTriP 

336–351 VSPLFTCDLETVVQNP 0.6865, Probable ANTIGEN 
62–72 TFPGDDIQTSS 1.7184, Probable ANTIGEN 
230–239 AEGIVVRLNQ 0.5335, Probable ANTIGEN 
207–221 KAKNKWGRTRYTLQG 1.0438, Probable ANTIGEN 

T-cell epitope CTLpred, 
IEDB 

6–15 LSPVGFFTAL 0.7451, Probable ANTIGEN  
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5. Conclusion 

Computer-based technologies have provided the mankind an op-
portunity to better cope with the encountered health concerns, such as 
improved prevention strategies against infectious diseases. Toxoplas-
mosis is one of those global issues with serious consequences, particu-
larly in pregnant women and immunocompromised patients. Herein, we 
provided some valuable bioinformatics information on Toxoplasma 
ROP38 protein, with potential to be used as a vaccine candidate in future 
in silico multi-epitope-based vaccinology experiments. Although, it is 
highly recommended to empirically assess the efficacy and potency of 
such candidate proteins, along with various antigenic compounds, epi-
topes and/or formulations. 
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