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ARTICLE INFO ABSTRACT

Keywords:
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Cystic echinococcosis (CE) is a global zoonosis caused by the larvae of the parasite Echinococcus granulosus (E.
granulosus). According to its life cycle and previous studies of antigen candidates for vaccines against E. gran-
EgA31 ulosus, we chose two proteins expressed at different stages of the E. granulosus life cycle to design a multi-epitope
E$(?1Y162 . . vaccine. The EgA31 antigen gene is derived from the adult stage of E. granulosus, and the EgG1Y162 antigen gene
I]\S/Ilzizfz;ﬁzgzs analysis is derived from the larval stage of E. granulosus. In this study, we used several bioinformatics methods to analyze
Vaccine various aspects of the EgA31 and EgG1Y162 proteins, including the physicochemical properties, secondary and

tertiary structures, and the dominant T-cell and B-cell epitopes. The results showed that EgA31 protein was an
unstable and hydrophilic protein, while EgG1Y162 was stable and hydrophobic. The secondary structure of the
EgA31 protein consisted of 82.36% alpha helixes, 4.16% extended strands, 3.16% beta turns and 10.32%
random coils. The secondary structure of EgG1Y162 consisted of 33.33% alpha helixes, 25.49% extended
strands, 5.88% beta turns and 35.29% random coils. Moreover, our results identified 6 dominant T-cell epitopes
and 5 dominant B-cell epitopes in the EgA31 protein structure and 6 dominant T-cell epitopes and 3 dominant B-
cell epitopes in EgG1Y162. In conclusion, this study provides comprehensive biological information about the
EgA31 and EgG1Y162 proteins, which will lay a theoretical foundation for multi-epitope vaccines against
Echinococcus granulosus.

1. Introduction and health burden (Cumino et al., 2012).

Echinococcus granulosus could infect humans and many other her-

Cystic echinococcosis (CE) is a neglected helminthic disease caused
by the larvae of Echinococcus granulosus (E. granulosus) and remains a
serious public health problem in developing countries (Otero-Abad and
Torgerson, 2013). Based on the World Health Organization (WHO)
report, the cost of controlling echinococcosis is over 3 billion USD an-
nually, while the infection rate continues to increase every year. In
China, CE is mainly prevalent in agricultural and pastoral areas, such as
Xinjiang, Qinghai, Ningxia, and Gansu, and it is an enormous economic

bivores. The definitive hosts are carnivores, especially dogs, which
produce the gravid proglottid that contains the eggs of E. granulosus and
releases them into the environment (Ozturk et al., 2007). The inter-
mediate hosts of E. granulosus are sheep, cattle, goat and humans.
People often are infected with CE by accidentally ingesting the eggs
from polluted water and food (Otero-Abad and Torgerson, 2013). The
oncosphere is released from the embryophore and then develops in the
human lungs, liver and other organs. As the larva enlarges, the cyst
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immune epitope database; MHC, Major Histocompatibility Complex; MW, molecular weight; NCBI, National Center for Biotechnology Information; PCR-SBT,
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squeezes the surrounding organ tissues, causing their atrophy and
dysfunction, thus becoming a choric disease (Qian and Zhou, 2018). For
CE patients, common treatment strategies are pharmacotherapy and
surgical treatment. However, pharmacotherapy is often associated with
inevitable side effects, and surgery requires long-term follow-up along
with a high recurrence rate. Thus, a prophylactic treatment (e.g., vac-
cine) for CE becomes one of the most suitable and effective strategies.

Several studies have been conducted on the vaccine antigen candi-
dates of E. granulosus, including Eg95, EgA31, EgDfl, EgAg5, and
EgG1Y162 (Pourseif et al., 2018a, 2018b). These antigens are expressed
at the different developmental stages of E. granulosus. EgA31 was a
single gene derived from the cDNA library of the adult stage of E.
granulosus obtained from the sera of infected dogs. The recombinant
EgA31 (rEgA31) was used as a protective vaccine and the intradermal
injection of rEgA31 in dogs was associated with an elevated cellular
immune response (Fu et al., 1999; Fu et al., 2000). The EgG1Y162 gene
was cloned from the ¢cDNA library and amplified from both the larvae
and adult stages of E. granulosus (Cao et al., 2009; Zhang et al., 2014).
Recombinant EgG1Y162 showed a reasonably strong immune response,
with high specificity and sensitivity (Ma et al., 2016; Zhang et al.,
2018).

The immune response can be activated by pathogens and antigen
epitopes with strong immunogenicity and immunoreactivity. In view of
the importance of the EgA31 and EgG1Y162 proteins (Fu et al., 1999;
Zhang et al., 2018), a multi-epitope vaccine containing proper antigenic
peptides of both genes may serve as an efficient vaccine against E.
granulosus infection. In this study, we used bioinformatic methods to
analyze the physicochemical parameters and the secondary and tertiary
structures and to predict the B- and T-cell epitopes of the two proteins.
Here, we discovered that 11 dominant epitopes (5 for B-cell and 6 for T-
cell) and 9 dominant epitopes (3 for B-cell and 6 for T-cell) were pre-
dicted for protein EgA31 and EgG1Y162, respectively. These results laid
the foundation for designing a multi-epitope against E. granulosus.

2. Materials and methods
2.1. Amino acid sequences

The complete amino acid sequences of EgG1Y162 and EgA31 were
obtained from the National Center for Biotechnology Information
(NCBI) database.

2.2. Prediction of physicochemical parameters

Online tools from Expasy ProtParam (Wilkins et al., 1999) (http://
web.expasy.org/protparam/) were used to analyze EgGlY162 and
EgA31 proteins, including the molecular weight (MW), theoretical
isoelectric point (pI), extinction coefficient, unstable coefficient, total
average hydrophobicity, and other physicochemical parameters.

2.3. Prediction of transmembrane domains

The transmembrane domains of the EgA31 and EgG1Y162 proteins
were analyzed by the TMHMM Server (Moller et al., 2001) (http://
www.cbs.dtu.dk/services/TMHMM-2.0/).

2.4. Secondary structure prediction

The secondary structures of EgA31 and EgG1Y162 were predicted
by DNAstar software using the Gramier - Robson and Chou - Fasman
methods (Li et al., 2015). To predict the protein secondary structure
more accurately, we performed prediction analyses using SOPMA on-
line analysis software (Deleage, 2017) (https://npsa-prabi.ibcp.fr/cgi-
bin/npsa_automat.pl?page =npsa_sopma.html) to improve the relia-
bility of the predicted protein secondary structure.
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2.5. Tertiary structure prediction

The Protein homology/analogy Recognition Engine V 2.0 (Phyre2)
server (Kelley et al., 2015) (http://www.sbg.bio.ic.ac.uk/phyre2/html)
was employed to build the three-dimensional models of the EgG1Y162
and EgA31 proteins. The 3D models were built with this server ac-
cording to the sequence similarities of amino acids. Next, the protein
tertiary structures were selected, and then Raswin software was used to
demonstrate the 3D models of the proteins.

2.6. Linear B-cell epitopes of the EgA31 and EgG1Y162 proteins

To analyze the B-cell linear epitopes, several prediction software
packages were used, including BCPREDS Server 1.0 (Chen et al., 2007)
(http://ailab.ist.psu.edu/bepred/predict.html), ABCpred Prediction
(Saha and Raghava, 2006) (http://crdd.osdd.net/raghava/abcpred/
ABC_submission.html), BepiPred 1.0 Server (Larsen et al., 2006)
(http://www.cbs.dtu.dk/services/BepiPred-1.0/) and SVMTriP (Yao
et al.,, 2012) (http://sysbio.unl.edu/SVMTriP/prediction.php). Linear
epitopes of 20-mer length were predicted at the default specificity of
75% on the BCPRED server; the 16-mer linear epitopes were predicted
at the default 0.51 threshold on ABCpred; the score threshold for epi-
tope assignment was 0.35 on the BepiPred 1.0 server; and linear epi-
topes of 20-mer length were predicted on SMVTriP.

2.7. T-cell epitopes of the EgA31 and EgG1Y162 proteins

T lymphocytes are divided into two groups: CD8+ and CD4+ T
cells. CD4 + T cells are the essential component of protective immunity,
so we used SYFPEITHI (Rammensee et al., 1995; Rammensee et al.,
1999) (http://www.syfpeithi.de/bin/mhcserver.dll/epitopeprediction.
htm) and IEDB (Ostrov et al., 2018) (http://tools.iedb.org/mhcii/)
software to predict CD4+ T cell epitopes.

According to a previous study, the high frequency HLA alleles for
the Uyghur ethnic minority group were HLA-A*1101 (13.46%), A*0201
(12.50%), and A*0301 (10.10%), HLA-DRB1*0701 (16.35%),
DRB1*1501 (8.65%) and DRB1*0301 (7.69%) (Shen et al., 2010). We
therefore analyzed the epitopes of CD4 + T cells in the context of HLA-
DRB1*0701, HLA-DRB1*1501 and HLA-DRB1*0301. Next, epitopes of
CD8+ T cells were predicted using the IEDB online tool (Lanoix et al.,
2018) (http://tools.iedb.org/mhci/) in the context of the HLA-A*1101,
HLA_A*0201 and HLA_A*0301.

2.8. The prediction of dominant T- and B- cell epitopes of the EgA31 and
EgG1Y162 proteins

In the first step, every predicted epitope was evaluated for their
length and position, excluding some epitopes that were too short to
form epitopes. In the second step, only the top 5 high-scoring epitopes
from each prediction software were listed. In the third step, based on
the listed epitopes, we selected the overlapping peptides as the domi-
nant epitopes.

3. Results
3.1. Gene information for EgA31 and EgG1Y162 proteins

The amino acid sequence of the EgA31 protein was obtained from
GenBank as follows:

TRPQRKKNEYEDLELQLENAQNNIRTQESNCRRLSLEHMKALEEIKM
KQITMEGLETKITELIQRNEDLTKEALNTKNVESSNREEVLLSKIKSLEKTA-
KHLHIVLKEEKHYNNQLKEEIDEIRKENLATLQTRLNEIFQKESEMNSERK-
ALNMRIMALEAENERLRISAAEKQAMDDSTASSDGIYFAIEEERKKSAEL-
RRALITQESRNLELQNDLERLQRETRDELDEQKAEIEKLHKELVGADNSK-
TTVQSIRNEMRGIQVQIQLLRGGYLDLFHDKIGHYKEKLQESETKLLELQ-
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GTHDQTKRIHDVEKDKLAQELKYMEKQINLCSNENNKLKDALASMENQI-
TGLLNGNELLKKKIEMLETRAETKEINTKLENLLKTETQELLTTIKDLDSKL-
TESGEEVKELKKQLEKAEKQIRDAEVLTDEKNKIIEEMKKTINKLSETKKE-
VEDKNSELRKASIQKQSLIEEKEILGRQLELKDTIISAMKKEKDALRHELHE-
MRDTINTLTEKIATIKIPEPLPMKPIEIPKPLQKEGVNKAMENEIQTYKDTI-
KTLKDEIFDKSRVINENQVIIKQLERDLNDMKGLVGFYKAFAKKK.

The amino acid sequence of EgG1Y162 protein, also obtained from
GenBank, was:

MVLRFCLILLATSVIAEEIRVDPELMAKLTKELKTTLPEHFRWIHVGSR-
SLELGWNATGLANLHADHIKLTANLYTTYVTFKYRNVPIERQKLTLEGLK-
PSTFYEVVVQAFKGGSQVFKYTGFIRTLAPGEDGADRASGFALIFAMAGL-
LLLT.

3.2. The physicochemical parameters of the two proteins

By analyzing the physiochemical parameters of the two proteins
with the Expasy ProtParam server, we found that the EgA31 protein
was composed of 601 amino acids and the molecular weight of the
protein was 70,253.31Da. The theoretical pI value was 5.93. The
chemical formula was Cszg37Hs103Ng710989S19. The instability coeffi-
cient was 44.29. The grand average of hydrophilic (GRAVY) was
—0.970.

The EgG1Y162 protein was composed of 153 amino acids, and the
molecular weight of the protein was 17,117.04 Da. The theoretical pI
value was 9.07 and the chemical formula was C;ggHj247N203021454.
The extinction coefficient was 18,450. The instability coefficient was
33.64. The grand average of hydrophilic (GRAVY) was 0.205.

3.3. Transmembrane domains

The results of TMHMM server analysis showed that the EgA31 and
EgG1Y162 proteins did not have a transmembrane domain (Figs. 1 and
2). The transmembrane region of protein was greater than 1, suggesting
that it is an extracellular protein.

3.4. Secondary structure predictions

The secondary structures of the EgA31 and EgG1Y162 proteins were
determined by the DNAstar software Protein module. The predicted
secondary structure of the EgA31 protein is shown in Fig. 3 and Table 1,
and the secondary structure of EgG1Y162 protein is shown in Fig. 4 and
Table 2.

In addition to DNAstar software, we also used SOPMA software to
analyze the secondary structures of the two proteins. The software
graphically demonstrated the prediction of protein secondary structure
and the proportion of various basic structures, including the alpha-
helix, extended strand, beta-turn and random coil. The sequence length
of the EgA31 protein was 601 amino acids and its secondary structure

1.2
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composition was as follows: 82.36% alpha helix, 4.16% extended
strand, 3.16% beta turn and 10.32% random coil. The sequence length
of the EgG1Y162 protein was 153 amino acids and its secondary
structure composition was as follows: 33.33% alpha helix, 25.49% ex-
tended strand, 5.88% beta turn and 35.29% random coil. These para-
meters of the proteins EgA31 and EgG1Y162 are summarized in Figs. 5
and 6, respectively.

3.5. The tertiary structure prediction

The Phyre2 server was employed to build the three-dimensional
models of the EgA31 and EgG1Y162 proteins. Phyre2 software pre-
dicted the tertiary structure of a protein by folding recognition mod-
eling. After performing the online analysis, template c4uxvA matched
to amino acid residues 95-599 (83% of the EgA31 sequence), which
was modeled with 97.5% confidence as the single highest scoring
template. Template c4pbxA was chosen for residues 10-128 of the
EgGlY162 protein (75% of EgG1Y162 sequence), which had been
modeled with 99.8% confidence as the single highest scoring template.
The modeling results are shown in Fig. 7.

3.6. B-cell epitope predictions

The BCPRED, ABCpred, BepiPred and SVMTriP online server pre-
dictions were employed to predict the linear epitopes of the EgA31 and
EgG1Y162 proteins. The predicted epitopes of BCPRED were sorted and
are shown in Tables 3 and 4. The results of the ABCpred server are
shown in Tables 5 and 6. The results of BepiPred are listed in Tables 7
and 8, and the results of SVMTTriP are listed in Tables 9 and 10. All the
tables listed the top 5 high-score epitopes. The higher score represents a
higher possibility as a potential epitope.

3.7. T-cell epitope predictions

We chose SYFPEITHI, IEDB (MHC-II) online prediction software to
predict the T-cell epitopes of the EgA31 and EgG1Y162 proteins, with
the parameters of HLA-DRB1 *0701, HLA-DRB1 *1501 and HLA-DRB1
*0301 to predict CD4+ T cell epitopes. The results are shown in Tables
11 and 12. Then, IEDB(MHC-I) online prediction software was used to
predict CD8+ T cell epitopes of the two proteins, with the parameters
of HLA-A*1101, HLA_A*0201 and HLA_A*0301. The results are shown
in Tables 13 and 14. All the tables listed the top 5 high-scoring epitopes.

3.8. The dominant T- and B-cell epitope predictions
Based on the process in the methods section, 11 dominant epitopes

(5 for B-cells and 6 for T-cells) and 9 dominant epitopes (3 for B-cells
and 6 for T-cell) s were predicted for protein EgA31 and EgG1Y162,
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Fig. 1. Transmembrane domain of the EgA31 protein.
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Fig. 2. Transmembrane domain of the EgG1Y162 protein.

respectively. Detailed dominant epitopes are listed in Tables 15 and 16.

4. Discussion

Humans are often infected with E. granulosus through drinking
polluted water and eating polluted food (Ma et al., 2016; Tuerxun et al.,
2013). After E. granulosus infection, the human patient often needs
surgical resection and may undergo relapses that bring great economic
pressure and physical pain to the family. Therefore, with the recent
developments in the fields of technology and bioinformatics, designing
novel vaccines consisting of multi-epitopes of a single antigen has be-
come a new approach to elicit both humoral and cellular immunity to
enhance the host protective immune response (Khatoon et al., 2017;
Pandey et al., 2018). In this study, we used bioinformatics methods to
predict the epitopes for designing a multi-epitope vaccine with the

ability to elicit specific B- and T-cell immune responses against E.
granulosus infection.

Previously, we had discovered that there were two antigen candi-
date proteins of E. granulosus, protein EgA31 and EgG1Y162. The
EgA31 protein is mainly expressed in the adult stages of E. granulosus
(Li et al., 2012), while EgG1Y162 protein is mainly expressed in the
larval stages of E. granulosus (Cao et al., 2009; Ma et al., 2016), and
both proteins can stimulate immune responses in vivo. However, there
was no information regarding their structures and the antigenic epi-
topes.

Structurally, proteins are divided into four levels, from low to high:
the primary structure is the amino acid sequence, the secondary
structure is the local spatial structure formed by the main chain atoms
such as the o-helix and p-fold, the tertiary structure is the three-di-
mensional structure of the protein in space, and the quaternary
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Fig. 3. The predicted secondary structure of the EgA31 protein.
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Gramier - Robson and Chou - Fasman methods were used to analyze the secondary structure of the EgA31 protein. Lines 1, 3, 5, and 7 are the Gramier - Robson
methods; the red represents the alpha helix, the green represents the beta fold, the blue represents the turn, the yellow represents the random coil. Lines 2, 4, 6 are the
Chou - Fasman method; the red represents the alpha helix, the green represents the beta fold, the blue for the turn, without random coil prediction. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 1
DNAStar Protean predicted the secondary structure of the EgA31 protein.

Infection, Genetics and Evolution 73 (2019) 98-108

Methods Alpha-helix Beta-sheet area Beta turn Random coil
Garnier-Robson 1-3,9-21,32-80 254-255 25-31 5-8
83-181,186-208, 266-269 259-262 22-24
210-248, 275-350, 270-273 81-82
355-520, 526-601 182-183
Chou-Fasman 7-9,32-74 251-269 3-6,20-23
85-110,115-145 347-350 28-31,75-78
150-176,186-208 484-488 81-84,111-114
218-244,274-303 506-520 146-149, 177-180
308-330,335-351 575-578 182-185, 209-212
358-375,380-397 590-595 214-217, 247-250
534-539,544-551 331-334, 354-357
556-564,575-585 376-379, 398-405
596-601 455-458, 540-543,552-555,565-568,571-574,586-589
T T T T T T T T T T T T T T T u] SC& =
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Fig. 4. Predicting the secondary structure of the EgG1Y162 protein.

O Surface Probability Plot - Emini

Gramier - Robson and Chou - Fasman methods were used for the prediction of the secondary structure of the EgA31 protein. Lines 1, 3, 5, and 7 are the Gramier -
Robson methods; the red represents the alpha helix, the green represents the beta fold, the blue for the turn, the yellow for random coil. Lines 2, 4, 6 are the Chou -
Fasman method; the red represents the alpha helix, the green represents the beta fold, the blue for the turn, without random coil prediction. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 2

DNAStar Protean predicted the secondary structure of the EgG1Y162 protein.

Methods Alpha-helix region  Beta-sheet area Beta turn Random coil
Garnier-Robson ~ 1-44 76-81 74-75 45-53
55-73 117-119 82-84 98-101
87-96 123-126 112-114 127-131
102-111 120-122
132-153
Chou-Fasman 18-46 1-17 47-50
51-54 33-38 56-59
60-75 40-46 99-102
88-96 67-89 111-114
141-153 103-110 128-131
115-127 133-140

102

structure is the number and arrangement of multiple folded protein
subunits in a multisubunit complex (Rehman and Botelho, 2018).
From the ProtParam server results, we discovered various physico-
chemical properties of the EgA31 protein. Its molecular weight (MW)
was 70 kDa, which was useful in SDS-page electrophoresis and western
blotting. The theoretical protrusion index was 5.93, which was useful
for isoelectric focusing, separation and purification of proteins by ion
exchange chromatography. The instability index was estimated to
check the stability of the protein. The results showed that the instability
index of the EgA31 protein was 44.29, which was classified as an un-
stable protein (more than 40 indicates protein instability). The grand
average of hydrophilic (GRAVY) range was between —2 and 2. The
negative value indicates a hydrophilic protein; the GRAVY value of the
EgA31 protein was —0.970, which is classified as a hydrophilic protein.
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Fig. 5. The predicted secondary structure of the EgA31 Protein.

SOPMA server results indicate that the blue H = alpha helix accounted for approximately 82.36%. The red E = beta sheet accounted for approximately 4.16%. The
green T = beta turn accounted for approximately 3.16%. The yellow C = random coil accounted for approximately 10.32%. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)

Compared to the EgA31 protein, the molecular weight of the EgG1Y162
protein was 17 kDa. The instability index was 33.64, classified as stable,
and the average hydrophilic coefficient GRAVY was 0.205, classified as
a hydrophobic protein. These biochemical parameters would help us to
design strategies for the extraction of the proteins and subsequent se-
paration and purification of the proteins in future studies.

We also identified that these two proteins did not have any trans-
membrane domains and might be fully contacted by antigen-presenting
cells to initiate T- and B- cell priming and strong immune responses.
The secondary structures of the two proteins were obtained using the
DNAstar software and the SOPMA online server. The advantages of the
DNAstar Protein Module are to present the secondary structures in a
graph with several methods at the same time (Fig. 3). Among the
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predictions of the secondary structures, we mainly focused on the
Garnier-Robson method (calculating the possibility of specific amino
acid residues inside a specific structure) and the Chou-Fasman method
(predicting protein secondary structures by the crystal structure of the
amino acid sequence). According to the characteristics of spatial con-
formation, the a-helix and (-sheet structures of the secondary structure
of the protein are maintained by hydrogen bonds, which are not easily
deformed and are mostly located inside the protein. It is difficult to be
recognized and bound by antibodies. The B- turns and random coil are
mostly located on the surface of the protein as protruding structures
(Zhang et al., 2011). The precise prediction by DNAstar software con-
tains the starting point to the end of the amino acid. The proportions of
various protein secondary structures were analyzed by the SOMPA
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Fig. 6. The predicted secondary structure of the EgG1Y162 Protein.
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SOPMA server results indicate that the blue H = alpha helix accounted for approximately 33.33%. The red E = extended strand accounted for approximately
25.49%. The green T = beta turn accounted for approximately 5.88%. The yellow C = random coil accounted for approximately 35.29%. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

online server.

The tertiary structure of the two proteins was modeled by the
Phyre2 server, which used fold recognition modeling (protein
threading) to construct a tertiary structure of proteins (Kelley et al.,
2015). The fold recognition modeling, as a method of protein modeling,
constructs proteins by using the same fold as known protein structures
(Brylinski, 2013). Its principle is to find and determine the possible
folding model of the target amino acid sequences by using the known
protein folding as a template, and then score a series of folding models,
where the highest score is the most likely tertiary structure (Zhu et al.,
2018). In our study, the template amino acid of EgA31 was at 97.5
confidence and the template amino acid of EgG1Y162 protein was at
99.8% confidence. Confidence represents the probability (from O to
100) of a match between target sequence and template. According to
the prediction of secondary structure and tertiary structure modeling,
there are multiple random coil structures in the EgA31 and EgG1Y162
proteins, showing great antigenic potential.

E. granulosus infection occurs in the host and induces a strong im-
mune response associated with B and T lymphocyte stimulation
(Pourseif et al., 2018a, 2018b). B-cell epitopes are divided into linear
and conformational epitopes. Although there are several methods to
predict the conformational epitopes, we focused on designing a multi-
epitope-based vaccine against E. granulosus, which elicits humoral and
cellular immune responses at the same time. To increase the accuracy of
the epitope predictions, we used several different software packages.
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The BCPREDS Server predicts the linear B-cell epitopes based on the
amino acid pair (AAP) antigenicity scale, which reflects some special
sequence-coupled features in B-cell epitopes (Chen et al., 2007). Linear
epitopes of 20-mer length of the EgA31 and EgG1Y162 proteins were
predicted at the default specificity of 75% on the BCPRED server
(Tables 3 and 4). The ABCpred Prediction Server predicted linear B-cell
epitopes based on a recurrent neural network (Jordan network). The
network yielded an overall prediction accuracy of 65.93% when tested
by fivefold cross-validation (Saha and Raghava, 2006). B-cell epitopes
of both proteins were predicted with a 16-mer length at a 0.51
threshold default on ABCpred (Tables 5 and 6). The BepiPred server
predicted B-cell epitopes based on the hidden Markov model with
propensity scale methods (Larsen et al., 2006). The SVMTriP Server
predicted the B-cell epitopes based on the Tri-peptide similarity and
Propensity scores (Yao et al., 2012). Linear epitopes of 20-mer length
were predicted at the default specificity of 75% on the BepiPred server
(Table 7) and those of 16-mer length were predicted at the 0.51 default
threshold on SVMTriP (Tables 9 and 10). By analyzing the results of the
four software packages, we found overlapping peptides of predicted
linear epitopes, although there were no completely consistent predic-
tions. These overlapping peptides had high scores in different software
algorithms. In this study, we selected overlapping peptides as the final
dominant epitopes. There were 5 dominant epitopes of 4-11 amino
acids, 177-184 amino acids, 223-237 amino acids, 520-533 amino
acids, and 582-588 amino acids for the EgA31 protein, and 3 dominant
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Fig. 7. The predicted tertiary structures of the EgA31 and EgG1Y162 proteins.

D

The prediction of the tertiary structures of the EgA31 and EgG1Y162 proteins was performed by the Phyre2 online server and illustrated by the Raswin software.
After selecting the structure mode parameter for the Raswin software, the alpha-helix was marked in red, the beta-sheet in yellow, the random coil in blue, and other

residues tags in white.

(A) the front of EgA31 protein, (B) the back of the EgA31 protein (C) the front of EgG1Y162 protein (D) the back of the EgG1Y162 protein. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

epitopes of 39-47 amino acids, 96-109 amino acids, and 128-136
amino acids for the EgG1Y162 protein.

Cytotoxic T-lymphocytes (CD8+ CTL) and helper T-lymphocytes
(CD4+ Th) play an important role in immune responses against
Echinococcosis (Apan and Kaygusuz, 2006). Antigenic epitopes of CD4 +
T cell were presented by MHC II expressed on the surface of antigen
presenting cells (APCs). Once the CD4+ T cell is activated to assist the
immune responses of CTL and B-cells, CTL can recognize antigenic
epitopes via MHC I expressed on APCs. HLA is a gene complex com-
posed of more than 200 gene loci. It is the most complex gene poly-
morphism of alleles known to date (Faridi et al., 2018). The distribution
frequency of HLA alleles and haploid types varies with different ethnic
groups or members of the same ethnic group in different geographic
regions. Previous studies showed that the high frequency alleles were

HLA-A*1101 (13.46%), A*0201 (12.50%), and A*0301 (10.10%); and
HLA-DRB1*0701 (16.35%), DRB1*1501 (8.65%) and DRB1*0301
(7.69%) in an ethnic Uyghur population in the Xinjiang region of China
when the distribution of HLA-DRB1 alleles were examined by PCR-SBT
(polymerase chain reaction-sequence-based-typing) (Shen et al., 2010).
The high incidence of Echinococcosis is mainly concentrated in pastoral
areas and semi-agricultural and semi-pastoral areas, such as Xinjiang,
China. Therefore, in this experiment, combined with SYFPEITHI, IEDB
selected HLA-DRB1*0701, DRB1*1501 and DRB1*0301 as the para-
meter to predict the EgA31 protein and the EgG1Y162 protein (Tables
11 and 12). According to another study, HLA-A*0201 is one of the most
prevalent MHC-I alleles, with a frequency over 30% in most populations
(Lazarevic and Flynn, 2002). Based on these studies, we analyzed the
epitopes of CD8 + T cells using the IEDB online tool (http://tools.iedb.
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Table 3 Table 7
Linear B-cell epitopes of EgA31 by BCPREDS. Linear B-Cell epitopes of EgA31 protein predicted by the BepiPred 1.0 server.
Position Epitope Score Position Epitope Score
177 DDSTASSDGIYFAIEEERKK 0.997 1 TRPQRKKNEYE 1.300
520 KIPEPLPMKPIEIPKPLQKE 0.993 171 AEKQAMDDSTASSD 1.089
4 QRKKNEYEDLELQLENAQNN 0.991 446 LSETKKEVEDKNSEL 0.939
461 RKASIQKQSLIEEKEILGRQ 0.985 223 RETRDELDEQKAE 0.887
218 LERLQRETRDELDEQKAEIE 0.945 399 SKLTESGEEVKE 0.859
56 ETKITELIQRNEDLTKEALN 0.913 74 LNTKNVESSN 0.812
426 EVLTDEKNKIIEEMKKTINK 0.902 244 VGADNSKTTVQ 0.807
582 RDLNDMKGLVGFYKAFAKKK 0.854 521 IPEPLPMKPIEIPKPLQKEGVNKAMEN 0.748
276 DLFHDKIGHYKEKLQESETK 0.828 20 AQNNIRTQES 0.655
488 ISAMKKEKDALRHELHEMRD 0.82 302 THDQTKRIHDV 0.654
344 SMENQITGLLNGNELLKKKI 0.818 416 EKAEKQIR 0.588
244 VGADNSKTTVQSIRNEMRGI 0.763
318 AQELKYMEKQINLCSNENNK 0.76
Table 8
Linear B-cell epitopes of the EgG1Y162 protein predicted by the BepiPred 1.0
Table 4 server.
Linear B-cell epitopes of EgG1Y162 by BCPREDS. Position Epitope Score
Position Epitope Score
128-137 APGEDGADRA 1.544
120 YTGFIRTLAPGEDGADRASG 0.997
96 EGLKPSTFYEVVVQAFKGGS 0.95
28 KLTKELKTTLPEHFRWIHVG 0.899
Table 9
Linear B-Cell epitope of the EgA31 protein by SVMTriP.
Position Epitope Score
Table 5
Linear B-cell epitopes of EgA31 by the ABCpred Prediction server. 582-601 RDLNDMKGLVGFYKAFAKKK 1.000
296-315 LLELQGTHDQTKRIHDVEKD 0.927
Rank Sequence Start position Score 338-357 LKDALASMENQITGLLNGNE 0.801
38-57 HMKALEEIKMKQITMEGLET 0.770
1 TIKIPEPLPMKPIEIP 518 0.94 160-179 EAENERLRISAAEKQAMDDS 0.630
2 TTVQSIRNEMRGIQVQ 251 0.90 243-242 LVGADNSKTTVQSIRNEMRG 0.617
3 NQVIIKQLERDLNDMK 573 0.88
3 ENEIQTYKDTIKTLKD 546 0.88
4 ETKITELIQRNEDLTK 56 0.87
4 DGIYFAIEEERKKSAE 184 0.87
4 HIVLKEEKHYNNQLKE 103 0.87
; O 0% mabte 1o
6 TKEINTKLENLLKTET 372 0.84 Linear B-cell epitope of EgG1Y162 by SVMTriP.
6 SLEHMKALEEIKMKQI 35 0.84 Position Epitope Score
6 KYMEKQINLCSNENNK 322 0.84
39-58 EHFRWIHVGSRSLELGWNAT 1.000
80-99 TFKYRNVPIERQKLTLEGLK 0.820
Table 6 org/mhci/) in the context of the HLA-A*1101, HLA_A*0201 and

Linear B-cell epitopes of EgG1Y162 identified by the ABCpred Prediction server.

HLA_A*0301 (Tables 13 and 14). After comparing the different results,
6 dominant T-cell epitopes of the EgA31 protein were predicted: 86-97

Rank Sequence Start position Score

amino acids, 274-288 amino acids, 286-297 amino acids, 352-359
1 ANLYTTYVTFKYRNVP 72 0.92 amino acids, 379-391 amino acids, and 424-435 amino acids, and 6
1 AEEIRVDPELMAKLTK 16 0.92 dominant T-cell epitopes of the EgG1Y162 protein were predicted: 5-16
2 TGFIRTLAPGEDGADR 121 0.85 . ids. 25-98 . ids. 34-42 . ids. 40-51 .
3 TLEGLKPSTFYEVVVQ o4 0.62 amino acids, 25-28 amino acids, 34-42 amino acids, 40-51 amino
4 YVTFKYRNVPIERQKL 78 0.81 acids, 60-74 amino acids, and 114-128 amino acids.
5 PGEDGADRASGFALIF 129 0.80 Epitopes would be potentially useful as an effective vaccine.
6 HFRWIHVGSRSLELGW 40 0.77 However, vaccines with only one protein epitope often induce less ef-
6 GSQVFKYTGFIRTLAP 114 0.77 . L . . .
- DHIKLTANL VIE 66 0.76 fective protective immunity because of the' complexlt.y of' the paraS{te.
8 NATGLANLHADHIKLT 56 0.73 For these reasons, our group plans to design a multi-epitope vaccine
9 NVPIERQKLTLEGLKP 85 0.70 using the dominant epitopes. We will construct a multi-epitope vaccine
10 DPELMAKLTKELKTTL 22 0.69
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that contains dominant epitopes from specific proteins at different
growth stages to produce strong immune responses against E. granulosus
in the future.
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Table 11
Parameter HLA-DRB1 *0701, HLA-DRB1*1501 and HLA-DRB1*0301 EgA31 protein CD4 + T cell epitope prediction.
SYFPEITHI IEDB
Position Sequence Score Position Sequence Percentile rank
HLA-DRB1*0701 379 LENLLKTETQELLTT 32 261 RGIQVQIQLLRGGYL 3.08
286 KEKLQESETKLLELQ 30 283 GHYKEKLQESETKLL 3.35
538 KEGVNKAMENEIQTY 28 377 TKLENLLKTETQELL 4.19
HLA-DRB1*1501 86 EVLLSKIKSLEKTAK 24 587 MKGLVGFYKAFAKKK 0.70
272 GGYLDLFHDKIGHYK 24 263 IQVQIQLLRGGYLDL 0.79
321 LKYMEKQINLCSNEN 24 83 NREEVLLSKIKSLEK 8
HLA-DRB1*0301 424 DAEVLTDEKNKIIEE 31 421 QIRDAEVLTDEKNKI 0.18
274 YLDLFHDKIGHYKEK 29 274 YLDLFHDKIGHYKEK 0.89
211 NLELQNDLERLQRET 28 577 IKQLERDLNDMKGLV 0.91

Table 12
Parameters HLA-DRB1 *0701, HLA-DRB1*1501 and HLA-DRB1*0301 EgG1Y162 protein T cell epitope prediction.
SYFPEITHI IEDB
Position Sequence Score Position Sequence Percentile rank
HLA-DRB1*0701 5 FCLILLATSVIAEEI 26 37 LPEHFRWIHVGSRSL 0.11
40 HFRWIHVGSRSLELG 26 137 ASGFALIFAMAGLLL 0.29
52 ELGWNATGLANLHAD 26 2 VLRFCLILLATSVIA 1.48
HLA-DRB1*1501 114 GSQVFKYTGFIRTLA 34 1 MVLRFCLILLATSVI 0.78
105 EVVVQAFKGGSQVFK 28 114 GSQVFKYTGFIRTLA 1.15
5 FCLILLATSVIAEEI 24 65 ADHIKLTANLYTTYV 1.30
HLA-DRB1*0301 16 AEEIRVDPELMAKLT 29 16 AEEIRVDPELMAKLT 0.03
26 MAKLTKELKTTLPEH 26 2 VLRFCLILLATSVIA 1.01
60 EIRVDPELMAKLTKE 22 60 LANLHADHIKLTANL 1.04
Table 13 Table 15

Parameter HLA-A*1101, HLA_A*0201 and HLA_A*0301 EgA31 protein CD8+ Prediction of T- and B-cell dominant epitopes of the EgA31 protein.
T cell epitope prediction.

Episode Methods Location  Sequence
IEDB
B-cell epitope  ABCpred, BepiPred, BCPREDS, 4-11 QRKKNEYE
Position Sequence Percentile rank SVMTriP 177-184  DDSTASSD
223-237  RETRDELDEQKAEIE
HLA-A*1101 50 ITMEGLETK 0.32 520-533  KIPEPLPMKPIEIP
392 TTIKDLDSK 0.47 582-588 RDLNDMK
442 TINKLSETK 0.77 T-cell epitope ~ SYFPEITHI, IEDB 86-97 EVLLSKIKSLEK
HLA-A*0201 351 GLLNGNELL 1.7 274-286  YLDLFHDKIGHYK
400 KLTESGEEV 1.7 288-297  KLQESETKLL
151 ALNMRIMAL 1.8 352-359 LLNGNELL
HLA_A*0301 165 RLRISAAEK 0.26 379-391  LENLLKTETQELL
352 LLNGNELLK 0.36 424-435  DAEVLTDEKNKI
520 KIPEPLPMK 0.72
Table 16
Table 14 The T- and B-cell dominant epitope prediction of the EgG1Y162 protein.
Parameter HLA-A*1101, HLA_A*0201 and HLA_A*0301 EgG1Y162 protein . .
N L. Episode Methods Location  Sequence
CD8+ T cell epitope prediction.
IEDB B-cell epitope  ABCpred, BepiPred, BCPREDS,  39-47 EHFRWIHVG
SVMTriP 96-109  EGLKPSTFYEVVVQ
Position Sequence Percentile rank 128-136  APGEDGADR
T-cell epitope ~ SYFPEITHI, IEDB 5-16 FCLILLATSVIA
HLA-A*1101 20 RVDPELMAK 0.31 25-28 LMAK
76 TTYVTFKYR 0.52 34-42 KTTLPEHFR
34 KTTLPEHFR 1.95 40-51 HFRWIHVGSRSL
HLA-A%0201 144 FAMAGLLLL 0.8 60-74 EIRVDPELMAKLTKE
6 CLILLATSV 1.2 114-128 GSQVFKYTGFIRTLA
25 LMAKLTKEL 3.0
HLA_A*0301 20 RVDPELMAK 0.65
76 TTYVTFKYR 1.6
34 KTTLPEHFR 4.35
we described the basic biophysical features and the secondary and
tertiary structures of the EgA31 and EgG1Y162 proteins expressed at
5. Conclusion different stages of the E. granulosus life cycle using several bioinfor-
matics methods. We determined the location of several dominant B-cell
In conclusion, E. granulosus has been reported all over the world and and T- cell epitopes in both proteins. These findings will pave the way
has become a public health emergency of global concern. In this study, for designing ideal multi-epitope vaccines against E. granulosus.
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