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Abstract

Streptococcus iniae infection is recognized as a disease with substantial economic losses, infecting a wide range
of fish species. The limitations of current vaccines and strategies have led to the identification of new methods
to control this disease. Multi-epitope vaccines which employ various immunogenic proteins can be promising.
The current research project aimed to design an efficient multi-epitope vaccine against Streptococcus iniae
infection in fish. To this end, six immunogenic proteins of Streptococcus iniae, including FBA, ENO, Sipl1,
GAPDH, MtsB, and SCPI proteins, were applied for epitope prediction. The best B cell, T cell, and IFNy
epitopes of the immunogenic proteins, as well as interleukin-8, were used to construct a multi-epitope vaccine.
Thereafter, different parameters of the designed vaccine, including physicochemical features, antigenicity,
secondary structure, and tertiary structure, were evaluated. Moreover, the interaction of the interleukin-8 domain
of the designed vaccine and its receptor was investigated by molecular docking strategy. Finally, nucleotide
sequence of the vaccine was adapted to express in Escherichia coli. The results of the present study pointed out
that the designed vaccine was a stable vaccine with molecular weight and antigenicity score of 45 kDa and
0.936, respectively. Furthermore, the structure analysis results revealed that the designed vaccine contained
23.49% alpha helix, with 90.5% residues in favored region. Finally, it was demonstrated that the interleukin-8
domain of the designed vaccine could be successfully docked to its receptor with the lowest energy of -1020.9.
Based on the obtained results, it seems that the designed vaccine can be an efficient candidate to prevent
Streptococcus iniae infection in fish.
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1. Introduction

Streptococcus iniae (S. iniae) is a pathogenic and
gram-positive  bacterium  belonging to  the
Streptococcaceae family (1). Multiple reports have
demonstrated that this bacterium is able to infect both
freshwater and saltwater fish (2-4). Initially, S. iniae
infection was observed in Japan in 1958; nonetheless,
this infection was gradually reported in other countries
(5). Moreover, S. iniae can infect people who touch raw

fish; therefore, this infection is known as a zoonotic
disease (5, 6). The S. iniae infection in fish has
symptoms with a species-dependent pattern, and it is
classified into two clinical forms, including sub-acute
and acute.

The most important symptoms of this infection
include exophthalmia, erratic swimming, dark ended
coloration, corneal opacity, and death (7-9). Although
numerous projects have been conducted to fight against
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fish diseases, this issue is still known as one of the most
important economic losses of the aquaculture industry
(10). In general, antibiotics therapy and chemical drugs
have been able to control some fish diseases;
nonetheless, drug resistance and safety issues have
limited the application of these strategies (11).
Nowadays, vaccination is considered one of the most
effective strategies used for the prevention of bacterial
and viral diseases (12). The first vaccination in fish was
reported in 1940. Currently killed, inactivated, and
attenuated vaccines are applied in the aquaculture
industry (13, 14).

New-generation vaccines which take advantage of
recombinant DNA technology, compared to traditional
vaccines, are more protective and less pathogenic (15,
16). Therefore, owing to the advantages of recombinant
vaccines, they can be introduced as a proper alternative
to traditional vaccines. The multi-epitope vaccine is
one of the most famous classes of recombinant
vaccines designed to control a wide variety of diseases.
In general, this kind of vaccine, using different epitopes
(e.g. B cell, T cell, and IFNy) of immunogenic proteins,
can trigger a robust immune response against a
particular disease (17). It is worthy to note that the
epitopes are short peptides of immunogenic proteins
recognized by the immune system (18). In a multi-
epitope vaccine, to take advantage of antigenic
properties of different immunogenic proteins, epitopes
of proteins are used instead of their whole amino acid
sequences (19, 20).

During designing the construct of a multi-epitope
vaccine, a molecular adjuvant is usually conjugated to
the vaccine for increasing immune responses (21).
Furthermore, multi-epitope vaccines have flexible
construction to design; consequently, they can be easily
manipulated by designers for different aims (22, 23).
Bioinformatics is a potent science which merges
computer and biology sciences to predict affordable
and reliable data. Immunoinformatics is a major branch
of bioinformatics which provides accurate tools for
researchers working in vaccine designing projects (24).
In the current study, an immunoinformatics approach

was applied to design an efficient multi-epitope vaccine
against S. iniae infection in fish. To this end, six
immunogenic  proteins of  Streptococcus iniae,
including FBA, ENO, Sip11, GAPDH, MtsB, and SCPI
proteins, were applied for epitope prediction. It is worth
mentioning that immunogenic proteins were selected
since their protection abilities have been confirmed
using immunoprotective analysis (1).

The best B cell, T cell, and IFNy epitopes of the
immunogenic proteins were isolated using the most
accurate tools. The predicted epitopes were applied to
design a multi-epitope vaccine; moreover, Interleukin-8
(IL-8) was linked to the designed vaccine as a
molecular adjuvant to reinforce immune responses. In
general, cytokines, such as IL-8, are secretory and low
weight proteins which have crucial roles against
different pathogenic agents; therefore, they are
suggested to be applied as a molecular adjuvant in
recombinant vaccines (25).

2. Materials and Methods

2.1. Amino Acid Sequences Collection

To conduct this project, amino acid sequences of the
immunogenic proteins, including FBA
(AOALJOMXH9), ENO (AOA1JOMZJ1), Sipll
(D517F8), GAPDH (Q7BB80), MtsB (G4W7K3, and
SCPI (B4YVAB3), were collected from The Universal
Protein Recourse(UniProtKB) database (26).
2.2. B Cell Epitope Prediction

To predict B cell epitopes of FBA, ENO, Sipl1,
GAPDH, MtsB, and SCPI proteins, two accurate
servers, including IEBD (27) and ABCpred (28), were
applied. It is noteworthy that primary epitopes were
selected among common results of all servers. Finally,
the best epitopes were screened based on antigenicity
score which was determined by the VaxiJen server
(29). The prediction accuracies of IEBD, ABCpred, and
VaxiJen servers are estimated at 78%, 65.93%, and
80%, respectively (27-29).
2.3. T Cell Epitope Prediction

To identify T cell epitopes of FBA, ENO, Sipll,
GAPDH, MtsB, and SCPI proteins, the IEBD server
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(27) was employed. In this case, the NetMHCpan EI4.0
method was selected for prediction. At the same time,
the amino acid sequence of fish MHCI protein was
pasted in the specified MHC alleles sequence window.
To find the best T cell epitopes, the predicted epitopes
were filtered based on their antigenicity scores.
2.4. IFNy Epitope Prediction

In the current project, IFNy epitopes of FBA, ENO,
Sipll, GAPDH, MtsB, and SCPIl proteins were
predicted by the INFepitope server (30). In this case,
the best epitopes were isolated based on their score and
probable positivity. The accuracy of the INFepitope
server is estimated at 82.2% (30).
2.5. Designing Multi-Epitope Vaccine

To design an efficient multi-epitope vaccine against
S. iniae infection in fish, the best B cell, T cell, and
IFNy epitopes of the immunogenic proteins were
applied. In fact, the epitopes were employed to
construct different fragments which were assembled by
proper linkers. Moreover, an appropriate molecular
adjuvant was linked to the designed vaccine.
2.6. Physicochemical Features and Antigenicity
Analysis of the Designed Vaccine

In the current study, ProtParam server (31) was
applied to compute different physicochemical features
of the designed vaccine, including molecular weight,
theoretical pl, estimated half-life, instability index,
aliphatic index, and grand average of hydropathicity
(GRAVY). In this case, an amino acid sequence of the
designed vaccine was submitted to the server, and the
achieved outputs were used to make a decision. Finally,
the antigenicity of the designed vaccine was evaluated
by VaxiJen and Predicting Antigenic Peptides tool (32).
2.7 Secondary and Tertiary Structures of the
Designed Vaccine

In order to evaluate secondary structure parameters of
the designed vaccine, including alpha helix, extended
strand, and random coil, the GOR4 server (33) was
applied. Moreover, the initial tertiary structure of the
designed vaccine was modeled by the I-TASSER
server (34). To use both servers, an amino acid

sequence of the designed vaccine was employed as
input.
2.8 Refinement and Validation of the Tertiary
Structure

To refine the initial tertiary structure of the designed
vaccine, GalaxyRefine server (35) was applied.
Moreover, the best-refined model was screened based
on Ramachandran plots which were drawn by the
MolProbity server (36). Finally, ProSA (37) and
Verify3D (38) tools were employed to validate the
tertiary structure of the designed vaccine.
2.9. Molecular Docking Codon Adaptation

In the current study, to investigate the interaction
between IL-8 which was conjugated to the designed
vaccine and CXCR1 receptor, a protein-protein
docking strategy was conducted by the ClusPro server
(39). In this case, PDB files of both proteins (ligand
and receptor) were submitted to the ClusPro server, and
the best docking model was selected based on the
lowest energy. Moreover, JCat server (40) was applied
to optimize the nucleotide codons of the designed
vaccine in Escherichia coli (E. coli

3. Results

3.1. Epitope Prediction

The best B cell, T cell, and IFNy epitopes of the FBA,
ENO, Sipll, GAPDH, MtsB, and SCPI proteins are
presented in tables 1, 2, and 3, respectively. The results
demonstrated that the length of the best B cell epitopes
of all immunogenic proteins was 16 residues.
Moreover, the highest antigenicity score (1.34) of B
cell epitopes belonged to GAPDH protein, whereas the
lowest antigenicity score (1.03) of these epitopes
belonged to SCPI protein (Table 1). Based on the
results, the lengths of the best T cell epitopes were
estimated at 9-10 residues; moreover, the results
suggested that the ENO protein had the highest
antigenicity scores (1.44) of the best T cell epitopes,
and MtsB protein had the lowest score (1.02) (Table 2).
It should be noted that antigenicity is defined as a score
to determine antigen and non-antigen peptides. Once
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the antigenicity score of a peptide is less than 0.5, it is
considered a non-antigen. As displayed in Table 3, the
results disclosed that the length of all the best IFNy

epitopes of the immunogenic proteins was 15 residues;
moreover, the positive and negative probabilities of
these epitopes were positive (Table 3).

Table 1. B cell epitopes of the immunogenic proteins

Antigen Rank Sequence Length  Start Position End Position  Antigenicity score
FBA 1 IGGEEDGIVGKGELAP 16 140 150 1.27
ENO 1 GETEDSTIADIAVATN 16 375 390 1.25
SCPI 1 SLDGTFYYTPEEGQDK 16 714 729 1.14
MtsB 1 YVEQRSMIDFHFPITV 16 74 89 1.03
Sip1l 1 TETTNRPVRKDAKVSK 16 290 305 1.27

GAPHD 1 TETTNRPVRKDAKVSK 16 189 204 1.34

Table 2. T cell epitopes of the immunogenic proteins

Antigen Rank Sequence Length Start position End position  Antigenicity Scores
FBA 1 ESMGITVPV 9 72 80 1.24
ENO 1 YLGGFNAKV 9 133 141 1.44
SCPI 1 LSAPGYELY 9 478 486 1.02
MtsB 1 SLNNVNISI 9 17 25 1.06
Sip1l 1 KYGVKVELI 9 58 66 1.65

GAPDH 1 VSSDIVGISY 10 279 288 1.06

Table 3. IFNy epitopes of the immunogenic proteins

Antigen Sequence Length Start position ~ End position Positivity/Negativity

FBA IKLGVAKVNVNTESQ 15 222 236 Positive

ENO PTLEVEVYTESGAFG 15 19 33 Positive

SCPI VQEHVKKKYPQYSPQ 15 514 528 Positive

MtsB VFTVESLADTYGNDL 15 220 234 Positive

Sip11 VSKEAQDALGTETTN 15 280 294 Positive
GAPDH VKVSAEREPANIDWA 15 72 86 Positive

3.2. Designing Multi-Epitope Vaccine

The best B cell, T cell, and IFNy epitopes of
immunogenic proteins, which are presented in tables 1-
3, were employed to design a novel multi-epitope
vaccine against S. iniae infection in fish. In fact, B cell,
T cell, and IFNy domains of the designed vaccine were
constructed using the best B cell, T cell, and IFNy

epitopes of the immunogenic proteins, respectively.
Moreover, amino acid sequence of fish IL-8 was
intercalated at N terminal of the designed vaccine as a
molecular adjuvant. It is worth noting that each domain
was built by the KPKP linker, whereas the EAAAK
linker was applied to link various domains of the
vaccine (Figure 1).
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Figure 1. Schematic presentation of the designed vaccine with 413 amino acids in length. As illustrated, the designed vaccine from N
terminal to C terminal contained IL-8 domain (as an adjuvant), B cell domain, T cell domain, and IFNy domain, respectively

3.3. Physicochemical Features and Antigenicity
Analysis of the Designed Vaccine

According to the results of the ProtParam server,
molecular weight, theoretical PI, instability index,
aliphatic index, and GRAVY of the designed vaccine
were 45kDa, 9.5, 36, 75.79, and -0.58, respectively.
Furthermore, the estimated half-life of the designed
vaccine in different hosts, including mammalian, yeast,
and E. coli, were 30 h, >20 h, and >10 h, respectively.
The antigenicity analysis results demonstrated that the
designed vaccine was an antigen with an antigenicity

score of 0.936; moreover, the average antigenic
propensity of the whole vaccine was 1.02 (Figure 2).
3.4. Secondary and tertiary structures of the
designed vaccine

The results of the GOR4 server revealed that the
secondary structure of the designed vaccine contained
23.49%, 17.93%and 58.60 of alpha-helix, extended
strand, and random coil, respectively (Figure 3). The
initial tertiary structure of the designed vaccine was
modeled by the I-TASSER server (Figure 4). The results
pointed out that the C-score of the initial model was -2.39.
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Figure 2. Antigenic plot of the designed vaccine, the average antigenic propensity of the protein was 1.02
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Figure 3. Secondary structure of the designed vaccine predicted by GOR4 server. As illustrated, 97, 74, and 242 of the residues were
located in alpha-helix (blue), extended strand (red), and random coil (brown), respectively

Figure 4. Tertiary structure of the designed vaccine modeled by I-TASSAR software, different regions including helix, sheet, and loop
have been colored by red, yellow, and green, respectively. PyMol software (41) was applied for visualization.
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3.5. Refinement and Validation of the Tertiary
Structure

As noted, to refine the initial tertiary structure of the
designed vaccine, the GalaxyRefine server was
employed. The results demonstrated that in the initial
model, 56% of residues were in the favored region,
whereas in the refined model, 90.5% of residues were

in the favored region (Figure 5). The validation of the
tertiary structure was carried out by Verify3D and
ProSA servers. The results of validation demonstrated
that 61.74% of residues of the refined model had an
average 3D-1D score >=0.2 (Figure 6A). Moreover, the
results showed that the Z-score of the refined tertiary
model was -3.08 (Figure 6B).
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Figure 5. Ramachandran plots of the designed vaccine before (A) and after (B) refinement. Before refinement, 230 (56%) residues were
located in the favored region; nonetheless, after refinement, 372 (90.5%) of residues were in the favored region
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3.6. Molecular Docking and Codon Adaptation
ClusPro server was applied to investigate molecular
docking between the IL-8 domain of the designed
vaccine and the CXCR1 receptor. The results of
docking revealed that the I1L-8 domain was successfully

docked to its receptor with the lowest energy of -1020.9
(Figure 7). Based on the results of codon adaptation in
E. coli, the codon adaptation index (CAIl) of the raw
sequence was 0.2, while after adaptation, this index was
improved to 0.98 (Figure 8).

Figure 7. Schematic presentation of interaction between the CXCRL1 receptor (yellow) and the designed vaccine (blue). The adjuvant

domain (red) has been successfully docked to its receptor
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4. Discussion

Nowadays, the aquaculture industry is considered one
of the biggest food resources which guarantee human
life (42); therefore, it is necessary to identify the
dangers which menace this industry. Fish diseases (e.g.
S. iniae) are recognized as a serious problem which can
extremely decrease aquaculture products. Antibiotics
are widely applied for fighting fish diseases;
nonetheless, antibiotic resistance of this drug has
limited its application (43). Consequently, new
strategies, such as the multi-epitope vaccine, must be
applied to prevent fish diseases. Multi-epitope vaccines
are safe, stable, and easy synthetic products which can
stimulate both humoral and cellular immunities (44).
Regarding the advantages of multi-epitope vaccines
and the limitations of traditional methods, the current
study was conducted to design an efficient multi-
epitope vaccine against S. iniae infection in fish.

Firstly, to stimulate humoral immunity, the best B cell
epitopes of the FBA, ENO, Sip11, GAPDH, MtsB, and
SCPI proteins were screened (Table 1) and applied to
construct a B cell fragment (Figure 1). Thereafter, to
apply cellular immunity, the best T cell epitopes of
immunogenic proteins were predicted and used to build
a T cell fragment (Figure 1). Moreover, an IFNy
fragment was constructed by the best IFNy epitopes of
the immunogenic proteins and linked to the designed
vaccine. In general, IFNy can intensify macrophage
activities, as well as B cell proliferation and antibody
class switching; consequently, it can be claimed that
IFNy plays a major role in the stimulation of both
innate and adaptive immunities (45). Therefore, the
presence of epitopes which can increase the level of
IFNy in the body is crucial in vaccine designing.

Despite the advantages of multi-epitope vaccines, low
antigenicity is recognized as a major drawback of these
vaccines (44). To solve this problem, a molecular
adjuvant is mostly linked to the multi-epitope vaccine.
In the present study, to increase the antigenicity of the
designed vaccine, two strategies were considered.
Firstly, the best B cell and T cell epitopes were selected

based on their antigenicity score; moreover, the
antigenicity of the whole vaccine was confirmed by its
antigenicity score (0.936) and average antigenic
propensity (1.02). Secondly, IL-8 was put in the N
terminal of the designed vaccine (Figure 1). More
recently, it has been demonstrated that IL-8 as a
molecular adjuvant can improve immunoprotection and
period of immune responses (42).

It is worth noting that to assemble the designed
vaccine, two types of rigid linkers, including, EAAAK
and KPKP, were applied (Figure 1). In general, linkers
are known as short peptides which can separate
different proteins domains (46). It has been reported
that constructing a multi-epitope vaccine without a
proper linker can intensify the problems of protein
folding (44). The EAAAK and KPKP linkers can not
only keep proper distances among epitopes and
fragments of the designed vaccine but also eliminate
unwanted interactions (47). In the next step, the most
important physicochemical features of the designed
vaccine were investigated. The results revealed that the
molecular weight of the designed vaccine was 45kDa.

In general, a protein with a molecular weight of less
than 10kDa can be easily cleared from the body using
the renal system (24, 46). Consequently, our designed
vaccine with a molecular weight of 45kDa can
circumvent the renal system. Moreover, our designed
vaccine was recognized as a stable protein since its
instability index was less than 40 (48, 49). As
illustrated by the obtained results, the instability index
of the designed vaccine was 36. As noted earlier, the
tertiary structure of the designed vaccine was modeled
and refined by reliable tools.

The results of tertiary structure refinement indicated
that most of the residues (90.5%) were located in the
favored region; therefore, it can be concluded that the
designed vaccine was well modeled. The results of
molecular docking confirmed that the I1L-8 domain of
the designed vaccine could successfully dock to the
CXCRL1 receptor. Accordingly, it can be claimed that
the IL-8 domain can successfully play its role as a
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molecular adjuvant. Eventually, the nucleotide
sequence of the designed vaccine was appropriately
optimized for expression in E. coli as a prokaryotic
expression system. As a matter of fact, compared to
other systems, the prokaryotic system is a cheaper and
more utilitarian host which can be applied for the
expression of simple proteins (50).

5. Conclusion

Multi-epitope vaccines are a new generation of
vaccines suggested as an appropriate alternative for
traditional methods, such as antibiotic therapy. The
current study was designed to introduce a novel multi-
epitope vaccine candidate against S. iniae infection in
fish. To design the vaccine, six immunogenic proteins,
along with IL-8 (molecular adjuvant), were applied.
The major parameters of the designed vaccine were
assessed by the most reliable tools. The results of this
research project confirmed that the designed vaccine
can be an appropriate candidate for the control of S.
iniae in fish. It is worth mentioning that the results of
this project were theoretically obtained; therefore, these
results should be experimentally confirmed.
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