Iran J Parasitol: Vol. 19, No.3, Jul-Sep, 2024, pp.290-304

Iran J Parasitol

Tehran University of Medical Open access Journal at
Sciences Publication http://ijpa.tums.ac.ir
http://tums.ac.ir

Iranian Society of Parasitology
http://isp.tums.ac.ir

Original Article

A New Immunogenic Structure of Polyepitopic Fusion against
Leishmania major: In Silico Study

Saeed Pirmoradi I, Mohammad Darvish Khadem 1, Zohre Monjezi 2, *Somayeh Bahrami 3,
Chukwunonso O. Nzelu 43

1. Department of Basic Sciences, Division of Biochemistry and Molecular Biology, Faculty of Veterinary Medicine, Shabid Chamran
University of Abvag, Ahvaz, Iran
2. Department of Animal Science, Faculty of Animal Science and Food Technology, Agricultural Sciences and Natural Resources
University of Khuzestan, Mollasani, Iran
3. Department of Parasitology, Faculty of 1 eterinary Medicine, Shahid Chamran University of Abvaz, Ahvaz, Iran
4. Department of Microbiology, Immunology, and Infections Diseases, Snyder Institute for Chronic Diseases, Cumming School of
Medicine, University of Calgary, Calgary, AB, Canada
5. Faculty of Veterinary Medicine, University of Calgary, Calgary, AB, Canada

Received 18 Mar 2023 Abstract
Adcepted 22 May 2023 Background: The lack of complete protection against leishmaniasis and the challenges of
anti-leishmaniasis drug treatment have made the treatment process more difficult. This study
aimed to develop a new strategy for preparing a vaccine against cutaneous leishmaniasis us-
ing some of the antigenic proteins of the Leishmania parasite.
Keywords: Methods: This study was cartied out in 2022 at Shahid Chamran University of Ahvaz, Ah-
Leishmania, vaz, Iran. After preparing suitable epitopes of the Leishmania parasite and examining their
antiparasitic properties, the process of making a fusion vaccine was performed and with the
help of various bioinformatics tools, physicochemical and structural properties as well as
immunological and simulation properties were studied and finally optimized. Construction
and cloning were performed in the E.co/i K12 system and finally, the docking process was
petformed with Toll-like receptors (TLRs), major histocompatibility complex I (MHC-I),
and MHC-IT receptors. With the help of selected epitopes of the Leishmania parasite, which
*Correspondence Email: | had a high percentage of population coverage, a stable, antigenic, and non-allergenic chimer-
s.bahrami@scu.ac.ir ic vaccine was predicted.
Results: The results of the structural analysis of the TLR5\vaccine complex and simulation
of its molecular dynamics showed a sufficiently stable binding. It also showed good potential
for stimulation and production of active B cells and memoty, as well as the potential for
CD8+ T, CD4+ T cell production and development of Th2 and Thl-induced immune re-
sponses.
Conclusion: Computational results showed that the designed immunogenic structure has
the potential to adequately stimulate cellular and humoral immune responses against Leish-
mania parasitic disease. As a result of evaluating the effectiveness of the candidate vaccine
through in vivo and in vitro immunological tests, it can be suggested as a vaccine against
Leishmania major.

Chimeric vaccine;
Bioinformatics;
Immunogenicity

Copyright © 2024 Pirmoradi et al. Published by Tehran University of Medical Sciences.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license.
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited

290 Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

Pirmoradi et al.: A New Immunogenic Structure of Polyepitopic ...

Introduction

eishmaniasis is a disease with world-

wide distribution, which is spread by

infection with the Leishmania parasite
(1). Currently, anti-Leishmania drugs are expen-
sive and have serious side effects and drug
resistance (2). Current control of the disease
relies on chemotherapy to reduce disease (3)
and vector control to reduce transmission.
However, elimination of this disease is not
possible without providing appropriate and
dominant immunity in the native population
against parasites (4). Therefore, safer treat-
ment processes such as vaccine design can
help significantly in the process of disease
control, but there is still no protective vaccine
in normal use for humans with this disease.
Therefore, it is necessary to make an effective
vaccine (5).

Leishmania spp. produce many different se-
cretory proteins with antigenic properties such
as kinetoplastid membrane protein-11 (KMP-
11), Leishmania eukaryotic initiation factor
(LeIF), glycoprotein 63 (GP63), p36/LACK,
and A2 that can elicit an immune response in
the host. The dominant Thl response acti-
vates the production of interferon-gamma
(IFN-y) macrophages to kill parasites by pro-
ducing nitric oxide (6). On the other hand, the
involvement of CD8+ T cells as a powerful
immune arm in the control of leishmaniasis
has been proven in the immune response
against various species of Leishmania. IFN-y
production by these cells alters the Th2 re-
sponse to Thl from the outset (7). IFN-y
production by CD4+ T cells also controls dis-
ease in primary infections (8). IFN-y produc-
tion was shown in secondary infection of mice
immune to L. major due to CD8+ T cells.
Numerous reports of Leishmania antigens that
elicit CD8+ T cell responses such as P8 and
gp46, KMP11, cysteine protease B (CPB), nu-
cleosomal histones, the L. major amastigote
class I nuclease (LmaCIN), L. major stress-
inducible protein 1 (LmSTI1) and TSA have
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been published in various studies. This means
that CD8+ T lymphocytes can be important
in protecting against ILeishmania infections.
Epitope vaccines have extraordinary benefits,
especially the ability to direct the immune sys-
tem to CD8+ T cell responses. Recently,
many of these secretory proteins have been
used in various vaccines, but their results have
not been very satisfactory (9). Therefore, in
this study, several of these proteins such as
thiol-specific antioxidant (TSA), lipophospho-
glycan-3 (LPG3), GP63, CPB, cysteine prote-
ase C (CPC), LMSTI-1, LelF, KMP-11, and
FliC were used to prepare efficient epitopes
for the vaccine. It should be mentioned that
some of these, such as the KMP-11 antigen,
are also involved in parasite cell motility (10),
and KMP-11 is present in all species of the
kinetoplastid family, which can induce an ap-
propriate cellular immune response (11).

In designing a strong vaccine, efficient stim-
ulation of immune responses is one of the
main goals of vaccination (12). Therefore, in
this research work, bioinformatics tools wete
used to develop a polypeptide consisting of
different epitopes including, TSA, LPG3,
GPo63, CPB, CPC, LMSTI-1, LelF, KMP-11,
and fliC of L. major parasite as an immunogen-
ic vaccine against leishmaniasis.

Methods

Preparation of the desired protein se-
quence from NCBI

This study was carried out in 2022 at Shahid
Chamran University of Ahvaz, Ahvaz, Iran.
For obtaining sequences of nine L. zajor pro-
teins including, TSA (ABX11567.1), LPG3
(XP_001466598.1), GP63 (ACL01096.2), CPB
(CAJ02287.1), CPC (CBZ12414.1), LMSTI-1
(CAJ02290.1) and LelF (CBZ12060). 1)
KMP-11  (XP_001469033.1) and  fliC
(P72151.2) NCBI database
(https:/ /www.ncbi.nlm.nih.gov/) was used
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and the sequences were retrieved based on
their access numbers.
Abundance prediction of Iinear B-cell and
T-cell epitopes

At this stage, by using the epitope sequences
in FASTA format and with the help of the
IEDB setver (https://www.iedb.org/), the
frequency of epitopes used to prepare this
vaccine in different world populations was
predicted (13).

Design of vaccine structure and prediction
of the second structure

Selected major histocompatibility complex
(MHC-I), MHC-II, and B cell epitopes along
with some linker proteins were used in vaccine
design and adjuvants were added to the amino
terminus of vaccines. Administration of TLR
agonists as adjuvants to vaccine candidates
elicits strong T-cell responses and antibodies.
To analyze the secondary structure of the vac-
cine structure, Prabi (https://prabi.ibcp.ftr/)
and Psipred
(http:/ /bioinf.cs.ucl.ac.uk/psipred/)  servers
were used.

In assessing the antigenicity of the entire
vaccine structure, VaxiJen v2.0
(http:/ /www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html)
servers and for wvalidation, AntigenPro
(https:/ /scratch.proteomics.ics.uci.edu/explan

ation.htmI#FANTIGENpro) servers were used.

The physicochemical properties, solubility,
and surface availability of amino acids of the
candidate vaccine were evaluated via Expasy-
ProtParam (https://www.expasy.otrg/), PEP-
CALC (https://pepcalc.com/), and IEDB
server.

Then, 3Drefine
(https://3drefine.mu.hekademeia.org/)  and
Pymol (https://pymol.org/2/) setvers were
used to structurally modify and visualize the
vaccine. Vaccine validation was also spatially
verified through PROCHECK
(https:/ /www.ebi.ac.uk/thornton-
stv/software/PROCHECK/) and ProSA
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(https:/ /prosa.setvices.came.sbg.ac.at/prosa.p
hp) servers.

Docking

Molecular binding to predict affinity be-
tween vaccine structure and some human
TLRs and MHC-I, and MHC-II, was per-
formed by ClusPro 2.0 server
(https://cluspro.bu.edu/) after preparation by
Swiss-PdbViewer (SPDBV), Discovery Studio,
and Molegro Virtual Docker (MVD) software
and their interactions were illustrated by
Pymol and PDBSUM software (14).

Normal state analysis was performed to
evaluate and analyze the structural stability of
the selected docking complex through the
iMODS web server
(https:/ /imods.igft.csic.es/).

Insilico's safety simulation was performed
using a C-ImmSim server
(https:/ /kraken.iac.rm.car.it/ C-IMMSIM/) to
confirm immunization and immune response
against the selected vaccine (15).

For maximum expression of the vaccine in
the host, the codon of the candidate vaccine
was optimized using the Java Codon Compat-
ibility Tool (JCat) (http://www.jcat.de/) to
increase the translation rate of the vaccine in
the E. coli K12 system.

Results

Predictive results of linear B cell and T
cell epitopes

Fig. 1, is related to BiPred prediction and de-
termines the antibody epitope prediction B
cells, which is completely consistent with how
the epitopes are placed in the vaccine struc-
ture in the diagram of vaccine sequence analy-
sis by the IEDB server. Also, the IEDB
MHC-II webserver was used to predict Helper
T lymphocyte (HTL) epitopes specific for
human alleles, the human leukocyte antigen

(HLA) (Table 1).
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Fig. 1: Prediction of linear vaccine epitopes by IEDB server
Population coverage of vaccine epitopes with the IEDB population coverage tool were
results calculated. CD8+ T cell and CD4+ T cell
This calculation is based on HLLA genotypic epitopes were examined for all populations of
frequencies, assuming a non-linking imbalance the world with "region-country-ethnicity" (Fig.
between HLA loci. Vaccine epitopes designed 2).
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Fig. 2: Population coverage results of vaccine epitopes
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Table 1: Predictive results of epitopes related to MHC-1 and MHC-1I by using the IEDB server

PRO- VAXT- BCELL VAXI- MHC-T VAXI- MHC-IT PRO- VAXI- BCELL
TEIN JEN EPITOPE JEN EPITOP JEN EPITOPE TEIN JEN EPITOPE
SCORE SCORE E SCORE SCORE
NAKIN-
PFE(;EP\//X:LMP FYPLP- NAKINCPAP-
0.6132 NGSFKKIS- MLAD- FTEVCPT 0.6132 PFE],EVALMP’
TSA > LAA 0.5334, KTKSIA, 0.6717, EII, TSA > NGSPK}(IS‘LAA,
0.8973 PANWT <f KGA 1.5613 VLFFY- 1.3854 KWVVLF 0.8973 PANWKKGAPT
PLDF FYPLD- MKPEPKASVEG
PTMK- FTEV v
PEPKASVEG
Y
STNILQRI
]SQS%II)\I%ESV KMILD- RDLALQS SAGDGRGT,
LPG3 1.0507, ENPAPSGHT 0.89606, ILVNSL, 0.7892, s LPG3 1.0507, EATANGKQVEN
1.1385 HILKKPAY- 1.2089 MLD- 1.4979 WVVLFFY 1.1385 PAPSGHTH-
TKE ILVNSL PLD- LKKPAYTKF
FIFVC
PPY-
FIDPSL WQYFID
GP63 1.1482, DILTNEKRD, 1.1333, AGV, 1.0258, PSLAGV, GP63 1.1482, DILTNEKRD,
0.7758 IASRYDQ 1.0811 EVMPW 0.7223 GLRVELS 0.7758 IASRYDQ
GQNA TVSNAFE
G
?E?;gggg TGYPVS NGPISIAV RNMNGTVFTEK
0.9767 GNG- 1.0335 VHYV, 1.1943 DASSEMS, 0.9767 SYPYVSGNG-
CPB > > GLM- > GARIDGY CPB > DVPECSNSSELA
2.9436 DVPECSNSSE 0.934 1.4140 2.9436
LAPGA, LQAFE VSMES- PGA,
DNGCGG WV SER DNGCGG
FVAEVN-
FLGGH
CPC 1.4454, Tgié\IfKGGQEIs 0.9557, AVKL, 1.4368, SI%?,;( AG Q CPC 1.4454, SKAKGQ,
1.5386 ~ 1.0592 FVAEV 0.5984 > 1.5386 TSYSVKGEKE
E NSKA GGHAV-
KLVGWG
TQDG
ELKNKGN- A]? %AD};)P &Ei{fﬁ
0.9533 EEF- 0.7393, NEEF,A 0.9975 M 0.9533 ELKNKGNEEF-
LMSTI-1 > SAGRYVEA 0.5194. > > LMSTI-1 > SAGRYVEA
1.3055 ? Y SAGRY, 0.5668 PKLSLLM 1.3055 >
ECEKE- 0.5070 ECEKEHQKAVE
HQKAVE TSYSNR LQPDYV
AAAY KM
T N oo, NSNS
LEIF 0.5344 FRQGNEVRS, 0.5395 QVNDT 1.0609 NYF§ KI,M’ LEIF 0.5344 VTRRRVRSMGK
VTRRRVRSM SAVV RIQEYMK LIKV
GKLIKV DSGISSKI
EEFNRK-
MQEQNAK- EEFNRK-
FFAD- NAK- MQEQNAK-
KPDESTL- KMQEQ FFAD- FFADKPDESTL-
SPEMKEH 0.7709 NAT (1; 1.5050 KPDESTL SPEMKEH
KMP-11 0.8123 YEK- 0' 650 6) 'ITYI:E)F 1’ 341 6, S, KMP-11 0.8123 YEK-
FER- : SAKL ’ EQNAK- FER-
MIKEHTEKF FFAD- MIKEHTEKFNK
NKKM- KPDEST KMHEHSEHFK
HEHSEHFKQ QK
K
QRIRDLA
KMDGA LQSANGS
. 0.7035, IPNL, 0.6095, N, .
fliC B 0.8097 YVQILNS 0.5518 SLNTQRN fliC B
PTA LNASSND
L
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Vaccine immunogenic structure results
The chimer vaccine protein was generated
from the epitopes screened in Table 1, in
which the B cell epitopes were first put to-
gether and ligated together by the EAAAK
linker. Then, with the help of the GPGPG

linker, the epitopes derived from MHC-I were
also connected, and finally, by the AAY linker,
a connection was established between the two
sections containing MHC-I and MHC-II
epitopes (Fig. 3).

~ R 7
{ \ {

LINKER B Cell Epitope LINKER

MHC-I Epitope

LINKER | | MHC-II Epitope

Fig. 3: Schematic diagram of the designed vaccine structure

Evaluation of allergenicity and antigenici-
ty of the designed vaccine

The antigenicity of the selected epitopes was
investigated and confirmed by the VAXIJEN
server. Moreover, their allergenicity is evaluat-
ed with the help of ALLerTPv.2.0 and AL-
LERTOP software, and the cases that had an
allergic risk were removed and the rest were
used in the construction of the vaccine struc-
ture. Moreover, all selected epitopes in Table 1
do not possess allergenic properties.

Physicochemical properties and solubility
and available surface results

According to the results of Protoparam,
Pepcalc, and Prosol and the amount of the
available surface, the instability coefficient of
the vaccine was 35.71 and the corresponding
structure contained 736 amino acids equiva-
lent to 2208 nucleic acids and had a stable
composition and a suitable half-life of one
hour in mammals. It also had a molecular
weight of 82179.11, a gravity of -0.425, an ali-
phatic coefficient of 69.08, and an isoelectric
pH of 5.58 (Fig. 4).
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Fig. 4: Access level of the vaccine designed by the IEDB server
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The second structure prediction results
In terms of two-dimensional and three-
dimensional structure, the relevant vaccine
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had 20.79% random screw and 20.79% wide
strand and also had a beta screw of 7.61% (Fig.
5).
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Fig. 5: Graphical representation of secondary structure prediction of the multi-epitope vaccine. Here, the 3-
strands, a-helix, and random coils are indicated, and evaluation of the composition of the vaccine produced in
terms of two-dimensional and three-dimensional structure with the help of software, A) psiPred and B) Prabi

Third structure modification and valida-
tion of the vaccine results

The best model was selected from different
models of the ALPHAFOLD setver
(https:/ /alphafold.ebi.ac.uk/). This structure
scored -7 on the ProSA server and was within
the range of natural compounds obtained
from X-RAY technology. After correction by
the 3DRefine server, it was evaluated through
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the pro check server, in which according to
the Ramachandran diagram, about 97.1% of
its amino acids were in an acceptable position
(Fig. 6). In addition, the results of vaccine
modification using the 3DREFINE server and
visualizing by PYMOL with RMSD= 0.326
showed the improvement of the model after
modification (Fig. 7).
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Fig. 6: Structural validation of the tertiary structure of the vaccine construct. A) Represents the Ramachan-
dran plot of the refined model where the most favored, allowed regions are 97.1% using the Prochek server.
B) Indicates ProSA-web validation of 3D structure showing Z-score (— 4.54)

RMSD=0.326

Fig. 7: Comparative image through PAYMOL alignment software between the two original and modified
models vaccine after modifying and calculating the amount of RMSD between them

Docking results

In this study, TLR5 was selected for the
docking process due to its immunomodulatory
ability to stimulate IFN-g as well as activation
of type I IFN responses. Epitopes selected as
CD4+ epitopes were able to stimulate both
Th1 and Th2 cytokines. Complexes with the
lowest energy scores were selected. TLR5 had

Available at: http://ijpa.tums.ac.ir

the lowest energy level of 2174.1 - and the
most stable state of connection with the vac-
cine. Interactions between vaccines designed
with different receptors and residues and the
type of links involved in these interactions
were analyzed and obtained by the PDBsum
server (Table 2) (Fig. 8).
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Table 2: Energy levels of vaccine/recipient docking complexes

RECEPTOR TLRI1 TLR2

TLR3 TLR4 TLR5 TLRS

Lowest Energy -1378.5 -1642.8

-1645.0 -1899.8 -2174.1 -15281.0

HILA DRE1.0101

Fig. 8: Residual interactions between vaccine structures and and molecules of A) TLR5, B) HLA.DRB1.0101,
and C) HLA.A.0201, which shows hydrogen bonds and other bonds between the residues of the molecule and
the residues of the vaccine

Normal state analysis to determine the
structural stability of the ligand/receptor
complex (molecular dynamic simulation)
results

During the biophysical stability analysis and
molecular dynamic simulations through the
iMODS  setver (https://imods.igft.csic.es/),
the deformation of the main iMOD chain was
obtained, and it is shown in Fig. 9A. The
hinge area tends to deform. The values of cal-
culated factor B are proportional to the square
root of the mean, and factor B measures the
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fluctuations of the atomic position and the
unpredictability of each atom (Fig. 9B). Fig.
9C shows the eigenvalues and is closely related
to the energy required to smooth the structure.
This result reflected the stability of the dock
complex shown by the eigenvalue. The specif-
ic value of the vaccine\TLR5 complex was
4.005682¢-08, which indicates less energy for
the deformation of the structure indicates the
stability of the complex, and activates immuni-
ty to eliminate antigens. The variance is in-
versely related to the eigenvalue. In Fig. 9D,

Available at: http://ijpa.tums.ac.ir
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the individual variance with red and green rep-
resents the cumulative variance. The covari-
ance map shows the relationship between the
pairs of residues because the colors red, blue,
and white represent the pairs of correlated,
anti-correlated, and unrelated residues, respec-
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tively (Fig. 9E). The elastic model network
illustrates spring formation between the corre-
sponding pair of atoms. The gray color dots
show spring formation; the thicker the gray
color, the stronger the spring between corre-

sponding pairs (Fig. 9F).
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Fig. 9: Molecular dynamics simulation, normal mode analysis, and receptor-ligand interactions using the
iIMODS server. A) This graph represents the deformability potential of each residue. The higher the peak, the
higher will be the deformability. B) B-factor. C) Eigenvalue of vaccine-TLR5 complex. This graph shows the
eigenvalue of the vaccine-TLR5, which interprets the ease of deforming the structure. The lower the eigenval-
ue, the higher the chance of deformation. D) Variance. E) Covariance matrix. Most of the region is red so it

shows the correlated motion of residues; whereas, the blue region shows uncorrelated motion between resi-
dues. F) Elastic network model. In this graph, most of the atoms form stronger springs

In-silico immune simulation results

The results of the C-ImmSim server
matched the actual immune responses and
were associated with increased secondary re-
sponse generation. The initial response was
characterized by an increase in high IgM levels.
In the secondary and tertiary responses, the
increase in B and T cell populations was de-
tected. Fig. 10A and B show an increase in the
levels of IgG1, 1gG2, and IgM. According to

Available at: http://ijpa.tums.ac.ir

Figures 10C and D, the increase in the popula-
tion of memory and immune cells after vac-
cine injection returns to the initial level after a
certain period, which indicates the efficacy of
the candidate vaccine (Fig. 10C-D). Moreover,
high levels of cytokines such as IFN-y, inter-
leukin-12 (IL-12), transforming growth factor-
beta (TGF-8), and 11.-4 were seen in Fig. 10E.
These parameters indicated good immunogen-
icity of the vaccine (Fig. 10).
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o
~—

Fig. 10: Image of the results provided by the C-ImmSim server. The in-silico immune response induced by
vaccine-TLR5. A) Production of several immunoglobulin subclasses (colored lines) in response to vaccine
injection. B) B-cell richness after three injections. C) Evolution of T helper cells (Th cells) after the injections.
D) Evolution of cytotoxic T cells (TC cells) after the injections. E) Production of cytokines and interleukins

Codon optimization and cloning prepara-
tion

According to the JCat server's results, the
optimized sequences' CAI values were 0.991,
and its content had 48.143% of GC content in
E. coli. Then, the simulation process was per-
formed via Snap Gene software using the gene
sequence structure of the designed vaccine
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and the vector and the cloned structure of the
recombinant vector and the gene sequence of
the designed vaccine. The restriction enzymes
of EcoRI and BamHI were used for virtual
cloning. Finally, an adapted codon sequence
was inserted into the pET28a (+) vector for
designing a recombinant plasmid using
SnapGene software (Fig. 11).
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Fig. 11: A) In-silico cloning of fusion protein sequence into pET28a (+) vector using EcoRI and BamHI re-
striction enzymes. Blue-colored semicircle showing fusion protein sequence and black-colored semi-circles
indicating pET28a (+) vector backbone. B) Image of vaccine cloning and electrophoresis process using
SnapGene software

Discussion

High cost and drug resistance are among the
shortcomings of chemotherapy in treating
leishmaniasis (16). Advances in molecular
immunology and the identification of domi-
nant immune epitopes have led to fundamen-
tal changes in these experimental methods
(17). Immunoinformatics tools are used to
develop and design vaccines that reduce the
negative aspects of experimental methods
such as the predictable ethical aspects of la-
boratory work and experimental studies,
which are costly and time-consuming (18).
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In the humoral immune response, the
presentation of antibodies is an essential part
of vaccine design. Therefore, the identification
of B cell epitopes can be useful (19). Because
Leishmania sp. 1s an intracellular parasite, cyto-
toxic T-cell lymphocytes (CTLs) play an im-
portant role in its protective response. Bioin-
formatics software with access to Leishmania
genomic and proteomic information can pro-
vide useful information about the characteris-
tics of the candidate vaccine and improve its
properties (20). Therefore, researchers can
design more effective vaccines (21).

In the present study, bioinformatics and
structural vaccination methods were important
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for designing fusion protein vaccines consist-
ing of TSA, LPG3, GP63, CPB, CPC,
LMSTI-1, LEIF, and KMP with the help of a
suitable linker to maintain the biological activi-
ty of the domains. In the present study, a sin-
gle-sequence linker (GPGPG) was used to link
the two B-cell and T-cell vaccine epitopes, and
a linker (EAAAK) was used at the beginning
of the vaccine sequence to prevent unwanted
connections and twists in the sequence (22).
Based on the results of physicochemical pa-
rameters, solubility, and availability of the
studied vaccine, the calculated Pl index indi-
cates the acidic nature of the vaccine, and this
advantage plays an important role due to its
role in amphibian/hydrophobic balance in the
vaccine design process. The instability index
provides an estimate of the stability of the
protein in the test tube. The instability index
of the vaccine with a coefficient of 35.71 indi-
cates its stability. The aliphatic index indicates
that the protein is occupied by aliphatic side
chains. The mean gravity of the studied vac-
cine (0.425) indicates the optimal solubility of
the vaccine in water. Also, the high aliphatic
index of the studied vaccine (69.08) indicates
the possibility of stability in a wide tempera-
ture range.

In evaluating the secondary structure of the
vaccine, it was found that the biological func-
tion of the recombinant proteins is affected by
their three-dimensional structure. The three-
dimensional structure of the protein can be
useful in protein function, dynamics, and in-
teraction with ligands, and other proteins.
Based on the validation results, the highest
quality of the three-dimensional structure
model of chimeric protein and the final select-
ed model belonged to the best ALPHAFOLD
model, which was modified with the help of
3DREFINE, and its structural quality was im-
proved. The results of the Ramachandran dia-
gram by Procheck server showed more than
90% of the amino acid position is favorable.
During the results of the ProSA server with a
score of -2.7, it was found that the final model
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is in the range of natural compounds obtained
from X-RAY.

One of the critical steps in vaccine design is
the prediction of antigen epitopes because the
interaction between epitopes and MHC mole-
cules can lead to cellular immunity (23). On
the other hand, the immune response is im-
portant in controlling infection since the de-
velopment of a specific T helper (Th) 1 re-
sponse, based on the production of cytokines,
such as interferon-gamma (IFN-y), can pro-
tect the mammalian host from infection by
parasites. Leishmaniasis is present in mamma-
lian hosts as forced amastigotes within the
macrophage. Macrophage activation is re-
quired to kill organisms in vivo, and IFN-y, as
the major macrophage activator, mediates de-
fense against leishmaniasis (24). The designed
vaccine induced IFN-y and IL-2, IL-10, and
IL-23 and increased IgM, IgG1, and IgG2 lev-
els, indicating the vaccine's ability to stimulate
the immune response. Analysis of the vaccine
using the oxygen allotope tool showed that it
has strong antigenic and non-allergenic prop-
erties.

Binding and binding analysis between vac-
cines and immune receptors were performed
well and the best complex model was selected
from them. Analysis and visualization of the
best model of fusion receptor protein com-
plexes and identification of important residues
with various bonds involved by the PDBsum
server indicated stable vaccine and receptor
binding. Stability analysis of the structure of
vaccine complexes with effective immune re-
ceptors was performed by the IMODE server
in the host E. co/i (25). To achieve a high level
of expression of recombinant vaccine protein
in E. coli (strain K12), codon optimization was
performed by JCAT. The CAI (0.991) and GC
(48.143%) indices obtained from JCAT
showed that the vaccine could clone properly
and express the E. coli host.

All these processes were performed in an zx-
silico environment, but their final approval re-
quires laboratory and clinical processes.

Available at: http://ijpa.tums.ac.ir



http://ijpa.tums.ac.ir/

Pirmoradi et al.: A New Immunogenic Structure of Polyepitopic ...

Conclusion

Collectively, our computational findings

provide evidence that this predicted vaccine
may hold potential as a therapeutic target for
L. major disease.
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