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ABSTRACT

The new coronavirus (SARS-CoV-2) pandemic, which has killed millions of people throughout
the world, has afflicted millions of people. SARS-CoV-2 therapies were severely limited due to
the virus's quick pathogenicity. As a result, immunizations were desperately needed because there
were no effective medical therapies. Immunoinformatic approaches were employed in this work
to develop a multi-epitope vaccine that has the potential to activate the body’s immune system
against SARS-CoV-2. The viral structural protein was screened for the first group of epitopes.
VaxiJen v2.0, AllerTOP v2.0, and ToxinPred were used to identify probable antigenic, non-toxic,
and non-allergenic T-cell and B-cell epitopes, and a projected model was developed. IFNepitope,
IL4pred, and IL10pred were used to test cytokine inducing epitopes. One MHC | binding cytotoxic
T lymphocyte (CTL) (9-mer) and one MHC II binding helper T lymphocyte (HTL) (9-mer) were
tested for T-cell, as both have significant binding affinity and are antigenic, with scores of 0.7476
and 0.5993, respectively. Interferon-gamma, interleukin-4, and interleukin-10 were all induced by
the HTL epitope. The chosen B-cell epitope was non-toxic and non-allergenic, with a length of 15
and an antigen score of 0.4992. Epitopes were connected together using appropriate linkers, and
biochemical analysis in PROTPARAM revealed the vaccine's instability index (44.39) and
GRAVY (-0.023). Through homology modeling, the Phyre2 server projected a PDB model of the
final vaccination, which had 100 percent confidence and 47 percent coverage. The z-score (-4.75)
was used to determine the overall quality of the model using ProSA online. Patchdock achieved a
molecular docking score of 16070 in a 2366.10 square angstrom region by combining
complementing form concepts. The C-IMMSIM server was used to examine the proposed
vaccine's immunogenic profile. Immune responses, whether tertiary, secondary, or primary, all

played a part in vaccination immunity.
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Chapter 1

Introduction & literature review:

A Novel Coronavirus (SARS-CoV-2) is responsible for giving rise to the COVID-19 illness, which
is thought to be originated in Wuhan, China. The Wuhan health officials uncovered a few instances
of unusual pneumonia in mid-December 2019, which was eventually shown to be the result of a
novel coronavirus. It is most likely to have moved from the reservoir of animals to people during
the first week of November 2019. [1]. It was revealed then that the RNA virus is the causing
pathogen which is linked to the identical family of Coronaviruses producing Severe Acute
Respiratory Syndrome (SARS) pandemic in 2003, as well as Respiratory Syndrome, is a pandemic
of the Middle East (MERS) in 2012 [2]. Throughout the early phases of the pandemic, it was
assumed that a viral transmission between an animal and a person happened in November 2019 at
one of Wuhan's biggest wet markets. Additional research was focused on determining which
animals were accountable for the emerging zoonotic illness. Although it is currently unknown
which species serve as the intermediary host, bats are known to be the principal reservoirs for these

viruses. They most likely evolved from a nearby wild-animal ranches [3].
1.1: SARS-CoV-2 virions' structure and genome:

Coronaviridae is a massive family of viruses that infect both humans and animals. NL63, 229E,
KHU1, OCA43, the seven types of human coronavirus that cause respiratory infections are Middle
East respiratory syndrome coronavirus (MERS-CoV), severe acute respiratory syndrome
coronavirus (SARS-CoV), and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
MERS-CoV, SARS-CoV, and SARS-CoV-2 are part of the Beta coronavirus genus. They all

exhibit significant mutation rates, resulting in viral diversity, flexibility, and adaptation to various
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targets [4]. The SARS-CoV-2 is an encapsulated virus of 60 to 140 nm virions that are generally
spherical or somewhat pleomorphic. The spike glycoprotein (S), mainly produced lomers by the
virgin surface, provides the virus the ‘corona,’ or the crown-like shape found on the viral membrane
in the electron microscope. The membrane (M) and envelope (E) glycoproteins contribute to the
ring structure. A spiral nucleocapsid consisting of a nucleocapsid (N) protein and a single positive-

strand RNA genome weighing about 30 kb is found within the virion interior [5].
1.2: Replication cycle and pathogenesis of SARS-CoV-2:

The coronavirus is an intracellular obligate virus that uses the host cell system for replication and
dissemination. Because virus-host interactions are the foundation of illnesses, it is crucial to
understand how they interact, especially when finding essential antivirals targets. The
transmembrane spike (S) glycoprotein, which produces homotrimers projecting mostly from the
viral layer, is responsible for SARS-CoV-2 entrance into host cells. Coronavirus S protein is made
up of two functional subunits: the S1 subunit, which contains the receptor-binding domain (RBD)
that binds to host cell surface receptors, and the S2 subunit, which promotes the eventual merging
of both the viral as well as host cell membranes [6], [7]. The RBD of SARS-CoV-2 binds to its
peptide region of angiotensin-converting enzyme 2 (ACE2), which also serves as SARS-CoV's
cell receptor. The RBD region of the SARS-CoV-2 genome is the most varied one. Six RBD amino
acids are essential in ACE2 receptor binding, and five of these residues vary between SARS-CoV
and SARS-CoV-2 [8]. After the RBD inside the subunit S1 binds to its ACE2 receptor, the S
protein of SARS-CoV-2 is fragmented by a cell surface-associated transmembrane protease serine
2 (TMPRSS?2) that activates the S2 region, causing the viral and host cell membranes to fuse. The
viruses were firmly blocked from penetrating host cells by this anti-CD147 humanized antibody.
SARS-CoV-2 and many other coronaviruses penetrate target cells through receptor-mediated
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endocytosis. The virus fusion with endosome membranes releases the viral nucleocapsid into the
infected cell's cytoplasm [9]. Coronavirus replication begins with the frameshifting viral RNA
being released and uncoated in the cytoplasm. Internal viral proteases process polyproteins, a
potential therapeutic target crystal structure recently discovered for SARS-CoV-2. Coronavirus
RNA replication takes place on a modified endoplasmic reticulum (ER) membrane-based

reticulovesicular network generated by the virus [10].

Vaccination is a critical strategy for controlling and eliminating the virus. SARS-CoV-2 vaccine
development presents an urgent requirement [11]. Traditional vaccine development procedures
take a long time and need much effort. Immunoinformatic tools investigate the host immune
response mechanism to produce alternative techniques to generate vaccines against illnesses that
are affordable and efficient since predictions in silico can minimize the number of trials required.
SARS-CoV-2 epitope-based peptide vaccines have been developed in dozens of experiments [12].
Although immunoinformatic methods have been used to create many vaccines, most of them are
spike protein-based. Antibodies that impede SARS-CoV fusion, binding, and neutralizing of the
infection might be induced by a vaccine based on the spike protein [13]. However, there are still
other challenges. For example, the SARS vaccine based on a spike protein may trigger adverse
immune responses, resulting in liver damage in inoculated animals [14]. Other viral proteins are
being examined as potential candidates for developing vaccines that are both protective and less

damaging to the immune system [15].

In this study, highly promising epitopes from envelope proteins were screened. Multiepitope-based
vaccination candidates against SARS-CoV-2 coronavirus infection were generated and suggested,

including cytotoxic T lymphocyte (CTL) helper T lymphocyte (HTL) epitopes.



Chapter 2

Materials and Method

A flowchart describing the procedures involved in the design of the multi-epitope peptide vaccine

is shown in Figure 1.

Emvelope protein of
SARS-CoV 2
Selection of

epitopes for vaccing
design

B-cell
[ Linear epitopes)

T-cell
{ HLA-l and HLA-I)

Selection of epitopes that are
“Antigenic’ + "Non-Allergic’ + "Non-toxic’

Waccine design
Evaluation ot
constructed vaccine
| Homology modelling Immunosimulation |
| Deocking Physicochemical properties |

Figure 1: Process of designing a multi-epitope vaccine against SARS-CoV 2

2.1: Retrieval of SARS-CoV-2 Envelope (E) Protein Sequence:

Using the Vipr database, we searched the proteome of SARS CoV-2 for an excellent protein
candidate that is highly antigenic. We discovered one protein candidate with high antigenicity
while still non-lethal to the host. A non-structural protein cannot be targeted because for up to two

weeks, the SARS CoV-2 virus can remain dormant in the host system. For that reason, we looked



at all of the proteins accessible to find an ideal candidate, particularly one that is a structural protein

and can be utilized to identify the pathogen immediately [16].

The Envelope protein's whole genome and protein sequences were retrieved in fasta format from
the Vipr database. The Vaxijen v2.0 server was used to determine the protein's probable

antigenicity (http://www.ddg-pharmfac.net/vaxijen/VVaxiJen/\VVaxiJen.html) [17]. “Virus” was

chosen as the target organism, and a threshold of 0.5 was set at the server. Because of its validity,
length, and quality, the protein sequence selected was used to construct the vaccine further. The
protein sequence was then submitted for epitope prediction for helper T-lymphocytes (HTL) and

cytotoxic T-lymphocytes (CTL).
2.2: Screening of Cytotoxic T-cell Lymphocytic (CTL) Epitopes:

NetCTL-1.2 has been shown to have excellent predictive ability [18]. SARS-CoV 2’s CTL
epitopes were predicted with the NetCTL 1.2 server, with good sensitivity and specificity at 0.75

(http://www.cbs.dtu.dk/services/NetCTL/) [18]. MHC class | binding epitopes were predicted, and

to expect it, the Al supertype was chosen using artificial neural networks. Using a half-maximal
inhibitory dose (1C50) of 500 nm with a combined score as a guideline, the most promising options
for SARS-CoV-2 vaccine development were selected. [19]. The IC50 value of 500 nm indicates
that the epitope seems to have a strong affinity toward the receptor. All were predicted using the
integrated score, class | binding, TAP transport efficiency, and proteasomal cleavage prediction.

At 0.15 and 0.05, respectively, we weighed C-terminal cleavage and TAP transport efficacy.

2.3: MHC | Alleles identification:

We used the NetMHC Pan 4.1 server to discover MHC 1 alleles specific to CTL epitopes. The
stronger an epitope's binding affinity for an allele is, the lower its percentile rank. Epitopes with a
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percentile level of 2 were chosen, and the vaccine formulation did not comprise the epitopes
anymore that have a higher percentile rank than this level. We used the NetCTL server's input to

determine how strong a binding affinity is [21].
2.4: Screening of Helper T Lymphocytic (HTL) epitopes:

The protein sequence's HTL epitopes were predicted with default settings using the NetMHC 11
pan 4.0's MHC-I11 epitope prediction module. The primary antigen was used with a default peptide
length of 9 being set [22]. The percentile ranks of the generated epitopes were used to rank them.
HTL receptors with a lower percentile rank score have a greater binding affinity. The percentile

rank was set as 0.5 as a threshold [23].
2.5: Cytokine inducing capability of predicted HTL Epitopes:

The cytokine interferon-gamma (IFN-gamma) plays a key role in antiviral defenses. It triggers
both native and targeted immune responses by stimulating macrophages and natural killer cells. In
addition, IFN- boosts MHC's antigen response [24]. HTL epitopes were evaluated by predicting
IFN epitopes and estimating IL4 productivity and IL10 productivity for screening out the most

effective ones. The IFN epitope server, IL4 pred server, and 1L10 pred server were utilized.[25].
2.6: Screening of B-cell Epitopes:

The BepiPred linear epitope prediction server (http://tools.iedb.org/bcell/result/) was used to
predict Linear B cell epitopes. At a threshold of 0.5, the SARS-CoV-2 protein’s linear B cell

epitopes were expected [26].



2.7: Construction of the vaccine:

A multi-epitope polypeptide vaccine was created by combining all screened CTL and HTL
epitopes. The adjuvant compound beta-defensin was used to boost the vaccine's immunological
response. Using an EAAK linker, the beta-defensin adjuvant was attached to the multi-epitope
polypeptide’s N terminal, allowing for proper functional domain spacing and efficient production
and detection by the host immune system. As epitopes are minimally immunogenic, combining
CTL, HTL, and B-cell epitopes through AAY and GPGPG linkers maximizes immunogenicity

and epitope expression, resulting in molecular vaccination effectiveness [27].
2.8: Biochemical Analysis of the Constructed Vaccine:

The ProtParam tool was used to assess further the final vaccination protein's physicochemical

characteristics (http://web.expasy.org/protparam/). Physicochemical properties investigated

included the theoretical isoelectric point (pl), number of amino acids, molecular weight, formula,
atomic composition, amino acid composition, extinction coefficients, instability index, estimated
half-life, grand average of hydropathicity (GRAVY), and amino acid composition. User-entered
sequences were used to calculate the theoretical pl and molecular weight, and the atomic and amino
acid compositions were self-evident. The information about a protein's amino acid composition

was used to calculate its extinction coefficient [28].
2.9: Prediction of Toxicity and Allergenicity:

The prediction of our proposed vaccine was made with the Toxin and Toxin Target Database

(T3DB). This tool focuses on giving toxicity mechanisms and target proteins for each toxin [29].


http://web.expasy.org/protparam/

The vaccine's allergenicity should be non-allergic since the allergenic proteins trigger a detrimental
immune response. AllergenOnline server was used to assess the non-allergic nature of the

vaccination sequence. [30].
2.10: Homology modeling of vaccine to generate 3D model:

The vaccination was a rebuilt protein with no homology that could be detected. To simulate
portions of proteins with no observable homology, Phyre2 uses a structure-based folding
simulation. The three-dimensional structure of the intended vaccine was predicted using the Phyre

2 server (http://www.sbg.bio.ic.ac.uk/phyre2/). For creating a protein sequence’s full-length 3D

model , the program employs modeling of multiple template with simple structure-based folding

simulation [31].

2.11: Ramachandran Plotting and Evaluation of the Vaccine's Tertiary

Structure for Quality:

The SWISS-MODEL workstation produced a Ramachandran plot to evaluate the constructed
vaccine’s tertiary structure [32]. The Ramachandran plot reveals favorable locations for the amino
acid residues backbone dihedral angles in protein structure. The page of Structure Assessment
displays the best scores of Molprobity and allows us to quickly discover where low-quality

residues are located in the system or model. After that, the ProSA-web tool was used to validate

the protein structure of the vaccine (https://prosa.services.came.ac.at/prosa.php). A positive Z-

score indicates that a created 3D protein model piece is incorrect or unpredictable [32].
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2.12: SARS-CoV-2 Vaccine’s Molecular Docking with Related Antigenic

Recognition Receptors

The toll-like receptor-3’s (TLR3) antigenic recognition receptors and the immune cell’s major
histocompatibility complex that the vaccine construct binds to were determined. [33]. The
PatchDock server (https://bioinfo3d.cs.tau.ac.il/ PatchDock/) was utilized to confirm the binding
affinity of the suggested vaccination construct between these receptors [33]. The server used three
algorithms to forecast the possible complex: molecular form representations, filtering, surface

patch matching, and scoring.
2.13: Immune Simulations:

The C-IMMSIM server evaluates the immune response and immunogenicity of the developed
vaccine. The Celada-Seiden model is used in the C-ImmSim to describe profiles of mammalian
immune systems, both humoral and cellular, in response to a specified vaccination. The simulation
was run with the default settings, and the simulation took 300 steps to complete. At stages 1, 84,
and 168, a tri-dosage technique was used in injection. On the other hand, the immunization was

supposed to be administered three times at 28-day intervals [34].
2.14: Remarks on the Materials and Method:

Our comprehensive research was done following the in-silico method, which means that all the
predictions and analyses were made using online servers. We cannot confidently say that our final
product will be a highly efficient vaccination capable of eradicating the COVID-19 viral infection.

We believe that further study is needed as it has the potential to become a vaccine candidate.



Chapter 3
Results

3.1: Antigenicity prediction of Envelope Protein (E):

Of the four structural proteins of SARS-CoV-2, an Envelope protein (E) was selected after a
rigorous screening process. The full amino acid sequence (FASTA format) of the envelope protein

of the SARS-CoV-2 is given below:

>gh:VIGOR4_HG994158 1 8 26245 26472|nchild:
VIGOR4 HG994158 1 8 26245 26472|UniProtKB: -N/A-|Organism: Severe acute respiratory

syndrome coronavirus 2|Strain Name:1|Protein Name: envelope protein|Gene Symbol: E

MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYSR

VKNLNSSRVPDLLV

Then, the VaxiJen v2.0 server examined the core antigen for antigenicity qualities, which showed

a score of 0.6025 (Figure 2).

VaxiJen 2.0

Vaxlden RESULTS

i.\lodel selected: virus

[Iirvahold for this madel: 0.5

Figure 2: Antigenicity score on the VaxiJen v2.0 server.
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3.2: ldentification of CTL epitopes:

The Net CTL 1.2 server was used to find CTL epitopes and at a threshold of 0.75, the A1 supertype

of MHC 1 allele epitopes was discovered. In epitope selection, the total score is a significant

determinant. This combination score is based on TAP transit efficiency and C terminal cleavage,

where the minimal limits were set at 0.15 and 0.05, respectively. The final results are shown in

Figure 3.
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Figure 3: CTL prediction results on NetCTL-1.2 server
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From the results shown in Figure 3 only the epitopes that showed a combined scores of > 0.7 were

selected. The selected CTL epitopes are shown in Table 1.

3.3: MHC | alleles specific to CTL epitopes:

CTL Epitopes

Combined Score

LTALRLCAY 2.6158
VSLVKPSFY 1.7149
LVKPSFYVY 0.8726

Table 1: Combined Score of CTL epitopes

Using the NetMHC Pan 4.1 server, the previously specified Epitopes were utilized as input to

obtain MHC I alleles. In this scenario, the percentile rank is a metric used in epitope selection, and

a greater binding affinity is indicated by lower percentile score and vice versa. For epitope

selection, a minimum threshold of 2 was set in this example. A list of CTL epitopes and MHC |

allele-specific binding and the associated binding affinity in percentile rank are shown in Table 2.

Strong binding peptides have a threshold of 0.500

Weak binding peptides have a point of 2.000.

Allele Peptide Seq_num Start End Length Rank
HLA- LTALRLCAY 1 1 9 9 0.27
A*01:01
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HLA- VSLVKPSFY 2 1 9 9 0.08

A*30:02

HLA- LVKPSFYVY 3 1 9 9 0.04

A*30:02

Table 2: MHC | allele for specific epitopes along with sequence number, start, end, length, and their percentile rank

MHC | alleles that are specific to the corresponding CTL epitopes were predicted using the

NetMHC pan server. The results were shown in Figure 4.

ENTERFQ NetMHCpan Server - prediction results

ANA Technical University of Denmark
% Net'™Cpan version 4,1b

F Tepdir sade /usr/opt/ww/webface/tmp/server/netalhcpan/ 6139038300001 BAE3286C054/ netiHCpanICGaly
2 Input 1is in F3A4 format

& Peptide Jength 9
2 Make both EL and BA predicrions
HLA-A1:01 = Distance %0 tralning data 0.000 (using nearsst nelghbor HLA-A01:81)

2 Rank Threshold for Strong binding peptides 2.309

® Ronk Threshold for Mesk binding peptices 1,000

Fos L Peptide Core Of Gp 6l Ip I ore Identity Aff(n#) BindLlevel
1 HLA-A%01:0 LTALBLEAY LTALRLCAY @ @ O @ o LTALRLEAY vecl 0.3950529 9,306 0.558023 0.11% 147,23 <= 5B

Protein vacl, Allele MLA-A®21;@1, Mumber of high binders 1, Numter of wesk binders 8. Number of peptides 1

Link to Allsle Fraquencles in Morldulde Populatioes

% Ronk Threshold for Stromg bimding peptides 0.309
# Rank Threshold For Meak binding peptides 2.000

EL SRank_EL Score BA SRank_BA AFf(nM) BindLevel

9.330 9,336178 0.560 1316.12 «= 58

Figure 4: Prediction results for MHC 1 alleles specific to CTL epitopes in NetMHC pan server
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3.4: Antigenicity, Allergenicity, and Toxicity prediction of CTL epitopes:

AllerTOP v2.0 was used to identify the allergenicity of T-cell epitopes, and two of the three CTL
epitopes were projected to be non-allergenic. ToxinPred, a support vector machine (SVM)-based
approach, was used to assess the toxicity, hydrophobicity, hydropathicity, hydrophilicity,

molecular weight and charge of the CTL epitopes (Figure 5).

ToxinPred

e Deign Pegeise

Query Peptides

Figure 5: Prediction of Toxic peptides on ToxinPred server
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From figure 5, it was predicted that none of the epitopes tested were hazardous. VaxiJen v2.0 was

used to predict epitope antigenicity, and only one epitope was determined to be antigenic (Fig 6).

m B A oA

Figure 6: Antigenicity, Toxicity, Allergenicity prediction of CTL epitopes

3.5: MHC 11 alleles specific to HTL epitopes:

The NetMHClIpan 4.0 server uses the core antigen as an input to detect MHC 11 alleles. MHC 11
alleles can be identified using percentile rank; a greater binding affinity is indicated by a lower
percentile rank and vice versa. For the study, only vital binding peptides were selected. For allele

identification, a percentile rank of 0.5 was used (Table 3).

The Strong binding peptides threshold (%Rank) 1%

The Weak binding peptides threshold (%Rank) is 5%

Peptide sequence Core Alleles Percentile Rank Score-EL

VYSRVKNLNSSRVPD | VKNLNSSRV DRB1_0102 0.72 0.902512
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YSRVKNLNSSRVPDL 0.38 0.880447
PSFYVYSRVKNLNSS | YVYSRVKNL | DRB1_0103 0.53 0.746331
KPSFYVYSRVKNLNS 0.72 0.671424
FYVYSRVKNLNSSRV | YSRVKNLNS DRB1_0401 0.03 0.672255
SFYVYSRVKNLNSSR 0.05 0.663956
FYVYSRVKNLNSSRV | YSRVKNLNS DRB1_0408 0.04 0.763612
SFYVYSRVKNLNSSR 0.07 0.754284
PSFYVYSRVKNLNSS | YVYSRVKNL | DRB1_0701 0.27 0.891900
KPSFYVYSRVKNLNS 0.24 0.879817
VKPSFYVYSRVKNLN 0.26 0.822794
0.25 0.659824
SFYVYSRVKNLNSSR
KPSFYVYSRVKNLNS | FYVYSRVKN DRB1_0803 0.85 0.568234
VKPSFYVYSRVKNLN 1.37 0.516976
PSFYVYSRVKNLNSS | YVYSRVKNL | DRB1_0901 0.53 0.798975
KPSFYVYSRVKNLNS 0.53 0.777483
VKPSFYVYSRVKNLN 0.60 0.710573
VYSRVKNLNSSRVPD | VKNLNSSRV DRB1_1201 3.62 0.625500
YSRVKNLNSSRVPDL 1.65 0.602444
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VYSRVKNLNSSRVPD | VKNLNSSRV DRB1_1501 1.79 0.657755

Table 3: HTL specific allele, percentile rank & binding level.

MHC 11 alleles that are specific to the corresponding HTL epitopes were predicted using the

NetMHCpan 4.0 server. Only those that showed strong binding level and low percentile rank were

selected. The results were shown in Figure 7.

et " Pepride OF Core Core_Mel score_SL Whank_¥L tep Sied Score_Ha  Affinity(nM) Waesh B4 Sinsiesel
£} Daz1_ole2 VYSRWLNSSAVPD 4 VIMLNSSEY 1000 .38 L €. e3540% 4s. o 0.72 =32
% 03s1_01e2 YIRAVERLAL SRV OL 3 oRNSSRY 1.000 &y A o.LTATES 2.7 Q.38 o3z
w DaR1_eied SRAMLNASEPOLL 3 VOSSRV 1.000 a ran 8.076522 .0 1.3 <wam
= DaR1_eiag YVESRONAG SAVP 5 VORNSSRY 1.000 23 L LR .17 . ool
1 D351_8182 CVILATLTALRLCAY 3 LALLTALR 1.999 S5 ~ b fd6sas ™ S 158 «w@
0 DREY_Bl6s LLVTLASLTALALCA 4 LAILYALK 1,060 n s #5725 o5, 2,85 e
9 nes1_vlez VILAILTALRLCAYC T LAITALRY 1.000 e " 2028248 63, 8 1,92 <wa
- Dsm1_ 0102 PSPYVYSRVIILASS T YVYSRVEML 0.987 bt e o5 176,99 5.38
2 DES1 0102 YSPVSEETOTLIVNS 3 WSEETOTLI 0567 a1 e €.479278 2m9.m a.97
3 Dasy 012 FLUVTLAILTALRRLLD 5 LATLTALRL 1.000 os o 0. 545340 138,01 1.9
3] 0381 0103 KPSFYWYSIWNLIS * YUVERVEML 0,540 L3 [ #. 302904 16,59 .78
|} DEAY_8192 INSEVSEETOTLIW 4 VSERTETLL .52 5 L 0, 430505 86, 77 7.89
bag)_elez 1 VEMLNSSRY 8973 82 e .. 5003 isan i.66
DRB1_sies B YOMINSSHY 8,587 1 o ¢ Eaxios 71,68 1,63
DiB1_ o102 S wvvsaveaL 0907 .58 " e 431730 s
nes1 0103 2 1 LAIMTALRL 0.972 .10 " o217 .00
D351 0102 SEVVYSRONLNS SR 2 SRVENL 0.827 .23 ) 2. 332053 4.72
DEE1_ 0382 VPLLVTLATLTALAL B LAZLTALRL .06 N run 2.55204s 3.50
Dan1_01e2 SPVSRTTATLIVGY 3 WSIRTGTAX 0.927 57 L &, 405623 19.41
URg1_91ee TV EL PSS YWYS ¥ OWSLWRSFY LR 0 e .. ? 5.27
0361 _si82 AFVVFLLNTLATLTA 3 OWFLLVTLAL .71 6E e ., .49
DeB1_0102 NIVHVSLVK PSFyYY 2 vaLVeesEY 0820 (6X s .. 5.4
DsB1_ 0303 LVEPAS Yy savent o rVYsEoN 0.8% 504 N e.4s7é1n S 11,51
D8S1_plex LATVVILLVTLAZLY T WWPLLVTLA e.420 a1 e 2.377380 050,58 3%.32
DEs1 0103 VMESLPSPYVYSR T vELVRRSrY 0.500 .24 T 2455400 as4.87 7.38
D39y _ole2 TWWSVLLTLATWWIL & aruaew °.967 .00 L) 2,107460 170%. 68 4340
DER)_0102 VAFLINTLATLTALR 3 LLVTLAILT 8.7 - ek S.430028% e, 15.3%
DIf)_a18d VIEVLLFLAFYVFLL I WIFLRW 9,893 hE L .20 1514,57 K
De61_018d CNEVWYSLVERSFYY 3 WIVSLWES 9,413 1,58 e . 430827 285,67 7.48
DAB1_plez CIVNSELLF LAFYWE S WLLALRAW 0.9% 5.9 - &, 20070 1952.55  ay.a2
DES1_ 0302 PLAFWPLLVILATL & WWrLLVTLA 0.387 &7 " 8. 336028 1058, 17 20.3%
DER1_ 0103 SYLLPLATVWELLYT & sLATWPLL 0.300 98 s B.323000 130847 38,87
naet Avar UL LuUTI AT YA T WriiuTi Ay " oan A8 4 s " wiaan Ans T4 4s

Figure 7: MHC |1 specific to HTL epitopes predicted by NetMHClIpan 4.0 server
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3.6: Capability of HTL epitopes of inducing cytokine:

At first, we found HTL epitopes’ capacity to produce interleukin, namely prediction of IFN
epitope, the productivity of IL-4, and productivity of IL-10. These predictions were made using
the servers IFN epitope, IL-4pred, and IL-10pred. The SVM approach was used with a default

threshold of 0.2 and -0.3 for IL4 and 1L10 pred servers.

From all the HTL epitopes that have been selected only the interferon gamma inducing ones were

selected. Among them only one were found to be positive that has been shown in Figure 8.

Home Design Predict Scan Algorithm Application Dataset Help Team Contact

Prediction result for the IFNepitope server

Show enires Search
Seriak No, ~ Epitope Name Sequence Mathoa Resolt Score
1 51 VYSRVENLNESRVPD SVM NEGATIVE -0 16705221
2 32 YSRVENLNSSRYPOL S NEGATIVE 0. 43267552
3 3 PEFYVYSRVENLNSS sSv NEGATIVE -0 356888910
'l 4 KPSFYVYSRVKNLNS SV NEGATIVE 052339177
5 5 FYVYSRVENLNSSRY avm NEGATIVE D 1032520
L) 5 SFYVYSRVKNLNSSR v NEGATIVE -0 4185800
7 FYVYSRVENLNSSRY s NEGATIVE 01032629
8 38 SFYVYSRVKNLNSSR SVM NEGATIVE 04155908
9 2 FSFYVYSRVKNINSS SV NEGATIVE 0.0028082M7
10 510 KFSFYVYSRYKNLNG SV NEGATIVE 017044385
1 1 SEYVYSRVENLN UM REGATIVE 0 20458310
12 $12 SFYVYSRVKNLNSER svMm NEGATIVE 0.4153008
13 3 KFIFYVYSRVENING SV NEGATIVE 053330177
\L 13 VEFSFYVYSRVKNLN Svm NEGATIVE 0.46468316
15 5 FSFYVYSRVEKNLNSS s NEGATIVE 035888010
16 315 MPESFYVYSRVKNLNS SV NEGATIVE 0 52330177
17 317 VEFSFYYYSRYKNLN I NEGATIVE 0 46458316
L 518 VYSRVENLNSSRYPD SV POSIMIVE 0 065683234
19 319 YSRVENLNSSRVPOL SV NEGATIVE 0.232074552
20 320 VYERVKNLNSERVFD s NEGATIVE D 18705221
Serial No. Epitope Name Soquence Methoa Result Score
SHOWING 1 %0 20 of 20 entries a Prvious Next

Figure 8: IFN epitope prediction for HTL. (Positive is accepted)
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Whether the HTL epitopes were interluking-4 inducing or not it was predicted using IL4pred
server Figure 9. From there it was found that every one of the epitopes were IL-4 inducing.

3l Scresning Protesn Mappin

Algorithy Downloads

Original Peptice

ho Nuasan T Ldnoum 0% 112 o im 173a1s

Figure 9: IL4 inducer for HTL epitope.

IL-10 pred server was used to determine the interleukin-10 inducing capabilities of the HTL

epitopes (Figure 10). The result showed that all epitopes were capable of inducing interleukin-10.

IL-10Pred: Prediction of Interleukin-10 inducing peptides

o2 Deiriagy Protien Sci Aot any iy Ovettopers Conlac

Figure 10: IL-10 inducer for HTL epitope.
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After gathering all the required data regarding the prediction of IFN epitope, the productivity of
IL-4, and productivity of IL-10, only those that shoed a positive result was selected for further
study. Only one HTL epitope was chosen for vaccine designing as it fulfilled all the criteria for an

ideal epitope (Figure 11).

g H S s Book! - Eacel
Bl o e moEuvouT  FORMULAS DA REVEW  VIEW
o ‘X fu Calbrs v & a | ==8|»- T Wap Text Genenal ’x ‘/ ,./ & b l:;)g .‘-..
et ;;‘:”M' BT U D0« Mo fp+ |5 F €5 | SMeagelConter « | §-% ¢ |8 r:::::;' ‘01:::“5:: o il meaStiing
Oipbowd . fomt » Alignmera 1 Numbet 1Y Stytes Lells
M1l g i B fr
| TR 8 _ c D € | F
1 Peptide - IFN - IL-4 - IL-10 -
2 VYSRVKNLNSSRVPD Negatrve Indocer leducer
3 YSRVENLNSSRVPDL Nenative Indocer Incucer
4| PSEFYVYSRVENLNSS Negative Incdocer [echiscer
3 KPSFYVYSRVKNLNS Negative Indocet Tnefucet
5 FYVYSRVENLNSSRV Negative Inducer laducer
7 SFYVYSRVENLNSSR Negative indoces Inducer
8 FYVYSRVENLNSSRV Negative Indocer Inducer
9 SFYVYSRVKNLNSSR Negative Induces [ocducer
0 PSFYVYSRVEKNLNSS Negative Indocer Jeeducer
“»'1 KPSFYVYSRVENLNS Negative nducer Incucer
121 VEKPSFYVYSRVENLN Negative Inducer Inducer
13 SFYVYSRVENLNSSR Negative Indocer Inchuces
" KPSFYVYSRVENLNS Negative Inuduces lodoce
1| VKPSFYVYSRVKNLN Negative inducer Inchucer
16! PSFYVYSRVKNLNSS Negative Induce Inclucer
17 KPSFYVYSRVENLNS Negative Induces Ieshucer
8 VEPSFYVYSRVENLN Negative Indocer Indfucer
19 VYSRVENLNSSRVPD Postive Tinchoces Induces
30 | YSRVENLNSSRVPDL Negative Inducer luchucer
23 VYSRVKNLNSSRVPD Negative indocer Inchucer
Sheet! *®

Figure 11: HTL epitopes from MHC Il allele’s evaluation
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3.7: B-cell epitope prediction:

To find linear B-cell epitopes, the BepiPred linear epitope identification 2.0 was employed, and
B-cell epitopes were found at a threshold of 0.5. The starting and ending positions for particular

epitopes of B-cell, as well as their lengths, are shown in Figure 12.

Bepipred Linear Epitope Prediction 2.0 Results

Input Sequences

1 MYSPVSEETG TLIVHNSVLLE LAFVVILLYT LAILTALRLC AYCCHNIVNVS LVKPSFYVYS
651 RVEKNLNSSRV PDLLV

Center position: 4 Threshold: 0 500 | Reacalculate
(5
Average: 0.421 Minimum: 0.239 Maximum: 0.612

Predicted peptides:

Length
U I SEET a ’
H 1 1 |
2 | 87 | 71 | YVVYSRVKNLNSSRVP 1% :

Figure 12: Predicted peptides with start, end, and length

The anticipated B cell epitopes were plotted with the epitopes' residue scores on a graph acquired

from the server (Figure 13).

Conter position: 4 Threshold: 0 500 | Recatcutate |

0.60

0.55

0.50 A

0.as

Score

0.40

0.30 4

0.25 -

0 20 a0 60
Position

Avarage: 0.421 Minimum: 0.239 Maximum: 0613

Figure 13: B-cell epitopes score vs. position graph
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BepiPred Linear Epitope 2.0 algorithm may also provide the maximum, lowest, and average score
produced by the Linear B cell epitopes set. We received a top score of 0.613, a minimum score of

0.239, and an average of 0.421 for our exact B cell epitopes.

3.8: Construction of Final vaccine:

The vaccine was built using the best candidate epitopes that were available. 1 CTL epitope, 1 HTL
epitope, and 1 Linear B cell epitope were fused using linker sequences. With the aid of GPGPG
linker, the HTL epitopes were combined (The GPGPG linker stimulates the responses of HTL and
helpers' immunogenicity is conserved when conformation is taken into account). In contrast, the
AAY linker was used for CTL epitopes (AAY linker assists in establishing suitable binding sites
for the TAP transporter and increases epitope presentation), and the merging of epitopes of B-cell
was done later. Finally, with the aid of the EAAK, the human -defensin-3 sequence was inserted
into the vaccine’s N-terminal location to enhance immunogenicity of the vaccine. The final

constructed vaccine is:

GIINTLQKYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKKEAAKVSLVKPSFYA

AYVYSRVKNLNSSRVPDGPGPGYVYSRVKNLNSSRVP
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3.9: Biochemical Analysis of the Constructed Vaccine:

To assess the vaccination, the PROTPARAM program on the Expasy server was utilized to
conduct biochemical studies. The server delivers the results based on a molecular formula, molar

mass, instability index, aliphatic index, theoretical P, GRAVY, and other parameters.

From the server it was found that the number of amino acids were 96, molecular weight 10732.54,

theoretical pl was 10.18 (Figure 14).

ProtParam

User-provided sequence:

18 e 38 48 5 og
GIIMNTLQKYY CRVRGGRCAW LSCLPKEEQI GKCSTRGRKC CRREEKEAAKY SLVEKPSFYAA
Ta ae =15

YWYSRVENLM SSRVPDGPGP GYWYSRWVEMNL MSSRVP

References and documentation are available.

Number of amino acids: 9&
Molecular weight: 18732.54

Theoretical pI: 18.13

Figure 14: Constructed Vaccine's number of molecular weight, amino acids, and theoretical pl
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From the Figure 15 the amino acid composition was found of the constructed vaccine. Alongside

it the total number of negatively and positively charged residues were also found.

Amino acid composition: | CSV format

Ala (A) 5 5.2%
Arg (R} 11 11.5%
Asn (M) 5 5. 2%
Asp (D) 1 1.8%
Cys (C) & 6.2%
Gln (Q) 2 2.1%
Glu (E)} 3 3.1%
Gly (G) & 8.3%
His (H)} @ a.e%
Il (I} 3 3.1%
Leu (L) & 6.2%
Lys (K} 1@ 18.4%
Met (M) @ a.e%
Phe (F) 1 1.0%
Pro (P) & 6.2%
Ser (5} 1@ 19.4%
Thr (T} 2 2.1%
Trp (W) @ a.e%
Tyr {¥) 7 7.3%
val (V) 1@ 18.4%
Pyl (0} @ a.e%
sec (U) a a.e%

8y @ a.e%

(Z)y @ a.e%

(x) =] a. e

Total number of negatively charged residues (Asp + Glu): 4
Total number of positively charged residues (Arg + Lys): 21

Figure 15: Constructed vaccine's amino acid composition, the total number of negatively and positively charged

residues.
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The instability index value shown for the vaccine was 44.39, which according to the server, is
unstable as it shows the importance of >40 (Figure 16). The vaccine is hydrophilic as the Grand
Average of Hydropathicity (GRAVY) value showed -0.023. Hydrophilic vaccines are preferable

as hydrophobic can cause an increased risk of contamination and loss of functionality.

Formula: CgzgHicasMaza0sz25:4

222238V IS

b ]

Total number of atoms: 2973
Extinction coefficients:

This protein does not contain any Trp residues. Experience shows that
thisz could result in more than 18% error in the computed extinction cosfficient.

Extinction coefficients are in units of M1 cml, at 280 nm measured in water.

Ext. coefficient

1
Abs @.1% (=1 g/1) 8.816, assuming all pairs of Cys residues form cystines

Ext. coefficient 16
Abs @.1% (=1 g/1) 8.7

, assuming all Cys residues are reduced
Estimated half-life:
The N-terminal of the seguence considered is E (Glu).

The estimated half-life is: 1 hours (ma

(mammalian reticulocytes, in vitro).
( t

-
3@ min (yeast, in vivo).
»1@ hours (Escherichia coli, in vive).

Instability index:

The instability index (II) is computed to be 44.39
This classifies the protein as unstable.

Aliphatic index: 96.81

Grand average of hydropathicity (GRAVY): -0.023

Figure 16. Constructed vaccine’s formula, number of atoms, half-life, instability index, aliphatic index, and GRAVY

value.
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3.10: Constructed Vaccine’s Allergenicity and Toxicity Evaluation:

The Allergen web server identified the vaccine's allergenic nature using a hybrid method. To
efficiently measure the protein's efficacy, we used a value of 0.5 based on z-score analysis and the

Full FASTA 36 technique was applied (Figure 17).

AllergenOnline Search Results
Snr A od gt S0UE 0 b bl g proepdd be e fece siaii d probben Srtabod bl madon m (b hnegrabits rolivnim Su e grop. (e of e gon. wbet irquians bibgiong o S s groy ol s
4 1= S0P s, amsigranted gt
Alergrotiniber Dusatace <10 (Flwsary 14 2020

NITE Ndstien of Uibrgrmats ' vl m bt Brwwoe asenecs pogs wofs it beatom bamd o Gymmp rrftrrmern wim sdded wn 18 Voy SEIL Pawss soetrm o “wlbmgransts * of me marsbes som Bl heve wois (0e Bww page sad ek =
g Bt (el 8 T sk 1o At 41 bttt it dinit of adim s

DenaMane 4 B -m % o BT 1 40 CWipders Tomg Y TR twp verdon ] M hen

View rueny 81

Figure 17: Allergenicity of the constructed vaccine from Allergen Online server.

Similarly, the toxicity of constructed vaccine was assessed using the T3DB server, which showed

non-toxic in figure 18.

Figure 18: Toxicity prediction of the constructed vaccine.
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3.11: Homology modeling of vaccine:

To further continue our research, it is imperative to get a 3D structure of our vaccine. In the in-
silico approach, we could create a 3D design in the form of a PDB file. The homology modeling
technique was used to construct this PDB file, and the top sorting template was used to model 45

residues with 100% confidence (Figure 19).

Model (left) based on template dikjba

Top template information
Fold: Defensin-like
Superfamily: Defensin-like
Family: Defensin
PDB entry: PDBe RCSB PDEj

Confidence and coverage
Confidence: 100.0% Coverage: (Y2

45 residues ( 47% of your sequence) have been
modelled with 100.0% confidence by the single
highest scoring template.

You may wish to submit your sequence to Phyrealarm.
This will automatically scan your sequence every week
for new potential templates as they appear in the
Phyre2 library.

Image coloured by rainbow N — C terminus Interactive 3D view in JSmal

Model dimensions (&): X:40.686 Y:34.986 Z:17.168 For other options to view your downloaded structure
offline see the FAQ

Figure 19: Phyre2 server was used to create a 3D model of the vaccination.
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3.12: Homologous vaccine model’s analysis:

Our vaccine's PDB structure was examined further, obtained from the phyre2 server. The SWISS
PDB plotter was used to do the Ramachandran plot analysis (figure 20), and the PROSA webserver

was used to create a Z-score versus residue analysis curve (figure 24).

= r
B )
. Y
Mew o o a. » a.p
Figure 20: Ramachandran plot using SWISS PDB plotter.
Further analysis of the Ramachandran plotting is shown in figure 21:
MolProbity Results ~
MolProbity Score 318
(] clash Score 80.86 (23 CYS- 41CYS) (11 CYS. 40 CYS), (10 TYR- 30
ILE), ( 1M1 CYS-30 ILE), ( 33 CYS- 28 LYS), (27
GLU- 43 ARG), ( 23 CYS- 24 LEU), ( 34 SER- 35
THR)
Ramachandran 74.42%
Favoured
[ Ramachandran 4.65% 35 THR, 14 ARG

Qutllers
Rotamer outliers 0.00%
C-Beta Deviations O

Bad Bonds 4/861 23 CYS-41CYS, 11 CYS- 40 CYS, 18 CYS- 33 CYS

Bad Angles s/74re (11 CYS-40CYS), (18 CYS-33 CYS). ( 23 CYS-41
cYSs)

Results obtained wusing MolFrobity veraion 4.4

Figure 21: MolProbity results of Ramachandran plotting.
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The results from the plotting from figure 21 showed MolProbity score as 3.18, Clash score as

80.86, Ramachandran Favored as 74.42%, and Ramachandran Outliers as 4.65%.

Quality Estimate »

QMEANDIsCo Global: @ +012@

QMEANDisCo Local QMEAN Z-Scores
y Lo awean IR T 2 75

0% o Al Jllnmll,_ L = 27 &

2 8 ,!” atatom BLL . M -155 :

TE N solvahon‘: : I :IO =1 | Gaae—
torsion [ . " 3.1

Figure 22: Quality estimation of Ramachandran plot

From the figure 22, we found that the QMEANDIisCo’s Global score was 0.70.
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Figure 23: Residue quality estimation of Ramachandran plot

Figure 23 shows the estimation of the residue quality of the constructed vaccine through

Ramachandran plotting.

ProSA-web, which predicts the overall quality of the model in the form of a z-score, was used to
examine the structural validation of the multiple epitope vaccination. ProSA-web, which predicts
the overall quality of the model in the form of a z-score, was used to examine the structural
validation of the multiple epitope vaccination. The erroneous structure is indicated if the projected

model's z-scores are beyond the characteristic range for natural proteins. The vaccination projected
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model had a Z-score of -4.75, suggesting that it was a decent model (Figure 24). The local model

quality of the protein was also generated (Figure 25)
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Figure 24: Overall model quality: Z-score analysis
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Figure 25: Knowledge-based energy versus sequence position in local model quality
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3.13: Molecular Docking of the Relatively Antigenic Receptor with the Final

Vaccine Construct:

The binding affinity between the suggested vaccine design and the relevant TLR8 was further
investigated using molecular docking, which belongs to the family of toll-like receptor (TLR). The
innate immune response is activated by this receptor family, which comprises of protein-rich
receptors. Because they are physically designated as a single-pass membrane-spanning receptors,
they are frequently discovered to be reveal in cells, which are largely in charge of pathogen
elimination that are invading the body. The numbers 1 to 13 on the labels of TLRs distinguish
them. Except for TLR 11, 12, and 13, all the other TLR are among the receptors found in both
animals and humans. Our research used the ligand (PDB file retrieved from the phyre2 server) as
the ligand and TLR8 (PDB ID:3W3G) as the receptor. Patchdock server was used for the docking,
and it also provides scores of specific docked complexes. The top 20 solutions of patchdock are

monitored in the figure 26.
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Figure 26: Molecular Docking Algorithm Based on Shape Complementarity Principles.
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The results show in figure 26 is the best complex between TLR8 and our proposed vaccine gave
the highest score of 16070 with a transformation of (-2.60 -0.86 1.58 10.10 4.29 37.6) 331.53
KJmol-1 was the value of ACE, which covered the area of 2366.10 square angstroms. With the

64-bit client version of Discovery Studio 2016, the PDB structure of the produced protein-ligand

combination can be viewed (Figure 27).

Figure 27: The docked complex between the TLR8 receptor and the proposed vaccination in 3D.
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3.14: Immune Simulation in silico for the immune response:

The final vaccination's immune stimulation was carried out utilizing the C-ImmSim web server,
which provides immunological profiles for the intended vaccine. 1gG1 + 19G2 and IgM were used
to identify proliferation in the secondary and tertiary immune responses and a decrease in the

antigen count (IgG + IgM), indicating that the immune response had proliferated (Figure 28).
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Figure 28: The virus, the immunoglobulins, and the immunocomplexes.
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The C-immsim website also calculates the B cell lymphocyte concentration following
immunization. Both humoral and cellular immunity relies on B cell epitopes, and IgM, IgGland
IgG2 concentrations determine B cell concentrations. From figure 29 Graphs depicting B cell
population densities in each state. Last but not least, plasma B cells were discovered. These cells

have the potential to be used as medicinal agents.
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Figure 29: Graph showing the concentration of B cells based on subtypes and administration
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In, Figure 30 the graphs show the concentration of B cells is increasing based on state versus

days passed after vaccine administration.
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Figure 30: Graph showing entity-state of B cells versus days after vaccine administration.

From figure 31 graph it can be seen that B cell increases in plasma after the vaccine is administered
and it slowly decreases before another dose. And the increase of B cell per dose is higher than the

previous administration.

PLB cell population (cells per mm?)

120 T T T T T T

|-,.:otyne‘
IgM + 1gG

100 | IgM ———
IgGl ——
1gG2

B0 -

60 -

40

20 -

0 N f L
0 10 20 30 40 50 60 70 80 %0 100

days

Figure 31: B cell population expansion in plasma vs. vaccination treatment days
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Graphs demonstrating CTL and HTL epitope concentrations were received from the server in
the same way as plots exhibiting B cell concentrations were generated. Graphs depicting CTL

and HTL concentrations are shown in Figure 32-33.
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Figure 32: CD-4 HTL epitopes count. The plot shows the total and memory count.
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Figure 33: CD-4 HTL epitopes count subdivided into per entity-state
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Figure 34-35 shows the potential CTL epitopes evolve in response to vaccination. The CTL

epitope's CD-8+ concentration was more significant in memory and non-memory inducing states.
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Figure 35: CTL count per entity state
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C-Immsim server also shows the host Natural Killer (NK) cells population growth (Figure 36)

that was observed on day-to-day basis of post vaccination.
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Figure 36: Total NK cell population count after vaccine administration

Dendritic cells (DC) represent antigenic peptides on both MHC class-I and class-11 molecules.

The curves in figure 37 show the total number broken down to active, resting, internalized and

presenting the ag.
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Figure 37: Antigenic peptides can be found in both MHC | and MHC |1 molecules in the DC population.
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Graph of figure 38 shows Macrophage population growth observed by classification into active,

resting, MHC Il presenting and internalized groups along with total growth of post vaccination.
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Figure 38: Macrophages population growth per entity state

The populations of interferon and interleukin and other substances that cause inflammation in the

host are good places for a viral infection to spread. Graphs of figure 39 depict epithelial cell count

after each state.
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Figure 39: Epithelial cells total population count per entity-state
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From figure 40, the graph depicts interferon and interleukin populations, together with other

chemicals that produce inflammation within the host, are appropriate sites for viral infection

spread.
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Figure 40: Concentration of cytokines and interleukins. In the inset figure, the danger signal is

shown with the leukocyte growth factor 1L-2.
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Chapter 4

Discussion:

The advent of SARS-CoV-2 is a frightening condition for the entire population; hence treatments
and preventative measures are critical. The SARS-CoV-2 virus lives in the lungs, causing fever,
cough, and dyspnea. SARS-CoV-2 symptoms can appear within 2 to 24 days, according to the
WHO, and the virus can be transferred from person to person or by contact with contaminated
surfaces and objects [35]. Immune epitopes must be identified as soon as possible. Envelope (E)
protein has the highest antigenicity. Also, it possesses a highly concentrated amino acid sequence
compared to SARS-CoV 2’s spike (S) protein, which has been undergone several amino acid
sequence changes throughout 2020-2021. As a result, E-protein might be used as a vaccine target

against SARS-CoV2 [36].

Selecting the E protein components exposed on the membrane surface can improve the specificity
of "epitope-based vaccinations.”" [37]. SARS-CoV-2 vaccines are being developed by medical
biotechnology regularly. In-silico immune-informatics, on the other hand, can save time and

money, making it an essential approach in immunogenic analysis and vaccine development.

We used an 'In-silico’ technique with rigorous criteria to discover E protein targeting B-cell and
T-cell epitopes that may help promote immune response inside the host cell in this work. Using
computational technology, we attempted to build an in-silico peptide-based vaccination against
SARS-CoV-2, and we believe we have found a candidate capable of combating SARS-CoV-2
despite all efforts. The final vaccine that we constructed was unstable, so we believe that stability
can be improved with the help of chaperons. Molecular chaperones are present in all species and

are required for cell viability. One of the primary functions of molecular chaperones is to aid in
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protein folding. Hsp60s, Hsp70s, Hsp90s, and sHsps are molecular chaperones that aid via
stabilizing folding stages and avoiding protein aggregation and misfolding in unfolded and

misfolded polypeptides [38].

In conclusion, we believe that the vaccine is still in its primary stage. More research needs to be
done to create a vaccine for SARS-CoV-2 and ensure its safety in terms of in vivo, in vitro, and a

clinical trial is a must.
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