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Abstract

Colorectal cancer (CRC) is a predominant cause of cancer-related mortality worldwide, requiring
novel strategies for prevention and therapy. This paper details the in-silico design of a multi-
epitope vaccine aimed at the tubulin beta-2A chain protein, exhibiting favorable antigenic
characteristics for colorectal cancer immunotherapy. The vaccine design procedure utilized
computational techniques to find cytotoxic T lymphocytes (CTL), helper T lymphocytes (HTL),
and B-cell epitopes. Each epitope underwent evaluation for antigenicity, allergenicity, and
toxicity, resulting in the identification of ideal candidates. Linkers were utilized to assemble the
ultimate multi-epitope vaccination sequence, augmenting immunogenicity. Structural and
biochemical stability were confirmed using homology modeling and immunoinformatic methods.
Molecular docking demonstrated robust binding interactions between the vaccine and Toll-like
receptor 3 (TLR3), corroborating its effectiveness in eliciting an immunological response.
Immune simulations forecasted substantial development of antibodies and memory cells. The
results suggest that the proposed vaccination has potential for addressing CRC, pending

additional validation both in vitro and in vivo.

Keywords

Colorectal cancer (CRC), Multi-epitope vaccine, Tubulin beta-2A chain protein, In-silico design,
Molecular docking.



Dedication

I would like to dedicate this to my wonderful parents, whose love and support have shaped me

into who I am today. Forever grateful for your unwavering guidance and endless sacrifices.

Vi



Acknowledgement

I would like to thank Almighty Allah, who helped me achieve everything I have today.

I would like to express my love and gratitude to my parents who are truly deserved, And I

appreciate the person I became today.

I would like to show my utmost gratitude to my supervisor Senior Lecturer Mohammad Kawsar
Sharif Siam for guiding me in every step of this work. Without his support and motivation, I could
not have passed this phase of my educational journey. In addition, I would like to show my sincere
gratitude to all the faculty members of the School of Pharmacy, without whom I could not have

accomplished my university journey.

vii



Table of Contents

Declaration.......ociiiiiiineiiiiiiiiiieniiiciersssstteesseesssssiecssssssssssscsssssssssssscssssessssaasses (ii)
DN 1 40 001 N (iii)
Ethical Statement.......cccciiiiiiiiiieiiiiieiiiiieiieiiesiessesstosssstcssssstosssssssssssosssssscssssse (iv)
AD ST ACE. et iiiiiiiiiittiiiiiiiiieietiiietieesssstercesssssssssssasssssssssssscsssssssasssecssssnsssssssssssannes v)
Dedication.....ciiieiiiiieiiiiiniiiiineiiiieetiotesstossssstosstastossssssosssstossssssssssssossssssssssnses (vi)
ACKNOWIEdZemEeNnt....c.cvviuiiiiniiiniiiieiiiniiiieiiieiientosnesssssossssssssossssssssssssssnsssnssssns (vii)
Table 0f Contents.....ccoviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiittiieteiateiestessscesscsnsssnmees (viii-x)
List Of TablesS...oiiiiniiiiiiniiiiiiiiiiiiiiiiiiiiiietioiesstcssesssossssscsssssssnsseesssssssssssssnssssssssssssase (xi)

LiSt Of FigUIeS...ueiiiiieiiiiiiiiiiiiiiiiiiiiiintiiiieiieiessiosenssessssstosessssssensssssnsssossnns (xii-xiv)

LI A 1) 0N 1) 14 1 1IN . 44 ]

Chapter 1 Introduction......cccoeeiiieiiiniiiiiiiiiniiiniiiieieieriiesssstosssssnsssensossssmsssssnes Pg1-3
Chapter 2 MethOdologY.....civiieiiiiiiuiiiiniiiiiiniiiiintieiinrcsssssscssssscssesssssssosssssssses Pg 4-12
2.1 Literature ReVIEW .......oouiieiiiiiii e Pg5

2.2 Selection and Collection of Envelope Protein Sequence of Colorectal Cancer....Pg 5

2.3 Cytotoxic T cell lymphocyte (CTL) epitope and Allele selection.................. Pg 5-6
2.4 HTL (Helper T-cell Lymphocytes) epitope selection .................ceeevnvvnnnnn.. Pg7
2.5 HTL capability to induce cytokines ..............ocoeviiiiiiiiiiiiiiiiiiiiiienenenn, Pg 7-8

viii



2.6 B-cell Epitope Selection ...........couiiuiiiiiiiiiii e Pg 8

2.7 Vaccine Construction with Linkers ..................oociiiiiiiiiieeeenn P 8

2.8 Vaccine Antigenicity, Toxicity, and Allergenicity Evaluation............................Pg 9

2.9 Vaccine’s Biochemical Analysis ............oooiiiiiiiiiiiiiiiiii e, Pg9-10
2.10 3D model generation of constructed vaccine ............ccoeeiiiiiiniiiiiiinninin Pg 10
2.11 Vaccine’s Biochemical Analysis ..........cooeiiiiiiiiiiiiiiiiiiieii e, Pg 10
2.12 Validation of 3D model ..........ccooiiiiiii e, Pg 10-11
2.13 Molecular Docking ........co.oviniiiiiii i Pg 1l
2.14 Immune Simulation of Vaceine...........cooooeiiiiiiiiiiiiiiiiiiiiciie e Pg 12
2.15 Assertion of materialsand methods ..., Pg 12
Chapter 3 ReSUILS ..ooiiiniiiiiniiiniieiiiiieiiiiietieiesstesesstsssessscssssssssssssossssasssssss Pg 13-44
3.1 Protein collection and antigeniCity ..............ccooiiiiiiiiiiiii i, Pg 13-14
3.2 CTL and Allele SCreening ......c.oovineiiiii e Pg 14-16
3.3 Allele screening for CTL epitOpes ....o.veviirinrieiiiieec e, Pg 16-18

3.4 Final CTL epitopes selection by antigenicity, allergenicity, toxicity..........Pg 18-20

3.5 HTL Epitopes Detection and SOrting ............ccoooeeviiiiiiiiiiiieiieeeeee, Pg 20-28
3.6 Forecasting B-Cell EPItOPES ......oovieieiii e, Pg 28-30
3.7 Development of final vaccine ..., Pg 30-31
3.8 Antigenicity of Constructed VacCine ............coooviiiiiiiiiiiiiii e, Pg 32



3.9 Evaluating Constructed vaccine’s Biochemical feature .......................... Pg 32-33

3.10 Allergenicity and Toxicity Checking of Designed Vaccine ........................ Pg 34

3.11 Generation of 3D Model-Designed Vaccine ................cccceveeevvevveveeveeeennne . Pg 35

3.12 3D Model Validation Analysis ..........cccoviiiiiiiiiiiiiieee, Pg 35-36

3.13 3D Model Quality Analysis by Z-Score .............ccooviviiiiiieieiie e, Pg 37-38

3.14 Molecular Docking ASSESSING .....ouviniiriitie e, Pg 38-39

.15 Immune SIMUIALIONS ... Pg 40-44
Chapter 4 DisCUuSSION...ccoutiiiiieiiiiietiiiiiieririesstcsesstssssssosssssssssssscssssssssssassons Pg 45-47
Chapter S ConcluSion ...coceiiieiiiiiiiiiiiiiiiiiiiiiiiieiiieiiitiitstetstctescenssosssmsenses Pg 48-49
4.1 Limitation of the Study........ooeiiiiiii e e Pg 48

4.2 FULUIE PrOSPECT. . ...ttt e e Pg 49
Ref@renCes. ... ... e Pg 50-57



List of Tables

Table 1: Selected protein information using UniProtKB ................ccocoiiiiiiiiiinni, Pg 13
Table 2: CTL epitopes with their combined SCOre.............ooooeiiiiiiiiiiiiiiee, Pg 15-16
Table 3: CTL epitopes with their MHC class-1 allelesand ranks............................... Pg 17-18
Table 4:Final CTL epitopes SeleCtion...........o.oiiiiii e, Pg 19-20
Table 5:HTL Sorting with different parameters................cooiiiiiiiiiiiii, Pg22-28
Table 6: Predicted B-cellsand SOrting.............ooooeiiiiii e, Pg 28-29
Table 7: Docking complex score of CIusPro Server ...........ocooviuiiiiiiiiiiiiieiiieaen . Pg 39

Xi



List of

Figure 1

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figures

. Step-by-step methods used in in-silico vaccine design for Colorectal Cancer

.................................................................................................... Pg4
Antigenicity score of protein in VaxiJen V2.0 Server............ccoooeviiiiiininnnnn. Pg 14
CTL prediction score with NetCTL1.2 SOftware ..........ccoevvviiiiiiiiiiinniiis Pg 15

Strong Binding alleles prediction for MHC class-1 on NETMHCpan 4.1 server.Pg15-16

Toxicity prediction of CTL epPItOPeS. ... ..ovviriiti e Pg 19
HTL epitopes detection for MHC class-I11 on NetMHClIpan4.0 ...................... Pg 20
IFNy inducing abilities inspecting by IFNepitope server..............c.ooeveeinnn... Pg 21
IL-4 inducing abilities inspecting on IL4pred Server............ocovvvviiiininnannnn.. Pg 21
IL-10 inducing abilities inspecting on IL-10pred Server ...............cccooevvvvinnnnn. Pg 22

xii



Figure 10: Score Vs position graph of Bcell ... Pg30

Figure 11: Antigenicity of Designed VACCINE .........c.ooviiiiiiiiiiiiiiiiieieieeeeaenas Pg 32

Figure 12: amino acid composition, negative and positive charge residue details by Protparam

=] L] S TP Pg 33

Figure 14: Allergenicity identification on AllergenOnline database of Designed Vaccine......Pg 34

Figure 15: Toxicity identification on T3DB server of designed vaccine .......................... Pg 34

............................................................................................................... Pg 35
Figure 17: Ramachandran Plot on SWISSPDB plotter ............ooiiiiiiiiiiieeeen Pg 36
Figure 18: Ramachandran plot’s MolProbity results on SWISSPDB...................coovee Pg 36

xiii



Figure 19: Z score Vs Number of residue graph on ProSA-web server ........................... Pg 37

Figure 20: knowledge-based energy Vs sequence position graph on ProSA-web server ....... Pg 38

Figure 21: The interactivity of the designed vaccineand TLR3 ................coiiiiiinni Pg 39

Figure 22: The C-IMMSIM server predicted and visually depicted characteristics in response to

TN VACCINE L. e Pg 40-43

Xiv



List of Acronyms

CRC- Colorectal Cancer

CTL- Cytotoxic T-Lymphocyte

BA — Binding Affinity

HTL- Helper T-lymphocyte

APCs- Antigen Presenting Cell
GRAVY- Grand Average of Hydropathy

T3DB- The Toxin and Toxin-Target Database

XV



XVi



Chapter 1

Introduction

Colorectal cancer (CRC) ranks as the second foremost cause of cancer-related mortality among
both genders. But more than half of all occurrences and fatalities can be avoided because of
modifiable risk factors like smoking, eating poorly, drinking too much alcohol, not exercising,
and being overweight (Siegel et al., 2020b). Colorectal cancer (CRC) originates in the colon or
the rectum. These malignancies may be referred to as colon cancer or rectal cancer, dependent
upon their origin. Colon cancer and rectal cancer are frequently categorized together due to their
numerous shared characteristics. Colorectal cancer typically progresses gradually over several
years, initiating as benign growths known as polyps that may ultimately transform into malignant

tumors if not addressed.

Colon cancer is the second leading cause of cancer-related deaths worldwide. In 2020, it was
projected that over 1.9 million new cases of colorectal cancer and more than 930,000 fatalities
from colorectal cancer occurred worldwide (X1 & Xu, 2021). Marked geographical variations in
incidence and fatality rates were observed. The incidence rates were highest in Europe, Australia,
and New Zealand, whereas the mortality rates were greatest in Eastern Europe (Ilic & Ilic, 2022).
By 2040, the incidence of colorectal cancer is anticipated to reach 3.2 million new cases year (a
63% increase) and 1.6 million deaths per year (a 73% increase) (World Health Organization:

WHO & World Health Organization: WHO, 2023).



Colorectal cancer in its initial phases may exhibit little or absent symptoms, complicating
detection without routine screening. This highlights the significance of early detection, since the
outcome for persons diagnosed in the initial stages of the disease is markedly superior to that of
those whose cancer has metastasized. Typical signs of colorectal cancer (CRC) may encompass
alterations in bowel habits, including chronic diarrhea or constipation, hematochezia,
unexplained weight reduction, lethargy, and stomach discomfort. By McCulloch et al. (2019)
Nonetheless, these symptoms may also signify other illnesses, underscoring the importance of
regular screening, especially for individuals over 50 or with a familial history of colorectal

cancer.

Multiple variables increase the risk of acquiring colorectal cancer. Factors include age,
predominantly affecting individuals over 50, with lifestyle elements such as a diet rich in red and
processed meats, insufficient physical activity, tobacco use, and excessive alcohol intake.
Genetic predispositions and a personal history of inflammatory bowel illnesses, such as Crohn's
disease or ulcerative colitis, elevate the risk of getting colorectal cancer (CRC) (Lewandowska et

al., 2022).

Screening technologies, such as colonoscopies, fecal occult blood tests, and flexible
sigmoidoscopy, have considerably improved early detection, leading to greater survival rates
(Holme et al., 2013). Treatment generally encompasses surgery, chemotherapy, radiation therapy,

and targeted therapies, based upon the cancer's stage and location. Progress in personalized



medicine is providing more customized strategies, enhancing patient outcomes (Krzyszczyk et
al., 2018). Colorectal cancer persists as a significant public health concern; however, heightened
awareness, routine screening, and advancements in therapy are enhancing survival rates and

effective disease management.



Chapter 2

Method

This in-silico vaccine design for colorectal cancer followed a set of sequential procedures.

Figure 1 illustrates the process of constructing a vaccine against colorectal cancer.
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Figure 1: Sequential process used in in-silico vaccine design for Colorectal Cancer (CRC)



2.1 Literature Review

To achieve a comprehensive understanding of current research trends and findings in this field,
search and review are being done on the Elsevier journals , Google Scholar, Scopus, PubMed,
ResearchGate and MDPI. For searching relevant information certain keywords such as ‘colorectal
cancer, antigenicity, allergenicity testing software, vaccine design, toxicity testing, Tubulin Beta-

2 Chain, HTL, CTL, B cell, molecular docking, immunogenicity, MHC, in-silico process was used.

2.2 Choosing and Assembling of Envelope Protein Sequence of Colorectal

Cancer

The right protein with antigenicity was chosen using the Uniport database. Tubulin beta-2A chain,
the chosen target protein, was obtained from the Uniport database in FASTA format. The VaxiJen
v2.0 server was utilized to evaluate antigenicity. Bacteria were selected as the target organism, and
the threshold was set at 0.5 (Doytchinova & Flower, 2007). The protein was chosen for vaccine

development due to its favorable amino acid length and quality.

2.3 The epitope of cytotoxic T lymphocytes (CTLs) and allele selection

M. V. Larsen et al. (2005) assert that CTL differentiates between healthy and infected cells. CTLs
eradicate infections or malignant cells by releasing various cytokines, therefore influencing disease
progression (Ito & Seishima, 2010). Cytotoxic T lymphocytes (CTLs) can recognize MHC class I
molecules and trigger an immunological response due to the binding of CTL epitopes (M. V.

Larsen et al., 2005). The Net CTL 1.2 server was utilized for CTL epitope prediction due to its

5



superior predictive efficacy. M. V. Larsen et al. (2007) discovered a CTL epitope with Tap transport
capability for peptide translocation into the endoplasmic reticulum. All parameters were
configured to their normal settings for server-based prediction, except for the sorting score, which
was modified to the combined score. Protein sequences were entered in FASTA format in the

designated field.

High-affinity alleles for MHC class I were identified using
(https://services.healthtech.dtu.dk/services/NetMHClIIpan-4.1/) to assess CTL epitopes
(Reynisson et al., 2020). Alleles were chosen for BA prediction after all CTL epitopes were entered

in the designated field using the FASTA format and a 9-mer peptide length selection.

Furthermore, the toxicity, allergenicity, and antigenicity of the alleles were evaluated. The
antigenicity of bacterial species was evaluated using the VaxiJen server (http://www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html) with a threshold set at 0.5 (Doytchinova & Flower,
2007). Individual CTL epitopes were employed to evaluate allergenicity, as per Dimitrov et al.
(2013) (https://www.ddg-pharmfac.net/AllerTOP/). Batch submission was employed, and servers

were utilized for toxicity evaluation (Gupta et al., 2013).

2.4 Selection of epitopes on HTL (Helper T-cell Lymphocytes)

HTL stimulates the generation of CTL and antibodies, inducing responses from both the humoral
and cellular immune systems. They also secrete several lymphokines that target viruses, bacteria,
parasites, and other pathogens. It is feasible to find antigens that bind to MHC class II (Alexander

et al,, 1998). A server (https:/services.healthtech.dtu.dk/service.php?NetMHClIIpan-4.0) was



utilized to detect HTL epitopes (MontesGrajales & Olivero-Verbe, 2021). Alleles were chosen
utilizing BA prediction, the protein sequence was inputted in the designated field, and the peptide
length was configured at 9 Mer for server utilization. The methodology employed in CTL selection

was utilized to assess the antigenicity, allergenicity, and toxicity of HTL epitopes.

2.5 HTL Epitopes Detection and Sorting

Specifically, HTL cells generate IFN-y, which can regulate bacterial infections (Bao et al., 2014).
Furthermore, they engage with antigen-presenting cells (APCs), stimulate macrophages, and
influence the cell-mediated immune response (Walker et al., 2021). The IFN-y-inducing
capabilities assessment server was utilized (Kalkal et al., 2022). Interleukin-4 is crucial for the
survival and proliferation of B lymphocytes. They also synthesize IgGl and IgE from
immunoglobulin. None et al. (2021) utilized the server
(https://webs.iiitd.edu.in/raghava/il4pred/design.php) to assess the IL-4 epitope-inducing
capabilities, maintaining all configurations at their default parameters. Helper T cells synthesize
IL-10, which is crucial for averting autoimmune and inflammatory disorders, as well as for
maintaining homeostasis after acute infections and tissue injury (Iyer & Cheng, 2012). In the HTL
capability assessment, nine servers were utilized, with all modes maintained at their default

configurations (Kalkal et al., 2022).



2.6 Forecasting B-cell Epitopes

B cells generate prolonged immunological protection via antibody synthesis. Linear epitopes of B
lymphocytes comprise uninterrupted sequences of antigenic protein residues. The selection of
linear B cell epitopes utilizes the server provided at http://tools.iedb.org/beell/. Protein sequences
were submitted in a straightforward format with the BepiPred linear epitope prediction approach
(Jespersen et al., 2017). Antigenicity, allergenicity, and toxicity of B-cell epitopes were evaluated

using the same methods as that used for CTL and HTL epitopes.

2.7 Vaccine Construction with Linkers

Linkers are condensed forms of amino acids. The lack of linkers will result in inadequate
immunization outcomes, marked by low yields and possible misfolding (Gong et al., 2022). In
favor of developing a multiepitope vaccine, various linkers were employed to join distinct epitopes
and adjuvants. We connected the linker to the adjuvant and epitopes, associated the EAAAK linker
with CTL, the GPGPG linker with HTL, and used the KK linker to unite B-cells (Ayyagari et al.,
2022). These inflexible linkers establish appropriate spacing between proteins and various

epitopes, so they minimize interactions and preserve their biological activity (Gong et al., 2022).

2.8 Validating the New Vaccine's Allergenicity and Toxicity

The antigenicity of the finished vaccine was reassessed using the designated server
(http://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html), configured for bacterial organisms

with a threshold of 0.5 (Doytchinova & Flower, 2007).



To evaluate the vaccine's toxicity, servers utilizing the sequence search feature were employed
(Gong et al., 2022). The vaccination sequence was entered in FASTA format, with all parameters
set to default. The allergenicity of the vaccine sequence was evaluated using servers that do

sequence searches in FASTA format (Sircar et al., 2014) at http://www.allergenonline.org/.

2.9 Reviewing Designed Vaccine’s Biochemical functionality

The service at (https://web.expasy.org/protparam/) was utilized to forecast physicochemical
characteristics, including GRAVY, molecular weight, therapeutic pl, aliphatic index, and
instability index. and expected half-life (Ayyagari et al., 2022). The study of N-terminal amino
acids in protein sequences yields the half-life estimation results for humans, E. coli, and yeast.
These results show how long it takes for the amount of protein in the cell to drop by 50% during

synthesis.

When the rate is less than 40, the instability index shows stability in the protein or vaccine test
tube. The cumulative hydropathy value of all amino acids divided by the total number of residues
is referred to as GRAVY (Grand Average of Hydropathy) (Gasteiger et al., n.d.). Hydrophilicity
is implied by a negative GRAVY score, while hydrophobicity is by a positive grade. The volume
of the aliphatic side chain is referred to as the aliphatic index (H. Wang et al., 2021). The light
absorption of proteins at a specific wavelength is related to the extinction coefficient (Gasteiger

etal., n.d.).



2.10 Construction of a Vaccine Using 3D Models

The Phyr2 server (http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id=index) was employed in
intensive mode for three-dimensional model generation from a single sequence, providing models
via a synthesis of simplified ab initio folding simulations and multiple template modeling (Kelley

et al., 2015).

2.11 Validation Analysis of Three-Dimensional Models

To validate three-dimensional models (https://swissmodel.expasy.org/), servers were employed
that provide data on homology models, encompassing global and local quality assessments,
ligands, and the Ramachandran plot, among other attributes. The Ramachandran plot
predominantly depicts the amino acid residues of protein or vaccine structures (Waterhouse et al.,

2018).

2.12 Z-Score Three-Dimensional Model Quality Analysis

The ProSA-web server (https://prosa.services.came.sbg.ac.at/prosa.php) is applied to examine the
quality of 3D models via z-score analysis and error verification. The server examines the overall
quality score and presents it graphically, representing the score of the examined protein chain in

the Protein Data Bank (Wiederstein & Sippl, 2007).

The z-score is calculated from server results, indicating the model's overall quality and quantifying
the departure of the structure's total energy from the actual results of a random confirmation

distribution (Wiederstein & Sippl, 2007).

10



2.13 Molecular Docking Assessment

Molecular docking is the process of evaluating binding affinity and interactions between

Molecular docking is the method used to evaluate the binding affinity and interactions between a
developed vaccination and the human toll-like receptor. The human toll-like receptor 3 (TLR3)
was obtained from the RCSB Protein Data Bank in PDB format (PDB ID: 3ILS). Molecular
docking was conducted using the ClusPro server, as noted by Israel T. Desta
(https://cluspro.org/home.php). The server implements the fast Fourier transform (FFT) and is

denoted as PIPER, which sets one protein on a stationary grid and another on a dynamic grid.

The server enabled the modification of the distance between the receptor and ligand to replicate

the binding process (Desta et al., 2020).

2.14 Immunogenicity Reflection

In the last step, immune response prediction was performed utilizing the C-immsim server
(https://kraken.iac.rm.cnr.it/C-IMMSIM/) to evaluate the vaccine's capacity to induce
immunogenicity in the organism (Rapin et al., 2010). The server depicts several immune responses
of the humoral and cellular immune systems, encompassing B lymphocytes, T lymphocytes, and
innate immune cells, in graphical representations (Rueckert & Guzman, 2012). Three injection
doses were provided to the server at time intervals of 1, 84, and 168 steps according to the
immunization sequence. One step equates to an 8-hour duration, but the interval between two

dosages is 4 weeks (Nain et al., 2020).

11



2.15 Material and method assertion

The design, prediction and verification of the colorectal cancer vaccine were conducted using in-
silico methods. Various internet server tools were crucial for the development of vaccines, as
extensively documented in diverse literature. Furthermore, the objective was to forecast an
effective therapeutic vaccination for humanity; yet, uncertainties may arise, necessitating

additional investigation.

12



Chapter 3
Results

3.1 Antigenicity & protein selection

Table 1: Selected protein information using UniProtKB

NAME OF THE PROTEIN Tubulin beta-2A chain
GENE TUBB2A
AMINO ACID 445
ORGANISM Homo sapiens (Human)
STATUS UniProtKB reviewed (Swiss-Prot)

Full sequence:
MREIVHIQAGQCGNQIGAKFWEVISDEHGID
PTGSYHGDSDLQLERINVYYNEAAGNKYVPR
AILVDLEPGTMDSVRSGPFGQIFRPDNFVFG
QSGAGNNWAKGHYTEGAELVDSVLDVVRKES
ESCDCLQGFQLTHSLGGGTGSGMGTLLISKI
REEYPDRIMNTFSVMPSPKVSDTVVEPYNAT
LSVHQLVENTDETYSIDNEALYDICFRTLKL
TTPTYGDLNHLVSATMSGVTTCLRFPGQLNA
DLRKLAVNMVPFPRLHFFMPGFAPLTSRGSQ
QYRALTVPELTQQMFDSKNMMAACDPRHGRY
LTVAAIFRGRMSMKEVDEQMLNVQNKNSSYF
VEWIPNNVKTAVCDIPPRGLKMSATFIGNST
AIQELFKRISEQFTAMFRRKAFLHWYTGEGM
DEMEFTEAESNMNDLVSEYQQYQDATADEQG
EFEEEEGEDEA

13



Additionally, antigenicity was assessed using the VaxiJen v2.0 program, yielding a result of
0.60009.

VaxiJen 2.0

VaxiJen RESULTS

Model selected: bacteria

Threshold for this model: 0.5

'Your Sequence:

MREIVHIQAGQCGNQIGAKFWEVISDEHGID
PTGSYHGDSDLQLERINVYYNEAAGNEKYVFR
ATILVDLEPGTMDSVESGPFGQIFRPDNEVFG
QSGAGNNWAKGHYTEGAELVDSVLDVVEKES
ESCDCLOGFQLTHSLGGGTGSGMGTLLISET
REEYFDRIMNTEFSVMPSPEVSDTVVEPYNAT
LSVHQLVENTDETYSIDNEALYDICFRTLEL
TTPTYGDLNHLVSATMSGVTTCLRFPGQLNA
DLEELAVNMVEPEFPRLHFFMPGFAPLTSREGSQ
QYRALTVPELTQOMFDSENMMAACDPRHGRY
LTVAAIFRGEMSMEEVDEQMLNVONENSSYFE
VEWIPNNVKTAVCDIFPPRGLEMSATFIGNST
ATQELFERISEQFTAMFRREAFLHWYTGEGM
DEMEFTEAESNMNDLVSEYQQYQDATADEQG
EFEEEEGEDEA

lOverall Prediction for the Protective Antigen = 0.6009 ( Probable ANTIGEN ).

Figure 2: Antigenicity score of protein in VaxiJen v2.0 server (Doytchinova & Flower, 2007)

14



3.2 CTL and Allele Screening

The NetCTL1.2 software facilitated the identification of CTL epitopes using a threshold of 0.75,
an Al supertype, 0.05 tap transit efficiency, and a composite score (M. V. Larsen et al., 2007).
The algorithm identified nine predicted CTL epitopes (Figure 3). Epitopes featuring <-E were

chosen for the preliminary step.

jobid=673A067D002050A502E65649&wait=20 Server Output - DTU Health Tech

NetCTL-1.2 predictions using MHC supertype Al. Threshold @.750000

175 ID FASTA pep VSDTWEPY aff  @.7758 aff_rescale 3.2939 cle .9012 tap  2.9520 COMB  3.5766 <-E
273 ID FASTA pep LTSRGSQQY aff  ©.5382 aff_rescale 2.2850 cle ©.9739 tap 2.7580 COMB  2.5690 <-E
192 ID FASTA pep LVENTDETY aff ©.4610 aff_rescale 1.9573 cle ©.9619 tap 2.8740 COMB  2.2453 <-E
200 ID FASTA pep YSIDNEALY aff  ©.4555 aff_rescale 1.9339 cle ©.9434 tap 3.0240 COMB  2.2266 <-E
414 ID FASTA pep NMNDLVSEY aff  ©.4237 aff_rescale 1.7988 cle ©.9778 tap 3.0430 COMB  2.8976 <-E

43 ID FASTA pep QLERINVYY aff ©.4080 aff_rescale 1.7323 cle ©.9682 tap 2.8610 COMB  2.0205 <-E
302 ID FASTA pep ACDPRHGRY aff  ©.3525 aff_rescale 1.4966 cle ©.6435 tap 3.6670 COMB  1.7465 <-E
381 ID FASTA pep ISEQFTAMF aff  ©.2944 aff _rescale 1.2502 cle ©.7737 tap  2.5860 COMB  1.4955 <-E
332 ID FASTA pep NVQNKNSSY aff  8.2693 aff_rescale 1.1435 cle ©.9340 tap 3.1160 COMB  1.4394 <-E
428 ID FASTA pep ATADEQGEF aff ©.2557 aff rescale 1.0856 cle ©.9614 tap  2.5350 COMB  1.3566 <-E
151 ID FASTA pep LISKIREEY aff  @.2555 aff_rescale 1.0846 cle ©.3891 tap 3.1010 COMB  1.2981 <-E

51 ID FASTA pep YNEAAGNKY aff  ©.2134 aff_rescale 9.9059 cle ©.5143 tap 2.5560 COMB  1.1108 <-E
325 ID FASTA pep EVDEQMLNV aff  ©.2059 aff_rescale ©.8743 cle ©.7249 tap ©.1740 COMB  ©0.9917 <-E
371 ID FASTA pep STAIQELFK aff  ©.1973 aff_rescale ©.8379 cle ©.5805 tap ©.6540 COMB  ©.9576 <-E
370 ID FASTA pep NSTAIQELF aff  ©.1496 aff_rescale ©.6354 cle ©.3898 tap 2.5460 COMB  ©0.8211 <-E
417 ID FASTA pep DLVSEYQQY aff  ©.1044 aff_rescale 90.4433 cle ©.9679 tap 2.8476 COMB  ©.7308
408 ID FASTA pep FTEAESNMN aff  ©.1884 aff_rescale 9©.7998 cle ©.0296 tap -1.7436 COMB ©.7171
214 ID FASTA pep TLKLTTPTY aff ©8.0968 aff_rescale ©.4111 cle ©.9714 tap  3.0530 COMB  ©.7095

159 ID FASTA pep YPDRIMNTF aff ©.1078 aff_rescale ©.4577 cle ©.9629 tap 1.8670 COMB  ©.6955

398 ID FASTA pep YTGEGMDEM aff  8.1297 aff_rescale ©.5506 cle ©.8753 tap ©.0440 COMB  ©.6841

65 ID FASTA pep LVDLEPGTM aff  ©8.1269 aff_rescale 9.5387 cle 0.8454 tap ©.2800 COMB 0.6796
247 ID FASTA pep NADLRKLAV aff  0.1410 aff_rescale 9.5987 cle 0.4107 tap ©.2760 COMB  0.6741
185 ID FASTA pep ATLSVHQLV aff  @.1171 aff_rescale ©.4973 cle ©.9691 tap ©.5960 COMB  ©0.6724

42 ID FASTA pep LQLERINVY aff ©.0898 aff _rescale ©.3815 cle ©.9525 tap 2.8830 COMB  ©.6685
112 ID FASTA pep LVDSVLDW aff  @.1219 aff_rescale ©.5174 cle ©.8584 tap ©.1140 COMB  ©.6518
179 ID FASTA pep VVEPYNATL aff ©.1044 aff_rescale ©.4435 cle ©.9765 tap 1.0210 COMB  ©.641@

77 ID FASTA pep RSGPFGQIF aff ©.0964 aff_rescale ©.4092 cle ©.4780 tap 2.7030 COMB  ©.6161
341 ID FASTA pep FVEWIPNNV aff ©8.1090 aff_rescale ©.4626 cle ©.8781 tap ©.1620 COMB  ©.6025

217 ID FASTA pep LTTPTYGDL aff ©.1024 aff_rescale ©.4347 cle ©.7681 tap 1.0020 COMB  ©.6000

28 ID FASTA pep HGIDPTGSY aff  ©.0773 aff rescale 90.3284 cle ©.9774 tap  2.4690 COMB  0.5984

363 ID FASTA pep MSATFIGNS aff 0.1605 aff_rescale 9.6814 cle ©.0339 tap -2.0400 COMB  0.5845
257 ID FASTA pep MVPFPRLHF aff 0.0686 aff_rescale 9.2914 cle ©.9484 tap 2.8460 COMB  0.5760
390 ID FASTA pep RRKAFLHWY aff  @.8632 aff_rescale ©.2683 cle ©.9588 tap 3.2680 COMB  ©.5756
195 ID FASTA pep NTDETYSID aff  @.1558 aff_rescale ©.6616 cle ©.0417 tap -2.1430 COMB  ©.5608
252 ID FASTA pep KLAVNMVPF aff  @.0719 aff_rescale ©.3051 cle ©.7184 tap 2.8100 COMB  ©.5534
337 ID FASTA pep NSSYFVEWI aff ©.1204 aff rescale ©.5111 cle ©.0376 tap ©.7096 COMB__ @.5522

Figure 3: CTL prediction score with NetCTL1.2 software (M. V. Larsen et al., 2007)

We further filtered the epitopes derived from Figure 3 based on their combined score exceeding
0.6 and selected them for the second step. Table 2 below presents the evaluated CTL and their

aggregated score.

Table 2: CTL epitopes with their combined score

CTL Epitopes | Combined score

VSDTVVEPY 3.5766

LTSRGSQQY 2.5690
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LVENTDETY 2.2453
YSIDNEALY 2.2266
NMNDLVSEY 2.0976
QLERINVYY 2.0205
ACDPRHGRY 1.7465
ISEQFTAMF 1.4955
NVQNKNSSY 1.4394
ATADEQGEF 1.3566
LISKIREEY 1.2981
YNEAAGNKY 1.1108
EVDEQMLNV 0.9917
STAIQELFK 0.9576
NSTAIQELF 0.8211

3.3 Allele screening for CTL epitopes

Figure 4 (Reynisson et al., 2020) presents the results of our analysis of selected CTL epitopes for
the second stage using the NetMHCPan4.1 service to determine their appropriate binding alleles.
Among the six epitopes, five epitopes with binding alleles were identified, as presented in Table

3.
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jobid=673A167900206132EAICD4E7&wait=20 Server O

# NetMHCpan version 4.1b

# Tmpdir made /var/www/services
# Input is in FSA format

/services/NetMHCpan-4.1/tmp/netMHCpanh@6E ¢ f

4 peptide length o

# Make both EL and BA predictions

HLA-A®1:01 : Distance to training data ©.600 (using nearest neighbor HLA-A®1:01)

# Rank Threshold for Strong binding peptides 0.500

i Rank Threshold for Weak binding peptides 2.0

Pos MHC Peptide Core Of Gp 61 Tp T1 Tcore Tdentity Score FL ¥%Rank FL Score BA %Rank BA Aff(nM) BindLevel

VSDTVVEPY VSDTWEPY © © © @ © VSDTWEPY ©.030 0.738854 9.015

16.87 <~ SB

# Rank Threshold for Strong binding peptides @.500
4 Rank Threshold for Weak binding peptides  2.000

Pos MHC Peptide Core Of Gp Gl Ip Il Icore Identity Score EL ¥Rank EL Score BA %Rank BA Aff(nM) BindLevel
1 HLA-A%01:01 LTSRGSQQY LTSRGSQQY © © 0 © © LTSRGSQQY SEQ 1 0.9293210 0.038 0.583503 0.080 90.60 <= SB

pProtein SEQ 1. Allele HLA-A*91:01. Number of high binders 1. Number of weak binders ©. Number of peptides 1

Link to Allele Frequencies in worldwide Populations HLA-AG1:@1

# Rank Threshold for Strong binding peptides ©.500

# Rank Threshold for Weak binding peptides 2.000

Po MHC Peptide core Of Gp 6l 1Ip 11 Icore Identity Score_EL %Rank_EL Score BA %Rank_BA Aff(nM) BindLevel

Flgure 4:Strong Binding alleles prediction for MHC class-1 on NETMHCpan 4.1 server (Reynisson et al., 2020)

Table 3: CTL epitopes with their MHC class-I alleles and ranks

Peptide Allele

sequence

Peptide %Rank_EL | %0Rank BA [ Aff(nM)

01

HLA-A*01:01

VSDTVVEPY

0.030

0.015

16.87

02

HLA-A*01:01

LTSRGSQQY

0.038

0.080

90.60

03

HLA-A*01:01

LVENTDETY

0.082

0.250

411.49

04

HLA-A*01:01

YSIDNEALY

0.054

0.046

48.66

05

HLA-A*01:01

NMNDLVSEY

0.210

0.422

874.90

06

HLA-A*01:01

QLERINVYY

0.103

0.246

401.37

07

HLA-
A*01:01

ACDPRHGRY

0.210

0.587

1416.94

08

HLA-A*01:01

NVQNKNSSY

0.498

1.931

6595.28

09

HLA-
A*01:01

YNEAAGNKY

0.239

0.530

1214.78

10

HLA-A*03:01

STAIQELFK

0.288

0.281

70.99
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11 HLA-A*26:01 | ATADEQGEF 0.272 0.446 1338.75
12 HLA-B*58:01 | NSTAIQELF 0.329 0.323 56.86
13 HLA-B*15:01 | LISKIREEY 0.174 0.771 149.77

3.4 Selection of final CTL epitopes based on toxicity, allergenicity, and

antigenicity

Supplementary screening is conducted on epitopes with binding alleles based on their toxicity,

allergenicity, and antigenicity. Toxinpred evaluation (Gupta et al., 2013), AllerTOP v2.0

(Dimitrov et al., 2013) for allergenicity, and VaxiJen v2.0 for antigenicity (Doytchinova & Flower,

2007) were utilized. Toxinpred utilized physicochemical criteria like molecular weight,

hydrophobicity, hydrophilicity, CTL charge, and hydropathicity to assess toxicity. Figure 5

illustrates the results. The ultimate selection of CTL epitopes was determined by these criteria,

leading to the identification of a single suitable CTL epitope (refer to Table 4).
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ToxinPred

Designing and prediction of toxic peptides

Design Peptide Batch Submission Protein Scanning

Query Peptides
Peptide ID ¢ | Peptide Sequence ¢ | SVM Score ¢ | Prediction ¢ | Hydrophobicity # | Hydropathicity ¢ | Hydrophilicity ¢ | Charge ¢ | Mol wt %
-0.76 Non-Toxin -0.02 0.13 -0.10 -2.00 1008.21
-1.07 Non-Toxin 0.35 -130 -0.06 1.00 1039.24
LVENTDET -0.70 Non-Toxin 021 -097 0.31 -3.00 1083.24
DNE -0.88 Non-Toxin -0.08 -0.42 -0.24 -2.00 1087.27
063 Non-Toxin 017 -069 -0.02 -2.00 1084.29
172 Non-Toxin 021 -057 -0.37 0.00 1197 49
027 Non-Toxin 047 -163 0.52 150 1074.29
-0.42 Non-Toxin 041 -1.84 0.07 1.00 1053.22
-0.90 Non-Toxin -0.26 -153 0.08 0.00 1029.19
-126 Non-Toxin -0.08 0.06 -0.06 0.00 1036.32
-1 Non-Toxin 017 -097 0.59 -3.00 967.07
-1.21 Non-Toxin -0.03 0.10 -0.37 -1.00 1022.25
EE -0.04 Non-Toxin 026 -052 0.51 0.00 1150.47

W A

Figure 5:Toxicity prediction of CTL epitopes

Table 4:Final CTL epitopes selection

Peptide Antigenicity | Allergenicity | Toxicity

VSDTVVEPY | Antigen Non allergen | Non-toxin
LTSRGSQQY | Antigen Non allergen | Non-toxin
LVENTDETY | Non antigen [ Allergen Non-toxin
YSIDNEALY | Non antigen | Allergen Non-toxin
NMNDLVSEY | Non antigen | Allergen Non-toxin
QLERINVYY | Non antigen | Allergen Non-toxin
ACDPRHGRY | Antigen Allergen Non-toxin
NVQNKNSSY | Antigen Non allergen | Non-toxin
YNEAAGNKY | Antigen Allergen Non-toxin
STAIQELFK Non antigen | Allergen Non-toxin
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ATADEQGEF [ Antigen

Allergen

Non-toxin

NSTAIQELF Antigen

Allergen

Non-toxin

LISKIREEY

Non antigen

Non allergen

Non-toxin

3.5 HTL Epitopes Detection and Sorting

To find HTL epitopes and alleles, the NetMHClIpan 4.0 system server was used. Strong binding

allele epitopes were found in Figure 6.

CBS

+

NetMHCIIpan version 4.0

*

Tnput is in FASTA format

=

Peptide length 15

#

Prediction Mode: EL+BA

=

Threshold for Strong binding peptides (¥Rank)
Threshold for Weak binding peptides (%Rank)

Kl

# Allele: DRB1_@101

Pos MHC Peptide OF
1 DRB1_0101 MRE IVHIQAGQCGNQ 3
2 DRB1_0101 RETVHTQAGQCGNQT 2
3 DRB1_0101 EIVHIQAGQCGNQIG 1
4 DRB1_0101 IVHIQAGQLGNQIGA 3
5 DRB1_0101 VHIQAGQCGNQIGAK 3
6 DRB1_0101 HIQAGQCGNQTGAKF 2
7 DRB1_6101 IQAGQCGNQIGAKFW 1
8 DRB1_0101 QAGQCGNQIGAKFWE 4
9 DRB1_0101 AGQCGNQTGAKFWEV 3
10 DRB1_6101 GQCGNQIGAKFWEVI 2
1 DRB1_0101 QCGNQIGAKFWEVIS 4
12 DRB1_0101 CGNQIGAKFWEVISD 4
13 DRB1_0101 GNQTGAKFWEVISDE 3
14 DRB1_8101 NQIGAKFWEVISDEH 6
15 DRB1_0101 QIGAKFWEVISDEHG 6
16 DRB1_0101 TGAKFWEVTSDEHGT 5
17 DRB1_9101 GAKFWEVISDEHGID 4
18 DRB1_0101 AKFWEVISDEHGIDP 3
19 DRB1_0101 KFWEVISDEHGIOPT 2
20 DRB1_0101 FWEVISDEHGTDPTG 1
21 DRB1_0101 WEVISDEHGIDPTGS 3
22 DRE1_0101 EVISDEHGIDPTGSY 5

NCEAN Technical University of Denmark

1%
5%

IVHIQAGQC
TVHIQAGQC
TVHIQAGQC
IQAGQCGNQ
QAGQCGNQT
QAGQCGNQT
QAGQCGNQIL
CGNQIGAKF

CGNQIGAKF
CGNQIGAKF
QLGAKFWEV
IGAKFWEVI
TGAKFWEVT
FWEVISDEH
WEVISDEHG
WEVISDEHG
WEVISDEHG
WEVISDEHG
WEVISDEHG
WEVISDEHG
ISDEHGIDP
EHGIDPTGS

NetMHClIIpan Server - prediction results

Core_Rel Identity
1.000 FASTA
0.987 FASTA
8.927 FASTA
0.320 FASTA
a.700 FASTA
0.693 FASTA
©0.447 FASTA
0.613 FASTA
8.560 FASTA
6.220 FASTA
0.507 FASTA
0.447 FASTA
0.453 FASTA
@.333 FASTA
@.587 FASTA
0.827 FASTA
0.933 FASTA
0.993 FASTA
1.000 FASTA
0.733 FASTA
©0.513 FASTA
9.333 FASTA

Score EL ¥Rank EL Exp_Bind

o0 ®

CCOOOOOD

COOOCCOOCO D

.897941 0.43
784093 0.95
167143 7.10

.004964 43.41
.004497 45.21
.001824 63.93
.800372 92.37
000425 90.84
000583 86.48
.000445 90.26

000518 88.25
.001020 76.43
001364 70.19
00897 78.97
011482 30.01
082133 11.12
230358 5.61
359797 3.81
131274 8.34

009500 32.82
001168 73.62
000961 77.64

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

Score_BA

COODOODDDD D

COPOOCODC O D

643364
564431
485942
368336
327340
341547
323455
369344
389075
389955

.351334

327173
33e525

340810
402659
4e4376
405091
357601
270329
191861

.167154

SB

Affinity(nM) %Rank

.660144

-53
.40
.36
.31
.33
.14
.80
.31
.25
.54
.50
.02
.75
.08
.74
.04
.24
.40
.79
.50
.21
.42

BA

.81
.84
.82
.88

59

5

.42
.33
.27
.39
.27
.09
.18
.46
.73
.49
.50
.16
.03
.86
.94
.75
8.36

BindLevel

<=5B
<=SB

Figure 6:HTL epitopes detection for MHC class-11 on NetMHCl1pan4.0 (Reynisson et al., 2020)
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IFNepitope
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—
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A server for predicting and designing
nterferon-gamma inducing epitopes

Home

Design Predict

Scan

Algo

Application

Prediction result for the IFNepitope server

Dataset

— .

f Exogenous S
\ N 4 . .
/=" Antigen Processing

Help

~

Team

Contat

Serial No. Epitope Name Start-End Sequence Method Result Score
1 SEQ1 0-15 MREIVHIQAGQCGNQ MERCI FOSITIVE 2
2 SEQ1 0-15 REIVHIQAGQCGNQI MERCI FOSITIVE 2
3 SEQ1 0-15 RIMNTFSVMPSPKVS MERCI FOSITIVE 2
4 SEQ1 0-15 IMNTFSVMPSFKVSD MERCI FOSITIVE 2
5 SEQ 1 0-15 MNTFSVMPSPKVSDT MERCI POSITIVE 2
i SEQ 1 0-15 NTFSVMPSPKVSDTV MERCI POSITIVE 2
7 SEQ 1 0-15 FMPGFAPLTSRGSQQ MERCI POSITIVE 2
8 SEQ1 0-15 MPGFAPLTSRGSQQY MERCI POSITIVE 2
9 SEQ1 0-15 RGSQQYRALTVPELT MERCI POSITIVE 2
10 SEQ1 0-15 GSQQYRALTVPELTQ MERCI POSITIVE 2
11 SEQ1 0-15 SQAYRALTVPELTQQ MERCI POSITIVE 2
12 SEQ1 0-15 QAQYRALTVPELTQQM MERCI POSITIVE 2
13 SEQ1 0-15 MADLRKLAVNMVPFP MERCI POSITIVE 2
Serial No. Epitope Name Start-END Seguence Method Result Score

Figure 7:IFNy inducing abilities inspecting by IFNepitope server (Dhanda, Vir, et al., 2013)

IL4pred

In Silico Platform for Designing and Disovering of Interleukin-4 inducing peptides

Home Peptide Analogs Virtual Screening Protein Mapping IL4 Motifs Weight Matrix
Important Links WM Analogs Algorithm Downloads Help Developers Contact us
Your job id is 44369
Query Peptides
Peptide 1D Peptide Sequence SVM Score Prediction Hydrophobicity Hydropathicity Hydrophilicity Charge Mol wt

Mon IL4

SEQ_1 0.05 pphsbtp 017 -0.44 -0.11 0.50 1684 16

SE@_1 0.04 Non IL4 014 027 0.14 0.50 1666.13
inducer

SEQ_1 0.28 IL4 inducer 011 0.09 -0.21 2.00 1694 25

SEQ_1 0.22 IL4 inducer -0.04 0.15 -0.21 0.00 1653 15

SEQ_1 0.14 Non IL4 -0.10 -0.19 012 0.00 1641.09
inducer

SE@_1 0.15 Non IL4 .08 -0.04 013 0.00 1609.03
inducer

SEQ_1 0.03 Non IL4 -0.08 -0.31 0.33 1.00 1624.06
inducer

SEQ_1 0.36 IL4 inducer -0.13 -0.59 -0.32 1.00 1640.06

SEQ_1 0.39 IL4 inducer -0.28 -0.76 007 1.00 1719.15

SEQ_1 0.39 IL4 inducer -0.21 -0.69 -0.12 0.00 1691 10

SEQ_1 0.44 IL4 inducer -0.26 -0.90 0.1 0.00 1762.18

SEQ_1 0.33 IL4 inducer -0.23 -0.72 -0.21 0.00 1806.30

SEQ_1 0.22 IL4 inducer -0.10 0.15 -0.13 1.00 168523

SEQ_1 007 NoniiLs -0.01 0.1 051 1.00 1643 10
inducer

SEQ_1 0.40 IL4 inducer -0.27 -1.01 -0.03 2.00 1665.05

SEQ_1 0.31 IL4 inducer 011 -0.55 -0.41 0.00 1798 20

SEQ_1 033 IL4 inducer -0.05 -0.20 -0.46 0.00 175517

SEQ 1 031 IL4 inducer -025 128 041 5,00 1762.96

SE( ucer 28 o 26}

Figure 8: IL-4 inducing abilities inspecting on IL4pred server (Dhanda, Gupta, et al., 2013)
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IL-10Pred: Prediction of Interleukin-10 inducing peptides

Home Predict Design Protein Scan Algorithm Help Developers Contact

Result Page of Predict

This page is the output of the Prediction of the IL10 inducers among the Query Sequences given by the user. The table below is a provides the details of the Query peptides given as
input by the user with first column displaying the Staring Residue Pasition, secand column for the sequence of the peptide, the third column providing the score given by the Machine
Learning Algorithm according to the Prediction Model and the fourth column providing the Prediction whether the peptide is an Inducer or a Non-Inducer determined by the condition
whether the Score is greater or less than the user defined threshold (in case of SVM) and whetehr probability is greater than-equal to or less than threshold probability in case of
Random Forest method

D Seq Score Prediction [ ici [ ici Hydrophilicity Charge Mol wt
SEQ_1 MREIVHIQAGQCGNQ  -0.28873995976 IL10 inducer 0.17 0.44 011 050 1684.16
SEQ_1  REIVHIQAGQCGNQI 0201644657719 IL10 inducer 0.14 027 014 050 1666.13
SEQ_1  RIMNTFSVMPSPKVS 0.102967436094 IL10 inducer 0.1 0.09 021 200 1694 25
SEQ 1 IMNTFSVMPSPKVSD 0.110532095375 IL10 inducer 0.04 0.15 021 0.00 165315
SEQ 1 MNTFSVMPSPKVSDT 021158049647 IL10 inducer 010 0.19 012 0.00 164109
SEQ_1 NTFSVMPSPKVSDTV 0245817311663 IL10 inducer 0.08 .04 0.13 0.00 1609.03
SEQ 1 FMPGFAPLTSRGSQQ 0604716836964 IL10 inducer 0.09 4.3 0.33 1.00 1624.06
SEQ_1 MPGFAPLTSRGSQQY 0522771430678 IL10 inducer 0.13 0.59 032 1.00 1640.06
SEQ 1 RGSQQYRALTVPELT 0316652737083 IL10 non-inducer  -0.28 0.76 007 1.00 171915
SEQ 1 GSQQYRALTVPELTQ 0285949206175 IL10 inducer 021 0.69 012 0.00 169110
SEQ 1 SQQYRALTVPELTQQ 0420804069682 IL10 non-inducer 026 0.90 011 0.00 176218

Figure 9: IL-10 inducing abilities inspecting on IL-10pred server (Nagpal et al., 2017)

Table 5:HTL Sorting with different parameters

Htl peptide sequence Antigenicit | Allergenicit | Toxicit | IFNy IL-4 IL10
y y y

MREIVHIQAGQCGNQ [ Antigen Allergen Non- Positive | Non- Inducer
Toxin inducer

REIVHIQAGQCGNQI Antigen Allergen Non- Positive | Non- Inducer
Toxin inducer

RIMNTFSVMPSPKVS [ Antigen Allergen Non- Positive | Inducer [ Inducer
Toxin

IMNTFSVMPSPKVSD | Antigen Allergen Non- Positive | Inducer | Inducer
Toxin

MNTFSVMPSPKVSDT | Antigen Non Non- Positive | Non- Inducer
allergen Toxin inducer
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NTFSVMPSPKVSDTV | Antigen Non Non- Positive | Non- Inducer
allergen Toxin inducer
FMPGFAPLTSRGSQQ | Antigen Non Non- Positive | Non- Inducer
allergen Toxin inducer
MPGFAPLTSRGSQQ [ Antigen Non Non- Positive | Inducer | Inducer
Y allergen Toxin
RGSQQYRALTVPELT [ Antigen Allergen Non- Positive | Inducer | Non-
Toxin inducer
GSQQYRALTVPELTQ | Non Allergen Non- Positive | Inducer | Inducer
antigen Toxin
SQQYRALTVPELTQQ | Non Allergen Non- Positive | Inducer | Non-
antigen Toxin inducer
QQYRALTVPELTQQM [ Non Allergen Non- Positive | Inducer | Non-
antigen Toxin inducer
NADLRKLAVNMVPF | Antigen Non Non- Positive | Inducer | Inducer
P allergen Toxin
FFMPGFAPLTSRGSQ | Antigen Non Non- Negative | Non- Inducer
allergen Toxin inducer
PGFAPLTSRGSQQYR | Antigen Non Non- Negative | Inducer | Inducer
allergen Toxin
NSSYFVEWIPNNVKT | Non Non Non- Negative | Inducer | Non-
antigen allergen Toxin inducer
SSYFVEWIPNNVKTA | Non Non Non- Negative | Inducer | Non-
antigen allergen Toxin inducer
NTDETYSIDNEALYD | Non Non Non- Negative | Inducer | Inducer
antigen allergen Toxin
TDETYSIDNEALYDI Non Non allergen | Non- Negative | Inducer | Inducer
antigen Toxin
RFPGQLNADLRKLAYV | Non Allergen Non- Negative | Non- Inducer
antigen Toxin inducer
FPGQLNADLRKLAVN [ Antigen Allergen Non- Negative | Non- Inducer
Toxin inducer
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PGQLNADLRKLAVNM [ Antigen Allergen Non- Negative | Inducer | Inducer
Toxin

PTGSYHGDSDLQLER | Antigen Non Non- Negative | Inducer | Inducer
allergen Toxin

TGSYHGDSDLQLERI | Antigen Non Non- Negative | Inducer | Inducer
allergen Toxin

DETYSIDNEALYDIC Non Allergen Non- Negative | Inducer | Inducer
antigen Toxin

ETYSIDNEALYDICF Antigen Allergen Non- Negative | Inducer | Inducer
Toxin

QIGAKFWEVISDEHG | Antigen Allergen Non- Positive [ Inducer | Non-

Toxin inducer

IGAKFWEVISDEHGI Antigen Non Non- Positive | Inducer | Non-

allergen Toxin inducer

GAKFWEVISDEHGID | Antigen Allergen Non- Positive | Inducer | Non-

Toxin inducer

AKFWEVISDEHGIDP | Antigen Allergen Non- Positive | Inducer | Non-

Toxin inducer

LQGFQLTHSLGGGTG | Antigen Allergen Non- Negative | Non- Inducer

Toxin inducer

VEPYNATLSVHQLVE | Non Allergen Non- Negative | Non- Non-

antigen Toxin inducer | inducer

QLERINVYYNEAAGN | Antigen Allergen Non- Negative | Inducer | Inducer
Toxin

ERINVYYNEAAGNKY [ Antigen Allergen Non- Positive | Inducer | Inducer
Toxin

RINVYYNEAAGNKYYV | Antigen Allergen Non- Positive | Inducer | Inducer
Toxin

PPRGLKMSATFIGNS Non Non Non- Positive | Inducer | Non-

antigen allergen Toxin inducer

PRGLKMSATFIGNST | Non Non Non- Positive | Inducer | Non-

antigen allergen Toxin inducer
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KFWEVISDEHGIDPT | Antigen Allergen Non- Positive | Inducer | Non-
Toxin inducer
DCLQGFQLTHSLGGG | Antigen Non Non- Negative | Non- Inducer
T allergen Toxin inducer
QGFQLTHSLGGGTGS | Antigen Non Non- Negative | Non- Inducer
allergen Toxin inducer
VVEPYNATLSVHQLV [ Non Non Non- Negative | Non- Inducer
antigen allergen Toxin inducer
AAGNKYVPRAILVDL [ Antigen Allergen Non- Negative | Non- Inducer
Toxin inducer
AGNKYVPRAILVDLE [ Antigen Non Non- Negative | Inducer | Inducer
allergen Toxin
GNKYVPRAILVDLEP | Antigen Allergen Non- Negative | Inducer | Inducer
Toxin
NKYVPRAILVDLEPG | Antigen Allergen Non- Negative | Inducer | Inducer
Toxin
INVYYNEAAGNKYVP [ Antigen Allergen Non- Positive | Inducer | Inducer
Toxin
NVYYNEAAGNKYVP [ Antigen Allergen Non- Positive | Inducer | Inducer
R Toxin
KRISEQFTAMFRRKA | Non Non Non- Negative | Inducer | Inducer
antigen allergen Toxin
RISEQFTAMFRRKAF | Non Non Non- Negative | Inducer | Inducer
antigen allergen Toxin
ISEQFTAMFRRKAFL Non Allergen Non- Negative | Inducer | Inducer
antigen Toxin
SEQFTAMFRRKAFLH | Non Non Non- Negative | Non- Inducer
antigen allergen Toxin inducer
LVDSVLDVVRKESES [ Non Allergen Non- Negative | Non- Inducer
antigen Toxin inducer
GNSTAIQELFKRISE Non Non Non- Negative | Inducer | Inducer
antigen allergen Toxin
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NSTAIQELFKRISEQ Non Allergen Non- Negative | Inducer | Inducer
antigen Toxin

STAIQELFKRISEQF Non Allergen Non- Negative | Inducer | Inducer
antigen Toxin

LNADLRKLAVNMVPF [ Antigen Non Non- Negative | Non- Inducer

allergen Toxin inducer

MGTLLISKIREEYPD Non Allergen Non- Negative | Inducer | Inducer
antigen Toxin

GTLLISKIREEYPDR Non Allergen Non- Negative | Inducer | Inducer
antigen Toxin

KLAVNMVPFPRLHFF | Antigen Allergen Non- Negative | Inducer | Inducer
Toxin

LAVNMVPFPRLHFFM | Antigen Allergen Non- Negative | Inducer | Inducer
Toxin

AVNMVPFPRLHFFMP | Antigen Allergen Non- Negative | Inducer | Inducer
Toxin

VNMVPFPRLHFFMPG | Antigen Non Non- Negative | Inducer | Inducer
allergen Toxin

LERINVYYNEAAGNK [ Antigen Allergen Non- Negative | Inducer | Inducer
Toxin

DSVLDVVRKESESCD | Non Non Non- Negative | Inducer | Inducer
antigen allergen Toxin

DLQLERINVYYNEAA [ Antigen Non Non- Negative | Inducer | Inducer
allergen Toxin

VSDTVVEPYNATLSV | Antigen Non Non- Negative | Inducer | Non-

allergen Toxin inducer

SDTVVEPYNATLSVH | Antigen Allergen Non- Negative | Non- Non-

Toxin inducer | inducer

DTVVEPYNATLSVHQ | Non Non Non- Negative | Non- Non-

antigen allergen Toxin inducer | inducer

TVVEPYNATLSVHQL | Non Non Non- Negative | Non- Non-

antigen allergen Toxin inducer | inducer
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RKAFLHWYTGEGMD | Non Non Non- Negative | Non- Inducer
E antigen allergen Toxin inducer
KAFLHWYTGEGMDE | Non Non Non- Negative | Non- Inducer
M antigen allergen Toxin inducer
RRKAFLHWYTGEGM | Non Non Non- Negative | Non- Inducer
D antigen allergen Toxin inducer
VSEYQQYQDATADEQ | Antigen Allergen Non- Positive | Inducer [ Inducer
Toxin
DPTGSYHGDSDLQLE [ Antigen Non Non- Negative | Inducer | Inducer
allergen Toxin
GSYHGDSDLQLERIN | Antigen Non Non- Negative | Inducer | Inducer
allergen Toxin
ENTDETYSIDNEALY | Antigen Non Non- Negative | Inducer | Inducer
allergen Toxin
SYFVEWIPNNVKTAV | Non Non Non- Positive | Inducer | Non-
antigen allergen Toxin inducer
YFVEWIPNNVKTAVC | Non Allergen Non- Negative | Non- Non-
antigen Toxin inducer | inducer
FVEWIPNNVKTAVCD | Non Allergen Non- Negative | Inducer | Non-
antigen Toxin inducer
VEWIPNNVKTAVCDI [ Non Allergen Non- Negative | Non- Non-
antigen Toxin inducer | inducer
KMSATFIGNSTAIQE Non Non Non- Negative | Non- Inducer
antigen allergen Toxin inducer
KMSATFIGNSTAIQE Non Non Non- Negative | Non- Inducer
antigen allergen Toxin inducer
SATFIGNSTAIQELF Non Non Non- Negative | Non- Inducer
antigen allergen Toxin inducer
ATFIGNSTAIQELFK Non Non Non- Negative | Inducer | Inducer
antigen allergen Toxin
GAELVDSVLDVVRKE | Non Allergen Non- Positive | Non- Inducer
antigen Toxin inducer
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LISKIREEYPDRIMN Non Non Non- Negative | Inducer | Inducer
antigen allergen Toxin

ISKIREEYPDRIMNT Non Allergen Non- Negative | Inducer | Inducer
antigen Toxin

FRGRMSMKEVDEQM | Antigen Allergen Non- Negative | Inducer | Inducer

L Toxin

RGRMSMKEVDEQML | Antigen Allergen Non- Negative | Inducer | Inducer

N Toxin

MKEVDEQMLNVQNK [ Antigen Non Non- Negative | Inducer | Inducer

N allergen Toxin

PRHGRYLTVAAIFRG | Non Allergen Non- Positive | Non- Inducer
antigen Toxin inducer

RHGRYLTVAAIFRGR | Non Allergen Non- Positive | Inducer | Inducer
antigen Toxin

HGRYLTVAAIFRGRM [ Non Allergen Non- Positive | Inducer | Inducer
antigen Toxin

3.6 Forecasting B-cell Epitopes

The Bepipred Linear Epitope Prediction 2.0 algorithm employed in the IEDB Analysis Resource

produced the following outcome for the fundamental protein sequence. Fourteen peptides were

recognized as B cell epitopes, as outlined in Table 6.
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Table 6: Predicted B-cells and Sorting

B cell Star | En | Lengt | Antigenici | Allergenic | Toxicit
t d h ty ity y

TLKLTTP 214 1220 | 7 Antigen Non Non-
allergen toxin
FPGQLNAD 242 | 249 | 8 Non Allergen Non-
antigen toxin
MSMKEVDE 321 | 328 |8 Antigen Allergen Non-
toxin
VCDIPPRGL 353 | 361 |9 Antigen Non Non-
allergen toxin
QNKNSSYFVE 334 343 |10 Non Allergen Non-
antigen toxin
YTGEGMDEMEF 398 |408 |11 Antigen Non Non-
allergen toxin
LTSRGSQQYRALTVPE 273 | 288 |16 Non Non Non-
antigen allergen toxin
PGTMDSVRSGPFGQIFR 70 |86 |17 Non Non Non-
antigen allergen toxin

QSGAGNNWAKGHYTEGAELV |94 [115 |22 Antigen Allergen Non-

DS toxin
SEYQQYQDATADEQGEFEEEEG | 420 |[442 |23 Antigen Non Non-
E allergen toxin

GIDPTGSYHGDSDLQLERINVY |29 56 |28 Antigen Allergen Non-
YNEAAG toxin

The server provided a plotted graph illustrating the average, minimum, and maximum quantities
of B cell epitopes (Figure 10). B-cell epitopes have a minimum value of 0.187 and a maximum

value of 0.671, although the server's results yielded an average score of 0.468..
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Figure 10: Score Vs position graph of B cell (Jespersen et al., 2017)
3.7 Development of final vaccine
The final vaccine formulation is composed of eligible epitopes categorized using various
characteristics. The epitopes were combined with an adjuvant, utilizing the EAAAK, GPGPG, and
KK linkers. Two CTL, two HTL, and lastly three B cell epitopes were included in the sequence,
utilizing an
EAAAK linker at the N-terminal position to enhance immunogenicity.
The sequence of the constructed vaccine:
MREIVHIQAGQCGNQIGAKFWEVISDEHGID
PTGSYHGDSDLQLERINVYYNEAAGNKYVPR
AILVDLEPGTMDSVRSGPFGQIFRPDNFVFG
QSGAGNNWAKGHYTEGAELVDSVLDVVRKES
ESCDCLQGFQLTHSLGGGTGSGMGTLLISKI
REEYPDRIMNTFSVMPSPKVSDTVVEPYNAT
LSVHQLVENTDETYSIDNEALYDICFRTLKL
TTPTYGDLNHLVSATMSGVTTCLRFPGQLNA
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DLRKLAVNMVPFPRLHFFMPGFAPLTSRGSQ
QYRALTVPELTQQMFDSKNMMAACDPRHGRY
LTVAAIFRGRMSMKEVDEQMLNVQNKNSSYF
VEWIPNNVKTAVCDIPPRGLKMSATFIGNST
AIQELFKRISEQFTAMFRRKAFLHWYTGEGM
DEMEFTEAESNMNDLVSEYQQYQDATADEQG
EFEEEEGEDEAEAAAKVSDTVVEPYEAAKLTS
RGSQQYEAAAKNVQNKNSSYGPGPGMPGFA
PLTSRGSQQYGPGPGNADLRKLAVNMVPFPK
KTLKLTTPKKVCDIPPRGLKKYTGEGMDEME
F
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3.8 Antigenicity of Constructed Vaccine

Vaxiden RESULTS

Model selected: bacteria

Threshold for this model: 0.5

Your Sequence:

IMEEIVHICAGOQCGNQIGARFWEVISDEHGID
PTGSYHGDSDLOLERINVYYNEARGNRYVER
IATTL.VDLEPCTMDSVREGCPFGOQIFREDNEVES
OSGAGNNWAKGHY TEGAELVDSVLDVVREEES
ESCDCLOGFOLTHSLGGGTGSGMGTLLISET
REEYPDRIMNTESVMPSPEVSDTVVEPYNAT
LEVHOLVENTDETYSTIDNEATL.YDICFRTLEL
TTPTYCDLNHLVSATMSGVITTCLRFPGOLNA
DLRELAVNMVYPFFPFRLHFFMPGFAPLTSRGSO
OYRALTVPELTOOMEFDSENMMAACDPRAGRY
LTVAATFRCRMSMEEVDEOMTLNVONENSSYE
VEWIPNNVETAVCDIPPRGLEMSATFEFIGNST
IATOELFRRISEOFTAMFRREAFLHWYTGEGM
DEMEFTEAESNMNDLVSEYOQOOYQODATADEQG
EFEEEEGEDEAEARAKVSEDTVVEPYEARKT.T
SEGSQOYERAARKNVONENSSYGPGPGMPGEA
PLTSRGSOOYGPGPGNADLRELAVNMVPEFER
FTLELTTPEEVCDI PPRGLEEYTGEGMDEME
B

Ovwerall Prediction for the Protective Antigen = 0.6405 ( Probable ANTIGEN ).

Figure 11: Antigenicity of Designed Vaccine (Doytchinova & Flower, 2007)

3.9 Reviewing Designed vaccine’s Biochemical functionality

For the purpose of evaluating vaccination, biochemical features were analyzed using Protparam
software. Results of features such as GRAVY, instability index, molecular weight, and molecular
formula are provided by the Protparam server.

The therapeutic pl, molecular weight, and amino acid count are shown below (Figure 12). The

results show that the person is eligible for the vaccination.
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Number of amino acids: 559

Molecular weight: 62078.84
Theoretical pI: 8.06

Amino acid composition: C(SV format
hla (A) 39
pArg (R) 26
jpsn (N) 28
psp (D) 3@
Cys (C) 8
Eln (Q) 27
Glu (E) 43
ly (G) a7
His (H) 10
[le (I) 20
Leu (L) 39
Lys (K) 27
tfet (M) 23
Phe (F) 26
Pro (P) 32
Ber (S) 37
the (T) 36
Trp (W) 4
Tyr (Y) 21
val (V) 36
Pyl (O) ]

QOO WORNOVAEDLANWKROINAEUVNAN
0
o

Sec (U) 2] o%
(B) ] 9.0%
(Z) ] 9.0%
(€9] o 0.0%

Total number of negatively charged residues (Asp + Glu): 73
Total number of positively charged residues (Arg + Lys): 53

Figure 12: amino acid composition, negative and positive charge residue details by Protparam sever (Gasteiger et

al., nd.)
Atomic composition:
Carbon C 2726
Hydrogen H 4223
Nitrogen N 743
Oxygen 0] 855
Sulfur S 31

Formula: Ci73cHs223M7230555521
Total number of atoms: 8578

Extinction coefficients:

Extinction coefficients are in units of M7 cm
Ext. coefficient 53798

Abs 8.1% (=1 g/1) ©8.866, assuming all pairs of Cys residues form cystines

1, at 280 nm measured in water.

Ext. coefficient 53290
Abs 8.1% (=1 g/1) ©8.858, assuming all Cys residues are reduced

Estimated half-life:

The N-terminal of the sequence considered is M (Met).

The estimated half-life is: 3@ hours (mammalian reticulocytes, in vitro).
»28 hours (yeast, in vivo).
»18 hours (Escherichia coli, in vivo).

Instability index:
The instability index (II) is computed to be 36.13
This classifies the protein as stable.

Aliphatic index: 66.82
Grand average of hydropathicity (GRAVY):-@.469

Figure 13: Vaccine’s feature evaluation through estimated half-life, instability index, aliphatic index, GRAVY
(Gasteiger et al., n.d.)
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3.10 Validating the New Vaccine's Antigenicity, Allergenicity and Toxicity

The produced vaccine demonstrated no allergenicity on the AllergenOnline platform, as assessed
using an 80-mer sliding window FASTA analysis (Figure 14). The findings demonstrate that the
server evaluates 80 possible amino acids from protein sequences in comparison to the server

database to attain a minimum recognition rate of 35%.

80mer Sliding Window Search Results

Database AllergenOnline Database v22 (May 25, 2023)

Input Query >FASTA
MRE IVHIQAGQCGNQIGAKFWEVISDEHGIDPTGSYHGDSDLQLERINVYYNEAAGNKYV
PRAILVDLEPGTMDSVRSGPFGQIFRPDNFVFGQSGAGNNWAKGHYTEGAELVDSVLDVV
RKESESCDCLQGFQLTHSLGGGTGSGMGTLLISKIREEYPDRIMNT FSVMPSPKVSDTVV
EPYNATLSVHQLVENTDETYSIDNEALYDICFRTLKLTTPTYGDLNHLVSATMSGVTTCL
RFPGQLNADLRKLAVNMVPFPRLHF FMPGFAPLTSRGSQQYRALTVPELTQQMFDSKNMM
AACDPRHGRYLTVAAIFRGRMSMKEVDEQMLNVQNKNSSYFVEWIPNNVKTAVCDIPPRG
LKMSATFIGNSTAIQELFKRISEQF TAMFRRKAF LHWYTGEGMDEMEF TEAESNMNDLVS
EYQQYQDATADEQGEF EEEEGEDEAEAAAKVSDTVVEPYEAAKLTSRGSQQYEAAAKNVQ
NKNSSYGPGPGMPGFAPLTSRGSQQYGPGPGNADLRKLAVNMVPFPKKTLKLTTPKKVCD

IPPRGLKKYTGEGMDEMEF
Length 559
Number of 80 mers 480

Number of Sequences with hits ()

No Matches of Greater than 35% Identity Found
AllergenOnline Database v22 (May 25, 2023)

Figure 14: Allergenicity identification on AllergenOnline database of Designed Vaccine (Goodman et al., 2016)

Additionally, toxicity was assessed using the T3DB server to determine the presence of any

harmful metabolites or particles, and the results indicated no toxicity (figure 15).

{Q\T3DB Browse -  Search -~ Downloads About~  Contact Us

g in ready to use mi nics kits.

STMIc

Search Results for compounds

Searching compounds for
MREIVHIQAGQCGNQIGAKFWEVISDEHGIDPTGSYHGDSDLQLERINVYYNEAAGNKYVPRAILVDLEPG TMD! DNF AGNNWAKGHY TEGAELVDSVLDVVRKESESCDCLQGFQLTHSLGGGTGSGMG TLLISKIREE]
retumed no results.

No compounds found

Figure 15: Toxicity identification on T3DB server of designed vaccine (Wishart et al., 2015)
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3.11 Construction of a Vaccine Using 3D Models

The Phyre 2 server was used to model the vaccination's homology (figure 16). With 77% coverage
and 100% confidence, the server produced a three-dimensional model of the vaccination. In this
instance, 433 residues (77% of the sequence) were simulated with complete confidence. A high
level of confidence and coverage in % is essential for achieving precise outcomes. . The 3D model
of the vaccine enabled the execution of the subsequent biochemical investigation and improved

the visual assessment of the vaccine's structure (Kelley et al., 2015).

Top model

Model (left) based on template c7qleB

Top template information

PDB header: cell cycle

Chain: B: PDB Molecule: tubulin beta chain;
PDBTitle: cpap:tubulin:iih5 alpharep complex
PDB Entry: PDBe RCSB PDB

Confidence and coverage
Confidence: 100.0% Coverage:

433 residues ( 77% of your sequence) have been modelled with 100.0%
confidence by the single highest scoring template.

For other options to view your downloaded structure offline see the FAQ

Image coloured by rainbow N — C terminus
Model dimensions (A): X:55.381 Y:64.380 Z:60.996

Figure 16: Confidence and coverage score and the constructed 3D model creation on Phyr2 server (Kelley et al.,
2015)

3.12 Validation Analysis of Three-Dimensional Models

The Swiss model Expasy utilizes the PDB form file acquired from the Phry2 service. Utilize the
Expasy server (Waterhouse et al., 2018) for validation and assess the Ramachandran plot (Figure
17). 95.13 percent. Ramachandran was displayed as the region. The preferred region is where the

34 amino acid levels described are located, and 0.23% of the regions were Ramachandran



outliers (Figure 18). enhanced the visual examination of the vaccine's structure (Kelley et al.,

2015).

Ramachandran Plots

General | Glycine | Proline | Pre-Proline

B v

180¢

Figure 17: Ramachandran Plot on SWISS PDB plotter (Waterhouse et al., 2018)

Figure 18: Ramachandran plot’s MolProbity results on SWISS PDB (Waterhouse et al., 2018)

MolProbity Results

MolProbity Score 2.37

Clash Score 35.08
O

(B190 HIS-B414 ASN), (86 HIS-B50 TYR), (8262
ARG-B421 GLU), (B263 LEU-B422 TYR), (B130 LEU-B162 ARG), (B418
LEU-B422 TYR), (B68 LEU-B112 LEU), (B183 TYR-B388 MET), (B313
VAL-B367 PHE), (B121 ARG-B125 GLU), (B16 ILE-B233 MET), (B279
GLN-B281 TYR), (B305 PRO-B310 TYR), (B257 MET-B266 PHE), (B101
TRP-B184 ASN), (B65 LEU-B90 PHE), (B241 ARG-B242 PHE), (B2 ARG-
B46 ARG), (B394 PHE-B397 TRP), (B196 THR-B264 HIS), (B46 ARG-
B239 CYS), (B46 ARG-B240 LEU), (B46 ARG-B248 ALA), (B31 ASP-B37
HIS), (B101 TRP-B146 GLY), (B47 ILE-B51 TYR), (B347 ASN-B350 LYS),
(B101 TRP-B403 MET), (B291 GLN-B295 ASP)

Ramachandran Favoured 95.13%
[[] Ramachandran QOutliers 0.23%
B276 ARG
Rotamer Outliers 0.00%
C-Beta Deviations 0
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3.13 Z-Score Three-Dimensional Model Quality Analysis

The ProSA-web server employed a knowledge-based energy against sequence location graph
(Figure 20) and a z-score vs residue count graph (Figure 19) to depict model quality information.
The range of native conformations is represented by a z-score of -9.53. Various colors differentiate
structures from different origins (X-ray, NMR). The second graph displays energy distribution,
which links energy to amino acid sequence positions, thereby indicating the quality of the local
model. Most residues show negative values, except for the slightly positive peaks found near the

N-terminal region (Wiederstein & Sippl, 2007).

Overall model quality HeLp

Z-Score:  -9.53

Xray
MR

Z-score
v

200 400 600 800 1000
Number of residues

Figure 19: Z score Vs Number of residue graph on ProSA-web server (Wiederstein & Sippl, 2007)
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Figure 20: knowledge-based energy Vs sequence position graph on ProSA-web server (Wiederstein & Sippl, 2007)

3.14 Molecular Docking Assessment

The ClusPro service evaluated the binding affinity between Human Toll-like receptor (TLR3) and
the designed vaccination to form a ligand-receptor complex. The server produced data indicating
10 clusters among a total of 30 clustered structures. The cluster with the lowest negative score is
regarded to be the most significant. The highest-ranking cluster demonstrating the interaction
between TLR3 and the engineered vaccination has a ClusPro score of -852.3, the lowest recorded
score. The ClusPro score signifies the aggregate of all energies, encompassing van der Waals and

electrostatic energies, among others.
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The data for the high-ranked model is presented in table 7.

Table 7: Docking complex score of ClusPro server (Kozakov et al., n.d.)

Cluster | Members | Representative | Weighted Score
0 62 Center -852.3
Lowest Energy -8562.3
1 44 Center -903.7
Lowest Energy -903.7
2 35 Center -842.7
Lowest Energy -842.7
3 32 Center -846.6
Lowest Energy -846.6
4 28 Center -752.0
Lowest Energy -831.56
5 19 Center -834.7
Lowest Energy -834.7
6 19 Center -756.3
Lowest Energy -846.4
7 17 Center -820.0
Lowest Energy -820.0
0

Figure 21: The interactivity of the designed vaccine and TLR3 (Kozakov et al., n.d.)
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3.15 Immunogenicity Reflection

Extended doses, such as booster doses are typically required to keep an adequate vaccination level
in the body to elicit the desired extended immunological reaction. The immunological response
elicited in the body must be evaluated by monitoring the levels of certain antibodies or
immunoglobulins in relation to the timing and vaccination schedule for dosage.

Additionally, it is necessary to assess the rise and fall of different immune cells in response to the
vaccination doses. The C-IMMSIM server predicted and visually depicted these characteristics in

response to the vaccine, as illustrated in Figure 22 (a-j) (Rapin et al., 2010).

300000 100000

700000 250000
Ag ——
lgM+1gG
E00000 gt ———
lgGl+1gGz 200000
lgGl —— —
, 500000 lgG2 —— i
E k=)
g 150000 5@
2 400000 gs
5 e
g B
g w8
= o
5

Ab titers

200000 _
== 50000

100000

0 Q
0 10 20 30 40 50 60 7D BO 90 100

days
Antigen and immunoglobulins. Antibodies are sub-divided per isotype.

Figure 22: The C-IMMSIM server predicted and visually depicted characteristics in response to the vaccine

(a) Antigen count per mL and antibody titers (Rapin et al., 2010)
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isotypes IgM, 1gG1 and 1gG2.

Figure 22:(b) Total count of B lymphocytes and memory cells (Rapin et al., 2010)
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Figure 22:(c) Entity-state of B cell population (Rapin et al., 2010)
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Figure 22:(d) Number of plasma B cells according to their isotypes (Rapin et al., 2010)
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Figure 22:(e) Number of CD4 T helper lymphocytes (Rapin et al., 2010)
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Figure 22:(f) Entity state of CD4 Helper T cells (Rapin et al., 2010)
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Figure 22:(g) Number of CD8 T cytotoxic (TC) cells (Rapin et al., 2010)
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Figure 22:(h) Number of CD8 T cytotoxic (TC) cells per entity (Rapin et al., 2010)
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Figure 22:(j) Levels of cytokines including IFN-y, IL-4, IL-10 (Rapin et al., 2010)
B-lymphocyte (or B cell): immune cells that produce memory cells and antibodies in your body.
As shown in Figure (a) after the first immunization, antigen concentration/mL increases. In spite
of showing a small increase over the first 28 days, antibodies IgM and 1gG showed an impressive
rise following approximately two months as vaccine doses had been repeated and completed. The
vaccine had induced the expected favorable immunological response and reflected in the
production of antibodies B-cell-derived memory cells help the body identify the same infection in

the future and speed up the immune response. Thus, effective immunization depends on the
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production of competent memory cells. Figure (b) illustrates the total quantity of memory cells
and B lymphocytes post-vaccination, categorized by different isotypes. Figure (c) illustrates the
variation in representation of B lymphocytes by individual state. It indicated the number of active
B cells, the quantity presented on Class I, the count of B cells that received the antigen, and the
number of B cells undergoing energy and duplication. Figure (d) illustrates the number of plasma
B lymphocytes (PLB) and their respective isotypes, which comprise 1gG1, 1gG2, IgM, and the
combination of IgM + 1gG. The number of CD4 T helper cells after each vaccination dose was
predicted in Figure (e). The number of Helper T cells that were thought to be active, replicating,

at rest, or in an anergic state was replicated by C-IMMSIM in Figure (f).

Total and memory subsets of CD8 T cytotoxic (TC) cells at each of 4 states were modeled (i.e.
active, proliferative, resting, anergic), as shown in figures (g) and (h). Figure (i) exhibits active,
resting, antigen-presenting and phagocytic dendritic cells. PRESENTING-1 sheds light on
dendritic cells presenting antigens in MHC class I, and PRESENTING-2 indicates dendritic cells
presenting antigens in MHC class Il. The graph in figure (j) has an outline that displays the

interleukin-2 levels and danger signal.
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Chapter 4

Discussion

This report underscores a significant advancement in formulating an effective vaccine strategy for
colorectal cancer. The choice of tubulin beta-2A chain protein as a target was justified by its
established antigenicity, rendering it appropriate for immunotherapeutic intervention.
Computational techniques were employed for a methodical vaccine design, concentrating on the
identification of epitopes with high binding affinities to MHC molecules. Rigorous screening
criteria, encompassing toxicity, allergenicity, and antigenicity evaluations, guaranteed the
incorporation of safe and effective epitopes in the final vaccine formulation. This study proposes
a vaccine using an in-silico approach. An appropriate protein, tubulin beta-2A chain protein, was
chosen due to its antigenic properties, which are advantageous for vaccine development (Zarei et

al., 2017).

The protein underwent multiple phases using online prediction techniques to identify its CTL,
HTL, and B-cell epitopes. Following an investigation of the NetCTL 1.2 server, six CTL epitopes
were found, and the alleles were examined using NetMHCpan 4.1, resulting in the selection of the
top five CTL epitopes based on their high binding affinity. The epitopes were subsequently
assessed based on several parameters (toxicity, antigenicity, allergenicity), and on this occasion,

one epitope satisfied the qualifying requirements.

A search utilizing the NetMHClIpan 4.0 server nearly produced 96 HTL, with cytokine-inducing
capabilities employed for categorizing numerous internet servers. Twenty-seven tested positives

for IFNy, thirty-seven were inducers of IL-4, and thirteen for IL-10 Epitopes were once again
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classified according to antigenicity, allergenicity, and toxicity, resulting in only two remaining.
Utilizing the Bedipred Linear Epitope Prediction 2.0 internet service, eleven B cells were obtained,
and subsequent sorting resulted in the selection of three. Sorted candidates utilized in the
construction of multi-epitope vaccines to combat H. pylori, incorporating main proteins and
linkers. The antigenicity of the vaccine has markedly improved relative to the primary protein. No
allergenic components or hazardous entities were identified in the conducted trial. Following
vaccine development, a crucial aspect is vaccine stability, which was assessed using the ProtParam
server, demonstrating stability for the final vaccine. The chosen molecular weight and negative
GRAVY score indicated vaccination suitability. Phry2 homology modeling precisely and
comprehensively depicted the three-dimensional structure with full coverage and 77% confidence.
Favorable outcomes were noted in the Ramachandran plot using Swiss-Model ExXPASy, revealing
a favored region of 95.13%, however Z-score analysis performed with ProSA-web produced a
score of -9.53 for the vaccination. The binding of the synthesized vaccine to toll-like receptor 5
was shown by a ClusPro server score of -852.3. Nevertheless, the C-immsim server exhibited the
expected response of antibodies, characterized by elevated levels of 1gG, IgM, and CD4 and CD8

cells following the administration of the dosage.
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Chapter 5

Conclusion

To conclude, the research focused on recommending an effective immunization against colorectal
cancer since there is no available vaccine on the market till now. The advancement of vaccinations

is propelled by antibiotic resistance and several bacterial-related disorders.

The tubulin beta-2A chain protein was targeted to generate a multiepitope peptide vaccine. The
identification of essential epitopes and the synthesis of the vaccine were conducted using proven
computational approaches, which demonstrated no toxicity or allergenicity. It demonstrated
antigenicity at an adequate level, together with cytokine-inducing capabilities and the potential for
antibody production. The proposed vaccine has a robust binding affinity for TLR 3 and induces a
positive immunological response. Conducting in vitro and in vivo investigations is essential to

validate the quality, efficacy, and safety of the developed vaccine.

5.1 Limitations of the study

Despite the in-silico creation of a multi-epitope vaccination targeting colorectal cancer producing
encouraging outcomes, this research has notable limitations. The primary concern is that the study
relied solely on computer simulations and predictions. In vitro and in vivo investigations are
essential to validate the vaccine's antigenicity and confirm its safety and efficacy. Immunogenicity,
and binding affinities. Furthermore, it's possible that the immunological simulation predictions
don't accurately capture intricate biological reactions in living things. Unresolved issues that need
more research include the capacity of vaccine production, possible adverse effects, and genetic

diversity-induced variability in patient responses.
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5.2 Future Prospect

To assess the vaccine's practical uses, future studies could concentrate on moving this in-silico
design closer to preclinical and clinical trials. Targeted administration and vaccination stability
may be improved by integration with delivery systems and nanotechnology. Treatment results
could be enhanced by extending the strategy to incorporate more proteins unique to colorectal
cancer or investigating combinatorial vaccinations. Furthermore, using machine learning and
artificial intelligence could improve the accuracy of epitope predictions and expedite the vaccine
development process. If these vaccines are developed and validated successfully, they could open
the door to customized immunotherapies, which would transform the prevention and treatment of

colorectal cancer.
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