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Abstract 

In the family Paramyxoviridae, the genome of Nipah henipavirus belongs. The Henipa virus is 

a descendant of the Hendra and Nipah viruses. The most recent Nipah henipavirus outbreak in 

Kerala occurred in 2018 in the Kozhikode district. Since there are no effective antiviral drugs 

to treat NiV illness, patients have no other therapy choices. In this study, we developed an 

immunoinformatics-based multi-epitope vaccine to guard against Nipah henipavirus 

glycoprotein G infection. Vipr's database service provided the glycoprotein G sequence in the 

form of a FASTA file. After that, we used several servers to choose ctl, htl, B cell epitopes, 

and other predictions. We found two of the CTL epitopes here (AMDEGYFAY and 

GIKQGDTLY) and two of the htl epitopes here (NPLVVNWRDNTVISR and 

VNPLVVNWRDNTVIS) show the highest binding affinity with the glycoprotein G sequence. 

The antigenicity of the entire protein sequence rises from 0.52 to 0.55 when all of the antigenic 

epitopes are included. The Z score is positive (-8.47), the GRAVY score is positive (-0.316), 

which suggests that the protein is hydrophilic, the confidence level is 100%, and the coverage 

rate is 52%, considered a good result for the development of a vaccine. 

Keywords: Immuno-informatics; immune simulation; Toll - like Receptor 3; multi-epitopes.  
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Chapter 1 

Introduction & literature review: 

When it comes to the diseases that pose a significant risk to the general population's health, 

those that are caused by viruses are of utmost significance. The Nipah virus, which is an RNA 

virus and a member of the Paramyxoviridae family, was discovered in Malaysia in 1998/99 

(Skowron et al., 2022) . It is divided as a member of the genus Henipavirus, which also contains 

the Hendra virus (HeV) and the Cedar virus, the latter of which was only recently identified 

(Aditi & Shariff, 2019), (Shariff, n.d.). In addition to its high fatality rate in humans, the World 

Health Organization (WHO) considers it a worldwide health hazard because it is zoonotic, can 

be spread among humans (Skowron et al., 2022). An infection with NiV is linked to 

encephalitis, which is an inflammation of the brain, and it can produce symptoms ranging from 

mild to severe sickness and even result in death (Nipah Virus Infection - Causes, Symptoms, 

Treatments and Preventions | TRUTEST Laboratories, n.d.). In some areas of Asia, most 

notably Bangladesh and India, there is a near-yearly occurrence of outbreaks (Nipah Virus 

(NiV) | CDC, n.d.). A phylogenetic study based on the complete sequences of the N and G 

genes confirmed the existence of two major NiV clades currently in circulation. Raj et al., in 

their article, state that the NiV-MY clade was formed by samples gathered in Malaysia and 

Cambodia, while the NiV-BD clade was formed by samples obtained in Bangladesh and India. 

NiV strains found in Thailand had a wide range of genetic material (Singh et al., 2019).  

1.1 Nipah henipa virus’ structure and genome: 

Nipah virus infection can be diagnosed in the laboratory using the reverse transcriptase 

polymerase chain reaction (RT- PCR), performed on urine, cerebrospinal fluid, throat swabs 

and blood samples (Bruhn et al., 2014). After recovering, the patient needs to do several tests 

for IgG and IgM antibodies to establish the presence of Nipah virus infection (Blocquel et al., 
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2013). Immunohisto- chemistry on tissues taken following an autopsy can confirm the 

condition (Mohammed et al., 2020). The NiV genome is a single-stranded, negative-sense 

RNA of approximately 18.2 kilobases in size. This RNA encodes six structural proteins: 

nucleoprotein (N), phosphoprotein (P), matrix protein (M), fusion protein (F), and attachment 

glycoprotein (G). In addition, this RNA also encodes the large protein, also known as the RNA 

polymerase protein (L). Aside from that, the P gene is responsible for the encoding of three 

nonstructural proteins called V and W proteins by RNA editing or an alternate open reading 

frame (C protein) (Sun et al., 2018).  

 

 

 

 

 

 

 

 

 

Again because the genomic lengths of HeV and NiV are sufficiently distinct from those of 

other existing genera of paramyxoviruses and their protein homologies, the two viruses have 

been placed in a new genus. They stand out from other paramyxoviruses due to the vast range 

of hosts they can infect and the tremendous virulence they exhibit (Aguilar & Lee, 2011).  

  

Figure 1 An illustration in the form of a schematic showing the genome's 

organisation and the virus's structure is located in the upper panel and 

lower panel. The utilisation of a wide range of hues indicates the 

manifestation of various genes or proteins. 
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1.2 Replication cycle and pathogenesis of Nipah henipavirus:  

In general, after the virus has bound to the host cell receptor, paramyxoviruses need the 

assistance of their specific bonding and fusion transmembrane glycoproteins in order to 

replicate inside the host cell (Maisner et al., 2018). Research on emerging paramyxoviruses, 

often known as henipaviruses, has received the most attention because of the comparatively 

increased mortality rates associated with these pathogens (Ringel et al., 2019). Viral life cycles 

have been studied in great detail, including host receptors, membrane fusion and viral entrance, 

replication and interferon (IFN) response (Bharaj et al., 2016). Each of these processes provides 

a possible target for creating antiviral medications that may be used in the treatment of patients 

(Aguilar & Lee, 2011).  
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Figure 2 The virus enters the cell after attaching itself to the ephrinB2/B3 receptor (a) 

and then combining with the receptor (b). The negative RNA genome, also known as 

[vRNA(-)], acts as a guideline for the transcription of viral mRNAs, which occurs by an 

at attenuation gradient running from N to L in 3' to 5' length (c). At the very bottom of 

the picture is a representation of the henipavirus genomic RNA, oriented from 3' to 5'. 

On this RNA are the symbols N and L. mRNAs are converted into proteins (d), while at 

the same time, the vRNA(-) serves as a template for cRNA(+), which in response serves 

as a template for vRNA(-) genomes when they are replicated (e). New viral RNA genomes 

will be integrated into newly assembled viruses (f) during viral assembly. After 

translation (step d), several viral proteins participate in interferon (IFN) signalling 

pathways (step g), and the parent fusion protein (F0) will be endocytosed and developed 

(steps F1/2), respectively (h). The M (matrix) protein is principally responsible for 

orchestrating both the assembly (f) and budding I processes, and the N, P, C, M, F 

(fusion), and G (attachment) proteins are all included in the virus particles(Aguilar & Lee, 

2011). 

Developing a vaccine for the Nipah virus is high on the WHO's priority list for research and 

development. This designation indicates that the virus is regarded as a category C agent for 

possible bioterrorism. A successful surveillance and detection system relies on having a better 

understanding of the virus's host range and data on resistance and pathogenesis in domestic 

livestock (Kasloff et al., 2019). 
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The structure of vasculitis and viral protein distribution indicates that endothelium infection 

occurs before transmural dissemination to primary smooth muscle in the tunica media. The 

observation shows that endothelial illness always comes first before transmural dissemination. 

A breakdown of the blood-brain barrier may allow the virus to move and extravascular CNS 

infection, as suggested by discovering many infected neurons in conjunction with necrotic 

plaques and vasculitic arteries. (Figure 3) (Raveendran et al., 2002).  

 

             Figure 3 Nipah virus's role in the development of disease. 
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Chapter 2 

Materials and Method 

2.1 Selection of Protein Sequence 

Our team utilized the ViPR database tool for protein sequence selection. Virus Pathogen 

Database and Analysis Resource is the full name for what is known as ViPR. This repository 

serves as an integrated data and analytic storage for many viral families. It is supported by the 

Bioinformatics Resource Centers (BRC) initiative of the National Institute of Allergy and 

Infectious Diseases (NIAID) (NIAID) (Pickett, Sadat, et al., 2012). Through ViPR, we can 

locate information on the sequence of proteins, data regarding host factors, genes and proteins, 

genomic annotations, immunological epitopes (in addition to 3D structures), and other sorts of 

data (Pickett, Greer, et al., 2012).  

2.2 Antigenicity identification 

When creating a vaccine, the first thing scientists looked for was any antigenic components in 

the protein sequence. Antigenicity is the structure of antibody responses that a recipient creates 

in response to a virus. The recipient produces these antibody responses (Ye et al., 2020). Our 

team used the Vaxijen v2.0 server to make antigenicity predictions on the protein sequence, 

and we chose the threshold of 0.5. We kept the protein sequence in a format known as Fasta, 

and we have chosen the virus to act as the target organism. Without considering alignment, the 

Vaxijen service is the first to predict protective antigens of viral, bacterial, and neoplastic origin 

(Da Silva & Hughes, 1998). 

2.3 Identification of Cytotoxic T lymphocyte Epitopes 

We have used multiple epitopes for designing our vaccines like CTL, HTL and B cell epitopes. 

It is believed that cytotoxic T lymphocytes (CTLs) that identify particular viral peptides 
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(epitopes) offer the most efficient management over the reproduction and spread of viruses 

(Doytchinova & Flower, 2007).The portions of a protein known as epitopes or antigenic 

determinants have the potential to activate a cellular immune response mediated by T or B cells 

(“IMMUNOLOGY OF LAGOMORPHS,” 1998). There are two T cell epitopes: CTL 

(Cytotoxic T lymphocyte) and HTL (helper T lymphocyte). Linear epitopes are the primary 

targets of the cytotoxic T cell-mediated response triggered by intracellular antigen processing 

(“IMMUNOLOGY OF LAGOMORPHS,” 1998).  

We considered several parameters for selecting CTL epitopes: antigenicity, toxicity, 

hydrophobicity, and solid binding capabilities, among other things, while determining which 

CTL epitopes to use. First, we decided to use the NetCtl 1.2 server to locate the peptide 

sequence that demonstrates effective binding with MHC (major histocompatibility complex) 

1. Secondly, we used the NetMHC Pan 4.1 server to determine the strong bonds. Then for 

further filtration, we used the Toxinpred server to check the toxicity, and for antigenicity 

Vaxijen 2.0 server was used. 

2.4 Helper T lymphocyte epitope Prediction: 

The NetMHC II pan 4.0 server was the first application that we used to identify htl epitopes. 

We took twenty A1 alleles at a time, and all epitopes were retained while we set the binding 

affinity to 0.5x2 to find strong and weak binders. According to the anticipated score, the 

following is a list. Additional filtering of these sequences was done using the IFN pred, IL4 

and IL10 pred servers. A total of just ten peptide sequences emerged from the filtration process, 

and they were found to be present in all sectors. Just two of these ten peptides were found to 

have antigenic characteristics, which we explored further. Consequently, we restricted the HTL 

epitope selection to these two peptide sequences. 
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2.5 B cell Prediction 

To make predictions about B cells, we used the IEDB server. Epitopes on B cells and T cells 

can be determined with the help of this method (Vita et al., 2018). IEDB stands for the Immune 

Epitope Database, and it is a type of online interface that provides access to various epitope-

related technologies that have been thoroughly described and validated (Soria-Guerra et al., 

2015), (Olive et al., 2017). The protein sequence must first be entered in plain format for this 

service to function. The server then generates the B cell epitopes table, length score, and graph. 

2.6 Antigenicity, Toxicity and Allergenecity Prediction of the Final Vaccine 

We used Vaxijen 2.0 server to know the antigenicity of the sequence as before. Here we 

selected 0.5 threshold and applied the protein sequence. 

We utilized the AllergenOnline program to perform the Allergenecity analysis. It shows that 

how many sequences are showing allergenecity with another substances and it also indicates 

the sequences. So that it will be helpful for us to develop the protein sequence and make better 

one.  

 After that, we chosen the T3DB server to determine whether or not the protein sequence was 

harmful.  

2.7 Assessment of the Vaccine Using Biochemical techniques 

Many factors can be used to evaluate a vaccine's stability, such as its molecular weight (under 

100 kDa), whether or not the protein in it is hydrophilic or hydrophobic, and so on. We relied 

on the Protparam tool for all of our experiments. 
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2.8 Structural Analysis of the Vaccine 

The Phyre 2 server was utilized in order to carry out the protein sequence structure analysis. 

The crystal three dimensional structure of the protein can be obtained from this server, which 

is also utilized for coverage and confidence analysis of the structure. 

2.9 Assessment of 3D Modeled Structures 

We were utilized two servers to assess the quality of the created models. They are, Prosa web, 

Swiss PDB Plotter. 

Prosa web is used to determine whether or not a protein fulfils a set of predetermined energy 

requirements and analyzes the binding energies of each residue with the rest of the protein. A 

plot of it and the Z scores of empirically characterized structures in PDB show the latter's Z 

scores (Alexander et al., 1998). 

To determine the Ramachandran plots of the structure, we utilized the Swiss PDB Plotter. The 

Ramachandran plot is a tool that can be utilized for the purpose of determining how well protein 

structures can be modeled. This server allowed for calculating the favoured number of the 

design, the amount of coverage that the system had, the number of bad bonds and wrong angles, 

the molprobity score, rotamer outliers, and a quality estimate of the structure. 

2.10 Molecular Docking  

We docked with the help of the patchdock server. Docking at the molecular level allows for 

the analysis of the interactions that take place between a ligand molecule and a receptor 

molecule, with the goal of determining the stability and interaction affinity of the complex that 

results (Silakari & Singh, 2021), (Stanzione et al., 2021). Here, we were required to input the 

PDB file of the protein and the name of the receptor to which the protein binds. As a receptor 

we used TLR3 protein, TLRs can be found not only in immune cells, such as macrophages and 
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dendritic cells (DCs), but also in non-immune cells, such as fibroblast cells and epithelial cells. 

TLRs play an important role in the innate immune system (Ahmadi et al., 2020). The usual 

location of TLR3 is in endosomes, and it is there that its luminal ectodomain (ECD) comes into 

contact with its ligands, the most important of which being dsRNA (Kawasaki & Kawai, 2014). 

Here we used 1ziw as TLR3 receptor which is a single chain and contains sequence from human 

(Zheng et al., 2021). The method of molecular docking known as PatchDock is one in which 

geometry plays a central role. This procedure aims to identify docking alterations that lead to 

a good shape complementarity between the molecules (Bell et al., 2006). 

2.11 Dose Analysis of the Vaccine 

We used the C-ImmSim server to analyze how the vaccination improved after it was 

administered (F Castiglione & Bernaschi, 2004). The C-ImmSim model represents, at the 

cellular level, the humoral reaction as well as the cytokine production of the immune system 

of a mammalian organism to the existence of antigens (such as viruses, bacteria, and so on), 

(mesoscopic scale) (Schneidman-Duhovny et al., 2005). It is capable of digesting peptides and 

displaying them on MHC class I and class II molecules, respectively (exogenous and 

endogenous pathways) (Filippo Castiglione, n.d.).The end result of this process is that some 

cells significantly extend their half-lives and live for a significantly longer period of time than 

other cells. In this study, we added the protein sequence in fasta format and administered three 

injection doses with a gap of 28 days between each one. 

1 time–step = 8 hours = Day 1 

84 time-steps = 672 hours = Day 28 

168 time-steps= 1344 hours= Day 56 

The periods we used were 1, 84, and 168. The graph of the provided antigens is displayed on 

this server, along with an indication of whether or not they are operating correctly. 
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Chapter 3 

Results 

3.1 Protein Sequence and its Antigenicity  

The first thing that we did was search the family of the virus, which is called the 

Paramyxoviridae. Within this family, we chose the Orthoparamyxovirinae as a subfamily. 

After that, we decided on the genus henipavirus, which has another seven species. Finally, we 

decided on the Nipah henipavirus from among these seven species. This species of the Nipah-

Henipa virus has a total of 168 genomes. We were able to determine the protein sequence by 

analyzing all of these genomes, and the sequence of the glycoprotein G protein was selected as 

the protein sequence. The protein sequence antigenicity score is 0.5215, indicating that it is 

likely antigenic. 

3.2 CTL Epitopes Selection 

From NetCtl 1.2 server we have found twelve CTL epitopes those showing efficient binding 

with MHC I alleles. They are: 

PSKVIKSYY,STDNQAMIK,STASINENV,QTEGVSNLV,AMDEGYFAY,TVYHCSAVY,

CSAVYNNEF,SAVYNNEFY,AVYNNEFYY,GIKQGDTLY,LSDEENSKI,DSLGQPVFY. 

After that, we used the NetMHC Pan 4.1 server to determine which of these 12 peptide 

sequences showed a strong connection with MHC I alleles. These steps were done to move on 

to the next stage of the filtration process. Our team discovered only five peptide sequences 

demonstrating a significant binding capacity with diverse alleles using this method.  
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Peptide Sequence Alleles Covered %Rank EL %Rank BA 

AMDEGYFAY HLA-A*01:01 0.035 0.038  

AVYNNEFYY HLA-A*01:01 0.368 0.567 

DSLGQPVFY HLA-A*01:01 0.207 0.484 

GIKQGDTLY HLA-B*15:01 0.051 0.546 

TVYHCSAVY HLA-A*26:01 0.166 0.106 

Table 1: MHC I alleles specific to CTL epitope shows strong binding affinity. 

Then, we used a technology called Toxinpred to determine whether or not those five peptide 

sequences were poisonous. None of them had any toxic properties.  

 

              Figure 4 Toxicity result of CTL epitopes no peptide sequence were found toxic. 

Lastly, we used the Vaxijen 2.0 server with a 0.5 threshold to assess their antigenicity of them, 

and we discovered that just two of them were antigenic. Therefore, we decided to use this two-

peptide sequence as the final CTL epitope. They have the values of AMDEGYFAY and 

GIKQGDTLY. 

3.3 HTL epitopes 

From NetMHC II Pan 4.0 server, we found twenty-five peptide sequences with high critical 

potential. The interferon-gamma pred tool filtered these twenty-five peptide sequences one 

more time for further filtration. Peptide sequences including these 19 peptides yielded positive 
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results. Then for further filtration, we used IL4 pred and IL10 pred. After all the steps were 

done, we found only two final HTL epitopes for our vaccine. 

 

                                           Figure 5 Interferon gamma positive results. 

 

                        Figure 6 Interferon gamma positive results for rest of the sequences. 
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                                                    Figure 7 Interleukin 4 Positive Results. 

 

 

                                                      Figure 8 Interleukin 10 Positive Results. 
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    Figure 9 Final HTL epitopes selection from MHC II prediction. Only two peptide 

sequences were found those are IFN positive, IL4 & IL10 inducer. 

3.4 B cell Epitopes: 

There were nineteen different peptides discovered, but out of all of them, we chose just those 

whose length numbers were greater than 20. Therefore, we were only working with three 

primary epitopes for B cells and those are also antigenic. They are:  

KVRFENTASDKGKNPSKVIKSYYGTMDIKKINEGLL, 

NENVNEKCKFTLPPLKIHECNISCPNPLPFREYKPQTEGVSNLVGLPNNICLQKTSNQI

LKPKLISYTLPVVGQSG and  

VRTEFKYNDSNCPIAECQYSKPENCRLSMGIRPNS. 
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                                                Figure 10 B cell result. 

 

   Figure 11 B cell prediction result from them only 20 length above epitopes were taken. 

3.5 Final Protein Sequence and its Antigenicity, Allergenecity and Toxicity 

We combined the primary adjuvant with all of the identified CTL, HTL, and B cell epitopes 

using a linker. Adjuvant-linked CTL epitopes (EAAAK), CTL epitopes linked together (AAY), 

CTL epitopes linked to HTL epitopes (GPGPG), and B-cell epitopes linked to HTL epitopes 

(KK) were all used in this study. Here is our final protein sequence: 
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MPTESKKVRFENTASDKGKNPSKVIKSYYGTMDIKKINEGLLDSKILSAFNTVIALLG

SIVIIVMNIMIIQNYTRSTDNQAMIKDALQSIQQQIKGLADKIGTEIGPKVSLIDTSSTITI

PANIGLLGSKISQSTASINENVNEKCKFTLPPLKIHECNISCPNPLPFREYKPQTEGVSN

LVGLPNNICLQKTSNQILKPKLISYTLPVVGQSGTCITDPLLAMDEGYFAYSHLEKIGS

CSRGVFKQRIIGVGEVLDRGDEVPSLFMTNVWTPSNPNTVYHCSAVYNNEFYYVLC

AVSVVGDPILNSTYWSGSLMMTRLAVKPKNNGESYNQHQFALRNIEKGKYDKVMP

YGPSGIKQGDTLYFPAVGFLVRTEFKYNDSNCPIAECQYSKPENCRLSMGIRPNSHYI

LRSGLLKYNLSDEENSKIVFIEISDQRLSIGSPSKIYDSLGQPVFYQASFSWDTMIKFGD

VQTVNPLVVNWRDNTVISRPGQSQCPRFNKCPEVCWEGVYNDAFLIDRINWISAGVF

LDSNQTAENPVFTVFKDNEVLYRAQLASEDTNAQKTITNCFLLKNKIWCISLVEIYDT

GDNVIRPKLFAVKIPEQCTEAAAKAMDEGYFAYAAYGIKQGDTLYGPGPGNPLVVN

WRDNTVISRGPGPGVNPLVVNWRDNTVISKKKVRFENTASDKGKNPSKVIKSYYGT

MDIKKINEGLLKKNENVNEKCKFTLPPLKIHECNISCPNPLPFREYKPQTEGVSNLVG

LPNNICLQKTSNQILKPKLISYTLPVVGQSGKKVRTEFKYNDSNCPIAECQYSKPENC

RLSMGIRPNS. 

The antigenicity of our adjuvant was measured at 0.5215. Following the addition of antigenic 

and non-antigenic CTL, HTL, and B cell epitopes, the antigenicity of the final protein 

decreased to 0.51, which indicated the presence of a plausible antigen even though the score 

was reduced. Therefore, we decided to include solely antigenic CTL, HTL, and B cell epitopes 

in our construct. After that, the antigenicity score went up to 0.5522, reflecting an increase. 
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 Figure 12 Antigenicity result of the final protein sequence was found 0.5522 which is 

probable antigenic. 

In addition to that, there is no evidence that this protein sequence is allergenic, and it does not 

include any toxins either. 

 

                                         Figure 13 Toxicity result. There was no toxicity found. 
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                     Figure 14 Allergenecity result. No Allergenecity was found. 

 

3.6 Biochemical Analysis Result of the Vaccine: 

The formula for this compound is as follows: C4084H6457N1089O1220S39. The number of 

amino acids in this compound is 821, and its molecular weight is 91.584 kDa, which indicates 

that it is acceptable because its size is less than 100 kDa. Theoretical pI of the the vaccine 

model is 8.83 which indicates that the vaccine model is slightly basic in nature. The total 

number of atoms in the protein is 12889, and its instability index (II) was calculated to be 33.21. 

Since an index value of 40 or higher indicates that the protein is unstable, this value indicates 

that the protein is stable. Index of aliphatic compounds: 84.96 this stability index high means 

it is stable in different temperatures. It can be deduced from the value of -0.316 for the grand 

average of hydropathicity (GRAVY) that the protein is hydrophilic. M is located at the 

beginning of the series under consideration (Met). It is estimated that the half-life is thirty hours 

(mammalian reticulocytes, in vitro). >10 hours (in vitro), >20 hours (in vivo yeast). 
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                                             Figure 15 ProtParam tool result. 

 

                                              Figure 16 ProtParam tool result. 
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                                              Figure 17 ProtParam tool result. 

3.7 Vaccines 3D Model Assessment: 

From phyre 2 server we found the PDB format of the model and the structures of the protein. 

Here we found that our structure is showing 100% confidence with 52% coverage and 427 

residues.  

 

     Figure 18 Homology Model of the Structure, 52% coverage was found here. 
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The Z-score of the model was the next thing that we determined. A positive outcome is that the 

black spot can be located between the grey line and the blue line, as shown here. The fact that 

this score, which is -8.47, is significantly lower than the average indicates more activity. 

 

                                                  Figure 19 Z - Score of the Model. 

 

                                              Figure 20 Local Model Quality. 

Next we have done quality assessment of the structure by checking the Ramachandran favoured 

score which is 89.65% and only 1.18% is outlier (328 GLU, 474 PRO, 258 ARG, 421 GLU, 
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338 ARG). Roatamer outlier is zero. Molprobidity score is 2.73. But there are some bad bonds 

exist (17 / 3470 382 CYS- 395 CYS, 565 CYS- 574 CYS, 387 CYS- 499 CYS, 282 CYS- 295 

CYS, 406 HIS, 333 HIS, 233 HIS, 281 HIS, 323 PRO, 185 PRO, 189 CYS- 601 CYS, 493 

CYS503 CYS, 303 PRO) and some bad angles too (11 / 4722) ( 216 CYS- 240 CYS), ( 493 

CYS- 503 CYS), ( 382 CYS- 395 CYS), ( 565 CYS- 574 CYS), ( 387 CYS- 499 CYS), ( 189 

CYS- 601 CYS), 333 HIS, 406 HIS, 281 HIS, 233 HIS).  

 

               Figure 21 Ramachandran Plots Result 89.65% are covered and 1.18% outlier. 

 

                                          Figure 22 Quality Estimation. 
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3.8 Immune Simulation: 

We have done our immune simulation system by using c-immsim server. From this server we 

got to know the immunological reaction as well as antigenicity. Here we gave three doses and 

found some graphs which represents the working system of the vaccine.  

 

                      Figure 23 Antibodies, immunocomplexes, and the virus are involved. 

After administering the first dose, antigenicity increased among seven lac individuals, and so 

did the total amount of IgM + IgG, which included an increase in IgG1 and IgG2 levels. This 

information was gleaned from the graph. After that, when administering the second and third 

doses, antigenicity generation began to decrease because, by that point, the majority of the 

amount had already been covered by the first dose. 
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Figure 24 Concentration of Interferon gamma, cytokines and interleukins increased 

after giving three doses. 

From (Figure 24) it can be assured that after giving the doses the effect of interferon gamma, 

interleukins are increased. In the third dose the amount is decreased because already most of 

the antibody was produced.  

 

                               Figure 25 B cell growth among the population was increased. 
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                       Figure 26 B cell population growth per state increased. 

In this (Figure 25 & 26) it is clearly shown that the memory B cells growth also increased.  

 

                               Figure 27 Cytotoxic T cell population growth per state increased. 
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Figure 28 The symbols used in the legend are shown in the figure above. 

Based on figure 28, it is possible to be sure that the immunity of the vaccine's epitopes is 

growing among the population, particularly after the administration of the first dose. The first 

graph shows the t cell's result per population; the second graph is about TC cell per population 

state, the third graph is about neural crest cell population, the fourth graph is about 

macrophages, and the fifth is about dendritic cells. The last one is about the epithelial cell. 
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3.9 Molecular Docking: 

We have done our molecular docking by using patchdock server. Here we used TLR3 receptor 

binder (1ziw) and the pdb format of the protein. 

 

                         Figure 29 Patchdock result from these result 1, score 18946 were taken. 

Based on this outcome (fig. 29), we decided to go with the option that received the highest 

score, which was solution number one. This binding encompassed 2682.30 square meters and 

had a total of 463.57 ACE; its transformation is 0.86-0.02 -2.29 89.63 -1.34 164.26.  
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              Figure 30 Three dimensional structure of protein - protein binding. 

 

                       Figure 31 Two dimensional structure of protein - protein binding. 
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Chapter 4 

Discussion 

Recent studies indicate that we were successful in developing a multi-epitope-based 

vaccination against Nipah henipavirus glycoprotein G by employing an in silico strategy, which 

is founded on the application of computational technology. We find highly antigenic vaccines 

using this strategy, which also results in less adverse reactions. In this case, the chosen protein 

sequence demonstrates a strong binding affinity with two epitopes on cytotoxic T lymphocytes, 

two epitopes on helper T lymphocyte cells, and three epitopes on B cells. The antigenicity of 

the protein sequence enhanced as a result of the addition of several antigenic epitopes. 

Additionally, this final protein sequence does not exhibit any harmful consequences, and 

subsequent injections result in a rise in the population's overall antibody levels. This sequence 

has a confidence level of 100 percent while also having coverage of 52 percent, which indicates 

that it is a good model. 

The structure and coverage of the dataset can be increased to further develop this method. To 

create the dataset for this investigation, we chose a portion of the known epitopes and protective 

antigens. We will be capable of developing a better, more complete, and speedier vaccine 

creation tool with a larger dataset and more epitope combination possibilities. The existing 

model can still handle the majority of the current cases and give an effective vaccine design 

despite the restricted datasets that are currently accessible. 

 Moreover, from figure 18, we found the Z score of -8.47; and there is a black spot which is 

spotted inside the X-ray region and it indicates that it is an acceptable score according to the 

algorithm. The negative Z score indicates that here the amino acids residues, the only part of 

the molecule that has a favorable characteristic is the N-terminal region.  
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Then we found the Grand average hydropathicity score of -0.316 means the protein is 

hydrophilic and thermostable. So it can be considered as a good result because for constructing 

a vaccine water solubility is an important part. 

Figure 20, therefore, demonstrates that the immunization was beneficial to the majority of the 

Ramachandran plot with only a tiny amount of outliers. A value greater than 85 percent of the 

total is considered an adequate Ramachandran plot score. This score represents the size of 

regions that are energetically favoured. Since our finding score is 89.65 percent, it has been 

determined that it is an excellent score. 

Figure (22-28) represents that the vaccine may produce good immunity to the population as the 

antibody, IFN, Interleukin and B, T cells graphs are uphill. From figure 23 it shows that after 

giving the doses the antigenicity of the vaccine starts reducing and antibody (IgG and IgM) 

starts producing in the body. Figure 24 shows that according to the doses the interferon gamma 

starts decreasing because the antibody almost produced in the body. Figure 25 & 26 indicates 

that B cells increased highly according to the doses. Figure 27 shows that Cytotoxic T cells 

were increased following the dose interval. 

Based on these results, we may generally assume that future research and development with 

this vaccine is possible.  
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Chapter 5 

Conclusion 

Since the first outbreak of the Nipah virus in humans that was recorded, about 15 years have 

passed. Since then, Bangladesh has had outbreaks of the Nipah virus approximately yearly. 

Nipah viruses continue to be a concern to human and animal health, necessitating a 

multidisciplinary strategy centered on therapeutic and preventative intervention techniques. 

Numerous facets of public health need to be improved if there is any chance of successfully 

preventing the spread of the Nipah virus. Because the transmission of NiV is ongoing from one 

year to the next, we decided to concentrate on avoiding this disease. From 2020 all over the 

world is suffering for COVID-19 virus after that in Kerala there was an outbreak of Zika virus 

and lastly in 2021 there was a case found of Nipah virus. So it can be a next outbreak also.   

The only method to quickly improve public health and contain the current pandemic is through 

vaccinations. As Nipah virus attacks continuously and the results of it can be very serious like 

effects in brain, coma and even death. So as a prevention making of a vaccine of NiV is very 

important. Here we chose immunoinformatics method to design a vaccine model. The benefits 

of this method is helping with the urgently needed quick detection of antigenic patterns from 

pathogen immune response-inducing proteins. 

The vaccine that we have created is currently in the primary stage; there are many areas need 

to improve like the coverage of the vaccine model, Ramachandran outlier can be reduced to 

have more developed vaccine model. After that a significant amount of more research is 

required to develop this vaccine, including clinical trials and in vivo and in vitro testing. 
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