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Abstract 

Human parainfluenza viruses (HPIV) often cause breathing infections, particularly in kids and infants. 

HPIV-1 is known for causing severe croup, yet no approved vaccines exist for HPIV infections. This 

study employed an in-silico approach to design a potential vaccine candidate targeting the fusion 

glycoprotein antigen of HPIV-1. Results highlighted that B-cell and T-cell epitopes were successfully 

identified from the fusion glycoprotein antigen using in-silico methods. Epitopes passing antigenicity, 

allergenicity, and toxicity assessments were selected and connected using appropriate linkers. The 

constructed vaccine exhibited favorable physiochemical properties, structural stability, and strong 

binding affinity with the TLR (Toll like receptor)-8. The vaccine sequence was successfully cloned into 

the pET-28a (+) vector. In Conclusion This study presents a promising development in the quest for an 

effective HPIV-1 vaccine. The design and construction of the multi-epitope vaccine, along with its 

structural validation, provide a solid foundation for further research. However, additional in vitro and 

in vivo investigations are crucial to assess the vaccine's efficacy, immunogenicity, and safety prior to 

clinical application. 
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INTRODUCTION 

Background 

Human parainfluenza viruses (HPIVs) are enveloped, negative-stranded RNA viruses belong to 

paramyxoviridae family. These viruses comprise four serotypes, including HPIV-1, HPIV-2, HPIV-3, 

and HPIV-4, and are known to cause infections in both the upper and lower respiratory tracts. HPIVs 

are a significant cause of respiratory illnesses worldwide, particularly among infants, young children, 

and immunocompromised individuals [1]. The HPIV genome consists of a single negative RNA strand 

that encodes six essential proteins, namely the 

matrix protein (M), the phosphoprotein (P), the 

fusion glycoprotein (F), the hemagglutinin-

neuraminidase (HN) glycoprotein, the RNA 

polymerase (L), and the nucleocapsid protein (NP). 

These proteins play crucial roles in viral replication, 

assembly, and host immune response modulation 

[2]. The first identification of human parainfluenza 

virus dates back to 1955 when it was isolated from 

children with croup, a respiratory condition 

characterized by coughing, hoarseness, and 

difficulty breathing. Following that, HPIV became 

recognized as a huge contributor to respiratory tract 

infections in children. The severity and effects of 

HPIV infections can range based on the virus's 

serotype and the precise geographic place. For 

instance, HPIV-1 is well-known for causing 

pediatric laryngotracheobronchitis (croup) and is 
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responsible for nearly 30,000 hospitalizations annually in the United States alone [3]. Infections caused 

by HPIV-2 and HPIV-3 are associated with a range of respiratory illnesses, including bronchitis, 

bronchiolitis, pneumonia, and upper respiratory tract infections. Infants and young children are 

particularly susceptible to acute respiratory diseases caused by HPIVs. Primary infections often involve 

the lower respiratory tract and can manifest as severe illnesses, especially in individuals with underlying 

medical conditions or compromised immune systems. By the age of five, approximately 80% of 

children test positive for HPIV-1, HPIV-2, or HPIV-3. While most cases of HPIV infection can be 

managed in an outpatient setting, severe infections may require hospitalization [4, 5]. The pathogenesis 

of HPIV infections typically begins with the exposure of respiratory epithelial cells to the virus through 

contact or inhalation. HPIV primarily replicates in respiratory epithelial cells and does not spread 

systemically. The viruses enter host cells by binding to specific receptors on the cell surface, followed 

by fusion of the viral envelope with the host cell membrane. This fusion process is facilitated by the 

viral F protein, which undergoes conformational changes to mediate fusion of the viral envelope with 

the target cell membrane. The HN glycoprotein, on the other hand, plays a crucial role in viral 

attachment and release by binding to sialic acid-containing receptors on the host cell surface. The 

clinical manifestations of HPIV infection can vary depending on the serotype, viral load, and host 

immune response. Common symptoms include fever, cough, rhinorrhea, sore throat, and difficulty 

breathing. In more severe cases, lower respiratory tract involvement can lead to bronchiolitis, 

pneumonia, and respiratory distress, particularly in young infants. In immunocompromised individuals, 

HPIV infections can cause significant morbidity and mortality. The immune response to HPIV consists 

of both innate and adaptive components. Innate immune cells recognize viral components through 

pattern recognition receptors, leading to the production of pro-inflammatory cytokines and the 

recruitment of immune effector cells. This early immune response is critical for limiting viral replication 

and initiating the adaptive immune response. Adaptive immunity, including both humoral and cellular 

responses, plays a central role in clearing the infection and providing long-term protection against 

reinfection. Antibodies targeting the F and HN glycoproteins are crucial for neutralizing viral particles 

and preventing viral attachment and entry into host cells. Cellular immune responses, particularly CD8+ 

and CD4+ T cells, contribute to viral clearance and the resolution of infection [6, 7]. Despite the 

substantial burden imposed by HPIV infections, there is currently no available vaccine. Therefore, the 

development of an effective preventive strategy is of utmost importance. Traditional vaccine 

development approaches using live-attenuated or inactivated whole-virus vaccines have faced 

challenges due to safety concerns and the difficulty in achieving optimal immunogenicity. To overcome 

these limitations, alternative vaccine strategies such as subunit vaccines, viral-vectored vaccines, and 

nucleic acid-based vaccines have gained attention [8]. In recent years, in-silico approaches and 

computational tools have emerged as valuable tools in vaccine design and development. These methods 

allow for the identification and selection of specific viral epitopes that can elicit a robust immune 

response. By utilizing bioinformatics tools, researchers can predict potential B-cell and T-cell epitopes 

within viral proteins, analyze their immunogenicity, and evaluate their potential as vaccine candidates. 

This in-silico approach offers advantages such as reduced experimental cost and time, rational design 

based on immunoinformatics principles, and the ability to tailor vaccines for specific populations or 

viral variants [9]. In this study, we employed a computational approach to design an in-silico multi-

epitope vaccine candidate against the human parainfluenza virus. Specifically, we focused on the F 

glycoprotein as antigenic target for vaccine design. The F protein is a critical determinant of viral entry 

into host cells. By targeting this glycoprotein, we aimed to create a vaccine that could confer long-term 

immunity against HPIV infections and potentially mitigate the associated morbidity and mortality. The 

present study presents a comprehensive workflow, as depicted in Figure 1, outlining our computational 

approach to vaccine design. Through the use of bioinformatics tools and immunoinformatics algorithms, 

we identified potential B-cell and T-cell epitopes within the F glycoprotein. These epitopes were 

carefully selected based on their predicted antigenicity, allergenicity and toxicity evaluation. 

Furthermore, we incorporated appropriate adjuvants and linkers to optimize vaccine efficacy and 

stability. Finally, the constructed vaccine was docked with TLR 8, and simulation was used to estimate 

its effectiveness and stability.  
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Figure 1. Workflow of the current study. 

 

MATERIALS AND METHODS  

Selection of Antigen and its Sequence Retrieval 

The F(Fusion) glycoprotein of the human parainfluenza virus plays a critical role in virus-host cell 

membrane fusion. This glycoprotein helps the virus to permit the viral nucleocapsid to enter a host cell. 

Also, this protein is required for membrane fusion between cells and causes haemolysis [10]. Antibodies 

to fusion glycoprotein play a vital role in the establishment of immunity. Hence, we selected HPIV 

(strain C39) and its fusion glycoprotein F0, the sequence of Fusion glycoprotein was retrieved from the 

Uniport web server (https://www.uniprot.org/) having Uniprot ID P12605 [11]. 

 

Antigenicity Prediction of Protein Sequence 

It is an important aspect of vaccine development that the vaccine candidate should have more 

antigenic properties. The VaxiJen server includes the antigenicity of bacterial, viral, and tumor models. 

In this server, the protein sequence of Fusion glycoprotein was submitted in fasta file format 

(https://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html). The results page displays the selected 

target, the protein sequence, the probability of its prediction, and a statement of whether it is a protective 

antigen or non-antigen based on a predefined cutoff of 0.5 [12]. 

Antigen sequence retrieval 

Antigenicity and 

Allergenicity Profiling 

B-cell epitope prediction MHC-1 epitope prediction MHC-2 epitope prediction 

Antigenicity, Toxicity and 

Allergenicity Profiling 
Population coverage 

Prediction 

Multi-epitope vaccine construction 

Secondary structure 

prediction 
Tertiary structure prediction 

and validation 
Physiochemical 

properties of vaccine 

Molecular docking with Toll-like receptor 8 

Molecular dynamics simulation of vaccine-TLR-8 complex 

In silico cloning for vaccine expression 

https://www.uniprot.org/
https://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html
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Allergenicity and Toxicity Prediction of Protein Sequence 

The recognition of allergens is also an essential step in the development of vaccines. The AllerTop 
v.2.0 server was used to predict the allergenic characteristics (https://www.ddg-

pharmfac.net/AllerTOP/). In this server, the protein sequences were submitted in fasta format. The 
allergen status is returned on the results page as "Probable Allergen" or "Probable Non-allergen". On 

this basis, AllerTOP v.2.0 determines the most likely route of exposure for tested proteins predicted to 
be allergens [13]. We predicted the toxicity with the aid of the ToxinPred server, which determines 

whether the protein sequence is toxic or not (https://webs.iiitd.edu.in/raghava/toxinpred/protein.php) 
[14]. 

 
B Cell Epitopes Prediction  

B cell epitopes are fundamental for stimulating a humoral immune reaction, they activate the B-

lymphocytes for the generation of antibodies and because of this factor, it plays an important part in 
vaccine design. We used the IEDB B-cell epitope prediction server (http://tools.iedb.org/bcell/) for the 

identification of linear B-cell epitopes, in that server we chose Bepipred Linear Epitope Prediction 2.0 
method. Further, the epitopes were tested for antigenicity, allergenicity, and toxicity profiling, which 

were utilized for the construction of the vaccine [15]. 
 

T-cell Epitopes Prediction 

The MHC (Major Histocompatibility Complex)-1 and MHC-2 epitopes were predicted by the IEDB 

server (https://www.iedb.org/) [16]. These epitopes are important because the vaccine should have the 
capacity to bind the MHC protein. On this server homepage, there is a specific tool for predicting MHC-

1 and MHC-2 epitopes. For the prediction of MHC-1 epitopes, we used the IEDB MHC-1 server 
(http://tools.iedb.org/mhci/). Here, we used the ANN 4.0 prediction method and set the source species 

as human and selected the HLA allele reference set. MHC-2 epitopes were predicted using the IEDB 
MHC-2 server (http://tools.iedb.org/mhcii/). For this, NN-align 2.3 (Net MHC II 2.3) was used, the 

species was selected as human, the full HLA reference set and its length was selected as default. The 
MHC-1 and MHC-2 epitopes were tested for antigenicity, allergenicity, and toxicity profiling. 

Population coverage of both MCH-1 and MHC-2 was predicted using the IEDB analysis resource 
(http://tools.iedb.org/population/) [17]. 

 

Construction of Multi-epitope Vaccine  

For the final vaccination, the most immunogenic, antigenic, nontoxic, and nonallergenic epitopes 

were chosen. As the peptides do not trigger the immune response on their own, they require an adjuvant 
to be attached. The adjuvant (50S ribosomal46 protein L7/L12) was chosen and added to the amino 

terminus. It was then linked to B cell epitopes using the EAAAK peptide, this allow efficient attachment 
and presentation of the adjuvant along with the B-cell epitopes [18]. The GPGPG linker is used to 

connect the B-cell epitope to the MHC-1 epitope in order to provide flexibility and structural integrity 
between these two regions of the vaccine construct, which helps maintain the structural independence 

of the B-cell and MHC-1 epitopes while allowing for optimal antigen presentation. Similarly, the AAY 
linker is employed to connect the MHC-1 epitope to the MHC-2 epitope. The purpose of this linker is 

to provide a suitable separation between the two epitopes, ensuring their distinct folding and interaction 
with their respective immune receptors. By incorporating appropriate linkers, we can optimize the 

spatial arrangement of different epitopes within the vaccine construct, enabling efficient recognition by 
B-cells, MHC-1, and MHC-2 molecules, and promoting an effective immune response [19–21].  

 

Physiochemical Property and Solubility Prediction of Vaccine Construct 

Physiochemical properties of the vaccine were predicted from Expasy protparam server 

(https://web.expasy.org/protparam/). This server gives basic physiochemical properties like molecular 
weight, theoretical pI, estimated half-life, instability index, aliphatic index, and grand average of 

hydropathicity (GRAVY) [22]. The solubility of the vaccine was predicted by the SOLUPROT server, 
SoluProt is a server for the prediction of soluble protein expression in Escherichia coli, It has an 

accuracy of 58.5% or higher compared to other tools (https://loschmidt.chemi.muni.cz/soluprot/) [23]. 

https://www.ddg-pharmfac.net/AllerTOP/
https://www.ddg-pharmfac.net/AllerTOP/
https://webs.iiitd.edu.in/raghava/toxinpred/protein.php
http://tools.iedb.org/bcell/
https://www.iedb.org/
http://tools.iedb.org/mhci/
http://tools.iedb.org/mhcii/
http://tools.iedb.org/population/
https://web.expasy.org/protparam/
https://loschmidt.chemi.muni.cz/soluprot/
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Secondary Structure Prediction 

The secondary structure of the vaccine construct was predicted by the PSIPRED server 

(http://bioinf.cs.ucl.ac.uk/psipred/), it is a protein structure prediction server that allows the user to input 

the FASTA sequence and the results are obtained as [24]. The RaptorX Property server was used to find 

solvent accessibility and disorder regions of the vaccine construct (http://raptorx.uchicago.edu/) [25]. 

 

Tertiary Structure Prediction  

The tertiary structure of the vaccine was predicted by the Raptor-X server. This server gives an 

automated template-based tertiary structure model of proteins. The obtained model was refined with the 

Galaxy refine server (https://galaxy.seoklab.org/cgi-bin/submit.cgi?type=REFINE). Refinement is 

necessary as it improves the quality of the protein model, which is useful for further analysis [26].  

 

Structure Validation 

A good quality homology model is required to get optimum results hence structure validation of the 

homology model of the vaccine was done, The ProSA-webserver was used to find the Z-

score(https://prosa.services.came.sbg.ac.at/prosa.php). The Z-score denotes the overall protein model 

quality [27]. The Ramachandran plot analysis was obtained by the Procheck server in the structure 

validation server (https://saves.mbi.ucla.edu/). The Ramachandran plot describes the quality of the 

three-dimensional structure of proteins and gives the amino acid residues in the most favored region, 

allowed region, and disallowed region [28]. 

 

Molecular Docking of the Constructed Vaccine Against TLR-8  

Human parainfluenza viruses are ssRNA viruses, hence they are mainly recognized by TLR7 and 

TLR8 [29], hence the vaccine was docked against the TLR-8 receptor by using the Cluspro2.0 server 

(https://cluspro.org/help.php) [30]. It is a widely used server for protein-protein docking. In the receptor 

option, the PDB ID of TLR-8 (6ZJZ) was entered as an input, and chain A was selected. In the ligand 

option, the PDB file of our vaccine model was entered as an input, and other parameters were set to 

default, and it was docked. The interactions between the docked complex of the vaccine and TLR-8 

were found by using the standalone version of PDBsum generate. The PDB file of the vaccine-TLR-8 

docked complex was uploaded and an email was provided for receiving results. 

 

Molecular Dynamic Simulation of Vaccine-TLR-8 Docked Complex 

Molecular dynamic simulation is a computational method to predict how atoms in a molecular system 

moves over a period of time. MD simulations were carried out with the iMods server 

(https://imods.iqfr.csic.es/). It was used to obtain Deformabiltiy, B-factor, the eigenvalue of interacting 

residues, variance and co-variance among individual residues, and elastic network between the 

corresponding pairs of atoms. From these parameters, the stability of the complex was predicted [31]. 

 

In-silico Clonning for Vaccine Expression 

For the expression of the vaccine in a vector, the sequence of vaccine was reverse translated with the 

EMBOSS Backtranseq server (https://www.ebi.ac.uk/Tools/st/emboss_backtranseq/) [32]. The 

obtained reverse translated sequence was subjected to codon optimization through the Java Codon 

Adaption tool (JCat) server (http://www.jcat.de/) [33]. It was done to express the vaccine in Escherichia 

coli (E. coli strain K12). This optimized codon was further used for cloning. The E. coli pET 29 (+) was 

selected as the expression vector. Then, by using the SnapGene tool (https://www.snapgene.com/) [34], 

the StyI and ApaLI restriction sites were inserted at the ends of the optimized vaccine codon sequence. 

Finally, the adapted sequence having the restriction site was inserted into the pET-28a (+) vector [35]. 

 

RESULTS AND DISCUSSION  

Antigenicity, Allergenicity and Toxicity Prediction of Protein Sequence 

The VaxiJen 2.0 server was used to predict the antigenicity of Fusion glycoprotein F0. It predicted 

an antigenicity score of 0.499, which is above the threshold value of 0.4. Allergenicity which was 

http://bioinf.cs.ucl.ac.uk/psipred/
http://raptorx.uchicago.edu/
https://galaxy.seoklab.org/cgi-bin/submit.cgi?type=REFINE
https://prosa.services.came.sbg.ac.at/prosa.php
https://saves.mbi.ucla.edu/
https://cluspro.org/help.php
https://imods.iqfr.csic.es/
https://www.ebi.ac.uk/Tools/st/emboss_backtranseq/
http://www.jcat.de/
https://www.snapgene.com/
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predicted from the AllerTop v.2.0 server, it was found that the protein sequence was non allergenic. 

The ToxinPred server was used for toxicity profiling, which predicted the protein sequence was non-

toxic. As all of these three parameters above showed good results, the fusion glycoprotein F0 was used 

for further study. 

 

B Cell Epitopes Prediction 

B-cell epitopes are the antigenic portions of the bacteria that bind to the antibody. We obtained 

nineteen B cell epitopes from the IEBD database and these were subjected to antigenicity and 

allergenicity profiling from Vaxigen 2.0 and Allertop servers, respectively. It was found that three of 

the B-cell epitopes listed in Table 1 were non-allergenic and had a good antigenicity score. The 

graphical representation of B-cell epitopes is shown in Figure 2. 

 

Table 1. B-cell epitopes. 

S.N. Start End Peptide Length Antigenicity Allergenicity 

1 526 552 Vminsthnspvntytlesrmrnpyign 27 0.5813 Non allergenic 

2 240 264 Aniteilstikkdksdiydiiyteq 25 0.5202 Non allergenic 

3 218 229 Ssnlgtigeksl 12 1.4428 Non allergenic 

 

 
Figure 2. Graphical representation of B-cell epitopes. 

 

Prediction of Peptide Binding to MHC Class I Molecules 

To identify MHC HLA alleles in humans, we chose Homo sapiens as the MHC source species and 

used the ANN 4.0 method. This utility generates an IC50 nM value of epitopes. A lower IC50 value 

indicates that epitopes have a stronger affinity for the MHC Class-I molecule. A total of 942 epitopes 

were selected based on IC50 values less than 200 to certify a higher estimated affinity to interact with 

many MHC class 1 alleles. Of the 942 epitopes, 50 were chosen based on the maximal interaction of 

MHC  

 

Class 1 alleles with the epitopes, epitopes were subjected for the prediction of antigenicity, 

allergenicity, and toxicity. Toxic and allergic epitopes with less than 0.4 antigenicity values were 

excluded. A total of 16 MHC class 1 epitopes were chosen for further investigation as shown in  

Table 2. 
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Table 2. Peptides binding to MHC-1 

S.N. Allele  ic50 Start End Length Epitope Antigenicity 

1 HLA-A*02:03 7.19 
236 245 10 SLYSANITEI 0.9188 

HLA-A*02:01 59.14 

2 HLA-A*31:01 7.26 
515 523 9 LYYLYRVRR 0.5868 

HLA-A*33:01 13.37 

3 HLA-A*68:01 7.43 
268 276 9 TVIDVDLEK 0.6113 

HLA-A*11:01 17.77 

4 HLA-A*02:03 8.04 

277 285 9 YMVTLLVKI 0.5469 HLA-A*02:01 10.36 

HLA-A*02:06 13.93 

5 HLA-B*40:01 11.59 

129 137 9 AQITAGIAL 0.8735 HLA-A*02:06 15.93 

HLA-B*15:01 29.1 

6 HLA-B*15:01 13.51 201 210 10 KLGIKLTQHY 1.4341 

7 HLA-A*02:03 14.41 294 302 9 VLIYRASSI 0.5436 

 

Prediction of Peptide Binding to MHC Class II Molecules 

Using the NN-align 2.3 method, a total of 638 conserved epitopes that bind to MHC class II molecules 

were predicted with an IC50 of less than 200. Of those, 50 epitopes were picked and screened for 

antigenicity, allergenicity, and toxicity. Finally, 6 epitopes that are non-allergic, non-toxic, and have an 

antigenicity value of more than 0.4 were chosen for further investigation as shown in Table 3.  

 

Table 3. Peptides binding to MHC-2. 

S.N. Alleles ic50 Start End Length Core peptide Antigenicity 

1 HLA-DRB1*04:01 12 522 536 15 LLVMINSTH 0.7626 

 HLA-DRB1*04:05 23.6 519 533 15 

2 HLA-DRB1*15:01 5.8 68 82 15 IIQYKNLLN 0.5088 

 HLA-DRB1*04:05 16.4 68 82 15 

3 HLA-DRB1*01:01 12.4 118 132 15 IALGVATAA 1.0766 

 HLA-DRB1*09:01 9 116 130 15 

4 HLA-DQA1*01:02 27.8 129 143 15 TAGIALAEA 0.7910 

 HLA-DRB1*12:01 27.8 168 182 15 IIALKTLQD 0.6833 

5 HLA-DRB1*04:05 35 169 183 15 

 HLA-DRB1*01:01 26.4 169 183 15 

6 HLA-DRB1*04:01 12.9 295 309 15 YRASSISYN 1.4051 

7 HLA-DRB1*01:01 61.3 257 271 15 YDIIYTEQV 0.9681 

 

Population Coverage Analysis 

Population coverage analysis was used to determine the global coverage of MHC Class-I and MHC 

Class-II allele interacting epitopes. It was identified by using the IEDB population coverage analysis 

tool. The distribution of MHC HLA alleles varies across different geographical locations across the 

world. As a result, population coverage is required for the development of a potentially effective vaccine. 

By combining alleles of MHC-I and MHC-II, we obtained population coverage of 87.47%, having an 

average hit of 2.58, which denotes the average number of HLA combinations recognized by the 

population, and a pc90 value of 0.8, which gives the minimum number of HLA combinations 

recognized by 90% of the population. The pictorial representation of the vaccine construct is shown in 

Figure 3. 
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Figure 3. Pictorial representation of vaccine construct. 

 

Construction of Multi-epitope Vaccine  

The constructed multi-epitope vaccine has a sequence length of 211 amino acids, represented by the 

following sequence: 

 

EAAAKVMINSTHNSPVNTYTLESRMRNPYIGNANITEILSTIKKDKSDIYDIIYTEQSSNLGTIG

EKSLGPGPGSLYSANITEILYYLYRVRRTVIDVDLEKYMVTLLVKIAQITAGIALKLGIKLTQH

YVLIYRASSIAAYLLVMINSTHIIQYKNLLNIALGVATAATAGIALAEAIIALKTLQDYRASSIS

YNYDIIYTEQVHHHHHH. 
 

Antigenicity, Allergenicity and Toxicity Prediction of Vaccine Construct 

The antigenicity, allergenicity, and toxicity of the final constructed vaccine were evaluated. The 

vaccine exhibited a high antigenicity score of 0.7052, surpassing the established threshold (0.4), 

indicating its potential to elicit an immune response. Additionally, the vaccine was found to be non-

toxic and non-allergenic, further supporting its safety profile.  

 

Physiochemical Property and Solubility Prediction of Vaccine Construct 

The ExPASY ProtParam program was used to predict physiochemical characteristics. The vaccine 

has a molecular weight of 23472.07 Da. The theoretical PI (isoelectric point) of the vaccine obtained 

was 8.62, which indicates the protein is basic in nature. The instability index (II) was computed to be 

having a value of 38.10 denoting vaccine construct is stable. Finally, an aliphatic index value of 117.49 

and the grand average of hydropathicity (GRAVY) of 0.103 were obtained. Solubility was predicted by 

the Soluprot server, which gave a solubility score of 0.561 indicating the vaccine is soluble in nature. 

 

Secondary Structure Prediction of Constructed Vaccine 

The secondary structure of the vaccine construct was predicted by the PSIPRED server as shown in 

Figure 4. The secondary structure of the vaccine obtained comprises 43.6% alfa-helix, 19.9% beta 

strands, and 36.5% coil. The solvent accessibility disorder regions were predicted by using the RaptorX 

Property server. A total of 51% of the protein content was found to be exposed, 20% was found to be 

medium exposed, and 27% was found to be buried. A total of 7% of the residues were found in the 

disordered domain 

 

Tertiary Structure Prediction and Refinement of Vaccine Construct 

The tertiary structure of the vaccine was predicted by using the RaptorX server. From five models 

obtained, we chose the first model which had the lowest RMSD (Root Mean Square Deviation) value 
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of the five. The 3D vaccine model obtained from RaptorX was refined using the Galaxy refine server. 

From five models that were obtained after refinement, we chose model 1 by considering various 

parameters, such as the global distance test-high accuracy score (GDT-HA) of 0.9372, which is the 

similarity score between protein structures. A score of more than 0.9 indicates the highest similarity, 

For our model, the RMSD score is used to calculate the distance between atoms, a lower RMSD number 

indicates higher stability. For our model, we obtained an RMSD of 0.502 and the Molprobity score 

represents the model's crystallographic resolution. For our model, we obtained a MolProbity score of 

1.7. The value of unfavorable all-atom steric overlaps is determined by the clash score. We obtained a 

clash score of 6.2, which is less than the clash score of 7.7 of the initial unrefined model. 

 

Figure 4. Secondary structure of vaccine construct. 

 

Tertiary Structure Validation 

Tertiary structure validation was done by using Prosa-web and Procheck servers as shown in Figure 

5. Prosa predicts the overall model quality by giving the Z-score. For our refined vaccine model, we 

obtained a Z-score of 4.96 indicating good model quality. The Ramachandran plot was obtained from 

the PROCHECK server. According to the results, residues in the most favored regions were 89.2%, 

residues in allowed regions were 8.7%, and residues in disallowed regions were 2.1%. These parameters, 

obtained from the Ramachandran plot, indicated that the model had good quality.  

 

Molecular Docking of Vaccine Against TLR-8 

Molecular docking was done to assess the interactions between a ligand molecule and a receptor 

molecule to determine the stability and binding affinity of their docked complex. We chose Toll-like 

receptor 8 for molecular docking, as it is critical for pathogen identification and immune response. The 

ClusPro 2.0 server is used to perform molecular docking between the vaccine and the Chain-A of the 

TLR-8 receptor (PDB ID: 6ZJZ). Among all the docking models, we chose the one with the lowest 

energy score of -1033.4 as the best-docked complex, indicating the strong binding affinity of the vaccine 

to the TLR-8 receptor. The interactions between the docked complexes were found by the PDBsum 

server. It was found that there were 3 salt bridges, 15 hydrogen bonds, and 202 non-bonded contacts as 

shown in Figure 6.  
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Figure 5. (a) Tertiary structure of vaccine construct, Structure validation of vaccine model by (b) Z-

score graph, (c) Ramachandran plot. 

(b) 

(c) 
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Figure 6. (a) Docked complex vaccine and TLR-8, (b) and (c) Interactions between the vaccine and 

TLR-8. 

 

Molecular Dynamic Simulation of Vaccine-TLR-8 Docked Complex 

Molecular dynamic simulations of the vaccine-TLR docked complex were analysed using the 

iMODS server. The results obtained are shown in Figure 7. At first, the deformability graph was 

obtained, which is a measure of a molecule's ability to deform at each of its residues. Then the 

anticipated mobilities of experimental B-factor and NMA (Normal mode analysis) were predicted. Then 

the eigenvalue plot was obtained, which depicts the relative stiffness of the model. The simpler the 

deformation, the lower the eigenvalue. We obtained an eigenvalue of 1.16500e-05. The varience graph 

obtained denotes each normal mode's variance is inversely proportional to eigenvalue. Furthermore, the 

covariance map which shows sections of the macromolecule move in a correlated (red), uncorrelated 

(white), or anti-correlated (blue) pattern. Finally, an elastic network graph was obtained. The intensity 

of the color is depicted in relation to their stiffness; the darker the color, the stiffer the springs, and vice 

versa [36].  

(a) (b) 

(c) 
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In-silico Clonning for Vaccine Expression 

The reverse translated vaccine sequence obtained from the EMBOSS Backtranseq server was 

subjected to codon optimization by using the Java codon adaptation tool (JCat) to maximize vaccine 

expression. The optimized codon of the vaccine had a length of 633 nucleotides, the codon adaptation 

index (CIA) was 0.99, and had a GC content of 61.92%. For the stable expression of a vector in E.coli, 

the optimum range of GC content should be 30–70% [37]. Finally, the adapted sequence having the 

restriction sites StyI and ApaLI was inserted into the pET-28a (+) vector using the Snapgene tool as 

shown in Figure 8. 
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Figure 7. (a) Deformability, (b) Experimental B-factor and NMA, (c) Eigenvalue plot, (d) Covariance 

map, (e) Elastic network graph. 

 

 
Figure 8. In-silico cloning of vaccine to pET-28a (+) vector. 

(e) 
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DISCUSSION 

Respiratory viruses are a leading cause of illness and mortality among children worldwide, with acute 
respiratory infections posing a significant threat, particularly in young children. Human parainfluenza 

viruses (HPIVs) are responsible for acute respiratory infections across all age groups, with higher 
incidence observed in small children and immunocompromised individuals [38]. HPIVs belong to the 

family Paramyxoviridae and comprise four species: HPIV-1, HPIV-2, HPIV-3, and HPIV-4. The virus 
possesses two surface proteins, hemagglutinin-neuraminidase (HN) and fusion (F), which play crucial 

roles in viral attachment, envelope fusion, and antibody targeting. The nucleocapsid is formed by the N 
protein, while the P and L proteins are associated with the nucleocapsid, and the matrix protein (M) 

protects the envelope's inner surface.  
 

The pathogenesis of HPIV infections involves direct contact or airborne transmission from infected 

individuals, with viral attachment and replication occurring in the ciliated epithelial cells of the 
respiratory tract, leading to the manifestation of symptoms [39]. 

 
The clinical presentation of HPIV infections includes fever, cough, runny nose, chest pain, sore throat, 

shortness of breath, and respiratory difficulties. Notably, approximately 10% of all hospitalizations for 
acute respiratory infections in children under five years of age can be attributed to HPIV infections. 

HPIV-1 and HPIV-2 are the main causes of laryngotracheobronchitis, commonly known as "croup," 
accounting for around 75% of croup cases. Unfortunately, there are currently no effective antiviral 

medications or approved vaccines available for HPIV infections. To address this gap, an in-silico 
approach was employed to design a novel multi-epitope vaccine candidate against HPIV [40]. 

 
The Fusion (F) glycoprotein of HPIV-1, which represents a critical target for neutralizing antibodies, 

was selected as the antigen for vaccine development. The FASTA sequence of the F protein was 
retrieved from the Uniprot database and subjected to antigenicity, allergenicity, and toxicity screening, 

demonstrating its non-allergenic, non-toxic, and highly antigenic nature. B-cell, MHC-1, and MHC-2 
epitopes of the antigen were predicted using The Immune Epitope Database (IEDB), and those epitopes 

that fulfilled non-allergenic, non-toxic, and high antigenicity criteria were chosen for vaccine 
construction. The resulting vaccine exhibited a global population coverage of 87.47% [41]. 

 

Since peptides alone do not elicit a robust immunological response, an adjuvant, 50S ribosomal 
protein L7/L12, was selected and added at the amino terminus. B-cell epitopes were connected using 

an EAAAK linker, MHC-1 epitopes with GPGPG linkers, and MHC-2 epitopes with AAY linkers. The 
constructed vaccine exhibited favourable physicochemical properties, including a total of 211 amino 

acids, a molecular weight of 23472.07 Da, an instability index (II) of 38.10, an aliphatic index of 117.49, 
and a grand average of hydropathicity (GRAVY) value of 0.103. Solubility analysis using the Soluprot 

server predicted a good solubility score of 0.561. Furthermore, secondary structure prediction using the 
PSIPRED server indicated 43.6% alpha-helix, 19.9% beta-strands, and 36.5% coils. The tertiary 

structure of the vaccine was predicted using the RaptorX server and refined through the Galaxyrefine 
server, with subsequent validation using the Prosa-web and Procheck servers confirming the model's 

quality. 
 

Considering that human parainfluenza viruses are primarily recognized by Toll-like receptors (TLR) 
7 and 8, the refined vaccine model was docked against the TLR-8 receptor using the Cluspro2.0 server. 

The docking analysis, supported by PDBsum, revealed three salt bridges, 15 hydrogen bonds, and 202 
non-bonded contacts, indicating a high binding affinity between the vaccine and the TLR-8 receptor. 

To assess the stability of the vaccine-TLR-8 docked complex, molecular dynamics simulations were 

performed using the iMods server, which demonstrated stable and flexible interactions. 
 

To enhance vaccine expression, the reverse-translated vaccine sequence obtained from the EMBOSS 
Backtranseq server underwent codon optimization using the Java Codon Adaptation Tool (JCat). The 

optimized codon exhibited a length of 633 nucleotides, a codon adaptation index (CIA) of 0.99, and a 
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GC content of 61.92%. Finally, the modified sequence, flanked by StyI and ApaLI restriction sites, was 

inserted into the pET-28a (+) vector using the Snapgene program [42, 43]. 

 

CONCLUSION 

In conclusion, our study successfully developed a multi-epitope subunit vaccine against HPIV-1 

using an in-silico approach. The selection of the Fusion glycoprotein antigen and subsequent prediction 

of B-cell, MHC-1, and MHC-2 epitopes allowed us to identify non-allergenic, non-toxic, and highly 

antigenic epitopes for vaccine construction. The physiochemical properties of the vaccine demonstrated 

its suitability for further development. The prediction of secondary and tertiary structures revealed a 

well-defined 3D model, exhibiting strong binding affinity for the human TLR-8 receptor. Molecular 

dynamic simulations confirmed the stability of the vaccine-TLR-8 docked complex, providing 

additional support for its potential effectiveness. However, it is important to note that our study solely 

employed in-silico techniques, and further in vitro and in vivo investigations are essential to evaluate 

the vaccine's efficacy, immunogenicity, and host safety. These experimental studies will provide critical 

insights before advancing the vaccine candidate for potential administration to humans. In summary, 

our in-silico multi-epitope vaccine design offers a promising foundation for future research and 

development efforts aimed at combating HPIV-1 infections. Continued exploration and validation of 

this vaccine candidate hold great potential for the prevention and control of HPIV-1, ultimately 

benefiting public health. 
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