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Dengue virus (DENV) constitutes a formidable public health 
threat within tropical and subtropical regions. The escalation of cases 
in Southeast Asia, notably Indonesia, is a matter of considerable 
concern. Timely identification of DENV infection remains imperative 
for efficient disease management. The non-structural protein-1 
(NS1), distinguished by its heightened immunogenicity and early 
detectability during infection, stands as a pivotal target for diagnostic 
modalities. The current investigation delves into the exploration of  
B-cell epitopes within Indonesian DENV NS1 protein isolates, with the 
overarching objective of enhancing the sensitivity and specificity of 
early detection systems, such as the Rapid Diagnostic Test (RDT). 
This study has successfully delineated five B-cell epitopes that exhibit 
conservation across DENV serotypes within Indonesian isolates 
(accessions number: QBB90021.1, QBE90252.1, QBB90023.1,  
and UDW38833.1). These epitopes were discerned through 
comprehensive screening leveraging the IEDB platforms. Noteworthy 
variations in antigenicity, allergenicity, and toxicity profiles were 
observed among these identified epitopes. Molecular docking analysis 
substantiated a robust binding affinity between the predicted epitope 
and the B-cell receptor. The ensuing in silico protein-peptide docking 
analyses offer valuable insights into potential B-cell epitopes on the 
Indonesian DENV NS1 protein. The identified epitopes, particularly 
the SQHNYRPGY epitope characterized by its antigenic potency and 
non-allergenic attributes, hold promise for advancing the 
development of sensitive and specific RDTs tailored for DENV 
detection in the Indonesian context. However, it is imperative to 
underscore the requisite for subsequent experimental validation to 
affirm the efficacy of these epitopes in diagnostic applications. 
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INTRODUCTION 

Dengue virus (DENV), a member of the Flavivirus genus within the Flaviviridae 
family, represents a significant threat to public health in tropical and subtropical 
regions across Asia, America, Africa, the Pacific, and the Caribbean (Roy and 
Bhattacharjee, 2021; Jantakee et al., 2023). Human infection with DENV is primarily 
vectored by female Aedes mosquitoes, including Aedes aegypti and Aedes albopictus 
(Higa, 2011; Surendran et al., 2022). Classified into four serotypes (DENV-1, DENV-2, 
DENV-3, and DENV-4), these serotypes exhibit close phylogenetic relatedness, 
sharing approximately 65% amino acid identity (Tuiskunen Bäck and Lundkvist, 
2013; Harapan et al., 2020). The distinct serotypes of DENV contribute to a spectrum 
of health complications in humans, elevating the propensity for severe outcomes. 
Within Southeast Asia, dengue cases witnessed a 46% escalation from 2015 to 2019, 
reaching 658,301, while the mortality rate experienced a modest 2% decline (from 
1,584 to 1,555) during the same period (Utama et al., 2019). Indonesia, situated in 
Southeast Asia, grapples with endemic dengue infections, marked by sporadic 
outbreaks in various regions (Utama et al., 2019). Over the past five decades, 
Indonesia has observed a substantial increase in the incidence rate of dengue fever, 
exhibiting a cyclic pattern with peaks occurring approximately every 6 to 8 years, 
juxtaposed with a decreasing trend in the annual case fatality rate (Harapan et al., 
2019; Gan et al., 2021). 

The genomic composition of DENV comprises positive-sense single-stranded 
RNA (+ssRNA), encompassing three structural proteins (Envelope, pre-Membrane, 
Capsid) and seven non-structural proteins, including Non-Structural-1 (NS-1),  
NS-2A/2B, NS-3, NS-4A/4B, and NS-5 (Harapan et al., 2020; Hidayatullah et al., 
2020). The NS1 protein, a highly conserved glycoprotein (43–48 kDa), is prominently 
present in-patient serum during the early clinical phase of the disease, spanning from 
day 1 to day 9 following the onset of fever. Synthesized in the rough endoplasmic 
reticulum of infected cells, NS-1 initially exists as a hydrophilic monomeric protein, 
undergoing subsequent transformation into a more hydrophobic homodimer. NS-1 
manifests itself either intracellularly, at the plasma membrane, or through 
extracellular secretion. Notably, the presence of NS-1 at the plasma membrane 
contributes to its involvement in the immunopathological processes of infection. With 
the highest level of immunogenicity for inducing antibody formation, NS-1 can be 
detected as early as the second day of virus onset, thereby facilitating early diagnosis 
of dengue infection without relying on antibody formation (Rocha et al., 2017). 

Various laboratory diagnostic methods for DENV infection include real-time 
reverse transcription-polymerase chain reaction (RT-PCR) for viral nucleic acid 
detection, enzyme-linked immunosorbent assay (ELISA) for viral antigen detection, 
and hemagglutination inhibition (HI), complement fixation test (CF), neutralization 
test, and ELISA for anti-dengue virus antibody detection. Rapid Diagnostic Tests 
(RDTs) have recently been developed, relying on the detection of NS1 antigen and 
anti-dengue antibodies in patient blood. However, the production of these RDTs in 
Indonesia remains heavily reliant on imported NS-1 antibody products. Tailoring 
specific NS-1 antibodies based on prevalent DENV strains in Indonesia holds promise 
for enhancing the sensitivity and specificity of locally produced RDTs, thus mitigating 
misdiagnosis (Jones et al., 2017). To initiate the production of NS-1 DENV antibodies, 
the first step involves a bioinformatics investigation of NS-1 gene sequences derived 
from Indonesian patient isolates, serving as the foundation for subsequent NS-1 
antigen synthesis. 

This study employed an in-silico approach, utilizing B-cell epitope prediction 
tools from the Immune Epitope Database (IEDB) to identify B-cell epitopes within the 
DENV NS-1 protein. Subsequent molecular docking studies ascertain the binding 
affinity between the predicted epitope peptides and the B-cell receptor of  
Mus musculus. HPEPDOCK, as highlighted by Weng et al., (2020), emerged as the 
optimal program for protein−peptide docking in this comprehensive study.  
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The primary objective of this study was to scrutinize all Indonesian DENV serotype 
isolates, focusing on conserved regions in the NS-1 protein for preliminary 
investigations toward monoclonal antibody synthesis, with the aim of producing more 
sensitive and specific RDTs tailored for deployment in Indonesia. 

 
MATERIALS AND METHODS 

Study design 

This study employed an in-silico methodology, leveraging diverse online 
databases, platforms, websites, and software tools. The data collection occurred in 
September 2023, utilizing resources from the UniProt and NCBI databases. 
Subsequently, a thorough interpretation and comparative analysis were conducted, 
integrating comprehensive literature reviews and information from online 
repositories. 

Within the scope of this study, our analysis focused on the structural 
examination of the NS1 protein. We specifically engineered NS1 protein epitopes 
derived from dengue virus serotypes (DENV 1-4) originating from the Indonesian 
population. This analytical endeavor also encompassed the execution of peptide-
protein docking procedures. This investigative approach adhered to the framework 
elucidated by Abesamis et al., (2022) and Biswas et al., (2022), with necessary 
modifications introduced for methodological refinement. 

Analysis of Indonesian DENV NS1 protein sequences 

The amino acid sequences of NS1 proteins pertaining to each Dengue virus 
(DENV) serotype were retrieved from UniProt (https://www.uniprot.org/) and NCBI 
(https://www.ncbi.nlm.nih.gov/) based on their respective accession numbers. Only 
NS1 protein sequences originating from Indonesian isolates were selected and 
obtained in FASTA format from the extensive database search. Subsequent analysis 
of these sequences employed the MEGA X software, utilizing the ClustalW tool for 
multiple sequence alignment and phylogenetic tree generation. The processed data 
obtained from the databases underwent further examination through VaxiJen 2.0 
(https://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html), with a predefined 
threshold value set at 0.5. This step facilitated the prediction of antigenicity scores 
for the Indonesian NS1 protein corresponding to each DENV serotype. Notably,  
the sequences with the most recent year of data collection were selected as  
templates for the design of epitopes within the DENV NS1 protein. Each selected  
NS1 protein sequence, representing all DENV serotypes, was subsequently modelled 
into a three-dimensional structure in pdb format utilizing SWISSMODEL 
(https://swissmodel.expasy.org/). The resulting structures were subjected to 
detailed analysis using PDBsum (https://www.ebi.ac.uk/thorntonsrv/databases/ 

pdbsum/Generate.html) 

Prediction of B-cell epitopes 

For each NS1 protein sequence pertaining to the Dengue Virus (DENV) 
serotypes, B-cell epitopes were predicted using the Epitope Prediction tools available 
on the Immune Epitope Database and Analysis Resource (IEDB) platform 
(http://tools.iedb.org/main/bcell/). This prediction involved the utilization of 
Bepipred Linear Epitope Prediction, Emini Surface Accessibility Prediction, and 
Kolaskar & Tongaonkar Antigenicity Prediction. Subsequently, the identified B-cell 
epitope candidates were transferred to Microsoft Excel for the purpose of ascertaining 
consensus and unique epitopes across all DENV serotypes (DENV 1-4), as outlined in 
studies by Abesamis et al. (2022) and Adnan et al. (2020). Furthermore, the  
three-dimensional structural of each candidate epitope were predicted employing  
the PEPFOLD algorithm (https://mobyle.rpbs.univ-paris-diderot.fr/cgi-bin/ 

portal.py#forms::PEP-FOLD), followed by meticulous analysis through PDBsum 

https://www.ebi.ac.uk/thorntonsrv/databases/
https://mobyle.rpbs.univ-paris-diderot.fr/cgi-bin/
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(https://www.ebi.ac.uk/thornton-srv/databases/pdbsum/Generate.html), and 
visualization using pyMOL software (pymol.org), referencing the parameters outlined 
in Biswas et al. (2022) and Wibowo et al. (2022). Additionally, the allergenicity, 
antigenicity, and toxicity profiles of each epitope candidate were discerned through 
computational tools, namely AllerCatPro 2.0 (https://allercatpro.bii.a-star.edu.sg/), 
VaxiJen v2.0 (https://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html), and 
ToxinPred2 (https://webs.iiitd.edu.in/raghava/toxinpred2/batch.html), respectively. 

Protein receptor characterization and preparation 

In this study, we employed the B-cell antigen receptors sourced from  
Mus musculus (PDB ID: 8EMA) to predict epitopes intended for immunization of mice. 
Our subsequent research will focus on immunizing mice to elicit spleen-derived B 
cells that secrete antibodies against the NS1 DENV. These B cells will be fused with 
myeloma cells to generate hybridomas capable of producing monoclonal antibodies 
specific to the NS1 DENV antigen on a large scale. These antibodies are crucial for 
the development of Rapid Diagnostic Tests (RDTs). 

The protein information was extracted from the Protein Data Bank 
(http://www.rcsb.org/pdb). To ensure the integrity of our analysis, the protein 
structure underwent meticulous pre-processing through the removal of ligands, 
heteroatoms, and solvent molecules, executed using the Discovery Studio 2016 
Client application, culminating in the preservation of the structure in (.pdb) format. 
To further elucidate the intricate details of the protein-ligand binding sites, an 
exhaustive examination was performed using the PrankWeb tool (https://prankweb.cz/).  

Molecular docking 

The B-cell antigen receptor (8EMA) and its anticipated epitopes served as the 
receptor and ligand entities, respectively, in the conducted molecular docking 
investigation. The molecular docking procedure employed the HPEPDOCK algorithm, 
a tool demonstrated by Zhou et al., (2018). HPEPDOCK, a server distinguished for 
its hierarchical methodology, specializes in the blind docking of peptides to proteins. 
Within the docking algorithm, each identified peptide (epitope) was designated as a 
ligand, while the molecular structure of the B-cell was assigned as the receptor. The 
resultant binding affinities from each docking event were meticulously recorded. 
Subsequently, the PDB file format derived from the docking outcomes underwent 
pre-processing using both pyMOL software and Discovery Studio 2016 Client, 
facilitating the subsequent analytical stages.  

Protein-protein docking assessment and validation 

The interaction between the B cell antigen receptor and the predicted peptide 
(epitope) was determined using the Ligplot program integrated in PDBsum 
(https://www.ebi.ac.uk/ thorntonsrv/databases/pdbsum/Generate.html). Ligplot 
was used to examine the amino acid residues involved in the binding of protein-ligand 
complexes by 2-D schematic representation. Since the B-cell antigen receptor (8EMA) 
has no native ligand, ligand binding site prediction from protein structure was 
compared with the results from PrankWeb. These assessment and validation steps 
are necessary to provide better understanding about the functional behavior and 
potential interactions between epitope and B cell antigen receptor (Carbery et al., 2024).  

RESULTS  

Sequence analysis of Indonesian DENV NS1 protein 

In this study, a dataset encompassing 72 sequences of the Dengue virus 
(DENV) NS1 protein from Indonesian isolates were obtained. The dataset includes 
sequences with the oldest sampling recorded in 1978 and the most recent in 2019. 
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The sequences were systematically retrieved from authoritative repositories, 
including UniProt and NCBI, ensuring a balanced representation across all four DENV 
serotypes (DENV 1-4), with sequence counts of 23, 9, 22, and 18, respectively.  

The analytical framework employed MEGA X, a robust bioinformatics tool 
tailored for the scrutiny of biological sequences. The computational examination 
involved a meticulous assessment of the sequences, culminating in the computation 
of the overall mean distance. Subsequently, a phylogenetic tree was constructed 
through the execution of 1,000 replications using the bootstrap method and the 
unweighted group method with arithmetic mean (UPGMA). Figure 1 portrays the 
resulting phylogram, generated using MEGA X. The findings of this investigation 
reveal the presence of closely related protein sequences, as indicated by a discernible 
total mean distance of 0.02. This observation underscores the intricate evolutionary 
relationships inherent within the Indonesian DENV NS1 protein sequences, providing 
valuable insights into their phylogenetic interplay. 

The most recent collection data from each DENV serotype isolated in Indonesia, 
available in the online database, was chosen for further examination. Specifically, 
DENV-1, isolated in 2015 from Jambi (QBB90021.1), DENV-2, isolated in 2016 from 
Jambi (QBE90252.1), DENV-3, isolated in 2016 from Samarinda (QBB90023.1), and 
DENV-4, isolated in 2019 from Jember (UDW38833.1) were included in the analysis 
(Table 1, Figure 2). Subsequently, the VaxiJen v2.0 web-based server was employed 
to assess the antigenicity of each sequence. 

The SWISSMODEL web service was employed to predict the 3-dimensional 
configuration of DENV 1-4 proteins. The outcome of the prediction indicated that 
there are no notable distinctions in the 3-dimensional structure of DENV 1-4. In terms 
of secondary structure composition, the proportions of Sheet, Beta hairpins, Beta 
bulges, Disulphides, Helix-helix interactors, and overall trends in the 3-dimensional 
DENV 1-4 proteins exhibit identical compositions. The only variation observed lies in 
the quantities of compositions within Beta turns, Gamma turns, and Helix (Table 2). 
However, these differences in the three types of secondary structure were deemed 
inconsequential. 

The NS1 protein structure in all DENV subtypes consists of two protein chains, 
denoted as chains A and B, interconnected by distinct bonds. In the NS1 protein of 
DENV-1 and DENV-2, protein-protein interfaces exhibit a salt bridge, unlike DENV-3 
and DENV-4 where no such bridge is present (Figure 3). Analysis of interactions in 
DENV-1 and DENV-2 reveals three types: salt bridge bonds, hydrogen bonds, and 
non-bonded contacts. Specifically, DENV-1 displays one salt bridge interaction, 17 
hydrogen bond interactions, and 205 non-bonded contact interactions. In contrast, 
DENV-2 exhibits four salt bridge interactions, 29 hydrogen bond interactions, and 
247 non-bonded contact interactions.  

Conversely, analysis of DENV-3 and DENV-4 structures indicates only two types 
of interactions: hydrogen bonding and non-bonded contacts. DENV-3 and DENV-4 
each show 25 hydrogen bond interactions, with 263 non-bonded contact interactions 
in DENV-3 and 237 in DENV-4. These interactions arise from the collaborative activity 
of two chains, forming a 3-dimensional structure of the NS1 serotype protein across 
DENV 1-4. The varying abundance of bonds reflects the distinct interaction profiles 
observed in each NS1 serotype. 
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Figure 1. Analysis of evolutionary divergence of 72 sequences of the Non-Structural-1 
(NS1) protein from available Dengue virus (DENV) data. The outcomes were visualized 
in a phylogenetic tree, with branches representing partitions not shown if their 
bootstrap values (1000 replicates) were less than 0.50. 

Table 1. Selected sequences of Indonesian DENV NS1 protein. 

Serotype 
Accessions 

UniProt 
Collection Date Country 

Antigenicity  

Score 

DENV-1 QBB90021.1 2015 Jambi, Indonesia 0.5271 
DENV-2 QBE90252.1 2016 Jambi, Indonesia 0.6096 
DENV-3 QBB90023.1 2016 Samarinda, Indonesia 0.4869 
DENV-4 UDW38833.1 2019 Jember, Indonesia 0.4897 
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(A) 

 

(B) 

 
  
(C) 

 

(D) 

 
 

Figure 2. Predicted secondary structure of DENV NS1 protein Built by PDBsum.  
(A) DENV-1, (B) DENV-2, (C) DENV-3, and (D) DENV-4. 

 

Table 2. The motifs in secondary structure of DENV NS1 protein. 

Secondary Structure DENV-1 DENV-2 DENV-3 DENV-4 

Sheets 6 6 6 6 
Beta hairpins 6 6 6 6 
Beta bulges 3 3 3 3 
Strands 22 22 22 22 
Helices 8 8 7 8 
Helix-helix interac 1 1 1 1 
Beta turns 38 34 38 39 
Gamma turns 10 7 8 6 
Disulphides 6 6 6 6 
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A 

 

B 

 
C 

 

D 

 
 

Figure 3. Predicted protein-protein interface of DENV NS1 protein Models 
Built by PDBsum. (A) DENV-1, (B) DENV-2, (C) DENV-3, and (D) DENV-4. 
Red line indicates salt bridges, blue line indicates hydrogen bonds, and 
orange line indicates non-bonded contacts. 
 
B-cell epitope identification and conservancy analysis  

The IEDB server was employed for predicting epitopes in each DENV subtype 
using three prediction models: Bepipred Linear Epitope Prediction,  
Emini Surface Accessibility Prediction, and Kolaskar & Tongaonkar Antigenicity 
Prediction. The alignment outcomes for all identified epitope candidates in IEDB 
indicate the conservation of five epitopes across all DENV subtypes—specifically, 
WTEQYKFQADSP, HTWTEQYKFQ, VHTWTEQYKFQ, SQHNYRPGY, and RGPSLRTT 
(Figure 4). The 3-dimensional protein structure analysis of these epitope candidates 
reveals a composition of α-helix and random coil shapes (Figure 5). Furthermore, an 
additional set of 32 data points collected from Salatiga between 2019 and 2022, 
encompassing DENV1-4 serotypes (unpublished data), also confirms the presence of 
these same epitopes. 

 

  
Figure 4. The consensus and unique region across all dengue virus serotypes 
(DENV 1-4). 

(A) 

 

(B) 

 

(C)  

 

(D)  

 

(E) 

 

Figure 5.  The 3-dimensional structure of 5 candidate epitopes. (A) 
HTWTEQYKFQ, (B) RGPSLRTT, (C) SQHNYRPGY, (D) VHTWTEQYKFQ, and (E) 
WTEQYKFQADSP. 
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The assessment of allergenicity, antigenicity, and toxicity for each epitope 
candidate indicates that the SQHNYRPGY epitope exhibits optimal characteristics, 
specifically being Non-Allergen, Antigen, and Non-Toxin (Table 3). Evaluation of the 
five epitope predictions reveals that all five are non-allergenic, with antigenicity 
scores of -0.1449, -0.1544, -0.4471, 1.4265, and 0.3661. While the antigenic 
properties of four epitopes are non-antigenic, the SQHNYRPGY epitope stands out as 
antigenic. Additionally, toxicity analysis identifies the four epitopes as non-toxic, 
except for the RGPSLRTT epitope, which is classified as a toxin. Considering toxicity 
parameters is crucial to anticipate the characteristics of individual epitopes when 
introduced into the body, thereby preventing potential failures or instances of 
poisoning. 

Table 3. Potential B-cell epitopes of Indonesian DENV NS1 protein. 

Position Epitope 
Sequence 

Allergenicity Antigenicity Antigen/Non-
Antigen 

Toxicity 

26-35 HTWTEQYKFQ Non-Allergen -0.1449 Non-Antigen Non-Toxin 
28-39 WTEQYKFQADSP Non-Allergen -0.1544 Non-Antigen Non-Toxin 
25-35 VHTWTEQYKFQ Non-Allergen -0.4471 Non-Antigen Non-Toxin 
252-260 SQHNYRPGY Non-Allergen 1.4265 Antigen Non-Toxin 
294-301 RGPSLRTT Non-Allergen 0.3661 Non-Antigen Toxin 

 

Characterization B-cell antigen receptor 

This investigation utilized the B-cell antigen receptor sourced from  
Mus musculus (PDB ID: 8EMA) as the Receptor Binding Domain RBD, chosen through 
Ramachandran Plot analysis. The 8EMA protein was chosen due to 79.2% of its 
residues falling within the most favored regions of the Ramachandran plot, with an 
overall average G-factor of 0.16. Additionally, its resolution, as indicated by PDB ID 
8EMA, is satisfactory at 8.20 Å. According to PROCHECK analysis, the G-factor, ideally 
ranging from 0 to 0.5, signifies high-quality models (Elengoe et al., 2014). Evaluation 
of protein-ligand binding sites revealed 20 such sites on the 8EMA protein (Figure 6). 
Proteins engaging in binding interactions with other proteins or ligands typically 
possess specific regions for interaction. Prankweb is a website designed to aid in 
identifying or predicting these regions, determining which pockets are conducive to 
ligand binding on a protein. A pocket, resembling a sac, serves as a space for a ligand 
molecule to interact, consisting of various residue sequences, each playing a role in 
the interaction with the ligand molecule. Analysis of the 8EMA protein on Prankweb 
identified 20 pocket regions predicted as sites for ligand bonding.  

  
 

Figure 6. 8EMA protein-ligand binding sites pocket with Ramachandran plot. 
 



 

Open access freely available online NAT. LIFE SCI. COMMUN. 2024. 23(4): E2024049 

 

10 Natural and Life Sciences Communications: https:// cmuj.cmu.ac.th 

Molecular docking 

The HPEPDOCK server produced ten conformations, and the one exhibiting the 
highest binding energy score was selected (Figure 7). A lower binding energy 
indicates a stronger binding interaction between the B-cell receptor and the epitope. 
Table 4 displays the docking scores for peptide-receptor complexes.  

To explore the interactions between predicted epitopes and the B-cell receptor 
protein compound (8EMA), molecular docking was conducted. Analysis using the 
HPEPDOCK web service revealed that five epitopes are predicted to be securely 
anchored in the 8EMA protein structure, with docking energy values of -228,832 
kcal/mol, -203,593 kcal/mol, -216,141 kcal/mol, -215,566 kcal/mol, and -189,316 
kcal/mol for epitope models 1-5 (Table 4). The HTWTEQYKFQ epitope, for instance, 
forms hydrogen bond interactions with five amino acid residues of the 8EMA protein 
(A_Ser74, A_Asp71, A_Tyr120, R_Tyr53, and R_Asn74) and establishes non-bonded 
contact interactions with eight amino acids. The chains present on the B-cell antigen 
receptor are denoted by the letters A, B, C, D, and R.  

(A) 

 

(B) 

 
  
(C) 

 

(D)  

 

  
(E) 

 

 

 

Figure 7.  Docking simulation between protein-ligand interactions of B-cell 
antigen receptor from Mus musculus (PDB ID: 8EMA) and predicted epitope. (A) 
HTWTEQYKFQ, (B) RGPSLRTT, (C) SQHNYRPGY, (D) VHTWTEQYKFQ, and (E) 
WTEQYKFQADSP. 
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Table 4. Binding energy score between the B-cell Receptor (8EMA) and epitope 

No. Epitope Binding Affinity (kcal/mol) 

1 HTWTEQYKFQ -228.832 

2 WTEQYKFQADSP -203.593 

3 VHTWTEQYKFQ -216.141 

4 SQHNYRPGY -215.566 

5 RGPSLRTT -189.316 

 
Similarly, the RGPSLRTT epitope engages in hydrogen bond interactions with five 

residues (C_Ser67, C_Asn68, C_Arg111, D_Ala54, and D_Ile46) and non-bonded 
contact interactions with twelve residues. The SQHNYRPGY epitope forms hydrogen bond 
interactions with five residues (C_Arg111, C_Leu29, C_Leu109, D_Gln48, and D_Ile46), 
along with non-bonded interactions involving ten amino acid residues. The 
VHTWTEQYKFQ epitope establishes hydrogen bond interactions with three residues 
(A_Tyr120, A_Lys78, and R_Asn115) and non-bonded interactions with seven amino 
acid residues. Finally, the WTEQYKFQADSP epitope forms hydrogen bond interactions 
with six residues (A_Ser124, A_Tyr120, A_Lys78, A_Arg69, and R_Tyr53), and non-
bonded contact interactions with five amino acid residues (Figure 8). 

 
Figure 8. Residue bond formed of B-cell antigen receptor from Mus musculus (PDB ID: 
8EMA) and predicted epitope. An asterisk (*) denotes the amino acid residues involved in 
the binding of protein-ligand complexes. The letters A, B, C, D, and R represent the respective 
chains of the B-cell antigen receptor. The accompanying number specifies the position of the 
amino acid residue on the B-cell antigen receptor. The abbreviations for amino acids are as 
follows: Ser = Serine, Asp = Aspartic Acid, Tyr = Tyrosine, Arg = Arginine, Trp = Tryptophan, 
Gly = Glycine, Asn = Asparagine, Thr = Threonine, Gln = Glutamine, Pro = Proline, Ala = Alanine, 
Ile = Isoleucine, Lys = Lysine, His = Histidine, and Leu = Leucine. 
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DISCUSSION 

Constructing a phylogenetic tree serves as a model to understand the 
relationships and evolution of different sequences. Various algorithm models, 
including the UPGMA development model, are available for creating phylogenetic 
trees, with the UPGMA model being particularly known for its simplicity and quick 
study completion (Chen and Wang, 2022, p. 202). Analyzing 72 DENV NS-1 
sequences revealed slight variations between the serotypes, showcased by a 
phylogenetic tree with an overall mean distance value of 0.22 and a standard error 
of 0.02, based on 1000 bootstrap replications. These findings contribute valuable 
insights into the genome structure of the DENV virus, enabling researchers to focus 
on specific serotypes for rapid diagnostic test predictions. 

For further studies predicting rapid diagnostic test development, the latest data 
collection on DENV serotypes, specifically QBB90021.1 (DENV-1), QBE90252.1 
(DENV-2), QBB90023.1 (DENV-3), and UDW38833.1 (DENV-2), was selected. 
Antigenicity evaluation using the VaxiJen v2.0 web service indicated differing 
antigenicity values among the serotypes, with DENV-1 and DENV-2 exceeding 0.5, 
while DENV-3 and DENV-4 fell below 0.5. Subsequently, a 3-dimensional structure 
was constructed for DENV 1-4 proteins using the Swiss-model web service, revealing 
structural similarities with variations in secondary structure elements. Analyzing 
interactions in the protein structures through PDBsum identified various bond 
interactions, such as salt bridges, hydrogen bonds, and non-bonded contacts. 
Stability assessments indicated predominant non-bonded contacts. 

 Epitope prediction for NS1 proteins of DENV 1-4, conducted using the IEDB 
web service, identified five conserved epitopes: WTEQYKFQADSP, HTWTEQYKFQ, 
VHTWTEQYKFQ, SQHNYRPGY, and RGPSLRTT. Subsequent analyses of allergenicity, 
antigenicity, and toxicity determined that the SQHNYRPGY epitope is antigenic, while 
RGPSLRTT is toxic. Molecular docking simulations indicated that all five epitopes 
exhibit favorable binding abilities, as evidenced by low binding energy values and the 
presence of hydrogen bonding interactions, suggesting strong protein-ligand 
complexes. 

The binding energy value quantifies the energy required for the ligand (epitope) 
and the receptor (B-cell antigen receptor) to form a bonding interaction; lower or 
more negative values indicate a more favorable and easier bonding interaction 
(Boyles et al., 2020; Jones et al., 2021). Additionally, the analysis of bond 
interactions must consider hydrogen bonds in protein-ligand complexes, as these 
significantly impact the stability of the ligand binding structure. Consequently, the 
presence of residues in the active site is crucial for determining the optimal 
interaction (Bitencourt-Ferreira et al., 2019; Madushanka et al., 2023). The 
investigation shows that each predicted epitope has approximately five to six amino 
acid residues that form hydrogen bonds. Integrating the results from antigenicity 
analysis and docking simulations, epitope 4 (SQHNYRPGY) emerged as the most 
favorable and recommended candidate due to its antigenic properties, non-toxicity, 
non-allergenicity, and lower binding affinity. 

Epitope mapping and bioinformatics analysis have revealed that the predicted 
epitopes encompass highly conserved regions of the NS1 proteins across all DENV 
serotypes. Epitopes that demonstrate antigenic properties without exhibiting toxicity 
can enhance the immunization process by eliciting a rapid B-cell response to produce 
specific antibodies (Kim et al., 2018; Salcedo et al., 2022). In our subsequent study, 
we will utilize these epitopes in the immunization of mice and the generation of 
hybridomas to discover specific monoclonal antibodies, facilitating the development 
of Rapid Diagnostic Tests (RDTs). 

In conclusion, these comprehensive analyses support the recommendation to 
include at least four conserved epitopes from all DENV serotypes, especially from 
Indonesia, in the development of Rapid Diagnostic Tests for enhancing the sensitivity 
and specificity of locally produced RDTs.  
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CONCLUSION 

This research involved the docking of five epitope candidates, which are 
conserved across all DENV serotypes, to the B-cell protein RBD, demonstrating a 
strong binding affinity. Additionally, an analysis of antigenicity, allergenicity, and 
toxicity profiles of these epitopes indicates that the SQHNYRPGY epitope is 
anticipated to enhance the creation of sensitive and specific Rapid Diagnostic Tests 
(RDTs) for detecting DENV in Indonesia. In conclusion, our findings have the potential 
to expedite the development of effective RDTs for all DENV serotypes, utilizing the 
NS1 protein, through further in vitro investigations in Indonesia. 
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