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The E glycoprotein of dengue virus is responsible for the viral binding to the receptor. The crystal 
structure of envelope glycoprotein has already been determined. However, where the well-defined B-
cell and T-cell epitopes are located is still a question. Because of the large variations among the four 
dengue genotypes, it is very hard to design conserved epitopes for all of them. Therefore, we selected 
only one genotype (DENV3). The conserved regions were found in more than 600 DENV E glycoprotein 
sequences. Both the B-cell and T-cell epitopes were predicted and the hydrophobicity, antigenicity, 
accessibility and flexibility of the highly conserved E glycoprotein were further predicted by using 
different bioinformatics algorithms. The secondary structure was obtained and the predicted epitopes 
were pointed out in it. Binding sites on glycoprotein of DENV-3 for attachment of virus to the receptor 
was identified, while keeping those attachments in which new drugs for dengue related infections could 
not be designed. 
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INTRODUCTION 
 
Approximately, 3 billion people are at risk of acquiring 
dengue viral infection in more than 100 countries in 
tropical and subtropical regions. Annually, it is estimated 
that 100 million cases of dengue fever (DF) and half a 
million cases of dengue haemorrhagic fever/dengue shock 
syndrome (DHF/DSS) occur worldwide resulting in 
approximately 25,000 deaths (WHO, 2002). Dengue is 
caused by any of four related viruses (DENV-1, -2, -3 and 
-4) transmitted by mosquitoes.  Dengue  virus  (DENV)  is  
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an ssRNA positive-strand virus of the family Flaviviridae; 
genus  Flavivirus. There are four serotypes of DENV. The 
virus has a genome of about 11000 bases that code for 
three structural proteins: C, prM and E; seven non-
structural proteins: NS1, NS2a, NS2b, NS3, NS4a, NS4b 
and NS5; and short non-coding regions on both the 5' 
and 3' ends (Mackenzie et al., 2004). No prophylactic 
vaccine is currently available to prevent infection of 
DENV and the most effective protective measures are 
those that avoid mosquito bites. There are many ongoing 
vaccine development programs. Among them is the 
Pediatric Dengue Vaccine Initiative set up in 2003 with 
the aim of accelerating the development and introduction 
of dengue vaccine(s) that are affordable and accessible 
to poor children in endemic countries (Halstead and Deen, 
2002). Increased efforts are therefore needed in the 
development of an effective vaccine against DENV. The 
envelope E glycoprotein having 495 amino acids was 
reported to play an important role  in  the  DENV  attachment  
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Table 1. Predicted B-cell epitopes of DENV-3 glycoprotein E. 

 

S/N Start Position Sequence End Position 

1 17 GATWVDVVLEHGGCVT 32 

2 50 ATQLATLRKLCIE 62 

3 87 DQNYVCKHTY 96 

4 210 WFFDLPLPW 218 

5 232 KELLVTF 238 

6 244 KKQEVVVLG 252 

7 315 HGTILIKV 322 

8 350 ITANPVVT 357 

9 422 SVGGVLN 428 

 
 
 

to the host cell receptors and entry into the target cells 
(Roehrig, 1997). Therefore, it is one of the most valuable 
candidate proteins for the development of DENV vaccine. 
With the development of bioinformatics, we havesome 
tools and methods to study the rules in the variation of E 

glycoprotein based on the fact that as an important 
structural protein, there must be some conservative 
regions to maintain its function and structure, and by the 
analysis of huge number of sequences of envelop 
protein, we may find some rules in the variation and then 
can predict the future sequence and structure to design 
new vaccine for the prevention of DENV infection. Para-
meters such as hydrophobicity, flexibility, accessibility, 
antigenicity and exposed surface of polypeptide chains 
have been correlated with the location of continuous 
epitopes in a few well characterized proteins. Web servers 
and other softwares were used in our study. 
 
 
MATERIALS AND METHODS   
 
Searching for serotype sequences of DENV-3 

 
We searched the National Center for Biotechnology Information 
(NCBI) website for the E glycoprotein of Dengue serotype 3. Total 
number of sequences found was 1217, in which more than 600 
were randomly selected. The sequences format utilized for saving 
downloaded E protein sequences in each DENV serotypes was 
FASTA format. This format was submitted for query of further 
analysis. All the selected sequences were compared to find muta-
tional and conservative regions by using Clustal W software 
(Thompson et al., 1994).  
 
 
B-cell epitopes of E DENV-3 protein prediction  
 
B cell epitopes prediction was done by using Antigen Prediction 
server, which can be accessed freely in their website at 
http://bio.dfci.harvard.edu/Tools. Antigenic peptides are determined 
using the method of Kolaskar and Tongaonkar (1990). Antigen 
Prediction server needs protein sequence data as its input for B cell 
epitope prediction. The prediction result was peptide sequences 
with their start and end position in the E DENV-3 protein sequences. 

T-cell epitopes of E DENV-3 protein prediction 

 
T cell epitopes prediction was done with a neural network based 
MHC Class-I Binding Peptide Prediction Server (nHLAPred) 
(Bhasin and Raghava, 2006). The server website is 
http://www.imtech.res.in/raghava/nhlapred/. nHLAPred needs data 
input  of  E DENV-3  protein  sequences  in   order   to   predict   the 
epitope. The epitope determination was done based on amino acid 
sequences selection which have the highest binding score. 
 
 

Secondary structure prediction 
 
Secondary structure of E DENV-3 was predicted using SOPMA 
library (Geourjon and Deléage, 1995), which can be accessed by 
going to their freely available server (http://npsapbil.ibcp.fr/cgi-
bin/npsa_automat.pl?page=/NPSA/npsa_hnn.html). 
 
 
Hydrophobicity, accessibility, flexibility and antigenecity of E 
DENV-3 
 
Protein package in DNASTAR software (Burland, 2000) helps to 
predict and display different patterns, like secondary structural 
characteristics and physicochemical properties of protein seq-
uences via its comprehensive suite of protein analysis tools. 
Protein's simple, elegant and graphical user interface can also help 
us locate antigenic determinants and predict protease digestion 
patterns.  
 
 
Template inquiry and tertiary structure homology modeling 

 
The complete x-ray crystallographic structure of the Dengue virus 
type-3 envelope glycoprotein is known and well characterized 
(Modis et al., 2005). The structure was downloaded from Protein 
Data Bank (PDB ID: 1UZG.pdb) and was further studied with the 
help of SWISSPDB viewer (Guex and Peitsch, 1997) and Chimera 
(Pettersen et al., 2004).  
 
 
RESULTS 
 

B-cell and T-cell epitopes prediction 
 
The predicted results for  both  antigenic  peptides  of  the 
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Table 2. Predicted T-cell epitopes of DENV-3 glycoprotein E. 

 

HLA sites Peptides position 

HLA-A2 106-114 171-179 291-299 

HLA-A11 30-38 237-245 274-282 

HLA-A24 298-306 388-396 479-487 

HLA-B51 204-212 210-218 389-397 

HLA-B60 48-56 181-189 254-262 

HLA-B62 412-420 45-53 268-276 

 
 
 

envelope glycoprotein for DENV-3 are shown in Tables 1 
and 2. The B-cell (Table 1) and the T-cell epitopes (Table 
2) of the glycoprotein of DENV-3 were predicted by using 
freely accessible online servers.  
 
 

Protein sequence analysis 
 
The   results    obtained   from   the   protein   package  in 
DNASTAR software is shown in Figure 2. Algorithms 
used in this analysis were hydrophobicity plot (Kyte and 
Doolittle, 1982), flexible regions (Karplus and Schultz, 
1985), antigenic index (Jameson and Wolf, 1988) and 
surface accessibility (Emini et al., 1985).   
 
 

Structure prediction 
 
Secondary structure was predicted using SOPMA server 
shown in Figure 1. In the result, it was observed that 
20.89% regions in the structure was alpha helix, 6.09% 
was beta turns and 40.57% was coils. The result was 
approximately similar in all the sequences. As there was 
no big difference in the sequences, it was thought that 
the conserved regions maintained the special structure of 
E glycoprotein of DENV-3. The tertiary structure was 
retrieved from the PDB server (PDB ID: 1UZG.pdb) 
(Figures 3A and B).  
 
 

DISCUSSION  
 
As a result of the great mutation sites, it is very hard to 
design specific drug for dengue related infections (Aquino 
et al., 2008). However, many researchers are trying to 
find out a way to develop drug for treatment and vacci-
nation of dengue infections (Anthony et al., 2009). E 
DENV-3 proteins were chosen because of their high 
prevalence and death-cause of many individuals in the 
Pakistani region (Jamil et al., 2007). This is the reason 
that we focused on type 3 of dengue virus. A better drug 
can be designed if individual serotype is studied.   

In the current study, we analyzed dengue virus variant 
region of polyprotein, that is, envelope protein. The nature 
More than 600 envelop glycoprotein  sequences  were  of  

 
 
 
 
this protein was analyzed with computational software 
.aligned, some variable regions were found. It was 
observed that 75.2% of the bases were conserved and 
the mutation rate was approximately 20%. A large 
number of conservative sites were found in the 
glycoprotein. Great number of polar amino acids (Ser, 
Thr, Asn and Gln) were observed, while glycine was 
reported as the most available amino acid in the 
conserved regions.  

On the basis of prediction of secondary structure, 
hydrophilicity,   accessibility,    antigenicity   and  flexibility  
methods were selected to predict the epitopes. We have 
also found some highly conserved antigenic epitopes 
present in the protein, which may be useful for the 
diagnosis of different variants of dengue. Both B-cell and 
T-cell epitopes of dengue virus type 3 envelop E glyco-
protein were developed by bioinformatics approaches, 
the sequences at 37-66, 80-121, 183-228 and 242-279 
amino acid (aa) for dengue virus type 3 were predicted as 
the more prevalent epitopes by using multiple parameters 
and different analysis softwares, respectively. The amino 
acid sequences with high binding score have a high 
possibility of inducing antibody response (Tambunan et 
al., 2009). In this study, the sequences selected not only 
have higher scores in the average antigen index (AI), 
which could predict the antigen epitope of envelop glyco-
protein E, but also showed better hydrophilic properties. 
The Basic Local Alignment Search Tool (BLAST)  and  
Vector Alignment Search Tool (VAST) score results  of  
the  vaccines by Tambunan et al. (2009)  have  shown  
more  than  90% identity  with  E  DENV2  and  DENV3  
protein. 

In the protein secondary structure prediction, it was 
seen that there are β-turn and alpha-helix regions, which 
are stable structure beside conservative sites, such as 
53-63, 116-121, 256-267, 326-334, 425-438 and 450-459. 
So it was thought that, it is these regions that maintain 
the stable structures of envelop protein. Despite the fact 
that the DENV envelop is the most variable region of the 
genome, some conservative sites were still found and the 
possible B-cell and T-cell epitopes were predicted. The 
peptides of E-protein explained herein compared with other 
well documented epitopes (Rangel et al., 2009) are 
potentially relevant for the development of an effective 
vaccine for the dengue virus.  
 
 
Conclusion 
 
In this research, some epitopes in the structural protein of 
dengue virus type 3 variants was predicted. The conser-
ved epitopes may be useful for the diagnosis of the 
dengue type 3 variant. It is believed that all of these 
findings will prompt the development of dengue vaccine 
and more research should be focused on the structure of 
E glycoprotein and its interaction with antibody with the 
method of molecular dynamics and molecular model
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Figure 1. Secondary structure of DENV-3 glycoprotein E. 
 
 
 

 
 
Figure 2. Hydrophobicity, flexibility, antigenicity and surface probability of the DENV-3 glycoprotein E. 
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Figure 3 (A): Tertiary structure of the DENV-3 glycoprotein E. 

 
 
 

 
 
Figure 3 (B): Visualizing epitopes positions in Tertiary structure of the DENV-3 glycoprotein E. 

 
 
 

The predicted epitopes may be used for vaccine develop-
ment against dengue hemorrhagic fever. 
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