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1. Introduction

   Dengue hemorrhagic fever is one of the most important 
emerging tropical diseases in the 21st century[1]. In the later part 
of the 20th century, globalization and rapid urbanization of many 
developing tropical countries produced increased transmission 
and hyperendemicity of the disease[2]. World Health Organization 
estimates that there are as many as 50 million cases of dengue 
infection worldwide and global warming provide a significant 
selective advantage for dengue infection spreading into new areas[3]. 
Dengue infection is caused by dengue virus (DENV) and belongs to 
the genus Flavivirus in the family Flaviviridae. 
   Recent survey reveals that there are 50 million dengue cases 

reported so far and approximately 2 billion people lives in 
the dengue endemic countries. The prevalence of dengue has 
dramatically increased in the recent years and it is now endemic 
over 100 countries like, Africa, America, Malaysia, Thailand, India, 
South East Asia and Western Pacific. The first dengue hemorrhagic 
fever was reported in Thailand and Philippines in 1950 where the 
first two DENV serotypes were identified, followed by third and 
fourth serotypes in 1954[4,5]. These four serotypes were recognized 
based on their antigenicity and immunogenic property in the human 
body.
   The DENV has the inner nucleocapsid made of the viral genome 
and C protein. The nucleocapsid is surrounded by viral membrane in 
which the E protein is embedded. DENV genome is a single stranded 
RNA which is translated into a single polyprotein containing three 
structural proteins and seven non-structural proteins. The structural 
proteins are capsid protein C, membrane protein M and envelope 
protein E[6]. Seven NS proteins include NS-1, NS-2A, NS-2B, NS-3, 
NS-4A, NS-4B and NS-5 that are found only in the infected host 
cells where they are required for replication of the virus. Among 
the three structural proteins, the E protein is considered as the most 
obvious attractive target for the development of drugs and peptide 
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vaccine candidates for the prevention of dengue. Among the seven 
NS proteins, NS-2A, NS-2B, NS-4A and NS-4B are involved in the 
anchoring of various particles in the membrane[7]. NS-1, NS-3 and 
NS-5 are involved in the synthesis of virus particles directly in 
the host cell. Therefore, these three NS proteins are the target of 
the study. NS-1 is a soluble protein detected very early during the 
infection, which regulates the replication of virus. NS-3 acts as the 
indicator protease molecule at the time of dengue infection and this 
molecule is also considered as the dengue protein target used to 
drug design for dengue. NS-5 is the most conserved dengue protein 
concerned with synthesis of RNA genome of DENV and plays an 
important role in the dengue pathogenesis[8]. Therefore, E proteins 
and NS-1, NS-3 and NS-5 have been selected for the present study.

2. Materials and methods

2.1. E and NS proteins

   The search for E and NS protein sequences of four DENV serotypes 
(DENV 1-4) was done by accessing Viral Bioinformatics Resource 
Center (http://www.athena.bioc.uvic.ca/). The sequences format that 
was utilized for saving downloaded E and NS protein sequences in 
each DENV serotypes was FASTA format. This format was submitted 
for query of further analysis by Glide 6.3 module of Schrodinger 
suite[9].

2.2. Computational methods with Glide version 6.3

   All computational studies were carried out using Glide version 6.3, 
installed in a single machine running on Intel Core i7 Duo processor 
with 1GB random access memory and 275 GB hard disk with Black 
Dell Inspiron version 7.0 as the operating system.

2.3. Phylogram analysis

   The amino acid sequences obtained from individual sequencing 
reactions were combined for analysis and edited using the Auto 
Assembler 2.1 software (Perkin-Elmer Corp.-Applied Biosystems 
Inc.). Multiple alignments of sequences from the GenBank library 
were performed using the ClustalW 1.81 algorithm with default 
parameters[10]. A phylogram tree was constructed using the neighbor 
joining method[11], maximum likelihood distance parameters 
(Kimura two-parameter formula) and the Molecular Evolutionary 
Genetics Analysis software package[12].

2.4. Homology modeling

   Homology analysis of E and NS proteins of dengue serotypes 
was accomplished by BLASTP to find out the similarity within the 
respective strains using Deep View/Swiss Pdb-Viewer3.7 (SP5) and 
Swiss Model server[13].

3. Results

3.1. E and NS proteins of DENV serotypes 

   E protein was basically formed by 495 amino acids residues. This 
number was not constant for all four serotypes. DENV-1 and DENV-4 
had 495 amino acids in their sequences and DENV-3 showed 493 
whereas only 480 amino acids were found in the case of DENV-2. 
This variation in the number was due to the deletion of some of the 
amino acids in their sequences in the middle or at the tail end. All the 
amino acids in the sequences of four serotypes were not similar and 

showed variations. This variation was due to the mutations occurred 
in the position of some of the amino acids in the sequences. The 
replaced amino acids were qualitatively similar in their properties 
and characters of replaced amino acids. The NS proteins were 
formed by 295 to 352 amino acids residues. NS-1 showed 352 amino 
acids residues and NS-3 showed 322 whereas NS-5 had 295 amino 
acids residues.

3.2. Analysis of E proteins

   The phylogram deduced from the E protein sequences of four 
dengue serotypes indicated a close relationship among DENV-1 
and DENV-3 forming a single cluster whereas DENV-2 and DENV-4 
formed another cluster. Thus, the DENV serotypes formed two 
clusters (Figure 1). 

Dv-1:0.10938
Dv-3:0.10360 Dv-2:0.15099

Dv-4:0.20110

Figure 1. Phylogram for DENV 1-4.

   A BLASTP analysis was carried out and it indicated the relationship 
among the dengue strains within the dengue serotypes[6]. In DENV-1, 
100% identity was observed in 15 strains and other strains showed 
99% identity. In DENV-3, 100% identity was observed in few strains 
and 99% in most of the cases. In DENV-2, all the strains showed only 
99% identity. In DENV-4, very few strains showed 100% and 99% 
whereas most of the others showed 98% identity. 

3.3. Analysis of NS proteins

   Among the seven NS proteins, NS-1, NS-3 and NS-5 were 
considered to be more important in the drug development for the 
dengue disease treatment and management. NS-1 protein was formed 
by 352 amino acids residues in the proteome of DENV. BLASTP 
analysis of NS-1 protein molecules indicated the homology ranging 
from 95% to 100%. Out of 20 NS-1 sequences, only one showed 
100% homology, while others were 99%, 98%, 97% respectively. 
NS-3 protein was formed by 322 amino acid residues. Out of 20 
sequences studied, only one showed 100% similarity, and others 
were found to be 98%. NS-5 protein of the DENV proteome was 
formed by 295 amino acid residues (Tables 1-3 and Figures 2-4). 
Homology analysis of this protein showed 100% homology 
in all sequences. Thus among the NS proteins studied, NS-5 
sequences showed more homology than that of NS-1 and NS-3.  

Table 1 
BLASTP analysis of protein sequence of NS-1 proteins.

Sample No. Accession number Identify percentage 

1.    AAD115320.1 100

2. AAD11531.1   99

3. AAD11533.1   99

4. CAA35218.1   99

5. CAA48937.1   99

6. AAB48937.1   99

7. AAB48936.1   99

8. AAB48938.1   99

9. CAA35219.1   98

10. CAA35220.1   98

11. AEQ54950.1   98

12. ACT68376.1   98

13. ACT68377.1   98

14. ACT68378.1   98

15. ABS19903.1  98

16. ABF83699.1  98

17.  AAW69297.1  97

18. AGF00077.1  97

19. AAL58460.1  97

20. AAA42944.1  97
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Table 2 
BLASTP analysis of protein sequence of NS-3 strains.

Sample No. Accession number Identify percentage 

1.  AAB22972.1 100

2. NP739587.2  98

3. AHB63926.1  98

4. ACH61768.1  98

5. AAF29146.1  98

6. AAF29149.1  98

7. ACH61768.1  98

8. AAD32955.1  98

9. ACA48809.1  98

10. ACJO4237.1  98

11. ACA49042.1  98

12. ACY70823.1  98

13. ACW82910.1  98

14. ACO06134.1  98

15. ACN42704.1  98

16. ACL99224.1  98

17. ACL99223.1  98

18. ACL99161.1  98

19. ACL99119.1  98

20. ACQ44491.1  98

Table 3 
BLASTP analysis of protein sequence of NS-5 strains.

Sample No. Accession number Identify percentage 

1. AFM29507.1 100

2. AAM51540.1 100

3. AAM51542.1 100

4. AGH08163.1 100

5. ADV76219.1 100

6. AEA50923.1 100

7. ABV03585.1 100

8. ACL99076.1 100

9. ACL99068.1 100

10. ACL99046.1 100

11. ACJ04219.1 100

12. ADA60763.1 100

13. AEF01546.1 100

14. AEE99026.1 100

15. ADK26427.1 100

16. ACS31996.1 100

17. ACQ44321.1 100

18. AAM51544.1   99

19. ADG22007.1   98

20.     YP001531176.2   98
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Figure 2. BLASTP analysis of protein sequence of NS-1 proteins.
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3.4. Structure of E proteins

   DENV-1 E protein was formed by 495 amino acid residues. The 3D 

structure of the E protein showed 36 strands with 9 helices and 57 

turns. This structure was stabilized by 331 hydrogen bonds (Table 

4). Five possible ligand binding sites were located on the surface of 

DENV-1 protein molecule. The score of the five binding sites was 

ranging from 0.997 to 1.097. The binding site-2, which secured the 

highest score of 1.097, was identified as the active binding site for 

the ligand (Table 5 and Figures 5a-5b). 

Table 4
Characteristics features of E and NS proteins of DENV.

Characters DENV-1 DENV-2 DENV-3 DENV-4 NS-1 NS-3 NS-5

Hydrogen bonds 331 280 329 327 52 205 161

Helices     9   12    9    9   1  12  15
Strands   36   41  36  36  11  16  10
Turns   57   52  56  57  11  40  26

   DENV-2 E protein was formed by 480 amino acid residues, 41 

strands, 12 helices and 52 turns (Table 5) in which the structure was 

stabilized by 280 hydrogen bonds. In DENV-2 E protein molecule, 

five possible ligand binding sites were located on the surface of 

E protein molecule (receptor). The binding site score of the five 

binding sites were calculated which was ranging from 0.957 to 

1.068. The binding site-4, which secured the highest score of 1.068, 

was selected as the active binding site for the ligand (Table 5 and 

Figures 6a-6b).

   DENV-3 E protein which was formed by 493 amino acid residues, 

showed 36 strands, 9 helices and 56 turns and the molecule was 

stabilized by 329 hydrogen bonds (Table 5). In DENV-3 E protein 

molecule, five possible ligand binding site were located on the 

surface of E protein molecule (receptor). The score of the five 

binding sites were ranging from 0.981 to 1.338. The binding site-4, 

which secured the highest score of 1.338, was the active binding site 

for the ligand (Table 5 and Figures 7a-7b).
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Figure 3. BLASTP analysis of protein sequence of NS-3 strains.

Protein sequence (352 letters)
          RID        BOBYEWMXO15 (Expires on 12-18 17:39 pm)
   Query ID        lcl 13899
Description       None
Molecule type   amino acid
Query Length    322

Database N-ame    nr
     Description       All non-redundant GenBank CDS translations+POB+SwissProt+PIR+RPF excluding
                               environmental samples from WGS projects
         Program        BLASTP  2.2.28+            Citation

Home
BLAST

Recent Results Saved Strategles Help
Basic Local Alignment Search Tool

Table 5 
Prediction of ligand binding sites and identification of active sites of E and NS proteins.

DENV-1 E protein Score DENV-2 E protein   Score DENV-3 E protein Score DENV-4 E protein Score NS-1 Score NS-3 Score NS-5 Score
Site-2     1.097 Site-4      1.068 Site-4      1.338 Site-4      1.296 Site-1 0.574  Site-1     1.067  Site-2  1.091
Site-5   1.080 Site-5      1.054 Site-2       1.117 Site-2      1.051 Site-2 0.548  Site-2    1.030  Site-1 0.940
Site-1 1.029 Site-3     1.035 Site-1       1.030 Site-1     0.997  Site-3   1.002  Site-4 0.777
Site-4     1.004 Site-2     0.979 Site-5       1.006 Site-3    0.994  Site-4    0.891  Site-3 0.760
Site-3 0.997 Site-1 0.957 Site-3 0.981 Site-5 0.782  Site-5 0.716  Site-5 0.706
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Figure 4. BLASTP analysis of protein sequence of NS-5 strains.
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Figure 5. 3D structure of E protein from DENV-1 (a), DENV-1 E protein molecule showing possible ligand binding sites (b), DENV-1 E protein showing 

the amino acid residues lined around the binding site (c).
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   DENV-4 E protein was formed by 495 amino acid residues. The 

3D structure of the E protein showed 36 strands with 9 helices and 

57 turns and the molecular structure was stabilized by 327 hydrogen 

bonds (Table 5). In DENV-4 E protein molecule, five possible ligand 

binding sites were located on the surface of E protein molecule 

(receptor). The score of the five binding sites were ranging from 

0.782 to 1.296. The binding site-4, which secured the highest score 

of 1.296, was the active binding site for the ligand (Table 5 and 

Figures 8a-8b).

3.5. Structure of NS proteins

   NS-1 protein was formed by 352 amino acid residues. The 3D 

structure of the NS-1 protein showed 11 strands with 12 helices and 

46 turns and the molecular structure was stabilized by 52 hydrogen 

bonds (Table 5). In NS-1 protein molecule, two possible ligand 

binding sites were located on the surface of NS-1 protein molecule 

(receptor). The binding site-1, which secured the highest score 

of 0.574, was the active binding site for the ligand (Table 5 and 

Figures 9a-9b).

   NS-3 protein formed by 322 amino acid residues, showed 16 

strands, 12 helices and 40 turns. This structure was stabilized by 205 

hydrogen bonds (Table 4). In NS-3 protein molecule, five possible 

ligand binding sites were located on the surface of NS-3 protein 

molecule (receptor). The binding site score of the five binding sites 

was ranging from 0.716 to 1.067. The binding site-1, which secured 

Figure 7. 3D structure of E protein from DENV-3 (a), DENV-3 E protein molecule showing possible ligand binding sites (b), DENV-3 E protein showing 

the amino acid residues lined around the binding site (c).
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Figure 6. 3D structure of E protein from DENV-2 (a), DENV-2 E protein molecule showing possible ligand binding sites (b), DENV-2 E protein showing 
the amino acid residues lined around the binding site (c).
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Figure 8. 3D structure of E protein from DENV-4 (a); DENV-4 E protein molecule showing possible ligand binding sites (b), DENV-4 E protein showing 

the amino acid residues lined around the binding site (c).
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the highest score of 1.067, was the active binding site for the ligand 

(Table 5 and Figures 10a-10b).

   NS-5 protein was formed by 295 amino acid residues, 10 strands with 

15 helices and 26 turns. The 3D structure is stabilized by 161 hydrogen 

bonds (Table 4). In NS-5 protein molecule, five possible ligand binding 

sites were located on the surface of NS-5 protein molecule (receptor). 

The score of the five binding sites were ranging from 0.706 to 1.091. 

The binding site-2, which secured the highest score of 1.091, was the 

active binding site for the ligand (Table 5 and Figures 11a-11b).

3.6. Binding site

   The active binding site of DENV-1 E protein molecule was 

surrounded by 17 amino acids in which 13 of them were hydrophobic 

(Figure 5c). In the active binding site of DENV-2 E protein, 17 amino 

acids were surrounded the pocket; 13 of them were hydrophobic 

nature (Figure 6c). The active binding site of DENV-3 showed 22 

amino acids from which 20 of them were hydrophobic indicating the 

high affinity between the receptor and ligand molecules (Figure 7c). 

In the E protein of DENV-4, the active binding site was lined with 

19 amino acids from which 18 of them were hydrophobic (Figure 

8c). The pocket of the NS 1 active binding site was surrounded by 13 

amino acids. Only three were hydrophobic (Figure 9c). This NS-1 

protein may not show effective binding during docking. In NS-3 

molecule, the active binding site was lined with 22 amino acids from 

which only 7 of them were hydrophophic indicating loose binding 

Figure 11. 3D structure of NS-5 protein from DENV (a), DENV NS-5 protein molecule showing possible ligand binding sites (b), DENV NS-5 protein 
showing the amino acid residues lined around the binding site (c).
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Figure 10. 3D structure of NS-3 protein from DENV (a), DENV NS-3 protein molecule showing possible ligand binding sites (b), DENV NS-3 protein 

showing the  amino acid residues lined around the binding site (c).
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Figure 9. 3D structure of NS-1 protein from DENV (a), DENV NS-1 protein molecule showing possible ligand binding sites (b), DENV NS-1 protein 

showing the  amino acid residues lined around the binding site (c).
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during docking (Figure 10c). In NS-5 molecule, the active binding 

site was surrounded by 18 amino acids from which 10 of them were 

hydrophobic (Figure 11c). 

4. Discussion

   The study of homology is very important from the dendrogramic 
point of view. Homology indicates the evolution of polymorphic 

genotypes. Different serotypes evolve from a single basic genotype 

through the mutation occurred in a single or a group of amino 

acids in the sequences. This may occur in the middle or the end 

of the sequence. This phenotypic change of the amino acids may 

be due to the need based and environmentally related process. 

This development of diversity is found in various kinds of living 

organisms in the world. Similar evolution also has occurred in 

the genome and proteome of Flavivirus causing dengue fever and 

resulted in the evolution of four serotypes like DENV-1, DENV-2, 

DENV-3 and DENV-4. The E protein of the DENV is basically formed 

by 495 amino acid residues. However, the number of amino acids 

in all the four types is not similar. All 495 amino acids are found in 

DENV-1 and DENV-4. DENV-3 showed 493 after the deletion of two 

amino acids in the sequence and 480 amino acids are found in the 

case of DENV-2 due to the deletion of 15 amino acids either in the 

middle or the end of the sequence. Such a kind of analysis and in 

depth study in this area has not been carried out in the recent past. 

Based on the dendrogram, in the present study it has been concluded 

that dengue serotypes 1, 3 and 2 formed a single group and the 

fourth one is distant from the above three serotypes, forming the 

second group. Based on the BLASTP analysis of various strains of 

four serotypes of DENV, the strains of DENV-1, DENV-2 and DENV-3 

showed 99% homology. On the other hand DENV-4 showed only 

98% homology. We have studied the homology of E proteins dengue 

serotypes and reported that the four serotypes of DENV (DENV 1-4) 

share approximately 65%-75% homology at the amino acid level[6]. 

In the present study the homology among the dengue serotypes is 

found to be 63% to 78.7%.

   BLASTP analysis indicates the homology of this NS-1 protein 

ranging from 95% to 100%. NS-3 protein is not homologous and 

shows 96% to 100% similarity. Most of the sequences of NS-5 

show 100% homology. Thus, among the NS proteins studied, 

NS-5 sequences show more homology than that of NS-1 and NS-3. 

Similarly, Mairiang et al. also reported that, the homology of NS-5 

proteins had shown more homology than NS-3[14].

   In biology, the active site is a small portion of the receptor 

molecules (enzyme) where ligand (drug) molecule binds and 

undergoes a chemical reaction. This chemical reaction occurs when 

a ligand collides with the active site of the enzyme. The active site 

is usually found in a 3D groove or pocket of the enzyme, lined with 

amino acid residues. These residues are involved in recognition 

of the ligand molecules. Residues that directly participate in the 

catalytic reaction mechanism are called active site residues. A tighter 

fit between an active site and the ligand molecule is believed to 

increase efficiency of a reaction[15].

   The simulated ligand circles the target protein extensively before 

finding the active binding site. The ligand correctly identifies its 

target binding site and forms a complex. Ligand molecules bind to 

the active site of the enzyme through hydrogen bonds, hydrophobic 

interactions, temporary covalent interactions (van der Waals) or a 

combination of all of these to form the receptor-ligand complex. 

Residues of the active site will act as donors or acceptors of protons 

or other groups on the drug (ligand) to facilitate the reaction. In other 

words, the active site modifies the reaction mechanism in order to 

change the activation energy of the reaction[16]. 

   An emerging challenge in drug discovery concerns the 

identification of allosteric ligand binding sites, which drugs can 

modulate the effects of ligands that bind at the primary site. In 

general, an important limitation of traditional virtual drug screening 

is that it must start with a well-defined binding site[17,18]. By 

allowing the identification of previously unknown binding sites, 

molecular dynamics simulations of protein–ligand binding, such as 

those presented here, may substantially broaden the applicability 

of computational techniques to the drug development. Thus, the 

protein–ligand interaction plays an important role in determining the 

suitable drug for the treatment of dengue disease.

   Identification of active sites was crucial in the process of target 

based drug design. The 3D structure of the enzyme was analyzed 

to identify the active sites and design drugs which can fit into them. 

The 3D structure of the E and NS proteins were provided with 

five ligand binding sites except in NS-1 in which only two ligand 

binding sites were present. The ligands of the bioactive compounds 

and antiviral drug were not recognizing the same binding site as an 

active site for the molecular docking. The active binding sites were 

four in the case of DENV-2, DENV-3 and DENV-4 and two sites were 

in DENV-1 and NS-5. For NS-1 and NS-3, the active binding site was 

found to be site-1 on the protein molecule.

   The active binding site is surrounded by amino acid residues. Some 

of them are hydrophobic and others are hydrophilic. For the effective 

binding between the receptor molecule and the ligand molecule, 

hydrophobic amino acids are very essential. The active binding site 

of DENV-1 E protein molecule was surrounded by 17 amino acids in 

which 13 of them were hydrophobic. This shows the high affinity of 

the E protein of DENV-1 with the appropriate ligand molecule during 

docking. The distance of the hydrogen bonds between the above 

amino acids and the ligand molecules will be very less. 

   In the active binding site of DENV-2 E protein, 17 amino acids 

are surrounding the pocket and 13 of them are hydrophobic nature. 

This E protein also will show the high affinity towards the ligand 

molecules since most of the amino acids are hydrophobic in nature. 

The active binding site of DENV-3 showed 22 amino acids from 

which 20 of them were hydrophobic indicating the high affinity 

between the receptor and ligand molecules. In the E protein of 

DENV-4, the active binding site was lined with 19 amino acids from 

which 18 of them were hydrophobic.

   The pocket of the NS-1 active binding site was surrounded by 13 

amino acids. Only three were hydrophobic. This NS-1 protein may 

not show effective binding during docking. In NS-3 molecule, the 

active binding site was lined with 22 amino acids from which only 7 

of them were hydrophophic indicating loose binding during docking. 

In NS-5 molecule, the active binding site was surrounded by 18 

amino acids from which 10 of them were hydrophobic. 
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   Hydrophobic interactions are the most important non-covalent 

forces that are responsible for different phenomena such as structural 

stabilization of proteins, binding of receptor with the ligand and 

folding of proteins[19]. Sun et al. pointed out the importance of more 

hydrophobic residues in the antigen-antibody interaction[20]. Fifty 

percent of the attractive force between the ligand and the receptor is 

contributed by the hydrophobic amino acids lined on the cavity of 

the binding site[21].

   Chandra et al. also reported that hydrophobic amino acids are 

more frequent in binding group than in the non-binding group[22]. 

In the present investigation, all the active binding sites of E proteins 

showed the occurrence of more than 60% of the hydrophobic amino 

acid. Therefore active binding sites in the E proteins of the four 

DENV serotypes are eligible for tight fit molecular docking with the 

corresponding ligand molecules. On the other hand, the number of 

hydrophobic amino acids in the NS proteins were less in number 

than that of E proteins. In NS-1 and NS-3 and NS-5, they were less 

than 60%. From the above study, it is concluded that the active 

binding site with more number of hydrophobic amino acid residues 

(E proteins) will be more effective than that of binding sites with less 

number of hydrophobic amino acid residues (NS proteins).  

   Four kinds of structural E proteins are 2 clusters, out of seven 

kinds of NS proteins-3 are more important (NS-1, NS-3 and NS-5). 

All the four E proteins show the five binding sites on the surfaces 

of the protein molecules; the fourth binding site is identified as an 

active binding site in DENV-2, DENV-3 and DENV-4 serotypes. In 

DENV-1, E protein first binding site is an active binding site. Among 

the NS proteins, NS-1 and NS-3 have shown the first binding site as 

the active binding site whereas in NS-5, the second binding site is 

identified as the active binding sites.
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