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1. Introduction
 
   Dengue is a mosquito-borne viral infection found in tropical and 
subtropical regions worldwide. The World Health Organization 
estimates that today more than 2.5 billion people are at high risk 
of dengue disease[1]. Currently, the disease is endemic in more 
than 100 countries, and is spreading throughout the world. Dengue 
disease is caused by four antigenically related distinct serotypes, 
namely, dengue virus (DENV)-1, DENV-2, DENV-3 and DENV-4 
in which only DENV-2 and DENV-3 are mostly found in tropical 
countries[2,3]. The distinctions among the serotypes are based on 
their antigenicity and immunogenic property in the human body.
   The E protein is presented on the viral membrane which is a 
functional protein molecule that binds to receptors on the host 
cell membrane; it is also a major antigen against host protective 
immunity which induces neutralizing antibody[4-6]. During viral 
infection, the adsorption of viral particles is initiated by binding of 
E protein to receptor molecules which is presented on the host cell 

membrane. Subsequently, the adsorbed viruses are taken into the 
cell by endocytosis. DENV-1, DENV-2, DENV-3 and DENV-4 are 
known to cause dengue fever[6]. The dengue virions are spherical 
and icosahedral in shape with a positive-sense RNA genome that 
has a single open reading frame, codes for three structural proteins 
[capsid, membrane and envelop (E) proteins] and forms the 
components of the virion and seven non-structural proteins (NS1, 
NS2A, NS2B, NS3, NS4A, NS4B and NS5) which are involved in 
the replication cycle of the virus[7,8]. The E protein is responsible 
for host cell receptor recognition and the induction of neutralizing 
antibodies from the host. Therefore, E protein has been an attractive 
candidate for its use in the development of an effective and safe 
recombinant vaccine[9,10]. E protein plays an important role during 
the life cycle of the DENV, including cell receptor binding and entry 
into the host cell via membrane fusion. 

2. Materials and methods

   Docking studies were performed for E and NS proteins of 
antigens by using Hex 6.3 module of Schrodinger Suite.

2.1. Computational methods with Hex version 6.3

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

2.2. Antigen prediction with VaxiJen

   Amino acid sequences of E and NS proteins of dengue serotypes 
DENV-1, DENV-2, DENV-3, DENV-4, NS-1 and NS-3 were retrieved 
in SWISS-Prot database (http://us.expasy.org/sprot)[11] and analyzed 
by using VaxiJen V. 2.0 antigen prediction server (www.Ddg-
pharmofac.netvaxigen)[12].

2.3. Transmembrane of topology with transmembrane 
prediction using hidden markov models (TMHMM)

   Each amino acid sequence was then subjected to transmembrane 
topology analysis by using TMHMM V. 2.0 prediction server in order 
to identify exomembrane (surface exposed) amino acid sequences of 
each protein[13].

3. Results

3.1. Potentiality of E and NS proteins as antigens
    
   Four E proteins of DENV serotypes, causing dengue fever, were 
selected for the present study. Full length of E proteins was ranging 
from 480 to 495 amino acids. The antigenicity of the entire E 
proteins was determined based on the VaxiJen score (Figure1) and 
topology of the transmembrane (Figure 2). E proteins of DENV 
having antigenic score > 0.4 were predicted as antigenic. From 
the results obtained, it was found that all the four E proteins were 
antigenic (Table 1) and the VaxiJen scores were ranging from 
0.672 3 to 0.745 9 (Table 1). Out of four E proteins, DENV-1 showed 
the highest VaxiJen score (0.745 9). The basic criterion of a good 
antigen is that it must be exposed outside the membrane. The results 
of the transmembrane topology analyses revealed that all the four 
E proteins enzymes were fully exposed outside the membrane, and 
thereby qualified as antigenic. Thus, the four E proteins showed 
antigenic property by having VaxiJen score greater than the threshold 
value (0.4) and the exomembrane topology (Table 1).  

MRCVGIGSRDFVEGLSGATWVDVVLEHGSCV
TTMAKDKPTLDIELLKTEVTNPAVLRKLCIE
AKISNTTTDSRCPTQGEATLVEEQDANFVCR
RTFVDRGWGNGCGLFGKGSLLTCAKFKCVTK
LEGKIVQYENLKYSVIVTVHTGDQHQVGNES
TEHGTTATTTPQAPTTEIQLTDYGALTLDCS
PRTGLDFNEMVLLTMKEKSWLVHKQWFLDLP
LPWTSGASTSQETWNRQDLLVTFTAHAKKQ
EVVVLGSQEGAMHTALTGATEIQTSGTTTIF
AGHLKCRLKMDKLTLKGMSYVMCTGSFKLEK
EVAETQHGTVLVQIKYEGTDAPCKIPFSTQD
EKGVTQNGRLITANPIVTDKEKPVNIEAEPP
FGESYIVIGAGEKALKLSWFKKGSSIGKMFE
ATARGARRMAILGDTAWDFGSIGGVFTSVGK
LVHQIFGTAYGVLFSGVSWTMKIGIGVLLTW
LGLNSRSTSLSMTCIVAGLVTLYLGVMVQA

Overall predicition for the antigen = 0.745 9 (probable ANTIGEN)

Your sequence:

Threshold for this model: 0.4

Model selected: virus

VaxiJen results

Figure 1. Antigenicity of E proteins of DENV-1.

Figure 2. Topology of E proteins of DENV-1.
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 Table 1  

Antigenicity of E and NS proteins of DENV serotypes.

Enzymes
VaxiJen 

score
Topology Antigenicity

E protein of DENV-1 0.745 9 Exomembrane Antigen
E protein of DENV-2 0.674 9 Exomembrane Antigen
E protein of DENV-3 0.739 5 Exomembrane Antigen
E protein of DENV-4 0.672 3 Exomembrane Antigen
NS-1 protein of DENV 0.612 6 Exomembrane Antigen
NS-3 protein of DENV 0.492 9 Exomembrane Antigen
NS-5 protein of DENV 0.460 0 Exomembrane Antigen

   The important NS proteins, NS1, NS3 and NS5 of DENV serotypes 
were analyzed for antigenicity. The antigenicity of the entire NS 
proteins was determined based on the VaxiJen score and topology 
of the transmembrane. From the results obtained, it was found that 
all the three NS proteins were antigenic and the VaxiJen scores were 
ranging from 0.460 0 to 0.612 6. The results of the transmembrane 
topology analyses revealed that all the three NS proteins were fully 
exposed outside the membrane, and thereby qualified as antigenic 
(Table 1).

3.2. Molecular docking of E and NS proteins with antibodies

   The 3D structure of the E and NS proteins were provided with 
five ligand binding sites except NS-1 in which only two ligand 
binding sites presented. The number of active binding site was four 
in the case of DENV-2, DENV-3 and DENV-4. Binding site-2 was 
recognized as an active binding site for DENV-1 and NS-5. For NS1 
and NS3, the active binding site was found in the ligand binding 
site-1 on the protein molecule. Molecular docking was performed 
between the E and NS protein antigens of DENV and antibody 
molecules, immunoglobulin A (IgA), immunoglobulin M (IgM) and 
immunoglobulin G (IgG) (Figures 3a-3c). 

Figure 3a. 3D structure of IgA antibody.
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Figure 3b. 3D structure of IgM antibody.

  

Figure 3c. 3D structure of IgG antibody.

   The above target proteins (antigens) and ligands (antibodies) were 
geometrically optimized. All the ligand molecules were docked 
against the active sites of the target antigen by using Hex software. The 
docking results were presented in the form of negative energy values. 
In the docking studies, higher negative energy values represent high 
binding affinity between the receptor and ligand molecules, indicating 
the higher efficiency of the antibodies. Docking of DENV-1 E protein 
with antibodies IgA, IgM and IgG produced energy values such as 
-667.20, -689.22 and -666.25 respectively. Among the three antibodies, 
IgM showed a higher negative energy value of -689.22 than that of IgA 
and IgG (Figure 4). 

Figure 4. Molecular docking of IgM with DENV-1.

   Similarly, all the antibodies were also docked with other three 

proteins of the DENV serotypes. DENV-2 E protein also showed a 
higher negative energy value of -650.65 with IgM. When DENV-3 
and DENV-4 E proteins were docked with antibodies, IgG showed 
the higher negative energy values of -681.60 and -699.03 respectively 
which were higher than that of IgA and IgM (Figure 5). Similarly, 
NS proteins of the DENV genome were also docked with the three 
antibodies, IgA, IgM and IgG. When the NS-1 was docked with the 
above antibodies, IgG showed the higher negative energy value of 
-778.50 (Figure 6). NS-3 also showed higher negative value of -693.62 
when docked with IgG. In the docking between NS-5 and three 
antibodies IgA, IgM and IgG, IgG showed higher negative value of 
-730.82. Thus, all the NS proteins showed an effective interaction with 
the IgG antibody (Table 2).

Figure 5. Molecular docking of IgG with DENV-4.

Figure 6. Molecular docking IgG with NS-1. 
Table 2

Results of molecular docking (Hex) between antibodies of E and NS proteins.

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

IgA -667.20 -604.50 -660.29 -630.55 -670.79 -641.56 -576.53
IgM -689.22 -650.65 -660.05 -674.74 -591.00 -671.95 -684.93
IgG -666.25 -602.38 -681.60 -699.03 -778.50 -693.62 -730.82

4. Discussion

   Drug design is the inventive process of finding new medications 
based on the knowledge of a biological target[14]. The drug is the 
most common organic small molecule that activates or inhibits 
the function of a biomolecule such as a protein, which in turn 
results in a therapeutic benefit to the patient. In the most basic 
sense, drug design involves the design of small molecules that are 
complementary in shape and charge to the biomolecular target with 
which they interact and therefore will bind to it[15]. This type of 
modeling is often referred to computer-aided drug design. Finally, 
drug design that relies on the knowledge of the three-dimensional 
structure of the biomolecular target is known as structure-based drug 
design. Thus, the drug design is the design of a small molecule that 
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will bind tightly to its target[16]. Typically, a drug target is a key 
molecule involved in a particular metabolic or signaling pathway that 
is specific to a disease condition or pathology or to the infectivity 
or survival of a microbial pathogen. Some approaches are used 
to inhibit the functioning of the pathway in the diseased state by 
causing a key molecule to stop functioning. Drugs may be designed 
that bind to the active region and inhibit this key molecule. In the 
present investigation, various biomolecules, commonly used as drug 
molecules, were screened and identified through molecular docking 
as potential drug molecules for DENV serotypes. 
   Computational high-throughput docking has become a powerful 
tool for screening and identifying novel lead compounds. 
Computational approaches, not only save time and costs during 
screening, but also provide insight into understanding the molecular 
mechanisms of protein-drug interactions. The potential target, the 
molecule which is active sited on the receptor can be identified in 
silico by establishing the structure activity relationship of small 
molecules, ligands[17].
   Computer-aided drug design uses computational chemistry to 
discover, enhance, or study the biologically active molecules. The 
most fundamental goal is to predict whether a given molecule will 
bind to a target and if so how strongly. Molecular dynamics are 
most often used to predict the conformation of the small molecule 
(ligand) with the biological target[18,19]. Serological testing of 
immunoglobulin (Ig) for dengue affected patients is an important 
investigation to identity the nature of the dengue fever, whether it is 
primary infection or secondary infection. As per the present study, 
IgM was recognized as Ig related to DENV-1 and DENV-2 indicating 
the primary infection. On the other hand, DENV-3 and DENV-4 were 
related with the production of IgG during secondary infection. The 
NS proteins also involved in the production of IgG. Much of the 
proteins’ work has supported the present findings. 
   During a large outbreak of dengue serotype in Pakistan, serological 
testing for dengue IgM was performed. Dengue-specific IgM was 
detectable as early as 1 day, indicating the dengue fever caused by 
primary infection[20]. In the study on the dengue disease status 
in Tamil Nadu, India (2006-2008) by Gunasekaran et al., IgM 
positively was recorded in the primary infection and IgG positively 
was denoted in the secondary infection[21]. In the docking studies, E 
proteins of DENV-1 and DENV-2 were highly interactive with IgM, 
while DENV-3 and DENV-4 were more interactive with IgG. All the 
NS proteins, NS-1, NS-3 and NS-5 showed effective interaction with 
the IgG. It is also concluded that DENV-1 and DENV-2 are IgM-
positive and involved in the primary infection while DENV-3 and 
DENV-4 elicit IgG which is involved in the secondary infection. 

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgments

   The authors are grateful to the assistance from University Grants 
Comission, New Delhi, India, for the financial given through the 
Major Research project, [MRP R.No. 41-472/2012(SR)]. The authors 
specially express their thanks to the management of A.V.V.M. Sri 
Pushpam College (Autonomous), Poondi, for providing necessary 
facilities and support to carry out this work.

References

[1]   �World Health Organization. Dengue and severe dengue. 
Geneva: World Health Organization; 2015. [Online] Available 
from: http://www.who.int/mediacentre/factsheets/fs117/en/ 
[Accessed on 21st March, 2014] 

[2]   �Simmons M, Teneza-Mora N, Putnak R. Advances in the 
development of vaccines for dengue fever. Vaccine Dev Ther 
2012; 2: 1-14.

[3]   �Lerch TF, Xie Q, Chapman MS. The structure of adeno-
associated virus serotype 3B (AAV-3B): insights into receptor 
binding and immune evasion. Virology 2010; 403(1): 26-36.

[4]   �Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, 
Moyes CL, et al. The global distribution and burden of 
dengue. Nature 2013; 496(7446): 504-7.

[5]   �Sekaran SD, Rathakrishnan A, Yeo ASL. Dengue: an overview. 
J Health Transl Med 2014; 17(1): 23-32.

[6]   �Simmons CP, Farrar JJ, Nguyen vV, Wills B. Dengue. N Engl 
J Med 2012; 366(15): 1423-32.

[7]   �Morrison J, Aguirre S, Fernandez-Sesma A. Innate immunity 
evasion by dengue virus. Viruses 2012; 4(3): 397-413.

[8]   �Dengue Vaccine Initiative. Vaccine development. Dengue 
Vaccine Initiative; 2013. [Online] Available from: http://www.
denguevaccines.org/vaccine-development [Accessed on 5th 
November, 2013]

[9] �  �Nascimento IP, Leite LC. Recombinant vaccines and the 
development of new vaccine strategies. Braz J Med Biol Res 
2012; 45(12): 1102-11.

[10] �de Oliveira MD, de Oliveira AS, Dutra NR, França RFO, 
Honda ER, Zanchi FB, et al. Enhancement of dengue-2 
E protein expression by the expression of the precursor 
membrane protein (Prm) of the dengue-3 virus. J Vaccines 
Vaccin 2013; 4(3): doi: 10.4172/2157-7560.1000182.

[11] �Rodriguez-Madoz JR, Bernal-Rubio D, Kaminski D, Boyd 
K, Fernandez-Sesma A. Dengue virus inhibits the production 
of type I interferon in primary human dendritic cells. J Virol 
2010; 84(9): 4845-50.

[12] �Doytchinova IA, Flower DR. VaxiJen: a server for prediction 
of protective antigens, tumour antigens and subunit vaccines. 
BMC Bioinformatics 2007; 8: 4.

[13] �Nugent T, Jones DT. Transmembrane protein topology 
prediction using support vector machines. BMC Bioinformatics 
2009; 10: 159.

[14] �Boruah L, Das A, Nainwal LM, Agarwal N, Shankar B. In-
Silico drug design: a revolutionary approach to change the 
concept of current drug discovery process. Indian J Pharm 
Biol Res 2013; 1(1): 60-73.

[15] �Sahu M, Sinha SK, Pandey KK. Computer aided drug design: 
the most fundamental goal is to predict whether a given 
molecule will bind to a target and if so how strongly. Comput 
Eng Intell Syst 2013; 4(6): 22-7.

[16] �Raj RA. A recent technology in drug discovery and 
development. Int J Innov Drug Discov 2012; 2: 22-39. 

[17] �Moitessier N, Englebienne P, Lee D, Lawandi J, Corbeil 
CR. Towards the development of universal, fast and highly 
accurate docking/scoring methods: a long way to go. Br J 
Pharmacol 2008; 153 Suppl 1: S7-26.

[18] �Rahman MM, Karim MR, Ahsan MQ, Khalipha ABR, 
ChowdhuryMR, Saifuzzaman M. Use of computer in drug 
design and drug discovry: a reveiew. Int J Pharm Life Sci 
2012; 1(2): doi: 10.3329/ijpls.v1i2.12955.

[19] ��Sangeetha M, Menakha M, Vijayakumar S. Cryptophycin F-a 
potential cyanobacterial drug for breast cancer. Biomed Aging 
Pathol 2014: 4(3); 229-34.

[20] �Tang LI, Ling AP, Koh RY, Chye SM, Voon KG. Screening 
of anti-dengue activity in methanolic extracts of medicinal 
plants. BMC Complement Altern Med 2012; 12: 3.

[21] �Gunasekaran P, Kaveri K, Mohana S, Arunagiri K, Babu 
BV, Priya PP, et al. Dengue disease status in Chennai (2006-
2008): a retrospective analysis. Indian J Med Res 2011; 133: 
322-5.


