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Dengue virus (DENV) poses a continuous threat worldwide with an estimated 2.5 billion people at the risk of dengue
infection. It was believed to be the infection of the tropical regions, but reports of dengue infection have now extended
and spread around the globe. The dengue E protein is involved in the viral fusion and could thus acts a potential
target against dengue virus. In the present study, structure-based pharmacophore design and screening and absorption,
distribution, metabolism, excretion, and toxicity (ADMET) analysis using Discovery studio (4.0) was applied to
identify potential hits against the hydrophobic pocket of dengue E protein. The pharmacophore feature of screened
compounds was further validated and finally three lead compounds were obtained. The pharmacophore model and
the docking study were generated three lead molecules Ophiopoginin D with a binding energy of —146.36 Kcal/
mol followed by Calmisttrin D with a binding energy of —118.73 Kcal/mol and BTB 08305 with a binding energy of
—99.96 Kcal/mol and exhibited best-fit value. ADMET profile showed that all the three lead molecules are non-toxic,
non-carcinogenic, and non-hepatotoxic by in silico study. The compound Calmisttrin D exhibited good blood brain
barrier permeability and human intestinal adsorption, and thus hypothesized to have antiviral activity against dengue

virus and so further in vitro and in vivo evaluation is recommended.

INTRODUCTION

Dengue fever is an arboviral infection that has turned
to be a major health concern globally in the recent years. Reports
state that 100 million cases of dengue fever and 500,000 cases
of dengue hemorrhagic fever occur annually, mainly in tropical
countries, especially in Asia, Latin America, and the Caribbean
(Deen et al., 2006, Mackenzie et al., 2004). Dengue virus, the
etiological agent causing dengue infection, has four distinct
serotypes (DENV-1, DENV-2, DENV-3, and DENV-4) belonging
to the genus Flavivirus. The genome of dengue virus is a single
stranded, positive-sense RNA virus with 11 kb in length. The
genome of dengue virus encodes for three structural and seven
non-structural proteins responsible for both viral and cellular
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functions (Lindenbach et al., 2001). The dengue infection
is initiated by the fusion of viral membrane on the host cell
membrane that is mediated by one of the potential proteins, the
E protein in a pH dependent manner (Stiasny et al., 2006). The
E protein consists of three functional domains central domain I,
extended finger like domain II, and immunoglobulin-like domain
1T (Modis et al., 2003; 2004; 2005; Zhang et al., 2004).

Such similar three domain organizations are seen in other
virus of this family, the tick-borne encephalitis virus (Rey et al.,
1995) , West Nile virus (Kanai et al., 2006; Nybakken et al., 2006),
and the E1 protein of Semliki Forest virus (Lescar et al.,2001). The
crystal structure analyses for the E protein of dengue virus revealed
a hydrophobic pocket region bound to a detergent molecule (_[3-N-
octylglucoside [ B-OG]), present at the hinge region between
domains I and II of the E protein, an important component for the
pH-triggered conformational rearrangement required for the fusion
process, a significant step in invasion of the virus (Noha et al.,
2011). The E protein is crucial for the fusion activity and making it
a valuable target for antiviral studies.
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Pharmacophore modeling has been considered as
one of the successful tools in drug discovery and design (Seidel
et al., 2010; Wolber et al., 2006) that provides fruitful information
about the interactions between a target protein and a ligand. Three-
dimensional pharmacophore modeling is based on the three-
dimensional arrangement of chemical features (such as hydrogen
bonds donors/acceptors, hydrophobicity, charges, and lipophilic
areas) that explains the binding of a ligand to the macromolecule.
The spatial arrangement of chemical features represents the
essential interactions between ligands and proteins (Noha et al.,
2012). Since, the structure-based pharmacophore model maintains
an adequate geometric relationship of the active sites and is less
dependent on the bonded inhibitor compared with the ligand-based
pharmacophore model, it is expected to improve the novelty of the
hit in the virtual screening.

The envelope protein is one of the potential targets
and many antiviral studies have been carried out targeting the
E protein and a structure based pharmacophore screening is an
attempt to find the efficient compounds with the understanding
of the active site conformation and the chemical features in the
three-dimensional space. The bounded detergent molecule into the
hydrophobic space will help in understating the chemical features
attached to the pharmacophore features. This study is based on the
understanding of the pharmacophore feature of the bonded p-OG
within the hydrophobic pocket.

MATERIALS AND METHODS

Hits screened and enzyme crystallographic structure

In this study, compounds from different databases and
phytocompounds from different sources were involved. All the
used compounds were subjected into ligand preparation protocol
before analyzing. The crystal structure of E protein of dengue
virus [protein data bank (PDB) ID: 10KE] complexed with -OG
molecule—a detergent molecule was obtained from the PDB.
The bonded ligand molecule was used to predict the involved
pharmacophore feature for the study.

Construction of structure based pharmacophore model

Structure based pharmacophore model (SBPM) was
successfully used to design novel compounds with potent biological
activity in many therapeutic areas (Thangapandian et al., 2011).
In the present study, SBPM was generated based on the co-crystal
structure of dengue virus E protein complexed with a detergent
molecule B-OG (10KE) using the receptor-ligand pharmacophore
generation module of the Discovery Studio Version 4.0 (DS V 4.0,
Accelrys Inc., San Diego, CA). The site sphere for the analysis
was defined as 12 A° radius that covers all the significant and
important residues with the bounded inhibitor B-OG located in
the hydrophobic pocket of the E protein. This process helps in
the generation of SBPM, a special protocol specifically designed
to determine the protein—ligand interaction at the hydrophobic
pocket that creates the corresponding pharmacophoric features
that includes hydrogen bond acceptor (HBA), hydrogen bond
donor (HBD), and hydrophobic (HY). In addition, the excluded
volumes were considered in the pharmacophore model generation
to improve the effectiveness of virtual screening (Greenidge

et al., 1998; Norinder, 2000; Palomer et al., 2002). A total of 10
hypothesis models are generated and out of which the best one is
ranked a Hypo 1.

Screening of structure based pharmacophore model

The hypothesis model generated by the SBPM was
further used as a parameter to screen effective hits from different
in house and other phytocompounds isolated from various
sources. The specific hydrophobe was chosen by using the cluster
analysis scenario, the HBDs and HBA features were clustered,
specific hydrophobe features were selected, and S interaction
grouping was done keeping required feature as true, feature group
true, the pharmacophore feature as 8 and subset is set as 250 and
all the rest of the parameters were maintained as default. The
pharmacophore model was validated by pharmprint frequency
and the best compounds were selected based on the highest
fit value.

Validation using molecular docking

The best compounds which fits to the obtained
pharmacophore model was further validated by performing
flexible docking using Discovery Studio Version 4.0 (DS V 4.0,
Accelrys Inc., San Diego, CA). Before performing molecular
docking, the receptor protein (10KE) was prepared using protein
preparation. The protein was first cleaned and the unwanted
crystal structure, water molecules, and other bounded ligands were
removed from the structure. The quality of the receptor protein
was checked followed by loop refinement, and the receptor protein
was validated for the presence of disallowed regions. The protein
energy minimization was performed using CHARMm force field
in DS. The active site used in this study has Glu49, Ala50, Leu207,
11e270, GIn271, and Thr280. All the compounds screened using
the best pharmacophore feature were validated using the flexible
docking.

ADMET analysis

Molecular properties of the compounds were examined
using Discovery Studio 4.0. ADMET studies and the following
parameters: atom based Log P98 (A LogP 98), polar surface area
(PSA), blood brain barrier, Cytochrome P450, and hepatotoxicity
were assessed.

RESULTS AND DISCUSSION

Structure-based pharmacophore model

Out of the 10 hypothesis pharmacophore models
generated by the software with the available information of
the bounded ligand (a detergent molecule B-OG within the
hydrophobic pocket of the dengue virus E protein), the best one
was chosen based on the fit value and number of pharmacophore
features generated. The pharmacophore was generated based on
the interacting amino acid residues in the hydrophobic pocket.
A report suggest that this hydrophobic pocket, occupied by a
detergent molecule (_-N-octylglucoside [B-OG]) lying at a hinge
region between domains I and II of the E protein, is important for
the low-pH-triggered conformational rearrangement required for
fusion, and this pocket act as a potential site for small-molecule
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fusion inhibitors (Modis et al., 2003). The pharmacophore feature
finally designed based on the interaction profile of the B-OG
with the E protein showed the following features that includes
HBAs (A1, A5, A10, A12, A14, A52, and A64) HBDs (D2, D16,
D21, D30, D40, D58, and D74), hydrophobe (H8, H14, and
H29). These features contribute to the chemical pharmacophore
features (Fig. 1)

Screening of structure-based pharmacophore model

The mapped features were used as an input to screen
the effective ligands that fits to the predicted pharmacophore
features (Fig. 1). The screenings of various inbuilt and other added
databases were included in this screening process. All the possible
hits were generated and screening was done based on the fit value

Figure 1. Three-dimensional structure of the pharmacophore model of the E
protein of dengue virus in complex with the bounded detergent molecule f-OG.

and the total number of features were matched. Maximum hits
were obtained for four features with a fit value of 3. A total of
5,000 compounds were screened and obtained best 50 compounds
with the highest fit value.

The arrangement of the chemical feature markers in the
three-dimensional space was used to search molecules that fits the
pharmacophore, was used as a successful approach in screening and
would lead to the prediction of 15 novel compounds. The features
were selected based on the ligand attached to the hydrophobic
site in the E protein. A total of three hydrophobes were predicted
in the pharmacophore feature out of which the compounds were
screened using the hydrophobe feature 14. Maximum number of
compounds were predicted with 4-feature pharmacophore. Out
of the 50 compounds screened, the best three compounds and its
respective details are seen in Table 1 and Figure 2.

Molecular docking

Flexible docking was done as a step to validate the
screened compounds based on the pharamocophore features
for the E protein complexed with a detergent molecule B-OG.
The flexible docking was performed using the Discovery Studio
Version 4.0 with all the parameters set keeping both the ligand and
receptor in flexible form. Out of the 50 molecules incorporated for

Table 1. The pharmacophore features of 10KE complexed with B-OG.

Compounds Fit value Pharmaprint frequency
Calmisttrin D 3.61344 8
Ophiopogonin D 3.56871 5
BTB 11979 3.08455 5

Ophiopogonin D

BTE11979

Calmisttrin I

Figure 2. The mapped pharmacophore features for the best three screened molecules were green color represent the HBAs, magenta color represents HBDs, and cyan

color represents the hydrophobe feature.
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Table 2. The interaction profile of the lead molecules against E protein of dengue virus.

019

Distance in A

Name Libdock Score Binding energy in Kcal/mol Hydrogen bond interactions
Ophiopogonin D 71.5 —146.36 ALA50:N-H---- O 2.94 A
GLU126:N-H---- O 8.9 A
LYS128: N-H-----0 183 A
ASN124: 0-H-—--O 263 A
ASN124:0-H -0 267A
ASN 124: O-H -0 261 A
GLU126: O-H ---O 221 A
LYS202: O-H--- O 214 A
LYS 202: O-H--- O 3.06 A
LYS128: C-H - O 2924
LYS202: C-H-- O 290 A
THR 48: C-H----O 265 A
THR48: C-H --- O 278 A
ASP203:C-H--- O 286 A
GLU 126: C-H -0 2.80 A
Calmisttrin D 43.634 ~118.735 GLN 271: C-O —H 244 A
GLN271: C-O - H 245A
ALA50: O-H---- O 19A
ASP203:C-H - O 20A
BTB 11979 67.691 -99.9672 ALA 50:N-H ---O 293 A
GLN 200:C-O -- H 238 A
GLN 271:8-0 — H 258 A

HBonads
Donor

n
Accepeor .

-y
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Calmistirin D

BTB11979

Figure 3. Attractive hydrogen bonding interaction profile of the lead molecules within the hydrophobic pocket of dengue virus E protein.
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molecular docking, eight compounds exhibited binding energy
against the hydrophobic pocket site of the E protein. The active
site residues for the docking study were Glu49, Ala50, Leu207,
11e270, GIn271, and Thr280. The best three compounds were
selected from the hits based on the binding energy. The compound
Ophiopogonin D showed the highest binding energy of —146.36
Kcal/mol forming hydrogen bond with Ala50, Glu 126, Lys 128,
Asnl124, Lys202, Thr48, and Asp203. Similarly, the compound
Calmisttrin D exhibited a binding energy of —118.735 Kcal/mol and
extends hydrogen bonding with GIn271, Ala50, and Asp203. The
compound BTB 11979 shows a binding energy of 99.9672 Kcal/
mol which extends hydrogen bonding with Ala50, Gln 200, Gln
271, and Phe 193. The detailed analysis of the screened compounds
is given in Table 2 and Figure 3.

CONCLUSION

In this study, three lead molecules namely Ophiopogonin
D, Calmisttrin D, and BTB 11979 were identified based on the
structure-based pharmacophore model and were validated using the
flexible docking study against the E protein of dengue virus. All the
three compounds were found to be non-toxic, non-carcinogenic,
and non-hepatotoxic, but the compound Calmisttrin D had the
highest fit value and posses’ good blood barrier permeability and
high intestinal adsorption rate by ADMET analysis. It is proposed
that Calmisttrin D could be a potential inhibitor of DENV E fusion
protein and further in vitro and in vivo evaluation studies are
suggested.
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