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Abstract Dengue virus (DENV) has emerged as an

increasing fitness problem in the world for which no spe-

cialized drug is available. The non-structural protein NS3

protease of DENV has already been recognized as a

potential therapeutic target for the discovery and devel-

opment of novel antiviral agents against DENV infections.

In this study, we employed the virtual screening technique

to explore the potent inhibitors of DENV NS2B/NS3pro

from Traditional Chinese Medicine (TCM) database. Total

200 inhibitors from TCM against DENV NS3pro were

screened and only five TCM compounds like eriodictyol

7-O-glucuronide, luteolin 8-C-beta-glucopyranoside, (-)-

epicatechin-3-O-gallate, 6-O-trans-p-coumaroylgeniposide

and luteolin-7-O-glucoside were selected for further anal-

ysis which showed binding energies, -7.000, -7.380,

-7.380, -7.440 and -7.440 kcal/mol, respectively. The

findings of this study suggest that these five TCM com-

pounds can be considered as potent inhibitors for DENV

NS2B/NS3pro for the development of anti-dengue drugs.

Keywords Dengue � NS2B/NS3 � TCM � Inhibitors �
Drug discovery

Introduction

Dengue virus (DENV), the member of Flaviviridae family,

is causative pathogen of dengue fever, which infects people

by one of five linked, but different virus serotypes (DEN

1-5) [2, 3, 21, 24, 31, 32]. Dengue hemorrhagic fever [34]

and dengue shock syndrome are the very serious cause of

this fatal pathogen which is transmitted to individuals by

the nibble of Aedes aegypti female mosquito

[12, 27–29, 35]. DENV has also emerged as an increasing

fitness problem in the world for which no specialized drug

is available in the market. The non-structural protein NS3

protease of DENV has already been recognized as a

potential therapeutic target for the discovery and devel-

opment of novel antiviral agents against DENV infection

[8, 17, 22, 23, 36, 37]. NS3 molecule of DENV is com-

prised of a protease (NS3pro) and a helicase (NS3hel)

domain, where the NS3pro domain relies on a cofactor,

NS2B for their catalytic action and serves as a center for

the assembly of the DENV replication complex and also

modulates viral pathogenesis and the host immune

response [4, 6, 11, 18, 19]. Hence, by targeting the DENV

NS2B/NS3pro, the novel inhibitors from a variety of

sources using different strategies can be discovered which

can pave the way for the development of potential drugs

against DENV infection. In the field of drug discovery,

natural compounds are the most popular source of effective

lead molecules which are used for treatment against dif-

ferent diseases and infections. Over the past decade, vari-

ous databases of natural compounds have been developed

for providing the information about new lead compounds

against various diseases and infections. Traditional Chinese

medicine (TCM) database is one among those medicinal

databases which contains more than 20,000 pure com-

pounds isolated from 453 TCM ingredients [7]. Virtual
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screening (VS) technique has emerged as a reliable, cost-

effective and time-saving technique for discovering new

natural lead compounds from the medicinal compounds

databases. Screening of the new lead compounds against

DENV is very interesting task for developing novel anti

dengue drugs.

In the present work, we employed the virtual screening

technique to explore the potent inhibitors of DENV NS2B/

NS3pro from TCM database.

Materials and methods

Receptor preparation

The crystal structure of complete NS3 molecule fused to 18

residues of the NS2B cofactor was retrieved from Protein

Data Bank [5, 30] (PDB-available at http://www.rcsb.org)

using the PDB code: 2VBC. This was solved by Luo et al.

in [19] at a resolution of 3.15 Å. This structure contains

two domains: serine protease N-terminal domain and the

ATPase/helicase domain located at the C terminus of NS3.

The serine protease N-terminal domain of NS3 was

selected for virtual screening of small molecules from

TCM database. Prepare Protein tool of iScreen server [38]

was used for preparing the protein for virtual screening

(http://iscreen.cmu.edu.tw/ligand.php). All the visualiza-

tions of molecular structure were performed with Pymol

[9] and Ligplot [15, 41] which are very powerful software,

for all purpose molecular visualizations.

Virtual screening

In this study, we employed iScreen web server [9] to per-

form virtual screening of inhibitor molecules for NS3pro of

DENV. iScreen allows to dock TCM compounds into a

binding site defined by the user. The protein structure file

of NS3 serine protease of DENV in PDB format was

uploaded into iScreen server and the active site determined

in the crystal structure of the protein was defined by pro-

viding the list of residues (HIS 51, ASP 75 and SER 135)

which form a catalytic triad in binding site of the DENV

NS3pro [18].

Results

Virtual screening

Virtual screening is applied to discover new potent inhi-

bitors for target protein which involves docking of inhibitor

structures into active site of the target, and scoring and

ranking of each compound [13]. Molecular docking of

small molecules into the binding site of structures of pro-

tein targets is a technique commonly used in the area of

drug discovery and molecular interaction studies [42]. We

used such virtual screening technique to predict the inhi-

bitory potential of 200 compounds from TCM against

DENV NS3pro. Total 5 TCM compounds hav-

ing the highest docking score were selected for further

analysis.

Molecular interaction studies of selected compounds

Molecular interaction mode analysis of protein–ligand

complexes is essential research in the area of structure-

based discovery for the development of new efficient drugs

against different diseases [33]. It is pivotal for complete

comprehension of the molecular mechanisms of biological

frameworks [1]. Five selected TCM compounds (eriodic-

tyol 7-O-glucuronide, luteolin 8-C-beta-glucopyranoside,

(-)-epicatechin-3-O-gallate, 6-O-trans-p-coumaroylgeni-

poside and luteolin-7-O-glucoside) were docked again into

the receptor structure to form complex structures using

MTiAutoDock server [14]. The molecular docking results

showed that all the selected inhibitors showed good bind-

ing affinity with DENV NS3pro. It was observed that the

DENV NS3pro binding energies for luteolin 8-C-beta-

glucopyranoside, (-)-eriodictyol 7-O-glucuronide, epicate-

chin-3-O-gallate, 6-O-trans-p-coumaroylgeniposide and

luteolin-7-O-glucoside were -7.000, -7.380, -7.380,

-7.440 and -7.440 kcal/mol respectively.

Hydrogen bonding and hydrophobic interactions play a

very important role to fit the ligands into the active site of

the target [26]. Hence, to understand the binding patterns

between DENV NS2B-NS3pro and above described

ligands associated with these interactions (Fig. 1) are

described separately as follows.

DENV NS2B-NS3pro and eriodictyol 7-O-

glucuronide complex

The interaction analysis of NS2B-NS3pro and eriodictyol

7-O-glucuronide complex (Fig. 1a) revealed that total six

residues (Val36, His51, Asp75, Gly133, Ser135 and

Asn152) of DENV NS2B-NS3pro including three of cat-

alytic triad were found to involved in the formation of

hydrogen bonds with eriodictyol 7-O-glucuronide, while

Trp50, Val52, Arg54, Val72, Pro132, Gly153 and Gln467

residues were involved in the hydrophobic interactions.

DENV NS2B-NS3pro and luteolin 8-C-beta-

glucopyranoside complex

The interaction of DENV NS2B-NS3pro and luteolin 8-C-

beta-glucopyranoside complex, as shown in Fig. 1b,
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Fig. 1 2D molecular interaction mode diagrams of DENV NS2B-

NS3pro domain with the bound ligands, a eriodictyol 7-O-glu-

curonide, b luteolin 8-C-beta-glucopyranoside, c (-)-epicatechin-3-O-
gallate, d 6-O-trans-p-coumaroylgeniposide and e luteolin-7-O-

glucoside. In all the figures, dashes represent hydrogen bonds while

arcs represent hydrophobic interactions. Other highlights: carbon—C;

oxygen—O; nitrogen—N
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illustrated that total two hydrogen bonds were found to be

involved between luteolin 8-C-beta-glucopyranoside and

NS2B-NS3pro residues Arg54 and Arg73 in which both

residues formed only one hydrogen bond. Total eight

amino acid residues; Trp50, His51, Val72, Asp75, Asn152,

Gly153, Gln467, of NS2B-NS3pro were found to be

involved in hydrophobic interaction with luteolin 8-C-beta-

glucopyranoside.

DENV NS2B-NS3pro and (-)-epicatechin-3-O-

gallate complex

From the Fig. 1c, showing DENV NS2B-NS3pro and (-)-

epicatechin-3-O-gallate complex, it can be deduced that

total five hydrogen bonds were found to be involved

between (-)-epicatechin-3-O-gallate and NS2B-NS3pro

residues Arg73, Ser135 and Asn152, in which all resi-

dues formed only one hydrogen bond except Arg73

which formed three hydrogen bonds. Total six amino

acid residues; Trp50, His51, Val72, Asn74, Asp75 and

Gly153 of NS2B-NS3pro were found to be involved in

hydrophobic interaction with (-)-epicatechin-3-O-gallate

complex.

DENV NS2B-NS3pro and 6-O-trans-p-

coumaroylgeniposide complex

The interaction diagram of DENV NS2B-NS3pro and 6-O-

trans-p-coumaroylgeniposide complex as shown in Fig. 1d

illustrated that total three hydrogen bonds were found to be

involved between 6-O-trans-p-coumaroylgeniposide and

NS2B-NS3pro residues Val36, Arg54 and Ser135 in which

both residues formed only one hydrogen bond. Total eight

amino acid residues; Trp50, His51, Val72, Arg73, Asp75,

Pro132, Gly133 and Asn152 of NS2B-NS3pro were found

to be involved in hydrophobic interaction with 6-O-trans-p-

coumaroylgeniposide.

DENV NS2B-NS3pro and luteolin-7-O-glucoside

complex

The interaction diagram of DENV NS2B-NS3pro and

luteolin-7-O-glucoside complex as shown in Fig. 1e illus-

trated that total eight hydrogen bonds were found to be

involved between luteolin-7-O-glucoside and NS2B-

NS3pro residues Val36, Trp50, Arg54, Asp75, Gly133,

Ser135 and Asn152 in which both residues formed only

one hydrogen bond except Val36 which formed two

hydrogen bonds. Total three amino acid residues; His51,

Pro132 and Gln467 of NS2B-NS3pro were found to be

involved in hydrophobic interaction with luteolin-7-O-

glucoside.

Discussion

Among the family of Flaviviridae, DENV is being con-

sidered as an increasing medical issue in many countries,

for which neither a specialized vaccine nor an efficient

drug is available. NS2B-NS3 protease of DENV plays a

vital role in genome replication and viral RNA synthesis,

through the cleavage of the viral polyprotein precursor to

discharge individual non-structural macromolecules and a

C-terminal NTPase-dependent RNA helicase [16, 18, 37].

Hence, NS2B-NS3 protease is considered as a therapeutic

target for the discovery and designing of potential lead

compounds to combat the DENV infection.

In this study, we performed virtual screening of natural

compounds available in the TCM database by docking

them into the active site of the DENV NS2B-NS3 protease.

Total 200 TCM compounds were found as inhibitor

molecules at the end of virtual screening experiment. Five

compounds (luteolin8-C-beta-glucopyranoside, (-)-eriod-

ictyol 7-O-glucuronide, epicatechin-3-O-gallate, 6-O-trans-

p-coumaroylgeniposide and luteolin-7-O-glucoside) were

selected for detail molecular interaction studies. The

binding energies for the selected lead compounds such as

luteolin8-C-beta-glucopyranoside, (-)-eriodictyol 7-O-glu-

curonide, epicatechin-3-O-gallate, 6-O-trans-p-coumaroyl-

geniposide and luteolin-7-O-glucoside were observed as

-7.000, -7.380, -7.380, -7.440 and -7.440 kcal/mol

respectively. The hydrogen bonding patterns between the

lead molecule and one of the catalytic triad (His-51, Asp-

75, and Ser-135) amino acid residue of NS3 protease might

disrupt the electron exchange between the carboxyl group

of Asp-75 and nitrogen atom on imidazole group of His-51,

probably disturbing the capability of His-51 to trigger

nucleophilic assault of hydroxyl group (b-OH) of Ser-135,
which is crucial for the initiation of proteolysis

[20, 25, 40]. 5 conserved amino acid residues (Asp-129,

Phe-130, Tyr-150, Asn-152 and Gly-153) of NS3 protease,

found among all the proteases of flavivirus and form the

small part in the b-sheet are well recognized for their

crucial role in substrate binding [10, 16, 25, 39, 40]. The

ligand molecules such as eriodictyol 7-O-glucuronide, (-)-

epicatechin-3-O-gallate, 6-O-trans-p-coumaroylgeniposide

and luteolin-7-O-glucoside show hydrogen bond interac-

tions with the catalytic triad except luteolin 8-C-beta-glu-

copyranoside. But all the ligands including luteolin 8-C-

beta-glucopyranoside show interaction with some of the

substrate binding residues.

The hydrogen bonding and hydrophobic interactions

between these lead molecules and one of the catalytic triad

(His-51, Asp-75, and Ser-135) amino acid residues of NS3

protease (as described in 2D molecular interaction dia-

grams) can alter the functional attribute of DENV NS2B-
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NS3 protein by changing their conformation. Therefore,

our findings suggests that luteolin8-C-beta-glucopyra-

noside, (-)-eriodictyol 7-O-glucuronide, epicatechin-3-O-

gallate, 6-O-trans-p-coumaroylgeniposide and luteolin-7-

O-glucoside can be evaluated in further in vitro and in vivo

studies for the development of effective DENV drugs.
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