
German Journal of Microbiology

eISSN: 2749-0149

Research Article

Molecular docking study of Lens culinaris L. phytochemicals to NS3-NS2B
protease of dengue virus serotype 2

Tohmina Afroze Bondhon1∗, Anamul Hasan1, Khoshnur Jannat1, Alok Paul1, Rownak Jahan1, Tooba

Mahboob2, Veeranoot Nissapatorn2, Karma G Dolma3, Maria L. Pereira4, Christophe Wiart5 and

Mohammed Rahmatullah1∗

1 Department of Biotechnology & Genetic Engineering, Faculty of Life Sciences, University of Development Alternative,
Dhaka-1207, Bangladesh

2 School of Allied Health Sciences, Research Excellence Center for Innovation and Health Products (RECIHP) and World
Union for Herbal Drug Discovery (WUHeDD), Walailak University, Nakhon Si Thammarat, Thailand

3 Department of Microbiology, Sikkim Manipal Institute of Medical Sciences, Sikkim Manipal University, Gangtok, Sikkim,
India

4 CICECO-Aveiro Institute of Materials & Department of Medical Sciences, University of Aveiro, Aveiro, Portugal
5 School of Pharmacy, University of Nottingham Malaysia Campus, Selangor, Malaysia

Article History:

Received: 29-May-2021

Accepted: 18-Jun-2021

*Corresponding author:

Mohammed Rahmatullah

E-mail:

rahamatm@hotmail.com

Abstract

Forty-three phytochemicals present in Lens culinaris were evaluated through in-silico molec-

ular docking studies for their binding affinities to the NS2B-NS3 activator-protease complex

of dengue virus serotype 2 (DENV-2). Among the various compounds tested, flavonoids (fla-

vanols, flavonols, proanthocyanidins, flavanones, flavones, and anthocyanins) demonstrated

high binding affinities for the protease complex. Eriodictyol-7-O-rutinoside showed the least

predicted binding energy at -9.1 kcal/mol followed by luteolin-7-O-glucoside at -8.8 kcal/mol.

Glycosidic linkages appeared to enhance the binding affinities of flavonoids, aldohexoses being

more potent than aldopentoses. Besides flavonoids, other classes of compounds demonstrat-

ing high binding affinities for the protease were carotenoids, phytosterols, and polyphenolic

compounds like resveratrol and trans-resveratrol 3-O-b-glucoside (piceid), the latter showing

predicted binding energy of -8.5 kcal/mol versus predicted binding energy of -7.2 kcal/mol

for resveratrol. The 2D interactions of four high binding affinity compounds like eriodictyol,

eriodictyol-7-O-rutinoside, catechin gallate, and luteolin-7-O-glucoside showed that all four

compounds bound to the active site of the NS3 protease and not to the activator NS2B.

Lys74 of NS3 was the common amino acid interacting with all four phytochemicals. Analysis

of physicochemical properties of the compounds (Lipinski’s Rule of 5) showed that the high

binding affinity compounds have less than two violations, indicating that they can serve as

useful lead compounds or as dengue virus serotype 2 therapeutics.
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Introduction

Dengue is a hemorrhagic fever caused by four serotypes
of dengue virus DENV-1, DENV-2, DENV-3, and
DENV-4 (Mishra et al., 2011; Ab-Fatah et al., 2015).
The various serotypes belonging to the Flaviviridae
family share about 65% genetic similarities; a fifth
serotype has also been discovered (DENV-5) (Mustafa
et al., 2015). Dengue is transmitted by female
mosquitoes, mainly of the Aedes aegypti and also
the Aedes albopictus type (Carrington and Simmons,
2014). According to the World Health Organization
(WHO), Dengue can be sub-clinical to more severe
flu-like symptoms. Some people may develop severe
dengue complications ranging from severe bleeding, or-

gan impairment and/or plasma leakage (World Health
Organization, 2021).

It has been estimated from modeling studies that
3.9 billion people worldwide are at risk from dengue
viruses in 129 countries globally, with 70% of the
dengue burden falling in Asian countries (Brady et al.,
2012; Bhatt et al., 2013). According to the WHO,
505,430 cases of dengue were reported in 2000, over
2.4 million in 2010, and 5.2 million in 2019 (World
Health Organization, 2021). The year 2020 wit-
nessed increased dengue infections in Bangladesh,
Brazil, Cook Islands, Ecuador, India, Indonesia,
Maldives, Mauritania, Mayotte (Fr), Nepal, Singa-
pore, Sri Lanka, Sudan, Thailand, Timor-Leste, and
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Yemen (https://www.who.int/news-room/fact-sheets/
detail/dengue-and-severe-dengu). The ongoing Coro-
navirus disease (COVID-19) pandemic can only add
to the heavy burden of dengue in those countries. The
disease occur primarily from the onset of summer rains
due to the breeding of both Aedes species that oc-
cur only in the clear water of leftover containers out-
side homes containing flower pots or car tires (Adebote
et al., 2011). It is therefore of paramount importance
not only to control dengue through controlling Aedes
spp. mosquitoes, but also to discover suitable thera-
peutics for this disease.

According to WHO, there is no treatment for
dengue fever. Treatment is mainly symptomatic by
administering acetaminophen or paracetamol for pain
and fever and transfusion of platelet if thrombocytope-
nia develops (Chairulfatah et al., 2003). Currently,
only a live attenuated vaccine “CYD-TDV” against
dengue and chimeric yellow fever 17D, is approved and
available in several countries. However, there are on-
going attempts to produce vaccines against DENV us-
ing a multi-pronged approach of live attenuated vac-
cine, inactivated vaccine, recombinant subunit vaccine,
viral vectored vaccine, and DNA vaccine (Yauch and
Shresta, 2014). For the CYD-TDV vaccine, WHO has
recommended its use only in dengue epidemic areas
(World Health Organization, 2016).

The lack of suitable vaccines or other therapeutics
against a rising mosquito-transmitted viral disease is
now compelling scientists to look for other alterna-
tives. The most popular alternative is to identify in-
hibitors against vital viral proteins that are responsible
for the viral function or replication. Such identifica-
tion is made through in-silico studies involving molec-
ular docking methods against the non-structural pro-
tein (NS2B-NS3) as one of the major targets of DENV
(Rothan et al., 2012). However, it is not the only target
protein used by scientists. The NS3 protein is a ser-
ine protease of the dengue virus, in complex with the
activator protein NS2B, catalyzes the viral polypro-
tein processing at different sites. Therefore, it plays
a vital role in inhibiting the dengue virus’s matura-
tion (Katzenmeier, 2004). Other target proteins, for
instance, include NS4B (Paul et al., 2016) and NS5
methyltransferase (Kausar et al., 2019), which have
also been used in molecular docking studies towards
identifying possible inhibitors of DENVs as lead or
therapeutic compounds.
Lens culinaris Medik (Fabaceae) seeds are prized lentils
in Bangladesh, India, and Pakistan, where the soup of
seeds is consumed regularly. In a previous molecular
docking study, we have shown that several phytochem-
icals from Lens culinaris have high binding affinities
for the main protease (Mpro) of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) (Hasan
et al., 2020). Therefore, the objective of the current
study was to evaluate the binding affinities of the previ-
ously studied 43 phytochemicals from Lens culinaris to
NS2B-NS3, as an activator-protease complex of DENV
serotype 2.

Materials and Methods

Three-dimensional structure of Dengue protease
(NS2B-NS3 protein complex)

The Protein Data Bank file (pdb) file (2FOM) of NS2B-
NS3 of DENV-2 was used as published by Erbel et al.
(2006). The protein consists of two chains and 185
residues length with a resolution of 1.5 Å (Sarwar et al.,
2018). The central hydrophilic region of NS2B (NS2B;
residues 49 to 95) is required by NS3 protease to per-
form proteolysis activity and stabilize folding. As a
result, the hydrophilic domain of NS2B interacts with
NS3 protease and forms a fully active site (Yang et al.,
2011). Previous functional profiling studies have shown
that the NS2B-NS3 proteases of the 4 DENV serotypes
share similar peptide-substrate structure activity rela-
tionships using tetrapeptide and octapeptide substrate
libraries (Li et al., 2005). Hence, any functional in-
hibitor of NS2B-NS3 must be capable of inhibiting all
four DENV serotypes. A monomeric form of the pro-
tein was used for molecular docking.

Compounds used in docking studies

We have studied 43 phytochemicals known to occur
in Lens culinaris (Ganesan and Xu, 2017). Ligand
molecules were downloaded from Pubchem (Ihlenfeldt,
2018) as structure data file (sdf) format (Isa et al.,
2020). They were optimized with the force field type
MMFF94 using Openbable softwares and saved as
protein data bank format file plus charges (q) and
Autodock atom types (t) format (PDBQT).

Ligand molecular docking studies)

A blind molecular docking was using AutoDock Vina
software (Trott and Olson, 2010). We reported the
binding energy values (∆G) as an average of the top
values from those docking programs. The more neg-
ative ∆G values, the better is the binding affinity of
the ligand to the target. We have used exhaustiveness
16 for docking. The grid box in Autodock Vina was
generated targeting the entire protein, where the cen-
ter was at X: -1.109, Y: -15.675 & Z: 17.074, and the
dimensions of the grid box were X: 58.77, Y: 61.24 &
Z: 49.18 (unit of the dimensions, Å). The figures show
the pose of selected phytochemicals bound to dengue
protease as obtained from PyMOL and displayed us-
ing Discovery Studio 4.1 (Dassault Systèmes BIOVIA,
Discovery Studio Modeling Environment, Release 4.5,
2015). The poseview tool in the ProteinPlus server was
used to obtain the 2D diagram of interaction between
protein and ligands (Stierand and Rarey, 2010).

Lipinski's rule of five (Ro5)

Lipinski's rule of 5 or Ro5 was followed to determine
the drug like properties of the phytochemicals of Lens
culinaris in the present work (Giménez et al., 2010;
Fernandes et al., 2016). The rule states that molecules,
which are poorly absorbed by the intestinal wall (i.e.,
poor oral bioavailability) would present any two or
more of these characteristics: molecular weight more
than 500, lipophilicity (log P>5), hydrogen-bond (HB)
donor groups (expressed as the sum of OHs and NHs
groups) more than 5, more than 10 HB acceptor groups
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(defined as the sum of Os and Ns atoms), and molar
refractivity outside a range of 40-130.

Biological activity prediction (ADME analysis)

The phytochemicals were evaluated for their poten-
tial bioactivity (ADME or absorption, distribution,
metabolism, and excretion) by calculating their biolog-
ical activity scores in different capacities like G-protein
coupled receptor (GPCR) ligands, ion channel modula-
tors, kinase inhibitors, nuclear receptor inhibitors, pro-
tease inhibitors, and enzyme inhibitors. The various
parameters were evaluated with the aid of the software
Molinspiration (www.molinspiration.com, Nova Ulica,
Slovensky Grob, Slovak Republic) (Rakib et al., 2020).

Results and Discussion

DENV-2 NS3 protease is a 69kDa protein with a ser-
ine protease domain located within the 167 amino acid
residues of the N-terminus (Li et al., 1999); other stud-
ies have mentioned this N-terminus domain as com-
prising of amino acid residues 1-185 (Constant et al.,
2018). The protease has a cofactor NS2B, and the
minimal region of NS2B required for NS3 activation is
a hydrophilic region consisting of amino acid residues
47/49-95 (Falgout et al., 1993). The NS2B protein is
required for optimal activation of the NS3 protease and
to stabilize the folding of the proteins (Yang et al.,
2011).

Altogether 43 phytochemicals from Lens culinaris
were evaluated for their binding affinity to NS2B-NS3
of DENV-2. The phytochemicals can be overall di-
vided into two groups; the flavonoid and the non-
flavonoid group of compounds. The flavonoid group
is comprised of flavonols, proanthocyanidins, flavones,
and anthocyanins. The non-flavonoid group contained
compounds, which can be further categorized under
several sub-groups like hydroxybenzoic acids, hydrox-
ycinnamic acids, polyphenolic compounds (other than
belonging to the flavonoid group), carotenoids, and
phytosterols. The binding energy (∆G), expressed
in –kcal/mol, is inversely proportional to the binding
affinity of a given phytochemical for the protease com-
plex. The binding energies of the various phytochem-
icals are shown in Table 1, and their structures are
shown in Figure 1.

We performed AutoDock (blind) binding studies
with the phytochemicals according to Nguyen et al.
(2018). Blind studies do not carry any preconceived
notions of the binding target(s) but simply show the re-
sult where the substrate (ligand) best binds to the pro-
tein. The advantage of blind molecular docking stud-
ies is that they can demonstrate other ligand-binding
pockets instead of focusing only on the active site.
Binding at sites other than the active site can also
induce conformational changes in the protein leading
to inhibition of protein activity. Therefore, both blind
and non-blind docking are considered important tools
for computer-simulated drug discovery.

Among the various classes of phytochemicals of
Lens culinaris studied, except for hydroxybenzoic and
hydroxycinnamic acids, the other groups of phyto-
chemicals exhibited in general good binding affini-

ties to NS2B-NS3 protease (Table 1). The flavonoid
compounds, irrespective of sub-groups, demonstrated
strong binding affinities for NS2B-NS3. The flavanone
eriodictyol-7-O-rutinoside exhibited the least predicted
binding energy at -9.1 kcal/mol (Table 1). Ac-
cording to PubChem (https://pubchem.ncbi.nlm.nih.
gov/), the compound known as eriocitrin, is a disac-
charide derivative consisting of eriodictyol substituted
by a 6-O-(α-L-rhamnopyranosyl)-β-D-glucopyranosyl
moiety at position 7 via a glycosidic linkage. Eriod-
ictyol itself also showed a comparatively low predicted
binding energy at -8.4 kcal/mol. In other instances,
in this study, the glycosidic linkage decreases the
predicted binding energy and subsequently increases
binding affinity. For example, the flavonol quercetin
showed predicted binding energy of -8.1 kcal/mol, but
quercetin-3-O-glucoside and quercetin-3-O-galactoside
showed predicted binding energy of -8.6 kcal/mol and
-8.7 kcal/mol, respectively. However, quercetin-3-O-
xyloside showed a comparatively higher predicted bind-
ing energy at -7.9 kcal/mol, suggesting that aldohex-
ose derivatives are better in decreasing predicted bind-
ing energy than aldopentose derivatives. Since the de-
crease of predicted binding energy makes for increased
affinity and can result in a better therapeutic effect,
the importance of glycosidic derivatives needs further
investigation.

The ability of glycosidic linkages to decrease the
predicted binding energy has also been noticed in
the present study with flavones (Table 1), where the
predicted binding energies for luteolin, luteolin-4-O-
glucoside, and luteolin-7-O-glucoside were -8.3, -8.7
kcal/mol, and -8.8 kcal/mol, respectively. In the same
way, glycosylated flavonoids were found more bioactive
and effective in inhibiting other viral protease targets,
such as the main protease (Mpro) of severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2) (Cher-
rak et al., 2020). Similar results were reported for
flavonoids from Salvadora persica L. (Salvadoraceae)
aerial part extracts (Owis et al., 2020). Taken together,
the low binding energies demonstrated by the flavonoid
group of chemicals call for additional research into
their potential as lead compounds in the development
of novel medicines against various DENV serotypes.
The 2D interactions depicting conventional hydrogen,
pi-pi and alkyl bonds of some phytochemicals with
NS2B-NS3 DENV-2 protease complex are shown in
Figure 2 and Figure 3. We have chosen the 2D in-
teractions with emphasis on phytochemicals giving the
lowest predicted binding energies. The 2D diagrams
showed that eriodictyol (Figure 2A) and eriodictyol-7-
Orutinoside Figure 2B) interact only with the NS2B
activator protein-NS3 protease, whereas catechin gal-
late (Figure 3A) and luteolin-7-O-glucosidewith Fig-
ure 3B) interact with the NS2B activator protein-NS3
protease.

The amino acid residues of NS3 interacting with
eriodictyol are LysB:74, LeuB:76, TrpB:83, LeuB:85,
GlyB:87, ValB:146, LeuB:149, and AsnB:152. As pre-
viously reported, the protease domain of NS3 has a
catalytic triad made up of His51, Asp75, and Ser135
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Figure 1: Structures of the various phytochemicals of Lens culinaris evaluated in the present study.

Figure 2: The 2D diagram representations of eriodictyol (A) and eriodictyol-7-O-rutinoside (B) interactions
with NS2B-NS3 protease. Eriodictyol and eriodictyol-7-O-rutinoside interact with only the NS3 protease. The
interacting amino acids are shown.

29



Table 1: Dengue Protease (NS2B-NS3) docking result with the phytochemicals of Lens culinaris.

Phytochemicals Binding energy (∆G = kcal/mol)

Flavonoids

(-)-Epigallocatechin -8.1

(+)-Catechin-3-O-glucose -7.6

Catechin -8.3

Flavanols Catechin-7-O-glucoside -8.1

Catechin gallate -8.9

Epicatechin -8.2

Epicatechin gallate -8.3

Quercetin-3-O-glucoside -8.6

Quercetin -8.1

Querctin-3-O-galactoside -8.7

Quercetin-3-O-xyloside -7.9

Kaempferol-4'-O-glucoside -8.5

Flavonols Kaempferol-5-O-glucoside -8.3

Kaempferol-3-O-glucoside -8.4

Kaempferol-3-O-rutinoside -7.9

Myricetin-3-O-rhamnoside -8.3

4''''-Acetylsagittatin A -8.1

Proanthocyanidins Procyanidin -8.1

Prodelphinidin -8.0

Flavanones Eriodictyol -8.4

Eriodictyol-7-O-rutinoside -9.1

Naringenin -7.6

Apigenin -7.7

Luteolin -8.3

Flavones Luteolin-4'-O-glucoside -8.7

Luteolin-3',7-diglucoside -8.0

Luteolin-7-O-glucoside -8.8

5,7-Dimethoxyflavone -7.4

Anthocyanins Malvidin-3-O-galactoside -8.4

Non-Flavonoids

Syringic acid -5.7

Hydroxybenzoic acids 2,3-Dihydroxy benzoic acid -5.6

p-Hydroxy benzoic acid -5.4

Gallic acid -5.7

3-Hydroxy cinnamic acid -6.1

Hydroxycinnamic acids p-Coumaroyl malic acid -6.2

Sinapic acid -5.8

4-Hydroxy-6-methyl coumarin -6.3

Other polyphenols Resveratrol -7.2

Trans-Resveratrol 3-O-b-glucoside -8.5

Carotenoids Lutein -8.3

Stigmasterol -7.4

Phytosterols Campesterol -7.3

β-Sitosterol -7.1

30



Figure 3: The 2D diagram representations of catechin gallate (A) and luteolin-7-O-glucoside (B) interactions
with NS2B-NS3 protease. Catechin gallate and luteolin-7-O-glucoside interacts with only the NS3 protease.
The interacting amino acids are shown.

(Yin et al., 2006; Frimayanti et al., 2011). The ac-
tive site is made up of amino acid residues in S1-S4
sub-pockets like Asp129, Ser135, Tyr150, and Tyr161
in NS3 (S1) pocket; Asp81, Gly82 and Ser83 in NS2B,
and Asp75 and Asn152 in NS3 (S2) pocket; Ser85, Ile86
and Lys87 in NS2B (S3) pocket; and Val154 and Ile155
in NS3 (S4) pocket (Hariono et al., 2019). Hence, eri-
odictyol can interact more with the S2 pocket in NS3,
as shown by its interaction with Asn152, a part of the
protease active site. Similar to eriodictyol, eriodictyol-
7-O-rutinoside interacts only with amino acid residues
of NS3 protease. The amino acid residues of NS3 in-
teracting with eriodictyol-7-O-rutinoside are TrpB:69,
LysB:74, GlyB:148, LeuB:149, AsnB:152, AlaB:166,
and AsnB:167. There are certain similarities between
eriodictyol and eriodictyol-7-O-rutinoside in that they
both bind to LysB:74 and LeuB:149 besides AsnB:152.

The interacting amino acid residues of NS3 protease
with catechin gallate (Figure 3A) include LysB:74,
LeuB:76, TrpB:83, TrpB:89, AsnB:152, AlaB:164,
AlaB:166, and AsnB:167. The interacting amino acid
residues of NS3 protease (Figure 3B) with luteolin-
7-O-glucoside include LysB:74, LeuB:76, GlyB:87,
GluB:88, ValB:147, LeuB:149, AlaB:164, IleB:165,
and AsnB:167. Like eriodictyol and eriodictyol-7-O-
rutinoside, catechin gallate also interacts with amino
acid residue Asn152 in the S2 pocket of the NS3 pro-
tease. Although luteolin-7-O-glucoside does not in-
teract with Asn152, like catechin gallate, it interacts
with Lys74, Leu76, Ala164, and Asn167. Eriodic-
tyol and eriodictyol-7-O-rutinoside also interact with
Lys74, suggesting Lys74 as the major amino acid in-
teracting with flavonoids.

The non-bonded interactions of various amino
acid residues of NS3 protease with the four phyto-
chemicals of Lens culinaris: eriodictyol, eriodictyol-

7-O-rutinoside, catechin gallate, and luteolin-7-O-
glucoside, including the nature of the formed bonds,
are given in Table 2. In summary, the selected phy-
tochemicals from Lens culinaris mainly employ hy-
drogen bonding and hydrophobic interactions in their
predicted docked poses to NS3 protease (Table 2).
Furthermore, the multiple hydrogen bonding and hy-
drophobic interactions confirm the strong binding affin-
ity of these four phytochemicals with NS3 protease (Ta-
ble 1) (Panigrahi and Desiraju, 2007).

As a number of the phytochemicals of Lens culi-
naris appeared to have good docking scores indica-
tive of good affinity, we sought out to predict whether
or not those molecules possess acceptable pharmacoki-
netic profiles as drugs or leads for developing drugs.
For this purpose, the SwissADME server (http://www.
swissadme.ch/) was used, and some of the salient fea-
tures predicted this way are given in Table 3.

Out of the four compounds with high binding
affinities (Figure 4), only eriodictyol-7-O-rutinoside
showed 3 violations indicating that the gut absorp-
tion of this compound will be poor. In contrast, the
other three compounds eriodictyol, catechin gallate,
and luteolin-7-O-glucoside had 0, 1, and 2 violations,
respectively, suggesting them as good drug candidates
against DENV serotype 2 (Table 3).

Various flavonoid compounds have been re-
ported previously as effective inhibitors for differ-
ent DENV serotypes. Naringin, catechin, fisetin,
naringenin, delphinidin, and epigallocatechin gallate
have been shown to be inhibitory against DENV-
2 in Vero cells (Loaiza-Cano et al., 2020). Other
flavonoids, including amentoflavone, quercetin-3-O-β-
D-glucopyranoside, avicularin, reynoutrin, silymarin,
and scutellarin, were reported as potential lead can-
didates to stop viral replication of DENV serotypes
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Table 2: Non-bonded interactions of selected phytochemicals of Lens culinaris with NS3 protease.

Phytochemicals Residues Distance Category Type

LEU149 2.25 Hydrogen Bond CH

ASN152 2.35 Hydrogen Bond CH

GLY87 2.51 Hydrogen Bond CH

Eriodictyol VAL146 2.09 Hydrogen Bond CH

LEU85 2.71 Hydrogen Bond CH

TRP83 5.15 Hydrophobic Pi-Pi T-shaped

LYS74 4.10 Hydrophobic Pi-Alkyl

LEU76 4.92 Hydrophobic Pi-Alkyl

TRP69 2.53 Hydrogen Bond CH

LEU149 2.85 Hydrogen Bond CH

ASN152 2.83 Hydrogen Bond CH

ASN167 2.03 Hydrogen Bond CH

Eriodictyol-7-O-rutinoside LYS74 3.28 Hydrogen Bond CH

GLY148 3.78 Hydrogen Bond C

TRP69 5.36 Hydrophobic Pi-Pi Stacked

TRP69 4.87 Hydrophobic Pi-Pi Stacked

ALA166 3.74 Hydrophobic Alkyl

ASN167 2.17 Hydrogen Bond CH

TRP89 2.32 Hydrogen Bond CH

ALA164 2.65 Hydrogen Bond CH

LYS74 4.38 Electrostatic Pi-Cation

Catechin gallate LEU76 3.56 Hydrophobic Pi-Sigma

ALA166 3.70 Hydrophobic Pi-Sigma

TRP83 4.21 Hydrophobic Pi-Pi Stacked

TRP83 5.70 Hydrophobic Pi-Pi Stacked

TRP83 5.00 Hydrophobic Pi-Alkyl

LYS74 4.64 Hydrophobic Pi-Alkyl

LEU149 2.17 Hydrogen Bond CH

LEU149 2.52 Hydrogen Bond CH

VAL147 2.19 Hydrogen Bond CH

GLY87 2.29 Hydrogen Bond CH

GLU88 3.57 Hydrogen Bond C

Luteolin-7-O-glucoside LEU76 3.50 Hydrophobic Pi-Sigma

LEU76 3.87 Hydrophobic Pi-Sigma

ALA164 3.88 Hydrophobic Pi-Sigma

ILE165;ALA166 5.32 Hydrophobic Amide-Pi Stacked

ILE165;ALA166 4.34 Hydrophobic Amide-Pi Stacked

LYS74 5.06 Hydrophobic Pi-Alkyl

LYS74 4.82 Hydrophobic Pi-Alkyl
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Figure 4: The PyMol depiction of Eriodictyol, Eriodictyol-7-O-rutinoside, Catechin gallate, and Luteolin-7-
O-glucoside interactions with NS3 protease; an enlarged view (left) of the key amino acids (red) interacting
with the ligand (blue) is shown as stick representation. These residues and the nature of interactions are also
listed in Table 2.
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Table 3: Physico-chemical properties of selected compounds of Lens culinaris predicted by SwissADME.

Phytochemical Molecular No of H-Bond No of H-Bond Log P Molar No of

weight acceptors donors refractivity violation

(-)-Epigallocatechin 306.27 7 6 0.98 76.36 1

(+)-Catechin-3-O-glucose 452.41 11 8 -0.19 106.72 2

Catechin 290.27 6 5 1.47 74.33 0

Catechin-7-O-glucoside 452.41 11 8 1.55 106.46 2

Catechin gallate 442.37 10 7 1.31 110.04 1

Epicatechin 290.27 6 5 1.47 74.33 0

Epicatechin gallate 442.37 10 7 1.31 110.04 1

Quercetin-3-O-glucoside 464.38 12 8 2.11 11.16 2

Quercetin 302.24 7 5 1.63 78.03 0

Querctin-3-O-galactoside 464.38 12 8 2.11 110.16 2

Quercetin-3-O-xyloside 434.35 11 7 1.61 104.19 2

Kaempferol-4'-O-glucoside 448.38 11 7 2.04 108.13 2

Kaempferol-3-O-glucoside 448.38 11 7 0.53 108.13 2

Kaempferol-3-O-rutinoside 594.52 15 9 2.79 139.36 3

Myricetin-3-O-rhamnoside 464.38 12 8 0.92 111.02 2

4''''-Acetylsagittatin A 752.67 19 9 2.96 174.08 3

Procyanidin 594.52 13 10 1.70 147.52 3

Prodelphinidin 610.52 14 12 1.76 150.76 3

Eriodictyol 288.25 6 4 1.62 73.59 0

Eriodictyol-7-O-rutinoside 596.53 15 9 1.95 136.94 3

Naringenin 272.25 5 3 1.75 71.57 0

Apigenin 270.24 5 3 1.89 73.99 0

Luteolin 286.24 6 4 1.86 76.01 0

Luteolin-4'-O-glucoside 448.38 11 7 2.02 108.13 2

Luteolin-3',7-diglucoside 610.52 16 10 2.07 140.26 3

Luteolin-7-O-glucoside 448.38 11 7 1.83 108.13 2

5,7-Dimethoxyflavone 282.29 4 0 2.95 80.90 0

Malvidin-3-O-galactoside 528.89 12 7 -3.24 125.11 3

Resveratrol 228.24 3 3 1.71 67.88 0

Trans-Resveratrol 3-O-b-glucoside 390.38 8 6 1.75 100.00 1

Lutein 568.87 2 2 7.15 186.76 3

Stigmasterol 412.69 1 1 4.96 132.75 0

Campesterol 400.68 1 1 4.92 128.42 0

α-Sitosterol 414.71 1 1 4.79 133.23 0
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Figure 5: Surface diagram of binding of selected phytochemicals to NS2B-NS3 protease complex. The NS3
protease (magenta colour surface) and the NS2B activator part (blue colour surface). The tested phytochemi-
cals do not bind to the protease-activator interface; instead, they bind to the protease. Blue-Catechin gallate;
Yellow- Querctin-3-O-galactoside; Green-Kaempferol-4'-O-glucoside; Cyan- Trans-Resveratrol 3-O-b-glucoside;
Orange-Lutein; Red-Eriodictyol; Sky Blue-Eriodictyol-7-O-rutinoside; Lemon-Luteolin-7-O-glucoside; and Pink-
Malvidin-3-O-galactoside.

1 and 4 (Jayadevappa et al., 2020). In a sense, the
present study is an improvement over previous stud-
ies in that 43 compounds coming from both flavonoid
and non-flavonoid groups were evaluated for DENV-2
inhibitory potential. The limitation of this study is
that molecular docking and other analyses were per-
formed only on DENV serotype 2 NS2B-NS3 protease-
activator complex. However, the tested phytochemi-
cals with the least binding energies bind only to NS3
protease (Figure 5). Additionally, proteases the main
DENV serotypes 1-4 are highly conserved between
(Aguilera-Pesantes et al., 2017), suggesting that these
phytochemicals will possibly bind with similar affinities
to NS3 protease of the other DENV serotypes. How-
ever, this limitation needs to be addressed in future
studies.

Conclusions

A total of forty-three phytochemicals from Lens culi-
naris have been evaluated through in-silico studies
(molecular docking) for their binding potential to the
active site of NS2B-NS3 protease of DENV-2 serotype.
The phytochemicals belonged to both flavonoid and
non-flavonoid groups like hydroxybenzoic and hydrox-
ycinnamic acids, carotenoids, and phytosterols. Out of
the forty-three phytochemicals, eight compounds (all
non-flavonoids) showed binding energies higher than
-7.0 kcal/mol, suggesting that they would be suitable
inhibitors of NS2B-NS3 protease. The 2D and Py-
Mol depictions of several compounds of high binding
affinities showed that interactions of these compounds
are mainly with the NS3 protease but not the NS2B

activator protein. The violations of Lipinski's Ro5
analysis of four compounds with the highest binding
affinities revealed that three compounds, i.e. erio-
dictyol, catechin gallate, and luteolin-7-O-glucoside
have 0, 1, and 2 violations, respectively, suggest-
ing them as promising therapeutics against DENV
serotype 2 and possibly other DENV serotypes, how-
ever, this will have to be determined in similar studies.
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