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Abstract

The dengue virus causes serious health issues and a loss of quality of life. Dengue poses a yearly threat
to half of the world’s population. The drugs that are based on allopathy are expensive and also exhibit
toxic effects on tissues and biological activities. It is also generally accepted that most
pharmacologically active drugs, including those derived from medicinal plants, are isolated from
natural sources. The present study is directed toward identifying an inhibitor of the non-structural
protein (dengue virus type 2 genome polyprotein), as no medicines for treating these arboviruses exhibit
antiviral activity. To forecast potential high-affinity, selective binders, the biological target’s structure
was selected. The ProtParam determines the protein’s main characteristics. The homology modeling
tool MODELER is used to build the non-structural protein’s three-dimensional structure using several
existing non-structural protein structures as templates. After that, the structure is thoroughly optimized
and verified using PROCHECK and VERIFY3D. The receptor’s molecular binding active sites were
examined using the CASTp server. The non-structural protein’s expected structure will serve as a basis
for the development of potent inhibitors that may one day be used as natural therapeutics.

Keyword: Dengue virus, non-structural protein 2, homology modeling, ligand, protein ligand interaction
profiler

INTRODUCTION

In recent years, the incidence of dengue worldwide has increased. The cases reported by the WHO
from 2000 to 2019 are 505, 430 and 5.2 million, respectively. Mild, self-asymptomatic cases are
primarily managed. Hence, dengue cases are underreported, and many cases are misguided, just like
other febrile illnesses. The highest number of dengue cases was reported in 2023, affecting 80 countries
across all WHO regions. These findings, along with the unexpected increase in dengue cases, a historic
rise of over 6.5 million cases, and dengue deaths are more than 7300, show that the dengue transmission
had begun in early 2023. The WHO estimates that half of the world’s population is at risk of contracting
dengue each year. The majority of dengue cases occur in metropolitan and semi-urban regions, as well
as in tropical and subtropical climates [1-26].

The dengue virus, a member of the Flavivirus
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genome [2]. The receptor-mediated endocytosis of
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Dengue virus also belongs to the arbovirus group, which is arthropod-borne; the four families that
belong to the Togaviridae, Reoviridae, Flaviviridae, and Bunyaviridae share the main Characteristics:
the reservoir hosts are transmitted between arthropod vectors to vertebrates in the cycle. Over 700, 000
people die each year from infectious diseases, of which more than 17% are vector-borne [3]. In the large
segment of our population, it causes serious health issues and a loss of quality of life, resulting in a
significant negative impact on the economy and society [3]. The host immune response, regulation and
maturation, proteolysis, assembly, and replication are the intercellular aspects of the viral cycle
coordinated by Nonstructural Proteins (NS), as no medicines for treating these arboviruses show
antiviral activity. The most commonly prescribed drugs, like acetaminophen and non-steroidal anti-
inflammatories, can lead to internal bleeding and hemorrhages. Therefore, it is necessary to develop
effective therapeutic activities by combining low cost and high specificity to improve the patient’s
quality of life [3].

The plant or natural product is therapeutic for many diseases and is used for disease management. It
is still under active research due to its lower affordability and potential side effects. Plant products are
essential for enhancing antioxidant activity, modulating genetic pathways, and inhibiting bacterial
growth to prevent and treat diseases. The drugs that are based on allopathy are expensive and also
exhibit toxic effects on tissues and biological activities [28-50]. It is also generally accepted that most
pharmacologically active drugs, including those derived from medicinal plants, are isolated from natural
sources [4].

In modern times, the traditional medicinal system is impressive, as it has been a source of medicinal
agents for thousands of years, with natural sources isolated only from where they are obtained [5].
Especially in Indian Ayurvedic, Unani, and Homoeopathic medicine, the seeds, leaves, bark, roots, fruits,
and oil of Azardirachta indica are used to treat a variety of diseases [6]. Both developed and developing
nations investigated the biological activity and chemical components of Azardirachta indica. [5].

The neem bark extract significantly blocks HSV-1 entry into cells at the tested concentration. It has
a direct anti-HSV-1 property; the extract blocks NBE activity when the virus is preincubated in the
extract, but not in the presence of target cells [6]. Neem leaf extract has virucidal activity against
Coxsackievirus B-4, resulting in virus inactivation [4].

Bioinformatics techniques are used across a broad spectrum to evaluate intrinsic disorders in the
complete proteomes of four human dengue virus (DENV) genotypes, to analyze the peculiarities of
disorder distribution within individuals’ DENV proteins, and to establish potential roles for structural
disorder in their functions.

The complete proteomes of the four human dengue virus (DENV) genotypes are evaluated using a
wide range of bioinformatics techniques. This enables analysis of the unique distribution of structural
disorders within each person’s DENV proteins and the identification of possible roles for these disorders
in their functions. Along with the dengue fever virus, hepatitis C virus, West Nile virus, and yellow
fever virus, the family Flaviviridae belongs to the genus Flavivirus.

Most of the over 80 viruses that make up the flavivirus genus are arthropod-borne human pathogens
that cause a range of illnesses, including dengue fever and its related conditions, dengue hemorrhagic
fever and dengue shock syndrome, Yellow fever, and Japanese encephalitis [7]. The dengue virus has
four antigenically related serotypes (DEBV-1, 2, 3, 4). All these serotypes are known to cause a full-
spectrum disease [8].

Lifelong immunity is conferred by infection with one of these serotypes, but only to the serotypes
[9]. Therefore, in a dengue-endemic area, individuals are at risk of secondary infection with other
DENYV serotypes. Dengue virus is an arthropod-borne virus (arbovirus) primarily transmitted between
Aedes aegypti and humans, which breeds in domestic and peridomestic water containers.
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In Southeast Asia and West Africa, a sylvatic cycle, in which jungle primates and mosquito vectors
spread the virus, has been observed; however, the extent to which this cycle contributes to human
infection is currently unknown [10]. Aedes mosquitoes, which develop in tree holes and spread the virus
from monkey to monkey, from monkey to human, and between humans, are thought to be involved in
the enzootic maintenance cycle of this virus.

It is also documented in West Africa, Sri Lanka, and Malaysia that the dengue virus has zoonotic
cycles, with transmission involving forest Aedes species and monkeys. Aedes niveus is a vector in
Malaysia; Aedes furcifer is a species implicated in West Africa; Aedes aegypti, Aedes taylori, Aedes
opok, and Aedes luteocephalus. The most important vector is Aedes aegypti; other Aedes species also
play an essential role in disease transmission [7]. Another member of the flavivirus genus, Aedes
flavivirus, also shows vertical transmission from mosquito to mosquito. Around 2.5 billion individuals
in tropical regions are thought to be at risk of contracting dengue, and each year there are 100 million
cases of dengue fever and 250, 000 cases of dengue hemorrhagic fever reported globally [7].

Hemorrhagic fever, dengue shock syndrome, and mild subclinical symptoms are among the most
common clinical manifestations of dengue virus infection. Nonspecific febrile illness, classic dengue
fever, dengue hemorrhagic fever (grades I and II), and dengue shock syndrome (grades III and IV) are
the severity-based classifications for the disease [11].

The most common sign of classic dengue fever is a rapid onset of fever accompanied by several
symptoms, including leukopenia, headache, retro-orbital discomfort, myalgia, arthralgia, and hemorrhagic
features [12]. In this molecular docking study, 15 natural or plant products were tested against the dengue
virus therapeutic target protein, the envelope protein. The drug design process is in silico, which involves
the identification and testing of therapeutic targets and the screening of small molecules against them [13].
After that, docking the smaller molecules from the library initiates virtual screening. The chemicals that
pass these detailed profiling investigations are referred to as leads. These selected findings are tested for
specificity by docking at binding sites of established medication targets [14].

MATERIALS AND METHODS
Sequence Retrieval

The NCBI’s protein database was used to obtain the amino acid sequences of the dengue virus type
2 genome polyprotein (Accession P12823.1). The 3, 388-amino-acid protein is used in this study for
additional research (Figure 1).

Figure 1. Structure of non-structural protein of dengue virus.
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Primary Structure Prediction

The protein’s physicochemical properties were calculated using ExXPASy’s ProtParam program [5].
The theoretical isoelectric point (pI), molecular weight, total number of positive and negative residues,
extinction coefficient [15], instability index [16], aliphatic index [17], and grand average hydropathicity
(GRAVY) of the protein were all calculated using the default parameters (Table 1).

Table 1. Different physicochemical properties of nonstructural protein 2 of dengue virus.

Parameters Value
Molecular weight 70511.38.
Extinction coefficient 68435.
Abs 0.1%(=1g/1)1.033, assuming all pairs of Cys residues form cystines

Extinction coefficient 66810.
Abs 0.1%(=1g/1)1.013, assuming all Cys residues are reduced

Theoretical pl 6.25.
Total number of negatively charged residues (Asp + Glu): 74.
Total number of positively charged residues (Arg + Lys): 70.
Instability index 36.06.
Grand average of hydropathicity (GRAVY) -0.062.
Aliphatic index 88.93.

TEMPLATE SELECTION

To identify a good template for the protein, BLAST is used. BLAST results indicate the degree of
similarity between a protein with unknown structures and those found in the Protein Data Bank [18].
With 100% query coverage, 1oke A/B was determined to be the best homolog for nonstructural protein
2 using BLAST. PDB was used to obtain the structural summary for the homology. Figure 2 displays
the BLAST’s outcome.

Putative Conserved Domains have Been Detected, Click on the Image Below for Detailed Results
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HOMOLOGY MODELING

A comparative modeling application, MODELLER 9.20 [19], was used to generate the model. It
creates a modified three-dimensional homology model of a protein sequence using a selected template
and a provided sequence alignment. Given the close relationship between the query and template
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molecules, homology modeling can yield high-quality models. Protein structures are more conserved
than their sequences when the identity is greater than 20%; however, model quality may suffer if the
target and template sequence identity is less than 20% [20]. Based on the lowest discrete optimized
protein energy (DOPE) score and highest GA341 score, the MODELLER produced five structures using
loke A as the template, and the best one was selected [21].

Ligand’s Preparation

As ligand molecules, a few natural medicinal compounds and their analogs were taken from the
PubChem compound database maintained by the National center for Biotechnology Information (NCBI).
Open Babel was used to translate these molecules from the SDF (structure data file) format to Protein
Data Bank (PDB) coordinates. After submitting the chosen ligand molecules to the Molinspiration server,
Lipinski’s Rule of Five was used to determine how likely they were to exhibit drug-like characteristics.
For additional analysis, only the molecules that passed this filter were used. The ideal medicine molecule
should weigh less than 500 moles, have fewer than five hydrogen bonds overall, have a miLogP value of
less than five, and have a sum of N and O of no more than ten [15] (Table 2).

Table 2. Molecular properties of ligand molecules identified by the molinspiration server.

Ligand miLogP | TPSA | Natoms MW nON | NOHNH | nviolations | Nrotb | Volume
1 2.85 112.28 36 498.57 8 1 0 6 452.45
2 3.66 86.11 34 466.57 6 0 0 3 430.17
3 1.05 86.99 25 350.45 5 3 0 3 338.33
4 1.38 41.12 16 224.35 3 2 0 4 236.41
5 5.40 110.52 43 596.72 9 0 2 9 551.94
6 0.86 23.55 16 224.35 3 0 0 4 236.69
7 1.72 66.76 24 334.46 4 2 0 4 330.29
8 4.34 95.35 35 485.57 7 0 0 3 439.15
9 1.17 125.69 34 480.60 8 4 0 7 454.37
10 2.04 134.27 34 470.52 8 3 0 4 417.39
11 1.83 100.13 32 442.55 6 3 0 1 408.10
12 3.55 118.36 39 540.61 9 0 1 8 488.96
13 1.94 92.06 34 466.53 7 0 0 4 417.03
14 2.15 175.51 45 632.75 11 5 2 6 574.50
15 4.15 96.36 34 470.61 6 2 0 2 441.81
<275,

Anaferine 6 Deacetylnimbine

AT

Azadirachtin Cuscohygrine
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Verification and Validation of the Structure

The accuracy and stereochemical features of the predicted model were assessed using PROCHECK
[22] and the Ramachandran plot analysis [8], which were performed through the SAVESv6.0 server
(servicesn.mbiuda.edu/SAVES/). The number of residues in the core, allowed, generously allowed, and

disallowed regions, as well as the total G-factor, were used to choose the most effective model (Figures
3 and 4] (Table 3).
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Figure 3. Ramachandran plot analysis of selected model.
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Figure 4. Verify 3D of non-structural protein 2 of dengue virus.
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Table 3. Ramachandran plot of Non-structural protein 2 from dengue virus.

Ramachandran plot statistics

Non-structural protein 2

Residue %
Residues in the most favored regions[A,B,L] 308 91.7
Residues in the additional allowed regions [a,b,l,p] 26 7.7
Residues in the generously allowed regions [a,b,1,p] 2 0.6
Residues in the disallowed regions [xx] 0 0.0
Number of non-glycine and non-proline residues 336 100.0
Number of end residues (excl.Gly and PRO) 2
Number of glycine residues 37
Number of proline residues 19
Total number of residues 394
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Active Site Analysis

The Computed Atlas of Surface Topography of Proteins (CASTp) server was used to determine
potential binding sites after the three-dimensional structure of non-structural protein 2 was modelled.
This was done to evaluate the structural alignment between the model and the template [12]. Binding
sites, surface structural pockets, active sites, and the area, shape, and volume of each pocket and internal
cavity in proteins were all identified and described using CASTp3.0. Additionally, it might be used to
determine each pocket’s area, accessible molecular surface, number, and mouth-opening [29]. An
essential source of information about the docking simulation is active-site analysis.

Docking Simulation Study

An in silico docking simulation study was conducted to recognize the inhibiting potential against
non-structural protein 2. AutoDock Vina and AutoDock 1.5.6 were used for the docking study. Polar
hydrogen was added to non-structural protein 2 before the docking simulation investigation. All
compounds were screened using AutoDock Vina version 1.5.6 to search for chemicals with high binding
affinities for non-structural protein 2. The size of the grid box was set as center x = 109.682, center y
= 115.301, center z = 125.648, size x =78, size_y = 78, size z = 126. The exhaustiveness level was
set to 8. The compound with the highest binding affinities was then analyzed and considered a possible
template for further optimization. Then, AutoDock version 1.5.6 was performed, and the search results
were analyzed using the Lamarckian genetic algorithm. A ligand with the lowest binding energy is
chosen when ligands are compared according to binding energy [2] (Table 4).

Table 4. Identifying binding affinity between protein and ligand by autodock.

Ligand Binding affinity Distance from best mode
Msd Lb Msd Ub
6 desacetyl nimbinene 1 -11.4 0.000 0.000.
6 desacetyl nimbinene 2 -11.3 1.431 6.146.
Azadirachtin 1 -11.6 0.000 0.000.
Azadirachtin 2 -11.2 2.147 4.386.
Anaferine 1 -6.8 0.000 0.000.
Anaferine 2 -6.8 0.017 4.791.
Andrographolide 1 9.4 0.000 0.000.
Andrographolide 2 -8.3 14.895 17.868.
Cuscohygrine 1 -7.1 0.000 0.000.
Cuscohygrine 2 -7.0 2.116 4.386.
Deoxyandrographolode 1 -9.9 0.000 0.000.
Deoxyandrographolode 2 -9.9 1.650 5.578.
Epoxyazadiradione 1 -14.5 0.000 0.000.
Epoxyazadiradione 2 -13.9 1.827 3.353.
Gedunin | -13.6 0.000 0.000.
Gedunin 2 -12.8 2.084 2.908.
Neoandrapholide 1 -9.7 0.000 0.000.
Neoandrapholide 2 -9.7 13.529 17.922.
Nimbic acid 1 -12.3 0.000 0.000.
Nimbic acid 2 -12.1 1.332 2.853
Nimbidinin 1 -11.7 0.000 0.000..
Nimbidinin 2 -11.4 1.579 5.505.
Nimbin | -8.6 0.000 0.000.
Nimbin 2 -8.3 24.390 28.096.
Nimbolide 1 -12.9 0.000 0.000.
Nimbolide 2 -12.9 1.147 2.588.
Sitoindosides IX 1 -12.4 0.000 0.000.
Sitoindosides IX 2 -12.2 1.249 1.943.
Withanolides A | -8.2 0.000 0.000.
Withanolides A 2 -8.2 14.076 15.600.
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RESULTS AND DISCUSSION

The two ligands, namely epoxyazadiradione (8.12 (BE) and 1.11 uM (IC)) and Anaferine (-4.01 (BE)
and 1.15 mM (IC)), were highly significant among the 15 ligands, with good binding affinity and
inhibition constants. A key component of the structure-based drug design process is docking small-
molecule compounds into the binding site of a receptor and calculating the complex’s binding affinity.
A precise, quick docking procedure and the ability to visualize binding geometries and interactions are
essential for a comprehensive understanding of the structural principles that dictate the strength of a
protein/ligand complex. To illustrate how docking and visualization can support structure—based drug
design efforts, an interface between the molecular docking suites AutoDock 1.5.6 and Vina 1.5.6 and
the well-known molecular graphics program PyMOL 1.3 was created for this study.

In this study, we provide a PyMOL 1.3 plugin that facilitates binding site analysis, virtual screening,
and molecular docking. The plugin extensively leverages a set of Python scripts to set up docking runs
and acts as an interface between PyMoL 1.3 and two well-known docking programs. Autodock 1.5.6
and Autodock Vina 1.5.6. Given the importance of visualization in structure-based drug design, a
number of tools have been developed to complement the AutoDock 1.5.6 suite.

The plugin uses scripts from the Autodock 1.5.6 tools package to prepare these files. To identify and
describe binding sites, Castp looks for pockets and voids in protein structures. One can either specify a
directory containing a library of ligands to be docked or prepare ligands one at a time in PyMoL 1.3
[19] for later docking runs. Autodock docks using interaction maps. These maps are computed using
the autogrid program before the docking run [16].

The interaction energy between each type of ligand atom and the receptor is computed for the whole
binding site, which is divided into discrete areas using a grid. Both the ranking list of docked ligands
and their corresponding binding postures can be exported, and docking poses are ranked by docking
score. For example, it is possible to export the prioritized list of docking results in CSV format and
import it directly into an application such as Excel.

For the drugs selected from AutoDock, a profiler is used to provide thorough identification and
visualization of protein—ligand interactions. Similar to Galaxysite [17] or proBis [25], PLIP is a
supplementary web tool that can be used to assess docking data (Figures 5 and 6). A web tool called
PLIP enables the identification and visualization of patterns of protein—ligand interactions from three-
dimensional structures. The binding relationship between the therapeutic compounds that docked with
powerful agents and the targeted protein was examined using the Autodock tools (ADT, version 1.5.6)
and PLIP [11]. The protein—ligand interaction is depicted in Figures 7 and 8 (Table 5).

Figure 5. Molecular docking of epoxyazadiradione.
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Figure 8. Protein-ligand interaction profiler of anaferine.
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Table 5. Molecular simulation by autodock.

Ligand Binding | Liga | Inhi | Inhib_co | Inter | Vdw_h (Electros|Tota| Torsional [Unbo| File | Cl |Ref| Rs|Rs
energy |nd_e|b_co|nstant_u mol_e|b_des e| tatic_ |l int| energy |und (nam| R | R |ee|ee

fficie| nsta| nits |nergy| nergy | energy |erna energ| e [MS/MS|d1(d2

ncy | nt 1 y
6 -7.6 |-021)2.71 uM | -9.68| -9.65 | -0.04 |83.8 2.09 |83.81|Dock| 0 |90.|no |no
desacetylni 1 dlig 81 |ne |ne

mbinene

Anaferine | -4.01 (-025|1.15| mM 52| -385 | -1.35 |18.6 1.19 18.69 |Dock| 0 |82.|no [no
9 dlg 66 |ne |ne
Azadiracht| -82 [-0.16/979.| nM |[-11.18] -11.07 | -0.11 [78.0| 298 |78.02|Dock| O |76.|no |No
in 32 2 dlg 86 |ne |ne
Gedunin -8.45 |-0.24{898.| nM |-934| -929 | -0.05 |164| 0.89 16.46|Dock | 0 |106|no |no
62 6 dlg .04 |ne |ne
Cuscohygr| -4.82 [-0.3(290.| uM [-542| -45 -0.92 |10.0 0.6 10.06 [Dock | 0 |93. |no |no
ine 77 6 dig 48 |ne |ne
Deoxyandr| -7.7 |(-0.32(227| uM [-9.14| -9.17 | -0.02 |825 1.49 |82.51|Dock| 0 |93.|no |no
ographolod 1 dig 07 |ne |ne

e
Epoxyazad| -8.12 [-0.24|1.11 uM | -9.02| -891 -0.1 | 120. 0.89 120.9|Dock | 0 [105|no [no

iradione 91 1 |.dig 91 |ne |ne
Neoandrap | -8.31 |-0.24{811.| nM |-10.99| -10.8 02 127 2.68 12.74|Dock | 0 |93. |no [no
holide 55 4 dig 09 |ne |ne
Nimbic -10.51 |-031(19.8| nM |[-12.0| -11.99 | -0.01 |208. 1.49  |208.8|Dock| 0 |91.|no |no
acid 4 8 dlg 37 |ne |ne
Nimbidini | -10.9 |-0.34{10.2| nM |-12.39| -12.39 0.0 |[13.1 1.49 13.18 |Dock | 0 |91. |no [no
n 2 8 dlg 11 |ne |ne
Nimbin -82 [-021|978.| nM |-10.29| -10.36 | 0.08 |109. 2.09 109.5|Dock | 0 |89. [no [no
85 52 2 |.dlg 89 |ne |ne
Nimbolide | -11.02 |{-0.32| 8.3 nM  |-11.62 -11.6 | -0.02 [9.97 0.6 9.97 |Dock| 0 |92.|no |no
dig 53 |ne |ne
Sitoindosid| -8.29 |-0.18|831.| nM |-11.58| -11.53 | -0.05 |44.7 328 |44.76|Dock| 0 |84.|no |no
es IX 8 6 dlg 37 |ne |ne
Withanolid| -10.69 [-0.31| 14.5 nM  |-11.59] -11.58 0.0 |55.1 0.89 55.19 |Dock | 94. | n/a |no |no
es A 9 dlg (552 ne |ne
Andrograp | -84 [-0.34(701.| nM [-959| -9.55 -0.03 |10.0 1.19 10.08|Dock | 0 |91. |no |no
holide 47 8 dig 75 |ne |ne
CONCLUSION

The popular molecular graphics program PyMOL 1.3 was given a new plugin in this study, which
enabled docking studies using AutoDock 1.5.6 or AutoDock Vina 1.5.6. The plugin includes
capabilities for planning, carrying out, and evaluating virtual screening positions, in addition to all the
features needed for the docking run’s entire workflow. Because structure-based drug design relies
heavily on visual support, the plugin is anticipated to improve these efforts by integrating PyMoL 1.3
with two popular docking applications. Fifteen compounds were identified across the articles that
inhibited Dengue Virus in the in vitro drug susceptibility assay. Globally, the Dengvaxia vaccine
(dengue virus) is the only vaccine currently approved by the U.S., and it is also recommended for a
specific population. Since there is no particular drug for the dengue virus, this study aimed to examine
drugs that may inhibit the dengue virus non-structural protein 2, which binds to the human prohibitin
receptor. The established ligand-based pharmacophore model was used to identify standard features of
non-structural protein 2 inhibitors in the PubChem database, and the virtual screening method was used
to screen the compound library. After that, molecular docking was used to examine the detailed binding
modes of the selected ligands with the active site of non-structural protein 2. The computational
approaches showed the advantage of saving time and resources. It is feasible to block the interaction of
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non-structural protein 2 with the selected 15 compounds using virtual screening based on
pharmacophore and molecular docking. Several structurally diverse active compounds were identified
in non-structural protein 2 inhibitors of dengue virus. This revealed that the sequential use of available
tools, such as AutoDock/Vina, yields better results for blocking the interaction of non-structural protein
2. The docking results were visualized using the software Protein-Ligand Interaction Profiler and
Protein Plus. In the following study, two chemical compounds, epoxyazadiradione and Anafarine, were
predicted. These compounds, identified by the pharmacophore model, virtual screening, and molecular
docking, require further verification through related biological experiments. Such further studies may
help identify effective inhibitors of the virus’s non-structural protein 2, which does not interact with the
human Prohibitin receptor.
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