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ABSTRACT. Dengue is an arbovirus that has become a serious public health problem in Brazil, as well as
in other tropical regions of the world due to population, economic, political, and social factors that
contribute to the proliferation, circulation, and introduction of viral strains in its vectors, the mosquitoes
of the genus Aedes. Thus, the objective of this work is to identify molecules extracted from the plant Clitoria
fairchildiana that are potentially active against dengue viruses (DENV) enabling the development of a new
therapeutic system made possible through an in silico model. The methodological strategy was based on
molecular docking that aims the prediction of interaction characteristics between chemical compounds
(ligands) and their macromolecular targets when the structures of both (ligand and receptor) considering
as validation parameters: calculations of RMSD - Root Mean Square Deviation, the free energy of binding
and biochemical interactions formed between the complexes. From this, among the compounds evaluated
in this study, it can be inferred that all compounds have inhibitory potential against dengue protein
(NS5MTaseDV), especially compounds 9-demethylclitoriacetal and 11-deoxyclitoriacetal, presenting in the
analyses two interactions with the protein reference residues. The present study plays an initial character in the
screening of new antiviral compounds and the expansion in vitro and in vivo research to effect these compounds.
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Introduction

Dengue is the most important human arbovirosis in terms of morbidity and mortality (Oliveira, Aratjo, &
Cavalcanti, 2018; Lowe et al., 2018). Among the re-emerging diseases, it is the most serious public health
problem, especially in tropical and subtropical regions, where environmental, political, and social conditions
favor the proliferation, circulation, and introduction of viral strains of its vectors, the mosquitoes of the genus
Aedes (Wilder-Smith, Ooi, Horstick, & Wills, 2019; Gubler, 2019).

The etiologic agent of dengue is the DENV virus, which belongs to the family Flaviviridae and the genus
Flavivirus and consists of four closely related but antigenically distinct serotypes (DENV-1, DENV-2, DENV-3,
and DENV-4). Dengue viruses (DENV) have a genome consisting of sense-positive RNA expressing structural
and nonstructural proteins among which NS1 which plays an activity in viral genome replication and may
play a role in modulating cellular signaling pathways (Carneiro et al., 2015).

Dengue constitutes a broad clinical diagnosis, ranging from asymptomatic or oligosymptomatic forms to
severe and lethal forms (Zara, Santos, Fernandes-Oliveira, Carvalho, & Coelho, 2016; Terra, Da Silva, Pereira,
& Lima, 2017). It is emphasized that the causes of the occurrence of severe forms are still unknown, there are
some explanatory theories related to the greater virulence of the infecting virus strain, the sequence of
infections by different serotypes of the etiologic agent, individual host factors, and a combination of all
previous explanations (Barroso et al., 2020). Because of this, an effective preventive vaccine is not available,
thus effective etiologic therapy and chemoprophylaxis cannot yet be counted on. At the moment, the only
vulnerable link in the dengue transmission chain to a preventive measure is the vector (Harapan et al., 2020;
Harapan, Michie, Sasmono, & Imrie, 2021).

In addition, this arbovirosis is one of the infections of interest in studies due to its relevant economic
impact on public health. The average expenditure per individual was estimated at US$ 514 for outpatients and
US$ 1394 for hospitalized patients in several countries, including Brazil (Aratjo, Bezerra, Améncio, Passos,
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& Carneiro, 2017). This estimate, made by Furuya-Kanamori et al. (2016), does not include spending on
epidemiological surveillance and vector control, which would further increase the cost in most cases, the
infection is self-limited and lasts about 14 days. However, studies show persistent symptoms in the long term
which increases the economic and quality of life losses of patients (Hotez et al., 2014; Pescarini et al., 2022).

In this context, bioinformatics tools for building, simulating, and analyzing 3D structures become
fundamental. Virtual screening simulations are typically used early in the drug design process, to test a set of
compounds with the potential to show activity against the chosen target. Virtual screening has become an
important methodology to precede in vitro assays (Maia, Assis, De Oliveira, Da Silva, & Taranto, 2020a). The
virtual screening approach contributes greatly to the drug development process because compounds with the
potential to interact with the studied ligand site can be further investigated with greater precision, drastically
reducing the prototype identification time when compared to conventional strategies (Lima et al., 2016).

The strategy for approaching structure-based screening is to use a molecular docking program to
determine the binding mode of a compound on the protein target from a database of compounds from which
it is selected (Maia, Medaglia, Da Silva, & Taranto, 2020b). The conformations obtained are used to
approximate the binding free energy or related to the affinity of the compound (Codding, 2013).

The development strategy called molecular docking aims to predict the characteristics of the interaction
between chemical compounds (ligands) and their macromolecular targets, when the structures of both
(informally called ligand and receptor) are already known experimentally (Piccirillo & Amaral, 2018). There
are important reasons to undertake the docking study. One is that it is usually not known which of the possible
conformations of the ligand interacts best with the receptor. Moreover, for the molecules of interest in the
present project, there is still a need for a global exploration (blind docking) because information about the
likely binding site is not yet available (Jakhar, Dangi, Khichi, & Chhillar, 2020).

Another reason is that the differences in toxicological profile and clinical activity spectrum between
different compounds are still being studied, indicating that they are related to variations between the analogs
in their clinical and molecular pharmacology (Fokoue, Pinheiro, Fraga, & Sant’Anna, 2020; Medeiros Filho,
Santos Nascimento, Santos, & Frazao, 2020).

This computational approach allows in silico screening of large libraries of compounds, assessing affinity and
specificity from structural and chemical properties such as size, geometry, charge distribution, polarity, and
potential for hydrophobic interactions and hydrogen bonds (Santos, Daniel, Préspero, & Costa, 2018).

Thus, the objective of the study was to identify possible natural ligands extracted from the plant Clitoria
fairchildiana with antiviral activity, aiming at the development of new therapeutic agents through in silico
screening for arboviruses transmitted by Aedes aegypti.

Methodology

Ligand and receptor preparation for Docking simulations

The compounds selected for the present virtual screening were: 6_deoxyclitoriacetal (1),
9_demethylclitoriacetal (2), 11 _deoxyclitoriacetal (3), Cloriacetal (4), Stemonal (5), and Stemonone (6)
(Figure 1), all extracted from seeds and roots of Clitoria fairchildiana and widely distributed in the literature
(Santos, David & David, 2016; Mathias, Mors and Parente, 1998; Mathias, Da Silva, Mors, & Parente, 2005;
Pitakpawasutthi, Suwatronnakorn, Issaravanich, Palanuvej, & Ruangrungsi, 2019; Pereira da Silva & Paz
Parente, 2002).

C. fairchildiana is a plant made up of compound, alternate, and pinnate leaves that exhibit an intense green
hue, which can be found in native areas of the Amazon region (Costa, Silva, & Gomes, 2014; Alves, Alves &
Santos-Moura, 2015). Due to its diversity, this species contains a variety of bioactive compounds such as
rotenoids (mostly), flavonoids, and alkaloids that have demonstrated antiviral (Bertonceli et al., 2022),
antioxidant (Annegowda, Bhat, Tze, Karim, & Mansor, 2013) and anti-inflammatory (Konozy, Osman, &
Dirar, 2022) activity, standing out as promising phytochemicals.

Rotenoids are chemical compounds consisting of a fused ring system, often represented by four aromatic
rings. This structure gives rotenoids stability and rigidity, characteristics that can influence their interactions
with biological targets (Dewick, 2017). Also in his studies, Dewick (2017) describes that the presence of
functional groups, such as hydroxyls and methoxyls, in specific positions in the molecular structure
contributes to the diversity of these compounds and can influence their biological activities.
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Figure 1. Two-dimensional structures of C. fairchildiana extracted.

It should be noted that during the protocol all the ligands were subjected to structural and geometric
optimization methods established by the classical Merck Molecular Force Field 94 (MMFF94) method fostered
using Avogadro® software to obtain the lowest potential energy value aiming at the most stable three-
dimensional structure (Halgren, 1996; Hanwell et al., 2012).

In addition, the studied protein Dengue transferase (NS5MTaseDV) has residues in its three-dimensional
structure (Egloff, Benarroch, Selisko, Romette, & Canard, 2002). Thus, incorporating possible direct
interferences in the formation of the complex between the protein-ligands, all residual structures were
removed through the Chimera® software, then the protein file was directed to the AutodockTools® software
for conversion into .pdbtqt format and perform the gridbox calculation (Gaillard, 2018).

The gridbox calculation allows the delimitation of the performance in which the ligands may play during the
simulation, i.e., the gridbox allows greater possibilities of interactions between the protein (Dengue transferase
NS5MTaseDV) and the ligands. Furthermore, the gridbox parameters correspond to: center X: 8.191, center Y: -
46.9, center Z: 1.544, X-dimension: 92, Y-dimension: 110, and Z-dimension: 126 and its spacing equals 0.481.

Molecular docking simulation and Data output/Validation of the docking method

The crystal structure of Dengue transferase NS5MTaseDV was obtained from the Protein Data Bank® web
server (https://www.rcsb.org/) with PDB code ID: 1L9K. In addition, it establishes the method: x-ray
diffraction; resolution: 2.40A; R-value free: 0.257 0.257; R-value work: 0.231 and R-value observed: 0.275.

Dengue transferase protein (NS5MTaseDV) presents in its constitution the NS5 RNA-dependent RNA polymerase
of flaviviruses with the characteristic character of methyltransferases dependent on S-adenosyl-L-methionine at its
N-terminus and polymerase motifs at its C-terminus in which biochemical studies of these protein domains may
provide a structural basis for rational drug design against emerging flaviviruses (Egloff et al., 2002).

Furthermore, the NS5MTaseDV protein (green color) has complexed in its three-dimensional structure the
ligand S-Adenosyl-L-Homocysteine (SAH) (yellow color) (Figure 2). According to the literature, this ligand
interacts with the residues (Val132, Asp131, Lys105 Thr104, Ser56, and Gly86), in which it is pointed out that
these amino acids integrate the active site region of the protein (Egloff et al., 2002).

Figure 2. Three-dimensional structure of the NS5MTaseDV protein.
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All simulations are in silico (molecular docking) given with the use of AutodockVina® software for
calculation of complex formation between protein-ligand, for each ligand and protein was performed 100
simulations with 20 possibilities of interactions that will be evaluated through data provided at the end of
each simulation (Gaillard, 2018; Morris et al., 2009).

At the end of the simulation, 20 positions of possible complexes are yielded, as criteria are evaluated the
results of RMSD - Root Mean Square Deviation with values on the angron scale and the free energy of binding
(AG), for both parameters the lower its value, the better it will be for the formation of the complex (Shityakov
& Forster, 2014). Thus, these parameters suggest values less than 2.0 for RMSD and result equal to or less
than -6.0 kcal mol™! for the binding energy (Morris et al., 2009).

Visualization of binding modes and protein-ligands interactions

In each simulation some software is used for visualization and image formatting, the three-dimensional
figures of the proteins in complex with each ligand evaluated in the research were produced with the help of
Discovery Studio Visualize® and Chimera®, and the acquisition and identification of the interactions were
performed with the help of the Protein-Ligand Interaction Profiler website (Pettersen et al., 2004; Salentin,
Schreiber, Haupt, Adasme, & Schroeder, 2015).

Results and discussion

From the molecular docking simulations, analyzing the region of interest of each ligand, it can be seen in
Figure 3 that all ligands have positional similarity in the formation of protein-ligand complexes.
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Figure 3. Three-dimensional formation of complexes between the protein (NS5MTaseDV) and ligands extracted from
Clitoria fairchildiana.

Intrinsically, the compound 6_deoxyclitoriacetal found in Figure 3, exerted interactions with seven amino
acids present in the NS5MTaseDV protein with a binding energy value of -7.8 kcal mol'! and an RMSD of 1.085
A, in its interactions the amino acids were (Ser56.A, Gly58.A, Arg57.A, Ser150.A, and Thr215.A), of all
interactions only the amino acid Ser56.A is inserted in the active site region of the protein.

The ligand 9 demethylclitoriacetal in complex with the protein observed in figure X resulted in an energy
of -7.9 kcal mol! and an RMSD equivalent to 1.676 A, regarding its interactions the compound exhibits
interactions with seven amino acids of the protein the residues are (Tyr219. A, Asp146.A, Cys82.A, Arg212.A,
Gly58.A Ser56.A, and Arg57.A) of all the interacted amino acids only the residue Ser56.A integrates the site
of interest of the protein.
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The complex formed between 11_deoxyclitoriacetal with the protein has binding energy equivalent to -8.0
kcal mol! and an RMSD of 1.463 A, as well as, interacting with only seven amino acids of the protein being
the (Lys105. A, Tle147.A, Glyl48.A, Lys181.A, Gly81.A, Gly83.A, and Thr104.A), of all interactions only
Lys105.A, is part of the reference site of the studied protein.

The three-dimensional position of the Cloriacetal ligand and its respective interactions point out that the
compound complexed close to the other ligands, having a value of (AG) of -7.7 kcal mol* and RMSD of 1. 484 A
and incorporated six interactions with amino acids (Arg57.A, Lys181.A, Asp146.A, Cys82.A, Thr104.A, and
Glul11.A), referring to the site of interest the compound showed only one interaction that was performed
with the residue Thr104.A.

Stemonal adhered in the region of interest similar to the others, its complex has an RMSD value of1.522A
and -7.6 kcal mol! binding energy; however, the ligand exerted only two interactions with the amino acids
(Gly83.A and Ser56.A), of the interactions only the amino acid Ser56.A is part of the protein's site of interest.

Stemonone ligand showed the same structural behavior as the others when complexed with the protein
with an energy value equivalent to -7.4 kcal mol™ and 1. 645 A related to RMSD; concerning its interactions
it was demonstrated in figure x that the ligand interacted with six amino acids present in the target protein,
the amino acids are: (Lys181.A, Gly58.A, Ser56.A, Arg57.A, Arg212.A, and Ser150.A), of all interactions only
the residue Ser56.A, is part of the site of enzyme interactions.

All the interactions that the studied ligands exerted with the amino acids of the target protein, specifying
all the distances along with the type of each bond, as exemplified in table 1.

Table 1. Distances of ligand-protein interactions

Compounds Energy (kcal mol’l) RMSD (A) Interactions Bond type Distance (&)
Thr215.A Hydrophobic 3.94
Ser56.A H-Bond 2.42
o Arg57.A H-Bond 3.17
6_deoxyclitoriacetal -7.8 1.085 GlyS8.A H-Bond %63
Ser150.A H-Bond 2.66
Ser150.A H-Bond 2.20
Aspl46.A Hydrophobic 3.83
Ser56.A H-Bond 2.21
Ser56.A H-Bond 2.01
Arg57.A H-Bond 2.62
9_demethylclitoriacetal -7.9 1.676 Gly58.A H-Bond 2.80
Cys82.A H-Bond 2.10
Aspl46.A H-Bond 2.34
Arg212.A H-Bond 2.52
Tyr219.A H-Bond 3.32
Thr104.A Hydrophobic 3.77
Lys105.A Hydrophobic 3.36
lle147.A Hydrophobic 3.61
11_deoxyclitoriacetal -8.0 1.463 Gly81.A H-Bond 2.11
Gly83.A H-Bond 2.93
Gly148.A H-Bond 2.88
Lys181.A H-Bond 3.10
Thr104.A Hydrophobic 3.91
Glulll.A Hydrophobic 3.47
Arg57.A H-Bond 2.56
Cloriacetal -7.7 1.484 Cys82.A H-Bond 2.63
Glulll.A H-Bond 3.60
Aspl46.A H-Bond 2.12
Lys181.A H-Bond 3.13
Ser56.A H-Bond 3.37
Stemonal -7.6 1.522 Gly83.A H-Bond 9.77
Ser56.A H-Bond 1.86
Arg57.A H-Bond 2.26
Arg57.A H-Bond 2.78
Stemonone -7.4 1.645 Gly58.A H-Bond 2.43
Ser150.A H-Bond 2.84
Lys181.A H-Bond 2.39
Arg212.A H-Bond 2.85
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The 6-deoxyclitoriacetal enabled six interactions with five amino acids, of these only one hydrophobic
bond with Thr215.A at a distance equal to 3.94A, in relation to hydrogen bonds five interactions were
performed with the residues (Ser56. A, Arg57.A, Gly58.A, Ser150.A and Ser150.A), the smallest distance was
in charge of the amino acid Ser150.A equal to 2.20A, being only Ser56.A the amino acid present in the site of
desired interactions with a distance equal to 2.42 A.

9 demethylclitoriacetal exhibits eight hydrogen interactions and only one hydrophobic bond. Among the
hydrogen interactions (Ser56.A, Ser56.A, Arg57.A, Gly58.A, Cys82.A, Asp146.A, Arg212.A, and Tyr219.A), the
longest distance being 3.32 A with the residue Tyr219.A and the shortest distance equivalent to 2.01 A with
the amino acid Ser56.A; the hydrophobic bond was performed by Asp146.A with a distance equal to 3.83A. Of
all the interactions performed only the amino acid Ser56.A is part of the active site of the protein.

Still analyzing Table 1, the interactions that the amino acids of the protein proposed with the formation
of the complex through the ligand 11 _deoxyclitoriacetal are exposed, thus, hydrogen and hydrophobic
interactions were identified three hydrophobic interactions were exerted with the amino acids (Thr104.A,
Lys105.A, and Ile147. A), with the best distance value of residue Lys105.A with its distance equal to 3.36A4;
but hydrogen bonds were performed with the amino acids (Gly81.A, Gly83.A, Gly148.A, and Lys181.A), with
the best distance equal to 2.11A. Among the amino acids, residues Lys105.A and Thr104.A is part of the active
site of the protein.

The Cloriacetal presents in table 1, establishes seven interactions with six amino acids two hydrophobic
interactions with residues (Thr104.A and Glu111.A) and possessing their respective distances of 3.91A and 3.
47A; as for hydrogen bonds, the interactions with (Arg57.A, Cys82.A, Glul11.A, Asp146.A and Lys181.A) are
pointed out. Of all the interactions, the one that stands out is Thr104.A, for being an amino acid present in
the active site.

In complex with the protein the compound Stemonal presents two interactions with amino acids (Ser56.A
and Gly83.A), both hydrogen bonds with respective distance values of 3.37A and 2.77A. Regarding the
distance, it is pointed out the amino acid Gly83.A, because it had the shortest distance, but Ser56.A belongs
to the reference amino acids of the target protein.

The ligand Stemonone, observed in table 1, has seven hydrogen bonds with the amino acids (Ser56.A,
Arg57.A, Arg57.A, Gly58.A, Ser150.A, Lys181.A, and Arg212.A) of all the interactions the longest distance was
with the residue Arg212. A with a distance of 2.85A, but the shortest distance was realized with the amino
acid Ser56.A with its distance equivalent to 1.86 A, this amino acid is present in the active site of the protein.

Considering the literature, the rotenoids extracted from C. fairchildiana corroborate the in silico data,
(Bertonceli et al., 2022) described in their research that the rotenoids (6-deoxyclitoriacetal and 11-
deoxyclitoriacetal) have a high toxicity rate in Aedes aegypti mosquito larvae, leading to changes in the
exoskeleton, cuticular detachment and perforations in the larval thorax and abdomen, interference in
the acidification process of the cellular vesicles in the larvae's midgut and, due to the significant increase
in the production of reactive oxygen species (ROS) in the larvae, they trigger a process of oxidative stress
in these insects.

Likewise, A Shaalan and V Canyon (2015) establish that C. fairchildiana rotenoids extracted from the
essential oils of the seeds demonstrate a range of larvicidal, adulticidal, growth-regulating, ovicidal,
oviposition deterrent and repellent activities. The lethal concentrations and toxicity of more highly active
botanicals are comparable to those of organophosphates, making them potential candidates for future
laboratory investigations and field evaluations.

Conclusion

From the complexes formed between protein-ligands based on in silico model with the help of molecular
docking simulation between the ligands (6_deoxyclitoriacetal, 9 demethylclitoriacetal, 11 deoxyclitoriacetal,
Cloriacetal, Stemonal, and Stemonone), with dengue protein (NS5MTaseDV), it was observed that all the
ligands possessed great values regarding binding energy, where the highest energy was realized by the ligand
Stemonone with its AG equal to -7. 4 kcal mol'!, and the optimal energy with the lowest energy value equal to
-8. 0 kcal mol! performed from the compound 11 deoxyclitoriacetal, about the RMSD the best value was
obtained through the ligand 6_deoxyclitoriacetal with 1.0854, of all the interactions performed by the ligands
(6_deoxyclitoriacetal, Cloriacetal, Stemonal, and Stemonone) interacted with only one amino acid present in
the reference site of the protein, the compound (9 _demethylclitoriacetal) has two interactions with the amino
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acid Ser56. A, a residue present in the active site of the protein but the ligand (11_deoxyclitoriacetal) has two
interactions with the amino acids Thr104 and Lys105, both amino acids present in the interaction site of the
protein. Thus, it is inferred that the compounds evaluated in this study may have inhibitory potential against
the dengue protein (NS5MTaseDV), especially the compounds (9 demethylclitoriacetal and
11_deoxyclitoriacetal), by presenting in the analyses two interactions with the protein reference residues.

Because of this, there is a lack of in vivo and in silico studies on the potential of the rotenoids extracted
from the C. fairchildiana plant, which could be a broad aspect of scientific research into testing them against
neglected diseases, providing new insights into public health.
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