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INTRODUCTION

ABSTRACT

Candida glabrata infections being resistant to many azole antifungal agents, are difficult to treat. Various
parts of Adenanthera pavonina have been used in traditional medicine. In the present study, an attempt
was made to screen the bioefficacy of the identified phytoconstituents of A. pavonina on an in silico
platform and identify some potential drug-like molecules that can impede important drug targets of C.
glabrata using the molecular docking method. In a previous study related to the current research, the
phytochemical profiling of the methanolic stem extract of A. pavonina was carried out using GC-MS to
identify the phytoconstituents. The three-dimensional structure of the fungal receptors were derived by
homology modeling using Modeller9v7 and the same for the ligands for which the structures were not
available were drawn by ACD chemSketch. The docking of ligands and receptors were performed using
PatchDock software. Druglikeliness and pharmacodynamics properties were evaluated using SWISS-ADME.
GC-MS analysis of the A. pavonina extract revealed the presence of 17 phyto compounds, of which 2 heptyl
1,3dioxolane and methyl 4-o-methyl-d-arabinopyranoside best docked with the epithelial adhesion protein
6 receptor and cell wall transcription factor ACE2. Methyl 4-o-methyl-d-arabinopyranoside also best docked
with the integral cell wall protein receptor. Although other compounds have shown good scores related
to docking 2 heptyl 1, 3 dioxolane had an excellent binding affinity than the other ligands thus signifying
its potent antifungal activity. 2 Heptyl 1, 3 Dioxolane was found to be BBB positive and 4-0-Methyl-D-
arabinopyranoside is BBB negative. As the finding indicates, the two phyto compounds present in the
methanolic stem extract of A. pavonina demonstrated good docking scores when docked with specific
fungal cell wall receptors and thus can prove to be appropriated for the lead molecule.

antimicrobial compounds with assorted chemical
structures and novel mechanism of action.[!! The increasing

India suffers enigmatically from the encumbrance of
infectious diseases given the confluence of prevailing
ecological, socio-economic, and demographic factors.
A disquieting upsurge in the occurrence of new and
re-emerging infectious diseases has necessitated
the unceasing and imperative need to discover new
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incidence of the emergence of multidrug-resistant
pathogens has drastically reduced the effectiveness
of many antibiotics and the outlook for antimicrobial
drugs is still uncertain, which makes it essential to
search for new drugs. Various factors such as prolonged
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use of intravenous catheters, organ transplantation,
immunosuppressive agents, enduring epidemics of HIV
infection and undiscerning use of antimicrobial drugs has
led to the intensification in antibiotic resistance among the
pathogenic species.[z's]

Over the preceding decades, the frequency of fungal
infections in humans has increased, especially invasive
fungal infections are of great concern for human beings as
these are associated with high mortality rates, which often
surpasses 50% regardless of the accessibility of a wide
range of drugs for their treatment. Clinical Candida species
responsible for candidemia remains the most imperative
basis of opportunistic mycoses globally. The occurrence
of mucosal and systemic infections caused by C. glabrata,
which is time and again the second or third most prevalent
source of candidiasis after C. albicans, has increased
significantly following the extensive and augmented use of
immunosuppressive therapy along with broad-spectrum
antimycotic therapy.[®”) C. glabrata infections being
resistant to several azole antifungal agents, exclusively
fluconazole are hard to treat.[®! Accordingly, C. glabrata
infections result in elevated mortality rates in immune-
compromised and hospitalized patients.

Medicinal plants are the principal source of drugs for
various chemotherapeutic purposes. The growing interest
in the use of traditional medicines and the increasing
demand for plant-derived drugs is largely due to the
existing belief that these products are quite safe and
reliable compared to expensive synthetic drugs, numerous
of which have adversarial side effects.”) A. pavonina is a
fast-growing, medium to large sized deciduous tree, 6-15
m tall and up to 45cm diameter. A. pavonina is extensively
cultivated as a valuable multipurpose agroforestry
species. Various parts of A. pavonina have been used in
traditional medicine to treat diarrhea, gout, inflammation,
asthma, boil, rheumatism, tumors and ulcers, and tonics.
[10-15] A, pavonina has promising bioprotective activities,
including anti-inflammatory activities,!**! blood pressure-
lowering effect(t”! antifungal, antioxidant, cytotoxic, and
antiproliferative activities.'® 1]

Bioinformatics and Computational biology plays a
prominent role in designing drug molecules and enhances
the probability of accelerating the drug discovery process.
Molecular docking is utilized as a tool in structure-
based drug design and refers to predicting the bioactive
conformation of a molecule in the binding site of a target
structure.”?” In the context of molecular modeling, docking
isan essential means of predicting the associations between
biologically relevant molecules such as nucleic acids,
proteins, lipids carbohydrates and thus plays a crucial role
in signal transduction. Docking of the target receptor with
the drug molecules reveals the ligand receptor interactions
and is frequently used to determine the binding orientation
of the protein target by the drug candidates to predict the
affinity and activity. Hence, docking plays an important
role in the rational design of drugs. [?!]
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In the current scenario, novel lead molecules are designed
using computational methods such as molecular docking
tools, which play a significant role in predicting functional
sites on protein molecular surfaces, structure-based drug
designing, and exploring the interaction between the
protein and the ligand molecules. [22-24]

Computational molecular docking is a research
technique for foreseeing whether one molecule will bind
to another, generally a protein. The technique can execute
protein-ligand, protein-protein, and protein-DNA docking
predictions, although the technique employed is highly
variable in each area. Protein-ligand docking is done by
modeling the interaction between protein and ligand.
If the pair has complementary geometry and favorable
biochemical interactions, the ligand will potentially
bind the protein in vitro or in vivo. Docking includes the
following types of interactions:

Protein-Protein Docking Interactions

This type of interaction includes two proteins of similar
size and a simple technique where docking occurs
without experimental measurements. Protein-protein
interactions are more rigid, the two molecules tend to
have flatter and smoother interface between them than
that between protein-ligand interactions.[?>! An essential
ingredient of the scoring functions for protein-protein
docking is the shape complementarity.[?®] It has been
possible to dock proteins that remain rigid after complex
formation and the upsurge in the elucidation of the
protein structure has boosted studies on protein-protein
docking.

Protein-Ligand Docking Interactions

It is the most commonly used technique to predict the
position, orientations and structure of a protein as it docks
with ligand molecules, which can act as either promoter
or inhibitor. In order to choose potential drug candidates,
large libraries of ligands are efficiently scanned.!?”! The
interaction between protein and ligand involves high
specificity along with induced-fit within the interfaces
increasing the rigidity. In the last three decades several
docking algorithms have been developed.!?®2°! For
large-scale experiments, most of these algorithms are
computationally too heavy. Consequently, PatchDock
a geometry-based molecular docking algorithm has
been developed, which is very competent algorithm
for protein-small ligand and protein-protein docking.
[39] Docking transformations yielding good molecular
shape complementarity could be predicted using the
algorithm. Using chemical structure drawing software
ACD/ChemSketch or alternatives, compounds’ chemical
structure can be predicted. A variety of templates are
present in the ChemSketch software that simplifies the
inflowing of complicated compounds, organometallic
structures and polymers. It also delivers an expedient
properties generator that can exhibit molecular weight,
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chemical formula, percentage composition and estimated
macroscopic properties such as density, molar refractivity,
refractive index, molar volume and others.[3!

A study explored the anticandidal activity of the
compounds isolated from Piper nigrum and P. betle
by performing molecular docking wherein the
phytoconstituents from the two plant species were tested
against the different SAP (Secreted aspartyl proteinases)
enzymes of Candida albicans which promotes hypha
formation, adhesion and invasion of host tissues. A family of
10 SAP genes is expressed by C. albicans which is clustered
into groups SAP1 to SAP3,SAP4to SAP6,SAP7,SAP8,SAP9,and
SAP10. Docking of the bioactive compounds and the receptor
protein was carried out using Hex software. Docking of SAPs
of C. albicans with bioactive compounds of P. nigrum viz.
Piperine, Eugenol, Bicyclo, O-Anisic acid produced energy
values of-698.77,-149.68, -143.16, and -205.91respectively.
Correspondingly, the bioactive compounds of P. betle
produced energy values such as-223.87,- 223.87- 166.50 and
-159.45 for 3, 7,11, 15-Tetramethyl-2-hexadecen-1-ol, Phytol,
Phenol and 2-methoxy-3-2-propenyl2, 5- Dimethoxybenzoic
acid respectively.[?]

The present study aimed to explore the biopotency
of the identified phytoconstituents of A. pavonina on an
in silico platform and identify some potential drug-like
molecules that can impede important drug targets of the
dermatophytes using molecular docking method.

MATERIALS AND METHODS

Inapreceding research work related to the present study,
using Gas Chromatography- Masss Spectrometry (GC-MS)
analysis the phytochemical profiling of the methanolic
stem extract of A. pavonina was performed to identify the
phytoconstituents. Consequently, in the present study
total of 10 phyto compounds isolated from A. pavonina
stem extract by GC-MS profiling were selected for the
in silico analysis. Antifungal potential of these isolated
phyto compounds was established by screening for the
phytochemical compounds’ possible targets on fungal cell
wall using various Bioinformatics tools. Virtual screening
of 1, 3-dioxolane, 2-benzyl-1, 3-dioxolane, 2-heptyl-1,
3-dioxolane, 3,4 hexane dione, 3-Methylmannoside,
cyclopentasiloxane, isobutyl nitrate, isonitropropane,
malonic acid, methyl 4-o0-methyl-d-arabinopyranoside
was performed against C. glabrata cell wall receptors
Mannose-1-phosphate guanyltransferase 1 [KTB26809.1],
epithelial adhesin 6 [AAT67388.1], cell wall synthesis
protein KNH1[KTB25355.1], hyphally regulated cell
wall protein 4 [KTB18309.1], Cell wall transcription
factor ACE2 [KTB12864.1], Cell wall integrity and stress
response component 4 [ KTB26857.1] which were used as
the target proteins for the molecular docking. Docking
studies were performed by using the softwares like SWISS
Model, swiss PDB viewer, ACD chemSketch, Rampage,
ArgusLab 4.0.1, and PatchDock.

Selection and Preparation of Receptor

The receptor selection and preparation comprises building
the receptor and identifying active sites.

Building the Receptor

Homology modeling was performed using SWISS Model
freeware for depicting the three-dimensional structures
of the fungal receptors. Models of the above-mentioned
proteins were generated using Modeller9v7. The receptor’s
structural processing using a molecular docking tool was
carried out carefully so that the receptors remain in stable
and biologically active conformation.

Identification of the Active Site

Computationally, the active site for binding the
phytoligands within the receptors was identified and
analyzed. The models were further analyzed on the
Rampage Ramchandran plot server and the best model
was selected and was used for further docking studies.

Selection and Preparation of Ligand

Ten ligands were selected from the phytocompounds
isolated by GCMS profiling with more peak value
corresponding to higher concentration in methanol stem
extract of A. pavonina. The chemical structures of these
10 phytocompounds were retrieved through the PubChem
compound database at NCBI [http://pubchem.ncbi.nlm.
nih.gov/] and the ligands for which the structures were
not available, the 3dimension structure was drawn
by using Chemsketch. Using Arguslab software, the
structures downloaded in .mol files were saved as pdb
files.

Docking Studies

Using PatchDock the ligands were docked to the best
receptor models selected from Rampage and the molecular
interactions between the ligands and the receptors were
generated computationally. Based on the best-fit ligand
and receptor interactions scores were generated by the
scoring function. The validation of predicted affinity of
the ligand to the receptor and scoring was accomplished
by estimating the E (free energy used for binding,
Kcal/mol) value and comparing it with experimental E
values. The greater the negative value of the energy by
binding the superior is the affinity of the molecule to the
receptor.

Study of Drug Likeness of Ligands

Lipinski filter was used for ligand prediction, according to
drug-likeness criteria, namely lipophilicity, water-solubility,
TPSA, Gl absorption, and BBB permeation and skin permeation.
SWISS-ADME was used in drug investigation[33] and ligand
properties with respectto absorption, distribution, metabolism,
and excretion (ADME). BOILED-EGG (Brain or intestinal
estimated permeation method) is approached as an accurate
model that works properly by computing the polarity of tiny

molecules.3!
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RESULTS

In silico studies in the present investigation was intended
to expand the knowledge on target proteins of standard
antimycotic compounds present in the stem extract of A.
pavonina. The phytocompounds to be screened against
the target protein were identified by GC-MS profiling of A.
pavonina stem extract. Docking studies were performed
to evaluate the affinity of the phytocompounds from the
extract towards certain known targets in the fungal cell
similar to that of the antifungal agents with a different
mechanism of action. Molecular docking studies were
carried out by using softwares like SWISS Model, swiss
PDB viewer, ACD chemSketch, Rampage, ArgusLab 4.0.1,
and PatchDock. Evaluation of A. pavonina methanolic stem
extract for antifungal activity on C. glabrata using the disc
diffusion method revealed the antimycotic bioactivity
of the extract. Thus, the present study was designed to
screen for the possible targets on the fungal cell wall for
the phytocompounds isolated from the extract by GC-MS. A
Survey ofliterature has shown the various fungal cell wall
target proteins which interact with the antimetabolites.

Structure of Ligands

The chemical structure of phytocompounds viz. 1,
3-dioxolane, 2-benzyl-1, 3-dioxolane, 2-heptyl-1,
3-dioxolane, 3, 4 hexane dione, 3-methylmannoside,
Cyclopentasiloxane, Isobutyl nitrate, isonitropropane,
malonic acid, methyl 4-o-methyl-d-arabinopyranoside,
identified from the GC-MS profile of A. pavonina methanolic
stem extract were retrieved from the PubChem and for
those for which the structures were not available were
drawn using the Chemsketch to be used as ligands in the
present study. The chemical structures of the ligands are
depicted in Fig. 1.

Structure of Receptor

Based on this study, mannose-1-phosphate
guanylyltransferase 1 [KTB26809.1], Epithelial adhesin
6 [AAT67388.1], Cell wall synthesis protein KNH1
[KTB25355.1], Hyphally regulated cell wall protein
4 [KTB18309.1], Cell wall transcription factor ACE2
[KTB12864.1], Cell wall integrity and stress response
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Fig. 1: Images of the ligands of A. pavonina retrieved from
PUBCHEM database. Top: Isobutyl nitrate, 3,4 hexane dione,
[sonitropropane, 2-benzyl-1,3-dioxolane and 1,3-dioxolane.

Bottom: Cyclopentasiloxane, 2-heptyl-1,3-dioxolane, malonic acid,
3-methylmannoside and Methyl 4-o-methyl-d-arabinopyranoside.
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component 4 [KTB26857.1] were used for the molecular
docking studies. The structure of these receptors in three
dimensions was depicted (Fig. 2) by performing homology
modeling using SWISS Model freeware. Models of the
target proteins were generated using Modeller9v7 and
further analyzed on Rampage Ramchandran plot server
to select the best model for docking studies.

Ramachandran Plot

Among the six receptors designed for the study, only
three receptors, namely epithelial adhesin 6 (EA6),
cell wall transcription factor ACE2 (TRANS), and cell
wall integrity and stress response component 4 were
found to be best-suited models for the in silico studies as
shown in Fig. 3.

Molecular docking of the receptors and ligands were
done using Patchdock to obtain the best Patchdock score
asrepresented in Table 1. Only those solutions with more
than 3300 Patchdock score were reflected as good docked
models and were considered for the results.

Among all the ligands only two ligands were best
docked to the receptors compared to the positive control
fluconazole which was also used for in vitro antifungal
studies. Thus, 2 heptyl 1, 3 dioxolane and methyl
4-0-methyl-d-arabinopyranoside were found to be the best
molecular solutions with the three receptors epithelial
adhesin 6, Cell wall transcription factor ACE2 and cell
wall integrity and stress response component 4 (INT)
used in the study. Fluconazole patch dock score was found

Fig. 2: Images of receptors modeled and as viewed in discover
studio. Top: Epithelial Adhesin (EA6); Hyphally regulated cell
wall protein 4 (HYP) and Cell wall integrity and stress response
component (INT). Bottom: Cell wall synthesis protein KNH1;
Mannose-1-phosphate guanylyltransferase (MPG1); Cell
wall transcription factor ACE2.

Fig. 3: Image showing the Rampage (Ramachandran Plot) results of
Epithelial adhesion protein, Cell wall integrity, and stress response
component 4, and Cell wall transcription factor ACE2.
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to 4048, 4690, and 3534 for EA6, INT and TRANS models,
respectively. Similarly the score for 2 heptyl 1, 3 dioxolane
was 3456, 3745 and 3576 for EA6, INT, and TRANS. And
for methyl 4 O methyl d-arabino pyranoside the score was
3356,3421 and 3444 for EA6, INT and TRANS respectively
(Fig. 4).

From the autodock results obtained using the PyRx
software, it was found that fluconazole was found to have
the least binding energy. The lesser the value of binding
energy the greater is the affinity towards the receptor.

The binding affinity was found to be -5.4Kcal/Mol for
the 2 heptyl 1, 3 dioxolane and INT complex which was
found to be more than the other solutions and almost
similar compared to the positive control as illustrated in
Table 2.

Docking Solutions

The in silico studies hence reported that the 2 heptyl
1, 3 dioxolane was the best solution towards the cell

PATCHDOCK SCORE

5000

4000 ® 2 heptyl 1,3 dioxolane

w 3000

%]

m methyl4 O methyl d-arabino
pyranoside

2 2000

1000 FLUCANAZOLE

INT
RECEPTORS

TRANS

Fig. 4: Graph showing the patch dock scores of the three ligands
and receptors.EA6: epithelial adhesion protein (Model 6); INT:
integral cell wall protein receptor; TRANS: Cell wall transcription
factor ACE2.

S
Fig. 5: Docking solution between 2 Heptyl 1, 3 dioxolane and EA6.
Image retrieved from Discovery studio.

wall integrity and stress response component 4 receptor
in accordance with the positive control as shown in
Figs 5-11. The Patchdock score was 3745 with the
integrase protein receptor compared to 4690 for the
fluconazole.

Drug Likeliness

From the results, it was predicted that out of the two
screened ligands, 2 Heptyl 1, 3 Dioxolane was found to
be a stronger candidate drug than the 4-0-methyl-D-
arabinopyranoside. Two molecules 2 Heptyl 1,3-dioxolane
and methyl 4-0-methyl-D-arabinopyranoside (Table 3)

Fig. 6: Docking solution between Methyl 4 O methyl d-arabino
pyranoside and EA6. Image retrieved from Discovery studio.

Fig. 7: Docking solution between 2 heptyl 1, 3 dioxolane and INT.
Image retrieved from Discovery studio.

Fig. 8: Docking solution between Methyl 4 O methyl d-arabino
pyranoside and INT Image retrieved from Discovery studio.

Table 1: The Patchdock scores of three receptors and ligands. EA6: epithelial adhesion protein (model 6); INT: integral cell wall protein
receptor; TRANS: Cell wall transcription factor ACE2

Compounds EA6 INT TRANS
2 heptyl 1,3 dioxolane 3456 3745 3576
methyl 4 O methyl d-arabino pyranoside 3356 3421 3444
Fluconazole 4048 4690 3534

Table 2: Table showing the binding affinity values of three receptors and ligands. EA6: epithelial adhesion protein

(model 6); INT: integral

cell wall protein receptor; TRANS: Cell wall transcription factor ACE2.

Compounds EA6 INT TRANS
Fluconazole -7.3 -8.32 -5.2

2 heptyl 1,3 dioxolane -5.1 -5.4 -5.23
Methyl 4 O methyl d-arabino pyranoside -4.12 -4.9 -5.14

Int. J. Pharm. Sci. Drug Res. January-February, 2021, Vol 13, Issue 1, 51-59
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Table 3: Table showing the ADME properties and pharmacokinetics
values of the proposed drugs.

2 Heptyl 1, 3 Methyl 4-o0-methyl-d-
dioxolane arabinopyranoside
Lipophilicity 3.1 0.84
Log Po/w (iLOGP)
Lipinski Yes; 0 violation  Yes; 0 violation
Bioavailability Score 0.55 0.55
Synthetic accessibility ~ 2.57 4.3
Water Solubility Soluble Highly soluble
TPSA 18.46 A? 99.38A2
Pharmacokinetics
Gl absorption High Low
BBB permeant Yes No
P-gp substrate No
CYP1A2 inhibitor No No
CYP2C19 inhibitor No No
CYP2C9 inhibitor No No
CYP2D6 inhibitor No No
CYP3A4 inhibitor No No
Log Kp (skin -5.01 cm/s -0.37

permeation)

Fig. 9: Docking solution between 2 heptyl 1,3 dioxolane and TRANS
Image retrieved from Discovery studio.

Fig. 10: Docking solution between Methyl 4 O methyl
d-arabinopyranoside and TRANS. Image retrieved from Discovery
studio.

screened, were studied for ADME properties, TPSA
values < 140 A? proves that the compounds are highly
absorptive in nature. A boiled egg model is also proposed
for computing the lipophilicity and polarity of these two
ligands. The Boiled egg analysis of these 2 molecules
(Figs 12-14) has shown that they are highly absorbable in
the gastrointestinal tract. 2 Heptyl 1,3 Dioxolane was found
to be BBB positive and 4-0-Methyl-D-arabinopyranoside
is BBB negative.
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Fig. 11: Docking solution between Flucanozole and epithelial
adhesin 6(EA6), cell wall transcription factor ACE2 (TRANS), and
cell wall integrity and stress response component 4 (INT). Image

retrieved from Discovery studio.

LIPO

FLEX SIZE

INSATU POLAR

INSOLU

Fig. 12: Left: Oral availability prediction chart. A Coloured zone is a
suitable physicochemical space for oral bioavailability. Right: Boiled
egg plot to show the highest probability of being absorbed by the
gastrointestinal tract. [For 2 Heptyl 1, 3 Dioxolane]

LIPO

FLEX SIZE

<:&

INSATU POLAR

INSOLU

Fig. 13: Left: Oral availability prediction chart. A Coloured zone is a
suitable physicochemical space for oral bioavailability. Right: Boiled
egg plot to show the highest probability of being absorbed by the
gastrointestinal tract. [For 4-0-Methyl-D-arabinopyranoside]

BBB+ ) BBB+

Density
Density

SVM-MACCSFP BBB Score SVM-MACCSFP BBB Score

Threshold of BBB-/BBB+ Score is 0.02 Threshold of BBB-/BBB+ Score is 0.02

Fig. 14: Images showing the BBB prediction graphs. Left: 2 Heptyl
1, 3 Dioxolane Right: 4-0-Methyl-D-arabinopyranoside].

DISCUSSION

In molecular modeling, docking is a method that envisages
one molecule’s preferred orientation to the other when
bound to each other to form a stable complex.**! Molecular
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docking attempts to predict the binding approach by
assessing different bound conformations’ energy scores
with a scoring function. Currently, the docking technique is
exploited to predict aligand-receptor complex’s tentative
binding parameters in advance.*®! Drug candidates find
the ligand-binding sites as the most promising targets,
which depend upon the inhibition or regulation of the
target protein functions. Ligand-based methods depends
on the shape similarity concept, although the structure-
based methods bank on scoring functions against a panel
of targets.”]

The contemporaneous investigation was employed to
compare the mechanism of antifungal activity exerted
by the standard antimycotic drug and the antimycotic
compounds present in A. pavonina by screening for the
possible target proteins on the cell wall of C. glabrata.
Docking study was performed for evaluating the affinity
ofthe 10 major phytocompounds isolated from A. pavonina
by GC-MS analysis for their affinity towards fungal
proteins that are known targets for some antifungal
agents with a different mechanisms of action. The
results of the present in silico analysis demonstrated that
among the six receptors selected for the docking studies
with the 10 phytoconstituents only three proteins viz.
epithelial adhesin 6, Cell wall transcription factor ACE2
and cell wall integrity and stress response component
4 were displayed as the best-suited models for docking
as per analysis of Ramachandran plot. Among the
phytocompounds only two ligands 2 heptyl 1,3-dioxolane
and methyl 4-0 methyl d-arabinopyranoside were best
docked and thus the best molecular solution with the three
receptors compared to the positive control, fluconazole.
Fluconazole demonstrated the least binding energy in the
autodockresults and hence has a greater affinity towards
the receptor. The protein-ligand interaction was best
exerted by 2 heptyl 1, 3-dioxolane, cell wall integrity, and
stress response component 4 with more binding affinity
and significant docking score than that between the
fluconazole and the protein and hence was found to be the
best solution in the present docking study.

Corresponding to the results of the present study, Pasko
et al®® investigated the mode of action of fluconazole a
fluorine-substituted, bis-triazole antifungal agent, which
encompasses disruption of lanosterol conversion to
ergosterol means of binding to fungal cytochrome P-450
resulting in subsequent disruption of fungal membranes.
The study also emphasized on the activity of fluconazole
againstAspergillus spp., Blastomyces dermatitidis, Candida
spp., Coccidioides immitis, Cryptococcus neoformans,
Histoplasma capsulatum, and Paracoccidioides brasiliensis
in several animal models. Also, various clinical trials
and reports revealed fluconazole usage in treatment of
candidiasis, predominantly oropharyngeal and esophageal
infections in immunocompromised hosts.

In accordance with the present investigation, Latha
et al®¥ investigated the biologically active compounds

with therapeutic efficacy of Acacia torta Craib by GC-MS
profiling of the ethanolic plant extract. A totsl of 20
compounds were identified from the plan among which
five of the lead compounds were scrutinized for docking
against the human penicillin binding protein using
iGEMDOCK to analyze their efficiency in impeding the
receptor among which highest fitness energy of -79.4206
(kcal/mol) was demonstrated by 1-Pentene, 1,3-diphenyl-
1-(trimethylsilyloxy) followed by Benzoic acid, 4-methyl-
2-trimethylsilyloxy ester with -66.7366 (kcal/mol),
1,3-dioxolane, 2 with -64.1737(kcal/mol), 2-dioxolane with
61.9449 (kcal/mol) and the last being Tetramethylsilane.
It was also reported that the average connection pair
was best for 2-heptyl 1,3-dioxolane with 29.25 (kcal/
mol), which is in line with the results of the present
investigation. Similar results for 2-heptyl 1,3-dioxolane
were also demonstrated with efficient binding with the
penicillin-binding protein present in the Streptococcus
pneumoniae in another docking study.*%*

In line with the present study, Rehman et al. [
accomplished virtual screening of nepetolide, a tricyclic
clerodane-type diterpene, isolated from Nepeta suavis
through Patchdock online docking server, which
resulted in identification of primarily hydrophobic
interactions between ligand nepetolide and receptors
proteins. The results indicate that nepetolide exhibits
various pharmacological actions including antibacterial,
antioxidant, cytotoxic, anticancer, anti-inflammatory
and analgesic activities and could be considered as a lead
compound for developing drugs. In silico investigation of
nepetolide against cyclooxygenase-2 (Cox-2), epidermal
growth factor receptor(EGFR) and lipoxygenase-2 (Lox-2)
targets revealed that the interaction of the EGFR, Cox-2
and Lox-2 with nepetolide have the atomic contact energy
of -10.69, -11.83, -13.44 kcal/mol with in Patchdock.
The docking of the three receptors with nepetolide also
displayed the hydrogen bonding range between 1.8 and
3.75A.

In a similar study, Singh et al. *3! accentuated the
antifungal potency of a cell-permeable metabolite from
Penicillium radicum called wortmannin (Wtmn), which is
aphosphoinositide 3-kinase (PI3K) inhibitor by executing
molecular docking studies against potential antifungal
targets. The study reported that the action of the target
site viz. mevalonate-5-diphosphate decarboxylase
(1FI14), responsible for sterol/isoprenoid biosynthesis;
exocyst complex component SEC3 (3A58) where Rho- and
phosphoinositide-dependent localization is present and
Kre2p/ Mntlp a Golgi alphal, 2-mannosyltransferase
(1S4N) involved in the biosynthesis of yeast cell wall
glycoproteins were impeded by Wtmn more efficiently than
that by the standard antifungal agents like voriconazole
and nikkomycin. Wtmn than the two antifungal agents
demonstrated effective binding and greater specificity for
the target by maintaining a tightly closed conformation
through the simulation due to their ability to anchor

42]
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both catalytic dyad residues and flap residues, which in
turn specified greater specificity towards the structure
of the enzyme. The study provided valuable insight into
designing highly specific inhibitors against the antifungal
enzyme by exploring the structural specificity of all the
three inhibitors towards the available protein structures
congruent with the inference of the present investigation.

CONCLUSION

Results of molecular docking study using the isolated
phytoconstituents of A. pavonina stem extract with specific
targets on C. glabrata surface revealed that in relation to
the docking 2 heptyl 1,3 dioxolane seems to be a better fit
than the other ligands with specific cell surface receptors
displaying the potent antifungal activity of the ligand 2
heptyl 1,3-dioxolane against the fungal species.
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