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Opisthorchis felineus is the etiological agent of opisthorchiasis in humans. O. felineus cytochrome P450 (OfCYP450) is
an important enzyme in the parasite xenobiotic metabolism. To identify the potential anti-opisthorchid compound, we
conducted a structure-based virtual screening of natural compounds from the ZINC database (n = 1,65,869) against the
OfCYP450. The ligands were screened against OfCYP450 in four sequential docking modes that resulted in 361 ligands
having better docking score. These compounds were evaluated for Lipinski and ADMET prediction, and 10 compounds
were found to fit well with re-docking studies. After refinement by docking and drug-likeness analyses, four potential
inhibitors (ZINC2358298, ZINC8790946, ZINC70707116, and ZINC85878789) were identified. These ligands with ref-
erence compounds (itraconazole and fluconazole) were further subjected to molecular dynamics simulation (MDS) and
binding energy analyses to compare the dynamic structure of protein after ligand binding and the stability of the
OfCYP450 and bound complexes. The binding energy analyses were also calculated. The results suggested that the com-
pounds had a negative binding energy with —259.41, —110.09, —188.25, —163.30, —202.10, and —158.79 kJ mol~! for
itraconazole, fluconazole, and compounds with IDs ZINC2358298, ZINC8790946, ZINC70707116, and ZINC85878789,
respectively. These lead compounds displayed significant pharmacological and structural properties to be drug candi-
dates. On the basis of MDS results and binding energy analyses, we concluded that ZINC8790946, ZINC70707116, and
ZINC85878789 have excellent potential to inhibit OfCYP450.
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1. Introduction

Opisthorchiasis is a disease caused by the three food-
borne trematodes, i.e. Opisthorchis felineus, Opisthorchis
viverrini, and Clonorchis sinensis, belonging to the family
Opisthorchiidae. These parasites mainly affect the liver
and bile duct of humans, animals, and birds (Lim,
Mairiang, & Ahn, 2008; Marcos, Terashima, & Gotuzzo,
2008). It has been reported that these parasites have
affected over 40 million people in Asia and Europe
(Sithithaworn et al., 2007). O. felineus is endemic in the
territory of the former Soviet Union (Russian Federation
(Russia), Ukraine, Belorussia, Kazakhstan, and Baltic
countries). O. viverrini is widespread in Thailand, Laos,
Vietnam, and Cambodia (Sripa et al., 2007), while
C. sinensis is mainly found in China, Korea, Laos, Viet-
nam, and in the far-east of Russia (Lun et al., 2005). It
has been estimated that up to 600—750 million people are
at risk of being infected by these three opisthorchids.
O. felineus infection is mainly due to the consumption of

raw or undercooked fish infested with larvae. In humans,
the symptoms of opisthorchiasis range from asymptomatic
to severe. In some regions, such as Ukraine, Russia, and
Siberia, where people frequently consume raw fish, the
bile ducts have been found to contain high numbers of
worms that induce chronic infection characterized by dys-
pepsia, dryness, and bitter taste in the mouth, fatigue,
intolerability for greasy foods, nausea, anorexia, and pain
in the right hypochondrium (Mordvinov & Furman,
2010). The chronic infection becomes severe in individu-
als with a high worm infestation and is characterized by
obstruction of bile duct with jaundice, recurrent cholangi-
tis, acute pancreatitis, bile peritonitis, and hepatic
abscesses (Mordvinov & Furman, 2010). Presently, prazi-
quantel (PZQ) is the drug of choice for the treatment of
opisthorchiasis, clonorchiasis, schistosomiasis, and other
trematodiases (Maule & Marks, 2006; Pakharukova,
Shilov, Pirozhkova, Katokhin, & Mordvinov, 2015).
However, there are several reports of low sensitivity to
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PZQ among these parasites, and the appearance of resis-
tance isolates against this drug emphasizes the need for
new drugs (Maule & Marks, 2006). The exact mode of
action of PZQ is not known at present, but evidence indi-
cates that PZQ increases the permeability of the mem-
branes of schistosome cells toward Ca’" ions. The drug
thereby induces contraction of the parasites, resulting in
paralysis in the contracted state (Mas-Coma, Bargues, &
Valero, 2005; Tchuente, Shaw, Polla, Cioli, & Vercruysse,
2004; WHO, 2008).

To understand the basic metabolic systems in flat-
worms, it is important to understand the adaptation of
biochemical systems in parasites, e.g. the mechanisms
of their resistance to anthelmintic therapy. An example
of such biochemical adaptations in parasites is the sim-
plification of the basic metabolic system — the monooxy-
genase system of cytochrome P450 (CYP450) (Devine
et al., 2010). CYP450 forms an enzyme superfamily that
is ubiquitously distributed in nature and represents one
of the largest and oldest gene superfamilies (Degtyarenko
& Archakov, 1993; Klingenberg, 1958). They are heme-
thiolate binding proteins, where the protoporphyrin IX of
heme is linked to the apo-protein by a bond between the
heme iron center and sulfur atom of a conserved Cys
residue of the protein. This enzyme acts as an active
component of monooxygenase system in the living
organism and displays a variety of biological function
ranging from degradation and synthesis of endogenous
signaling molecules to detoxification of environmental
carcinogens (Nebert & Russell, 2002). In mammals,
CYP450s are involved in multiple roles such as the
metabolism of drugs and xenobiotic compounds, synthe-
sis of steroid hormones, metabolism of fat soluble vita-
mins, and conversion of polyunsaturated fatty acids to
biologically active molecules (Denisov, Makris, Sligar, &
Schlichting, 2005). More than 80% of drugs undergo the
steps of biotransformation mediated by CYP450.
CYP450s are also functionally important for the survival
of invading pathogens. In addition, this enzyme is linked
to the synthesis of unique sterol like metabolites, such as
oxysterols and catechol estrogen, known specifically
from O. viverrini and Schistosoma haematobium
(Gouveia et al., 2013; Vale et al., 2013). It is also essen-
tial for worm survival and egg development, and block-
ing its function would lead to worm death and/or
hampering of parasite development (Ziniel et al., 2015).
The parasitic flatworms including liver flukes
(Opisthorchiidae, Fasciolidae), blood flukes (Schistoso-
matidae), and cestodes (Taeniidae) contain a single
CYP450 gene (Pakharukova et al., 2012, 2015). In these
parasites, genes for flavin monooxygenase are absent,
and CYP450 acts as the main enzyme with monooxyge-
nase activity toward xenobiotics (Pakharukova, Vavilin
et al.,, 2015). It was found that certain azole inhibitors
like ketoconazole, miconazole, and clotrimazole inhibited

the activity of CYP450 enzyme. CYP450 may be the
promising drug target against trematodiasis for the devel-
opment of therapeutic agents (Mordvinov, Shilov, &
Pakharukova, 2017; Pakharukova & Mordvinov, 2016).

Current drug discovery process involves the identifi-
cation of compounds having significant inhibition of tar-
get parasitic proteins that are different from its human
counterpart and optimization of the identified hits to
increase their selectivity, affinity, efficacy, metabolic sta-
bility, and bioavailability. Because of the availability of
huge numbers of compounds, the high-throughput
screening (HTS) process is extremely time-consuming
and tedious. Structure-based virtual screening is a much
faster computational equivalent of HTS. In the present
study, we used the natural compounds from the ZINC
database and performed in-depth computational studies
that included modeling, structure-based virtual screening,
docking, molecular simulations, and binding energy anal-
yses to identify the potential inhibitors of O. felineus
CYP450 (OfCYP450). The sequential representation of
the methodology is shown in Figure 1.

2. Methods
2.1. Homology modeling and structure validation

OfCYP450 sequence (accession number: FSUVH3) was
submitted to PDB-BLAST to determine the closely
related homologs. From Protein Data Bank (PDB) we
did not found any appropriate sequence for prediction of
a homology model. So, OfCYP450 sequence was sub-
mitted to I-TASSER server for prediction of a 3D protein
model. I-TASSER is an Ab-initio server that uses fold
recognition methods and predicts a reliable structure.
The server predicted best five structures with binding
sites information. One best structure on the basis of TM-
score was selected and employed for structure validation.
After that the structure was employed for 50-ns MDS
study to predict a least energy structure. Predicted model
and least structure from MDS was validated by structure
alignment using ProSA (Wiederstein & Sippl, 2007),
ERRAT, PDBsum (Laskowski et al., 1997), and verify3D
(Bowie, Luthy, & Eisenberg, 1991; Luthy, Bowie, &
Eisenberg, 1992) servers.

2.2.  Cavity prediction and binding site analysis

The Molegro Virtual Docker (MVD) 2007.2.0.0
(Thomsen & Christensen, 2006) was used for the predic-
tion of the binding sites. For cavity prediction, we used
Molegro Molecular Visualizer (MMV). MMV was also
used to visualize the hydrogen bonding, electrostatic,
and steric interactions of ligands with OfCYP450. Key
catalytic residues like Serl18, Asnl19, Glu305, Ala309,
Thr313, Val351, Leu355, Ala308, Leu446, and Thr447
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Figure 1. Summary of the overall workflow.

from OfCYP450 were taken as the predicted amino acids
for virtual screening (DeVore et al., 2012; Reynald,
Sansen, Stout, & Johnson, 2012; Schoch et al., 2008;
Wilderman, Shah, Jang, Stout, & Halpert, 2013).

2.3. Virtual screening

To identify more efficient inhibitors, virtual screening
was carried out in a hierarchical manner involving sev-
eral steps, starting with a preliminary docking process to
identify binding compounds and their subsequent

refining and re-ranking on the basis of docking using
several algorithms. The sequence of these steps is sum-
marized in Figure 1. Prior to the virtual screening, the
protein structure was prepared using MVD (Thomsen &
Christensen, 2006). Molegro is an effective tool for pro-
tein—ligand docking as it performs flexible docking by
which the ideal geometry of ligand is determined during
the docking. The complexes having the energetically
favorable structure were selected. MVD calculated the
interaction energies between ligands and protein. The
MolDock Score was used for energy calculation.
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In the study, 1,65,869 natural compounds (a compre-
hensive subset) were retrieved from ZINC database and
screened against the structure of OfCYP450. The cavity
used for virtual screening had the size constraint of
13 A. The docking parameters for virtual screening
included the number of runs (1), population size (50),
max iterations (2000), scaling factor (0.50), and cross-
over rate (0.90). From the first round of screening, 9041
compounds were selected for the next screening step. In
the second step, all the parameters were kept the same
except the number of runs, which was increased from 1
to 10. Increasing the number of runs during screening
step removes the false positive binders. From the second
round of screening, we selected 3329 compounds for
next step screening and runs were increased from 10 to
20. From this round, finally 830 compounds were
selected and screened in 50 runs.

2.4. ADMET prediction

The ADMET properties are very important for approving
a drug. The prediction of ADMET properties of the com-
pounds as possible drug candidates was performed using
admetSAR (Cheng et al., 2012). It predicts physically
significant descriptors and pharmaceutically relevant
properties of compounds. admetSAR has 95,629 com-
pounds in its data-set that are approved by FDA and are
used to predict the main features for ADMET. In this
study, several features including blood—brain barrier
(BBB), human intestinal absorption (HIA), P-gp sub-
strate/inhibitor, Caco-2 permeability, plasma protein
binding, cytochrome p450 (CYP450) substrate/inhibitor,
human Ether-a-go-go-Related Gene (hERG) inhibition,
AMES toxicity, carcinogenicity, and biodegradability
were predicted by the admetSAR server. Total 361 com-
pounds used for ADMET prediction, we found 10 com-
pounds that were suitable as lead compounds and
ADMET filters.

2.5. Docking analysis

All the selected 10 compounds and the reference com-
pounds were further docked by Autodock (Goodsell,
Morris, & Olson, 1996) and Autodock Vina (Trott &
Olson, 2010). Autodock is extensively used software for
protein—ligand docking. Same binding pocket was
selected for docking studies that was used in virtual
screening. Autodock uses the semi-empirical free energy
force field for the calculation of ligand-binding confor-
mations. The OfCYP450 structure and ligands were pre-
pared using AutoDockl.5.6. Hydrogen atoms were
added to the structure of OfCYP450, and partial atomic
charges were assigned. A 3D grid box for docking was
set into X=40°, Y=42° Z=40° grid points, and the
grid spacing was 0.636 A. The binding poses were

generated by Lamarckian Genetic Algorithm. Other
docking parameters were population size (150), maxi-
mum number of evaluations (25,00,000), maximum num-
ber of generations (27,000), rate of gene mutation (0.02),
and rate of crossover (0.8). All other parameters were
kept as default. Fifty binding poses were generated for
each ligand. The results were clustered according to the
RMDS values and ranked by the binding free energy.
Ultimately, Autodock Vina was used for redocking stud-
ies. The defined grid for Autodock was considered for
docking of the 10 compounds with reference inhibitors
by Autodock Vina.

2.6. Molecular dynamics simulation (MDS)

GROMACS 4.6.5 (B. Hess, Kutzner, van der Spoel, &
Lindahl, 2008; Pronk et al., 2013) was used to perform
MDS in an in house supercomputer as earlier (Pandey
et al., 2016; Pathak et al., 2017; Shukla, Shukla, Sonkar,
& Pandey, 2017; Shukla, Shukla, Sonkar, Pandey, &
Tripathi, 2017; Shukla, Shukla, Sonkar, & Tripathi,
2017; Sonkar et al., 2017). Seven systems with reference
compounds (itraconazole and fluconazole) were created
and used for 50-ns MDS studies, one for predicting the
stable structure of the apo-OfCYP and others for
OfCYP-ligand bound complexes. All the systems were
solvated using simple point charge model in a cubic box.
Ligand topology was generated using ProDRG server
(Schuttelkopf & van Aalten, 2004). Protein topology was
generated using GROMOS 9653a6 force field (Oosten-
brink, Villa, Mark, & Van Gunsteren, 2004). Six Cl~
ions were added for neutralization of the systems. Steep-
est energy minimization was performed for all the sys-
tems to give the maximum force below 1000 kJ mol
nm~' for removing the steric clashes. Long range elec-
trostatic interactions were calculated by particle mesh
Ewald (PME) method (Darden, York, & Pedersen,
1993). For the computation of Lennard—Jones and Cou-
lomb interactions, 1.0-nm radius cut-off was used. The
LINCS algorithm (Berk Hess, Bekker, Berendsen, &
Fraaije, 1997) was used to constrain the hydrogen bond
lengths. The time step was maintained at 2 fs for the
simulation. For predicting the short-range non-bonded
interaction, 10-A cut-off distance was used. A 1.6-A
Fourier grid spacing was used for the PME method for
long-range electrostatics. All bonds including hydrogen
bonds were fixed by Shake algorithm (Ryckaert, Ciccotti,
& Berendsen, 1977). The systems were equilibrated after
energy minimization. Then, position restraint simulation
of 1 ns was carried out under NVT and NPT conditions.
Finally, all systems were submitted for 50-ns MDS. A 2-
fs interval was given for saving the coordinates. Then
the root mean square deviation (RMSD), root mean
square fluctuation (RMSF), radius of gyration (Rg), and
hydrogen bonds were calculated by g rms, g rmsf,
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g_gyrate, and g hbond tools. The trajectories were ana-
lyzed by visual molecular dynamics (Humphrey, Dalke,
& Schulten, 1996) and Chimera 1.10.2 (Pettersen et al.,
2004). Ultimately, Origin 6.0 was used for generating
and visualizing the plots.

2.7.  Principal component analysis (PCA)

To investigate the conformational dynamics and collec-
tive motions upon ligand binding, PCA was performed.
The PCA method was embedded in the GROMACS
software package (Amadei et al., 1993). After eliminat-
ing the rotational and translational movements, coordi-
nates were superimposed onto a reference structure from
which the positional covariance matrix of atomic coordi-
nates and its eigenvectors were calculated. Then, diago-
nalization was performed on the calculated symmetric
matrix by an orthogonal coordinate transformation matrix
that generated the diagonal matrix of eigenvalues. In this
diagonal matrix, columns were the eigenvectors corre-
sponding to the direction of motion relative to the initial
coordinates. Each eigenvector was associated with an
eigenvalue that represented the total mean square fluctua-
tion of the system along the corresponding eigenvector.
The g anaeig and g _covar tools were used for PCA.

2.8. Binding free energy calculation

The binding energy of protein—ligand complexes was
calculated using the molecular mechanics Poisson—
Boltzmann surface area (MM-PBSA) method (Baker,
Sept, Joseph, Holst, & McCammon, 2001; Kumari,
Kumar, & Lynn, 2014). The free energy analysis is valu-
able in the advanced stage of drug discovery process.
Free energy of solvation (polar + non-polar solvation
energies) and molecular mechanics potential energy
(electro-static + Van der Waals interaction) were calcu-
lated by this tool. In this study, the last 10 ns of the MD
trajectories were taken for the calculation of MM-PBSA.

3. Results and discussion
3.1. Homology modeling and structure validation

The OfCYP450 structure is not available in PDB. Lack
of the structure in PDB offers to predict a good 3D
structure using different approaches. Homology modeling
is the best way to obtain a 3D structure. So, we submit-
ted the sequence of OfCYP450 in PDB for searching a
closely related homolog. We did not find relevant
sequence similarity of OfCYP450 with any PDB struc-
ture using BLASTp. The BLAST result showed < 25%
identity with PDB structures. So, we used ab-initio
approach for protein modeling. I-TASSER is widely used
software for structure prediction on the basis of fold, so
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I-TASSER server was used for the prediction of the 3D
structure of OfCYP450. Five models were predicted by
I-TASSER. The model was selected on the basis of C-
score, which was calculated based on the significance of
threading template alignments and the convergence
parameters of the structure assembly simulations. The
stereochemical parameters were predicted by ProSA,
ERRAT, Verify-3D, and Ramachandran plots. The
ProSA, ERRAT, and Verify-3D showed —7.58, 65.055,
and 78.40 scores, respectively (Supplementary Fig-
ure S1-S3). The energy plot showed some of the resi-
dues with higher positive values (Supplementary
Figure S3). The Ramachandran plot showed that 72.9
and 24.4% residues lie in the most favored region and
additionally allowed region, respectively. Comparatively,
1.5 and 1.2% residues lie in generously allowed region
and disallowed region, respectively (Supplementary Fig-
ure S4). All the parameters suggested that predicted
model was not good for virtual screening. So for predict-
ing a stable structure, the model was employed for 50-ns
molecular dynamics simulation (MDS) study. The MDS
result was clustered for predicting a stable structure
using Chimera 1.10.2. Following the MDS study, one
structure was taken and all the stereochemical parameters
were again predicted. The ProSA, ERRAT, and Verify-
3D showed —7.94, 88.000, and 77.32 scores, respec-
tively. The energy plot also showed most of the residues
with negative values (Supplementary Figure S3). The
Ramachandran plot showed that 86.1 and 11.5% residues
lie in the most favored region and additionally allowed
region, respectively, while only 1.7 and 0.7% residues lie
in generously allowed region and disallowed region,
respectively (Supplementary Figure S4). The stereochem-
ical parameters are given in Table 1. All these parame-
ters suggested that the predicted model is refined and
can be used for virtual screening study.

3.2. Virtual screening

Screening of compounds against a receptor is a very
effective way of predicting the best compounds. We
retrieved the primary and secondary metabolites subsets
from ZINC database. A multi-step virtual screening
approach for 1,65,869 compounds against OfCYP450
was used. The protein and ligands were prepared using
Molegro Virtual Docker (MVD). All the ligands were
screened in one run in the first round. The highest and
lowest MolDock scores in the first round were recorded
as —265.322 to positive score. We also found that
ZINC95100338 showed the highest MolDock score of
—265.322. From the first round screening, 9041 com-
pounds were selected that had MolDock scores between
—265.322 and —150.002. All these compounds were
employed for the second round of screening in 10 runs.
In this round, ZINC95100379 was found to be the top
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Table 1. Stereochemical parameters of the target enzyme.

Structure name ProSA Z-score Energy plot Verity 3D (%) ERRAT Ramachandran plot (%)
Modeled OfCyp450 —7.58 Higher 78.40 65.055 72.9,24.4,15,1.2
Refined OfCyp450 -7.94 Lower 77.32 88.000 86.1, 11.5, 1.7, 0.7

compound in the terms of the highest MolDock score of
—278.721. From this round, 3329 compounds were
selected that had MolDock scores between —278.721 and
—165.002. After this step, the selected compounds were
employed for a third round of screening in 20 runs. In
this round, we found that ZINC53276076 showed the
highest MolDock score of —252.059. Then, for the next
round of screening, we selected 830 compounds that had
MolDock scores between —252.059 and —185.009. In
this round, ZINC3983911 showed the highest MolDock
score of —260.395. Then, these compounds were finally
screened for 50 runs. From the last round of screening,
361 compounds that had MolDock scores between
—260.395 and —195.025 were selected for ADMET pre-
diction.

3.3. In silico pharmacokinetics, metabolism, and
toxicity studies

The success of a drug’s passage through the body is
measured through absorption, distribution, metabolism,
elimination, and toxicity (ADMET). The results for these
pharmacokinetics parameters were obtained for top hits
from virtual screening by calculating the different
descriptors. All the selected 361 compounds from virtual
screening were employed for prediction of ADMET
descriptors.

Blood-brain barrier (BBB) is an important factor for
drugs that have the target site in the central nervous sys-
tem. BBB is a physiological barrier, which protects the
compounds to cross from blood to brain. In our study,
we observed that out of 361 compounds, 235 compounds
had the capability to cross the BBB, while 126 com-
pounds failed. Human intestinal absorption (HIA)
describes the absorption of a compound in the gastroin-
testinal tract. Out of the 361 compounds, 319 com-
pounds showed novel absorption in the intestine, while
42 compounds failed to absorb in the HIA. Caco-2 cell
line permeability defines the capability of a compound to
permeable from large intestine. Eighty-nine out of 361
compounds passed Caco-2 permeability filter, while 272
compounds failed in this criteria. P-glycoprotein (P-gp)
is one of the most important cell surface proteins
involved in the efflux of xenobiotics. The substrate of P-
gp indicates that the compound can be effluxed by these
cell surface proteins. Non-substrate indicated that this

compound could not be effluxed by P-gp cell surface
protein. Out of the 361 compounds, 266 compounds
acted as a P-gp substrate, while 95 were non-substrates.
P-gp inhibitor and non-inhibitor compounds have the
capability to inhibit and non-inhibit the P-gp cell surface
protein, respectively. Out of the 361 compounds, 180
compounds acted as a non-inhibitor, while 181 acted as
an inhibitor of P-gp (Supplementary Table S1). Cyto-
chrome P450 is the major enzyme that play key role in
drug metabolism. The admetSAR server predicted
Cyp450-substrate and Cyp450-inhibitor. In our study,
183 compounds showed a high inhibition, while 178
compounds showed a low inhibition for CYP450
enzymes (Supplementary Table S2). Toxicity describes
how a compound is poisonous or harmful for an organ-
ism. In our study, 45 compounds were found to be toxic,
while 316 compounds were non-toxic in nature. Carcino-
genicity of a compound describes that the compound can
cause cancer. In our study, we found that 24 compounds
can act as a carcinogen, while 337 compounds were
non-carcinogenic. The biodegradability of a compound is
a very important parameter. In our study, 21 compounds
showed to be readily biodegradable, while 340 showed
non-biodegradable property. The hERG codes a channel
protein that has the capability to conduct electrical cur-
rent across the cell membrane and is inhibited by several
compounds resulting in long QT syndrome. In our study,
we found that 61 compounds acted as an inhibitor, while
300 as non-inhibitor of hERG. The LDs, of a compound
describes the ability of a compound to kill 50% popula-
tion of an organism. Less and high LDs, denoted high
and low efficacy of the compound, respectively. In our
case, most compounds showed the LDs, value ranging
between 2 and 3 mol.Kg ' in rat model (Supplementary
Table S3). From the overall ADMET studies, we selected
10 compounds for docking that showed excellent values
in ADMET descriptors.

3.4. Molecular docking study

From the ADMET results, we predicted 10 compounds
that were suitable for lead prediction. All these 10 com-
pounds with reference compounds were further docked
by Autodock, Autodock Vina, and MVD. The reference
compound itraconazole showed a binding affinity of
—-9.12, —9.8 Kcal.mol ! from Autodock to Autodock
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Vina, respectively, while MVD showed —162.92 Mol-
Dock Score. The other reference compound fluconazole
showed a binding affinity of —5.4, —7.8 Kcal.mol™' from
Autodock to Autodock Vina, respectively, while MVD
showed —115.01 MolDock Score.

From Autodock, we predicted that ZINC2358298
showed the highest binding affinity of —10.35
Kcal.mol !, while ZINC70707655 showed the lowest
binding affinity of —7.36 Kcal.mol '. From Autodock
Vina, we observed that ZINC2358298 showed —11.3
Kcal.mol™', while ZINC70707655 showed ~—7.4
Kcal.mol™' binding affinity. From Autodock and Auto-
dock Vina, the ZINC70707655 was found with the high-
est and lowest binding affinities. While in MVD, a
different result was observed because MVD used a dif-
ferent algorithm to produce the MolDock score. In
MVD, ZINC70707116 showed the highest MolDock
score of —200.96, and ZINC85878789 showed the
lowest MolDock score of —179.82.

From all the three software, we observed that the
interacting residues were similar while the docking
energy differed less among each other. The interacting
residues, number of hydrogen bonds and binding affinity
has been provided in the Supplementary Table S4. The
structure, binding affinity, and ZINC ID of top four
selected compounds with reference ligands are shown in
Table 2.

3.5. Analysis of the docked complexes
3.5.1. Itraconazole

Itraconazole interacted with several residues and formed
two hydrogen bonds with Asn222 and Gly410, with an
energy complex of —9.12 Kcal.mol™' by Autodock.
Additionally, itraconazole complex stabilized by
hydrophobic interactions with Arg98, Vall00, Argl02,
Leul05, Ser106, Vall07, Phe248, Asn250, Asp312,
Thr313, His345, WVal351, His357, Phe400, Leu402,
Gly403, Ala404, Arg405, Serd06, Cys407, Gly409,
Leud446, and Thr447. The complex predicted by Auto-
dock Vina was stabilized by one hydrogen bond with
Ala404. Additionally, Argl02, Leul05, Ser106, Vall07,
Asn222, Leu230, Asn250, Asp312, Thr313, Val35l1,
His357, Leud402, Gly403, Argd05, Ser406, Cys407,
Gly410, Leud446, and Thr447 were found to participate
in the hydrophobic interactions. The binding energy of
the complex was —9.8 Kcal.mol™' when calculated by
Autodock Vina. In MVD analysis, itraconazole formed
one hydrogen bond with Ala404 with an energy complex
of —162.92 MolDock score. Here, the residues Argl02,
Leul05, Serl06, Vall07, Asnl08, Asnll9, Asp312,
Thr313, Thr317, Ile344, His345, Val350, Val35sl,
Phe400, Ser401, Gly403, Cys407, Gly410, and Asp414
were involved in hydrophobic interactions.

Natural inhibitors of OfCYP450 7

The residues Argl02, Leul05, Serl06, Vall07,
Asp312, Thr313, Val351, Gly403, and Cys407 were
found to be common residues interacting with itracona-
zole studied by all three docking tools. The interactions
of OfCYP450—-itraconazole complex from Autodock are
shown in Supplementary Figure S5.

3.5.2. Fluconazole

Fluconazole formed three hydrogen bonds with Val350,
Ser401, and Ala404 with an energy complex of —5.4
Kcal.mol™' by Autodock. Additionally, fluconazole com-
plex was found to be stabilized by hydrophobic interac-
tions with Thr317, Ile344, His345, Ser349, Val351, and
Asn414. The complex predicted by Autodock Vina was
stabilized by two hydrogen bonds with Argl02, Asn218.
Additionally, Leul05, Ser106, Vall07, Asnl08, Serl18,
Asn222, Ala308, Asp312, Val351, Ala404, Leud46, and
Thr447 were found to participate in the hydrophobic
interactions. The binding energy of the complex was
—7.8 Kcal.mol™" when calculated by Autodock Vina. In
MVD analysis, fluconazole formed two hydrogen bonds
with Ile344, Val351 with the formation of an energy
complex of —115.01 MolDock score. Here, the residues,
Thr313, Thr317, His345, Ser349, Val350, Ser401,
Gly410, and Asn414, were involved in hydrophobic
interactions.

A single residue Val351 was found to be common
residue interacting with fluconazole studied by all three
docking tools. The interactions of OfCYP450—flucona-
zole complex from Autodock are shown in Supplemen-
tary Figure S5.

3.5.3. ZINC2358298

ZINC2358298 showed the highest binding affinity as
compared to other ligands against OfCYP450.
ZINC2358298 interacted with several residues and
formed five hydrogen bonds with Argl02, Alal04,
Cys407, and Val350, with an energy complex of —10.35
Kcal.mol™' by Autodock. Additionally, ZINC2358298
complex was found to be stabilized by hydrophobic
interactions with Leul05, Serl106, Vall07, Asnl08,
Ser118, Thr313, His345, Ser349, Val351, and Ser401.
The complex predicted by Autodock Vina was stabilized
by three hydrogen bonds with Val350, Val351, and
Cys407. Additionally, Argl02, Ser106, Vall07, Asnl08,
Asp312, Thr313, His345, Ser349, Serd401, Ala404, and
Gly410 were found to participate in the hydrophobic
interactions. The binding energy of the complex was
—11.3 Kcal.mol ' when calculated by Autodock Vina. In
MVD analysis, ZINC2358298 formed five hydrogen
bonds with Argl02, WVal350, Val351, Ser401, and
Cys407 with the formation of an energy complex of
—189.23 MolDock score. Here, the residues LeulO5,
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Table 2. Details of the selected hits.

Autodock Autodock Vina MVD MolDock
Compound Structure (Kcal.mol™") (Kcal.mol™") score
Ttraconazole og_"\,u —9.12 —-9.8 —162.92
e "4,]‘»\,;34
NS
o o’\,—"?l/\d
s
L!U
Fluconazole ' e -5.4 -7.8 -115.01
N
¢ NN
N\
' NN L:r\/n
(]
[
ZINC2358298 -10.35 -11.3 —189.23
ZINC8790946 -9.03 —-94 —194.18
Tk
ZINC70707116 /=\ ., 3 —10.02 -8.3 —200.96
cl \ ,l"h.‘v W Uk
L, B o
| . ‘
AN ‘(‘)
ZINC85879789 ) -9.57 -10.9 —179.82

Source: ZINC database code, structure, and docking energies obtained after virtual screening and refinement by molecular docking are shown.

Ser106, Vall07, Asnl08, Serll8, Asnll9, Thr313,
His345, Ser349, Leu355, Leu380, Alad404, and Gly410
were involved in hydrophobic interactions.

The residues Argl02, Serl06, Vall07, AsnlOS,
Cys407, Thr313, His345, Ser401, Ser349, Val350, and
Val351 were found to be common residues interacting
with ZINC2358298 studied by all three docking tools.
The interactions of OfCYP450-ZINC2358298 complex
from Autodock are shown in Figure 2(A).

3.5.4. ZINCS8790946

ZINC8790946 formed six hydrogen bonds with Argl02,
Vall07, Asn250, Val350, Val351, and Cys407 of
OfCYP450, with an energy complex of —9.03
Kcal.mol™" in Autodock. Additionally, the ZINC8790946
complex was found to be stabilized by hydrophobic
interactions with Leul05, Serl06, Asnl08, Asn222,
Thr313, Ser349, Ser401, Ala404, and Leu446. From
Autodock Vina, the complex was stabilized by six
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Figure 2. The potential binding pose for the four predicted hits. (A) OfCYP450—ZINC2358298, (B) OfCYP450-ZINC8790946, (C)
OfCYP450-ZINC70707116, and (D) OfCYP450-ZINC85878789, binding modes in the active site of OfCYP450 (Four hits are
shown in wire form and residues are shown in sticks. The red dotted line represents intermolecular hydrogen bond interactions).

hydrogen bonds with Asn108, Gly403 Ala404, Arg405,
Ser406, and Gly410. The residues such as Argl02,
Ser118 and Cys407 were found to participate in the
hydrophobic interactions. The binding energy of the
complex was —9.4 Kcal.mol™' as calculated by Auto-
dock Vina. In MVD analysis, ZINC8790946 formed four
hydrogen bonds with Ala404, Arg405, and Gly410,
forming an energy complex of —194.18 in MolDock
score. Here, residues such as Argl02, Asnl08, Serll8,
Asnl19, Asp312, Thr313, Phe400, Gly403, Ser406, and
Cys407 were involved in hydrophobic interactions.

All three docking software suggested that Lys125
Argl02, Asnl08, Ala404, and Cys407 were the common
residues involved in the interaction between OfCYP450
and ZINC8790946. The interactions of the OfCYP450—
ZINC8790946 complex with Autodock are shown in
Figure 2(B).

3.5.5. ZINC70707116

ZINC70707116 formed a low-energy complex with
OfCYP450. It formed two hydrogen bonds with Arg405
and Ser406 of OfCYP450 with an energy complex of —
10.02  Kcalmol™' by Autodock.  Additionally,
ZINC70707116 was stabilized by hydrophobic interac-
tions with Arg98, Asp312, Thr313, Thr317, His345,

Ser349, Val350, WVal351, Phe400, Serd01, Ala404,
Cys407, and Asn414. With Autodock Vina, this complex
was stabilized by a single hydrogen bond with Gly410
and hydrophobic interactions with Ser301, Asp312,
Thr313, Ile344, His345, Val350, Val351, Leu380,
Phe400, Gly403, Ala404, Cys407, and Asn414, forming
an energy complex of —8.3 Kcal.mol '. MVD analysis
showed that ZINC70707116 formed five hydrogen bonds
with Ala404, Argd405, and Cys407, with an energy com-
plex of —200.96 MolDock score. Here, residues such as
Arg98, Thr313, Thr317, His345, Val350, His357,
Phe400, Ser401, Leud02, Gly403, Ser406, and Gly410
were involved in hydrophobic interactions.

In this docking, Thr313, His345, Phe400, Ala404,
and Cys407 were the common residues involved in the
interaction between ZINC70707116 with OfCYP450 by
all three docking tools. The interactions of OfCYP450—
ZINC70707116 complex with Autodock are shown in
Figure 2(C).

3.5.6. ZINC85878789
ZINC85878789 showed a binding affinity of —9.57
Kcal.mol™' toward OfCYP450 as per Autodock. The

complex was stabilized by forming three hydrogen bonds
with Serd401, Ala404, and Arg405, while Asnl08,
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Serl118, Asp312, Ser406, Cys407, Thr313, Val350,
Val351, Leu355, and Gly410 were involved in
hydrophobic interactions. Autodock Vina showed a bind-
ing affinity of —10.9 Kcal.mol™', and the complex was
stabilized by forming four hydrogen bonds with Asn108,
Gly403, Ala404, and Cys407 and hydrophobic interac-
tions with Argl02, Asp312, Thr313, Thr317, Ile344,
His345, Val351, His357, Phe400, Leu402, Arg405, and
Asn414. MVD showed a MolDock score of —179.82
with one hydrogen bond formation with Ala404. Here,
Argl02, Asnl08, Serll8, Asp312, Thr313, Thr317,
lle344, His345, WVal351, His357, Phed400, Leud02,
Gly403, Arg405, Cys407, and Asn414 were involved in
hydrophobic interactions.

All three docking softwares suggested that Asnl08,
Asp312, Thr313, Val351, Ala404, Arg405, and Cys407
were the common residues involved in the interaction
between OfCYP450 and ZINC85878789. The interac-
tions of the OfCYP450-ZINCS85878789 complex in
Autodock is shown in Figure 2(D).

3.6. Molecular dynamics simulation

MDS is a widely used computational technique for the
study of dynamics of any system. It describes the inter-
nal motions, conformational changes, and protein—ligand
complex stability analysis. In this study, we used MDS
for predicting the stability of the predicted hits. Seven
systems (one apo-OfCYP450, OfCYP450-itraconazole,
OfCYP450—fluconazole, OfCYP450-ZINC2358298,
OfCYP450-ZINC8790946, OfCYP450-ZINC70707116,
OfCYP450-ZINC85878789) were created and employed
for 50 ns time scale MDS study using explicit solvent.
All the systems got the equilibration state after 10 ns.
Thus, the study was performed using the last 40-ns tra-
jectories.

3.6.1. RMSD

RMSD was used for measuring the scalar distance
between atoms. The backbone RMSD of all the systems
was calculated. All systems showed stable RMSD value.
The RMSD value indicated that after 10 ns, all the sys-
tems attained the equilibration state (Figure 3(A)). The
average value of RMSD for apo-OfCYP450,
OfCYP450-itraconazole, OfCYP450-fluconazole,
OfCYP450-ZINC2358298, OfCYP450-ZINC8790946,
OfCYP450-ZINC70707116, and OfCYP450-
ZINC85878789 were 0.60, 0.25, 0.23 0.35, 0.26, 0.30,
and 0.27 nm, respectively. The reference ligands showed
least RMSD value as compared to predicted hits. The
complex OfCYP450-ZINC85878789 showed the least
RMSD value while OfCYP450-ZINC2358298 showed
the highest RMSD value, but all RMSD values were
lower than apo-OfCYP450. The RMSD results suggested

that all the systems got the equilibration state and pro-
duced stable trajectory for further analysis. RMSF, Rg,
hydrogen bonds, principal component analysis, and
binding free energy were calculated for the last 40-ns
trajectory.

3.6.2. RMSF

RMSF was calculated for each residue of apo-protein
and ligand-bound complexes. The higher value of RMSF
represented that the structure has some highly flexible
regions like loop and turns, while the lower value of
RMSF indicated that the structure was good in terms of
secondary structure like helix and sheets. We have calcu-
lated RMSF value from the last 40-ns equilibrated trajec-
tories and plotted in Figure 3(B). All the complexes
showed similar RMSF peak. OfCYP450-ZINC2358298
showed higher RMSF value between 143 and 151 resi-
dues. The average RMSF value for apo-OfCYP450,
OfCYP450-itraconazole, OfCYP450-fluconazole,
OfCYP450-ZINC2358298, OfCYP450-ZINC8790946,
OfCYP450-ZINC70707116, and OfCYP450-
ZINC85878789 were 0.14, 0.14, 0.13, 0.17, 0.13, 0.15,
and 0.11 nm, respectively. The complex OfCYP450—
ZINC85878789 showed the least value as compared to
other ligands. The RMSF results suggested that
ZINC8790946 and ZINC85878789 showed less fluctua-
tion after binding to OfCYP450. The OfCYP450-
ZINC2358298 complex showed higher value as com-
pared to other ligand complexes. The OfCYP450—
ZINC8790946, OfCYP450-ZINC70707116, and
OfCYP450-ZINC85878789 were the best compounds
with this result.

3.6.3. Radius of gyration (Rg)

The conformational variations and compactness of the
apo-protein and protein—ligand complexes were calcu-
lated using Rg. The last 40-ns trajectory were used for
the calculation of Rg and shown in Figure 4(A). The
average Rg values for apo-OfCYP450, OfCYP450—-itra-
conazole, OfCYP450-fluconazole, OfCYP450—-
ZINC2358298, OfCYP450-ZINC8790946, OfCYP450-
ZINC70707116, and OfCYP450-ZINC85878789 were
2.34, 230, 2.32 2.38, 2.31, 2.31, and 2.33 nm, respec-
tively. OfCYP450-itraconazole showed least Rg value
suggesting that this complex is most stable. Our pre-
dicted hits also showed similar Rg values. The
OfCYP450-ZINC2358298 showed higher Rg value after
18 ns. The Rg peak for OfCYP450-ZINC2358298
increased initially and after that, it showed similar pat-
tern till the end of simulation. The average value of Rg
is also high for OfCYP450-ZINC2358298 complex. The
OfCYP450-ZINC8790946, OfCYP450-ZINC70707116,
and OfCYP450-ZINC85878789 showed lesser values as
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Figure 3. Molecular dynamics simulations. (A) RMSD of the Co backbone of OfCYP450 (black) and the ligands Itraconazole
(red), Fluconazole (yellow), ZINC2358298 (blue), ZINC8790946 (cyan), ZINC70707116 (pink), and ZINC85878789 (yellow) over
the 50-ns MDS at 300 K. (B) RMSF of residues during MDS between OfCYP450 (black) and the ligands Itraconazole (red), Flu-
conazole (yellow), ZINC2358298 (blue), ZINC8790946 (cyan), ZINC70707116 (pink), and ZINC85878789 (yellow).
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Figure 4. Structural stability analysis. (A) Plot of Radius of gyration vs time for OfCYP450 (black) and the ligand complexes — Itra-
conazole (red), Fluconazole (yellow), ZINC2358298 (blue), ZINC8790946 (cyan), ZINC70707116 (pink), and ZINC85878789 (yel-
low). (B) Number of hydrogen bond interactions formed between OfCYP450 and Itraconazole (red), Fluconazole (yellow),
ZINC2358298 (blue), ZINC8790946 (cyan), ZINC70707116 (pink), and ZINC85878789 (yellow) complexes during the simulation
time.

compared to apo-OfCYP450. The results suggested that
the three complexes, OfCYP450-ZINC8790946,
OfCYP450-ZINC70707116, and OfCYP450-
ZINC85878789, showed more compactness.

3.6.4. Hydrogen bonds

The stability of the protein—ligand complex is maintained
by various interactions like hydrogen bonds, hydropho-
bic interaction, and electrostatic interactions. The hydro-
gen bonds are the most important bonds for maintaining

the stability of a complex. In this study, we calculated
the total number of hydrogen bonds for the last 40-ns
trajectory. Figure 4(B) shows the number of hydrogen
bonds versus time. Average number of hydrogen bonds
for OfCYP450-itraconazole, OfCYP450-fluconazole,
OfCYP450-ZINC2358298, OfCYP450-ZINC8790946,
OfCYP450-ZINC70707116, and OfCYP450-
ZINC85878789 were approximate one for each complex.
From the Figure 4(B), it can be seen that OfCYP450—
ZINC8790946 and OfCYP450-ZINC70707116 showed
more number of hydrogen bonds as compared to the
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other complexes, while the reference compounds showed
lesser number of hydrogen bonds.

The percent of hydrogen bond occupancy was also
calculated for all the predicted hits for the last 40-ns MD
trajectories. Serl06 (2.55%), Asn218 (0.30%) were the
key residues taking part in hydrogen bond interaction in
OfCYP450-itraconazole. Thr317 (0.65%), Ala404
(0.55%), Val351 (0.45%), and Gly410 (0.25%) were the
key residues taking part in hydrogen bond interaction in
OfCYP450—fluconazole. Argl02 (10.69%), His357
(8.25%), Arg405 (5.35%), and Asp312 (1.15%) were the
key residues taking part in hydrogen bond interaction in
OfCYP450-ZINC8790946. Cys407 (17.99%), Thr313
(16.54%), Asnll9 (4.95%), and Thr317 (1.30%) were
the key residues taking part in hydrogen bond interaction
in OfCYP450-ZINC2358298, while Ser401 (9.65%),
Asnd14 (2.05%), Alad04 (1.45%), and Cys407 (1.35%)
were the key residues taking part in hydrogen bond
interaction in OfCYP450-ZINC70707116. Thr317
(19.69%) and Cys407 (3.90%) formed hydrogen bond
interaction with OfCYP450-ZINC85878789. The hydro-
gen bond occupancy also showed that our predicted hits
form more number of hydrogen bonds as compared to
the reference compounds.

3.6.5. Principal component analysis

The significant motions after ligand binding were calcu-
lated using PCA method. It is an established fact that the
first few eigenvectors played an important role in the
overall motions of protein. For this study, the eigenvec-
tors were calculated by diagonalization of the matrix.
The last 40-ns trajectories were used for calculation of
eigenvectors. The first 50 eigenvectors were selected for
result analysis. Covariance matrix of atomic fluctuations
was diagonalized for predicting the eigenvalues. Fig-
ure 5(A) represents the eigenvalue in decreasing order
versus corresponding eigenvector for apo-OfCYP450,
OfCYP450-itraconazole, OfCYP450-fluconazole,
OfCYP450-ZINC2358298, OfCYP450-ZINC8790946,
OfCYP450-ZINC70707116, and OfCYP450-
ZINC85878789. From the 50 -eigenvectors, it was
observed that the first ten eigenvectors accounted for
80.23, 78.79, 79.31, 84.12, 77.33, 82.77, and 73.22% for
apo-OfCYP450, OfCYP450-itraconazole, OfCYP450-
fluconazole ~OfCYP450-ZINC2358298, OfCYP450-
ZINC8790946, OfCYP450-ZINC70707116, and
OfCYP450-ZINC85878789, respectively. The reference
compounds also showed less motions after binding. It
was found that OfCYP450-ZINC70707116 showed
higher motions as compared to other complexes. From
the PCA, we concluded that OfCYP450-ZINC85878789
and OfCYP450-ZINC8790946 were so far the best-
studied complexes.

Another way to achieve the dynamics of system is
2D PCA. In this study, we selected only first two princi-
pal components (PCs) for predicting the clear picture of
the motions. Figure 5(B) showed the projection of two
eigenvectors for reference compounds as well as pre-
dicted hits. It was observed that the complex that showed
stable cluster and occupied less phase space represented
a stable complex while the complex that showed non-
stable cluster and occupied more space represented a less
stable complex. From the plot, it was found that
OfCYP450-ZINC2358298 complex occupied more space
and showed less stable cluster as compared to other com-
plexes. The complex OfCYP450-ZINC85878789
showed very stable cluster as compared to the other
complexes. The reference compounds also showed stable
cluster. The 2D PCA resulted in an agreement with the
above result that OfCYP450-ZINC85878789 and
OfCYP450-ZINC8790946 were the best studied
complexes.

3.6.6. Binding free energy analysis

The MM-PBSA tool was used for calculating the binding
free energy of protein—ligand complexes. The binding
free energies are shown in Table 3. The last 10 ns of
MD trajectories were considered for calculating the bind-
ing free energy. The OfCYP450-itraconazole,
OfCYP450—fluconazole, OfCYP450-ZINC2358298,
OfCYP450-ZINC8790946, OfCYP450-ZINC70707116,
and OfCYP450-ZINC85878789 showed —259.41 KJ.-
mol ™!, —110.09 KJ.mol™', —188.25 KJ.mol™', 163.30
KJmol™!, —202.10 KJ.mol ™!, and —158.79 KJ.mol™!
binding free energy, respectively. Furthermore, it was
found that the electrostatic interactions, non-polar solva-
tion energy, and van der Waals interactions negatively
complimented the overall interaction energy, while the
polar solvation energy had positively enriched the bind-
ing energy. The reference drug itraconazole showed the
highest binding affinity as compared to the predicted
hits, while the OfCYP450-ZINC70707116 showed the
highest binding followed by OfCYP450—fluconazole,
OfCYP450-ZINC2358298, OfCYP450-ZINC8790946,
and OfCYP450-ZINC85878789. From the MM-PBSA
result, we found that all compounds showed good bind-
ing affinity and that OfCYP450-ZINC70707116 was
excellent in terms of binding energy.

To quantify the individual amino acid interactions
toward total binding free energy, per residue interaction
energies were computed using the MM-PBSA approach
(Figure 6) for the last 10 ns of MD trajectory. For clear
representation of the result, only those residues were
selected which actively participated in the binding. The
per residue interaction profile revealed that Argl02,
Ser106, Vall07, Asnl08, Lysl125, Thr313, His345,
Ser349, Val350, Val351, Serd01, and Ala404 were
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Figure 5. Principal component analysis. (A) Plot of eigenvalues was plotted vs eigenvector index. First 50 eigenvectors were consid-
ered. OfCYP450 (black) and the ligands — Itraconazole (red), Fluconazole (yellow), ZINC2358298 (blue), ZINC8790946 (cyan),
ZINC70707116 (pink), and ZINC85878789 (yellow) indicate the eigenvalues. (B) Projection of the motion of the protein in phase
space along the PC1 and PC2 for OfCYP450 (black) and the ligands Itraconazole (red), Fluconazole (yellow), ZINC2358298 (blue),
ZINC8790946 (cyan), ZINC70707116 (pink), and ZINC85878789 (yellow) at 300 K.

Table 3. Table showing the van der Waal, electrostatic, polar salvation, SASA, and binding energy in kJ mol™"' for four predicted
hits.

S. No. Compound Van der Waals energy  Electrostatic energy  Polar salvation energy ~ SASA energy  Binding energy
1. Itraconazole —351.04 + 17.31 3327 +12.71 157.27 £ 23.89 —32.22+129 -259.41+17.98
2. Fluconazole —155.74 + 8.24 —18.21 £7.12 79.84 +9.60 -15.98+£0.79 —110.09 + 10.70
3. ZINC2358298 —263.41 +13.12 —30.77 £ 8.07 130.12 £ 19.99 —2420+121 -188.25+17.10
4. ZINC8790946 —266.91 + 12.08 —59.09 £9.16 185.83 +£15.26 —23.13+0.92 -163.30 + 15.54
S. ZINC70707116 —284.76 + 13.75 —18.83 +7.53 127.36 £ 16.68 —25.87+1.08 —202.10 +16.42
6. ZINC85878789 —222.54 +12.31 —26.19 £ 9.44 112.34 +14.73 —22.39+1.09 -158.79 +12.84

= ltraconazole ®Fluconazole ®=ZINC2358298 ®ZINC8790946 =ZINC70707116 =ZINC85878789
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Figure 6. The contributions of individual amino acid residues of OfCYP450 to the total binding energies. Results are shown as the
energy contribution differences between the indicated OfCYP450-ligand complexes.

Notes: Negative values indicate a stabilization effect for OfCYP450-ligand interactions, whereas positive values indicate a destabiliza-
tion effect for OfCYP450-ligand interactions.

actively participating amino acid residues in the pre-
dicted hits. From the plot, it can be seen that most resi-
dues showed a negative binding affinity, while few

residues showed a positive binding affinity. The residues
Argl02, Vall07, Thr313, Val350, Val351, and Ala404
showed a negative binding affinity and played an
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important role in stabilizing the protein—ligand complex.
From the overall result, we found that the predicted hits
showed excellent binding energy, and these predicted
residues are important for the stability of the protein—li-
gand complex.

From the overall RMSD, RMSF, Rg, hydrogen
bonds, PCA, and binding free energy results, we con-
cluded that OfCYP450-ZINC8790946, OfCYP450-
ZINC70707116, and OfCYP450-ZINC85878789 are the
best stable complexes that showed excellent binding
affinities.

4. Conclusion

In the present work, we screened 1,65,869 compounds
against OfCYP450 structure in many rounds. Finally,
361 compounds were selected for ADMET, and from
this, we found 10 compounds that were novel in
ADMET descriptors. All the selected 10 compounds
were docked by multiple docking software, and then four
predicted hits were employed for MDS study. Our pre-
dicted compounds are equal to itraconazole and better as
compare to fluconazole. From MDS, we proposed that
ZINC8790946, ZINC70707116, and ZINC85878789 can
act as a lead compound against OfCYP450.
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