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Abstract: Aspergillus fumigatus is a dangerous opportunistic pathogen that causes severe consequences
for human beings when its conidia are inhaled. Several inhibitory drugs have recently been suggested
to eradicate these fungi by inhibiting the cytochrome P450 sterol 14-alpha demethylase B (CYP51B).
These drugs are designed to exhibit high specificity to the heme that is incorporated in the active site of
this enzyme. Though effective binding with heme can be achieved, administration of these drugs can
be accompanied by variable risks to the user’s health. Series of in silico screenings were conducted to
find out more eligible drug-like compounds to inhibit CYP51B-heme with fewer side effects on
patients. Using stringent ZINCPharmer restrictions, seventeen compounds were found to have efficient
binding to the heme group of CYP51B. Their effectiveness against CYP51B was tested using molecular
docking, drug-likeness prediction, and molecular dynamics (MD) simulation. One compound
(ZINC000015774018 or molecule-8) was found to inhibit the heme group with better drug-likeness
than that found in the other sixteen drug-like compounds. MD simulations showed that this ligand
introduced stabilized interactions with the targeted protein upon interacting with its heme and amino
acid residues. Thus it may be used as a potent antifungal inhibitor against A. fumigatus.
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1. Introduction

Aspergillus fumigatus is a pathogenic filamentous fungus that triggers allergic, acute or
chronic diseases in both humans and animals. The inhalation of the conidial balls of A.
fumigatus is the mortal cause among all known pulmonary aspergillosis, which is typically
recognized in the form of aspergilloma. Globally, millions of predisposed people acquire
pulmonary and allergies to A. fumigatus. A recent estimation suggested over a half million
deaths and three million individuals being infected with A. fumigatus per year [1]. Pulmonary
aspergillosis is a serious infection and is frequently connected with several harmful symptoms,
such as asthma, nasal allergies, and aggravations of tuberculosis. This serious condition of
Aspergillus results from the asexual reproduction of the fungus, which generates billions of
conidial spores that humans consistently inhale. Additionally, recent researches have
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highlighted the growing incidence of these fungal infections of the cerebrospinal nervous
system, with Aspergillus with the primary etiological agents acquired by the respiratory system.

Regardless of the recent suggestions in preventing pulmonary aspergillosis, the
prevalence of fungal infections continues to increase, especially in the recent decades in which
the ratio of immunocompromised patients has been elevated [2]. In A. fumigatus, a crucial
enzyme in the sterol biosynthesis is recognized, called lanosterol 14-a-demethylase B
(CYP51B). Itis involved in removing the lanosterol 14-methyl group to provide the necessary
intermediates in ergosterol biosynthesis in the fungal membrane. Thus, the inhibition of
CYP51B prevents the transformation of lanosterol to ergosterol [3]. The biosynthesis of
ergosterol is mandatory in broad fungal metabolic activities, such as membrane integrity and
permeability, cell cycle progression, and cell morphology [4]. Thus, the selective inhibition of
this enzyme is extremely prerequisite to ensure a specific therapeutic index [5]. Though several
active amino acid residues were recognized in CYP51B, the most important portion in the
active site of CYP51B is the heme group. It is widely acknowledged that the heme group is the
cornerstone on which CYP51B is largely based in the most metabolic reactions in which this
enzyme is involved. Thus, the affinity of any antifungal compound to CYP51B should
essentially be determined on binding to the heme group in CYP51B [6]. However, several
clinical antifungal agents have been developed with various functions on fungal organisms,
such as polyenes, echinocandins, and azoles. Polyenes dispose of ergosterol from cellular
membranes; echinocandins can destroy the cell wall, while azole-based compounds can halt
the biosynthesis of ergosterol of CYP51B enzyme [7]. Although azole-based drugs are one of
the most functional antifungal agents [8], the utilization of each one of these developed drugs
still has many constraints related to side effects and pharmacokinetic profile [9]. However, the
treatment efficiency with these azole-based ligands remains unacceptably low, and the recovery
rate largely depends on how quickly the fungal infection is diagnosed and treated [10]. A recent
generation of azole drugs has been developed to inhibit CYP51 in many fungal species [11].
One of the most potent drugs in these recently developed drugs is VT-1598, which has been
devised to bind specifically with the heme group of CYP51B [12]. However, it is unknown
how this ligand is effective against the emergence of A. fumigatus [13]. Thus, this ligand has
not been validated to eradicate A. fumigatus as further comparative in silico and in vitro
experiments are required to approve this sort of inhibitory compound. However, the clinical
administration of such drugs is not adequate to conquer the increasing fungal infections [14].

For this reason, the present situation makes it entirely inevitable to find out a novel
chemical compound possesses better antifungal activity than that found in other suggested
drugs. The necessity for such a novel compound with such specific antifungal impact is urgent
to increase the possibility of recovery and reduce the side effects of the commonly used
antifungal medications. Considering all these data, this study has performed a series of the
state-of-the-art in silico computations to find out more appropriate ligands to act as better
CYP51B inhibitors. This study aimed to suggest new possible antifungal compounds to act as
promising antifungal drugs against the proliferation of A. fumigatus with lower side effects on
patients.

2. Materials and Methods

A schematic diagram detailing the main tools employed in the study is shown in
Figure 1.
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Figure 1. A schematic diagram for the main steps conducted in this study.

2.1. Generation of pharmacophore models.

The available X-ray crystallographic structure of the investigated CYP51B protein was
deposited in the protein data bank (PDB) in three components; the main protein, heme, and
ligand (PDB ID: 5FRB) (http://www.pdb.org). Heme is an intrinsic component of this enzyme,
while the ligand VT-1598, the proposed antifungal drug, was attached with its substrate [12].
The state-of-the-art VT-1598 was designed to inhibit the heme group within the CYP51B.
Upon retrieving the targeted enzyme, the virtual screening of the heme group was simulated to
generate the best pharmacophore models to bind with it. This fungal heme group was used as
an input compound in the Zincpharmer web server [15]. The SDF files of the best candidate
ligands that ZINCpharmer suggested were retrieved from the ZINC web server [16].

2.2. Receptor-ligand preparation for molecular docking.

Concerning receptor preparation, CYP51B was used as a targeted protein receptor for
conducting docking experiments. The crystal structure of the fungal CYP51B (5FRB) was
obtained from the PDB in a ligand-attached protein complex. The target was prepared by
removing its cocrystallized ligand as well as water molecules. Using Discovery Studio Client
(Systemes, Dassault Systemes Biovia: San Diego, CA, USA), polar hydrogens were added to
the protein to get the most appropriate position of side-chain atoms and hydrogen atoms.
Concerning ligands preparations, the 3D structures of the retrieved drug-like ligands were
subjected to energy minimization and converted to PDBQT format using the graphical user
interface of Open Babel, ver. 4.2.0 [17].
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2.3. Molecular docking.

Both protein and ligands were docked using Autodock Vina [18], inbuilt in PyRx
software. PyRx is an open-source tool that can be used to screen the ligand potentials to bind
with the target site. The virtual screening conditions were the same for all investigated ligands,
in which a grid box of 296.74, 17.70, and 11.20 A for respective X, y, and z in the center, and
68.18, 62.91, and 56.07 A for respective x, y, and z in size was set for all cases. After
completing docking, all docking drug-like ligands were ranked according to their binding
affinity with the CYP51B receptor (kcal/mol). Each ligand with better docking scores than that
found in the incorporated control was considered for downstream analyses.

2.4. Interactions of the dug-like ligands with critical amino acid residues.

The atomic interactions between best-docked complexes were conducted. The binding
energy of the best binding pose of each docked protein-ligand complex was visualized to
unravel the pattern of interactions between the investigated compounds. Using BIOVIA
Discovery Studio software, several kinds of ligand-protein interactions were assessed. Further
2D and 3D views of a variety of interactions of best binding poses were analyzed, and their
detailed interactions were illustrated. As well, a particular emphasis was made on the possible
presence of any type of unfavorable binding in each docked complex.

2.5. Druglikeness prediction.

Many possible medicinal compounds could not reach the clinical trials due to their
undesirable absorption, distribution, metabolism, and elimination (ADME) parameters [19].
SwissADME webserver was utilized to assess the ADME parameters in the investigated drug-
like compounds [20]. Ligand structures in SMILES (Simplified molecular-input line-entry
system) formats were used as input data in SwissADME to predict several drug-related
features, such as pharmacokinetics and drug-likeness following Lipinski’s rule of five, Ghose’s
rule, Veber’s rule, Egan’s rule, and Muegge’s rule. Furthermore, other medicinal chemistry
properties were also predicted by SwissADME, such as Pan assay interface compounds
(PAINS), Brenk, and Leadlikeness [21]. The potential toxicity of each incorporated ligand was
also predicted using the Protox web server [22]. It was also employed to predict the possible
hepatoxicity, carcinogenicity, immunotoxicity, mutagenicity, and cytotoxicity of all candidate
ligands.

2.6. MD simulation.

Downloaded PDB files of the targeted CYP51B, being static and devoid of H-atom;
thus, they were optimized and modified to understand dynamic and functional behavior after
being conjugated with ligands [1]. Molecular dynamic (MD) simulation of the best protein-
ligand interactions was conducted to analyze the dynamic stability of the CYP51B upon being
docked with both control and best candidate ligands using CHARMM GUI topology-based
predictions [23]. The protonation state of the investigated enzyme was achieved at pH (7.0).
To solvate the system, a simple water model was embedded in a cubic box with a minimum
distance of 10 A from the protein surface. Further, an electrically neutral state was achieved by
adding chlorine ions and water replacement. Subsequently, the steepest descent energy
minimization was carried out until reaching a force tolerance of 1,000 kJ/mol. Afterward, all
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the system was equilibrated at the temperature of 300.15 K and 1.0325 bar pressure for 100 ps
at fixed number of atoms, pressure, and temperature (NPT ensemble) of MD simulation) [24].
MD runs were performed to predict root mean square deviation (RMSD) and root mean square
fluctuation (RMSF), and the trajectories of both simulations were saved in 200 ps intervals.
Qtgrace software, ver. 2.6. was utilized to visualize and annotate both simulations.

3. Results and Discussion

3.1. Pharmacophore-based virtual screening.

This study retrieved the best hit compounds with close features of the reference heme
molecule from the ZINC database. The pharmacophore cores with four aromatic and two
hydrogen-donor were selected to create the best spatial arrangement of the key features of
interaction with the intended molecule [15]. After screening the ZINC database containing
more than 250 million compounds using the molecular structure of heme, only seventeen hit
compounds were found to exhibit high interaction potentials heme and therefore selected for
downstream molecular docking.

3.2. Molecular docking of ligands against CYP51B.

A total of seventeen suitable ZINCpharmer-suggested ligands were docked into the
CYP51B. The binding energy potential of each protein-ligand complex that emerged from
molecular docking was compared with the positive control binding energy value. It was found
that fifteen of these ligands possessed higher binding efficiency against CYP51B than in the
positive control VT-1598 (Table 1). However, two ligands (ligand no. 17 and 18) were
eliminated from further analyses since they exhibited two respective lower binding affinities
than that observed in the positive control.

3.3. Interactions of the ligands with critical residues.

In addition to the heme group within the CYP51B, the presence of a variable of amino
acid residues with hydrogen bonding, polar, Van der Waals, and Pi-Alkyl interaction
surrounding the heme was proved variable intensities of connections between the analyzed
ligands and CYP51B. The binding conformations of all ligands with docking scores better than
those found in the control ligand are shown in the supplementary data (Supplementary file).
However, unfavorable bindings were observed in three docked ligand-receptor interactions
(ligand no. 4, 6, and 14). These unfavorable bindings would reduce the effectiveness of these
ligands and may decrease the stability of the resulting complex. Thus, these four ligands should
not be suggested as valid drugs against CYP51B.

3.4. Druglikeness prediction.

During the drug design process, the proper pharmacokinetics and bioavailability
properties of any suggested drug-like small compounds, such as high GI absorption,
intracellular metabolism, and excretion, alongside low toxicity, are essential to confirm their
adequacy as a lead compound in the proposed treatment [25]. Membrane permeability, in turn,
is an essential feature and especially crucial when managing tiny particles that have
intracellular targets since their suitability profoundly relies on their potential to cross cellular
membranes [26]. However, the permeability across the cellular membrane for the drug-like
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molecules is assessed by their predicted permeability profile. Interestingly, the prediction
proposed only six ligands (ligands no. 4, 8, 10, 11, 12, and 13) with high permeability profile
out of sixteen investigated ligands, including VT2 control (Table 2).

Table 1. Chemical structures and docking scores of the best-suited ligands to the active site of cytochrome P450
sterol 14-alpha demethylase B of Aspergillus fumigatus. The last two compounds were eliminated from
downstream screening due to their lower docking scores than those found in control.

No. Ligand SMILES Docking scores
(Kcal/mol)

1. ZINC000032114523 | O=C(Nclccc2oc(-c3ccecdc(Cl)ceee34)nc2cel)clecc(COc2ccecc?)ccl -14.1

2. ZINC000008451394 | N=C1/C(=C/c2cn(Cc3cccecdeccece34)c3cccecc23)C(=0)N=C2SC(COc -14.0
3cceec3)=NN12

3. ZINC000008493614 | CCOclcc(/C=C2/C(=N)N3N=C(COc4ccccc4)SC3=NC2=0)ccclOCc -13.9
lccec2ccceccl2

4. ZINC000016284446 | Cclcc2nn(-c3ccecdceccee34)nc2ccINC(=0)cleec(OCc2ccccc2)ccl -13.5

5. ZINC000009969135 | N=C(Nclccc(Oc2ceecec2)ccl)Nelne(CSc2nnnn2- -13.3
c2ccecc2)cc(=0)[nH]1

6. ZINC000027472327 | Oclccc2ececcc2cl/C=N/clccc(Nc2ccc(/N=C/c3c(O)ccecdececec34)cc?) -13.2
ccl

7. ZINC000033809114 | O=C(Nclccc(/N=N\c2cccec2)ccl)clecc2ne(-c3ceeee3)e(- -13.2
c3cceec3)nc2cl

8. ZINC000015774018 | O[C@H](clcceecl)clecc(CCCe2ecc([C@@H](c3ccecce3)n3cnne3)ce -13.2
2)ccl

9. ZINC000004016627 | O=S(=0)(Oclccceel)clee(- -13.1
n2nc3cccdce(S(=0)(=0)O0c5ccecceh)ceccde3n2)cecl/C=Cleleccecl

10. | ZINC000015774047 | O[C@@H](clcceecl)clecc(CCCc2ecc([C@@H](c3ccece3)n3cnen3) -13.0
cc2)ccl

11. | ZINC000015774049 | O[C@H](clcceecl)clecc(CCCe2ecc([C@@H](c3ccecce3)n3cnen3)ce -13.0
2)ccl

12. | ZINCO000015774024 | clccc([C@H](c2ccc(CCCc3ccc([C@@H](c4ccececd)ndenend)cc3)cc2 -12.9
)n2cnnc2)ccl

13. | ZINC000015774016 | O[C@@H](clcceecl)clecc(CCCe2ecc([C@@H](c3ccece3)n3cnnc3) -12.8
cc2)ccl

14. | ZINC000040645852 | O=[N+]([O- -12.4
Pelc(Nc2cee(/N=N\c3cceee3)cc2)nenclNelecc(/N=N/c2ccecec2)ccl

15. | ZINC000002094098 | COclcc(CNc2cec(Oc3cecccece3d)ec2)cc(Cl)c1OCcleccc2eccecl? -12.0

16. | VT2 (control) C1=CC(=CC=C1C0OC2=CC=C(C=C2)C#CC3=CN=C(C=C3)C([C@] -115
(CN4C=NN=N4)(C5=C(C=C(C=C5)F)F)O)(F)F)C#N

17. | ZINC000095101010 | O=S(=0)(O)clccc2ce(/N=N/c3ccc(/N=N/cdccc(Nc5ceeees)cc4Ncdcce -10.7
cc4)cdcccce34)cc(S(=0)(=0)0)cc2cl

18. | ZINC000015774028 | clccc([C@@H](c2cce(CCCe3ecc([C@@H](c4ccecccd)ndenncd)ce3)e -9.3
c2)n2cnen2)ccl

Through the SwissADME server, Lipinski, Ghose, Veber, Egan, and Muegge rules
were used as filters to provide a sufficient rationale for the grouping of each compound as a
drug or nondrug. Any virtually screened molecule should pass these filters before it is
suggested for oral administration [27]. More reduction in drug-likeness of a lead compound
may happen due to more violation of this compound by any one of these filters [28]. It was
found that molecule-8 was the most submissive for drug-likeness filtrations, while the other
applied molecule exerted variable eligibility for these rules. More validations for the obvious
eligibility of molecule-8 over the other molecules were obtained from the SwissADME-boiled
egg chart. The physicochemical properties and their consequent oral bioavailability of the
investigated ligands were plotted as a BOILED-Egg graph (Figure 2). The yellow (egg-yolk)
and white (egg-white) areas represent the optimal and suboptimal ranges physiochemical
properties, respectively [29].
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Table 2. Druglikeness of the most suited ligands to the active site of the cytochrome P450 sterol 14-alpha demethylase B of Aspergillus flavus. The ligand no. 8 (ZINC000015774018)
has the best drugability features over all other tested compounds.

No. Ligand Visual Pharmaco | Druglikeness Medicinal chemistry Toxicity
studio kinetics
Unfavour- Gl Lipinski Ghose Veber Egan rules| Muegge PAINS | Brenk Leadlikeness | Hepatox- Carcinog- | Immunot- | Mutag- Cytotoxicity
able absorption| rules rules rules violations | rules icity enicity oxicity enicity
bindings violations | violations | violations violations
1. ZINC000032114523 None Low 2 violations| 3 violations| Yes 1 violation | 1 violation | 0 alert 0 alert 2 violations Active Active Inactive Inactive Inactive
2. ZINC000008451394 None Low 2 violations| 2 violations| Yes Yes 1 violation | 0 alert 2 alerts 2 violations Active Inactive Active Inactive Inactive
3. ZINC000008493614 None Low 1 violation | 2 violations| Yes Yes 1 violation | O alert 2 alerts 3 violations Active Inactive Active Active Inactive
4. ZINC000016284446 One found High 1 violation | 3 violations| Yes 1 violation | 1 violation | 0 alert 0 alert 2 violations Inactive Active Inactive Active Inactive
5. ZINC000009969135 None Low 1 violation | 2 violations| 1 violation 1 violation | 1 violation | 0 alert 2 alerts 3 violations Inactive Active Inactive Active Inactive
6. ZINC000027472327 One found Low 1 violation | 3 violations| Yes 1 violation | 1 violation | 0 alert 1 alert 2 violations Active Inactive Active Inactive Inactive
7. ZINC000033809114 None Low 1 violation | 3 violations| Yes 1 violation | 1 violation | 1 alert 1 alert 2 violations Active Active Inactive Inactive Inactive
8. ZINC000015774018 None High 1 violation | 2 violations| Yes Yes 1 violation | 0 alert 0 alert 3 violations Inactive Inactive Inactive Inactive Inactive
9. ZINC000004016627 None Low 2 violations| 4 violations| Yes 2 violations| 2 violations| 0 alert 2 alerts 3 violations Inactive Inactive Active Inactive Inactive
10. ZINC000015774047 None High 1 violation | 2 violations| Yes Yes 1 violation | 0 alert 0 alert 3 violations Active Inactive Active Inactive Inactive
11. ZINC000015774049 None High 1 violation | 2 violations| Yes Yes 1 violation | 0 alert 0 alert 3 violations Inactive Active Inactive Inactive Inactive
12. ZINC000015774024 None High 2 violations| 3 violations| Yes 1 violation | 1 violation | 0 alert 0 alert 3 violations Inactive Inactive Inactive Active Inactive
13. ZINC000015774016 None High 1 violation | 2 violations| Yes Yes 1 violation | 0 alert 0 alert 3 violations Active Inactive Active Inactive Inactive
14. ZINC000040645852 Two found Low 3 violations| 3 violations| 1 violation| 2 violations| 1 violation | 1 alert 3 alerts 3 violations Active Active Inactive Active Inactive
15. ZINC000002094098 None Low 1 violation | 3 violations| Yes 1 violation | 1 violation | 0 alert 0 alert 3 violations Inactive Inactive Active Active Active
16. VT2 (control) None Low 2 violations| 3 violations| Yes 1 violation | 1 violation | 0 alert 1 alert 3 violations Active Inactive Active Inactive Inactive
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Very promising CYP51B inhibitory activity was observed from molecule-8 because it
occupied the most proximal position to the range of the yellow area, while both ligands no. 4
and no. 12 were positioned further in the white area. At the same time, other tested ligands (no.
1,2, 3, 4,5, and control) were positioned outside both areas. However, other ligands (no. 6, 7,
9, 10, 11, 13, and 14) were not represented in this chart since they were entirely out of the
proposed ranges of the boiled egg plot. In addition to drug-likeness properties, further
filtrations were conducted for heme-binding ligands using medicinal chemistry properties and
potential toxicity predictions. As in the case of pharmacokinetics and drug-likeness, molecule-
8 exhibited the most medicinal chemistry friendliness and the least predicted toxicity
consequences among all other tested compounds. However, variable degrees of violations were
witnessed for other suggested ligands. Thus, it can be stated that molecule-8 was the lead
molecule that proved to possess the best-tested properties other than those found in other
suggested ligands, including the positive control.

3.5. MD simulation.

Enzymes are macromolecules that are not static, so their motion induces variable
structural fluctuation, which may influence their corresponding functional stability [30-33].
Interestingly, MD simulation is the only method that can analyze the structural-functional
actions of enzymes in different conditions. In this study, two independent simulations were
conducted to evaluate the structural fluctuation and functional stability of the VT-1598-
CYP51B complex and the selected molecule-8-CYP51B complex.
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Figure 3. Comparatlve molecular dynamlc (MD) simulation of both fungal cytochrome P450 sterol 14-alpha
demethylase B complexed with the ligand 8 (green color) and VT-1598 control (black color). A) Root-mean-
square deviation (RMSD) in A° plotted against 1000 ps simulation time. B) Root-mean-square fluctuation
(RMSF) in A° plotted against amino acid residues. All amino acid residues involved in direct interactions with

ligand 8 were highlighted above the RMSF plot.
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The results of the RMSD plot indicated that both CYP51B complexed with VT-1598
and lead molecule-8 were quite consistent, suggesting the stability of both complexes in the
entire time of simulation (Figure 3A). Likewise, the general behavior of CYP51B was observed
to be rather stable in the entire MD simulation period of 1000 ps in both simulated complexes.
This observation entailed a comparable validity of both molecule-8 and VT2 control in the
binding with the targeted heme moiety in considerable stability. Another layer of confirmation
was provided by calculating RMSF for molecule-8 - CYP51B interactions. The plotting of
amino acid residues that involved in making direct interactions with molecule-8 was conducted.
RMSF plot showed that all the visual studio observed ligand-protein interactions (Tyr68,
Leu9l, Tyrl22, Phe234, Ala307, Ser311, 11e373, and Leu503) were positioned in non-
fluctuated areas (Figure 3B). Thus, both RMSD and RMSF values were similar for both
complexes, which suggested the validity of the lead molecule-8 alongside the positive control.
Overall, MD simulation results discovered that the lead molecule-8 has considerable binding
stability against the soluble CYP51B enzyme.

3.6. Discussion.

CYP51B plays a key role in the A. fumigatus cell wall synthesis through its heme group.
The heme group is an intrinsic component of the CYP51B, which is encrypted in a crucial
position within the active site of this protein. Thus inactivating this group would inhibit this
protein and prevent it from performing its scheduled role in fungal cell wall synthesis. VT-
1598, a specific drug, has recently been developed to inhibit CYP51B by binding to the heme
group [12]. However, this study showed that this recently suggested drug violated several drug-
likeness and pharmacokinetic properties. Therefore, this study has suggested an alternative
antifungal agent with more eligible physiochemical properties and better oral bioavailability.

The main approach of this study was taken place by conducting many computations to
set out more eligible antifungal drugs having better pharmacokinetics and bioavailability
properties. Thus, the utilization of these compounds offers superiority over the few suggested
medicines with no or minimal side effects. The vast importance of variable computational tools
was employed to screen a wide range of compounds to reveal their potential to be sued as
inhibitors against the fungal CYP51B. Using the ZINCpharmer, more than 250 million
chemical compounds were evaluated to find the most suitable group to bind with the heme
moiety of the fungal CYP51B. Only seventeen compounds were retrieved from ZINCpharmer
and subjected to a series of downstream computations to evaluate their drug-like potentials.
Upon validation, the most appropriate drug-like capacity was confirmed in the case of
molecule-8. Thus, the structure of this chemical was virtually screened against CYP51B within
its well-known heme-binding site. However, based on suitable binding affinity and drug-like
properties, molecule-8 was selected for both Visual Studio and MD simulation analyses. Visual
Studio has been established as a valuable computational tool to recognize the most eligible
molecule against any target [34]. Visual Studio showed that molecule-8 is one of the
compounds enjoyed with powerful binding affinities against CYP51B due to the presence of
variable types of ligand-protein binding interactions. To support this observation, 2D
interaction analysis has suggested the presence of remarkable interactions of the lead molecule-
8 with the CYP51B. In addition to the observed direct interaction with the targeted heme, the
lead molecule-8 was also involved in several types of interactions with several amino acid
residues surrounding the heme group, including hydrogen bond, Van der Waals interaction, Pi-

Pi shaped, Pi-Pi stacked, and Pi-alkyl. What increased the importance of such interactions is
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the presence of several hydrogen bonding, alkyl, and bi-alkyl interactions of molecule-8 with
Tyr68, Leu9l, Tyrl22, Phe234, Ala307, Ser311, 11e373, and Leu503. As it was shown by the
ConSurf tool [35], half of these residues (Tyr68, Leu91, Tyr122, and Ser311) were positioned
in extremely high conserved regions, while the other half (Phe234, Ala307, 11e373, and
Leu503) were positioned in highly conserved regions. One of these residues that participated
in the direct interaction with molecule-8 is Tyr122, which was involved in inducing dramatic
topological changes in CYP51B when interacting with several triazole-based drugs [36]. In
addition to the favorable binding with the heme and other amino acid residues, the lead ligand-
8 was characterized with better pharmacokinetic features than that found in the control. The
Protox-based toxicity predictions found that molecule-8 was not toxic, while the control was
found to have potential carcinogenic effects. Moreover, the BOILED-egg test showed that
molecule-8 has the best drug-like features compared to all other investigated drug-like
compounds, including control. However, both ligand-8 and control showed comparable results
in MD simulations. In the RMSF plot, many arbitrary fluctuations were observed, but no
conformational shifting was seen in the positions occupied by residues involved in direct ligand
binding interactions. The values of RMSD suggested that the binding of both complexes has
been stabilized without any conformational shift. These data have cumulatively suggested that
molecule-8 has a noticeable binding efficiency with heme and several amino acid residues and
may be used as putative inhibitors against the CYP51B. Thus, it can be stated that in addition
to the biological importance of molecule-8 interactions with CYP51B, sufficient biological
stability was ensured in this complex. This observation entailed the ability of the molecule-8
to ensure solid binding with heme, crucial interactions with amino acid residues, and sufficient
dynamic stability of the consequent complex upon formation.

4. Conclusions

This study found one compound (molecule-8 or ZINC000015774018) with a stable
binding capacity against CYP51B and a high-quality pharmacokinetic profile. Therefore, it is
concluded that this compound can be employed as a potent antifungal drug against the most
invasive respiratory infections represented by A. fumigatus. The therapeutic potentials of this
new chemical compound and may be further expanded for in vitro validation against the
infectivity of A. fumigatus in the nearest future.
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