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through molecular docking simulations. Furthermore, we performed a PASS (Prediction of
Activity Spectra for Substances) analysis to predict MAM potential biological activities,
explored the pharmacokinetic properties and ADMET (absorption, distribution, metabolism,

g?);v'ords: excretion, and toxicity) profiles, and optimized the MAM using the density functional theory
ADMET (DFT) method. The molecular docking results revealed favorable binding interactions between
Molecular docking MAM and the active sites of the 11YL and 1AI9 proteins, suggesting potential antifungal activity.
Pharmacokinetics Additionally, the ADMET profiles indicated low toxicity and suitable drug-like properties, such
Antimicrobial as moderate metabolic stability and minimal risk of adverse effects. Furthermore, DFT
PASS optimization was performed to investigate the molecular geometry and electronic properties of

MAM. The optimization results provided valuable information on the stability and reactivity of
MAM, enabling a better understanding of its chemical behavior and potential modifications for
enhanced activity. Finally, PASS prediction was employed to evaluate MAM's potential
biological activities beyond its antifungal properties. The analysis revealed several potential
activities, including antibacterial, antiviral, and immunomodulatory effects, expanding the scope
for future research and therapeutic applications. In conclusion, this computational study sheds
light on the molecular interactions, pharmacokinetic properties, ADMET profiles, DFT
optimization, and PASSES predictions of MAM. These findings highlight the potential of MAM
as a promising antifungal agent with favorable pharmacological properties.

© 2024 by the authors; licensee Growing Science, Canada,

1. Introduction

Carbohydrates, the most abundant class of biomolecules on Earth, play pivotal roles in various biological processes.
Composed of sugars, these macromolecules are involved in energy storage, cell signalling, immune response modulation,
and structural integrity. Beyond their fundamental biological functions, carbohydrates have garnered significant attention
for their medicinal value, with recent research unveiling their potential in drug discovery!, immunotherapy, and disease
treatment. Carbohydrates serve as the primary energy source for living organisms, fueling cellular processes and providing
structural components for cells and tissues. Carbohydrates offer a significant portion of the energy that all organisms require
for a variety of biological functions. Carbohydrates are essential for health and fitness since they are a key component of
food and help to increase bodily strength by providing energy. They are one of three key macronutrients that provide
significant energy; the other two macronutrients are fats and proteins. Sugars and starch operate as fuel for a quick energy
supply, allowing one to accomplish physical tasks flawlessly. Carbohydrates enhance the flavor and look of a food item,
making it more appealing and delectable. They also contribute to metabolism and intercell-cell interactions by providing
the necessary energy?>. Moreover, they play a critical role in cell recognition and signalling events, influencing intercellular
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communication and immune responses. Glycosylation®, the process of adding sugar moieties to proteins and lipids, impacts
protein folding, stability, and cellular localization, further emphasizing the significance of carbohydrates in biological
systems. Carbohydrates exhibit unique structural diversity and biological properties that make them valuable in medicinal
applications. Glycans, a subset of carbohydrates, have been implicated in numerous diseases, including cancer,
inflammation, and microbial infections. Exploiting the specific interactions between glycans and their associated proteins
(lectins) has led to the development of carbohydrate-based vaccines, antiviral agents, and immunotherapies. Moreover,
carbohydrates serve as important targets for drug discovery, providing opportunities for the development of therapeutics
targeting carbohydrate-processing enzymes and carbohydrate-binding proteins. Another essential property of carbohydrate
molecules is that they serve as an anti-agent for a variety of microbial species®. In a study of the literature, aromatic
compounds (aromatic and heterocyclic) were shown to be enriched in biological capabilities®!*. In general, halogen, sulfur,
and nitrogen-substituted aromatic compounds and their derivatives have a high potential for antibacterial efficiency
enhancement'*!°. Furthermore, regioselective acylation and antimicrobial activity screening of carbohydrate compounds
revealed that the attachment of heterocyclic aromatic rings to electron-attracting or donating groups significantly improves
the biological properties of the precursor molecules?’-?2, The addition of aliphatic and aromatic groups to the hydroxyl group
of nucleoside and monosaccharide structures has resulted in the formation of effective antiviral’>” and antibacterial
candidates?®?°. Keeping these characteristics in mind, as well as the future goal of discovering novel drug agents**-3¢ with
biological importance®”*?, we reported the computational investigation of a number of methyl a-D-mannopyranoside-based
analogs 2-7 with some rarely used aliphatic and aromatic groups, including molecular docking against bacterial and fungal
proteins. Furthermore, the physicochemical and pharmacokinetic properties of all produced methyl a-D-mannopyranoside
analogs were examined using density functional theory (DFT).

2. Results and Discussion

The modified derivatives of methyl a-D-mannopyranoside used in this study were previously synthesized, and the
structures of the compounds are shown in Fig. 1.

2.1 PASS prediction

Because significant adverse side effects and toxicity are unknown and only become apparent much too late, it appears
that many research initiatives never make it to the final stage. However, using a simple internet server called PASS online,
it is now feasible to predict more than 3678 pharmacological effects, modes of action, carcinogenicity, teratogenicity, and
other biological features of substances. Table 1 displays the PASS results in their designated Pa and Pi forms. The PASS
predictions for the antibacterial, anti-carcinogenic, antifungal and anti-inflammatory properties of compounds 1-7 were
determined to be 0.541, 0.731, 0.662 and 0.710, respectively. This showed that the chemicals were more effective against
antifungal and cancer-causing substances.

Table 1. Data of pass prediction of methyl-a-D-mannopyranoside (1) and its derivatives (2-7).

Entry Antibacterial Anti carcinogenic Antifungal Anti-inflammatory
Pa Pi Pa Pi Pa Pi Pa Pi
1 0.541 0.013 0.731 0.008 0.628 0.016 0.650 0.023
2 0.521 0.015 0.635 0.011 0.629 0.016 0.626 0.027
3 0.540 0.013 0.496 0.020 0.662 0.012 0.612 0.029
4 0.472 0.036 0314 0.053 0.542 0.024 0.710 0.014
5 0.540 0.013 0.496 0.020 0.662 0.012 0.612 0.029
6 0.540 0.013 0.496 0.020 0.662 0.012 0.612 0.029
7 0.483 0.025 0.449 0.007 0.498 0.034 0.548 0.044

Using the DFT approach under a 3-21G basis set for quantum computation and geometry optimization, the chemical
properties of the generated ligands were further studied. Table 2 mentions the geometrical structures of all produced
compounds that have been optimized.

Table 2. Chemical and optimized structure of methyl-a-D-mannopyranoside (1) and its derivatives (2—7).
Entry Structure Optimized
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2.2 Thermodynamic analysis
Normal molecular structure changes have a large impact on structural characteristics, including thermal and molecular

orbital parameters. The free energy and enthalpy values can be used to determine a reaction's spontaneity and the stability
of a product®.

Table 3. The stoichiometry, electronic energy, enthalpy, Gibbs free energy in Hartree, dipole moment (Debye) and
polarizability (a.u.) of thymidine derivatives.

Entry Stoichiometry Electronic Enthalpy Gibbs free Dipole Polarizability

Energy (Hartree) Energy moment (a.u.)
(Hartree) (Hartree) (Debye)

1 C;H 1406 -722.4610 -722.2228 -722.2765 4.5561 86.1880

2 Ci5H00; -1104.0830 -1103.7161 -1103.7913 4.8377 168.2287

3 C36Hs6010 -2146.0920 -2145.1474 -2145.2982 5.3017 397.6397

4 C39H:010 -2263.3707 -2262.3361 -2262.4965 4.8676 415.4970

5 CyHezO10 -2380.6881 -2379.5638 -2379.7325 5.4615 454.5317

6 C46H7609 -2462.2893 -2461.0490 -2461.2343 3.9850 494.1340

7 C33H3,0138;3 -3430.4752 -3429.8125 -3429.9440 10.2680 407.9087

More negative values are indicative of enhanced thermal stability. Within drug design, the establishment of hydrogen
bonds and nonbonded interactions is also influenced by the dipole moment. A higher dipole moment can also contribute to
an improved binding property**. MAM (methyl-a-D-mannopyranoside) has a calculated free energy of -722.2765 Hartree,
whereas the Gibbs free energy for compound 7 is -3429.9440 Hartree. Compound 7 exhibits the highest electronic energy
(-3430.4752 Hartree) and the greatest dipole moment (10.2680 Debye). The incorporation of a bulky acylating group
suggests a potential enhancement in polarizability; notably, compound 6 demonstrates the highest polarizability value
(494.1340 a.u.). As the number of carbon atoms increased and the substituents incorporated aromatic rings with compounds
2 to 7, all assessed variables exhibited increased assessments. Therefore, the thermodynamic properties of MAM
compounds are significantly improved through the modification of their hydroxyl (-OH) groups®.

2.3 Frontier molecular orbitals analysis

The most significant molecular orbitals of a molecule are known as the frontier orbitals, and they are thought to describe
the chemical reactivity and kinetic stability of the molecule. The terms “highest occupied molecular orbital” (HOMO) and
“lowest unoccupied molecular orbital” (LUMO) refer to these frontier molecular orbitals.

Table 4. Energy (eV) of HOMO, LUMO, energy gap, hardness and softness, chemical potential, electronegativity, and
electrophilicity of analogs.

Entry ‘HOMO ‘LUMO Gap Hardness Softness  chemical electronegativity electrophilicity
potential
1 -6.3363 1.0711 7.4074 3.7037 0.2700 -2.6326 2.6326 0.9357
2 -6.4950 -1.5734 4.9216 2.4608 0.4064 -4.0342 4.0342 3.3068
3 -6.8378 -1.3154 5.5224 2.7612 0.3622 -4.0766 4.0766 3.0094
4 -6.5869 -0.9445 5.6424 2.8212 0.3545 -3.7657 3.7657 2.5132
5 -6.6158 -0.9358 5.6800 2.8400 0.3521 -3.7758 3.7758 2.5100
6 -6.5491 -1.0226 5.5265 2.7632 0.3619 -3.7859 3.7859 2.5935
7 -6.8139 -1.6618 5.1520 2.5760 0.3882 -4.2379 4.2379 3.4859

Table 4 presents the orbital energy values and includes two significant chemical descriptors: hardness and softness,
which were computed for all compounds. Compound 2 exhibits the highest softness value among all compounds. On the
other hand, compound 1 displays the greatest HOMO-LUMO gap and hardness values. These findings suggest that
compound 1 possesses lower reactivity than the other compounds, aligning with the observations of Pearson et al*. The
large energy difference of frontier molecular orbital molecules indicates strong chemical structural stability and weak
reactivity. However, the outgoing of electrons from the stable level HOMO to the excited level LUMO demands additional
energy?’.

In Fig. 1, the LUMO plot of compound 04 indicates electron localization on the upper portion of the MAM ring.
Conversely, the HOMO plot reveals electron localization exclusively in the modified acylating group regions.
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2.4 Molecular electrostatic potential (MEP)

As a reactivity map showing the most likely location for the electrophilic and nucleophilic attack of reagents with
charged points on organic molecules*®, the molecular electrostatic potential (MEP) is frequently used. It aids in the
interpretation of biological recognition mechanisms and hydrogen bonding relationships. To estimate how various
geometries could interact, use the MEP counter map. The DFT model's basis set 3-21G optimization result was used to
determine the MEP of MAM derivatives (2 to 7), which is shown in Fig. 2. The significance of MEP lies in the fact that it
concurrently shows molecule size, shape, and positive, negative, and neutral electrostatic potential areas in terms of color
grading and is extremely helpful in research on molecular structure with physicochemical attribute connections. The
optimized structure of MAM derivatives (2—7) was used to compute the molecular electrostatic potential (MEP) and predict
the reactive sites for electrophilic and nucleophilic attack. The different values of electrostatic potential are represented by
different colors. Potential increases in the order red < orange < yellow < green < blue. Maximum electrophilic attack sites
are shown in red, maximum nucleophilic attack sites are indicated in blue, and zero potential areas are indicated in green.
Therefore, MEP may be useful to determine how complete charges (both positive and negative) are scattered over the
surface of an individual molecule®.
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Fig. 2. Molecular electrostatic potential map of MAM derivatives
2.5 Pharmacokinetic prediction

To analyze whether the modified compounds produce any toxicity or altered pharmacokinetic profile, the admetSAR
server was utilized. AdmetSAR is a web-based application for predicting ADME data and building a drug-like library using
an in silico method. Different pharmacokinetic and pharmacodynamic parameters, such as human intestinal absorption®
blood-brain barrier’! P-glycoprotein inhibitor®?, cytochrome P450 inhibition®}, human ether-a-go-go-related gene
inhibition®, rat acute oral toxicity>® and water solubility’® were considered. The results are summarized in Table 5. As
shown in Table 5, in the case of human intestinal absorption, if a compound with an HIA% is less than 30%, it is labeled
HIA-; otherwise, it is labeled HIA+. All compounds revealed a positive value (value above the prescribed threshold,
suggesting good permeability) with high probabilities. Furthermore, modifications of methyl o-D-mannopyranoside
resulted in an inhibitor of P-glycoprotein. The analysis showed that methyl a-D-mannopyranoside derivatives were potential
compounds of the human ether-a-go-go-related gene due to their lower value. The inhibitory feature of hERG can lead to
long QT syndrome®’, which is why further investigation is required on this aspect. By the rules, all the compounds fell
inside the permitted range. As a result, all of the substances had a favorable pharmacokinetic profile. The results also suggest
that all derivatives tested may not inhibit the hERG channel and may not have oral toxicity. Table 5 shows that MAM
molecules are soluble’®,

Table 5. Selected pharmacokinetic parameters of methyl-o-D-mannopyranoside (1) and its derivatives (2—7).

Entry Human Blood P-glycoprotein CYP2C19 hERG Acute Oral Water
Intestinal Brain inhibitior inhibition Toxicity solubility
Absorption Barrier

1 -0.9405 -0.6143 -0.9612 -0.9453 -0.5371 (1I1)0.4849 0.621
2 -0.8185 -0.5500 -0.8737 -0.9238 -0.7324 (111)0.7667 -1.16
3 +0.9591 -0.7286 +0.8482 +0.6248 +0.8478 (II1)0.6375 -4.505
4 +0.9591 +0.7250 +0.8320 +0.6248 +0.7844 (111)0.6375 -4.505
5 +0.9591 +0.7250 +0.8186 +0.6248 +0.7848 (1I1)0.6375 -4.505
6 +0.9591 +0.7250 +0.7935 +0.6248 +0.7526 (111)0.6375 -4.505
7 +0.9228 +0.7250 +0.8866 -0.5819 +0.8662 (I11)0.6069 -2.97

+ = Inhibitor, - = Non-Inhibitor, III = Category III includes compounds with LD50 greater than 500 mg/kg but less than
5000 mg/kg.

2.6 Molecular docking studies and ligand—protein interactions

Molecular docking is a technique that is frequently used in the field of molecular modeling to explore in-depth the
interactions between a ligand and receptor and to establish the preferred orientation of this ligand to a target receptor. In
fact, we employed two distinct receptors (PDB: 1IYL and 1AI9) to identify the optimal receptor for MAM ligands. These
C. albicans crystal structures were taken from the Protein Data Bank. The three relevant receptors were prepared before
starting the molecular docking computation by removing all water molecules and nonprotein components®. The analysis



S. Sultana et al. / Current Chemistry Letters 13 (2024) 7
revealed that MAM (1), which was found to be active in antibacterial and antifungal tests, exhibited binding affinities of -
5.8 and -5.4 kcal mol! for both protease proteins, and the binding affinities of its derivatives (2-7) were approximately -7.7
to -9.0 kcal mol™! for 1TYL and (-6.3 to -9.2) for 2Y7L (Table 6). We compared the current antifungal drugs fluconazole
and voriconazole with our synthesized MAM analogs®.

Table 6. Binding affinities (kcal/mol) of methyl-a-D-mannopyranoside (1) and its derivatives (2-7).

Main protease 11YL Main protease 1A19
Entry Binding No. of No. of Interacti Binding No. of No. of Interacti
Affinity Hydrogen Hydropho bic on type Affinity Hydrogen Hydrophobic on type
Bond Bond Bond Bond
1 -5.8 3 - H,C -5.4 4 - H,C
2 7.8 3 4 H,C,PPT,A,PA 73 4 5 H,PS,A,
PA
3 8.9 2 16 H,PS,PPS, 6.6 3 4 H,C,A,PA
PPT,A,PA
4 7.7 4 17 H,C,PS, 6.5 2 9 H,PS,A,
PPT PA
APA
5 -7.6 4 13 H,C,PS,PPT -6.7 3 16 H,C,PS,
A,PA PPS,A,PA
6 -1.7 3 15 H,C,PS,A, -6.3 9 12 H,C,PPT,
PA A,PA
7 -9.0 4 9 H,C,PS,PPTPPS,PA -9.2 2 7 H,C,PPS,PA
Fluconazole -8.0 5 6 H,C,PPT, -6.8 5 7 H,C, PPS,
PPS,PA PA,
Voriconazole 8.3 5 8 H,C,PPT, 6.7 3 4 H,C,PPS,PA
PPS,PA
H = Conventional hydrogen bond; C = Carbon-hydrogen bond; A= alkyl; PA = Pi-alkyl; PPS = Pi-Pi stacked; PS = Pi—Sigma; PPT = Pi-Pi T-
shaped.
Table 7. Nonbonding interactions of derivatives with amino acid residues of MAM and 07 with antifungal drugs.
Main protease 11YL Main protease 1A19
Hydrogen Bond Hydrophobic Bond Hydrogen Bond Hydrophobic Bond
Drug Residues  Distance (A)  Residues Distance Drug Residues Distance  Residues  Distance
(&) (&) (&)
1 HIS307 2.32548 -- -- 1 ARGI191  2.52284
ASP312 2.09993 SER125  2.11637
GLU122 3.44301 SER125  3.50945
7 THR211 2.03791 LEU415 3.9168 LYS192  3.54142
ASP110 3.27159 PHE117 4.9591 7 SER61 2.09414 PHE36 4.37241
GLY213 2.73953 LEU394 5.31756 GLY23  3.26125 ILE62 5.18124
TYR225 3.2618 PHE117 5.43932 ALA115  4.33478
TYR225 5.52508 ALA11 4.97573
TYR225 4.72146 MET25  5.24074
PHE339 5.1106 LEU69 5.36484
ILE111 5.18285
FLUCONAZOLE TYR225 2.12385 PHE240 3.88488 FLUCONAZOLE VAL109  2.87129 ASNS 3.15215
ASN392 2.89777 PHE115 5.05747 SER9%4 2.66122  GLU107  3.1627
TYR225 2.87925 PHE339 5.28604 GLU107  2.2037 PRO4 5.12577
HIS227 3.32347 PHE117 5.40353 ARGI108  3.16427 MET1 4.83122
TYR225 4.90773 HIS129 5.41631
ILE352 5.28747
VORICONAZOLE  THR211 2.83984 PHE117 5.25971 VORICONAZOLE  SERY%4 2.65466  ASNS83 3.04852
THR211 3.36817 TYR225 4.85474 SER94 3.61266
TYR335 3.58239 LEU415 5.31736 GLUS82 4.0865
LEU337 5.4105 ARGI108  4.48375
LEUA415 5.34936 MET1 4.63082

LEU394 4.87502

In the context of this research, we explored the interaction profiles of antifungal drugs, specifically fluconazole and
voriconazole, within the active sites of two main protease enzymes, 11YL and 1AI9°"62, These interactions encompass both
hydrogen bonding and hydrophobic contacts, which are pivotal in understanding the mechanisms of drug binding. Notably,
the examined compounds display varying interaction patterns. Compound 7, with its distinctive p-toluoyl and benzene
sulfonyl groups, which are substituted by primary and secondary hydroxyl groups, provides a high gathering of electrons
in the molecule, indicating the highest binding score, and engages in hydrogen bonds with key residues within the enzymes
while also forming hydrophobic bonds. Noteworthy interactions involve specific residues such as HIS307, ASP312, and
GLU122 for compound 1 in enzyme 11YL and ARG191 and SER125 for compound 1 in enzyme 1AI9. Similarly, compound
7 exhibits interactions with residues such as THR211, ASP110, GLY213, and TYR225 in enzyme 1IYL and SER61,
PHE36, ILE62, and ALA115 in enzyme 1AI9. These interactions, along with the unique structural modifications of
compound 7, suggest potential avenues for enhancing binding affinity. Additionally, fluconazole and voriconazole, known
antifungal agents, exhibit intricate networks of interactions involving aromatic residues, hydrophobic interactions, and
hydrogen bonds, which are crucial for understanding their mode of action. Further research into these interactions could
offer valuable insights into optimizing the design of antifungal drugs for improved efficacy. Due to hydrogen bonding, some
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compounds have higher binding energies and modes. The modifications of the -OH group in MAM strengthened the n-n
interactions with the amino acid chain at the binding site, while their polarity improvement caused hydrogen bond
interactions®.

Hydrophobicity

Acceptor il

Fig. 3. (a) Docked pose of compound 7 with 1TYL; (b) nonbonding interactions of compound (7) with the active site of
1TYL; (¢) aromaticity; (d) hydrogen bonds; and (e) hydrophobicity were determined by Discovery Studio.
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Fig. 4. (a) Docked pose of compound 7 with 1AI9. (b) Nonbonding interactions of compound (7) with the active site of
1AI9. (¢) Aromaticity. (d) Hydrogen bonds. (e) Hydrophobicity was determined by Discovery Studio.

3. Conclusions

In conclusion, the optimization of compound structures through DFT calculations provided stable conformations,
facilitating further analysis of their properties and interactions. The calculation of thermodynamic properties offered insights
into the stability, reactivity, and potential binding interactions of the compounds. The PASS prediction analysis predicted
the potential biological activities of the compounds, highlighting their potential as antifungal agents against Candida
albicans. This information guided the selection of compounds for further investigation. Evaluation of ADMET properties
provided valuable information on the compounds' drug-like characteristics and safety profiles. Favorable ADMET
properties indicated their potential for further development as drug candidates with optimal pharmacokinetic and
toxicological profiles. Molecular docking analysis with Candida albicans proteins 1IYL and 1AI9 elucidated the binding
modes and interactions between the optimized compounds and the target proteins®®. The analysis revealed the formation of
hydrogen bonds, hydrophobic contacts, and other molecular interactions, providing insights into the compounds' potential
inhibitory effects. The integrated approach employed in this study contributes to a comprehensive understanding of the
potential antifungal activity of novel compounds against Candida albicans. The results lay the foundation for future
experimental investigations and optimization of the identified compounds as potential inhibitors, ultimately aiming to
develop effective antifungal therapeutics. Overall, this journal article presents valuable findings and methodologies that
contribute to the field of antifungal drug discovery and provides a platform for further research and development in the fight
against Candida albicans infections.
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4. Experimental
4.1. Software used

These software applications were used during the current analysis: Gaussian 09, Gaussum 3.0, PyRx 0.8, Swiss-Pdb
4.1.0, Discovery Studio 3.5, PyMOL 2.3, Hyperchem-8.0.1, and ChemDraw-21.0.

4.2. Structural optimization

In this experiment, a variety of chemicals were examined using the Gaussian 09 program®. The drawing of the
structures was performed using GaussView 6. The molecular structure must first be optimized using DFT (density functional
theory) and the B3LYP technique with a basis set of 3-21G to predict and optimize the thermal and molecular orbital
properties of the compounds. This is the first step in obtaining the leading characteristic parameters of the compounds.
Calculations were made for each analog's dipole moment, enthalpy, free energy, and electrical energy. These structures
were used for molecular docking, molecular reactivity descriptors, ADMET, and QSAR calculations once they had been
optimized.

4.3. Computation of descriptors for chemical reactivity

The values of chemical reactivity and related descriptors were obtained using a variety of calculation techniques in
acceptable formats®%, At the same level of theory, the frontier molecular orbital properties HOMO (highest occupied
molecular orbital) and LUMO (lowest unoccupied molecular orbital) were counted. Given the reported energies of the
frontier HOMO and LUMO and taking into account Parr and Pearson's interpretation of DFT as well as Koopman's
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theorem®’ on the correlation of chemical potential (1), electronegativity (x), and electrophilicity (w) with HOMO and
LUMO energy (g), the HOMO-LUMO energy gap, hardness (1)), and softness (S) were calculated for each of the methyl
alpha-D-mannopyranoside analogs. By examining molecular orbital characteristics, the following equations were utilized
to determine the overall chemical reactivity.

HOMO-LUMO energy gap (Ag) = eLUMO — eHOMO

Hardness () 7[£LUMO;SHOMO]

[eELUMO+eHOMO]

chemical potential (¢) = >

electronegativity (y) = —WL;HOMO]
eqe - u2
electrophilicity (w) “m

and softness (S) = i

4.4. PASS predictionao.

Using web-based PASS (prediction of activity spectra for pharmaceuticals;
http://www.pharmaexpert.ru/PASSonline/index.php), a broad variety of biological processes were predicted. With 90%
accuracy®, this technique was created to forecast a wide range of biological activities. ChemDraw 21.0 was used to generate
the structures, which were then saved in Smiles format and utilized with the PASS online version to predict the biological
spectrum. The outcome was represented by the probabilities Pa (for the active compound) and Pi (for the inactive molecule).
On a scale of 0.000 to 1.000, Pa > Pi is considered in this situation, and frequently, Pa + Pi 1. The PASS prediction results
were used and interpreted in various ways, including [i] when Pa > 0.7, the chance to find the activity experimentally is
high; [ii] if 0.5 Pa 0.7, the chance to find the activity experimentally is less, but the compound is probably not as similar to
known pharmaceutical agents; and [iii] if Pa 0.5, the chance to find the activity experimentally is less but not the chance to
find structurally®®. As a result, the compound's intrinsic property is defined as the predicted activity of the spectrum.

4.5. Preparation and visualization of proteins

These proteins, which were retrieved from the protein data library at http://www.ecsb.org, identify many C. albicans
proteins in their crystal 3D structures. Using the PYMOL tool (Version: 2.5.3), the water molecules and other ligands that
had been attached to the protein before were removed to create the raw protein strain for molecular docking. After that,
Swiss-Pdb Viewer (version 4.1.0) was used to subject the proteins to energy reduction.

4.6. Studies on molecular docking

In PyRx, ligands and proteins (macromolecules) were opened. The ligands were changed to PDBQT format once the
energy was reduced. Vina wizard was assigned to dock the protein and its ligands with the largest possible box size. The
produced file was saved for later analysis using the BIOVIA Discovery Studio Visualizer.

4.7. ADMET and drug likeness parameter prediction

Computer simulation is employed in computational chemistry to aid in the resolution of chemical issues. It utilizes
effective computer algorithms and theoretical chemistry techniques to calculate the physical and chemical properties of the
synthesized molecules. For systems in the solid, gas, or solution phase, molecular energies and structures, transition state
structures, bond and reaction energies, molecular orbitals in various solvent phases, vibrational frequencies, thermochemical
properties, reaction pathways, spectroscopic quantities, and many other molecular properties can be predicted. Using their
chemical structures, drug-like substances can have their pharmacokinetic properties and features estimated using an online
server called admetSAR”, AdmetSAR predicts the physicochemical characteristics, absorption, distribution, metabolism,
elimination, and pharmacokinetic features of molecules—all of which are crucial elements for upcoming clinical trials. This
study may be used to lay the groundwork for a laboratory synthesis and to aid in comprehending the findings of experiments.
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