ORIGINAL ARTICLE

A CG

e Org. Commun. XX:X (2022) X-XX organic
publications J (2022) 8

communications

Chemical descriptors, PASS, molecular docking, molecular dynamics and
ADMET predictions of glucopyranoside derivatives as inhibitors to bacteria
and fungi growth
Sarkar M. A. Kawsar /1" Ajoy Kumer "2 Nasrin S. Munia'~'?
Mohammed A. Hosen /1, Unesco Chakma "3 and Shopnil Akash “='4

!Laboratory of Carbohydrate and Nucleoside Chemistry, Department of Chemistry, Faculty of
Science, University of Chittagong, Chittagong, Bangladesh
2Department of Chemistry, European University of Bangladesh, Gabtoli, Dhaka-1216, Bangladesh
$Department of Electrical and Electronics Engineering, European University of Bangladesh, Gabtoli,
Dhaka-1216, Bangladesh
*Department of Pharmacy, Daffodil International University, Sukrabad, Dhaka-1207, Bangladesh

(Received March 25, 2022; Revised April 09, 2022; Accepted April 10, 2022)

Abstract: The methyl a-D-glucopyranoside and its derivatives have been estimated as the antimicrobial agents
against numerous human pathogens, which is constantly amplifying the attention of medicinal chemists to design
new bioactive molecules and their structure-activity relationship (SAR) while the computational tools are the
most lucid and trustable avenue to perform their theoretical profile building up. Firstly, the predictionof activity
spectra for substances (PASS) value has illustrated initially information about the antifungal, antibacterial,
antiviral, and anticancer potential. It was observed that the PASS predicted pathogens supported their score
higher in fungal species than bacteria. However, the “Lipinski five rule” has been monitored for drug-likeness
properties. After confirming their biological significance, molecular docking has been completed against both
the bacteria and fungi and these docked complexes have been optimized for molecular dynamics through the
water system. A molecular docking study against nine bacterial and fungal pathogens revealed promising
binding affinity and non-bonding interaction mostly for derivatives (5-8). The chemical descriptors have been
obtained using the density functional theory (DFT) and predict their chemical stability and softness in the
biological system. The molecular dynamics study was found to be the best stability of all docked complexes. At
last, the ADMET properties have been calculated and provide the safe use and non-carcinogenic fact with low
toxicity for both aquatic and non-aquatic species. Finally, it is concluded that these selected derivatives (5-8) are
highly antifungal potential molecules than antibacterial potential which has been varied with respect to their
structural side chain in the D-glucopyranoside sequence.

Keywords: Chemical stability; pass prediction; molecular dynamics; DFT calculation; ADMET. © 2022 ACG
Publications. All rights reserved.

1. Introduction

The carbohydrates have been recognized and rewarded as the cardinal components of balanced
diet dietary fibre! and obtained from plants? which have been involved in the photosynthesis procedure
as forming in the plant body.® In the addition, the energy in the human diet is mostly obtained from
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carbohydrates®, nearing 50-70% of total energy consumption and burn in the human body to produce
energy and carbon dioxide for use in the human physiological system,Energy source, structural
building components of genetic material, identification of the cell surface, signal transduction, the
spread of the tumour, depression and other affective disorders®. In addition, it maintains body weight
and blood lipid and human metabolism®. Besides having in vast functional activities living body, it has
been enlarged as drug and therapeutic compounds with its structural modification’ acted as
carbohydrate-based cancer therapeutics®, glycomimetic drugs® micro/nanocapsules'®, antimicrobial
drugst?, antiviral potential drugs®?, antibiotic.**Regarding that case, carbohydrate has to be acquainted
with the crucial components of a living body, and it could be got hold of as the form of sugars, starch,
and non-starch polysaccharide.* It is reported that methyl a-D-glucopyranoside is a derivative from
carbohydrates (www.ebi.ac.uk/chebi/chebiOntology ) including the group of sugars. Many scientists
have been reported that this derivative (methyl a-D-glucopyranoside) consists of a wide variety of
antifungal®®, antibacterial®, anticancer properties’, antiviral and SARS-CoV-2.1® Due to having the
vast attention as potential molecules for drug design, the methyl a-D-glucopyranoside and its
derivateshave been selected to evaluate the biological significance against various human pathogens
using computational tools.

Carbohydrates are the most available biomolecules belonging to organic compounds class.
They come from living organism’s kingdom. Around the world, scientists are investing in medicinal
research to find more effective and safer antimicrobial agents for the treatment of diseases caused by
pathogenic organisms. For a long time, carbohydrates remained an attractive research subject for
scientists due to the important role played in the functioning of biological systems, namely the growth
and proliferation of cells, communication between cells and the immune response. They are also the
source of metabolic energy supply and responsible for the fine-tuning of cell-cell interactions and
many other important biological processes .Other advantages of carbohydrates also pointed out are the
numerous and diverse biological activities which they exert against pathogenic germs. Among
biological activities, we can quote antibacterial, antiviral, antineoplastic, antiprotozoal, and antifungal
activities.

Since these glucopyranoside compounds have been studied experimentally previously by
Kawsar et al. 2009 by following a reaction scheme by the treatment of myristoyl chloride and
acylating agent as shown in Figure 1. The following pathogens are taken for this study. Salmonella
enterica (PDB ID: 4W4M) is the most familiar Gram-negative bacterial infection and consists of a
variety of strains.?® An important characteristic of all deadly Salmonella strains is Salmonella
Pathogenicity Islands (SPIs) which are observed in all bacterial organisms of Salmonella.?*Francisella
tularensis (PDB ID: 3TQV); Francisella tularensis has been categorized as a group “A” restricted
poison. There is presently no FDA-approved antagonist that precisely inhibits this infection
(Francisella tularensis).Tularemia is generally treated with only a few medicines, like
fluoroquinolones.??’Helicobacter pylori (PDB ID: 5J1L); approximately half of the world's population
is infected with Helicobacter pylori which is a Gram-negative bacteria that can cause stomach ulcers, a
significant cause of stomach.2®Pneumocystis carinii (DB ID: 41XE); Pneumocystis pneumonia, or
PCP, is a fungal disease of the lungs. Patients with a weakened immune system, like those with AIDS,
are more susceptible to it.>*This infection has been carried along by Pneumocystis jirovecii, a yeast-
like fungus (PJP).%Coccidioides immitis (PDB ID: 1D2K); Coccidioides which has been known as
metabolizing genes, membrane-related proteins, and supposedly pathogenic materials have developed
as a result of contact with an animal host. When Coccidioides immitis infects a person, it can lead to
coccidioidomycosis (valley fever). Cryptococcus neoformans(PDB ID: 6KO6); Cryptococcus
neoformans has been considered the most familiar fungus that may be found in the environment all
over the globe. When inhaling the tiny fungi, anyone can become affected with C. neoformans,
however, most people who are susceptible to it never get affected.?® The majority of instances of C.
neoformans disease happen in people with weakened immune systems, like those with severe
HIV/AIDS.?’Candida albicans (PDB ID:4YDE). Candida species, which have been typically found in
the vulvovaginal flora, under certain environments, aggressive infections can occur, weakening the
host's immune function.?®

It is reiterated that the glucopyranoside derivatives have reported antibacterial and antifungal
properties®®3° so that this study conveys the various chain effects in replacing the R group (shown in
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Figure 1). For that case, the various computational parameters, such as molecular docking, ADME
parameters, MD, QSAR data and PlogIC50, Lipinski rule, pharmacokinetics and drug-likeness,
aquatic and non-aquatic toxicity have been investigated with respect to the various chains.

2. Experimental

2.1. Optimization and Ligand Preparation

Utilizing DFT functional, molecular optimization has been performed from the DMol code of
Material Studio 08.3" The highly precise result is obtained while in DMol code, the B3LYP functional
and 6-31G++ was set up properly due to the presence of the electronegative atom, oxygen. After the
optimization is properly performed, these optimized lead compounds were then exported as pdb files
for further computational investigation such as molecular docking, molecular dynamic and
ADMET.Gibbs free energy, dipole moment, enthalpy, heat capacity, entropy, total energy, and
polarizability were calculated for each compound. Electronic molecular orbital properties HOMO and
LUMO were calculated based on the same geometrical theory. HOMO-LUMO energy gap, molecular
hardness (n), and molecular softness (S) were calculated for each ester from energy values of
electronic orbitals HOMO and LUMO, based on Parr and Pearson’s explanation of DFT and
Koopmans’ theorem on the interrelation between ionization energy and electronic energy (E), electron
affinity (A), and ionization potential (I) with HOMO and LUMO energies (¢). The following equations
were used to calculate global chemical reactivity by analyzing molecular orbital features.

Gap (A¢) = ELUMO — eHOMO
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2.2. Pass Prediction

Pass prediction value or Pa>Pi value is one of the major properties of a biologically active
compound. To get the pass prediction value, PASS online tools,
“http://way2drug.com/PassOnline/predict.php . This website provides a wide variety of Prediction
information such as antiviral, antibacterial, antifungal and anticancer etc.*This server can predict
>4000 types of antimicrobial function, together with drug and non-drug activity, leading to suggestion
of best potential objects with 90% validity. PASS calculation outcomes are expressed as Pa
(probability of active molecule) and Pi (probability of inactive molecule). Pa and Pi scores range from
0.00 to 1.00, and usually, Pa + Pi # 1, since these probabilities are calculated independently.
Biological activities for which Pa > Pi are considered probable only for a selected drug molecule.

2.3. Lipinski Rule and Pharmacokinetics

The data of Lipinski Rule is obtained from SWISADMETSAR online web which is the trusted
website®®  “http://www.swissadme.ch/index.php” for getting different pharmacokinetic properties
Lipinski Rule is one of the major pharmacokinetics parameters of any bioactive compound. Although
different values of the molecules are shown in the Table (2 &Supp.), it is further explained in their
suitability in the discussion section. Traditionally, therapeutics have been small molecules that fall
within the Lipinski's rule of five (i.e., a molecule with a molecular mass less than 500 Da, no more
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than 5 hydrogen bond donors, no more than 10 hydrogen bond acceptors, and an octanol-water
partition coefficient log P not greater than 5).

2.4. Protein preparation

First, we searched the Protein Data Bank website on Google and enter the Protein Data Bank
(PDB) website “https://www.rcsb.org ” Then the experimental of Protein were downloaded from
Protein Data Bank in the format of PDB. While the four was bacteria strain, such as Salmonella
enterica (4W4M), Francisella tularensis (3TQV), Helicobacter pylori (5J1L), Salmonella typhi
(3UU2) and six was a fungal strain, for instance, Aspergillus niger (1ACZ), Aspergillus niger
(1KUM), Pneumocystis carinii (41XE), Coccidioides immitis (1D2K), Cryptococcus neoformans
(6KO6), Candida albicans (4YDE). Swiss-Pdb viewer software (version 4.1.0) was employed for
energy minimization of the protein.The molecules of water and excess ligand, which was previously
attached with protein, have been cleaned using Pymol software 3 (https://pymol.org/2/ )*° and obtained
the raw protein strain for molecular docking.

2.5. Molecular Docking Study and Visualization

For molecular docking, the virtual screening tools (PyRx) was exercised.**The grid center was
points at X =—0.0130, Y =— 1.1682, Z = 0.7164, and the dimension (A) X = 30.8323, Y = 47.5945, Z
= 30. 5023. The uploaded protein and ligand were selected in autodockvina wizard from PyRx
software for docking and binding affinity was recorded from this simulation. Using grid box, wrap the
protein's substrate-binding region and non-covalent interaction between the ligands and protein were
determined with the help of BIOVIA Discovery Studio Visualizer.

2.6. Molecular Dynamics

MD simulations have been completed with the help of NAMD software in high configuration
computer-based their binding energy computer.*’The highest ligand-protein interaction up to 100 ns
for holo-form (drug-protein) was validated utilizing MD simulation by using AMBER14 protective
shield.*Employing 0.9 percent NaCl at 298 K, the system was pretreated in the addition of distilled
water. Aacross every part of the operation and cover the periodic during the simulation, the RMSD
and RMSFutilizing VMD program after the simulation was obtained.

2.7. ADMET Properties

To know the pharmacokinetic properties of the ligand molecules for therapeutic performance
or bioactivity, the ADMET investigations play a crucial role. The parameters of ADMET Data have
been collected via the amdetSAR “http://Immd.ecust.edu.cn/admetsar2” which has been established as
the most popular database for predicting the AMDET parameters.** The major pharmacokinetics
properties which we find out by ADMET studies include plasma protein binding, Human intestinal
absorption, Caco-2 permeability, blood-brain barrier, renal organic cation transporter, CYP450 2C9
substrate.

3. Results and Discussion

3.1. Chemistry

By performing the structural activity relationship (SAR) of glucose, we synthesized a
derivative of glucose which is methyl a-D-glucopyranoside*’ (Figure 1). We then draw the structure
of methyl a-D-glucopyranoside for further study and completed it using the DFT function of material
Studio 08. Then the reported structures are taken and performed the asymmetry and geometry
calculation. These glucopyranoside derivative structures are then studied by various parameters in the
computational and biological activity.
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Figure 1. Structure of the synthesized methyl a-D-glucopyranoside and its derivatives

3.2. Optimized Structure of the Tested Ligand

The binding assays with genetic material, in a first set of experiments, were performed using
the produced ligands' chemical characteristics were further examined using the DFT method for their
guantum calculation and their geometry optimization. The optimized geometrical structure of all
synthesized compounds is mentioned below (Figure 2).
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Figure 2. The optimized geometrical structure of ligands

3.3. Evaluation of FTIR and UV-Vis Spectra of Compounds

One of the most commonly employed methods that have been applied to detect organic and
polymeric elements is Fourier transform infrared analysis (FTIR).*® This approach employs infrared
light to inspect test materials and assess their chemical characteristics through using the FTIR analysis
method. The FTIR system transmits infrared light of approximately 10,000 to 100 cm-1 through a
material, with some energy consumed and some escaping through. Signals from analyzers normally
range from 4000 cm-1 to 400 cm™ which reflect the molecular fingerprint of the sample.*

Table 1. FTIR frequency range (cm™) of the glucopyranoside derivatives

Entry Frequency range (cm-) and functional group present
1 2400 cm?, 2500 cm™?, 2800 cm* (C-H), 2900 cm™* (C-H)
2 1000 cm,1200 cm~1,1900 cm%, 2500 cm™, 2600 cm™, 2800 cm (C-H)
3 1000 cm,1200 cm™, 1300 cm™, 1350cm™, 2300cm?, 2400 cm?, 2600 cm™* and 2900 cm™ (C-
H)
4 2300 cm™* (C-0), 2500 cm* and 2800 cm(C-H)
5 1000 cm*, 2400 cm%, 2500 cm™* and 2800 cm(C-H)
6 1000 cm%,1400 cm™, 2500 cm™, 2700 cm? and 2900 cm™* (C-H)
7 1300 cm,2600 cm*and 2800 cm™* (C-H)
8 2500 cm%, 2600 cm1,2800 cm (C-H)

For compounds 1, the FTIR frequency region has been displayed (Table 1 and Figure 3) 2400
cm while the compounds 2 provided six peaks at 1000 cm™,1200 cm,1900 cm?, 2500 cm2, 2600
cm 2800 cm™ (C-H), compound 3 provided 1000 cm™, 1200 cm, 1300 cm™?, 2400 cm™, 2600 cm
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and 2800 cm~(C-H), compound 4 exhibited 2300 cm~ and 2800 cm™, 2300 cm™ (C-0), 2500 cm™!
and 2800 cm™ (C-H), compound 5 gave the 1000 cm,2400 cm™?, 2500 cm*and 2800 cm,
compound 6 showed 1000 cm™, 1400 cm™, 2500 cm, 2700 cm™ and 2900 cm™, compound 7
provided 1300 cm™, 2600 cm*and 2800 cm* and the compound 8 has been reported 2500 cm2, 2600
cm,and 2800 cm FTIR region. UV-Vis spectrum are presented in the Figure 4.
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Figure 3. FTIR spectrum of the 1-8 compounds by the computational calculation
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Figure 4. UV-Vis spectrum by the computational calculation

The UV-visible spectroscopy using Time-dependent density functional theory method is a
benchmark for the molecular orbital analysis of fused aromatic ring-system, ensuring the balance
between accuracy and computational expense. Each of the two characteristic electronic transition
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states from the derivatives is presented in Figure4. In this study, kinetic stability and reactive sites
depend on the first electronic transition from the ground state (So) to singlet (S:). Derivatives 6 and
7which are having 4-chlorobenzoyl and 4-tert-butylbenzoyl ringshow broad absorption bands at
345.16 nm along with their absorptionvaluel.2 cm™. Moreover, derivative 8 exhibit broad absorption
bands at 386.27 nm and 430.61 nm along with their absorption value 0.5 cm. Both of the broadband
absorption wavelengths at 345.16 nm with the highest intensities are mainly due to the electronic
transition from HOMO to LUMO. HOMO’s electron density focuses C-C double bonds (pi-electrons)
in both rings. The lower energy of excitation corresponding to the HOMO-LUMO energy gap
maximizes the chemical reactivity and minimizes kinetic stability.

3.4. Lipinski Rule, Pharmacokinetics and Drug-likeness

Drug characteristics of the features of bioactive molecules, such as membrane permeability,
Gl absorption and bioavailability, partition coefficient (logP), molecular weight (MW) and a number
of hydrogen bond acceptors/donors provide overall information of chemical acceptances and drug-
likeness in view of Lipinski rule.% It is found the first three compounds (1,2, 3) completely fulfill all
the criteria after further study and computational analysis. But, the other five compounds do not fulfill
all criteria due to high molecular weight. That’s why we want to see how much biological activity
shows these mentioned compounds by neglecting molecular weight and we go a better result which
full 80% of criteria. The result has been given below Table 2.

Table 2. Data of Lipinski rule, pharmacokinetics and drug-likeness

Properties
m =z T T >4 S-S0 ST Lipinski rgle _ MW Biog\_/ail Gl _
= 92 T = 28 % %3 %’ 2@ Result violation ability  absorption
< > 3 £ 22 Score
7] =

1 02 06 04 99.38 1.76 -9.37 Yes 0 194.18 0.55 Low
2 16 07 03 105.45 3.13 -5.78 Yes 0 404.54 0.55 High
3 25 10 0 123.66 7.28 -3.11 Yes 1 656.89 0.55 Low
4 22 13 0 200.00 3.86 -6.98 No 2 638.81 0.17 Low
5 25 13 0 200.01 7.18 -4.17 No 3 825.02 0.17 Low
6 25 10 0 123.66 9.48 -2.22 No 2 820.19 0.17 Low
7 28 10 0 123.66 11.4 -0.39 No 2 885.18 0.17 Low
8 28 10 0 123.66 8.68 -2.49 No 2 794.97 0.17 Low

3.5. PASS Prediction

It seems that a large number of research projects does not reach the final stage because severe
unfavorable side effect and toxicity are unknown and this unfavorable effect found or arise far too late.
But, today in this modern age, it is possible to predict more than 3678 pharmacological effects, modes
of action, carcinogenicity, teratogenicity and other biological properties of compounds using easy
computer software called PASS and predict.>*Although the data, which is illustrated from pass
prediction, is not so good this is expected. However, some scientist has reported that these compound
derivatives consist of antifungal and antibacterial properties in their literatures®It can be seen in Table
3 that the derivatives 2-8 showed 0.36 < Pa < 0.53 for antibacterial, 0.09 < Pa < 0.38 for antifungal
0.02 < Pa < 0.31 for antibiotic, 0.19 < Pa < 0.42 for anticancer and 0.19 < Pa < 0.71 for antiviral. These
results reveal that these molecules were more efficient against bacterial and virus pathogens in
comparison with fungal pathogens. The attachment of additional aliphatic acyl chainincreased
antibacterial activity (3, Pa = 0.534) (8, Pa = 0.534) of (1, Pa = 0.614), whereas the insertion of other
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aromatic groups decreased the activity somewhat. The same scenario was observed for antifungal,
antiviral and anticancer activity, where acyl chain analogs revealed improved values compared to the
benzoyl analogs. However, derivative 2, which have the myristoyl group, exhibited the highest antiviral
activities. An attempt was also made to predict the antibiotic parameters of these derivatives.

Table 3. Data of PASS prediction.

Predictions of different parameters

Entry Antiviral Antibacterial Antifungal Antibiotic Anticancer
Pa Pi Pa Pi Pa Pi Pa Pi Pa Pi

1 0.765 0.004 0.614 0.016 0.123 0.020 0.046 0.006 0.514 0.010

2 0.718 0.005 0.528 0.014 0.113 0.033 0.025 0.010 0.422 0.020

3 0.451 0.018 0.534 0.013 0.101 0.062 0.313 0.013 0418 0.021

4 0.392 0.039 0.408 0.028 0.112 0.035 0.079 0.015 0.196 0.090

5 0.417 0.073 0.369 0.038 0.384 0.0563 0.233 0.025 0.307 0.022

6 0.191 0.098 0.470 0.019 0.106 0.049 0.022 0.011 0.404 0.022

7 0.603 0.013 0.470 0.019 0.094 0.090 0.257 0.019 0416 0.021

8 0.536 0.018 0.538 0.013 0.097 0.077 0.289 0.015 0.224 0.136

3.6. Chemical descriptors

Molecular orbitals provide valuable information about electronic structure.5® Using the DFT
method, the energy values of the highest occupied and lowest unoccupied molecular orbitals have
been calculated. Molecules with a less orbital gap seem to be more polar in nature, have a lower
efficacy where the highest E (gap) represent the highest stability and are considered as softer
molecules.>* The chemical potential (m), hardness (h), softness (S) and electrophilicity coefficient (u)
help to determine the biological activity of lead compound.>>® Secondly, chemical potential, the
positive chemical potential mainly related to stability and when the softness is lower than hardness,
this means the compounds is highly stable.>%® The overall Frontier Molecular Orbitals (HOMO,
LUMO) value is given below Table 4.

Table 4 .Energy (eV) of chemical descriptors

Chemical descriptors

% > - m Chemi_cal Electronegativity  Hardness Softness  Electrophilicity
= % (II) g pOtentlall +A I+A I1-A 1 u?
% CZ) T—I (ﬂ)——T (X)—T (ﬂ)—T (0)—77 (a))=z7
1 -1.021 -10.407 9.386 5.714 -5.714 -4.693 -0.2131 -3.4786
2 -0.858 -10.428 9.570 5.643 -5.643 -4.785 -0.2090 -3.3274
3 -2.036 -9.222 7.186 5.629 -5.629 -3.593 -0.2783 -4.4094
4 -3.911 -9.982 6.071 6.9465 -6.9465 -3.0355 -0.3294 -7.9483
5 -2.884 -9.364 6.48 6.124 -6.124 -3.24 -0.3086 -5.7876
6 -1.824 -9.017 7.193 5.4205 -5.4205 -3.5965 -0.2780 -4.0848
7 -1.441 -8.641 7.20 5.041 -5.041 -3.60 -0.2778 -3.5294
8 -1.449 -8.309 6.86 4.879 -4.879 -3.43 -0.2915 -3.4701
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Compound (4) had the highest softness value and lowest values for HOMO-LUMO energy
gap (6.071 eV) and hardness, indicating reactivity much greater than that of the other compounds,
according to the criteria of Pearson. Compound (2) had the highest energy gap (9.570eV), and this
value was higher than that of parent compound (1) (9.386eV), indicating that these two compounds
had similar stability.

3.7. Frontier Molecular Orbitals (HOMO and LUMO)

For better comprehension, Figure 5 represents the frontier orbital illustration of HOMO and
LUMO marking by colored uniquely.

Figure 5. HOMO and LUMO picture
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The positive node in HOMO is expressed by the deep green and the negative node is marked
by the radish hue. In the case of LUMO, the yellow color shows the negative portion of the orbital,
whereas the lightest maroon color represents the positive part of the orbital. With a specific-colored
image Figure 5, all additional molecules may be found and accessed. According to the results, it
appears that HOMO is located at the terminal of a benzene ring, which could describe the aromatic
ring resonance phenomenon. The prevalence of oxygen atoms is generated by the existence of LUMO
and the benzene ring and alkyl group indicate the HOMO.

3.8. Molecular Electrostatic Potential (MEP) Charge Distribution Mapping

Molecular electrostatic potential (MEP) mappings are frequently utilized enabling qualitative
assessments of electrophilic and nucleophilic phenomena.®® Besides that, using Molecular electrostatic
potential (MEP), ligands or protein binding regions can be obtained. Underneath Figure 6, the positive
electrostatic potential area has been pointed in blue color (electrophilic site), and the red color area
reported the nucleophilic binding sites.MEP maps simultaneously display molecular shape and size,
with positive, negative, and neutral electrostatic probability areas indicated by differing colors, and are
therefore useful for studies of correlation between compound structures and physicochemical
parameters. MEPs were calculated to identify reactive zones for electrophilic and nucleophilic attack
of optimized structures of compounds 1-8.

E

- 3838
- 11281

- 1265 | |- 20w

- gaee M- ssm

Figure 6. Molecular electrostatic potential (MEP) mappings

3.9. Molecular Docking

To find out the pathogens' protein with ligand’s binding affinity; molecular docking
experiments have been performed (Table 5). The active site and quantity of hydrogen bonds,
hydrophobic bonds, polar and non-polar bonds, in which site of the pathogens' protein they are
connected are also identified by molecular docking studies experiment. The standard binding affinity
has been considered -6.0 kcal/mol.®®Through molecular docking experiment, we have found; all the
compounds have good activity as opposed to standard affinity. But the compounds 5, 6, 7 and 8 show
the most biological activity among them. That's why we have proceeded to dock them with three more
human pathogenic bacteria and four more human pathogenic fungi.
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Table 5. Docking score against fungi and bacteria.

12

Fungi and bacteria

Aspergillus niger (LACZ) (fungi)

Aspergillus niger (1IKUM)

Salmonella typhi (3UU2)

(fungi) (bacteria)
T 3% g% 525 3P £% 3IF 33% §5 3l
g 258 = g 252 =2 s§ 252 2 Ss
323 S 23 323 S a3 323 S 23
=3 > =2 =) = =
= o = o ~ o
T (SEE= T SEEC T (SEES
1 -4.6 01 Absent -4.7 Absent 05 -5.2 07 Absent
2 -4.9 01 18 -4.8 03 05 -5.9 05 09
3 -5.0 01 06 5.1 06 13 -6.2 08 05
4 -5.3 03 03 -4.7 06 13 -5.7 04 03
5 -6.2 04 06 -5.2 04 21 -6.9 05 07
6 -6.6 01 05 -5.3 05 25 -7.0 10 04
7 -6.1 04 25 -4.5 04 29 -7.5 05 07
8 -5.4 04 23 -4.6 03 19 -7.0 05 03

3.10. Binding Affinities Against Human Pathogenic Bacteria

Since compound no 5, 6, 7 and 8 provides excellent binding affinities. That's why we selected a
number of other pathogenic bacteria proteins and fungal proteins to carry out our research on a larger
scale. From these, we sought to identify some specific pathogens against which our drugs would be most
effective. After analyzing the docking score of the entire compound from Table 6, it is found that
compound number 06 provides the highest binding energy -7.4 kcal/mol againstSalmonella enterica
(4W4M) which is slightly higher among amoxicillin and ciprofloxacin standard.

Table 6. Binding affinity for bacteria against glucopyranoside derivatives

Tested bacteria

Salmonella enterica (4W4M)
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Helicobacter pylori (5J1L)
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3.11. Binding Affinities Against Human Pathogenic Fungi

With starting, 08 shows the most binding affinity(-10.0 kcal/mol) against Cryptococcus
neoformans(6K0O6),and candida albicans(4YDE)is also bonded the highest activity by the drugs
number 5, 6, and 7 (-9.4, 9.2 and -9.6 kcal/mol) (Table 7). As the -6.00 kcal/mol is the standard value
to be a drug candidate. And after reviewing all of the above results, it could be concluded that the
mentioned compounds can be used as antifungal drugs as opposed to fungi.

Table 7. Binding affinity analysis for fungi against glucopyranoside derivatives

Pneumocystis carinii (41XE) Coccidioides immitis Cryptococcus neoformans Candida albicans
(1D2K) (6KO6) (4YDE)
= g 3 < 3 g 7 <
m §%% g8 22z §5% g% 25z 283% g5 32z 85% g8 29z
= =52 3o 0L ° =Tz a S50 oL ° =59 So e ©° =59 So 60 °
2 35353 a 288 35353 a2 289 255 2288 3535 ar 2%a
< 523 I Q3 o< @ I 23 o< @ I 23 SR I 253
~ =3 ~ =3 ~ =) ~ =3
5 -8.8 02 12 -1.7 07 14 -8.4 08 14 -9.4 10 07
6 -8.0 06 09 -8.9 04 24 -8.8 03 22 -9.2 02 13
7 -9.3 01 14 -7.2 03 09 -7.9 03 15 -9.6 05 12
8 -8.5 03 12 -8.6 04 13 -10.0 05 16 -7.8 03 07
Flucona- -7.3 02 08 -7.3 05 07 -7.4 05 10 -7.6 02 06
zole
Ampho- -8.5 03 09 -7.9 06 10 -7.9 04 11 -9.5 05 08
tericin B

3.12. Ligand-protein Interaction and Molecular Docking Poses

Tables S1, S2, S3 represent the ligand-protein interaction with bond distance and it is found
that the number of hydrogen bonds is less than hydrophobic bonds against all pathogens but the
hydrogen bonds are stronger than hydrophobic bonds with respect to bond distance. It may be revealed
that the hydrogen bond distance is smaller than the hydrophobic bond distance although the number is
an inverse phenomenon. In addition, the different docking poses for the highest scored compound 07
have illustrated in Figure 7.

(Figure continued..)
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H-Bonds

[ Carbon Hycrogen Eend [ met
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(d)

Figure 7. (a,b,c,d); Molecular docking poses of compound 7 againstCandida albicans and
Pneumocystis carinii and Pneumocystis carinii,(e,f); hydrogen bond surfaceof compound 7
againstCandida albicans and Pneumocystis carinii

3.13. Molecular Dynamic Simulation

To evaluate docking correctness, molecular dynamics has been performed (Figures 8 and 9).
The root means square deviation (RMSD) and root mean square fluctuation (RMSF), which give
detailed information on the binding position of the ligand-protein complex when docking is
completed. To achieve accurate docking, the root means square deviation (RMSD) needs to be less
than 2 A for the ligand to be properly aligned in its drug pocket.®*By comparing the docked complex
with the docked posture, RMSD is calculated. The lower number implies that the docking technique
has a high degree of precision and stability.®?Protein-ligand RMSD, ligand-protein interaction and
hydrogen bonding, and ligand RMSF have been used to assess the stability of these four docked
complexes. The RMSD and interactions of amino acid residues in the protein in this experiment has
been determined for time (0-100 ns).

1.2 1.3 1.3

RMSD in with respect to tim e for Backbone bond 1:2 1| RMSD in term of Backbone bond 1.2 [ RMSF in term of Backbone bond
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RMSD (A"

e
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e
o
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0.0
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0 10 20 30 40 50 60 70 @80 90 10(
Time (ns)

a) RMSD: Time vs protein ~ b) RMSD: Amino acid vs backbond  ¢) RMSF: Amino acid vs backbond
skeleton

Figure 8.Various picture of RMSD and RMSF for protein(3UU2)

With reference to the RMSF of the docked complexes, a lower RMSF suggests more
stability compare to high RMSF. The lowest RMSF of the docked complexes was found to be around
0.8 in derivatives 05 and 07, implying the best stability. The RMSD value, on the other hand, was
determined to be between 0.8 to 1.0Awhich corresponds to the standard drug.
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3.14. ADME Studies

10

The admetSAR was performed for the prediction of drug or mentioned chemical compounds
ADMET characteristics using free tool admetSAR website. A total of nine ADMET parameters have
been taken which include human intestinal absorption (HIA), blood—brain barrier (BBB), Caco-2
permeability, P-I glycoprotein inhibitor, renal organic cation transporter, sub-cellular localization,
CYP450 2C9 substrate, CYP450 1A2 inhibitor from AdmetSAR prediction. The results are
summarized in Table 8. The results provide the information for molecules that are safer to use.

Table 8. Data for ADME parameters.

Different parameters

— =" [2){=) =2 wn =
] gZz 28 83 33F £5F F99% 3¢ £2 33
3 sa3 30 =8 &9 20— ook = 23 g2

SS8 80 25 % 3% B35z 58 3& §&
s = 5 =g &S g ° =4S =N =S
S = g B G S& S >

Q’ > S > = = 8 N

1 0.8373 0.8160 Yes No No No Mitochondria No No

2 0.6797 0.6741 Yes No Yes No Mitochondria No No

3 0.9013 0.5894 Yes Yes Yes No Mitochondria No No

4 0.9576 0.5903 Yes Yes No No Mitochondria No No

5 0.9412 0.5968 Yes Yes No No Mitochondria No No

6 0.9545 0.6289 Yes Yes Yes No Mitochondria No No

7 0.9452 0.6174 Yes Yes No No Mitochondria No No

8 0.9736 0.6888 Yes Yes Yes No Mitochondria No No

3.15. Aquatic and Non-aquatic Toxicity

The aquatic and non-aquatic toxicity of our finding of the tested compounds have been
observed that all drugs are non-cancerogenic, non-AMES toxicity, excellent water solubility which
indicates that they have a moderate affinity to water and highly dissolving ability which means they
will dissolve very rapidly while they are taken in the human body. On the other hand, all the
compounds have shown different acute oral toxicity and their lowest below has been found 1.754
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kg/mol where the highest was 3.258 kg/mol. Tetrahymena pyriformis toxicity has also been found
positive excluding compound 1 (Table 9). After analysis, we have found that these compounds have
no carcinogenicity properties, good water solubility and the other value is also satisfied.

Table 9. Aquatic and non-aquatic toxicity

S 8 g TT T =~ 9 Z T=g ., 9 - g T = %
T 22 32555 28t &5c 2GEzs 2Rip £8:.
< g8 <8 »3%F 338 e22§ &83FF r8sT F&i
1 No No -0.621 0.159 2.528 1.1350 2.6152 -1.1613
2 No No -1.675 1.045 2.414 2.0091 1.8942 0.9370
3 No No -3.213 0.85 2.023 1.8904 1.1934 1.1262
4 No No -3.099 0.861 2.733 2.4149 1.4183 07132
5 No No -3.665 1.163 3.258 2.3559 1.1986 0.7558
6 No No -4.675 1.276 1.754 2.5098 0.0879 1.6482
7 No No -4.491 1.188 2.224 2.0922 0.2264 1.7552
8 No No -4.341 1.115 2.305 2.1551 -0.0542 1.8838

3.16. Calculation of QSAR and pICs

The QSAR is a computational modeling approach for revealing correlations among the
structural characteristics of chemical substances and biological activity. To complete the calculated
QSAR and plC50 value, we took help from a free web tool is called Chemdesk and takes the required
value including Chiv5, MRVSA9, PEOEVSAS5, GATSv4, diameter etc. After that, the multiple linear
regression (MLR) equations is utilized to obtain the QSAR and pIC50 value.®® Our finding compound
has been shown and meets all the criteria and different QSAR and pIC50. The range of the QSAR and
pIC50 lowest value been obtained 4.19 where the highest value has obtained 7.09 (Table 10).

Table 10. Data of QSAR.

Entry Chivs  (bcutml) (MRVSA9) (M RVSAf\Sgalues(PEOEVSAS) GATSv4 J Diameter  PIC50
1 0.752 3.733 0.000 0.00 0.00 0.99 2.659 6 4.19
2 2.239 3.748 5.969 0.00 71.132 0.96 2.024 20.0 5.79
3 3.449 3.832 23.877 0.00 71.132 1.10 2.983 23 6.44
4 4.728 4.619 36.324 0.00 71.132 1.15 2.705 22 7.09
5 6.956 4.655 83.188 90.96 125.729 1.53 1.499 25 6.40
6 4.649 3.798 58.68 104.55 105.935 1.26 1.438 26 5.22
7 5.058 3.994 23.877 106.17 169.844 1.41 1.512 27 6.89
8 4.427 3.881 42.105 125.91 162.27 1.33 1.397 27 6.09

4. Conclusions

Recent advances in the treatment of infectious diseases have established that the use of
carbohydrates could contain the effects of resistant races of microbes. In this case, a deep
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understanding of the antimicrobial activity mechanism is a better way which undoubtedly leads to
designing new antimicrobial compounds with improved and effective activity. The literature survey
revealed that most biologically active compounds contain aromatic, hetero-aromatic and acyl
substituents. Benzene and its derivatives as well as nitrogen, sulfur and halogen used as substituents
are known to improve the biological activity of the parent compound. In this study, various biological
significance parameters through the computational tools- molecular docking by binding affinity, PASS
prediction,ADME parameters, toxicity, and quantum calculation of reported derivatives (methyl a-D-
glucopyranoside) have been obtained with sufficient reason and explanation. As the methyl o-D-
glucopyranoside and its derivatives could show the antimicrobial activity, these are tested by binding
affinity from molecular docking while all of these are highly biological significant against both
bacteria and fungi but the 5, 6, 7 and 8 are higher than the first four compounds 8 (—=10.00 kcal/mol)
against Cryptococcus neoformans, 6K06). In addition, compound 7 shows a higher value against
fungi than bacteria even other compounds which are an almost similar phenomenon to compounds 5, 6
and 8 which are studied discretely against four different pathogenic fungi. The quantum calculation for
chemical descriptors is more supportive evidence for the computational data with giving fill-up the
literature lacking chemical and biological stability and protein attacking sites. The QSAR data shows
that with increasing the molecular weight and chain length, the pIC50 increases but stays below the
standard. Finally, these compounds are low toxic, non-carcinogenic, satisfied the PASS predicted data
and drug-likeness. In the end, it must be concluded that the compounds 5, 6, 7 and 8 are antifungal
potential drugs while 7 is superior.
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