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Abstract

Several nucleoside derivatives are used as antifungal, antiviral, antibacterial, and anticancer agents and have shown effective results against fungal, bacteria, viruses, and
cancer. In this investigation, we have identified the biological and quantum chemical activities of our previously published synthesized uridine derivatives by in silico
approached. The in silico study demonstrated ADME/T (absorption, distribution, metabolism, elimination, toxicity) analysis, drug likeliness test, PASS (prediction of
activity spectra for substances) parameter, molecular docking, non-bond interaction, and MM-GBSA (molecular mechanics/generalized born surface area). binding energy
calculations. Both the prediction of ADME/T and drug likeliness interpreted for the pharmacokinetics and drug ability of the derivatives. The PASS illustrated that these
nucleoside derivatives have shown antifungal and antiviral activity. Besides, molecular docking with a fungal target sterol 14a-demethylase confirmed the antifungal
activity that showed a more negative score than two standards, VNI and ampicillin. Compound 7 (5'-O-N-acetylsulfanilyl-2",3"-di-O-lauroyluridine) showed the highest
docking score (-13.108 kcal/mol), while the parent compound showed the lowest (-6.749 kcal/mol). Non-bonding interaction analysis revealed that compound 7 showed
a conventional hydrogen bond with ARG (Arginine) 378, a carbon-hydrogen bond with SER (Serine) 311, a pi-sulfur bond, five alkyl bonds, and four pi-alkyl bonds to
the active site. On the other hand, compound 14 [5"-O-N-acetylsulfanilyl-2",3"-di-O-(2,6-dichlorobenzoyl)uridine] showed four conventional hydrogen bonds with HIS
(Histidine) 310, ARG (Arginine) 378, ILE (Isoleucine) 464, and HIS (Histidine) 461, a carbon-hydrogen bond, two pi-pi-T-shaped, eight alkyl bonds, and seven pi-alkyl
bonds with the active site. MM-GBSA binding energy estimation is performed and compared with two standard drugs, VNI and ampicillin.
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Introduction antiviral, antifungal, and anticancer activities [1,7-9]. Indeed,

cytidine derivative 5-AZA-2’-deoxycytidine has been used to
Nucleosides are a class of polyhydroxylated compounds that play  control neuroblastoma malignant tumor growth [10]. In addition to
a pivotal role in metabolism. Consequently, its derivatives have s role as a pyrimidine component of RNA, cytidine has been found
immense contributions in the biotechnology, pharmaceutical, to control neuronal-glial glutamate cycling, with supplementation
and clinical field as medicinal agents [1-6]. Nucleoside analogs-  decreasing midfrontal/cerebral glutamate/glutamine levels and
cytidine 6, thymidine 1,2-deoxycytidine 2, adenosine 7, and  cytidine has generated interest as a potential glutamatergic
uridine 5 are the building components of RNA or DNA. These  antidepressant drug [11]. Cytidine analogs KP-1461 is an anti-HIV
derivatives also help to bear genetic information in the cell and  agent that works as a viral mutagen and zebularine exists in E. coli
transfer it from one to the next generation. Other derivatives such  and is being examined for chemotherapy [12]. Additionally, several
as zidovudine and floxuridine have also been used clinically for pycleoside derivatives, mildiomycin, AR-12, exhibited potent
inhibitory activity against S. cerevisiae, C. neoformans, and C.
albicans [13-15]. In recent decades, computational chemistry is a
popular way to calculate physicochemical, spectral, and biological
properties of newly synthesized chemicals [16-25]. So, here
*Corresponding Author: Sarkar Mohammad Abe Kawsar, University of  fourteen synthesized nucleoside derivatives were computationally
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PASS prediction, we found these derivatives having significant
fungal and viral inhibitory activities. So, we have drawn our
attention to the study with an emphasis on antifungal activity.

Apart from several targeted modes of action, maximum antifungal
drugs have been designed to inhibit sterol 14a-demethylase
(CYP5). The main objectives of these drugs are to reduce the
amount of ergosterol and accumulation of intermediates in the
pathway. Thus, cell membranes are disrupted, resulting in the
alteration of numerous membrane-bound enzyme activities [26].
We also set sterol 14a-demethylase as our target protein priority
and took VNI and Ampicillin as our reference drugs. In this study,
pharmacokinetic prediction has been performed to estimate their
absorption, distribution, metabolism, and toxicity to understand
the properties of the synthetic compounds. Additionally, these
derivatives were optimized to determine their PASS property and
biological behavior based on Pa (probability for active molecule)
and Pi (probability for inactive molecule) ranges. Molecular
docking and MM-GBSA calculations were also discussed to
identify the binding mode and binding affinity and nonbonding
interaction of nucleoside derivatives with the receptor protein
sterol 14a-demethylase.

Materials and Methods
ADME/T analysis and drug-likeliness evaluation

The free web tool pkCSM (predicting small-molecule
pharmacokinetic properties using graph-based signatures) [27]
was used to evaluate all the pharmacokinetics and physicochemical
properties. With the help of these tools that can easily analyze the
ADME/T of each ligand. We can also determine the derivatives'
applicability as drugs or drug-likeness, lipophilicity, Topological
Polar Surface Area (TPSA), bioavailability score, and medicinal
chemistry studies by using another online-based tool SwissADME
[28]. Before conducting the analysis, with the help of ChemDraw
18.0 software, we have drawn all the structures of our synthetic
compounds. The SMILES (simplified molecular-input line-
entry system) strings, InChl (International Chemical Identifier)
key, SD files were collected from the ChemDraw 18.0 software
after drawing. The SMILES strings were used in the pkCSM
and SwissADME, while the InChl key was used to search these
synthetic compounds in different databases, and SD files were
used as input files in molecular docking analysis.

PASS prediction

Online web application PASS (http://www.pharmaexpert.ru/
passonline/) has been employed to calculate the antimicrobial
activity spectrum of the selected synthetic nucleoside derivatives
[29]. This server is planned to surmise above 4000 types of
antimicrobial function together with drug and non-drug activity
which helps to suggest the best potential objects with 90%
validity. PASS outcomes are revealed by Pa (probability for active
molecule) and Pi (probability for inactive molecule). Having
potentialities, the Pa and Pi scores varies in the range of 0.00 to
1.00 and usually, Pa + Pi # 1, as these potentialities are predicted
freely. The biological actions with Pa > Pi are only thought of as
probable for a selected drug molecule. PASS calculation outcomes
were explained and used flexibly, viz. (i) when Pa greater than 0.7,
the probability to identify the activity is analytically high, (ii) if 0.5
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< Pa < 0.7, the probability to identify the activity is analytically
low, again, the molecule is perhaps not so alike to well conversant
pharmaceutically used drugs and (iii) if Pa < 0.5, the potentiality
to identify the activity analytically is less. As a result, prediction of
the spectrum of antimicrobial activity of a probable drug molecule
is expressed as its intrinsic parameter.

Sterol 14alpha-Demethylase

Cytochrome P450 sterol 14alpha-demethylase is responsible for
the biosynthesis of ergosterol. So, by inhibiting it, this is possible
to prevent the production of ergosterol, promoting the rapture of
the cell membrane in microorganisms [30]. For this reason, we
possess docked these synthetic compounds with cytochrome P450
sterol 14a-demethylase to identify the best selective and potential
antifungal candidate.

Protein preparation

We retrieved the 3D crystal structure of cytochrome P450 sterol
140-demethylase from the RCSB protein data bank (PDB ID:
4UYL, organism: Aspergillus fumigatus). For molecular docking,
the protein structure was prepared using Maestro 11.6 software
(Maestro, version 11.6, Schrodinger, LLC). First, we have defined
the missing hydrogen atoms, bond orders, charges, disulfide
bonds, side chains and removed atomic clashes, metals, and water
molecules. We have deleted unwanted chains, water molecules,
and het groups from the structure in the refinement process to avoid
interaction during the optimization and minimization processes.
Then, the hydrogen-bonding networks within the structure were
optimized at pH 7.0. After the optimization of H-bonds, the
OPLS3e force field was allowed to perform with a specific RMSD
value (0.30 A). Here, we used the OPLS3e force field as it covers
about 95% of the molecular interactions during virtual screening.
Grid box (18 A x18 A x 18 A) was made with the default settings
using the control ligand to define the active site of the protein
[31,32].

Ligand preparation

Ligand preparation is essential to generate the 3D geometries,
tautomers, ionization states, chiralities, and precise bond orders.
So, after protein preparation, the next step is to prepare the
ligand for screening. At first, we drew all the synthetic compound
structures and saved them in SDF (structure data file) format.
All the ligands were then prepared using LigPrep module 3.1 of
Maestro 11.6 software (Maestro, version 11.6, Schrodinger, LLC).
We have also used the OPLS3e force field for the optimization at
pH 7.0 £2.0.

Molecular docking studies

Molecular docking is a fundamental approach for observing
the interactions and binding affinity between rigid protein and
flexible ligand. All docking simulations were conducted with the
Glide module of Maestro 11.6 software (Maestro, version 11.6,
Schrodinger, LLC). Then, the OPLS3e force field was used for
the complex optimization, and after that, minimization was carried
out. Here, we have used VNI — the native ligand of 4UYL and
Ampicillin as reference ligands for screening. The charge has
been removed, and we have set 0.25 and 1.00 as Van der Waals
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scaling factors. It is evident to prefer negative values in docking
calculations; a higher negative value identifies a better binding
affinity of the protein-ligand complex. We also analyzed the
non-bond interaction by Discovery studio software. Here, we
have analyzed the best complexes as well as the reference ligand
complex to compare the bond type, categories, and active site’s
residues.

MM-GBSA

MM-GBSA is use for binding affinity analysis and accurate
binding conformations determination. In this study, the MM-
GBSA module of the Maestro 11.6 software was used. For MM-
GBSA calculation, glide XP docking pose viewer (PV) files were
used, and sampling minimization protocol was used as a continuum
model. As molecular mechanics (MM), the OPLS3e force field was
applied to keep the protein flexible. As a dielectric solvent model,
VSGB 2.0 was used to modify empirical functions of ©-stacking
and H-bond interactions. The higher negative value of the protein-
ligand complex is referred to as the most stable complex.

Results

The newly modified uridine derivatives were designated according
to the reaction scheme (Figure 1).

Table 1 represents the chemical name of the compounds with
their molecular formula. After geometrical optimization, all
the compounds were subjected to molecular docking and
pharmacokinetic prediction.

ADME/T and drug-likeliness analysis

The pharmacokinetic study of 14 compounds was evaluated using

Table 1. Molecular formula and name of the designed compounds
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the pkCSM online tools and all the findings are given in Table 2.
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Figure 1. Chemical structure of the uridine (1) and its derivatives (2-14)

Compound Molecular formula Name
1 CH ,N,O Uridine
2 C.H /N,O,S 5’-O-N-acetylsulfanilyluridine
3 C,H,N.O S 5’-O-N-acetylsulfanilyl-2,3"-di-O-acetyluridine
4 C,H,NO S 5'-O-N-acetylsulfanilyl-2',3"-di-O-pentanoyluridine
5 C,H,NO S 5’-O-N-acetylsulfanilyl-2',3"-di-O-hexanoyluridine
6 C, ,H,N,O S 5’-O-N-acetylsulfanilyl-2,"3"-di-O-decanoyluridine
7 C,H,N,O S 5'-O-N-acetylsulfanilyl-2",3"-di-O-lauroyluridine
8 C,H,NO, S 5’-O-N-acetylsulfanilyl-2",3"-di-O-myristoyluridine
9 C,H, ,N.O S 5’-O-N-acetylsulfanilyl-2",3"-di-O-palmitoyluridine
10 C,H,NO S 5’-O-N-acetylsulfanilyl-2",3"-di-O-pivaloyluridine
1 C,H,,NO S 5’-O-N-acetylsulfanilyl-2°,3"-di-O-benzoyluridine
12 C, H,N,O, SC, 5’-O-N-acetylsulfanilyl-2",3"-di-O-(3-chlorobenzoyl)uridine
13 C,H,N,O SC, 5’-O-N-acetylsulfanilyl-2",3"-di-O-(4-chlorobenzoyl)uridine
14 C,H,N.O SC, 5’-O-N-acetylsulfanilyl-2",3"-di-O-(2,6-dichlorobenzoyl)uridine
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Table 2. ADME/T properties of synthetic compounds by SwissADME
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No No No No No No

toxicity

0.878  0.397  0.828 0.024  -0.067 -0.122

Max. tolerated AMES

dose (human)

hERG II hERG
inhibitor I inhibitor

Toxicity

1.884  2.253  2.307 2.33 2408  2.561

Oral Rat Acute

2,661 2285  2.234 2.37 2258  2.723

Toxicity (LOAEL) Toxicity (LD50)

Oral Rat Chronic

Skin
Sensitization
Z
o
Z
o
Z
o
z
o
z
o
Z
o

0.027

2.562

3.031

No No No No No No No No No

0.201  0.335 -0.194 -0.065 -0.122 -0.126  -0.129 0.952

Yes Yes Yes Yes No

2.543 2.52 2453 2517 2497 2493 2.48 1.637

3306 3475 2.648 2967 2882 2875  2.652 2.398

Absorption

From Table 2, we could determine the compounds' absorption
property based on some features such as water solubility, Caco-
2 cell permeability, skin permeability, intestinal absorption of
humans, P-glycoprotein substrate, P-glycoprotein I inhibitor, and
P-glycoprotein II inhibitor. How a drug is absorbed depends on
its water-solubility features. Good water-soluble molecules refer
to good absorption properties leading to adequate bioavailability
[33]. As indicated in Table 2, compounds 1, 2, 3,4, 5,6, 7,8, 9,
10, and 14 were slightly soluble, while compounds 11, 12, and
13 had higher water-insoluble property, i.e., more soluble in lipid.
Caco-2 permeability is another significant parameter that measures
a molecule's flux rate across the polarized Caco-2 cell monolayers
to predict the absorption of oral drugs from the generated data.
A good drug must have a satisfactory Caco-2 permeability [34].
The maximum permeability was found by compounds 13, 10,
11, 12, and 14 had slightly Caco-2 permeability. Higher values
of human intestinal absorption are better absorbed on oral
administration from GIT [35]. All the compounds displayed higher
HIA values ranging from 40.24% to 83.86 %. Skin permeability
shows whether the drug molecules can permeable to the skin or
not. Here, all fourteen compounds were poorly penetrating to
the skin. Both P-glycoprotein I & II inhibitors can increase the
bioavailability of susceptible drugs [36]. All compounds from the
given table were likely to be a substrate of P-gp except compound
1. Here, compounds 1-3 inhibited the P-glycoprotein I & II, while
compounds 4, 5, and 10 only inhibited the P-glycoprotein II and

others did not show any interactions.
Distribution

The distributional properties such as VD, fraction unbound,
BBB permeability, skin permeability of all compounds are given
in Table 2. The drug distribution is directly interlinked with the
volume distribution. By volume of distribution (VD), we can
predict whether the distribution of a drug between blood and tissue
is unformed or not. When the amount of drug in the tissues is
higher than the drug concentration in plasma, the VD is higher and
can be easily distributed throughout the body. In contrast, lower
VD shows higher drug concentration in plasma and can’t distribute
to the tissues [28] . Here, most of the compounds indicated low
VD values, whereas others showed moderate VD values. Another
important parameter of drug distribution is the unbound drug
fraction in the blood. The bounded drug molecules remained in the
plasma and cannot be distributed to the tissues, while the unbound
fraction can be easily diffused [37]. Compounds 1, 2, and 3 had
shown high fraction unbound values that lead to a good efficacy
drug, and the other compounds 4-10 also showed quite satisfactory
values of Fu. The blood-brain barrier (BBB) prevents foreign
substances' entry into the brain and the central nervous system
(CNS). All the compounds shown in the table were unable to
permeable to CNS, while they all were poorly permeable to BBB.

Metabolism

After distribution, the drug molecules break down in the liver
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through enzymatic reactions. Cytochrome P450, the detoxification
enzyme acts as a catalyst for the oxidation of drugs and helps in the
drug's metabolic process as well as facilitates excretion [38]. The
metabolic properties for the fourteen compounds were evaluated
for different isoforms of cytochrome P450 as given in Table 2.
Almost all the compounds didn't show any interaction with
CYP1A2, CYP2C19, CYP2D6, and CYP2C9 except compounds
12,13, and 14. In contrast, maximum compounds were metabolized
by CYP3A4 excluding compounds 1-3.

Excretion

Drugs are excreted from the body via multiple pathways (kidney,
liver, and biliary). Drugs with larger molecular weight (>500) were
eliminated from urine, while smaller drug molecules (<300) were
excreted from bile. In between 300-500 molecular weights are
removed through bile and urine. The excretion of a drug molecule
can estimate with the total clearance rate (CLtot). It indicates the
amount of drug eliminated per unit time from the combination of
hepatic and renal [39]. The CLtot values of all the compounds
are mentioned in Table 2. Another essential parameter is Organic
Cation Transporter 2 or OCT2 substrate that helps in the renal
clearance. Here, no single compound is likely to substrate OCT?2.

Toxicity
Unexpected drug toxicity can be a major factor in successful

Table 3. Drug likeness properties of synthetic compounds by PkCSM

Med Science 2021;10(4):1373-86

drug candidates' failure and withdrawal of marketed drugs. So,
appropriate safety assessment is required for the development and
discovery of the drug. It is ensured by predicting several parameters
such as - maximum tolerated dose (human), hERG I, II inhibitor,
oral rat acute toxicity (LD50), oral rat chronic toxicity (LOAEL),
hepatotoxicity, skin sensitization, T. pyriformis toxicity, and
minnow toxicity. All the compounds showed no carcinogenicity
in AMES toxicity, skin sensitization, and T. pyriformis toxicity.
For a successful drug, it is necessary to avoid all interactions
with the human ether-a-go-go-gene (hERG) [40]. Compounds
11-14 displayed hERG II inhibitory activity, while none of the
compounds inhibited hERG 1. After the toxicity assessment,
it can be said that most of the compounds were found to have a
noncarcinogenic effect (Table 2).

Drug-likeness evaluation

Drug likeness includes a complex balance of all molecular and
structural features (molecular weight, lipophilicity, rotatable bonds,
surface area, number of hydrogen bond acceptors and donors,
bioavailability) by the specific evolution of different computational
filters of Lipinski, Ghose, Veber, Egan, and Mueggethe. The entire
prediction is described in Table 3. As shown in Table 3, compounds
1 and 2 have minimum violations, and the bioavailability fraction
is the same as Ampicillin, while other compounds have shown
moderate Bioavailability score.

Compound Lipinski violations Ghose violations

Veber violations

Egan violations Muegge violations Bioavailability score

0 1 0
1

o X 9 N N AW N =
—
—
—

e e
W N = o

14

S NN N NN W W NN N NN
S W W W W W ks, B~ B~ B W
(=R S I S 2 S ST R SR S SR SR SR S

Ampicillin

0 0
1
1

0.55
0.55
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.17
0.55

—_

S W W W W W L L BN

PASS analysis

We have predicted the antimicrobial spectrum applying web server
PASS (http://www.pharmaexpert.ru/passonline/) of all the synthetic
nucleoside derivatives 2—14. The PASS results of yclept as Pa and
Pi, are expressed in Table 4. It was manifest from predication
Table 6, for synthetic derivatives 2—6 showed 0.29 < Pa < 0.58 for
antibacterial, 0.31 <Pa < 0.61 for antifungal, 0.41 < Pa < 0.62 for
antiviral and 0.22 < Pa < 0.54 for anti-carcinogenic. These results
revealed that these molecules were more efficient against viruses
and fungi in comparison with bacterial pathogens. Attachment

of excessive aliphatic and aromatic group increased antifungal
activity (Pa % 0.612) of parent (1, Pa % 0.441). The same scenario
was observed for antiviral activities. We also tried to predict the
anti-carcinogenic parameter of these derivatives. Therefore, PASS
determination exhibited 0.22 < Pa < 0.70 for anti-carcinogenic,
which revealed that the synthetic derivatives were less potential as
anti-carcinogenic agents than previous antimicrobial parameters.
Significantly, synthetic nucleoside derivatives with saturated acyl
chains showed more antibacterial, antiviral, and anti-carcinogenic
properties comparing with the standard drug ampicillin.
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Table 4. Predicted biological activity of the synthetic derivatives using PASS software

Biological activity

Compound (Drug) Antibacterial Antifungal Antiviral Anti-carcinogenic
Pa Pi Pa Pi Pa Pi Pa Pi
1 0.397 0.031 0.421 0.046 0.627 0.005 0.785 0.006
2 0.299 0.060 0.354 0.013 0.427 0.012 0.339 0.045
3 0.341 0.045 0.401 0.009 0.419 0.012 0.347 0.042
4 0.345 0.039 0.411 0.016 0.423 0.011 0.378 0.031
5 0.331 0.061 0.375 0.024 0.523 0.027 0.705 0.012
6 0.331 0.061 0.375 0.024 0.523 0.027 0.705 0.012
7 0.331 0.061 0.375 0.024 0.523 0.027 0.705 0.012
8 0.331 0.061 0.375 0.024 0.523 0.027 0.705 0.012
9 0.381 0.011 0.415 0.019 0.549 0.011 0.511 0.047
10 0.361 0.059 0.389 0.014 0.511 0.037 0.531 0.039
11 0.246 0.016 0.318 0.017 0.478 0.029 0.365 0.041
12 0.376 0.073 0.497 0.033 0.451 0.062 0.413 0.034
13 0.584 0.003 0.612 0.025 0.624 0.007 0.543 0.037
14 0.509 0.027 0.599 0.051 0.370 0.019 0.224 0.098
Ampicillin 0.750 0.003 0.000 0.000 0.239 0.067 0.000 0.000

Molecular docking

In structural biology and computer aided drug design, molecular
docking is an important computational technique. The key aim of
molecular docking is to determine the potential binding geometries
of a putative ligand of a known three-dimensional structure with
a target protein. A total of fourteen synthetic compounds were
docked with 14a-sterol demethylase to identify the best ergosterol
synthesis inhibitor. The results of their binding energy are given
in Table 5. In this study, two reference ligands were used (VNI;
PubChem CID: 49867823, and Ampicillin; PubChem CID: 6249).
The objective of the study was to evaluate the best synthetic

compound that binds better than reference ligands. Here, VNI and
Ampicillin's docking scores were -10.24 kcal/mol and -8.6433
kecal/mol, respectively, and VNI exhibited greater affinity to the
target than Ampicillin. We know, higher negative values are
identified as higher binding affinity, so the potential complex must
have a score less than -10.249 kcal /mol.

Almost eight compounds displayed higher binding scores (-13.108
to -10.442 kcal/mol) than VNI. From the Table 5, we found the
higher binding affinity in this pattern:7 > 14>6>13>12>5>4
>11>VNI>2> 10> Ampicillin >3 > 1.

Table 5. Molecular docking (Glide XP) results of synthetic compounds and reference ligands against sterol 14a-demethylase

Compound Docking score (XP)

Glide ligand efficiency

Glide energy (kcal/mol) Glide e-model (kcal/mol)

(kcal/mol) (kcal/mol)
7 -13.108 -0.234 -74.617 -117.116
14 -12.789 -0.256 -79.286 -129.405
6 -12.652 -0.243 -73.477 -115.128
13 -11.49 -0.239 -70.204 -133.281
12 -11.213 -0.234 -72.065 -133.82
5 -11.014 -0.25 -69.908 -106.253
4 -10.628 -0.253 -71.77 -103.236
11 -10.442 -0.227 -75.185 -121.816
VNI -8.643 -0.278 -57.187 -83.708
2 -9.088 -0.303 -54.757 -79.244
10 -8.835 -0.21 -67.106 -96.814
Ampicillin -8.643 -0.332 -43.539 -54.458
3 -8.168 -0.227 -59.065 -93.539
1 -6.749 -0.397 -32.884 -39.428
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Nonbonding interactions

The non-bonded interacting amino acids of the target protein, i.e.,
140- sterol demethylase with synthetic compounds, are depicted
in Table 6. The standard ligand VNI has shown one conventional
hydrogen bond, one carbon-hydrogen bond, two alkyl bonds,
and ten pi-alkyl bonds (Figures 2a and 2b). On the other hand,
compound 7, possessing the best docking score have exhibited
one conventional hydrogen bond with ARG378, one carbon-
hydrogen bond with SER311, one pi-sulfur bond with CYS463,
five alkyl bonds with CYS463, VAL121, LEU503, VAL135, and
LEU143, and four pi-alkyl bonds with TYR122 PHE234 ALA307
ALA469 (Figures 3a and 3b). It has also revealed that compound
14 have five conventional hydrogen bonds with HIS310, ARG378,
ILE464, and HIS461, one carbon-hydrogen bond with CYS463,
two pi-pi T-shaped bonds with TYR122 and PHE229, eight alkyl
bonds with ALA303, ALA307, VALI135, LEUI143, LYS147,
CYS463, LEU304, and ILE464, and seven pi-alkyl bonds with

Med Science 2021;10(4):1373-86

PHE130, ILE376, VAL135, ALA303, LEU304, ALA307, and
CYS463 (Figures 4a and 4b). Compounds 5, 12 and 13 displayed
almost equal binding affinity (-11.014, -11.213 and -11.49 kcal /
mol) and exhibited some similar binding site with the residues
TYR122, HIS310, ARG378 and CYS463. But ARG378 exhibited
the shorter distance (1.9018 A) that indicates tight binding with
protein. Compound 7 had two long aliphatic substituent in the
uridine structure, providing a high gathering of electrons in the
molecule indicated the highest binding score (-13.108 kcal/mol).
These results indicated that modification of —OH group along
with a long aliphatic chain/aromatic ring molecule increased the
binding affinity, while addition of hetero groups like Cl, made
some fluctuations in binding affinities; however, modification with
halogenated aromatic also rings increased the binding affinity.
Nonbonding interactions are often used to predict the shape and
behavior of molecules. Among all the non-bonding interactions,
CH/O, CH/m, NH/n, OH/n, and CH/N, the CH/O is the highest
observed interaction found in protein-ligand docking.
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Figure 2. Binding modes of VNI with sterol 14a-demethylase. Molecular interactions are visible on the hydrophobic surface. The binding site of the hydrophobic inten-
sity ranges from —3.00 (minimum hydrophobic region-shade blue) to 3.00 (high hydrophobic region shaded brown). 2(a) 2D view, 2(b) 3D view
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Figure 3. Binding modes of compound 7 with sterol 14a-demethylase. Molecular interactions are visible on the hydrophobic surface. The binding site of the hydropho-
bic intensity ranges from —3.00 (minimum hydrophobic region-shade blue) to 3.00 (high hydrophobic region shaded brown). 3(a) 2D view, 3(b) 3D view

1381



doi: 10.5455/medscience.2021.05.175

Pt TR
PRt ( 89,
P4
& T
&
A5 &H
"‘_']'Z'_._'_.__..._._..
= -.h v m::-‘
4(a)

Med Science 2021;10(4):1373-86

Lysi47 | cu143
£l

lled64 b His461

B
Arg378

1le376

4(b)

Figure 4. Binding modes of compound 14 with sterol 14a-demethylase. Molecular interactions are visible on the hydrophobic surface. The binding site of the hydro-
phobic intensity ranges from —3.00 (minimum hydrophobic region-shade blue) to 3.00 (high hydrophobic region shaded brown). 4(a) 2D view, 4(b) 3D view

Table 6. Nonbonding interaction and bond distance (A) of uridine derivatives and sterol 14a-demethylase complex

Compound Bond type Residues and bond distance (A)
Conventional Hydrogen Bond ARG378 (1.62989)
Carbon Hydrogen Bond SER311 (2.24922)

7 Pi-Sulfur CYS463 (3.64498)
Alkyl CYS463 (5.37084), VAL121 (5.3669), LEU503 (5.06391), VAL135 (4.58026), LEU143 (5.16182)
Pi-Alkyl TYRI122 (5.11143), PHE234 (5.02232), ALA307 (5.10237), ALA469 (4.95951)
Conventional Hydrogen Bond HIS310 (2.72405), ARG378 (2.04949), ILE464 (2.92821), HIS461 (2.12078)
Carbon Hydrogen Bond CYS463 (2.54356)

14 Pi-Pi T-shaped TYRI122 (4.89615), PHE229 (5.62024)
Alkyl ALA303 (3.36316), ALA307 (4.0091), VAL135 (4.64074), LEU143 (5.25398),

LYS147 (3.79005), CYS463 (4.04762), LEU304 (4.9458), ILE464 (4.7482)
Pi-Alkyl PHE130 (4.3852), ILE376 (5.45512), VAL135 (4.4541), ALA303 (4.68957), LEU304 (5.29138), ALA307
(3.47525), CYS463 (4.95903)

Conventional Hydrogen Bond TYRI122 (2.47003), ARG378 (1.92801), HIS461 (1.91138)
Carbon Hydrogen Bond TYRI136 (2.41616)
Pi-Sigma TYRI122 (2.24267)

’ Pi-Pi Stacked PHE456 (5.00329)
Alkyl ALA307 (3.59776), LEU304 (4.99595), LEU125 (4.02452), LEUS503 (4.54347)
Pi-Alkyl PHE229 (4.94813), ILE373 (5.35714), CYS463 (4.0967), ARG378 (2.72441)
Conventional Hydrogen Bond TYR122 (2.08447), HIS310 (2.3672), ARG378 (2.13881)
Pi-Pi T-shaped TYRI122 (5.35863)

13

Alkyl

TYR122 (5.35863), ALA307 (5.04252), VAL150 (4.31513), MET300 (3.57678),
LEU304 (3.75349)

Pi-Alkyl

VALI135 (4.25275), ALA303 (4.38959), LEU304 (5.11869), ALA307 (4.07833),
CYS463 (4.80138), ILE464 (5.48464)
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Conventional Hydrogen Bond

ARG378 (1.9018)

Carbon Hydrogen Bond TYRI122 (3.09393), ALA307 (2.65685), CYS463 (2.55979)
Pi-Sulfur PHE130 (5.38227)
12 Pi-Pi T-shaped PHE229 (5.07497)
Alkyl ALA303 (3.53229), ALA307 (5.10187), CYS463 (5.17699), VAL135 (4.62541), MET300 (3.74593), LEU304
(4.76411), VAL150 (4.71705), LEU154 (4.83465), LEU304 (4.1858)
Pi-Alkyl VALI135 (4.64805), LYS147 (5.43822), VAL150 (5.15176), ALA303
(5.20247), ALA307 (3.97418), CYS463 (5.08458)
Conventional Hydrogen Bond HIS310 (2.09451), ARG378 (1.92585), CYS463 (2.00657), HIS461 (2.0652)
Pi-Sulfur HIS310 (4.94948)
5 Pi-Pi T-shaped PHE229 (5.14512)
Alkyl ALA303 (4.07134), ILE373 (5.21494), VAL135 (4.89089), LEU304 (4.23498)
Pi-Alkyl PHEA456 (4.07245), ILE376 (5.05673), LEU125 (5.05001), LEU503 (5.16138)
Conventional Hydrogen Bond HIS461(1.68102), CYS463 (2.65648), ILE464 (2.57757), GLY465 (2.36228)
Carbon Hydrogen Bond ALA307 (2.83218), HIS461 (2.9443), CYS463 (2.36589), ALA303 (2.72067)
4 Pi-Donor Hydrogen Bond TYR122 (3.19377)
Alkyl ALA307 (4.14126), VAL135 (4.50775), LEU143 (4.74925), LYS147 (3.86823), LEU205 (4.94239), LEU304
(4.79671)
Pi-Alkyl PHE468 (5.29648)
Pi-Pi Stacked TYRI122 (3.7688)
1 Alkyl ALA307 (3.18236), CYS463 (4.35752), LYS147 (4.01752), LEU143 (3.87291),
VALI135 (4.2413), LEU304 (5.42051), ILE464 (4.43915)
Pi-Alkyl TYRI136 (4.61473), HIS461 (4.6204), ILE373 (4.08185), CYS463 (4.67286)
Conventional Hydrogen Bond HIS310 (2.43235)
Carbon Hydrogen Bond SER375 (2.39818)
VNI Alkyl LEU125 (3.51279), LEUS03 (4.26114)
Pi-Alkyl TYRI122 (5.09299), PHE229 (4.53738), ILE373 (4.04787), LEU125 (5.14463), LEU503 (4.84374), ALA307
(3.70445), VAL135 (4.77735), VAL150 (4.83484), ALA303 (4.96222), LEU304 (4.87745)
Conventional Hydrogen Bond TYRI122 (2.15433), HIS310 (2.28494), ARG378 (2.01488), SER375 (1.84227)
Carbon Hydrogen Bond SER375 (2.73715)
2 Pi-Sulfur HIS310 (4.79393)
Pi-Pi T-shaped PHE229 (5.09782)
Pi-Alkyl ILE373 (5.01289), ILE376 (4.18332), ILE125 (4.98308), LEU503 (5.0038)
Conventional Hydrogen Bond TYRI136 (2.45217), ILE464 (2.42857), PRO455 (1.98387)
10 Carbon Hydrogen Bond CYS463 (2.46325), TYR136 (2.57237)
Salt Bridge; Attractive Charge ARG378 (2.01548)
Conventional Hydrogen Bond TYRI122 (2.20872), TYR136 8??238 ARG378 (1.92702), HIS461
Ampicillin  Carbon Hydrogen Bond LYS147 (2.84669), HIS461 (2.84144)
Alkyl ILE373 (4.2174), ILE376 (4.53165)
Pi-Alkyl VALI135 (4.44563), LYS147 (5.31574), VAL150 (5.19812), ALA303 (5.23905),
LEU304 (5.49851)
Conventional Hydrogen Bond CYS463 (1.98989), ILE464 (2.60775)
Pi-Pi T-shaped TYRI122 (5.02019)
} Alkyl ALA307 (3.82298)
Pi-Alkyl VAL135 (4.44802), VAL150 (5.27408), ALA303 (4.98228), LEU304 (5.28465)
Conventional Hydrogen Bond HIS310 (2.20812), SER375 (1.82863)
1 Pi-Pi T-shaped PHE229 (5.51196)

Pi-Alkyl

LEU125 (4.93922), LEUS03 (5.24387)

N.B. TYR = Tyrosine, CYS = Cysteine, HIS = Histidine, ARG = Arginine, LEU = Leucine, MET = Methionine, VAL = Valine, ALA = Alanin, PHE = Phenylalaine,
PRO = Proline, LYS = Lysine, ILE = Isoleucine, SER = Serine
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Compounds 2 and 3 that are modified by smaller carbon chain
exhibited comparatively lower binding score (-9.088 and -8.168
kcal/mol) due to liter density of electron. Again compound 4
showed a little bit better score (-10.628 kcal/mol) due to having
slightly longer carbon chain. Along with PHE229, most of the
compounds displayed the maximum 7n- @ interactions with the
denoting the tight binding with the active site. Reports suggest
that PHE229 is considered as the principal component of the PPS
and PPT responsible for the accessibility of small molecules to the
active site. In both cases, binding affinity and binding specialty are
increased in case of compound (4-7) and (11-14) due to significant
hydrogen bonding. It was observed that modifications of —OH
group of uridine (1) increased the n-m interactions with the residues
of the active site, while increasing their polarity resulted in the
formation of hydrogen bonding interactions. The most significant
H-bonds were obtained for the compound (2, 4, 5, 6, 13 and 14),
forming with HIS310, TYR122 and ARG378 residues. It has
already been reported that ten commercial medicines possibly form
H-bonds with key residues of macromolecule. H-bonds executed
a vital function in shaping the specificity of ligand binding with
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the receptor, drug design in chemical and biological processes,
and molecular recognition and biological activity. Through this
non-bond interaction study, also we analyze the bonding distance.
To evaluate the stability of these compounds we further analyzed
their binding free energy through MM-GBSA methods. From
Table 6, we found that almost compounds 14, 6, 13, 5, 4, 2, and
10 bind in the same active site of 4UYL as VNI and showed more
conventional hydrogen bonding than VNI.

MM-GBSA

The free energies of target-ligand complexes can be analyzed from
the following Table 7. Here, the higher the negative value means that
the affinity of the binding is greater. It was found that the binding
affinity of the reference ligands VNI and Ampicillin were -83.93
kecal/mol and -54.89 kcal/mol, respectively. Herein, Ampicillin
showed quite unsatisfactory free energy value compared to other
target-ligand complexes. Most of the compounds exhibit relatively
good binding affinity as VNI. The free energy value of compound
13 was the closest to the reference ligand value.

Table 7. MM-GBSA Binding affinity calculation of sterol 14a-demethylase and synthetic compounds complexes

Compounds AG,, ;! AG,, ,Coulomb® AG,_  Covalent AG,, ,Hbond* AG,, , Lipo AG,, , SolvGB' AG,, vaw®
VNI -83.93 110.51 3.6 -0.6 -40.76 -94.45 -58.9
13 -81.99 -6.59 -1.55 -1.73 -26.46 22.4 -67.13
12 -79.3 -1.76 7.09 -0.2 -27.11 22.05 -79.37
14 -78.41 -17.5 4.74 -1.32 -27.52 33.27 -69.47
11 -77.87 -4.98 2.67 -1.18 -23.22 21.91 -72.42
5 -75.7 -14.68 11.93 -1.54 -25.55 24.56 -71.48
4 -73.07 -14.18 10.59 -1.71 -23.97 23.38 -67.01
7 -72.7 -13.39 9.21 -1.57 -36.93 38.59 -68.41
6 -67.34 -29.03 13.74 -2.22 -30.44 49.53 -68.01
3 -63.18 -4.78 3.37 -0.4 -15.58 15.33 -60.56
10 -61.26 -10.14 6.69 -2.21 -18.82 23.63 -61.7
Ampicillin -54.89 -88.7 3.87 -3.43 -14.5 88.39 -40.52
2 -53.05 -23.11 4.16 23 -11.67 20.86 -33.75
1 -29.42 -8.1 5.52 -1.15 -10.41 14.35 -27.99

“MM-GBSA free energy (kcal/mol) of binding.

"Contribution to the MMGBSA affinity of binding (kcal/mol) from the Coulomb energy.

‘Contribution to the MMGBSA affinity of binding (kcal/mol) from covalent binding.

dContribution to the MMGBSA affinity of binding (kcal/mol) from hydrogen bonding.

*Contribution to the MMGBSA affinity of binding (kcal/mol) from lipophilic binding.

Contribution to the MMGBSA affinity of binding (kcal/mol) from the generalized Born electrostatic solvation energy.
¢Contribution to the MMGBSA affinity of binding (kcal/mol) from the van der Waals energy.

Discussion

The investigation of the fourteen synthesized antifungal uridine
derivatives (Figure 1) was conducted through computational
methods. For this, we have performed ADME/T prediction, PASS
analysis, molecular docking, non-bonding interaction, and finally,

MM-GBSA analysis. The ADME/T and drug-likeness evolution
have given us detailed information about these fourteen compounds
along with Ampicillin [8]. We observed that compounds 1, 2
retained the desired physical properties (molecular weight, LogP,
rotatable bonds, H-bond acceptor, H-bond donor, and surface
area), while others not found to be as expected results [32]. In
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the absorption portion, compounds 1-10 and 14 had a slightly
water-soluble property with higher intestinal absorption values.
Very low BBB permeability and non-permeable CNS properties
were exhibited by all synthesized compounds, indicating good
distribution property. Most of the compounds (1-11) did not
interact with the isozymes of cytochrome P450. Besides, all
compounds have acceptable excretion properties without any
toxic effect. Among all, compounds 1, 2 were observed as the best
candidate compound similar to the reference one and they also
showed minimal violations [15].

After having the satisfactory result of ADME/T and drug-likeness
features, we analyzed the PASS ranges of all compounds and
Ampicillin via an online web server. The findings have revealed that
the synthetic compounds were more effective towards antifungal,
antiviral parameters than the antimicrobial or anticarcinogenic
parameters. Based on the PASS results, we proceeded with our
work of these examined synthesized constituents against the viral
activity [30]. It has been found that compounds 5, 6, 7, 9, 11,
13, and 14 showed an excellent result, that very much close to
Ampicillin value. The compounds were sorted in Table 5 according
to their higher docking score. Here, several compounds (7, 14,
6, 13, 12, 5, 4, and 11) had greater binding affinities than VNI
and Ampicillin. Interestingly, we got VNI had a higher affinity
compared to Ampicillin. Among all, compounds 7 and 14 were the
best bidders with the highest docking scores -13.108 and -12.789
kcal/mol, respectively. In contrast, the lowest scores were -8.168
and -6.749 kcal/mol for compounds 3 and 1.

Here, we also compared the non-bonding interaction of 14a-sterol
demethylase with VNI and the best-synthesized compounds based
on the docking score [30]. It was admittedly visible that compound
14 had more conventional bonds in comparison to compound 7,
indicating its strong binding affinity with 14a- sterol demethylase.
Additionally, an increased number of conventional hydrogen
bonds in compounds 14, 6, 13, 5, 4, 2, and 10 than VNI, refer to the
inhibitory potential of our target protein. We analyzed the bonding
distance for each synthesized component. MM-GBSA score was
also estimated to determine the affinity of the 14 synthesized
compounds and the two reference drugs (VNI and Ampicillin)
towards 14a- sterol demethylase. The result found compounds 13,
12, and 14 were highly stable than Ampicillin and nearly to VNI.
From the overall analysis of docking and MM-GBSA calculation,
we can propose that compounds 12, 13, and 14 can be excellent
potential 14a-sterol demethylase inhibitors. In vitro and in vivo
investigations are further recommended to confirm the molecular
docking and MM-GBSA results.

Conclusion

In this investigation, the inherent characteristic stability and
biochemical behavior of synthesized nucleoside derivatives have
been studied. We investigate the ADME/T properties of these
14 synthesized nucleoside derivatives with the standard drug
ampicillin to know their potential to be like a drug in the future.
We predicted the PASS properties to identify the optimal efficacy
of the biological activities of these compounds. PASS prediction of
the uridine derivatives 1-14 was 0.29 < Pa < 0.58 for antibacterial,
0.31 <Pa<0.61 for antifungal, 0.41 < Pa < 0.62 for antiviral and
0.22 < Pa < 0.54 for anti-carcinogenic. Based on the Pa and Pi
value, we have come to a decision that the synthesized nucleoside
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derivatives exhibited the best antifungal and antiviral potency, and
proceeded against fungi activities with these synthetic compounds.
For further assessment, virtual screening, nonbonding interaction,
and MM-GBSA were performed and compared with VNI and
ampicillin values. By combining the docking and MM-GBSA
analysis, we can state that compounds 12, 13, and 14 were the
best bidders among all. This study concluded that these three
synthesized nucleoside derivatives were effective against 14a-
sterol demethylase inhibitor, still further development and in vitro
and in vivo analyses are mandatory for future.
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