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Abstract: Molecular docking is.a promising and reliable technology for the purpose
of discovering lead compounds via virtual screening. In addition to allowing for
the testing of a large number of compounds, it also allows for the determination of
how the selected compounds inhibit the targeted protein/receptor based on the
scoring function and ranking. Because selective cholinesterase and monoamine
oxidase inhibitors play a critical role in the treatment of Alzheimer's disease, this
research focuses on elucidating the mechanism of binding interactions of a few
quinolone derivatives within the active sites of cholinesterase (acetyl-
cholinesterase (AChE) and butyrylcholinesterase (BChE) and monoamine oxidase
(MAO) (monoamine oxidase A &B). As a result of these discoveries, it is possible
that the newly identified inhibitors will be used as lead compounds in the
development of novel enzyme inhibitors for the treatment of specific diseases,
hence enabling the development of novel therapeutic approaches.

Keywords: molecular docking; acetyl-cholinesterase (AChE);
butyrylcholineesterase (BChE); active pocket; monoamine oxidases A & B,
Alzheimer disease.

INTRODUCTION

The actions of brain neurons, particularly neurotransmission, are grouped into
systems of individually distinct neurons, neurotransmitters, neuromodulators,
receptors, and hormones. The monoaminergic and cholinergic systems are
essential in these systems. A crucial component of the cholinergic system of
neurotransmission is the neurotransmitter acetylcholine.® Neuromuscular
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synapses, the brain, and autonomic ganglia all contain acetylcholine (ACh) which
is fast acting. Two enzymes; acetylcholinesterase (AChE; EC 3.1.1.7) and
butyrylcholinesterase are present in tissues that catalyze the breakdown of
acetylcholine (BChE; EC 3.1.1.8).2 The two enzymes are both glycoproteins that
can either be membrane-bound or soluble. AChE is a critical enzyme in cholinergic
neurotransmission on both the central and peripheral level. It is mostly membrane-
bound and located in the neuromuscular junctions and synapses between neurons
in the central nervous system, where it inhibits the activity of acetylcholine (Ach)
produced during nerve stimulation.® The enzyme is also present in soluble forms
and linked with the erythrocyte membrane. BChE is found in a broad variety of
human tissue types. It is expressed in several different groups of neurons in the
human brain that are not connected with AChE, as well as glial cells. BChE is
significantly more abundant in the serum than AChE is. BChE, like AChE, is a
soluble enzyme that may also be membrane-bound.* AChE is highly effective at
hydrolyzing Ach, but its catalytic site-is buried deep inside a deep cavity, which
restricts its ability to cleave esters with heavier acyl groups.® As compared to
AChE, butyrylcholinesterase has a bigger cavity and is a less selective esterase
capable of cleaving a variety of esters with larger acyl groups.®

The network of monoamine neurotransmission systems, each of which is
regulated by a unique monoamine neurotransmitter, is known as the monoamine
neurotransmission system. These include the dopaminergic, noradrenergic, and
serotonergic systems, which are each regulated by the neurotransmitters dopamine,
noradrenaline, and serotonin, respectively.” Two isoforms of the monoamine
oxidase (MAO) enzyme, MAO A and MAO B, are involved in the oxidative
deamination of biogenic amines, including neuroamines, vasoactive amines, and
exogenous amines and hence regulates the concentration of amine
neurotransmitters and numerous amine medications.® Due to their location on the
mitochondrial outer membrane, the MAO flavoproteins metabolize amines inside
the cell. Each MAO has a different tissue concentration, with the two versions
functioning identically in the human liver. MAO B is highly expressed in platelets,
glial cells, and serotonergic neurons, whereas MAO A is expressed primarily in
the stomach, placenta, and dopaminergic and noradrenergic neurons.® Despite
having the identical catalytic center structure, with substrate-orienting tyrosinase
leading to covalently bound FAD,™ the two forms exhibit distinct intrinsic activity
(kcat and Km values) with each substrate. Serotonin is metabolized mostly by
MAO A in the human brain, but dopamine is metabolized by both forms.11

Alzheimer's disease (AD) is the most common neurodegenerative ailment,
affecting millions of individuals worldwide, including 5% of the over-65
population. The primary clinical manifestation of AD is increasing memory loss
and other abnormalities in brain function, such as aberrant behavior and
impairments in language, comprehension, and visual-spatial abilities.*?
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It has been postulated that BChE collaborates with AChE in the brain to
regulate ACh neurotransmission when ACh levels become excessive, especially
given that AChE is inhibited by high concentrations of its substrate.’3-In the
average human brain, BChE activity is lower than AChE activity, whereas /AD
patients have much higher BChE/AChE ratios,** indicating that BChE inhibition
can get critical as AD advances. This has generated the concept that inhibiting both
ChEs may result in enhanced therapeutic advantages or that inhibiting BChE alone
may be advantageous.®

The first therapy methods for AD were aimed at boosting cholinergic
transmission in the brain, in accordance with the "cholinergic hypothesis" of
memory loss. Among the several strategies used to raise synaptic ACh levels,
inhibiting acetylcholinesterase (AChE) has shown to be the most effective.
Inhibiting the enzyme butyrylcholinesterase (BuChE), which is present in trace
amounts in normal brains but is elevated in the brains of AD patients with plaques
and tangles, may enhance cholinergic transmission.'® Dopamine, serotonin, and
noradrenaline, which are all ~metabolized by MAO or catechol-O-
methyltransferase (COMT), are reduced as a consequence of other neurons being
gradually eliminated in AD. MAO inhibitors have long been used as
antidepressants, and an early study against Parkinson's disease led in the
acceptance of I-deprenyl (Selegiline) as a disease-delaying medication for the
condition. Thus, MAO inhibitors may promote amine neurotransmission and have
beneficial biochemical effects in the therapy of Alzheimer's disease.’” Increased
MAO B levels have been found in AD patients' brains as a result of increased
astrogliosis,*® suggesting that combined MAO A/B inhibition may be an effective
AD treatment. MAO inhibitors' beneficial features also include a decrease in the
generation of reactive oxygen species, which may contribute to greater neuronal
damage.”

Current novel therapeutic approaches suggest that drugs targeting a single
target may be insufficient for treating multifactorial neurodegenerative diseases
such as Alzheimer's disease (AD), Parkinson's disease (PD), Huntington's disease
(HD), and amyotrophic lateral sclerosis (ALS), which are all characterized by the
coexistence of multiple etiologies. These include, but are not limited to, the
development of oxidative stress (OS) and reactive oxygen species (ROS), protein
misfolding and aggregation, mitochondrial dysfunction, inflammation, metal
dyshomeostasis, and accumulation at neurodegenerative sites.?® Thus, it is
plausible to assume that AD treatment will likely need a combination of drugs to
address the disease's many clinical manifestations. Due to the multifactorial
character of AD and the variety of brain pathways involved in its control,* multi-
targeted ligands have been widely investigated as potential therapeutic candidates
with favorable benefits in AD treatment.*



4 EJAZ etal.

The current study is focused on the identification of quinolone derivatives as
the inhibitors of either class of enzymes i.e., cholinesterases (AChE and BChE)
and monamine oxidases (MAO-A and MAO-B). Quinolones have been previously
identified for their anti-bacterial activity in the treatment of various infections.
They are specifically designed to selectively target two bacterial topoisomerase
enzymes: DNA gyrase that targets Gram-negative bacteria and topoisomerase 1V
that effects Gram-positive bacteria.?® The approved Quinolone derivative drug
Tacrine lowers AChE levels in Alzhiemer’s disease. One study showed that
Quinolone derivatives were active against AChE with an 1Cso values ranging from
7.31 to 88.10 uM.* The long-term use, however, of quinolones is not
recommended as it may be carcinogenic to adults and arthropathogenic in children.
However, they can be used for the short-term treatment and symptomatic
management of Alzheimer’s disease. This study will lead a comprehensive
knowledge of the structures, activity correlations, and roles of the discovered
inhibitors/drug-like compounds which promises well enough for the future
development of novel pharmaceuticals. The following compounds were selected
for this study.

Table 1: List of the chosen derivatives
Code IUPAC Name Structure

6-fluoro-2-[4-(2-fluorophenyl) phenyl]-3-

3 methylquinoline-4-carboxylic acid

3A 6-chloro-2-[4-(2-fluorophenyl) phenyl]-3-
methylquinoline-4-carboxylic acid
3B 6-chloro-3-methyl-2-(4-phenylphenyl) quinoline-4-
carboxylic acid
3C 6-fluoro-3-methyl-2-(4-phenylphenyl) quinoline-4-
carboxamide
4 4-chloro-1-(2-methylpropyl) imidazole[4,5-c] quinoline N
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1-(2-methylpropyl) chromeno[3,4-d] triazol-4-one

)

EXPERIMENTAL
Molecular Docking:

In the present work, we employed molecular docking using MOE Software?® to predict the
inhibitory mechanism of chosen quinolone and quinoline derivatives. The crystal structure of
the chosen target (AChE, PDB id: 4BDT), (BChE, PDB id: 4BDS), (MAO-A, PDB id: 2Z5Y),
and (MAO-B, PDB id: 2Vv5Z) was obtained from the protein data bank and utilized for further
research. The force field MMFF94x with an RMSD gradient of >0.01 kcal/mol/A was used to
minimize the energy of the selected quinoline and quinolone compounds. Additionally, when
the ligands and protein were created, charges were assigned and hydrogen atoms were added to
all molecules, the MOE site finder tool was used to locate the binding site, as mentioned before.
For considering the conformational flexibility parameters, we have employed a simulation
approach for docking purposes in which the ligand is allowed to interact with the groove of a
targeted protein after a series of moves in its conformational space. These moves include
changes in the structures of ligands either internally by rotating the torsional angles or the
number of rotatable bonds, or externally by translation and rotation. Each rotation of ligand
produced intermolecular interactions with the targeted protein. This approach is preferred for
taking into account the conformational flexibility of ligands, and it may take longer time
depending upon the performance of computing system. In a current study, two series of ligands
were docked. Quinoline derivatives have four rotatable bonds, whereas quinolone derivatives
have only two rotatable bonds. By employing a simulation approach, ligands were allowed to
interact with targeted protein through torsional angles. The rigid receptor model was employed
and total numbers of poses were set to 100. Finally, the MOE software was used to produce 3D
and 2D poses for further investigation.?® The docking of all the compounds was reconfirmed by
SeeSAR Analysis.?

RESULTS AND DISCUSSION
AChE Results:

As shown in table 1, the derivative 4 which has the most binding score -26.9
kJ/mol showed binding interactions. The amino acid His447 formed carbon
hydrogen bonding with the hydrogen attached with nitrogen in the imidazole.
Similarly, Trp86 and Tyr337 formed n-m stacked interaction with imidazole and
pyridine ring. The Binding Energy and bonding and non-bonding interactions of
quinolone derivatives within the active pocket of AChE is given in Supplementary
file.
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The Alkyl interaction was formed with the amino acid Pro446 which formed
interaction with the chlorine attached with the pyridine ring and similarly; the
amino acid Trp439 formed mn-alkyl interaction with the chlorine attached with the
pyridine ring. The amino acids which formed Van der Waals interactions were
lle451, Glu202, Ser203, Tyr133, Gly122, Gly121, Asp74, Tyr341, Thr83, Tyr77.
The derivative 4-C which has the best binding score -26.5 kJ/mol after the
derivative 5 formed the following interactions. The amino acids Trp86, Tyr337
which formed n-m stacked interaction with the imidazole ring and with pyridine
ring. The derivative 4-A which has the binding score -26.1 kJ/mol. The amino
acids Glu202 and Gly126 which formed carbon hydrogen bond with the oxygen
attached with pyran ring and with the hydrogen of imidazole ring. The n -sigma
interaction was formed with the amino acid Trp86. Similarly, the binding score of
the derivative 4-B is -25.6 kJ/mol made C-H bond with the amino acid Thr83
involving oxygen attached with pyran ring. The n-n stacked interaction involved
with the amino acids Trp86, Tyr337 with the imidazole and pyridine ring. The
derivative 3-C showed binding score -22.3 kJ/mol and formed interactions. The
amino acid Trp86 formed conventional hydrogen bonding with the amino group
and the amino acid Gly126, Gly121 formed carbon hydrogen bonding with the
oxygen attached with pyridine ring and the derivative 3 that has the binding score
-21.8 kJ/mol formed alkyl interaction with amino acid His447 with the substitution
on pyridine ring. The amino acid Trp86 formed n-sigma bond with the substituted
benzene ring. Similarly, the derivative 3-A has the binding score -20.8 kJ/mol
formed conventional hydrogen bonding with the amino acid His447. The amino
acids Tyr119, Tyr133, Leul30 formed m-alkyl interaction with chlorine attached
with the benzene ring and the derivative 3-B which has a binding score of -20.7
kJ/mol formed conventional hydrogen bonding involving amino acid His447 with
the hydrogen attached with the oxygen in pyridine ring. The amino acids Tyr119,
Tyr133 and Leul30 which formed alkyl and m-alkyl chlorine attached with the
benzene ring.
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Figure 1. 3D binding interactions of selected compounds within the active pocket of AChE
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SeeSAR Analysis

The best derivative 4 was subjected to SeeSAR analysis in order to predict the
virtual visualization of binding interactions. Green colored coronas were used to
indicate the structural components of potent compounds, whereas red colored
coronas were used to indicate those parts that had an adverse impact on binding
interactions. A colorless corona was used to shade structural elements that made
little contribution. Corona size predicts the contribution of a structural component.
SeeSAR visualization of potent derivative 4 is given in (Figure 2). Hyde energy of
favorable corona (green colored) for 4 was -8.3 kJ/mol while the hyde energy of
unfavorable corona (red colored) was 9.0 kJ/mol.



8 EJAZ etal.

conformations with coronas. Red colored coronas represent undesirable characteristics, green
colored coronas show favorable contributions, and colorless coronas represent no structural
component contribution.

BChE results

As shown in table 3, the derivative 3-C which has the most binding score -
29.3648 kJ/mol showed binding interactions. The amino acids Thr122, Tyr128 and
Gly121 which formed conventional hydrogen bonding and carbon hydrogen
bonding with the chlorine attached with the benzene ring. Similarly, the amino
acids Phe329 and Trp231 made n-n T shaped interaction with the benzene ring.
Binding Energy and bonding and non-bonding interactions of quinolone
derivatives within the active pocket of BChE is provided in Supplementary file.

The n-Alkyl interaction was formed with the amino acid His438 and Leu286
which formed interaction with the substitution attached with the pyridine ring and
with the benzene ring. Similarly, the amino acid Trp82 formed n-sigma interaction
with the substituted benzene ring. The amino acid Glu197 formed unfavorable
acceptor-acceptor with the oxygen attached with pyridine ring. The amino acids
which formed Van der Waals interactions were Val288, Pro285, Gly116, Leul25,
Gly115, lle442, Gly439, Phe398. The derivative 3 which has the best binding score
-28.6 kJ/mol after the derivative 1 produced the following interactions. The amino
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acids Gly116 which formed n-n T shaped interaction with the pyridine ring and
with substituted benzene ring. The amide-n stacked interaction was formed. with
the amino acid Trp82 involving the benzene ring and the amino acid Ala328
formed m-alkyl interaction with the substituted benzene ring. The derivative 3-B
which has the binding score -26.6 kJ/mol. The amino acids Gly117 and Ser198
which formed conventional hydrogen bond with the oxygen attached with pyridine
ring. The amide-n stacked interaction was formed with the amino acid Gly116.
Similarly, the binding score of the derivative 3-A is -26.5 kJ/mol formed
conventional hydrogen bond with the amino acid Gly117 and Ser198 involving
oxygen attached with pyridine ring. The amide-= stacked interaction involved with
the amino acids Gly116 with the pyridine ring and substituted benzene ring. The
amino acid His438 formed n-alkyl interaction with the chiorine. The derivative 4-
B showed binding score -25.3 kJ/mol and formed interactions. The amino acid
Tyr128 formed conventional hydrogen bonding with the oxygen attached with the
pyridine ring and the amino acid His438 formed -alkyl interaction with the
dimethylpropane and the derivative 7 which has the binding score -25.2 kJ/mol
formed hydrogen bond and C-H bond with the amino acid Trp82, Tyr128 and
Gly121 with the oxygen attached with the pyridine ring. Similarly, the derivative
8 has the binding score -24.9328 kJ/mol formed hydrogen bond with the amino
acid Gly121 with the oxygen attached with pyridine ring. The amino acids His438
formed m-alkyl interaction with dimethylpropane and the derivative 5 which has a
binding score of -24.1 kJ/mol formed =-alkyl interaction involving amino acid
Tyr128 with chlorine attached with pyridine ring. The amino acid Trp82 formed
n-sigma interaction with pyridine ring.
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Figure 3. 3D binding interactions of selected compounds within the active pocket of BChE

SeeSAR Analysis

SeeSAR analysis of the best derivative 3-C was executed which anticipate
virtual display of binding interactions. Green colored coronas were used to
positively present the structural components of potent compounds, whereas red
colored coronas were used to favorably convey the structural members that had a
detrimental impact on binding interactions. A colorless corona was used to
represent structural elements that made little contribution. Corona size
determines the contribution of a structural component. SeeSAR visualization of
potent derivative 3-C is given in figure 4. Hyde energies of favorable coronas
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(green colored) for 3-C was -4.7 and -4.5 kJ/mol while the hyde energy of
unfavorable corona (red colored) was 13.8 kJ/mol.

C17 Fragment_1.005 N1 Fragment_1.005
/‘>- Hyde 4.7 kifmol Hyde: 138 ki/mol
a
-— ug Rec S ug Rec
% A== Desolvation 25 22 | Desolvaon 72 25
interaction 00 00 Interaction 79 79

4 J Q18 Fragment_1_005
Active Pocket of BChe AL P AL e ssioma

ug  Rec
Desolvation 28 17
Interacuon 0o 00

Figure 4. Left; SeeSAR analysis of the active pocket of BChE. Right; showing docked
conformations with coronas. Red colored coronas show unfavorable interactions whereas
green-coronas are representing favorable contributions and colorless coronas are showing no
contribution of components.

MAO-A Results:

As shown in table 4, the derivative 3 which has the most binding score -37.5
kJ/mol showed binding interactions. The amino acids Thr52 and 1le23 which
formed conventional hydrogen bond and n-donor hydrogen bond with the fluorine
attached with the benzene ring and with the benzene ring. Similarly, the amino acid
Trp397 which formed n-n stacked interaction with the substituted benzene ring.
Binding Energy and bonding and non-bonding interactions of quinolone
derivatives within the active pocket of MAO-A is given in Supplementary file.

Amide-nt stacked interaction was formed involving the amino acid residue
Tyr444 with the benzene ring. The amino acids Ala448 and Met445 formed n-
alkyl interaction with the substituted benzene ring and with the benzene ring. The
amino acids which formed Van der Waals interactions were Ser24, Gly434,
Thr435, Gly66, Lys305, Phe352, Ala68, Gly50. The derivative 3-A which has the
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best binding score -37.5 kJ/mol after the derivative 1 formed the following
interactions. The substituted benzene ring and the pyridine ring produced
conventional hydrogen bonds and carbon hydrogen bonds with the amino-acids
Arg51, Thr52, and Tyr444. The benzene ring and the amino acid Met444
established 7 -Sulphur interaction. The pyridine ring was involved in the formation
of the amide-stacked interaction with the amino acid Tyr407. The derivative 3-B
which has the binding score -37.1 kJ/mol. The amino acids Tyr444 which formed
carbon hydrogen bond with the benzene and pyridine ring. The amino acid Ala448
and Cys406, Met445 formed alkyl and m-alkyl interactions with the benzene and
the pyridine ring. The n-cation interaction was formed with the amino acid Arg51.
Similarly, the binding score of the derivative 3-C is -36.9 kJ/mol formed amide-n
stacked interaction involving the amino acid Trp397 with the substituted benzene
ring. The amino acid Tyr407 formed n-r stacked interaction with the pyridine ring.
The amino acids Met445 and Ala448 formed n-alky!l interaction with the benzene
and pyridine ring. The derivative 4 showed binding score of -30.3 kJ/mol. The
amino acid Tyr407 and Gly443 formed carbon hydrogen bond with the hydrogen
attached with the nitrogen in imidazole ring. The amino acid Arg51 and Phe352
formed alkyl and n-alkyl interaction with the imidazole ring and with the chlorine
attached with benzene ringand similarly, the derivative 4-C which has the binding
score -29.5 kJ/mol formed carbon hydrogen bond with the amino acid Tyr407 and
Gly443 with the hydrogen of dimethylpropan and the amino acid Arg51 formed
alkyl interaction with the imidazole ring. Similarly, the derivative 4-A has the
binding score -29.1 kJ/mol formed carbon hydrogen bond with the amino acid
Tyr407 with the hydrogen of dimethylpropan. The amino acids Met445 formed -
alkyl interaction with benzene ring and the derivative 4-B which has a binding
score of -28.4 kJ/mol formed carbon hydrogen bond involving the amino acid
Gly67 with the hydrogen of dimethylpropan and the amino acid Arg51 and Met445
formed alkyl and m-alkyl interaction imidazole ring.
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Figure 5. 3D binding interactions of selected compounds within the active pocket of MAO-A
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SeeSAR Analysis

SeeSAR analysis of the best derivative 3 was executed which anticipate virtual
display of binding interactions. Green colored coronas were used to favorably
identify the structural elements of potent compounds, whereas red colored coronas
were used to distinguish those elements that had a negative impact on binding
interactions. Colorless coronas were used to shade structural elements that made
no contribution. The size of the corona predicts the contribution of structural
components. SeeSAR display of potent derivative 3 is given in Figure 6. Hyde
energies of favorable coronas (green colored) for 3 was -8.7 and -4.8 kJ/mol while
the hyde energy of unfavorable corona (red colored) was 12.1 kJ/mol.
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Figure 6. Left; SeeSAR analysis of the active pocket of MAO-A. Right; showing docked
conformations with coronas. Colorless coronas represent no structural component
contribution, while green coronas indicate favorable contributions and red coronas indicate
undesirable aspects.

MAO-B Results:

The derivative 3-B which has the most binding score -36.9 kJ/mol showed
binding interactions. The amino acids Trp388 and Tyr398 established interactions
with the substituted benzene ring and the pyridine, respectively, that were -
7t stacked and a T shape, respectively. The amino acids Ala439 and Lys296 and
Val294 and Cys397 and Phe343 developed alkyl and n-alkyl interactions with the
benzene, substituted benzene ring and with chlorine attached with benzene ring.
Binding Energy and bonding and non-bonding interactions of quinolone
derivatives within the active pocket of MAO-B is provided in Supplementary file.

The -cation interaction was also observed involving the amino acid Arg42
with the benzene ring. The amino acids which formed Van der Waals interactions
were Ala263, 1le264, Gly13, llel4, Thr43, Gly57, Leu56, Tyr435, Gly434,
Thr426, Gly425, Serl5. The derivative 3-A which has the best binding score -36.7
kJ/mol after the derivative 1 formed the following interactions. The amino acids
Gly58 and Arg42 which formed carbon hydrogen bond and conventional hydrogen
bond with the oxygen attached with pyridine ring and with fluorine and benzene



NOVEL TARGET FOR ALZHEIMER'’S DISEASE 15

ring. The amino acid Thr43 formed n-cation interaction with the fluorine attached
with benzene ring. The derivative 3-C which has the binding score -35.9 kJ/mol.
The amino acid Ala439 formed alkyl interactions with the benzene ring. The -
interaction was formed involving the amino acid Arg42 with the benzene ring.
Similarly, the binding score of the derivative 3 is -34.9 kJ/mol formed amide-n
stacked interaction involving the amino acid Gly57 with the substituted benzene
ring. The amino acid Tyr398 formed n-n stacked interaction with the substituted
benzene ring. The amino acids Met445 and Ala439 formed z-alkyl interaction with
the substituted benzene ring. The m-cation interaction was formed involving the
amino acid Arg42 with the benzene ring. The derivative 4-C showed binding score
-28.7 kd/mol and formed interactions. The amino acid Tyr398 formed carbon
hydrogen bond with the dimethylpropan. The amino acid Val294 and Arg42
formed alkyl and =m-alkyl interaction with ‘the dimethylpropan and with the
imidazole ring. The n-Sulphur interaction was formed involving the amino acid
Cys397 with the imidazole ring and-similarly; the derivative 4 which has the
binding score -28.6 kJ/mol formed alkyl and m-alkyl interaction involving the
amino acid Val294, Tyr398 and Met436 with the substituted benzene ring and with
the imidazole ring. The derivative 7 has the binding score -28.5 kJ/mol formed
carbon hydrogen bond with the amino acid Tyr398 with the hydrogen of
dimethylpropan. The amino acid Gly57 formed amide-n stacked interaction
involving the amino acid with the imidazole ring and the derivative 4-A which has
a binding score of -27.7 kJ/mol formed conventional hydrogen bond involving the
amino acid Lys296 and the amino acid which formed carbon hydrogen bond
Tyr398, Arg42 with the oxygen of pyridine ring and with the hydrogen of
imidazole ring.
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Figure 7. 3D binding interactions of selected compounds within the active pocket of MAO-B
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SeeSAR Analysis

SeeSAR analysis of the best derivative 3-B was executed which anticipate
virtual display of binding interactions. Green colored coronas were used to
favorably present structural elements of active compounds, whereas red colored
coronas are used to present elements that had a negative effect on binding
interactions. A colorless corona was used to shade structural elements that made
zero contribution. Corona size reflects the contribution of a structural element.
SeeSAR visualizations of potent derivative 3-B is given in figure 8. Hyde energies
of favorable coronas (green colored) for 3-B was -5.4 and -5.3 kJ/mol.
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Figure 8. Left; SeeSAR analysis of the active pocket of MAO-B. Right; showing docked
conformations with coronas. Red colored coronas show unfavorable features whereas green
colored coronas represent favorable contributions and colorless coronas are showing no
contribution of structural components.

CONCLUSION

To identify new BChE inhibitors, which may serve as a potential lead
candidate for the treatment of AD, the structure-based virtual screening method
was used to examine the interactions between proteins and ligands. The PubChem
database was filtered, and then screened for both AChE and BChE protein.
Furthermore, their predicted inhibition constant values and binding energy values
were both correlated. The results revealed that these compounds might serve as a
foundation for the future development of novel BChE inhibitors.

SUPPLEMENTARY MATERIAL

Additional data are available electronically at the pages of journal website:
https://www.shd-pub.org.rs/index.php/JSCS/article/view/12309, or from the corresponding
author on request.
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HU3BOJ
PAYYHAPCKHU ITOTTIOMOTHYT ITPUCTYII 3A UIJEHTUOUKAIINJY HABOOERUX (LEAD)
MOJIEKYJIA 3A UHXUBUTOPE XOJIMHECTEPA3A U MOHOAMHWH OKCUIA3A: HOBE
METE 3A TPETHPAIGE AJIIXAJMEPOBE BOJIECTH
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Monexyncku pokuHr je obehaBajyha v noysgaHa TEXHOIOTHja 3a OTKpUBame HaBomehux
jenvmema MyTeM BUPTYeIHOT CKpUHUHTA. ITopes Tora IITO [[03B0/baBa TECTHPabe BEIUKOT Opoja
jenvmera, OH Takohe jmomymTa oppehuBame Kako omabpaHa jenumerma HMHXUOUIIY LU/baHU
mpoTedH/pelieniTop Ha 0a3u onewmuBauke (YHKOHje W paHTHpama. I[IOWITO CeleKTUBHU
WHXUOUTOPH XOJIIMHECTepase W MOHOAMHH OKCHJa3e Urpajy KpPUTUYHY YJIOTy Y TpPETUpamy
AnuxajmMepoBe donecTd, 0BO UCTpaKUBame ce hOKycHpa Ha pacBeT/baBabe MeXaHH3Ma Be3UBHUX
MHTEpaKLHja HEKOIMKO XMHOMHUHCKUX AepUBaTa y akTUBHUM MECTHMa XOJIMHecTepase (aLeTHI-
xonuHectepase (AChE) u Odyrupunxonusecrepase (BChE) m mMoHoamuH okcupase (MAO)
(moHOamuH okcupiase A &B). Kaopesysrar oBux oTkpuha, Moryhe je na ce HOBOUIEHTU(HUKOBAHU
WHXUOUTOPU yrorpede kao HaBomeha jemumema y pa3Bojy HOBUX HMHXHOWTOpPA €H3WMa 3a
TpeTupame creludUyHNX H0IecTy, na Tako omoryhe pa3Boj HOBUX T€paNUjCKUX MPUCTYMA.

(Tlpumrseno 7. mapTa; peBUAUpaHoO 26. jyHa; npuxsaheno 14. asrycra 2023.)
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