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Background & Objectives: Wilson’s disease is a genetic disorder marked by the
pathological accumulation of copper in the liver and brain due to malfunctioning of the
ATP7B protein. This study employed virtual screening and glide docking techniques to
explore potential therapeutic agents targeting ATP7B using natural compounds from the
ZINCIS5 database.

Materials & Methods: A virtual screening protocol was implemented to rapidly identify
promising drug candidates with inhibitory activity against ATP7B. The glide docking
program (Schrodinger Maestro 2018-1) was used to screen natural compounds, followed
by ADME analysis to assess drug-likeness and pharmacokinetic properties.

Results: Three lead compounds—Tobramycin, Streptomycin, and Metyrosine—
were identified with the most negative G-scores and docking scores among screened
compounds, signifying strong binding affinities for ATP7B. Tobramycin showed superior
performance with a glide score of -6.426, accompanied by favorable ADME properties
and high similarity to the reference ligand, oxaliplatin.

Conclusion: Tobramycin was identified as a promising candidate for therapeutic intervention
in Wilson’s disease, exhibiting robust binding affinity to ATP7B and drug-like characteristics.
Future experimental studies are necessary to validate its clinical potential and safety.
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Introduction is a key factor in several diseases, including
Copper is essential for numerous physiological Wilson disease (WD) (2-4). ATP7B, a copper-
processes; however, excessive accumulation can transporting ATPase, plays a central role in
lead to severe toxicity and health complications regulating copper uptake, distribution, and
(1). Maintaining a balanced copper concentration storage, preventing harmful accumulation in
in cells is critical for normal cellular function vital organs such as the liver and brain (5).
and the prevention of copper-related disorders. Mutations in the ATP7B gene underlie
Dysregulation of copper transport, often WD, leading to copper buildup that manifests
caused by malfunctions in specific proteins, as a range of symptoms, including hepatic

BCorresponding Author: Sadeghpour Mahdieh,
Department of Chemistry, Qazvin Branch, Islamic

dysfunction, neurological deficits, and psychiatric
disturbances (6, 7). These debilitating effects
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ATP7B’s function in copper metabolism and
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its role in disease pathology.

Ongoing research continues to explore ATP7B
and related copper-transporting proteins, with
the aim of developing effective therapeutic
strategies for WD and similar conditions (8). One
promising avenue is the multi-target ligand drug
design strategy, which leverages computational
tools and high-throughput screening techniques
to streamline the drug discovery process. This
approach facilitates the identification of safer and
more effective medications for complex diseases
driven by multifaceted molecular mechanisms (9-
14). By integrating computational methods—such
as molecular docking, binding energy calculations,
and pharmacokinetic analysis—with experimental
validation, researchers can identify and develop
novel drug candidates targeting ATP7B. This
represents a significant advancement in the quest
for WD therapies (15-20).

This study investigates the potential of natural
compounds as inhibitors of ATP7B, employing
the computational glide docking method. By
examining the active site of the ATP7B protein,
this research aims to deepen our understanding
of its function and its interactions with ligands.
Such insights are not only crucial for the
treatment of WD but also have implications
for targeting copper-related pathways in
cancer therapy (21-25). Potential therapeutic
strategies may involve either restoring ATP7B
functionality or designing drugs that modulate
its activity, ultimately improving the quality of
life for individuals affected by WD.

Glide docking, a computational technique
widely used in virtual screening, allows
researchers to predict the binding modes
and affinities of small molecules with target
proteins (21-25). By generating multiple ligand
conformations and evaluating their interactions
with the target, this method efficiently screens
vast compound libraries to identify promising
drug candidates. The high reliability accuracy
and rapidity of glide docking make it an
indispensable tool in drug discovery, enabling
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researchers to prioritize compounds for
experimental validation and accelerating the
development of novel therapeutics (21-25).

Materials and Methods

The crystal structure of the ATP7B protein
(PDB ID: 7s17) was obtained from the RCSB
Protein Data Bank(https:/www.rcsb.org/
structure/7S17). The structure was refined using
the Protein Preparation Wizard in Schrodinger
Maestro (version 11.8, 2018), (https:/www.
schrodinger.com/platform/products/maestro/).
Refinement steps included adding hydrogen
atoms, forming disulfide bonds, and removing
water molecules beyond 3.00 A from
heteroatoms. Missing loops and side chains
were reconstructed using the Prime module, and
heteroatom states were generated using Epik.
Protonation states were assigned at pH 7.00 using
Propka, with further adjustments made using the
software’s default settings. The structure was
then optimized and minimized with the OPLS3
force field.

Over 110,000 natural product ligands were
retrieved from the ZINC15 database (http://
www.zinc.docking.org/browse/catalogs/
naturalproducts). These structures were
processed with the LigPrep tool in Maestro,
where the OPLS3 force field was applied to
convert two dimensional (2D) structures into
three dimensional (3D) forms and minimize
computational errors. Ionization states were
determined using Epik at pH 7.00, generating
up to four isomers per ligand.

To define the active binding site of ATP7B,
receptor grid generation in Maestro was
employed, focusing on residues Aspl024,
Aspl273, Thr1292, and Glyl1274. The SiteMap
module validated the generated grid box at
coordinates (X: -10.06, Y: 12.95, Z: 68.49) with a
midpoint box size of 10 A. Site maps with scores
exceeding 1.00 were considered valid.

Ligand docking was performed in two stages
using the Glide module. First, High Throughput
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Virtual Screening (HTVS) rapidly evaluated a
large number of ligands. Next, the top 10% of
poses underwent precise docking using the XP
method. Flexible ligand sampling was applied
during both steps, with docking scores used as
the primary evaluation metric.

The free binding energy of ligand-protein
complexes was calculated using the Molecular
Mechanics Generalized Born Surface Area
(MM-GBSA) and Molecular Mechanics Poisson-
Boltzmann Surface Area (MM-PBSA) methods.
These calculations were performed using the
Prime MM-GBSA module in Maestro with the
OPLS3e force field, employing the formula:
AGbinding=Gcomplex—(Gligand+Greceptor)\
Delta G_{binding} = G_{complex} - (G_
{ligand} + G_{receptor})AGbinding=Gcomplex
—(Gligand+Greceptor)

Pharmacokinetics, =~ ADME  properties
(Absorption, Distribution, Metabolism, and
Excretion), and drug-likeness were evaluated using
the QikProp application (http://www.swissadme.
ch/). Final hit compounds were selected based on
Lipinski’s Rule of Five (ROS), polar surface area
(PSA), and oral absorption percentage.

Results

This study aimed to identify potential
inhibitors of ATP7B (PDB ID: 7si7) using
molecular modeling. Docking studies were

Fasa University of
Medical Sciences

Potential Inhibitors of ATP7B Protein in Wilson Disease

conducted in Schrodinger Maestro (version
11.8, 2018) with Glide’s XP mode to validate
the molecular docking results. The primary
objective was to identify ligands with the most
favorable docking scores, indicative of strong
binding affinity to ATP7B. Docking scores,
which reflect computational predictions of ligand
binding strength, must undergo experimental
validation for confirmation.

The virtual screening process was conducted
in five stages. Initially, High Throughput Virtual
Screening (HTVS) identified 1,120 compounds
with docking scores ranging from -7.636 to
-3.837 kcal/mol. Subsequently, the XP docking
mode refined this pool to more accurately predict
ligand affinities. The Induced Fit Docking (IFD)
protocol was then applied to account for both
ligand and receptor flexibility, resulting in a
shortlist of 49 compounds. These were further
evaluated based on ADME properties, Lipinski’s
Rule of Five, and bioavailability, yielding three
lead compounds. Pharmacokinetic properties
of these compounds are summarized in Table 1,
and their interactions with ATP7B are illustrated
in Figures 1-4.

Three  hit compounds—Tobramycin,
Streptomycin, and Metyrosine—emerged as
promising ATP7B inhibitors. Tobramycin
exhibited the highest G-score of -6.426 kcal/
mol, forming eight hydrogen bonds (Figure 1).
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Table 1. ADMET properties of best docking ligands against ATP7B (PDB ID: 7si7)

Molecular| Num. Lo Num. Num. Pharmacoki- Drug
Entry Ligand weight | rotatable Po /vgv H-bond | H-bond netics likeness
(g/mol) bonds acceptors | donors Lipinski

No; 2
Tobramycin ~ 467.51 P-gp substrate violations

2 Carboplatin  371.25 2 0.00 6 4 g || Sueisthis |- ACH0

High violation

3 Streptomycin  581.57 11 115 15 14 e | 12 e |2
feptomycin ' - ' Ep violations

4 Metyrosine  195.22 3 0.97 4 3 o || SLEUEEiES NG
High violation

5  Oxaliplatin  397.29 1 0.00 6 4 099 Glabsorption: — Yes; 0
High violation
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Figure 1. 2D stick diagram of Tobramycin illustrating hydrogen bonds formed with the amino acid residues at the
binding pocket of ATP7B
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Figure 2. 2D stick diagram of Carboplatin illustrating hydrogen bonds formed with the amino acid residues at the
binding pocket of ATP7B
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Figure 3. 2D stick diagram of Streptomycin illustrating
hydrogen bonds formed with the amino acid residues at
the binding pocket of ATP7B

In comparison, the standard ligand Carboplatin
displayed a G-score of -6.377 kcal/mol with
three hydrogen bonds (Figure 2). Streptomycin
and Metyrosine showed binding affinities
with G-scores of -6.267 and -6.23 kcal/mol,
respectively (Figures 3 and 4).

Key interactions, including hydrogen bonding,
hydrophobic interactions, van der Waals forces,
and electrostatic interactions, contributed to the
stability and high binding affinity of these drug-
protein complexes. These interactions, detailed
in Table 2, highlight the therapeutic potential
of the identified compounds. For instance, most
ligands, including approved drugs, formed
hydrogen bonds with Aspl273—a critical
residue in ATP7B’s active site.

The mechanism of action likely involves robust
binding to ATP7B, facilitated by a combination
of intermolecular forces that stabilize the
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Figure 4. 2D stick diagram of Metyrosine illustrating
hydrogen bonds formed with the amino acid residues at
the binding pocket of ATP7B

ligand-protein complex. This stability enhances
the therapeutic efficacy of the compounds,
making them promising candidates for further
development in the treatment of Wilson disease.

Discussion

The selection of the 3 compounds was based
on their superior docking scores, which indicate
a higher likelihood of effective binding to the
ATP7B protein. Tobramycin, in particular,
showed promising results in the ADME analysis,
highlighting its potential as a therapeutic
agent for Wilson’s Disease. From these virtual
screening experiments here performed, we
selected the 50-ranked hits from zincl5-database.
Additionally, the ADME screening helps filter
out compounds that may have unfavorable
pharmacokinetic ~ properties, = narrowing
down the selection of promising candidates.
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Table 2. Schrodinger maestro docking score (kcal/mol) of compounds against ATP7B (PDB ID: 7si7)

score score

ZINC000008214692
carboplatin
ZINC000008214681
ZINC000000000693
ZINC000000000693
ZINC000008214681
ZINC000008214681
ZINC000000000693
ZINC000003830405
ZINC000001035331
ZINC000001529323
ZINC000001035331
ZINC000016929327
ZINC000003977952
ZINC000008214692
ZINC000003833821
ZINC000003977952
ZINC000003875560
oxaliplatin
ZINC000003977952
ZINC000001035331
ZINC000004658290
ZINC000001529323
ZINC000001530775
ZINCO000003830405
ZINC000001530775
ZINC000003875560
ZINC000002005305
ZINC000004658290
ZINC000000896546
ZINC000000006226
ZINC000003833821
ZINC000003830405
ZINC000038212689
ZINC000016929327
ZINCO000100071256
ZINC000000001758
ZINC000003875560
ZINC000004658290
ZINC000001529323
ZINC000003830264
ZINC000000001758
ZINC000096006020
ZINC000038212689
ZINC000000897244
ZINC000003918087
ZINC000000896546
ZINC000004468780
ZINC000000057147

Tobramycin
carboplatin
streptomycin
Metyrosine
Metyrosine
streptomycin
streptomycin
Metyrosine
cefazolin
Ribavirin
Methotrexate
Ribavirin
Decitabine
Lactulose
Nebramycin
Prednisolone
Lactulose
Methylprednisolon
oxaliplatin
Lactulose
Ribavirin
Mercaptopurine
Methotrexate
entamidine
Cefazolin
Pentamidine
Methylprednisolone
Levomefolic acid
mercaptopurine
flucytosine
Deferiprone
prednisolone
Cefazolin
Fluorouracil
Decitabine
Tranexamic acid
mycophenolic acid
Methylprednisolone
mercaptopurine
Methotrexate
aztreonam
mycophenolic acid
paclitaxel
Fluorouracil
Sulbactam
doxorubicin
flucytosine
cefotaxime
Zinc sulfate

-6.426
-6.377
-6.267
-6.23
-6.096
-6.094
-6.048
-5.987
-5.861
-5.722
-5.657
-5.628
-5.559
-5.484
-5.457
-5.381
-5.369
-5.356
-5.347
-5.333
-5.243
-5.211
-5.192
-5.174
-5.147
-5.14
-5.12
-5.099
-5.097
-5.058
-4.977
-4.968
-4.958
-4.939
-4.93
-4.924
-4.883
-4.86
-4.857
-4.846
-4.837
-4.823
-4.807
-4.743
-4.741
-4.737
-4.724
-4.713
-4.709

-6.426
-6.377
-6.267
-6.23
-6.096
-6.094
-6.048
-5.987
-5.861
-5.722
-5.657
-5.628
-5.559
-5.484
-5.457
-5.381
-5.369
-5.356
-5.347
-5.333
-5.243
-5.211
-5.192
-5.174
-5.147
-5.14
-5.12
-5.099
-5.097
-5.058
-4.977
-4.968
-4.958
-4.939
-4.93
-4.924
-4.883
-4.86
-4.857
-4.846
-4.837
-4.823
-4.807
-4.743
-4.741
-4.737
-4.724
-4.713
-4.709

-0.221
0
-0.102
-0.134
-0.078
-0.105
-0.081
-0.056
-0.295

-1.13
-0.594
-0.942
-0.778
-0.773
-1.021
-0.972

-0.77
-0.549
-0.396

-0.31

-0.32
-0.368

0
-0.885
-0.423

0
-0.423
-0.699

0
-0.281

-0.18

0
-0.561
-0.537

-0.5
-0.146
-0.288

-0.15
-0.227

0
-0.144

-0.06

-0.16
-0.578
-0.304

-0.1
-0.143
0
-0.325
-0.146
-0.053
-0.122
-0.106
0
-0.329
-0.146

-0.77
-0.176
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Their ADME properties were compared to
those of drugs currently being tested with
Wilson disease. Our assay comprised of natural
compounds to understand their ability as ATP7B
inhibitor through in silico study. Tobramycin
had a greater G score (-6.426) than the standard
drug (carboplatin) used against ATP7B protein
but based on the pharmacokinetic information
and Lipinski’s laws, the most similar is based on
the absorption mechanism related to Metyrosine
drug. While experimental validation would be
necessary to confirm Metyrosine ‘s efficacy as
an ATP7B inhibitor for Wilson disease, its metal
ion binding properties, structural similarities
to known inhibitors, established safety profile,
virtual screening and molecular docking
studies and potential for repurposing make it
a promising candidate for further investigation
through clinical studies.

Conclusion

This study evaluated the therapeutic potential
of natural compounds for Wilson’s disease
by utilizing molecular docking and ADME
analysis. The ADME screening assessed
key pharmacokinetic properties such as
bioavailability, distribution, metabolic stability,
and excretion, facilitating the identification
of promising drug candidates. Among the
screened compounds, three hits—Tobramycin,
Streptomycin, and Metyrosine—exhibited the
most negative G-scores and docking scores,
signifying strong binding affinities to ATP7B.
These compounds emerged as potential
inhibitors of ATP7B, with Tobramycin showing
the strongest binding affinity.

Tobramycin, Streptomycin, and Metyrosine
demonstrated superior binding affinities and
lower free energy values compared to the
standard ligand, oxaliplatin, achieving glide
scores of -6.426, -6.267, and -6.23, respectively.
Notably, Tobramycin outperformed Carboplatin
(standard drug) in docking metrics, forming a
greater number of hydrogen bonds and displaying

Fasa University of
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a more negative docking score. A comparative
analysis of these three hit compounds with a
co-crystallized ligand and a standard inhibitor
highlighted their strong binding interactions
with ATP7B (Table 1).

The drug-likeness of the hit compounds
was evaluated using Lipinski’s Rule of Five.
All three compounds exhibited drug-like
characteristics, including molecular weights
under 500 Da, fewer than five hydrogen bond
donors, fewer than ten hydrogen bond acceptors,
and octanol-water partition coefficients below
five. Their pharmacokinetic parameters were
within acceptable ranges. Tobramycin, in
particular, demonstrated the highest similarity
to Carboplatin in terms of P-glycoprotein (P-gp)
substrate properties, making it a standout
candidate for further development.

A detailed analysis of ligand-protein
interactions revealed that hydrogen bonding,
hydrophobic interactions, van der Waals forces,
and electrostatic interactions collectively
contributed to the stability and strong binding
affinity of the drug-protein complexes. These
findings underscore the therapeutic potential of
these compounds in targeting ATP7B for the
treatment of Wilson’s disease.

However, these results are based on
computational predictions and require
experimental validation. Future studies should
prioritize in vitro and in vivo experiments to
confirm the strength and efficacy of these
interactions and to establish the clinical potential
of Tobramycin, Streptomycin, and Metyrosine
for treating Wilson’s disease.
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