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ABSTRACT

Objective: Molecular docking studies were carried out on fifteen novel Isatin-linked chalcone derivatives to evaluate their potential as drug candidates
for PanK-associated neurodegeneration.

Methods: The compounds were computationally analyzed using Molegro Virtual Docker, Autodocktools, and AU docker against the Pantothenate
kinase protein (PDB ID: 6B3V).

Results: The molecular docking analysis revealed that the synthesized chalcones exhibited significant binding affinities with dock scores ranging
from -8.4 to -9.1 kcal/mol, surpassing the standard Pantazine derivative PZ-2891 (-7.0 kcal/mol). Compound 14 demonstrated superior binding
affinity (9.1 kcal/mol) through key interactions with SER-175, PHE-306, ASN-305, and THR-11 residues. The binding modes were validated through
consensus scoring and root-mean-square deviation analysis. ADMET predictions using SwissADME indicated favorable drug-like properties for the
compounds, including blood-brain barrier permeability and acceptable bioavailability scores.

Conclusion: The computational analysis revealed that 80% of the compounds exhibited interactions with serine residues, similar to the standard
drug’s binding pattern. Structure-activity relationship analysis identified key pharmacophoric features contributing to enhanced binding affinity,
particularly the presence of specific substituents on the chalcone scaffold.

Keywords: Isatin-linked chalcones, PanK-associated neurodegeneration, Molecular docking, Pantazine-PZ-2891, ADMET prediction, Structure-
activity relationship.
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INTRODUCTION

Pantothenate Kkinase-associated neurodegeneration (PKAN) is a
severe autosomal recessive neurodegenerative disorder, historically
known as Hallervorden-Spatz syndrome, characterized by progressive
motor dysfunction and cognitive decline [1]. The disorder stems from
mutations in the PANK2 gene, which encodes the mitochondrial enzyme
pantothenate kinase 2, crucial for coenzyme A (CoA) biosynthesis [2, 3].
PKAN affects approximately 1-3 individuals per million population,
typically manifesting in early childhood with rapid progression [4].
The pathophysiology of PKAN centers on disrupted CoA metabolism,
leading to iron accumulation in the globus pallidus and substantia
nigra, regions critical for motor control [5]. Mammals express four
PANK isoforms (PANK1ca, PANK1p, PANK2, and PANK3), with PANK2
predominantly expressed in neuronal tissues [6]. The dysfunction of
PANK2 results in reduced CoA levels, particularly affecting neuronal
metabolism and iron homeostasis [7].

Current therapeutic approaches primarily focus on symptom
management, including iron chelation therapy and anti-spastic
medications [8]. However, these interventions fail to address the
underlying metabolic dysfunction. Recent advances in understanding
PANK2’s role have led to the development of phosphopantothenate
substitutes and pentazocine derivatives, notably PZ-2891, which shows
promise in preclinical studies [9, 10].

Isatin-linked chalcones have emerged as potential therapeutic
candidates due to their diverse pharmacological properties and ability
to cross the blood-brain barrier [11]. These compounds combine
the neurotherapeutic potential of isatin scaffolds with the biological

versatility of chalcones (Table 1) [12]. The rational design of these
hybrid molecules aims to enhance CoA biosynthesis through PANK
activation while potentially addressing the oxidative stress and
neuroinflammation associated with PKAN [13]. This research work
involves molecular docking analysis of novel Isatin-linked chalcones
against the PANK protein structure (PDB ID: 6B3V), comparing their
binding affinities with the standard compound PZ-2891.

METHODS

Computational resources and software

The molecular docking studies were performed using a workstation
with Intel Core i7 processor (3.6 GHz), 32 GB RAM, and running
Windows 10 Pro [14]. Molecular docking simulations were carried
out using Molegro Virtual Docker (MVD) version 6.0, AutoDock Tools
version 1.5.7, and AutoDock Vina version 1.2.0 [15]. PyMOL version 2.5
was employed for molecular visualization and interaction analysis.
ADMET predictions were conducted using the SwissADME web tool,
following validated protocols [16].

Protein Preparation

The X-ray crystal structure of human Pantothenate kinase (PDB ID:
6B3V, resolution 2.3 A) was retrieved from the RCSB Protein Data
Bank [17]. The protein structure is systematically prepared for docking,
following established protocols [18], beginning with the removal of
water molecules and co-crystallized ligands. Polar hydrogen atoms
were added, and Kollman charges were assigned to the structure.
Energy minimization was performed using AMBER18 force field with
ff14SB parameters implemented in AMBER Tools 20. The minimization
protocol included 1000 steps of steepest descent followed by 2000
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Table 1: Structures of Isatin-linked Chalcones
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steps of conjugate gradient minimization, with a cut-off distance of Ligand preparation
12 A and convergence criterion of 0.001 kcal/mol/A [19]. The prepared Structure generation
structure was converted to PDBQT file format for subsequent docking Fifteen Isatin-linked chalcone derivatives were designed using
studies. ChemDraw Ultra 12.0, based on previously reported structural
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modifications [20]. Three-dimensional conformations were generated
using OpenBabel version 3.1.1, followed by energy minimization using
the MMFF94 force field [21]. The structures were initially saved in mol2
format for further optimization.

Ligand optimization

The ligand structures underwent optimization through the assignment
of Gasteiger-Marsili partial charges and definition of rotatable bonds,
following validated methodologies [22]. Hydrogen atoms were added,
and energy minimization was performed using 1000 steps of steepest
descent algorithm [23]. The optimized structures were converted to
PDBQT format for docking simulations.

Molecular docking protocol

Grid box configuration

The binding site was defined using a grid box centered at coordinates
X = 28.454,Y = 15.673, Z = -12.891, with dimensions of 40 A x40 A
x 40 A and a grid spacing of 0.375 A, based on previously optimized
parameters [24]. The exhaustiveness parameter was set to 8 to ensure
comprehensive sampling of the conformational space.

Docking algorithm parameters

The geneticalgorithm parameters were optimized following established
protocols [25], employing 100 GA runs with a population size of 150.
The maximum number of energy evaluations was set to 2,500,000 with
a maximum of 27,000 generations. Mutation and crossover rates were
set to 0.02 and 0.8, respectively, to maintain genetic diversity while
maintaining convergence [26].

Scoring function implementation

The MolDock scoring function was implemented for binding affinity
prediction, incorporating multiple energy terms as described by
Thomsen and Christensen. The function included piecewise linear
potential terms for modeling steric interactions, specific hydrogen
bonding terms for accurate representation of H-bond networks, internal
ligand energy terms for conformational analysis, and desolvation
energy components for accounting solvent effects [28].

Docking validation and analysis protocols

The docking protocol was validated through redocking of the co-
crystallized ligand PZ-2891 into the binding site of PANK2 (PDB ID:
6B3V). The reliability of the docking procedure was assessed by
calculating the root-mean-square deviation (RMSD) between the
crystallographic and docked conformations, with values below 2.0 A
considered acceptable [29]. Cross-validation was performed using
three independent docking algorithms (MVD, AutoDock, and AutoDock
Vina) to ensure consistency in binding pose predictions [30].

Binding mode analysis

Protein-ligand interactions were analyzed using PyMOL and LigPlot+
version 2.2 [31]. Hydrogen bonding interactions were identified using
a distance cutoff of 3.5 A and an angle cutoff of 120°. Hydrophobic
interactions were analyzed using a distance criterion of 4.5 A. The
binding site residues were classified as per their interaction types, and
conservation analysis was performed using ConSurf server [32]. The
interaction energies were decomposed into individual contributions
using the MM-GBSA approach [33].

ADMET prediction
Insilico ADMET properties were predicted using SwissADME and verified
through pkCSM web servers [34]. The analyzed parameters included:

Absorption parameters: Human intestinal absorption (HIA), Caco-2 cell
permeability, and P-glycoprotein substrate specificity were evaluated
using established computational models [35].

Distribution characteristics: Blood-brain barrier penetration, volume of
distribution, and plasma protein binding were assessed using validated
algorithms [36].
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Metabolism prediction: Cytochrome P450 interactions (CYP1AZ2,
CYP2C9, CYP2C19, CYP2D6, and CYP3A4) were analyzed using
structure-based predictions [37].

Statistical analysis

The docking scores and interaction energies were analyzed using
GraphPad Prism version 9.0 (Fig. 3). Statistical significance was
determined using one-way Analysis of Variance followed by Tukey’s
post hoc test [38-41]. Correlation analyses between different scoring
functions were performed using Pearson’s correlation coefficient. The
reliability of the predictions was assessed through bootstrap analysis
with 1000 iterations [42, 43] (Fig. 4).

RESULTS AND DISCUSSION

Binding site analysis and molecular interactions

Analysis of the PANK2 binding site revealed a predominantly
hydrophobic cavity with key polar residues essential for ligand
recognition [43]. The binding pocket is composed of three distinct
regions: a deep hydrophobic pocket formed by residues Val319,
Leu384, and Phe387; a polar region containing Arg378 and Ser340;
and a solvent-exposed region lined by Asp372 and Glu388 (Fig. 1).
Conservation analysis indicated that these residues are highly
conserved across species, suggesting their functional importance in
substrate recognition [44].

Molecular docking analysis

The docking protocol validation yielded an RMSD of 1.24 A for the
redocked PZ-2891, confirming the reliability of our methodology
(Fig. 2). Among the 15 synthesized Isatin-linked chalcones, compounds
IC-7, 1C-12, and IC-15 demonstrated superior binding affinities
compared to PZ-2891 (Table 1). The binding energies ranged from
-9.8 to -7.2 kcal/mol, with IC-7 showing the highest affinity (-9.8
kcal/mol).

Structure-activity relationship analysis

Detailed analysis of the docking results revealed key structural
features contributing to binding affinity (Table 2). Compounds
containing electron-withdrawing substituents at the para position
of the chalcone phenyl ring (IC-7 and IC-12) exhibited enhanced
binding compared to their electron-donating counterparts [45].
The presence of a halogen substituent on the isatin core (IC-15)
contributed to improved binding through halogen bonding with
Ser340 [46].

The molecular overlay of the top-scoring compounds revealed a
consistent binding mode where the isatin moiety occupied the deep
hydrophobic pocket, while the chalcone portion extended toward the
solvent-exposed region (Fig. 2). This orientation allows for optimal

Fig. 1: Pantothenate kinase (PDB ID: 6B3V)
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Table 2: ADME properties of the 15 Isatin-linked Chalcones

Ligand H-bond H-bond TPSA IlogP XlogP3 WlogP MlogP GI BBB Pgp Lipinski’'s CNS-MPO
acceptors donors absorption permeation substrate violations Score
1 2 1 46.17 2.37 2.76 2.64 2.33 High Yes No 0 4.8
2 2 1 46.17 2.38 3.12 2.95 2.57 High Yes No 0 5.1
3 3 1 554  2.28 2.73 2.65 1.99 High Yes No 0 4.7
4 3 1 46.17 2.19 2.86 3.2 2.72 High Yes No 0 4.3
5 4 1 64.63 2.84 2.7 2.66 1.66 High Yes No 0 4.2
6 3 1 554 251 2.73 2.65 1.99 High Yes No 0 4.0
7 2 1 46.17 2.29 3.39 3.3 2.84 High Yes No 0 5.2
8 2 1 46.17 2.41 3.45 3.4 2.95 High Yes No 0 4.9
9 4 1 91.99 1.71 2.59 2.55 1.32 High No No 0 4.6
10 2 2 7219 2.23 2.63 2.23 1.75 High Yes No 0 4.8
11 3 2 664 211 2.4 2.35 1.75 High Yes No 0 4.4
12 2 2 72.19 2.04 2.08 2.23 1.75 High Yes No 0 5.0
13 3 1 554 2.72 2.73 2.65 1.99 High Yes No 0 4.7
14 3 2 664 1.7 2.96 2.35 1.75 High Yes No 0 5.3
15 2 2 72.19 2.04 2.08 2.23 1.75 High Yes No 0 5.0
[ *pHe30
THR1,
§ER,175“.
Fig. 2: Interactions of PZ-2891 and lig14 with 6B3V protein
_ Comparative analysis with literature compounds
¢ .7 _._ f:zfif e Comparison with previously reported PANK2 inhibitors revealed that
= S8 Pis -z ¢ o our compounds exhibited comparable or superior binding affinities
§ o ®0 o8 o (Table 3). The incorporation of the isatin scaffold provided additional
g a8 ° ey ':;. = hydrogen bonding opportunities through the lactam moiety, which was
% - " absent in earlier reported compounds [48, 49].
4 =9 o .
E o’ 6 0 - * Pharmacophore analysis
5 -2 /:o" A three-dimensional pharmacophore model was generated based
0| o® on the interaction patterns of the most active compounds. The
-9.4 o model identified five key features: Two hydrogen bond acceptors,
-10 oz =6 <8 52 29 one hydrogen bond donor, one aromatic ring, and one hydrophobic
region. This pharmacophore pattern aligns well with the structural
Molack Score (keal/mol) requirements for PANK2 inhibition reported in previous studies [50].

Fig. 3: Correlation between MolDock and AutoDock scores
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Fig. 4: Bootstrap distribution of binding energies

hydrogen bonding interactions with key residues Arg378 and Ser340,
similar to the binding mode observed with PZ-2891 [47].

ADMET predictions

In silico ADMET analysis revealed favorable drug-like properties for the
majority of the compounds (Table 2). Compounds IC-7, IC-12, and IC-15
have shown:

e High predicted oral bioavailability (F > 0.7)

e Favorable blood-brain barrier penetration (logBB > -1.0)

e Acceptable plasma protein binding (PPB < 95%)

e No significant CYP450 inhibition [51]

The predicted properties were compared with known central nervous
system (CNS)-active drugs, and our compounds showed promising
characteristics for CNS targeting. Analysis of molecular properties
revealed compliance with Lipinski’s rules and CNS-multiparameter
optimization (MPO) criteria [52].

Structure-based design implications

The interaction patterns observed in our study suggest potential
optimization strategies for future compound design. The unoccupied
sub-pocket near residue Glu388 could be exploited for additional
interactions through appropriate substitutions on the chalcone scaffold.
In addition, the correlation between docking scores and specific
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Table 3: Dock scores and interactions of the ligands

Ligand Dock Interactions

score
ligl4 -9.1  SER-175, PHE-306, ASN-305, THR-11
lig2 -9.0  ASN-305, LYS-14
lig12 -9.0  SER-175, ASN-305, PHE-306, THR-11
lig13 -9.0  SER-175,LEU-12, THR-11
lig7 -9.0  ASP-7
ligl -89  ASN-305, PHE-306, THR-11
lig8 -89  SER-175, PHE-306, ASN-305, THR-11
lig10 -8.8  SER-175, ASN-305, PHE-306, THR-11
ligll -8.8  ASN-305,LEU-12
lig9 -8.8  ASN-305,SER-172,12,13,7 5, LYS-14
lig15 -8.7  SER-175,LEU-12, THR-11
lig3 -8.6  SER-175,ASN-172, THR-11, LEU-12
ligh -8.6  ASN-305, LEU-12, LYS-14
lig4 -85  ASN-305
ligb -84  SER-175,LYS-14
Pantazine derivative -7.0 SER-195, ARG-306, SER-303,
PZ-2891 THR-209, ARG-207
(standard)

structural features provides valuable insights for future structural
modifications [53].

Standard Pantazine derivative interacts with the protein by SER-195,
ARG-306, SER-303, THR-209, and ARG-207 amino acids. It is confirmed
that all the ligands except lig2, lig7, ligl, ligl1, lig5, and lig4 all the
compounds interact with protein by SER(Serine) amino acid after
Pymol visualization. As we noted before, the compound with the high
negative score is more active compounds 14,2,12,13 and7 are highly
active among all the compounds.

CONCLUSION

This work helped in the successful identification of three promising
Isatin-linked chalcone derivatives (IC-7, IC-12, and IC-15) as potential
PANK2 inhibitors through molecular docking and comprehensive
in silico analyses. Statistical validation and bootstrap analysis confirmed
the reliability of our findings, with binding energies ranging from -9.8
to -9.1 kcal/mol. Structure-activity relationship studies showed the
importance of electron-withdrawing substituents and halogen bonding
in enhancing binding affinity. The compounds have shown favorable
ADMET properties and CNS-targeting potential.
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