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ARTICLE INFO ABSTRACT

Keywords: Histone deacetylase 6 (HDACS6, Class IIb) is a promising target for anticancer drugs. So far, few
HDAC6 nonselective HDAC inhibitors have received regulatory approval as anticancer agents. However,
Cancer

they are associated with cell toxicity. Thus, isoform-selective inhibitors may be desirable. Here,
Docking we conducted structure-based virtual screening of multiple libraries containing a total of
M.D. simulation 2,250,135 compounds against HDAC6. The top hits with good docking scores and potential
HDAGS selective inhibitors selectivity over HDAC10 (Class IIb) were submitted to 100 ns molecular dynamics simulation to
monitor their dynamic behaviors and stability in the binding pockets of these enzymes.
Furthermore, the drug-likeness and ADMET properties of these hits were estimated computa-
tionally. Four diverse compounds from different sources, including NCI and ZINC databases
(BDH33926500, CID667061, Cromolyn, and ZINC000103531486), show potential selectivity for
HDACS6.

In silico screening

1. Introduction

Epigenetic mechanisms are crucial to maintaining regular growth, development, and gene expression in the human body.
Therefore, epigenetic modifications that lead to changes in gene expression have been determined to be one of the most important
causes of cancer development and progression [1]. Targeting these epigenetic alterations is one of the crucial strategies for cancer
treatment. Among several posttranslational modifications, the deacetylation of histone proteins is the most exploited strategy [2].
Histone deacetylases (HDACs) display a crucial role in various cellular and mechanistic pathways [3], catalyzing the deacetylation
processes of the N-terminal lysine residues of the histone and nonhistone proteins regulating the gene expression [4]. Targeting HDACs
in cancer treatment has become a widely used strategy [5].

Up to now, eighteen mammalian HDAC isoforms are grouped into four classes, namely class I HDACs (1, 2, 3, and 8), class Ila
HDACs (5, 7, 9), and IIb (6 and 10), class III HDACs (Sirtuins), and class IV (HDAC11) [6]. Class IIb has two isoforms: HDAC6 and
HDAC10. These isozymes are primarily localized in the cytoplasm of the mammalian cells, so they act on the nonhistone proteins [7].
HDACS is the largest HDAC isoform with 1215 amino acids identified in humans, harboring two independent catalytic domains. On the
other hand, HDAC10 has only one functional catalytic domain [8].

HDACS6 isoform plays a crucial role in the deacetylation of the a-tubulin in microtubules, controlling the cell motility and
microtubule stability [9]. Additionally, HDAC6 is implicated with neurodegenerative diseases such as Parkinson’s disease and
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Alzheimer’s disease [10]. HDACS6 is a potential drug target due to its involvement in various cellular processes such as tumorigenesis,
apoptosis, and growth of various malignanciesCosenza & Pozzi, 2018.

Inhibition of HDACS6 is associated with less toxicity than other HDACs [11]. HDAC inhibitors comprise three specific parts: a
zinc-binding group (ZBG), a linker, and a capping group. The ZBG forms a strong complex with zinc cation within the enzyme active
site. The linker group spans the entire pocket area and connects to the cap group, serving as a surface recognition group [12]. So far,
inhibitors such as vorinostat (suberoyl hydroxamic acid (SAHA)) (Grant et al., 2007), belinostat [13], romidepsin [14] and pan-
obinostat [15] have been approved by The Food and Drug Administration for the treatment of hematological cancers. A few
class-selective inhibitors are in clinical trials for solid and non-solid malignancies. These drugs are considered pan-HDAC inhibitors
because they target multiple isoforms, consequently associated with cell toxicities causing side effects such as diarrhea, vomiting, and
fatigue [16]. On the other hand, isoform-selective HDAC inhibitors show less side effects [17]. Previously, we applied structure-based
and ligand-based virtual screenings [12] to identify potential selective inhibitors of HDAC6 and ran shorter (under 50 ns) M.D.
simulations to examine ligand binding mode stability.

In the continuous search for HDAC6-selective inhibitors, we conducted an elaborated structure-based virtual screening of multiple
libraries containing 2,250,135 compounds. The top hits were subjected to ADMET prediction analysis and submitted to a 100 ns M.D.
simulation to examine the stability of the ligand-binding mode. Four compounds from different databases show potential selectivity for
HDAC6.

2. Materials and methods
2.1. Protein setup

The X-ray crystallographic structure of human HDAC6 (5EDU) catalytic domain two complexed with Trichostatin A (TSN) inhibitor
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Fig. 1. Virtual screening workflow for identifying selective and potent lead compounds for HDACG6.
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with a resolution of 2.79 A was retrieved from the PDB website (https://www.rcsb.org/) [18]. Water molecules, native ligands, and
salt ions were removed from the HDACG6 crystal structure, hydrogen atoms were added using BIOVIA DS 4.5 [19], and the structure was
subjected to short minimization to correct the bond order and distance. Then, the native ligand (TSN) was docked into the HDAC6
active site to check the RMSD value for structure validation. RMSD was 1.52 A, an acceptable value for the reference ligand. The
protein was prepared with the protocol at an optimum pH of 7.4 "Prepare Protein” in BIOVIA DS 4.5. The isozyme HDAC10 was
prepared for docking as described in our previous paper [12].

2.2. Ligand setup

A library of 1,205,135 anticancer agents was built from multiple databases, including the National Cancer Institute (NCI), Asinex,
SelleckChem, Hypha, Cambridge, DrugCentral, Enzo, Molport, Art-Chem, NIH, and the ZINC15 druglike library containing 1,050,000
compounds (https://zincl5.docking.org/) [20]. The ZINC15 dataset contains molecular weights ranging from 200 to 500 druglike
compounds with specific LogP values. The compound libraries were further prepared using the “Prepare Ligands” protocol by BIOVIA
DS 4.5 at pH 7.4, protonated at this pH value, 3D geometries were optimized, and files were saved in SDF file format.

2.3. Structure-based virtual screening

Structure-based virtual screening (SBVS) is a widely used and robust in silico method for drug screening. In this study, AutoDock

Table 1
ADMET properties of 36 hit compounds from cancer libraries performing AdmetSAR and SwissADME servers.
Compound Name MlogpP* logs” MW* HA! HD® TPSA' Caco-2 perm.® HIA + "

1 BDE 30366547 1.23 —2.4295 481.64 6 3 105.31 0.1402 0.9935
2 Florantyrone 3.45 —4.2153 302.32 3 1 54.37 0.9325 0.9930
3 Tiagabine 3.32 —2.1831 375.55 3 1 97.02 1.0191 0.9603
4 BDH 33926500 1.02 —3.4187 464.51 7 2 116.09 0.3738 0.6043
5 LEG 08800372 1.59 —3.0930 434.49 4 3 109.68 0.1776 0.9593
6 BDE 30366622 1.37 —2.6862 426.56 5 3 102.07 0.1989 0.9747
7 compound 50032 2.93 —3.4890 383.4 3 3 98.8 0.7462 0.9950
8 CID 667061 2.1 —4.0150 485.53 5 1 104.09 0.9196 0.9811
9 Cromolyn -1.11 —2.9089 466.35 11 1 179.37 0.0720 0.7708
10 CID 2891529 4.76 —3.8595 447.48 4 1 74.68 1.0680 0.9904
11 CID 2892576 3.32 —3.9607 427.49 4 2 75.63 0.6695 0.9556
12 CID 2927618 3.95 —3.6806 397.47 3 2 66.4 1.2458 0.9935
13 CID 1607669 1.69 —3.3978 491.56 7 4 155.68 0.3940 0.9749
14 CID 1245041 1.94 —3.4653 358.34 5 1 84.58 0.9443 1

15 CID 87331676 2.03 —4.1283 486.61 4 3 99.87 0.6314 1

16 CID 2517760 2.38 —4.1668 265.26 4 1 63.33 1.3515 1

17 compound 1784 3.88 —4.4985 400.4 5 0 86.74 1.1891 0.9479
18 CID 6059452 1.28 —3.0900 444.44 5 3 120.74 0.8091 0.9826
19 CID 1347479 2.53 -3.7711 357.42 4 1 83.06 0.7684 1

20 CID 1325129 1.39 —3.5610 361.37 6 2 110.31 0.4639 0.9941
21 CID 6236333 4.11 —3.8890 415.27 4 1 72.19 0.7898 0.9695
22 CID 16317746 1.84 —3.5795 469.55 5 1 112.24 0.4364 0.9617
23 CID 24789568 3.07 —3.6420 479.48 8 1 138.11 0.6437 0.9947
24 CID 885323 2.3 —3.6924 343.4 4 1 83.06 0.7179 1

25 ZINC 257329731 0.95 —3.0728 474.64 6 2 99.34 0.6080 0.7220
26 BDE 30671222 2.21 —2.3968 480.65 5 2 93.28 0.2446 0.9586
27 BDE 30366549 1.23 —2.3618 481.64 6 3 105.31 0.1762 0.9919
28 BDC 22516221 1.98 —3.3381 446.58 4 1 90.03 0.7164 0.9897
29 Hypha223 2.03 —4.1283 486.61 4 3 99.87 0.6314 0.9629
30 Hypha417 3.34 —3.0082 398.58 4 1 33.73 1.0838 0.9873
31 compound 903 2.68 —3.7361 438.43 6 2 105.04 0.2720 0.9753
32 CID 13789 0.33 —2.5201 343.38 5 1 75.02 0.5231 0.8268
33 CID 2135742 2.63 —3.3193 384.43 4 2 93.12 0.9074 0.9148
34 CID 2867309 2.65 —3.6480 427.37 6 2 124.09 1.0121 1

35 CID 1931770 2.95 —4.3208 458.85 6 2 105.04 0.4219 0.9642
36 CID 5429429 3.81 —3.7956 496.49 6 2 95.94 0.8526 0.9271

@ Moriguchi model of octanol-water partition coefficient, LogP.
b Aqueous Solubility, LogS.

¢ Molecular weight in Da.

4 Total number of H-bond acceptors, N and O.

¢ Total number of H-bond donors, NH and OH.

f Topological polar surface area in A2,

8 Caco-2 Permeability in cm/s.

" Human intestinal absorption.
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Vina [21] (http://vina.scripps.edu/) was used efficiently in the screening process. The Lamarckian genetic algorithm was used to
generate docking input files. Grid box parameters were set to X = 17.1, Y = —44.5, and Z = 102.7 A, covering the active site, and grid
box dimensions were set to 55x55 x 55 A with the spacing of 0.375 A. The x,y, and z coordinates were determined based on the known
reference ligand Trichostatin A (TSN) as a native inhibitor for HDAC6 for virtual screening. Ten runs were allowed for each ligand with
medium (2,500,000) evaluations and the Lamarckian genetic algorithm. The same workflow was applied to the compounds, starting
screening with AutoDockVina, and the top 50,000 ligands from anticancer compound libraries and 2000 ligands from the ZINC15
library showing the best affinities were selected and filtered based on the Lipinski rule of five. Then, the top 100 compounds from both
libraries showing good binding affinity passed the criteria for further docking using AutoDock 4.2 into HDAC6 and cross-docked with
HDAC10 to search for potential selective inhibitors of HDAC6. A hundred compounds satisfied the criterion of AG >10 against HDAC6,
out of which 18 compounds from the ZINC15 database and 36 compounds from cancer-like compound libraries (FDA-Approved, NIH,
Asinex, and NCI) showed good drug-likeliness and ADMET properties. Finally, four hit compounds showed potential selectivity for
HDAC6 over HDAC10 (Fig. 1).

2.4. ADMET prediction

ADMET properties of novel and potential 36 compounds from the anticancer and 18 hits from ZINC libraries were predicted by in
silico techniques using the SwissADME server (http://www.swissadme.ch/) and AdmetSAR server (http://lmmd.ecust.edu.cn/
admetsarl) shown in Tables 1 and 2.

All 36 compounds from libraries containing anticancer compounds and 18 target compounds from the ZINC library satisfy the “Rule
of 5" since the druglike molecules should obey the rule with no more than one violation [22]. The prediction of the caco-2 permeability,
TPSA, LogS, HIA, and MlogP values of all the selected hit compounds for HDAC6 were within the normal range except for Cromolyn,
which had a slightly higher TPSA value. The best four compounds (3 from anticancer compound libraries and one from the ZINC
library) showing the most significant binding affinity and enzyme selectivity were selected. Finally, a molecular dynamics simulation
was performed for these top compounds with HDAC6.

2.5. Molecular dynamics simulation

Molecular dynamics simulations (M.D.s) predict each atom’s spatial position and motion in a protein at every point in time by
interatomic interactions; M.D. simulations were carried out on the complexes of HDAC6 with TSN, BDH33926500, CID667061,
Cromolyn, and ZINC000103531486. All MD simulations were performed using the Nanoscale Molecular Dynamics (NAMD) software
[23]. The systems were prepared using the CHARMM-GUI web server (https://www.charmm-gui.org/) [24] on which NAMD input
files were generated according to CHARMM36 m force field and ligands were parameterized via CHARMM General Force Field
(CGenFF) server (https://cgenff.umaryland.edu/). The systems were solvated with the TIP3 water module and neutralized by adding

Table 2
Drug-likeliness and ADMET properties of 18 hit compounds from the ZINC library using AdmetSAR and SwissADME servers.
Compound Name Mlogp* logs” MW* HA‘ HD® TPSA' Caco-2 perm.® HIA + "
1 ZINC000013655575 2.86 —3.8365 449.85 7 2 126.91 0.325 0.8426
2 ZINC000064979644 2.62 —4.1848 431.94 5 0 75.03 1.008 1
3 ZINC000013655575 2.86 —3.8746 449.85 7 2 126.91 0.3401 0.9646
4 ZINC000019712236 2.48 —3.3883 447.53 5 3 109 1.1262 1
5 ZINC000012882053 2.06 —3.7089 428.52 5 1 124.19 0.2658 0.9915
6 ZINC000101969184 -0.13 —1.998 445.58 4 1 68.35 0.5647 0.9308
7 ZINC000245232199 2.3 —3.7814 435.47 5 1 112.3 0.713 1
8 ZINC000245284480 -0.13 —1.998 445.58 4 1 68.35 0.5647 0.9308
9 ZINC000023075384 2.6 —3.4491 437.47 7 1 126.14 0.3791 1
10 ZINC000103531486 3.68 —3.8057 491.51 6 3 134.54 0.3489 0.9226
11 ZINC000261361753 2.83 —3.892 476.32 5 3 134.54 0.4175 0.8642
12 ZINC000001001148 2.06 —3.4029 480.47 5 1 119.3 0.5576 0.9973
13 ZINC000014745209 —0.43 —-3.5277 470.58 3 1 58.2 1.0745 0.9931
14 ZINC000257288501 1.71 —3.061 453.48 7 2 105.53 0.6002 0.7519
15 ZINC000257333130 1.71 —3.061 453.48 7 2 105.53 0.6002 0.7519
16 ZINC000103531486 2.73 —3.4418 494.5 5 1 115.54 1.1473 1
17 ZINC000040156325 3 —3.7806 455.91 5 3 120.53 -0.1317 0.9901
18 ZINC000257209181 1.92 -3.017 467.51 7 1 94.53 0.9526 0.7153

@ Moriguchi model of octanol-water partition coefficient, LogP.
b Aqueous Solubility, LogS.

¢ Molecular weight in Da.

4 Total number of H-bond acceptors, N and O.

¢ Total number of H-bond donors, NH and OH.

f Topological polar surface area in A2,

8 Caco-2 Permeability in cm/s.

" Human intestinal absorption.
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the K" and Cl™ ions (KCl) with a concentration of 0.15 M by the distance (systematic) method. First, energy minimization was done for
10,000 steps (20ps), and then equilibration for two ns was done at a constant number of atoms, volume, and temperature (NVT)
ensembles. Finally, a 100 ns unrestrained production simulation was conducted at a constant number of atoms, pressure, and tem-
perature (NPT) ensemble. During the unrestrained production run, the time step was set to 2 fs, and the frame was saved every 5000
steps. The stability of the enzyme-ligand complex binding mode was assessed by computing root-mean-square fluctuation (RMSF),
root-mean-square deviation (RMSD), and the radius of gyration (Rg) profiles for each system using Visual Molecular Dynamics (VMD)
[23].

3. Results and discussion
3.1. Molecular docking scores

The estimated docking scores of the best potential selective hits are given in Table 3. Out of the 100 compounds docked into the
active site of both HDAC6 and HDAC10, four compounds (Compounds BDH33926500, CID667061, Cromolyn, and
ZINC000103531486) from diverse libraries demonstrate the highest potency and selectivity for HDAC6 over HDAC10. Compounds
with various structures have been proposed as HDAC6-selective and potent inhibitors.

The comparison of the inhibition constant values indicated that BDH33926500 150.89-fold, CID667061 48.76-fold, Cromolyn
shows 1055.74-fold and ZINC000103531486 1019.5-fold selective over HDAC10 (Kigpacio/Kinpace). Among all the other hit com-
pounds, ZINC000103531486, with the highest binding energy of —14.21 kcal/mol and high selectivity values, seems to be the best
potential drug candidate.

3.2. Protein-ligand interaction

BDH33926500, CID667061, and Cromolyn compounds were docked into the HDAC6 active site. They all form various interactions
with the critical amino acid side chain in the catalytic channel, including salt bridges, van der Waals interactions, hydrogen bonds,
n-cation, n-sulfur interaction, alkyl, n-alkyl, amide-n stacked interactions, attractive charge, n-n stacked, n-n T-shaped and = -sigma.
Fig. 2 shows the interactions between HDAC6 and Trichostatin (TSN) in 3D (A) and 2D (B). The types of nonbonded interactions are
indicated in the 2D scheme in respective colors. Hydroxamic acid moiety interacts with Zn?* ions correctly, agreeing with the crystal
structure position. Both the position of Trichostatin and the interacting residues in the active site of the HDAC6 satisfy the validation
requirement, which means the enzyme is suitable for modeling studies. Compound BDH33926500 interacts with the catalytic channel
Zn?* atom as a metal-acceptor through their carboxyl groups by electrostatic attraction. Also, the compound interacts with the
catalytically essential residues HIS610, HIS 611, and TYR 782 via a conventional hydrogen bond. BDH33926500 forms n-n stacked
interactions with the PHE 620 and PHE 680 residues (Fig. 3). Similarly, CID667061 forms n-n stacked interactions with PHE 620, HIS
651and PHE 680 and additional n-x stacked interaction with the residue HIS 500. Also, there is an additional conventional hydrogen
bond attraction with the nitrogen atom in the benzene ring to SER 568 residue (Fig. 4). Cromolyn has two additional distinctive,
attractive charge interactions through the Zn?* ion and HIS 610. Additionally, r-alkyl interactions with PRO 501 and LEU 749,
conventional hydrogen bonding with SER 568 and n-n stacked and n-n T-shaped interactions with the crucial amino acid residues HIS
500, HIS 651, PHE620, and PHE 680 (Fig. 5). Fig. 6. Shows (A) 3D representations of the interactions between HDAC6 and the hit
compound ZINC000103531486. (B) The types of nonbonded interactions are indicated in the 2D scheme in respective colors. Various
van der Waals, n-sigma interactions with the ALA744, and n-alkyl interaction with PRO501 make compound ZINC000103531486 one

Table 3
The binding energy and inhibition constant values of the hit compounds (structures at the bottom of the table) against HDAC6 and HDAC10 enzymes
were calculated using AutoDock 4.2.

Compound Name HDAC6 HDAC10 Selectivity
AG (kcal/mol) Ki (nM) AG (kcal/mol) Ki (nM)
Belinostat (Reference) —9.44 119.44 —6.75 11136 HDAC6
BDH 33926500 -12.70 0.48 -9.73 72.43 HDAC6
CID 667061 -11.10 7.15 —8.80 348.67 HDAC6
Cromolyn —10.96 9.06 —6.84 9565 HDAC6
ZINC000103531486 -14.21 0.04 —-10.07 40.78 HDAC6
HO__O

\
N
N7

BDH 33926500 CID 667061 Cromolyn ZINC000103531486
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Fig. 2. (A) 3D representations of the interactions between HDAC6 and Trichostatin A (TSN). (B) The types of nonbonded interactions are indicated
in the 2D scheme in respective colors.
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Fig. 3. (A) 3D representations of the interactions between HDAC6 and the hit compound BDH33926500. (B) The nonbonded interactions are shown
in the 2D scheme as respective colors.

of the best inhibitors.

3.3. Molecular dynamics simulation analysis

M.D. simulation has proven effective in examining the stability of ligand binding mode [25]. Ideally, the ligand should remain
bound to the protein even though conformational adjustment can occur [26]. We superimposed the docking and M.D. simulation poses
obtained during the last ten ns. The ligands do not undergo a significant conformational adjustment (Fig. 7). Nonetheless, CID667061,
Cromolyn, and ZINC000103531486 show adjustment of the capping groups at the entrance to the enzymes’ active site with respective
RMSD values of 1.94, 1.98, and 1.9 A Therefore, to get a sense of the overall system behavior, measures of structural stability which
include RMSD, RMSF, and Rg profiles were analyzed (Fig. 8).
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Fig. 4. (A) 3D representations of the interactions between HDAC6 and the hit compound CID667061. (B) The types of nonbonded interactions are
indicated in the 2D scheme in respective colors.
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Fig. 5. (A) 3D representations of the interactions between HDAC6 and the hit compound Cromolyn. (B) The types of nonbonded interactions are
indicated in the 2D scheme in respective colors.

3.3.1. Root mean square deviation (RMSD) analysis

The root-mean-squared deviation (RMSD) measures the average distance between the atoms of superimposed proteins. RMSD
assesses protein structural stability [27]. RMSD plots of the free HDAC6 enzyme, HDAC6 with TSN, and its complex systems with
BDH33926500, CID667061, Cromolyn, and ZINC000103531486 are shown in Fig. 8(A). All the studied systems offer a stable state
throughout the M.D. simulations. The RMSD of the free HDAC6 enzyme and its known inhibitor TSN slowly and steadily increases from
~2 A to ~3 A and then stabilizes through the simulation. The RMSD of the HDAC6_BDH33926500 complex rises from ~1.5 Ato~2.8
A and then converges toward the end of the simulation. The HDAC6_CID667061 complex shows a steady RMSD profile for the first 40
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Fig. 6. (A) 3D representations of the interactions between HDAC6 and the hit compound ZINC000103531486. (B) The types of nonbonded in-
teractions are indicated in the 2D scheme in respective colors.

ns, with an RMSD average of 2 A to 2.8 A, then increases to ~3.2 A between 50 and 70 ns and gradually decreases to around 2.5 A in 85
ns. Afterward, the system slowly increases again and finally stabilizes with an average RMSD of ~2.8 A after 90 ns of the simulation.
The HDAC6_Cromolyn complex shows a stable increase in the RMSD profile (between 1.8 and 3 A) and converges over time. Similarly,
the HDAC6_ZINC000103531486 complex shows a steady RMSD profile ranging from 1.5 Ato3A.

3.4. Root mean square fluctuation (RMSF) analysis

The root-mean-squared fluctuation (RMSF) profiles of the simulated systems of HDAC6 are shown in Fig. 8(B). RMSF shows local
residual fluctuation, which directly correlates with the system’s stability [28]. HDAC6_BDH33926500 complex system shows a lower
RMSF profile compared to the system. In the HDAC6_ BDH33926500 complex, GLY 203, PRO 268, and LEU 326 amino acid residues
are in the loop region and thus show high fluctuation. In the HDAC6_CID667061 complex, ASP 204 and PRO 201, also in the loop
region, display relatively lower amino acid residue fluctuations of the protein than the other complex systems. HDAC6_Cromolyn
complex demonstrates amino acid fluctuations in the residues LEU 15, ASP 204, PRO 268, and LEU 326, as they occupy highly flexible
loop regions. On the other hand, residues interacting with the ligand atoms do not fluctuate high through the simulation. Cromolyn is
structurally similar to Quercetin, a naturally occurring phytochemical with HDAC inhibitory activity [29].

3.5. The radius of gyration (Rg) analysis

The radius of gyration (Rg) measures protein compactness, reflecting stability [30]. The Rg profiles of the free HDAC6 and its
complexes with the four hits are plotted in Fig. 8(C). All the systems show low Rg trends (<2.00 A) over 100 ns.

4. Conclusion

This study conducted an elaborate virtual screening of multiple compound libraries to identify potential selective inhibitors of
HDACS, an isoform implicated in the progression of diverse cancers. Four compounds (BDH33926500, CID667061, Cromolyn, and
ZINC000103531486) show potential selectivity for HDAC6 over HDAC1O0, the structurally related isoform. Furthermore, these
compounds bind to HDAC6 with traditional pharmacophore features: Capping group, linker, and zinc-binding domain. They also show
good ADMET properties. Therefore, we propose them as potential HDAC6-selective inhibitors to serve as scaffolds for further
optimization.

Data availability

All data created or examined in this work are included in this article.
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Fig. 7. Superimposition of the top hit compounds’ docking and M.D. simulation poses (BDH33926500, CID667061, Cromolyn, and
ZINC000103531486).
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