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Sixty-one analogs of benzoylsulfonohydrazides were subjected to 3D QSAR studies using CoMFA and CoMSIA
techniques followed by docking studies to develop a correlation of the structure with their respective activities. The
generated model had shown good predictability and the contour analysis followed by docking study has provided an

insight to develop new inhibitors. The cross-validation values corresponding to CoOMFA and COMSIA were observed
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to be within the acceptable criterion (¢ > 0.5). The docking analysis of the best active compound shown was -11.81
kcal/mol. From the obtained analysis results of COMFA as well as COMSIA, the data can be useful to develop more
potent histone acetyltransferase inhibitors.

INTRODUCTION

Histone acetyltransferases has a crucial role in
hematogenesis and are one among the chromatin modifying
enzymes thatare responsible for the post-translational modifications
of the histone in the nucleosome of a cell which include
methylation, acetylation, ADP-ribosylation, phosphorylation, and
ubiquitination (Allfrey er al., 1964; Des Jarlais and Tummino,
2016; Lawrence et al., 2016; Luger and Richmond, 1998;
Sterner and Berger, 2000; Sadakierska and Filip, 2015) Among
these, acetylation is known to be the earliest modification which
is related to the gene activation as it is linked functionally with
transcription activation by adding acetyl group (—COCH3) to the
s-amino group present in lysine residue resulting in loosening of
the nucleosome structure (Bannister and Miska, 2000; Roth ef al.,
2001; Parthun, 2012). This acetylation occurs at the N-terminal
of the basic amino acid (lysine) dense region of the histone core;

“Corresponding Author

MD. Muzaffar-Ur-Rehman, Department of Pharmaceutical Chemistry,
Nalla Narsimha Reddy Education Society, Chowdaryguda, Narapally,
Hyderabad, Telangana, India. E-mail: m.muzaffar687 @ gmail.com

as a result, the acetyl-CoA gets transferred to -NH+ of lysine
neutralizing the +ve charge (Loidl, 1994). There are three different
families of histone acetyltransferase (HAT) which are p300,
GNAT (Gen5S-related N-acetyltransferase), and MYST (MOZ,
Ybf2, Sas2, and Tip60 as founding members) (Voss and Thomas,
2018). Monocytic leukemia zinc finger protein (MOZ HAT) is
an oncogene of MYST family which is involved directly in the
process of hematopoiesis as it forms HAT complex that acetylates
H2 (A and B), H3 and H4 corresponding to the up-regulation of
gene there by activating the oncogene resulting in acute myeloid
leukemia (AML) (Borrow et al., 1996; Champagne et al., 2001;
Dohner ef al., 2015). Granulocytic leukemia (synonym for AML)
is a cancer that is characterized by the over production of white
blood cells that are immature (myeloblasts) and functionally
causes affect on blood as well as bone marrow. These cells prevent
leukopoiesis of normal blood cells that act as the defense system in
the body resulting in poor immune system and also cause anemia,
bruising, and easy bleeding (Camos et al., 2006; Ullah et al.,
2008). KAT6A is one among the five subfamilies of MYST HAT
that is responsible for the hostile form of acute myeloid leukemia
due to rearrangement in the KAT6A gene (Lowenberg et al.,
1999). Hence, inhibiting HAT KAT6A would help preventing the
continuous growth of tumors and their metastasis in case of AML.
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Literature survey reveals only two compounds that were
discovered which include WM- 8014 and WM-1119 of which latter
was found to be the most active compound with IC50 value of 0.25
pM showing less protein-binding than the former with IC50 value
of 2.3 pM and high protein-binding (Baell ez al., 2018). Based
on the study of WM-1119, the same group further discovered
benzoylsulfonohydrazides as the potent inhibitors of HAT KAT6A
(Leaver et al., 2019). Therefore, in the present in silico study, we
endeavored to develop a 3D QSAR model adopting CoMFA and
CoMSIA techniques on 61 benzoylsulfonohydrazide analogs from
which the contour maps of the most active compound could give
an insight in developing inhibitors with enhanced activity against
HAT KAT6A.

METHODOLOGY

Data set preparation

Sixty-one benzoylsulfonohydrazides as potent inhibitor
of histone acetyltransferase KAT6A were taken from the literature
(Leaver et al., 2019). These molecules were reported to inhibit in
micro-molar range (IC50) and were converted to pIC50; which
is the negative logarithm of IC50 (i.e., pIC50 = —log IC50). The
molecules were constructed in SYBYL X and minimized by
Gasteiger—Huckel charges using distance dependent dielectric
and Powell-conjugate gradient algorithm with 0.05 kcal/mol
convergence. All the default parameters were adopted during the
minimization of the molecules.

Alignment

The alignment of the molecules determines the accuracy
of the model. The molecules in the present study were aligned
upon the most active compound by selecting a basic skeleton of
benzoylsulfonohydrazide. Figure 1 represents the common structure
used to sketch the molecules, whereas alignment of all 61 optimized
molecules on the basic skeleton are presented in Figure 2.

3D QSAR Model construction

Model of 3D QSAR of benzoylsulfonohydrazides in the
present study was constructed on SYBYL X in which CoMFA and
CoMSIA methods were adopted to determine the relation between
the bioactivity with their corresponding 3D structure of molecules.
CoMFA model describes the steric fields and the electrostatic
fields of the molecules under study, whereas CoMSIA model
describes the hydrophobic, HBD and HBA along with steric as
well as electrostatic fields.

Statistical validation

Partial least square method (PLS) is a standard
statistical regression tool used to predict the 3D QSAR
model. It was adopted for the present study as it can analyze
the data in a realistic way and interpret the contribution of the
molecular structure with the biological activity. For CoMFA,
all the parameters which include cross-validation, correlation
coefficient, standard error of estimate, f~value etc. were obtained
taking number of components of 5 and 6, whereas column filtering
of 2 and 1 for COMFA and CoMSIA, respectively. The study was
conducted dividing the molecules in 1:3 ratio of test and training
molecules, respectively. Therefore, 15 molecules were selected
randomly which were grouped as test set and the remaining 46
were grouped as training set. With this, leave one out (LOO) was
used in order to establish the reliability of the generated model
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Figure 2. Alignment of benzoylsulfonohydrazide analogues.

for CoMFA as well as CoMSIA. All other parameters were
recorded for no-validation, cross-validation, and bootstrapping.
The activity was predicted for the test as well as training set and
correlated with the experimental pIC50 values.

Molecular docking

It is an important technique to find the interaction
of the ligand with a specific protein of interest. The study was
done using AutoDockTools software (Morris et al., 2009). The
protein structure (6CT2) of 2.128A resolution in PDB format
was downloaded from database of protein (https://www.rcsb.org)
and the ligand structures that were constructed and their energy
was minimized in sybyl X and were further prepared within the
docking software. The active ligand interacting site of the protein
was noted from PDBSum (http://www.ebi.ac.uk) as SER 690 (A).
The x, y, z coordinates were taken from Spdbv protein viewer
tool and entered in the grid to generate active site grid box. The
crystal water was removed prior to docking simulation followed
by docking of the protein with highest and lowest active ligands.
Compound PS-97 was the most active while the least active
compound was PS-9.

RESULTS

Statistical results

A model for COMFA and CoMSIA was produced using
61 KATO6A inhibitors using benzoylsulfonohydrazide as the
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skeleton for alignment. The image of alignment of the inhibitors
can be visualized in Figure 2.

The model was developed by randomly dividing the
molecules in 1:3 ratio of test and training set and performing PLS
analysis to determine the prediction power of the model. The
pIC50 values were predicted for both series. Table 1 shows the
predicted as well as residual values of these analogues and their
correlation is shown in Figures 3 and 4, respectively.

025

Statistical analysis

The statistical results obtained after running PLS
regression for both the variables, i.e., CoMFA and CoMSIA,
which includes LOO, no validation, cross validation, and
also Bootstrapping, were recorded to evaluate reliability of
the developed model. In case of CoMFA, the ¢* obtained was
0.678; > was 0.948, whereas F-value and SEE was 144.505 and
0.226, respectively. Steric field contribution was 47.8%, while

Table 1. Experimental and predicted values of the kat6a inhibitors.

Rs
/7 H
SN R;
H
R,
CoMFA CoMSIA
C.No R2 R3 R5

IC50 (nM) PIC50 Predicted Residual Predicted Residual
P5-9t OH 49 4.309804 6.16403 —1.85423 5.78378 —1.47398
P5-10 Me 19 4.721246 5.3 —0.57875 5.536 —0.81475
P5-11t OMe 42 4376751 5.58551 —1.20876 6.08024 —1.70349
P5-12 Cl 0.52 6.283997 5.763 0.520997 5915 0.368997
P5-13 Me 1.4 5.853872 6.056 —0.20213 5.759 0.094872

P5-14t i-Pr 7.8 5.107905 6.17295 —1.06504 6.09891 —0.991
P5-15 F 2.1 5.677781 5.75 —0.07222 5.762 —0.08422
P5-17t CF3 11 4.958607 5.28206 —0.32345 6.02573 —1.06712
P5-18 CN 24 4.619789 5.704 —1.08421 5.25 —0.63021
P5-20 OCF3 2.8 5.552842 6.107 —0.55416 6.507 —0.95416
P5-23 Ph 0.88 6.055517 6.184 —0.12848 6.315 —0.25948
P5-32 F F 0.13 6.886057 6.847 0.039057 6.878 0.008057
P5-33 F Cl 0.043 7.366532 6.763 0.603532 7.073 0.293532
P5-34 F Me 0.12 6.920819 7.04 —0.11918 6.851 0.069819
P5-35 F Et 0.062 7.207608 6.825 0.382608 6.919 0.288608
P5-36t F CF3 0.077 7.113509 6.30892 0.804589 7.0001 0.113409
P5-37 F Me 0.91 6.040959 6.417 —0.37604 6.382 —0.34104

Y3
Y, Y,
//0 H
e
(o] F
Y2 Y3 Y4 CoMFA CoMSIA

IC50 (M) PIC50 Predicted Residual Predicted Residual
P5-38t 1.8 5.744727 5.58575 0.158977 5.60089 0.143837
P5-39 F 5.7 5.244125 5.747 —0.50287 5.801 —0.55687
P5-40 CF3 4.4 5.356547 5.452 —0.09545 5.06 0.296547
P5-42 Me 6.2 5.207608 5.541 —0.33339 5.705 —0.49739
P5-43 OMe 17 4.769551 5.836 —1.06645 5.704 —0.93445
P5-44 CN 7.3 5.136677 4.783 0.353677 4.35 0.786677
P5-45t Br 0.46 6.337242 5.40294 0.934302 5.64032 0.696922
P5-46 t Cl 1.7 5.769551 5.24135 0.528201 5.52462 0.244931
P5-47 Me 35 5.455932 5.743 —0.28707 5.816 —0.36007
P5-48 F 1.3 5.886057 5.811 0.075057 5.549 0.337057

(Continued)
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Y2 Y3 Y4 CoMFA CoMSIA

IC50 (nM) PIC50 Predicted Residual Predicted Residual

P5-49 OMe 1.1 5.958607 5.535 0.423607 5.568 0.390607
P5-50 CN 14 4.853872 5.95 —-1.09613 5.893 -1.03913
P5-51t NH2 0.49 6.309804 5.61319 0.696614 5.79743 0.512374
P5-52 CONH2 12 4.920819 5.593 —0.67218 5.312 —0.39118
P5-53 F 4.1 5.387216 5.684 —0.29678 5.72 —0.33278
P5-54t CHMe2 19 4.721246 5.61016 —0.88891 5.96661 —1.24536

P5-55 Br 1 6 5.564 0.436 5.554 0.446
Rs
Re
/7~ H
NN R
O H 3
R,
R2 R5 R6 CoMFA CoMSIA

IC50 (mm) PIC50 Predicted Residual Predicted Residual

P5-60 Ph 0.29 6.537602 6.087 0.450602 6.125 0.412602
P5-62 F Ph 0.017 7.769551 7.268 0.501551 7.289 0.480551
P5-63 t Ph F 0.27 6.568636 5.28322 1.285416 6.05214 0.516496
P5-67t Ph-2-F 0.62 6.207608 5.26827 0.939338 5.08681 1.120798
P5-68 Ph-2-Cl 7.1 5.148742 5.276 —0.12726 5.816 —0.66726
P5-69 Ph-2-OMe 8.2 5.086186 5.332 —0.24581 5.592 —0.50581
P5-70 Ph-3-F 11 4.958607 5.529 —0.57039 5.68 —0.72139
P5-71 Ph-3-Cl 0.79 6.102373 5.497 0.605373 5.543 0.559373
P5-72 Ph-3-OMe 9 5.045757 5.314 —0.26824 5.394 —0.34824
P5-73 Ph-3-CN 3.4 5.468521 5.396 0.072521 5.025 0.443521
P5-74 Ph-4-F 9.5 5.022276 4919 0.103276 4.904 0.118276
P5-75 Ph-4-Cl 4 5.39794 4.938 0.45994 5.555 —0.15706
P5-76 Ph-4-OMe 25.8 4.58838 5.733 —1.14462 5.412 —0.82362
P5-77 Ph-4-CN 41 4.387216 4.885 —0.49778 4.751 —0.36378
P5-80 Piperazin-1-yl 7.4 5.130768 5.977 —0.84623 5.525 —0.39423
P5-81t pyrimidin-5-yl 29 4.537602 6.30321 —1.76561 5.93159 —-1.39399
P5-83t thiophen-3-yl 13 4.886057 5.5127 —0.62664 5.77601 —0.88995

P5-84t thiophen-2-yl 0.16 6.79588 5.47788 1.318 5.7383 1.05758
P5-85 6.7 5.173925 4.13 1.043925 4.273 0.900925

R2 R3 R5 CoMFA CoMSIA

I1C50 (mM) PIC50 Predicted Residual Predicted Residual

P5-86 F Cl 0.13 6.886057 6.268 0.618057 6.537 0.349057
P5-87 F Me 0.23 6.638272 6.423 0.215272 6.271 0.367272
P5-88 F Et 0.58 6.236572 6.55 —0.31343 6.706 —0.46943
P5-89 F OMe 0.49 6.309804 6.227 0.082804 6.224 0.085804
P5-90 F F 0.74 6.130768 6.582 —0.45123 6.401 —0.27023
P5-91 F CF3 0.39 6.408935 6.884 —0.47506 6.85 —0.44106

P5-94 F Cl Ph 0.01 8 7.937 0.063 8.399 —-0.399

P5-97 F Me Ph 0.008 8.09691 8.391 —0.29409 8.026 0.07091

*t = Test series.

electrostatic field was 52.2%. Similarly, in COMSIA, ¢, 7%, F-value while Hydrophobic, HBD, and HBA were 26.3%, 1.6%, and 6.6%,
and SEE were 0.719, 0.953, 132.246, and 0.217, respectively. respectively. The results of the statistical analysis are outlined in
Steric and electrostatic field contribution was 15.2%and 50.3%, Table 2.
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Figure 3. Plot of experimental pIC50 versus predicted IC50 by CoMFA.
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Figure 4. Plot of experimental pIC50 versus predicted IC50 by CoMSIA.

Table 2. Statistical data O (CoMFA and CoMSIA).

Parameters CoMFA CoMSIA
' 0.678 0.719
” 0.948 0.953
F value 144.505 132.246
SEE 0.226 0.217
Steric 47.8% 15.2%
Electrostatic 52.2% 50.3%
Donor - 1.6%
Acceptor - 6.6%
Hydrophobic - 26.3%
Cross validation 0.673 0.729
Bootstrap

Mean Standard deviation Mean Standard deviation
SEE 0.211 0.105 0.177 0.100
r 0.952 0.015 0.965 0.013

Contour analysis

Contour maps analyze the characteristics of the fields
around the molecules. These are used to find the basic structural
requirement for the bioactivity which facilitate for the development
of inhibitors with high potency. Best active compound (P5-97) of
training set was considered to analyze contour maps by setting
contribution values of favored as well as disfavored region to
80% and 20%, respectively. The steric contributions of the best
active compound can be visualized in Figures 5 (CoMFA) and 6
(CoMSIA), whereas electrostatic contribution can be observed in
Figures 7 and 8, respectively. Other parameters of COMSIA which
include hydrophobicity, HBD and HBA are shown in Figures 9—11,
respectively.

Molecular docking analysis

Docking study reveals the interaction of the selected
ligand with the protein of interest which enables us to understand
the model of 3D QSAR. The docking study was performed using

Figure 5. Steric contour map (CoMFA).
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Figure 6. Steric contour maps (CoMSIA). Figure 9. Hydrophobic contour map of P5-97.

Figure 7. Electrostatic contour map (CoMFA). Figure 10. H-bond donor contour map of P5-97.

Figure 8. Electrostatic contour map (CoMSIA). Figure 11. H-bond acceptor contour map of P5-97.
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AutoDock tools software and the results are outlined in Table 3.
From the docked images of the potent compound (P5-97) as
viewed in Figures 12 and 13, it was observed that all the three
oxygen atoms were responsible for binding with the amino
acids GLY657, ARG660, and ARG655 of the active region. The
calculated binding energy was found to be —11.81 kcal/mol.
Moreover, from the docking (Figs. 14 and 15) of the least active
compound, P5-9 shows that the oxygen atoms, one from sulfono
group, the other from benzoyl group, and the R2 methoxy group
were responsible for binding the drug with GLY657, GLY659,

and LYS763 amino acids in the active region of the protein. The
binding energy corresponding to P5-9 was —9.68 kcal/mol.

DISCUSSION

From steric contour maps corresponding to COMFA and
CoMSIA represented in Figures 5 and 6, respectively, the result
suggests that, by attaching substituent at green colored region
would enhance the activity while yellow contour indicate the
decreased activity. Therefore, attachment of various groups at
R3 position of the benzoyl group would increase the potency of

Table 3. Docking results of height and least active compounds.

Number of the  Interacting amino Bond length Binding Energy  Dissociation Constant  Reference RMSD
ligand acids (A) AG KkCal/mol (KI) (A)
P5-9 GLY657, 1.056, —9.68 79.58 nM 21.20
(Least active) GLY 659, 2.003,

LYS763 2.239
P5-97 GLY657, 1.958, —11.81 2.22 nM 41.11
(Most active) ARG660, 1.891,

ARG655 2.007

Figure 13. Docking image of P5-97.

Figure 14. Docking image of P5-9.

Figure 15. Docking image of P5-9.
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compound P5-97. Electrostatic contour maps of respective CoOMFA
and CoMSIA, red color represent the negative favorable region
where as blue color represents the positive favorable regions.
Increasing the positive nature at the benzoyl ring and increasing
negative charge at R2 position could enhance the activity of the
compound.

Hydrophobic contour maps from Figure 9 with white and
yellow region indicate attachment of hydrophilic and hydrophobic
groups, respectively, would result in compounds with increase
in the activity. The substitution with hydrophobic group at R3
position and hydrophilic groups at the RS position of benzoyl and
the phenyl ring at the sulfo terminal would significantly enhance
the inhibitory action.

From Figure 10 of H-bond donor contour map,
substitution with electron withdrawing groups to both the nitrogens
of the hydrazine may favor to increase the activity of the molecule.
Furthermore, it is clear from the docking study that the key
components responsible for binding the ligand (P5-97) within the
active region are the oxygen atoms of benzoylsulfonohydrazide.
Moreover, from the hydrophobic contour map (Fig. 9) obtained
by 3D QSAR study, presence of hydrophilic groups on both the
phenyl rings of benzoylsulfonohydrazides would show more
binding interactions such that it fits better in the active region
of protein. From the obtained results of the study, it provides
significant proposition to develop further new compounds
retaining the benzoylsulfonohydrazides as the key components.

CONCLUSION

The in silico 3D QSAR study of 61 benzoylsulfonohy-
drazide analogs of histone acetyltransferase KAT6A inhibitors
were carried out. Partial least square analysis was done to evaluate
the model developed for COMFA and CoMSIA. The cross valida-
tion (¢?) and no validation (+?) for CoMFA were 0.678 and 0.948,
while for COMSIA were 0.719 and 0.953, respectively. Therefore,
the obtained results were convincing as they were within the ac-
ceptable statistical criterion (¢*> > 0.5). From the cross-validation
results, the model of CoMFA and CoMSIA are nearly similar,
however, COMSIA shows to have a better predictive ability. The
contour maps that were obtained from study of CoMFA and CoM-
SIA of the compound (P5-97), it provides significant insight to
design molecules with better inhibitory activity.
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