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Belinostat, a histone deacetylases inhibitor, was reached the marketing
approval by FDA for the treatment of relapsed and refractory peripheral
T-cell lymphomas in 2014. Among 18 Histone Deacetylase (HDAC) en-
zymes, HDAC 8 has grabbed considerable attention from chemists as a
promising target for cancer treatment, which leads to an ever-growing
demand for the discovery of novel HDAC 8 inhibitors. With the advent of
technologies, a useful and free-of-charge software — Autodock Tool was
introduced to dock belinostat into the active site of HDAC 8 in this report.
Nevertheless, docking to HDACS, known as metalloenzymes, still remains
a challenge due to the interaction with Zn?* ion at the bottom of the active
binding site of the enzyme. For this reason, the extension of the Autodock
forcefield to the new one named Autodock4Zn was utilized. The outcomes
showed significant improvements in performance in both free energy of
binding estimation as well as binding capacity of belinostat with different
amino acids of HDACS.
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1 INTRODUCTION

cell proliferation, loss of differentiation, an inhibi-

There are 18 HDAC enzymes reported in total
(Haberland et al., 2009), which are classified into
four different groups including class | (HDACs 1,
2, 3, and 8), class Il (HDACs 4, 5, 6, 7, 9, and 10),
class IV (HDAC 11) and class Il (sirtuin family:
sirtl-sirt7) (De Ruijter et al., 2003). Ideally, his-
tone deacetylase enzymes are promising targets for
the development of anticancer drugs (Walkinshaw,
2008). The acetylation homeostasis in a normal cell
is balanced by the control of histone deacetylase
(HDAC) and histone acetylase (HAT) (Saha and
Pahan, 2006). Pertubation of this balance shifted
more towards HDAC may result in uncontrolled

tion of apoptosis, loss of adhesion, migration and
angiogenesis (Parbin et al., 2014). Whereas,
HDAC 1-3 and 6 drew enormous attention in the
past (Falkenberg & Johnstone, 2014), the isotype
HDACS8 has become the center of discussion in
recent years (Mottamal et al., 2015). This change is
due to the recognition of the difference in the se-
guence alignment in comparison with other class |
enzymes (Ortore et al., 2009). HDACS8 was the
only enzyme which shows slight difference varia-
tion compared with the rest of the class members.
Further studies on HDACS8 have found that it was
the main cause of deregulation and overexpression
of genes due to its interaction with transcription
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factors (Chakrabarti et al., 2015). HDACS is also
correlated with childhood neuroblastoma T-cell
lymphoma (Kelly et al., 2005). It is possible that
isoform selectivity can be developed from subtle
differences in the HDAC active site amino acids.
The first noticeable feature which can be used for
the design of HDACS selective structure is the
formation of the foot pocket. This pocket can only
be seenin class I (1, 2, 3, 8) but not in class Il iso-
types (Chakrabarti et al., 2016). The difference in
the structure brings about preferences to different
ligands. While class | HDACs prefer compounds
with large frames occupying the foot pocket, class
I HDACs tend to fill its small cavity with compact
groups. Another characteristic is the presence of
the side pocket near the main pocket (Micelli and
Rastelli, 2015). This is the reason why class |
HDAC:Ss 1-3 show favor to rod-shaped ligands such
as SAHA, whereas compounds with bulky linkers
(phenylene spacers) in combination with ortho- or
meta- substituted cinnamic acid linkers are better
inhibitors of HDAC8 (Krennhrubec et al., 2007
Balasubramanian et al., 2008; Olson et al., 2013).

Recently, molecular modelling has become a valu-
able tool in drug design process as it could present
information on how a drug interacts with its recep-
tor. The structure-based design of potent HDACS
selective inhibitors using molecular modelling pro-
tocols has been made possible by the availability of
the 3D structure of HDACS, which was elucidated
in 2004. Based on the crystal structure of enzyme
HDACS, it is classified as a zinc-dependent class |
HDAC, containing 377 amino acids (Buggy et al,
2000; Hu et al, 2000; Van den Wyngaert, 2000).
Of note, HDACS is a zinc-dependant enzyme.
Noticeably, about a decade ago, the role of zinc in
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gene expression has begun to attract interests and
this field has recently gained wide attention. The
mere existence of zinc in a wide range of proteins
was widely known to have important impacts on
the metabolism of most organisms (Roohani et al.,
2013). Zinc metalloenzymes are taken into consid-
eration as the significant targets for such diseases
as cancer, heart disease, bacterial infection, and
Alzheimer’s disease (Santos-Martins et al., 2014).
More importantly, hydroxamic acid is the most
commonly used ZBG (zinc binding group) for its
strong binding affinity with the zinc ion (Zhang et
al., 2018). By the analysis of the crystal structure
of the inhibitor — receptor complex, it was elucidat-
ed that hydroxamic acid binds to the zinc ion in a
chelating manner which is considered as a guaran-
tee of inhibitor activity (Zhang et al., 2018).

Despite efforts on studying about hydroxamic acid
derivatives, selective inhibitors of HDAC8 with
properties in advanced preclinical/clinical models
are still scarce (Charkrabarti et al., 2015). The first
HDACs inhibitor received the market approval
from the FDA in 2006 was SAHA (Fig. 1A), a pan
- HDAC inhibitors, hitting different isotypes all at
once (Grant et al., 2007). Nevertheless, recent re-
ports have indicated that side effects related to
SAHA are bone marrow depression, diarrhea,
weight loss, and taste disturbance (Chang et al.,
2004; Montgomery et al., 2008; Haberland et al.,
2009), showing that the use of SAHA still remains
problematic. These consequences are due to the
inhibition of broad-spectrum HDAC members, not
only the isotypes that cause cancers (Oehme et al.,
2009). Hence, to minimize these clinical side ef-
fects, searching for an HDACS inhibitor is in ur-
gent need.
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Fig. 1: The structure of SAHA and Belinostat

According to this unique structure of HDACS, be-
linostat (Fig. 1B), another member of hydroxamic
acid class, has appeared to be a potential candidate
with two characteristics to successfully inhibit the
enzyme and limit side effects compared to other
HDAC inhibitors. To be more specific, belinostat
possesses features of a HDACS selective inhibitor.
Firstly, it belongs to hydroxamic acid group, which

was characterized by the ability to form chelate
with the zinc ion at the foot pocket. Secondly, it is
a short meta-substituted cinnamic acid linker,
which is expected to fit well to the active site of
HDACS (Krennhrubec et al., 2007). Additionally,
belinostat passed all of the pre-clinical and clinical
trials with out of expected results and has received
the market approval from FDA in 2014 for the
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treatment of patients with relapsed and refractory
peripheral T-cell lympomas (PTCL) (Barneda-
Zahonero and Parra, 2014). This proves that beli-
nostat does not only stand out for the well-fitted
structure with the binding site of HDACS but also
the safety and large scale it guarantees compared to
other HDACS selective inhibitors still produced
under lab scale and experimented in vitro tests.
Therefore, if belinostat demonstates good capabili-
ties to inhibit HDACS, it will be expected to ex-
pand the treatment for other HDACS-related dis-
eases. To testify the postulation, by means of dock-
ing simulation using Autodock forcefield, an at-
tempt was made to analyze the interactions be-
tween HDACS and belinostat to evaluate the inhi-
bition level of belinostat. Potential problems asso-
ciated with zinc ion were investigated by the aid of
Autodock4Zn.

Fig. 2: A/ Crystal structure of Human HDACS in complex with MS-344
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2 MATERIALS AND METHOD
2.1 Ligand Preparation

All calculations were performed with the aids of
the Gaussian 09 program. The geometries were
fully optimized, making use of the functional
B3LYP in conjunction with the 6-311++G(d,p)
basis set for carbon and hydrogen atoms for belino-
stat.

2.2 Protein Preparation

HDACS: The crystal structure of HDACS8 in com-
plex with a hydroxamic acid inhibitor (PDB
code:1t67) was retrieved from the Protein Data
Bank (PDB; https://www.rcsb.org/structure/1t67)
(Fig. 2A). All water molecules and small molecules
were deleted except the Zn?* ion coordinating with
hydroxamic acid, which were kept for the docking
step as shown in (Fig. 2B).

- .

B/ Crystal structure prepared for docking

2.3 Docking

Autodock Tool version 4.2.6 was used in the dock-
ing studies including 3 steps:

1. Grid parameters: Autogrid was carried out to
pre-calculate grid maps of interaction energies be-
tween the atoms of ligand and protein. The receptor
grid preparation for the docking procedure was
implemented by assigning the macromolecule as
the center of the grid box and comprised 70 x 70 x
70 points with 1 A spacing (Fig. 3A). Grid input
file also included the AD4Zn.dat, which is a specif-
ic parameter file for zinc ion.

2. Autodock Vina program was run to find out 10
sites in which lowest energy estimations between
ligand and receptor were given.

3. Autodock4 program was used for docking pur-
poses with the binding site chosen among ten sites
from the Vina step.

In this step, the ligand was redocked into the bind-
ing pocket obtained from the step 1 by using the
Autodock program. Grid box parameters was set to
cover all the residues around the binding pocket.
More specifically, it was centered on the ligand and
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comprise 126 x 126 x 126 points with 0.15 A in
spacing (Fig. 3B).

The Lamarckian Genetic Algorithm was used to
explore the best conformational space for the lig-
and with 100 docking runs for each ligand. The

Vol. 12, No. 2 (2020): 1-8

maximum numbers of generation and evaluation
were set at 27,000 and 50,000,000, respectively.
Other parameters were set as default. After docking
process completed, 100 conformations of the lig-
ands in complex with the receptor were obtained
and ranked based on binding energy (Thien, 2019).

Fig. 3: A/ Grid box parameter set in docking calculations (70 x 70 x 70)
B/ Grid box parameter set for redocking step (2" step) (126 x 126 x 126)

3 RESULTS AND DISCUSSION

3.1 Reinforcing the accuracy of the method by
comparing the active site

In order to assess the accuracy of the Auto-
dock4.2.6 program using for docking belinostat
(Fig. 4B) into HDACS, the crystal structure of MS-
344 (a SAHA-like compound) (Fig. 4A) and
HDACS was retrieved from the Protein Data Bank

Surface regconition Linker Metal binding
0} (0]
W -OH
N N
H H
h
Al MS-344

(PDB code: 1t67) to compare the active site and
binding modes between the ligand and the protein.

A typical structure of a HDAC inhibitor consists of
three main domains: the surface recognition do-
main of the inhibitors interacting with the external
surface of the enzyme, the hydroxamic acid group
acting as a metal binding domain at the bottom of
the pocket and a linker to connect these two do-
mains. (Finnin et al., 1999).

Surface recognition  Linker Metal binding

B/ Belinostat

Fig. 4: Chemical structures of MS-344 (a SAHA-like compound) and Belinostat

When it comes to the mode of binding between a
HDAC inhibitor and its corresponding enzyme, the
coordination state of zinc ion is the precondition
for the inhibitors to exert their inhibitions. Hydro-
gen bonds and hydrophobic interactions were also
examined to analyze its stability. Firstly, there are
similarities between the two pockets presented here
(Fig. 5A and 5B), the tunnel is filled by the aliphat-

ic chain (MS-344) and the phenylene chain (beli-
nostat) of the inhibitor. Secondly, the walls of the
tunnel are formed by Phel52, Phe208, His180,
Gly151 and Tyr306 (Fig. 5F). Finally, the coordi-
nation state of the zinc ion (yellow color) (Fig. 5B
and 5D) was also investigated because zinc ion is
very important for the catalytic activities of
HDACs. The catalytic machinery is placed at the
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end of the hydrophobic tunnel. The centerpiece of
this region is a zinc-ion Zn378 that is binded to

Vol. 12, No. 2 (2020): 1-8

bond (Fig 5A, 5C, 5E). Based on the typical char-
acteristics of the binding site between MS-344 and

HDACS listed above, it can be concluded that beli-
nostat is able to enter the active site of HDACS.

carboxylate oxygens of the ligand. Although Beli-
nostat is not capable of forming the zinc chelate, it
still can make contact to the ligand by covalent
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Fig. 5: Molecular docking results of Belinostat and MS-344
A/ The active site of HDACS8 and Belinostat (Zn: yellow color)

B/ The active site of HDAC8 and MS-344 (Zn: yellow color)

C/ 3D binding model of Belinostat into the HDAC8 (Zn: yellow color)

D/ 3D binding model of MS-344 in the active site of HDACS8 (Zn: yellow color) (https://www.rcsb.org/structure/1t67)
E/ 2D bhinding model of Belinostat in the active site of HDAC8 (Zn: grey color)

F/ 2D binding model of MS-344 into the HDACS (Zn: grey color)
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3.2 Investigation of the binding mode between
Belinostat and HDACS8

Since the structure of belinostat comprises three
parts: surface regconition group or capping group
(CP), linker and zinc binding group (ZBG) (Fig.
6A). The investigation of the binding in each part
was carried out separately. Firstly, regarding the
coordination state of the zinc ion, it should be no-
ticed that the ZBG bond is expected to be stronger
than other interactions as the ZBG is polarized by
the zinc ion. Therefore, this interaction makes up
most of the ligand binding energy. In the current
docking result, regardless of failing to form chelate
complex between the hydroxamic acid and Zn378,
it was able to have contact with belinostat by a
covalent bond.

Apart from ZBG, the linker also accounts for pre-
dominant interactions. It is embedded in a lipo-

Tyr3oe

@ His143
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philic channel whose walls consist of Phel52,
Phe208, His180, Gly151 and Tyr306 (Fig. 5C and
5E). Similar to other HDAC inhibitors with aro-
matic short linkers, the aromatic rings of this series
of HDACIs are also very important for their inhibi-
tory activities. The pi-pi stacking establishment
between the center aromatic group of belinostat
and Phel152/Phe208 helps to stabilize the linker in
the pocket. Another bond which is the pi-sigma
interaction between the vinyl group of belinostat
and His180 also contributes to the stabilization of
the complex (Fig. 5E). Additionally, the sulfona-
mide group presents significant interactions. To be
more precise, not only did the two thionyls of sul-
fonamide group form hydrogen interaction (green
binding) with Phe208 and His180 but the sulfur
atom also bonded with HDACS residue His180 by
pi-sulfur interaction (orange binding) (Fig. 5C and
5E).

Interactions:

- Conventional Hydrogen Bond
Van der Waals

- Pi-Sigma

- Pi-Pi Stacked

- Covalent Bond

Pi-Sulfur

Fig. 6: Binding interaction between HDACS and belinostat in the active site pocket

A/ The simulation of the binding site between HDACS8 and belinostat
B/ The surface of the active site of HDACS divided into four regions
C/ 3D binding model illustrating the interaction between HDAC8 and belinostat
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Directly connecting with the CP is the surface of
the active site, which is normally divided into four
areas: the first one determined by Lys33 and
Met274 (A), the second by Met274 and Phe207
(B), the third by Gly206 and Asp101 (C), and the
smallest by Tyr100 and Lys33 (D) (Fig. 6B and
6C) (Ortore et al., 2009). Belinostat only shows
connection with the B region where the aromatic
group connects the His207 residue through a pi-pi
stacking interaction (pink binding). Owing to hy-
drophobic contacts and hydrogen bonds, belinostat
elucidates itself to be a potent selective-HDACS8
inhibitor, with a low binding energy estimation and
inhibition level (-8.97 kcal/mol and 265.3 nM re-
spectively). The binding energy estimation is ap-
proximately equal to a previous report, at -8.68
kcal/mol, proving the accuracy and reliability of
the results (Uba and Yelekci, 2017).

4 CONCLUSIONS

With the support of Autodock Tool including Au-
todock4 and Autodock4Zn, the interaction between
Belinostat and the active site of a novel target for
cancer treatment - HDACS8 enzyme was ultimately
explored. The results show hydrophobic interac-
tions established by aromatic groups with Phel52,
Phe207 and Phe208, hydrogen bonds arising from
the sulfonamide group and especially the binding
between zinc ion and the hydroxamic acid group.
All of which are necessary for stabilizing the lig-
and - protein complex and hence bettering the inhi-
bition of HDACS activity of belinostat. Overall,
with this result, belinostat proves itself to be an
effectively selective HDACS inhibitor, contributing
to further applications on the cancer treatment of
HDAC-induced diseases.
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