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Abstract

The modulation of histone acetylation plays a pivotal role in the regulation of gene
expression by governing the state of lysine residues located on the amino — terminal tails of
histone proteins. A dynamic balance of histone acetylation /deacetylation is maintained by
histone acetyl transferases(HAT) and histone deacetylases(HDACs) . Due to their
fundamental role in gene expression, HDAC family have been associated with basic cellular
events and disease states such as cell growth, differentiation and cancer information. In
particular, distinct class | and Il are overexpressed in some cancer disease. HDAC inhibitors
structurally can be grouped into hydroxamates, cyclic peptides, aliphatic acids, benzamine’s.
HDAC inhibitors (HDACi) and histone acetyl transferase activators increase histone
acetylation. HDACS is a class | HDAC implicated as a therapeutic target for a various disease
including disorder cell growth. The structure of this enzyme reaveled unique features as its
conformational flexibility. The architecture of the catalytic site and the channel rim of
HDACS8 adapt to accommodate various ligands according to their size, shape and chemical
properties. in this study, the native TSA ligand of HDACS8 (code 1T64) re docked, to observe
the inhibition constant (Ki) with different parameter such as rotatable bonds and X, Y, Z
coordinates. From this approach, starting de nova design from resveratrol compound, that is
suggested to play a role in the preventation of some disease such as inhibition of tumour
initiation. The resveratrol scaffold was used to create 100 hundred analogues by substituting
chemical groups to observe the changes in the binding energy and inhibition constant by
molecular docking using Autodock4.2. These 100 analogues were evaluated in terms of the
inhibition constant (Ki) and 20 of them selected due to their lowest inhibition constant (Ki)
and binding energy. The fact that HDACS8 is a promising target for cancer therapy, these
molecules can be potential anticancer agents if additional laboratory assays are carried out

to ascertain their inhibitory effects.
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Chapter 1: Objective

Histone deacetylase HDACS8 is a class 1 histone deacetylase implicated as a therapeutic
target in various diseases including cancer, X- linked intellectual disability, and parasitic
infections. It is a multi-target for therapeutic interactions. In cancer, HDAC8 is a major
(epigenetic player) that is liked to deregulated expression or interactions with transcription
factors critical to tumorigenesis. In the parasite Schistosoma Manzoni and in viral infections,

HDACS is the novel target that used to subdue the infections (1).

Based on sequence homology, HDACS is considered to be a class | enzyme. Although the
phylogenetic analysis has shown it to depose near the boundary of the class | and class |l
enzymes. The enzymes of class | are mostly nuclear. Among them HDACS8 is the most

documented in terms of crystallographic data(2).

Structurally, it is a well — characterized enzyme that also deacetylases non- histone proteins.
The three-dimensional structure of Human HDAC8 was the first to discovered. In addition,
14 human structures co — crystallized with different inhibitors are presently attainable PDB
codes (1764, 1T67, 1769, 1VKG, 1W22, 2W22, 2V5W, 2V5X, 3EWS8, 3EWF, 3EZF, 3EZT, 3FO6,
3FO7, 3FOR). These structures have assisted to understand how catalytic activity occurs
within the HDAC family of enzymes, revealing unique features of HDAC8, such as its
conformational flexibility proximal to the binding site pocket .The architecture of the solved
HDACs is similar . However; the organization of the loop and the distal helicases is different
in HDACS, it shows more open and accessible structures binding site than other HDAC

enzymes (3).

The active site topology of HDAC8 showed large structural differences depending on which
inhibitor is bound (4). It's significance has been revealed by knockdown experiments of
selective HDAC isoforms showing it as integral for cell survival. Significant differences are
observed in the length and structure of the loops surrounding the active site, including the

presence of two potassium ions in HDACS8 structure (5) .

To date, a number of potential HDAC inhibitors are in clinical trials. Suberoylanilide

hydroxamic acid (SAHA) was the first HDAC inhibitor approved by FDA. In terms of diverse
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chemical structures, HDAC inhibitors include a wide range of scaffolds and can be classified
into structural classes such as aliphatic acids, hydroxamic acids, cyclic peptides and

benzamides(6).

In this study a new technique and or algorithm will not be performed. What makes this study
different is the approach. Namely to investigate a potent inhibitors of HDAC8 (code 1T64),
one hundred de nova designs will be docked to 1T64 structure by using discovery studio (54)
and will scanned using Autodock 4.2 against the structure HDAC8 (PDB 1D:1T64) with virtual
screening methodology and the new analogues will be evaluated according to the binding

energy and the inhibition constant.

The goal of this study is reveal anew ligands or inhibitors against HDAC8 that could be more
effective and potent in silico. This discovery of a new analogues or inhibitors will be

beneficial to better understanding of cancer therapy and infection disease.
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Chapter .2 introduction
2.1 Chromatin structure and modification overview:

Chromatin is the state in which DNA is packaged within the cell. The DNA wrapped around
an octamer of core histones, which is composed of two molecules each of the histones H2A,
H2B, H3, and H4 called a nucleosome Fig 1 .The nucleosomal DNA is dynamically packaged to
varying degrees, resulting in different levels of chromatin compaction, ranging from the 10-
nm fibre to higher order structures such as the condensed mitotic chromosomes (1). These
chromatin structures not only serve as essential structural elements to preserve genetic
information but also play active roles in governing the accessibility of DNA sequences to

transcription factors and general transcription machinery .

Hastone
octamor

Fleuble
N-tarmnal tans

Fig. 1 Structure of the nucleosome (7)

The regulation of chromatin structure is one of the most intensively studied issues in the
field of eukaryotic gene regulation. The most known mechanism that regulates chromatin
structure is called a covalent chromatin modification on DNA or histones (8) or epigenetic

modifications that are considered as inheritable changes and intimately link environmental
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factors to our genetic code (9). Histones are modified at many sites. There are over 60
different residues on histones where modifications have been detected either by specific
antibodies or by mass spectrometry (10) Fig (2). This represents a huge underestimate of the
number of covalent modifications that can take place on histones such as phosphorylation,
methylation and acetylation of histones and other modifications processes (11). The
significant of these processes refers to their impact on the structure regulation by not
merely being there, but they also recruit remodelling enzymes to reposition nucleosome .
In this way, the influence of such modifications can be on transcription (12), and much
fundamental biological process (9). Specific tail modifications of histones, or combinations
thereof, constitute a code actual or potential transcriptional states, this called histone code
(23).

/- -
gene expression

. P
~& % -‘— <
k Yl d ) e D: __.-D

chrqmatin . /" histone modiication "
remodeling patway i pathway ot

Vf L DMA modification

g, PO OO

G2 ARIADNE

Fig 2 . Overview of histone modification pathway.

Phosphorylation of histones takes a place on serines, threonines and thyrosines that
controlled by kinases and phosphatases. Histone kinase transfer a phosphate group from
ATP to the hydroxyl group of the target amino acid .This action is adding a negative charge to
the histones (14). For instance, phosphorylation involving Ser-10 of histone H3 has emerged
as an important modification, both in transcriptional activation and in chromosome

condensation during mitosis (15).

Histone methylation is unique among post-translational histone modifications by virtue of its
stability. It is thought to be a relatively stable and heritable epigenetic mark. That tells our

genes to switch on or off, our cells whether and how to read the genes (16) for gene-specific
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regulation (17). DNA methylation refers to the methylation of deoxy cytosine (DC) bases at
the 5 position to form deoxymethylcytosine (18). The charge of histone proteins will not be
affected by this modification .However, increasing methyl addition (mono, di or tri) does
increase its basicity and hydrophobicity (19), Leading to a change in the chromatin structure
from an open, transcriptionally active form to a more compact, inactive form, inaccessible to
the transcription machinery (18) .The various methyl marks act as binding sites for other
proteins that compact nucleosomes together or bring additional regulatory proteins to

chromatin sites marked by methylation.(14).

The acetylation is highly dynamic and regulated by opposing actions of histone acetyl
transferase (HATs) and histone de acetyltransferase (HDACs) (16) which add or remove
acetyl groups to and from target lysine residues within histones. Relatively short
unstructured tail of core histones consist of the targeted lysine (11) Fig (3). These tails has
been conserved during evolution; therefore, the lysine positions, which are accessible to this
enzymatic acetylation and identical in a wide variety of organisms ranging from, yeast to

human (18).

The presence of such an acetyl-group by HAT Enzymes neutralizes a positive charge within
the N-terminal part of the histone molecule (18). Thus changes the electrostatic state of
lysine from positive to neutral and it also increases the size of amino acid chain (19), which
could result in the destabilization of both the inter- nucleosomal interaction and the
negatively charged phosphate backbone of DNA (20).This reduces the affinity of the histone
tail that protrudes from the nucleosome core of DNA. As a result, chromatin adopts a more
relaxed structure, unwinding of the nucleosomal arrays, and enabling the recruitment of the
transcriptional machinery .This changes plays an important role in modulating gene
transcription (21). In the case of acetylation marks; certain modified lysines represent
specific binding surfaces for bromodomain-containing proteins, which are part of large
complexes controlling chromatin architecture. These proteins represent a large class of

chromatin-associated factors with at least 75 members expressed in humans (19).

15



Lysine ?Hg

2o

|
NHY NH
| |
ClH? Acetylation ClH?
CH, by HATS CH,
| : |
CH, Deacetylation CH,

by HDs

|D'., |D'.,
\H/ﬁ\%f \H/ﬁ\gf

Fig 3 . Reversible actions of HAT and HDAC enzymes

In particular acetylation, may affect the capacity of the histones to inhibit ribonucleic acid
synthesis in vivo (22). This findings introduce the possibility that histone effects on nuclear
RNA metabolism may involve more than a simple inhibition of RNA synthesis, and that more
subtle mechanisms may exist which permit both inhibition and reactivation of RNA
production at different loci “ multiple positions” along the chromosome (22) . Furthermore,
the function of many transcription factors, chaperones and structural proteins depends on
their acetylation state, which in turn affects a multitude of physiological pathways.
Acetylation can equally affect enzymatic activities, as acetylated lysines exhibit slightly
different preferences for secondary structures than un- acetylated lysines. Additionally, the
acetylation of lysines can create new docking sites for protein—protein interactions, for
example via recognition by the bromodomain proteins .Different covalent modifications can
furthermore compete for the same lysines important for signalling or the subcellular

localisation of a protein (23)

On the other hand, deacetylation by HDAC enzymes can be thought as the opposite process
of acetylation, removing the targeted acetyl group. This process is associated with a more
condensed chromatin state and transcriptional gene silencing. Thus increases ionic
interactions between the positively charged histones and negatively charged DNA, which
yields a more compact chromatin structure and represses gene transcription by limiting the

accessibility of the transcription machinery (24).
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Emerging evidence suggests that a family of histone deacetylases may exist to regulate
diverse cellular functions , including chromatin structure , gene expression , cell cycle
progression , and oncogenesis (25) Fig (4) . Additionally, numerous properties of proteins
including DNA-protein interactions, subcellular localization, and transcriptional activity can
be affected (19).) In the past few years, increasing experimental evidence has accumulated

to support the view that the role of histone is to inhibit chromosomal activity (21).

Acetylated chromatin
Open and transcriptionally active

@ Chromatin
remodelling @

Deacetylated chromatin CANCANC I
Compact and transcriptionally repressed ' (
4

Gene

Nature Reviews | Molecular Cell Biology

Fig 4. Cartoons showing the opposing reaction of acetylation deacetylation process (26)
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2.2 Overview of HDAC enzymes:

Histone deacetylases (HDACs) reverse the regulatory acetylation of histone proteins,
influencing nucleosome structure and altering gene transcription. Although histone
deacetylases suggested to act to silence genes, but genetic experiments in Drosophila and
the yeast Saccharomyces cerevisiae have indicated that deacetylase activity can contribute

to gene activation as well (27).

This reversible acetylation modification (deacetylation) of lysine residues in histone proteins,
and their putative role in RNA synthesis was first described in 1964 by Allfrey et al. Since
that, the natural antifungal antibiotic Trichostatin A (TSA) was found to act by inhibition of
mammalian histone deacetylases (HDAC) .Subsequently, the first human HDAC named HD1,

a homolog of yeast transcriptional regulator Rpd3 was isolated (28).

Depending on sequence similarity and co factors dependency, HDACs are grouped into two
families NAD+ dependent family and Zn*? dependent family. The ZN*2 family classified into
four classes based on a phylogenetic analysis. Class | enzymes comprise HDACs 1, 2, 3 and 8
(homologous to yeast Rpd3) and class || HDACs include 4-7, 9 and 10 (homologous to yeast
Hdal) ;which are divided into two subclasses: lla (HDACs 4, 5, 7, 9) with one catalytic domain
and llb (HDACs 6, 10) with two HDAC domains. HDAC11 is distinct from those in classes |,
and Il. It has been placed in class IV, and class lll refers to the unrelated, NAD-dependent
sirtuin deacetylase and insensitive to inhibition by HDAC class I/l inhibitors like TSA (3).
Among zinc-dependent HDACs human HDACS lies on the evolutionary boundary between

class | and class Il HDACs and has become the best characterized experimentally (21).

From a structural point of view all HDACs enzymes share an approximately 11-A tube —like
catalytic channel with accommodates a zinc ion that is responsible for their deacetylase
activity. With a few exceptions, the residues lining on this active pocket in the catalytic
domain are widely conserved among different isoforms making the design of selective
inhibitors. The 11- A channel rim has been suggested to be the best place to find exploitable

structural differences for the rational design of selective inhibitors or modulators (2).

In 1999, the crystal structure of a bacterial HDAC homology (histone deacetylase —like
protein) (HDLP), bound to an HDAC inhibitor, trichostatin A (TSA) was reported (20) Fig 5.

18



Originally this inhibitor developed as an antifungal drug and considered as a member of a
large class of HDAC inhibitors that has a broad spectrum of epigenetic activities. TSA
selectively inhibits class | and Il mammalian HDAC, and alters gene expression by interfering
with the removal of acetyl groups from histones by HDAC and therefore alters the ability of

DNA transcription factors to access the DNA within chromatin (29) Fig 6.

Surface binding domain
-Cap group

Zinc atom

Zinc binding group
(hydroxamicacid)

Fig 5. X-ray crystal structure of bacterial histone deacetylase-like protein and Trichostatin A

(TSA)(30)

Fig 6 .Trichostatin A (51)
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The catalytic domain of HDLP was closely related to those of both classes of HDACs (I, Il).
Thus the mechanism of deacetylation is presumably conserved as well, which require Zn*?
for activity. The most common HDAC inhibitors use hydroxamic acids (19), which consist
organic compounds bearing the functional group RC (O) N (OH) R’, with R and R' as organic
residues and CO as a carbonyl group (30) with zinc binding groups despite unfavourable

pharmacokinetic properties (27) due to their rapid clearance and severe toxicity (31) .

In general, inhibitors can be grouped into hydroxamates, cyclic peptide, aliphatic acids,
benzamides boronic acid -based compounds, benzofuranone and sulfanomide.
Superoylanilide hydroxamic acid (SAHA) was the first HDAC inhibitors approved by FDA (32)
(Food and Drug Administration) granted regular approval to vorinostat, a histone
deacetylase inhibitor, for the treatment of manifestations of cutaneous T-cell lymphoma
(CTCL) in patients with progressive, persistent, or recurrent disease (33). Vorinostat is
structurally related to (TSA) which is indicated for the treatment of replaced and refractory

(CTCL) (34).

Most of HDAC inhibitors share three common features such a common pharmacophore,
consisting of a zinc-binding group (ZBG) or warhead to chelate the catalytic zinc ion, a
capping group binding on the surface of the active site pocket, and a linker between the ZBG
and the cap fig 7. It is generally thought that the ZBG is to a significant extent responsible for
the potency and sometimes the isoform selectivity of HDAC inhibitors (31) .The zinc-binding
group and polar group connected by a straight chain alkyl, or aryl linker (35). The capping
group is solvent exposed and interacts with amino acids near the entrance of the active site.
Linker helps for high affinity interactions with proteins Fig 8. The cyclic peptides are the most
structurally complex group of HDAC inhibitors of which depsipeptide (an oligo- or
polypeptide containing one or more ester bonds as well as peptide bonds) is one of the most

important members (7).
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iﬂlw
ﬁlm

Phe208
Gly151

His143

Mtt!;é

Iyr3oe

Asp183

His142

!
'
Asp176

His180

Fig 8. The interactions of inhibitor interface with the HDAC enzyme (36)

Most HDAC inhibitors such as TSA and SAHA closely resemble the aliphatic acetyl-lysine
substrate, and deliver a hydroxamic acid or other zinc-binding group to the catalytic zinc ion
at the bottom of a narrow active site pocket. Then hydroxamic acid coordinates zinc cation
and hydrogen bound with some of the active site residues. The aliphatic chain makes
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several van der Waals contacts with the channels residues. The cap group contacts residues
on the rim of the pocket, and possibly mimics the amino acids adjacent to the acetylated
lysine residues in the histone. The carbonyl oxygen of the N- acetyl amide bond is thought to
coordinate to the zinc cation, and to thereby position it closely to a bound water molecule
and activate it for a nucleophilic attack by the water (20) as showed in Fig 9. The majority of
available HDACi drugs in and out of clinical trials inhibit all HDAC isoforms non-specifically so
called pan-inhibitors (37), or non- selective. Thus, the effect of these inhibitors is often
studied by examining changes in bulk histone acetylation or the therapeutic effects observed

in a given experimental model or in clinical trails (34).
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Fig 9 .The proposed mechanism of HDAC family class | and Il (38)

22

His «-

Asp

Asp



2.3 HDAC 8 Enzyme:

HDACS8 was initially discovered in 2000 by llse Van den Wyngaert and his team when they
identified the characterization of human HDACS8 by cloning, using database searches. Such as
several overlapping expressed sequence tags ESTs (39). This technique is utilizing cDNA
library that is constructed from a tissue or cell line of interest. Individual clones are picked
from the library, and one sequence is generated from each end of the cDNA insert. Thus,
each clone normally has a 5 and 3 EST associated with it (40). As a result generate
recombinant cell lines to catalyse deacetylation of a number of acetylated histone variants in
vitro (39). Among the different histone deacetylase (HDAC) isozymes, HDAC8 is the most
highly malleable enzyme, and it exhibits the potential to accommodate structurally diverse

ligands (albeit with moderate binding affinities) in its active site pocket (41).

HDACS is critically involved in regulating chromatin structure and gene expression. It is
either localized a sex linked gene in the nucleus as (primary site), or in the cytoplasm (1). In
human tissues, it has been showed to be expressed 1.7 Kb while in tumour cell plot revealed
a transcript of 2.4 Kb but in several lines (25). The detailed knowledge of its catalytic
mechanism is of high importance since it has been established as a most promising target for

the development of new anti-tumour drugs (21)

HDACS is expressed in a variety of adult caner tissue, such as colon, breast, lung, and
pancreas as well as in childhood cancer tissue such as neuroblastoma and has not been
identified in any major corepressor complexes, and very few (HDACi) developed to date
target HDAC8 with any potency. Besides cancer, lately HDAC8 have been discovered as an
important target to fight the neglected parasitic disease schistosomiasis caused by
Schistosoma flatworms that affects over 200 million people. HDAC8 was shown to catalyse
in vitro deacetylation of a number of acetylated histone variants. These substrates included
full-length H2A/ H2B, H3, and H4 histones, acetylated at non-specific lysines. On the other
hand there are some unique non-histone substrates such as cohesion (transcriptional
activator proteins). And the Estragon-Related Receptor a (ERRa) .This receptor is expressed
in a number of organs (42), and considered as a key regulator of growth and differentiation

in a broad range of target tissues (43).

23



When structural features of HDAC8 are considered, the structure comprises a single a/p
domain that includes an eight — stranded parallel B sheet sandwiched between 13 a helices.
Each domain binds one zinc ion and two K* ions, forming a dimer interface that buries _
1,300A of molecular surface area (44). The substrate binding surface, composed of nine
loops and an 11 A tunnel leading to the active site, is proposed to be conformationally
flexible based on the poor occupancy and varying positions of the loop residues in crystal
structures (45). The inhibitor mediates the dimeric arrangement in the crystal structure with
two capping groups (pyridine and thiopene moieties) of each inhibitor molecule stacking
against each other (44) Fig 10. The C terminal (aa50 — 112) protein-binding domain of other
HDAC is not present in HDAC8 (1).

While approximately half of the amino are contained in canonical secondary structure
elements, the other half of residues in HDAC8 from loops that link the various elements of
regular secondary structure. These long loops emanating from the C - terminal ends of the
strands of the core B sheet form a substantial portion of the volume of the entire enzyme
and encompass the residues from the enzyme, active site, and catalytic machinery. These
loops create a number of different conformations that bind ligands. The varied
conformations provide a palette of binding sites to accommodate a multiplicity of
substrates. Furthermore, long range allosteric movements propagated through the loops
may affect the active site and surrounding areas, potentially altering substrate preferences

(45).
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Fig 10 . Over all HDACS structure

Some studies revealed that HDAC8 has a core architecture similar to that found in two
enzymes; arginase, which catalyses the conversion of arginine, and (HDLP) from the hyper
thermophilic bacterium (Aquifex aeolicus) with approximately 31% sequence identify with
HDAC8 (32). In addition the catalytic domain discovered from HDLP which was closely
related to those of both classes of HDACs (I, II). Thus the mechanism of deacetylation is

presumably conserved as well, which require Zn*? for activity (22).

HDACS8 shows that the surface in the vicinity of the entrance to the catalytic site is very
flexible and in particular the L1 and L2 loops of HDACS8 interconvert between different
states. The catalytic cycle of HDACS8 involves at least three steps, including binding of
substrate, cleaving of the acetylated lysine, and release of the products (46). The substrate

binds to HDACS8 with the catalytic metal coordinating both the carbonyl oxygen of the acetyl
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Lysine substrate and a water molecule. In the first step of the mechanism, His142 functions
as a general base to abstract a proton from the metal-bound water that is reacting with the
carbonyl carbon to form a high energy tetrahedral intermediate. The oxyanion intermediate
is proposed to be stabilized by coordination with the metal ion, hydrogen bonding with
Tyr306, and electrostatic interactions with positively charged groups in the active site.
Proton donation from an active site general acid to the amine leaving group accompanies
breakdown of the tetrahedral intermediate to form the acetate and the deacetylated lysine
products (45) .These changes derive from the presence of two deep pockets one leading to
the active site and a second one close to the active site and lined by Tyr306 and Phel52. The
opening of the second pocket is mediated by a movement of loop L1 (46). The flexibility of
zinc coordination, which allows different coordination modes and fast ligand exchange has
been suggested to be one key catalytic feature of the zinc ion .This makes it an invaluable

metal in biological catalysis (47) Fig 11.
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Fig 11. The proposed mechanism of HDACS.

The catalytic mechanism originally proposed for HDACS is based on crystal structure of the

HDLP (48). In spite of their highly conserved catalytic domain, one key structural difference
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between HDAC8 and HDLP is that the former has two K+ ion binding sites while HDLP lack
(31) Fig 12.

Fig 12. Zinc and K ions in the active site group. (21)

When the ligand binding site is considered, it consist of a metal — binding domain, a linker
domain, and a hydrophobic group. Recent studies have explored flexibility of the HDAC8
binding site using molecular dynamics simulations and confirmed that, indeed, the binding
site of HDACS is rather malleable and, if required, can be subjected to induced fit technology
that accounts for receptor flexibility in ligand-receptor docking by iteratively combining rigid

receptor docking with protein structure prediction and refinement (49).

The inhibition of HDAC8 is strongly regulated by the surface malleability. The most
promising scaffold seems to be associated with bulky linkers, which can fit into the HDAC8
groove (46). In addition, the interpretation of the binding poses may be biased due to the
fact that the conformation of the HDAC ligands co-crystallized with HDACS is influenced by
the interactions between the ligand and neighbouring copies of the protein and/ or ligand in
the crystal lattice (50). Because of The topology of the unbound state very likely offers a

wide pocket that accommodates to the ligand after its coordination to ZN. The inhibitor
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coordinates the zinc in a bidentate fashion, and simultaneously contacts residues likely to be
involved in catalysis (HiS-142, HIS -143, and Tyr -306 by its hydroximate moiety. The cyclic
linker region of the inhibitor fits in the hydrophobic channel, with its aromatic aryl moiety
stacked between side chain of Phe -152 and 208(46) Fig 13. Additionally Van Der Waals

interactions occur between the linker and side chain (44).

His2

Phe208

Coumarin

Phe152
Lys 33

His142¢
Asp176

Fig 13. Enlarged view of the active site, polar interactions are shown as dashed yellow lines

(51).

In the case of small hydroxamates such as SAHA. Hydroxamates are very potent bidentate
zinc chelators. The hydroxamate moiety is small enough to fit in the narrow pocket of HDAC8
leads to weaker inhibition of HDAC8 because the malleability of the protein will remove
several of the hydrophobic contacts in the linker region that contribute to the binding. (52)
Fig 14.

28



Fig 14 .left: Top view of a surface representation of the most favourable orientations of the
cap of SAHA . Right: surface representation of the surface channel opened to allow the

interaction of SAHA with Tyr306.

Selective inhibitors (HDACS8i) with characterization in advanced preclinical trails still scare.

HDACS8 has high flexibility and hence is able to accommodate a range of diverse inhibitors

(1).
2.5 Docking:

Docking is the process by which two molecules fit together in 3D space. , which predicts the
preferred orientation of one molecule to a second when bound to each other to form a
stable complex .It is frequently used to predict the binding orientation of small molecule
drug candidates to their protein targets in order to in turn predict the affinity and activity of
the small molecule. Hence docking plays an important role in the rational design of drugs.
Molecular docking may be defined as an optimization problem, which would describe the
“best-fit” orientation of a ligand that binds to a particular protein of interest. The focus of
molecular docking is to computationally stimulate the molecular recognition process, aiming
to achieve an optimized conformation for both the protein and ligand, and relative
orientation between protein and ligand such that the free energy of the overall system is
minimized(53), and increasingly used for lead discover. Typically by screening a large

database of organic molecules for putative ligands that fit a binding site(54).

Earlier docking methods that treat both ligands and proteins as rigid objects are called rigid
docking whlie methods that consider a ligand as an articulated object, and a protein as a

rigid object are named flexible docking (55).
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2.5.1 Description of Docking Problem:

Molecular docking can be seen as a problem of lock —and — key in which protein can be
considered as the lock and ligand can be seen as the key. Docking program fits molecules in
the site, often in hundreds or even thousands of orientations and conformations, evaluates
their complementarity, and ranks each molecule relative to the rest of the database of
possible ligands. Serious challenges remain, whereas the technique has had some important
successes in recent years. These challenges may be divided into two categories: problems
with calculating binding energies, and problems with sampling the degrees of freedom

available to interacting molecules (54).
2.5.2Docking Methods:

Two essential parts of a docking approach are a scoring function and an efficient algorithm
for searching conformation space. A good scoring function should be able to distinguish a
correct binding mode from other putative modes. Different ligands can be bound to a
receptor in enormous conformations with varying energies (55). Docking methods typically
use an energy-based scoring function to identify the most favourable ligand conformation
when bound to the target. The general hypothesis is that lower energy scores represent
better protein-ligand bindings compared to higher energy values (56). An accurate scoring
function should reflect this observation. However, due to the approximation to the free
energy, the native structure may not always have the lowest energy using the existing
scoring functions(55) .A scoring function is used to rank the bindings correctly. A variety of
scoring methods have been used in molecular docking. The algorithms for automated
docking sampling can be divided into two broad categories: matching methods, and
conformational search methods. In matching approach, the enzyme and ligand are taken as
rigid objects, and the search is reduced to finding energetically or geometrically favourable
configurations of the ligand within the active site of the enzyme. A conformational search
method, which is considered in this study, is often to dock conformationally flexible ligands
by employing a simulation or optimization method to search through the space of ligand—

receptor configurations where the ligand is flexible and the receptor is fixed (55).

More recently, evolutionary algorithms have become a popular choice in molecular docking

applications and performed better than simulated annealing (a general probabilistic local
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search algorithm, proposed 20 years ago by Cerny and Kirkpatrick to solve difficult
optimization problems. Many large instances of practical difficult problems were successfully
solved by simulated annealing to use a simulated annealing algorithm to define a set of
solution of an optimization problem. Then a neighbourhood structure is defined) (58) in
some applications. An evolutionary algorithm is a generally adaptable concept for problem
solving; especially well-suited for solving difficult optimization problems .It is based on ideas
borrowed from genetics and natural selection. Evolutionary algorithms have been used to
solve problems involving large search spaces, where traditional optimization methods are
less efficient. They can be applied in varying ways to the confirmation search, structure-

based design problems, and protein prediction.
2.5.3 Virtual Screening:

In recent years, virtual high throughput screening (VHTS) has become an essential technique
for the discovery of new lead compounds (the pro compounds that have biological
properties to be a drug), and it has served as an alternative to experimental high throughput
screening HTS (that provides a practical method to investigate large numbers of synthetic
compounds in miniaturized in vitro assays to identify those capable of modulating the
biological target of interest (59) in drug discovery. Virtual screening is a technique that uses
computers to predict a binding mode and affinity of a given compound for a target receptor.
A critical issue in receptor-centric virtual screening is to incorporate a dynamic nature of
receptor structures. Commonly in molecular docking algorithms, the target protein is kept
rigid in a single low-energy conformation, and only conformational and positional flexibility
of a ligand is considered Fig 15. The importance of VHTS in drug discovery is increasing
simultaneously with numbers of small molecules that are being available and rapidly

growing in corporate and public libraries (60).
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library
Crystal structures of target receptor

[ Conformer generation ] complexed with various ligands

Selection of receptor conformation
by comparing shape
with crystal ligands

[ Docking on one of l vy

i :
receptor conformations J‘ |_Cross docking ]

Fig 15. Flowchart of distributed docking methods
2.6 Resveratrol as a basic scaffold of our project:

In this project, we aimed to design new ligands (inhibitors) of HDAC8 by exploiting
resveratrol as a De nova design of our docking. Resveratrol Fig (16) (3, 5,4P-
trihydroxystilbene) was the first detected in grapevines in 1976, and then in wine in 1992 .It
is synthesized in the leaf epidermis and the skin of grape berries. The time in contact with
grape skins is the determining factor in resveratrol extraction during the fermentation
process (60). Its physiological function is not well defined but is thought to reside in the
protection of the plant from environmental stress and pathogenic attack. On the other hand,
it has been suggested to play a role in the prevention of heart disease, associated with red
wine consumption, as it inhibits platelet aggregation, alters eicosanoid synthesis and
modulates lipid and lipoprotein metabolism. Resveratrol was also recently shown to inhibit
cellular events associated with tumour initiation, promotion and progression. In the light of
its very weak toxicity, at least in mouse tumour models, and suggested that resveratrol
should be investigated as a cancer chemo preventive agent in humans. As a polyphenol
molecule, it is a radical scavenger and has been shown to inhibit cyclooxygenase activity

(61).
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Fig 16 . The structure of resveratrol

A number of clinical investigations have assessed the pharmacokinetics and metabolism of
resveratrol in humans following oral ingestion either of the single synthetic agent or as a
constituent of a particular food or drink. An understanding of the clinical pharmacokinetics
and metabolism of resveratrol is essential to enable appropriate doses to be chosen for
larger efficacy trials, for defining relevant concentrations that should be used in preclinical
mechanistic studies, and for identifying metabolites that may contribute to or diminish the

activity of the parent compound (63).
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Chapter 3: Mateirail and Methods

In this study, our aim is to design a new ligands for the enzyme HDACS8 (code 1T64.pdb )(64),
that was complexed with TSA trichostatin A, by observing the inhibition constant of the new

candidates.

We carried out following several steps to test inhibitors:

Preparation of the protein HDAC8 (1T64) structure for docking.

Preparation of known ligand to dock.

Re docking the native ligand and some known ligand to 1T64 as a test case.

Re Docking Native ligands From Other Structures Code of the Enzyme HDACS8

Creating a library of De Nova ligands and docking them to the structure.

3.1 AutoDock Tools (ADT):

As previously mentioned in the Introduction section 2.5.2, two essential parts of a docking
approach are a scoring function and an efficient algorithm for searching conformation space.
AutoDock uses a semi empirical force field scoring function based on the AMBER force field.
It uses a molecular mechanics model for enthalpic contributions, such as VDW and hydrogen
bonding, and an empirical model for entropic changes upon binding. Each component is
multiplied by empirical weights obtained from the calibration against a set of known binding

constants.

AutoDock uses a Lamarckian genetic algorithm for the conformational search part. For each
molecule, 50 independent runs were performed. 300 distinct ligand conformers were
initially generated and positioned randomly in the binding pocket. They had randomly
assigned torsion angles to rotatable bonds and a randomly assigned overall rotation. A

maximum of 100 million energy evaluations was allowed for each docking (65).
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2 .3 Preparation of HDACS:

The crystal structure of human histone deacetylase, HDAC8 enzyme (PDB entry code: 1764,
complexed with the inhibitor TSA), was extracted from the Protein Data Bank (64) Fig 17.
The enzyme structure was cleaned of all water molecules and the inhibitor TSA, as well as all
interacting ions (except zinc) before being used in the docking studies. To relieve the crystal
structure tension and to make the protein available to use in the AutoDock( docking
simulation program), the protein’s geometry was first optimized and then submitted to the
“Clean Geometry” toolkit of Discovery Studio(65) for a more complete check using a fast
Deriding-like force field. Missing hydrogen atoms were added based on the protonation
state of the titratable residues at a pH of 7.4. lonic strength was set to 0.145 and the

dielectric constant was set to 10(66).

)~ Trichostatin A
4 gs . (TSA)
A

& — Zinc

Fig 17 . HDACS8 complexed with TSA (67)



3.3 Preparation of Ligand to Dock:

The 3D ligand molecule TSA were downloaded from on European bioinformatics institute
(68) with experimental inhibition constant. And used to dock in our optimized structure .The
AutoDock Tools (ADT) graphical user interface programs were also employed here to
generate the docking input files of ligand. It assigns the Gustier partial charges to each atom
and prepares two parameter files, namely a grid parameter file GPF(The grid parameter file
specifies the 3D search space by setting the number of points in each dimension, the center
of the grids and the spacing between points . It also specifies the types of probe atoms to
use, the filename of the receptor and the names of each the output grid maps, and a docking

parameter file (DPF) (67).

3.4 Re Docking of Native Ligand to HDACS:

HDACS8 inhibitor (TSA) was re-docked in order to compare the docking accuracy (63)
between the inhibition constant of (TSA) that we have found on European bioinformatics
institute (70) and the Ki after relocking it in side our optimized structure. For this procedure
we have prepared the gpf file with a grid box Fig (18) of X50, X50, and X50 and considered X,
Y, Z coordinates as 44.186, 35.183, and 52.406 respectively. The result described in Table 1.

Fig 18. The shape of grid box.
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Table 1, docking results of TSA (native ligand to HDACS)

Ligand TSA Rotatable bonds inhibition constant uM
: 6 25 expr
L
_
|
L
|
R-TSA
8 9.10

-

E- TSA
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3.5 Re Docking Native ligands From Other Structures Code of the Enzyme
HDACS:

Further steps, we have applied to increase the opportunity of getting candidates that are
targeted to be more potent ,effective and specific than other docking studied have applied
before in silico .In this step, we have docked six ligands, which have native properties of TSA,
and have been considered as natural ligands of other structures of HDACS8. The process was
performed by downloading the ligand PDB files from protein data bank (64). ADT used as a
next step of preparing files for docking (gpf, dpf), by using the same parameters that have

exploited to (TSA) ligand and the result showed in Table (2).

Note: all the results changed to Micro molar unit.

Table 2, re docking results of native ligands from other structures code of the enzyme

code | Ligand structure Chemical name Binding Inhibition
Energy constant

Kcal/mole Ki pM

DIMETHYLAMIDE-4'-

m | 5-(4-METHYL-BENZOYLAMINO)- | -9.16 0.219
CRI LT | sipHENYL-3,2-
® DICARBOXYLICACID 3-

HYDROXYAMIDE
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-7.65 2.49
SAHA SUBEROYLANILIDE HYDROXAMIC
ACID
-7.48 3.26
TSN TRICHOSTATIN A
? N-HYDROXY-4-(METHYL{[5-(2- | -8.68 0.436
NHB -y PYRIDINYL)-2-
§j THIENYL]SULFONYL}AMINO)BEN
ZAE
OCTANEDIOICACID -6.12 32.86
SHH HYDROXYAMIDE PHENYLAMIDE
4- (DIMETHYLAMINO)-N-[7- | -7.46 3.43
B3N L, (HYDROXYAMINO)-7-

mew,

.

OXOHEPTYL]

BEZAMIDE
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3.6 Creating a library of De Nova ligands:

From making use of resveratrol as scaffold of our library Fig 19 .we have designed one
hundred hits for our original ligand. For this procedure, we were using some chemical group
that have showed an effect of the structure of the docks and its binding energy and the

inhibition effect as well and these groups are:

Fig 19 .the resveratrol scaffold with R positions coloured with red.

e Oh

e Ch3

e Och3

e (i

e F

e OC-NH3
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As a test system, we have docked resveratrol code STL on protein data bank) (64) as the first
step in order to observe the inhibition constant that we can build on .Then we built on it by
adding a different chemical group to resveratrol scaffold. All these process were applied in
Discovery Studio where we can govern the structure, and make the changes that we need
(65). Moreover, following previous step by using the new docks on Autodock tool, where we
can prepare the (gpf, dpf) files for the ligand to be ready for docking process. The last step is
utilizing the new docks by docking them to 1T64 structure with the same parameters that we
used for the previous docking with 10 runs. The resulting poses are observed for the binding

energy value and the inhibition constant.
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Chapter 4: the results

Table 3 shown the result of docking 100 ligands (STL De nova) to 1T64:

STL ligands Run Binding energy values | inhibition constant
Kcal/mol UM exp
I O . |Run10 |[-6.39 20.8
scaffold
. Run 6 -7.69 2.31
1
Run 1 -7.98 1.41
2
Run 2 -8.05 1.26
3
7 Run 2 -7.72 2.18
4
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Run 4 -7.84 1.79
5

Run 9 -6.87 9.25
6

Run 10 -8.27 0.873
7

Run1 -7.15 5.76
8

Run 5 -8.59 0.508
9

Run9 -6.74 11.42
10
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Run 1 -7.33 4.23
11
" Run 4 -8.04 1.28
12 "
Run 5 -7.41 3.72
13
Run 10 -8.78 0.369
14
Run 5 -7.39 3.81
15
Run 5 -6.41 19.93
16
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Run 2 -6.60 14.65
17

Run 7 -5.91 46.22
18

Run 7 -5.79 57.13
19

Run 8 -7.36 4.05
20

Run9 -8.52 0.569
21

Run 9 -7.27 4.67
22
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Run 5 -6.75 11.37
23

Run 9 -7.78 1.97
24

Run9 -7.73 2.15
25

Run 3 -8.26 0.880
26

Run 4 -6.64 13.55
27

Run9 -7.16 5.67
28
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Run 1 -6.67 12.97
29
Run 9 -7.06 6.63
30
" Run9 | -7.23 5.06
31
Run 9 -7.35 4.09
4
32
Run 1 -7.16 5.65
33
Run 2 -6.80 10.37
34
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Run 8 -8.43 0.662
35

Run 9 -6.41 20.01
36

Run 5 -7.94 1.51
37

Run 5 -7.48 3.30
38

Run 7 -8.29 0.838
39

Run 5 -8.59 0.505
40
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s Run8 | -8.24 0.901
41
Run9 | -8.20 0.968
42
s Rund | -9.21 0.176
43
T Run7 | -8.82 0.430
T
SRl
[
44
Run 10 -7.34 4.13
45
Run6 | -7.38 3.89
46
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Run 10 -6.87 9.22
47

Run 4 -6.34 22.54
48

Run 8 -7.27 4.69
49

Run 10 -6.99 7.75
50

Run 7 -6.95 8.04
51

Run 6 -9.09 0.217
52
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Run 10 -6.76 11.15
53

Run 4 -8.91 0.295
54

Run 8 -6.58 15.05
55

Run 3 -6.32 23.41
56

Run 5 -7.09 6.31
57

Run 9 -6.78 10.67
58
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Run 7 -8.75 0.388
59

Run 2 -7.16 5.68
60

Run 7 -8.68 0.434
61

Run 8 -8.05 1.26
62

Run 2 -6.97 7.74
63

Run 6 -6.85 9.48
64

52




Run 4 -7.37 3.99

65
N Run6 | -7.72 2.21

66
Run10 | -6.87 9.20

67
Run10 | -5.50 92.78

68
< Run10 |-7.29 4.54

69
Rund | -10.19 0.033

70

53




Run 8 -6.77 10.87
71

Run 3 -7.48 3.30
72

Run2 -7.37 3.95
73

Run 7 -6.23 27.05
74

Run 9 -6.34 22.46
75

Run 10 -7.59 2.74
76

54




Run 9 -7.69 2.29
77

Run 6 -7.22 5.13
78

Run 6 -7.18 5.12
79

Run 3 -5.90 47.58
80

Run 2 -7.63 2.45
81

Run 4 -6.51 16.87
82
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83

Run 8

-5.56

83.9

84

Run 2

-6.82

10.05

85

Run 4

-6.46

18.52

86

Run1

-6.25

26.16

87

Run 8

-6.88

9.08

88

Run 9

-6.96

7.93




Run 2 -7.90 1.61
89

Run 5 -7.90 1.61
a0

Run 4 -7.48 3.31
91

Run 7 -7.54 2.96
92

Run 2 -7.94 1.50
93

Run 4 -7.17 5.56
94
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Run 3 -8.88 0.307
95

Run 4 -8.31 0.816
96

Run 5 -9.95 0.092
97

. Run 6 -7.90 1.62

98

Run 8 -6.92 8.45
99

Run 6 -7.70 2.25
100
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Chapter 5: Discussion

First, efforts to create selective HDAC inhibitors have received increased attention over the
past several years, leading to several classes — including isoform selective inhibitors (40). In
this study, as have shown in Table 1, we compared the potency of our novel molecule with
the native ligand of HDAC8 (PDB ID; 1T64), TSA to evaluate the inhibitory potentials. We
observed deviation of the docking results from the known experimental inhibition values of
HDACS8-TSA complex, with that of docking being lower. Furthermore, we perform docking
with some isoform ligands of TSA that considered as native docks for other isoform
structures of 1T64 as showed in Table 2. Hence we attended to compare the experimental
inhibition constant of those ligands, and consider the lowest Ki and of which structure

belongs for. From that, we were able to choose the best scaffold for our search.

The lowest Ki constant out of known ligands was for the ligand CRi with (Ki= 0.21uM, with -
9.16 kcal/mole), Depending on some chemical features of the structure that we considered
in last step. This ligand has three phenolic groups in its structure, from which we inspired our

de nova structure (resveratrol).

Lastly, resveratrol has been shown to possess inhibition (HDACs) enzyme activity. Depending
on the previous step, we considered the resveratrol (code STL on PDB) as scaffold for our
analogues to design selective inhibitors, which configuring of 100 analogs by using different
chemical groups to compare the Ki among all. As shown in table 3, results for inhibition
constant within the ligands are ranging from 0.033uM up 1.26uM to which we have twenty
analogs with lowest Ki at Nano molar level (table 4) with chemical groups that accompanied

at different position on STL structure.

Notably, we can see various impacts of R groups that we considered to be as a variable
component in our docking process. Groups such as CH3 and Cl have shown a good effect on
the Ki of the ligands by decreasing it. In contrast, the effect of NH3, F was obvious in

increasing the Ki of our scaffold.

As a conclusion, we can consider this candidate as ligand design of our structure (1T64), and
can apply more procedure on this analogue to ensure its capacity and efficacy, such as

simulation and drug design to expertise its activity.

59



The lowest Ki constant Fig 20 that have recorded was (Ki = 0.03, - 10.19 kcal/mole) (fig 20)

for the analogues connected with (Cl, F, OCH3).

Fig. 20. The design with the lowest Ki

The binding interaction of the best pose is showed in Fig 21.

ALA
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=1u]
PR 283
a7 25
-
-
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A 24 - TYR
r 98
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20 O
TRP
128
| |
0 O,
PHE
== ALA
25
LELI
295
Interactions
wan der Waals Pi-Sigma
Conwventional Hydrogen Bond Pi-Pi T-shaped
Carbon Hydrogen Bond Alkoyl
- Unfawvorable Positive-Positive Pi-Alkoyl
Pi-Cation

Fig 21 . The best pose with binding interactions
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Table 4 .The best and lowest Ki ligand structures.
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