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POTENT INHIBITORS DESIGNED FOR METHIONINE AMINOPEPTIDASE
IT USING PHARMOCOPHORE MODELING

ABSTRACT

Methionine Aminopeptidase (Metap2) is a metalloenzyme that is responsible of re-
moving of the N-terminal of newly synthesized protein. The inhibition of the enzyme
was found to be crucial in diminishing tumor’s nourishment, growth, and metastasis.
It is directly related to incurable diseases such as Cancer, Rheumatoid Arthritis, etc.
Over the year, different compounds were developed to inhibit that enzyme. Fumag-
illin, a natural irreversible inhibitor of MetAP2 and its derivatives, has been showing
great potential therapy, however, their toxicity and poor pharmacokinetic charac-
teristics have forbidden them from passing clinical trial and FDA approval. In this
research, an in-silico approach was conducted to obtain a compound that is capable
of inhibiting the enzyme with non-toxic properties. Two different approaches were
conducted using a pharmacophore modeling; Ligand-Based, and Structure-Based.
The Zincl5 and National Institute of Cancer Data (NCI) Databases was screened to
obtain diversity of pre-synthesized compound. Followed by Molecular Docking fil-
tration process using PyRx, and Autodock4. Followed by Discovery Studios protocol
called ADMET prediction to signify the ability of these compound to pass the blood
barriers and demonstrate batter pharmacokinetics properties than the Fumagillian.
These compounds will serve, as Great Drug Candidate for the biological test in our

continuous war against cancer and others Incurable disease.

Keywords: Metap2, Pharmacophore modeling, Drug design, Autodock4



TEZIN TURKCE ADI

OZET

Metaloenzimlerden Metiyonin Aminopeptidazlar (MetAP2), yeni sentezlenmis polipep-
titlerin bagindan metionin amino asidini kesmekle sorumludur. MetAP2’nin se¢imli
olarak engellenmesi damar olugsumunu baskiladigini, kat1 tiimorlerde tiimor boyunu
ve metastazi sinirlandirdigr gosterilmistir. Romatizma, kanser v.b. gibi tedavisi
zor hastaliklarla direkt ilgili oldugu bulunmustur. Arastirmacilar uzun siiredir bu
enzimi inhibe eden ilaclar tizerine galigmaktadir. Fumagillin MetAP2’nin dogal
geri dontigiimsiiz inhibitorudiir. Fumagillin ve yar1 sentetik analoglari potansiyel
ila¢ olarak umut vaat etmelerine kars1 farmakokinetik ve norotoksik ozelliklerinden
dolay1 FDA’dan klinik deneyler i¢in izin alamamistir. Bu calismada, Zincl5 ve
Ulusal Kanser Enstitiisii (NCI) veri bankalarindan MatAP2'nin potansiyel ve tok-
sik olmayan inhibitorleri in silico tarama, ligand ve yapi bazl farmakofor mod-
elleme yontemleri ile elde edilmigtir. PyRx ve Doklama iglemleri ile uygulanarak

aralarindan daha isabetli ila¢ adaylar1 segilmigtir.

Discovery Studio (2016) nin ADMET protokolii adaylarin farmakokinetik 6zelliklerini
tespiti i¢in kullanilmigtir. Bulunan bu adaylar Met AP2 enzimine potansiyel inhibitor
olabilecekleri ve farmkokinetik ozelliklerinin Fumagillian’dan daha iyi olduklari bu-
lunmugtur. Bulunan bu molekiiller biyolojik testler igin ve tedavisi zor kanser ve bu

gibi hastaliklara kars1 ¢ok iyi potansiyel ila¢ adaylar1 olacagi goriigiine varilmigtir.

Anahtar Sozcikler:
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1. Objective

Methionine Aminopeptidase (MetAPs) is a "metalloenzyme” found in humans in
two forms, MetAP1 and MetAP2. The main role of Methionine amino peptide is
removing N-terminal initiator methionine from the newly synthesized protein. If
the methionine is not removed by MetAPs, it will be non-functional and cleaved
by cell mechanism. Recent research has suggested the catalytic actions of MetAP2
on angiogenesis; inhibition of MetAP2 limits the formation of newly formed blood
vessels, decreasing tumor nourishment, thus limiting cancer growth. Fumagillin and
its derivatives are potent natural inhibitors of MetAP2, demonstrating high ligand
selectivity by the enzyme. Fumagillin has limited human application, the U.S. Food
and Drug Administration found the biomolecule inadmissible in clinical trials due to
its toxicity. Nevertheless, in this research, these compounds are used as a template
to screen for potential analogs that are similar in selectivity and affinity toward
MetAP2 in an approach called Ligand-based pharmacophore modeling, which ex-
tracts common features between known inhibitors and screen for potential ligand
analogs. The second approach that is used in this research is structure-based phar-
macophore modeling which implements the receptor-ligand binding pocket to create
a feature that’s later use in screening. Both Zincl5 and National Institute of Can-
cer (NCI) databases will be obtained for the screening, where only commercially
available, a drug-like compound will be a screen. The main principle that was ad-
dressed in this research is to produce easily synthesized, highly selective, non-toxic

compounds that will be a good candidate for the further biological study.



2. INTRODUCTION

2.1 Cancer

Cells are the basic unit of a living organism, the building block of the body, every
day the grow old and die and new cell need to be construct, as a consequence error
may arise during this process causing a disease. Cancer is an abnormal cell growth
that arises from misinterpretation of gene (Alberts et al., 2002). Cancer may arise
from different causes, every year the percentage of people pass away from accruing
cancer because of Smoking cigarette is 22. Over 10 percent of deaths come from
overweight and alcoholism. Around 5 to 10 percent of cancer can be genetically
inherited from the mother or father whom have abnormalities in their genes. Living
a healthy lifestyle, practicing sport, Maintaining a weight limit, Avoiding getting
too much sun exposure, These simple life choices can reduce the risk of developing
cancer disease(Jayasekara et al., 2016),(Anand et al., 2008),(Kushi et al., 2006).
Normal cell requires signals to carry the information required to begin the growth
of the cell or to eliminate it. These signals area usually resembled in a small ligand.
The ligand takes the form of growth factor or inhibitors or others forms. The sig-
nals communicate through the cell using protein receptor which takes please upon
the surface of the cell where ligands are bound. Each ligand binds in the binding
pocket of the specific receptor to trigger a certain effect. Some common charac-
teristics found in most cancer are uncontrolled cell proliferation, loss of apoptosis,
tissue invasion and metastasis, and angiogenesis (Martin et al., 2013). These char-
acteristics are considered a potential therapeutic pathway in which cancer can be
stopped and treated. By targeting ligand, receptor, intercellular second messenger,
and nuclear transcription factor, responsible of tumor growth, an anti-cancer agent

can be designed (Alberts et al., 2002).



2.1.1 Non-small-cell lung cancer (NSCLC)

Lung Cancer is a type of cancer that attack the lungs; the chances of survival perish/
fade away as the disease continues evolving. World health organization show that
lungs cancer is the most common type of cancer with 2 million cases around the
world. Also it’s the first in the list of the most common cause of death with over
one million per year. It is responsible for 20 %

of all types of cancer deaths around the world. Currently, the most effective approach
used now days is the definitive surgical(Kauczor et al., 2015). Lung Cancer is
categorized into two types small-cell lung cancer (SCLC) and the Non-small-cell
lung cancer (NSCLC),According to a study was conducted with human NSCLC it
manifests the crucial role of MetAP2 in treating cancer. MetAP2 is highly expressed
in NSCLC tissues. The correlating metastasis gene product S100A4 cooperates with
MetAP2 by its nature as angiogenesis against it has led to believe that it helps the
cancer cell migration and growth by providing resources to the malignant cell to
survive. In the Absent of MetAP2 expression, the chances of the patient to pull
through is (85 % ) while in the present of Metap2 expression it rises to (55 % ).
Fumagillin is a natural product and antiangiogenic agent that is used to prevent the
growth of NSCLC cell line, hence, increases the apoptosis and decreases the growth

of squamous cell carcinoma(SCC) (Shimizu et al., 2016).



2.2 Rheumatoid arthritis (RA)

Rheumatoid arthritis (RA) is chronicle disease occur in joints, hand, and feet, it is
an autoimmune disease where the immune system instead of defending the organism
against external threats its start to attack itself. The disease affects the lifestyle of
its patient causing them to reduce their activity; it is a companied by joint tough-
ness, achenes, tumescence and limiting the joint activity. RA is the most common
kind of autoimmune condition in the world with around eight hundred thousand
individual cases every year only in America. Drugs used in this disease are associ-
ated with several side effects and also has a limited effect on the treatment process

(Bainbridge et al., 2007).

The angiogenesis process is correlating exponentially with the increasing level of
the inflammatory rheumatoid arthritis disease. Angiogenesis, the process of forma-
tion of newly blood vessel, is in fact accelerating the swelling of the joints. Hence,
abnormal migration of a different kind of cell into the joint requires oxygen and
nutrition by which it increases the tumescence of the joints. MetAP-2 is an enzyme
that was found to be involved in the angiogenesis process by the increasing prolif-

eration of the endothelial cell.

Recently the PPI-2458, a potent selective molecule, was found to be binding with
MetAP2 in an irreversible way in covalent bonding. By repressing the Met AP2 ex-
pression in the cell, it was found to be acting as an anti-angiogenic compound that
led to reduce the proliferation of fibroblast-like synoviocytes that originated inside

joints in the synovium (Bainbridge et al., 2007)(Bernier et al., 2004).



2.3 Obesity

Obesity is the accumulation of fat cell in the body due to exceeding the amount
of food that is usually needed or a lack of exercise. Diseases like diabetes or a
genetic miss function like Prader-Willi syndrome can cause obesity or hyperplasia.
A mixture of genetics, environmental and other factors can contribute to obesity.
Being over-weight can be associated with many diseases such as hypertension, dia-
betes, liver steatosis, and it increases the chances of having a heart attack. Modern
lifestyle choices have exceeded the ratio of obesity during these years due to the hu-
man limitation of activity and reliant on technology. The unbalance between food
consumption and burning calories can cause obesity after a certain period. There-
fore, changes are advised to patients with obesity by considering increasing their
daily activities and going on a diet to prevent any future health-problems. However,
as simple as that might sound or seem, many people find it hard to commit to a
healthy lifestyle. In some cases long-term weight control is not always achievable
through diet and, therefore, the drug design pharmaceutical industry has started

investing in this field to find alternative ways to treat obesity and improve health.

The 2,4-Dinitrophenol (DNP), also known as amphetamine, is one of the first known
anti-obesity drug out in the industry. DNP is a thyroid hormone drug used to treat
obesity in the last century shows acceptable result. Sibutramine and Rimonabant
are drugs also used to treat obesity, however, they were recently discontinued due to
their severe side effects. The current available prescription medications for obesity
patients are Amfepramone, Topiramate, and Lorcaserin. The path that these medi-
cations take to treat obesity is either by escalating the energy spending or reducing
energy consumption without severe side effect. DNP, thyroid is using the escalation
of energy spending pathway to efficiently lose weight. The other drugs that work
to reduce energy consumption have much less side effect that the first types like
Lorcaserin, and Phentermine with Topiramate, which considered as an anti-obesity

factor.



The formation of the new blood vessel or the angiogenesis is offered an alternative
solution in obesity drug design. Beside its role in cancer cell growth and metastatic
angiogenesis process, it is also involved directly in obesity through modification of
adipose tissue role in the cell which accommodates in their vessel wall a precursor cell
through adiposeness which turns into adipocytes. These cells have their own growth
and transcription factors which initiate the production either by their own or by an-

other type such as an endothelial cell. This process is controlled by the angiogenesis.

Although inhibition of MetAP2 was originally designed to prevent cancer cell from
growing and limit their resources, it was found tempted an important and contin-
ued weight loss. The mechanism that involves MetAP2 action is yet not have been
discovered. However, the drug beloranib, which in fact is MetAP2 inhibition, was
found to be arousing energy spending, fat consumption, and lipid elimination from
the body. The study suggested using MetAP2 as an anti-angiogenic agent to target
capillary vessels from increasing and spreading, hence, preventing the enlargement
of adipose tissue which works as a treatment for obesity. CKD-732 is compound
led from TNP-470 it is more efficient from the original towards the inhabitation of
the enzyme and as result the reduction of the tumor. In vivo the drug has been
tested with mice by introducing them with dosages for seven days. The results were
remarkable as far as it goes for the size of the adipocytes as it showed a noticeable

reduction.(Joharapurkar, Dhanesha and Jain, 2014).



2.4 Angiogenesis

The Angiogenesis concept was initially discovered in 1787 by a British doctor called
John Hunter. In 1939 Ide and his colleagues conducted the first experiment which
was later developed by Algire and Chalkley in 1945 to demonistrate the emergence
of new blood vessel through a process called angiogenesis. Using a microspore fil-
ter, the researcher broke apart the tumors from the host tissue to verify that the
undefined mysterious material that boosts the initiation of a new blood vessel was

actually liberated from the tumor (Folkman, 1970).

Angiogenesis is the formation of new blood vessels. This procedure involves the
migration, growth, and differentiation of endothelial cells, which line the inside wall
of blood vessels. The significant role of angiogenesis appears of its participation in
many diseases such as carcinoma, hematological, dermatology, ophthalmology and
recently it has a feature role in eliminating obesity. The creation of the new blood
vessel is conducted by two different mechanisms; Vasculogenesis and Angiogenesis.
The Vasculogenesis is processed by which new blood vessel are created from progen-
itor cell into endothelial cells. By contrast, the Angiogenesis process is elucidated
by the growth of new capillaries arise from already existed blood vessel (Ucuzian et

al., 2010).

As the tumor grows, it requires a source of sustenance to expand and spread. The
tumor increases and spread by exceeding the expression of the Angiogenesis com-
pound in a cell. Vascular Endothelial Growth Factor (VEGF) is a signal protein
created inside the cell, when it binds to its specific family of receptors, the promo-
tion of new blood vessel starts. VEGF can also be initiated by the tumor which

increases the proliferation of blood vessel (Nishida et al., 2006).



2.5 Methionine (Met)

Methionine (Met) is an alpha (a) amino acid that is indispensable for the human
being due to the incapability of the cell to produce it. It is crucial for the cell, both
structure and metabolism. In most enzymes, Sphero Proteins are found deep in the
inner surface of the hydrophobic core (Brosnan et al., 2007). Methionine contains
an amino group (NH2), along with a carboxyl group (COOH), and Hydrogen(H)
which is essential in all amino acid. But the S-methyl (CH3S) thioester side chain
is what distinguishes the methionine from the rest of the amino acid. Because of

this side chain, the methionine is classified as a non-polar amino acid.

Methionine is coded by the first codon (AUG) that work as the first amino acid
in the NH2terminal position of a nascent polypeptide, which reveal its great impor-
tance in the synthesis of proteins (Guedes et al., 2011). Its remarkable role takes
advantage in human due to its direct involvement in many diseases besides that
was mentioned earlier such as Allergy, Schizophrenia, and Parkinson. On the other
hand, the stimulation of cancer spread and metastases occur when an enormous
amount of it exists in the cell. Keeping methionine under the required limit can

prevent cancer from spreading and growing (Cavuoto and Fenech, 2012).

Fumagillin and Ovalicin are natural products that function as antiangiogenic and
bind in an irreversible way to the MetAP2 and modify covalently histidine residue in
the binding pocket (Catalano et al., 2001). TNP-470 a semisynthetic analog derived
from fumagillin, show a significant selectivity against the molecular target Met AP2,
when its traded to the animals, sustaining the possibility of future antiangiogenic
analog used to prevent the cancer growth and other related diseases (Sheppard et

al., 2004).



2.6 Methionine aminopeptidase 11

Two main categories of MetAPs identified type 1 and type 2. Both categories
are structurally alike but share slight sequence homology (Lowther and Matthews,
2000). The first type was found in the Eubacteria while type 2 was found in the
archaebacterial (Chang, McGary and Chang, 1989). Eukaryotes, on the other hand,
retain both isoforms of MetAP 1 and 2 (Arfin et al., 1995). Remarkably, other
forms of this enzyme were found in the chloroplasts and mitochondria which are
(MetAP1B, MetAP1C, and MetAP1D) in the Arabidopsis thaliana plant (Giglione
et al., 2000). The general structure of the MetAP, and all its forms, has a preserve
C-terminal catalytic domain and inside the domain there are five different preserved
amino acids that interact with two-metal cofactors known as cobalts (2Co). These
amino acids are Aspartic acid 97, Histidine 171, Glutamic acid 204 and 235(Roderick
and Matthews, 1993). The distinguishable difference between the two isoforms is
MetAP2 has an extra 60 amino acid in this domain, also the MetAP2 has thinner
binding site than MetAP2 (Tahirov et al., 1998). The Mechanism of action is not yet
been identified due to the lack of technology that enables the scientists to observe
the hydrogen atoms through x-ray crystallography to recognize the bridging ligand
(Korendovych et al., 2005). The suggested mechanism that is shown in figure 2.1
signifies the crucial role of the Histidine 178 and 79 that is highly preserved in all of
the enzyme isoforms. Due to the catalytic characteristic of Met AP, the H79 transfers

a proton to the N-terminal amine (Sin et al., 1997).

The two suggested mechanism of action of MetAP2 where (A) Tetrahedral inter-
mediate alleviated by Glu204 and metal center. And (B) Tetrahedral intermediate
alleviated His178 and metal center (Lowther et al., 1999). As mentioned previously,
this enzyme function beside of the removal on the newly synthesized protein methio-
nine reside to be functional the associating role in the endothelial cell proliferation
and metastases (Griffith et al., 1997). The study that connected the MetAP2 is
uncountable where the natural product fumagillin and its derivatives bind to the

MetAP2 resulting inhibition of the angiogenesis processes (Larrabee, Chyun and
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Figure 2.1 The two suggested mechanism of action of MetAP2 where (A)
Tetrahedral intermediate alleviated by Glu204 and metal center and (B)
Tetrahedral intermediate alleviated His178 and metal center (Lowther et al., 1999)

Volwiler, 2008), (Joharapurkar, Dhanesha, and Jain, 2014). The inhibitor of the
MetAP2 beloranib has been presenting great potency as an anti-obesity drug candi-
date. Where the MetAP2 has the function for regulating the metabolism of the fat
resulting in effective weight loss. Even with that, on the third phase of the clinical

trial, the drug was discontinued (Kim et al., 2015).

2.7 Computer aid drug design

The great contribution that the computers provided in the field of the pharmaceu-
tical industry reflected in the design and discovery of a new drug. The drug design
branch provides a way of designing a drug without the need for huge funding. In
the primary phases of developing the drug, computers provide an indispensable al-
ternative in enhancing the drug bioactivity and selectivity feature that can be easily
modified and improved through certain software and tools (Abdolmaleki, Ghasemi

and Ghasemi, 2017).
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2.7.1 Pharmacophore

Pharmacophore modeling approaches are an important part of computer-aided drug
design that proves its significance through its various uses such a hit recognition, en-
hancing lead, and designing of novel drugs. The IUPAC describe the pharmacophore
term as “an ensemble of steric and electronic features that is necessary to ensure the
optimal supramolecular interactions with a specific biological target and to trigger
(or block) its biological response” (Wermuth et al., 1998). It can be used to signify
and illustrate molecules on schematic 2D or 3D level by categorizing the crucial
possessions of molecular properties. Every kind of atom or group in a molecule can
be condensed to a pharmacophore feature. These molecular arrangements would
be categorized by some chemical properties, for example, hydrogen bond donors or
acceptors, hydrophobic, etc., that can be later screened against databases and find a
similar compound that shares these features (Yang, 2010). There are two approaches
for pharmacophore modeling: Ligand-based and Structure-based pharmacophore
modeling. The Ligand-based model is used when there is not enough information to
obtain a protein structure. This approach emerges a solution strategy in the drug
discovery process. The common chemical features are gathered from 3D ligands
through alignment, which should signify the fundamental interaction between these
inhibitors and the probable receptor that the research is aiming for (Vuorinen et
al., 2014).The second approach, structure-based pharmacophore modeling, creates
chemical features of the binding site and the satirical associations derived from the
3D structure of receptor or receptor-ligand complex. It investigates the likely of
the interacting pattern between the receptor target and the ligands (Andricopulo,

Salum and Abraham, 2009).

2.7.2 Virtual screening

The virtual screening is the process that is used in drug discovery to look for the
compound that will most likely interact with the macromolecule target that can later

serve as a drug candidate (Bohacek, McMartin and Guida, 1996). Using certain
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Figure 2.2 Pathway of the Pharmacophore Model (Andricopulo, Salum and
Abraham, 2009)

software with virtual screening, this enables the researcher to look through very
large databases with thousands or million compounds in couple of hours. Before
the screening process takes place, the samples can be easily filtered to reduce the
number of compounds in the data base using certain criteria such the Zincl5 and
NCI. As the precision of the process is increasing along with uprising technology, it

is becoming indispensable to the drug discovery field (McInnes, 2007).

2.7.3 ADMET Prediction Test

ADMET prediction is the procedure by which the computer anticipates the Ab-
sorption, Distribution, Metabolism, Excretion, and Toxicity of the compound. This
procedure is fundamental in the drug discovery field because these features deter-
mine whether the compound can pass the clinical trials or not. Due to the huge
funding that requires testing these characteristics in the lab, the researcher uses this
approach. Usually, this approach used as filtration at the end of the drug discovery
process (Cheng et al., 2013).
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3. MATERIALS AND METHOD

This study was conducted using computer-aided drug design tools (in-silico) ap-
proach. The current study has shown two main methods that were performed to
reach the results; Ligand-based pharmacophore model and second, Structure-based

pharmacophore model (figure 3.1).

Ligand-Bazed Structure-Based

pharmacophore | pharmacophore

‘ Fit Value > 3.5

~~

| PyRx -9.0 kcal/mol ‘

e

Autodock -8.0 kcal/mol

<~

ADMET Prediction

Figure 3.1 The procedure and the criteria that were followed while choosing the
best inhibitor
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The first approach uses a molecule that has known inhibition value of the enzyme,
by constructing a common feature that is found in these inhibitors. The common
chemical groups that construct the pharmacophore features are assumed to be fun-
damental. Whereas, the second approach, the receptor-ligand interaction type con-
siders the foundation of building the pharmacophore feature. However, the chemical

feature is either found between the receptor and its ligand or is not.
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3.1 Database Preparation

The protocol “Build 3D Database” in Biovia Discovery Studio was used to construct
a 3D database used in this study. The Zincl5 database was first chosen with over
than two hundred and fifty million compounds commercially accessible to download
(Sterling and Irwin, 2015). All compounds were pre-synthesized and prepared for
virtual screening. The compounds are categorized according to different filters;
moving horizontally from left to right across the Zincl5 platform shows an increasing
in the molecular weight of the compound and moving vertically from upward to
downward across the Zincl5 platform, the logP factor increases. The new advanced
platform of Zinclb, Tranches, provided a beneficial feature of choosing according
to Lipinski’s rule of five. To present an acceptable candidates for the drug-like
molecules, the compounds were chosen based on specific standards; the scale of logP
had to be from 1 to 5, the molecular weight from 250 to 500, number of Hydrogen-
donors from 0 to 5, number of hydrogen acceptors from 0 to 9 and the rotatable
bonds had to be less than 4 (Goodwin, Bunch and McGinnity, 2017). The number

of compounds subject to these filtrations, was reduced to six million compounds.

A second database known as "The National Institute of cancer database (NCI)
Release 4”7 was used to obtain needed data. The NCI database contains 266,151
SD file format with formulas, molecular weights, octanol /water partition coefficient
KOW, and experimental logP (Milne et al., 1994). Lastly, the compound from both
databases was uploaded to Biovia Discovery Studio using Build 3D database toolkit.
The compound was used later for virtual screening in the research to obtain the best

result according to Biovia DS fit value.
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3.2 Ligand-Based Approach

3.2.1 Protein Preparation

The crystal structure of the enzyme Methionine aminopeptidase 2 (MetAP2) was
chosen from the literature with a resolution of 1.75 ° A. According to the literature,
it was obtained from human and it was mutation-free (Morgen et al., 2016). MetAP2
was downloaded from the “Protein Data Bank” database, under its PDB code 5CLS,
and prepared using BIOVIA Discovery Studio 4.5 (Accelrys, Inc.). The protocol that
performed the process was preceded by cleaning the protein from the native ligand,
water molecule, and non-interacting ions. Proceeding with the process, the hydrogen
atom was added to the protein and the Clean Geometry tool was used to optimize
geometry using the force field. The final step includes ”preparing Macromolecule”
protocol that cleans common issues that present in the protein structure and include
the addition of the missing hydrogen based on the protonation state of the residues

at PH of 7.4

3.2.2 Known Inhibitor, Molecular Docking Validation

The determination of the quality of the PDB structure that was chosen conducted
by selecting known inhibitor of this enzyme. These inhibitors were obtained from
theliterature resembling the well-known inhibitor of this enzyme; some has Food
and Drug Administration (FDA) approval and some still in different clinical trial
phases. The Auto-dock automated docking tools (ADT) is a visualized tool and
a generator of the docking files according to the ligand-receptor binding. It was
employed to obtain the docking files that includes a grid parameter file (GPF)
containing a map that stores all the potential energy of each atom in a ligand and a
receptor that is used in the calculation in further steps. The second docking file is
the docking parameter file (DPF) which has the receptor and the ligand names in
PDBQT format, docking and search parameters (E siyok et al., 2014). In Table 3.1

the ligands were docked into the binding site of the receptor to assure its accuracy.
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The parameter was used for the (GPF) for each and every ligand 60, 60, 60 and

the coordinates were 26.297, 21.191, and 16.855 were used as X, y, and z coordinate

respectively.

Lastly, the Lamarckian Genetic algorithm was chosen and all the parameters were
kept as a default except the number of energy evaluation, that was needed for the
docking, it was set for twenty-five million, and the number of the GA runs was set

to twenty to observe different conformations.
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Figure 3.2 2D scheme showing diverse interactions such as Vander Waals,
pi-sigma, Carbon Hydrogen bond, etc. between the receptor and Fumagillin
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KO Inhibitor Binding Hi ICs0 Rezounrce
Energy
1 54 -h14 19336 oAl | 110.2 pAI | (Coruh eral, 2018)
2 5B -RAT §1.76 oM | 160 pM | (Coruh aral  2018)
3 s -RaT 13551 nAI| 310 M | (Coruh eral | 2018)
4 5D -10.07 4186 M | 722 pM | (Coruh aral  2018)
5 fH -B.30 66.09 00 | 51 pM | (Coruh eral 2018)
1] 5K -h 93 4797 oM | 648 pM | (Coruh eral  2018)
7 M RT3 73.31 oM | 266.9 pM | (Coruh eral  2018)
] 5N -10.44 2237 oM | 1977 pMd | (Coruh aral | 2018)
L 5V -11.74 248 oM | 11.08 pA | (Coruh eral | 2018)
10 A-310840 -5.04 1.27 pAl | 61 mM (Yin et al, 2013)
11 A-3ETIN0 -B.30 GE62nML | PpM (Yin et al, 2012)
12 AGM-14T0 -3.80 35715 oM | 50 pe'ml (Husaka eral,
1991)
13 Compound 25 045 11866 nhI| 0.2 0M | (Arico-AMuendel or
al , 2009} (Yin et
al 2012)
14 Compound 29 -10.78 12.63 oM | 0048 pAI | (Yin eral, 2012)
15 Compound 30 -10.82 11.64 oML | 019 pM | (Yin erael, 2012)
16 Compound 31 -Bos E0.5T oM | 0.13 pM | (Yin erel, 2012)
17 Compound 50, A-300141 -5.76 A80.07nAL| 12 mDA (Yin et al, 2012)
18 FUMAGILLIN -R05 231 4ToM| 2noM (Blass e al, 2012)
192 Titraconazole -3.97 16608 016 pM | (Ehlers aral | 2016)
0 JNI4929521 -5.34 Tod B4 nAl| 15aM (Yin et al, 2013)
1 FPI-1453 -5.64 46520 nAL| 1.01nA | 1(Y¥in efal, 2012)
1. 0.2uM | 2. (Berniereral,
2004)
12 Compound 3 -5.63 431 42 nAI| 1.15 pMA | (Ehlers eral | 2016)
13 CHD-732 -5.0 4576 pM | 065 nM | (Ehlers eral , 2018)
4 Compound § -10.41 431 42 nA| 1.2 pA (Yin er al, 2011)

Table 3.1 3.1 The known ligand used for validation of the macromolecule
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3.2.3 Data sets

The data set was obtained from a literature containing the known inhibitor for me-
thionine aminopeptidase 2 (MetAP2). The main focus was to obtain a different
compound that has diversity structure, an active compound which able to inhibit
the MetAP2, and functioned as an anti-angiogenesis agent. In addition, the binding
interaction of these well-known inhibitors with receptors, were taken into the ac-
count. All the inhibitors has IC50 and were synthesized and tested experimentally;

some of them are in verity stages of the FDA clinical trial.
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Inhipiter IC50 Refrence

S5A 1102 yM (Coruh et al., 2018)
5B 16.0 pM (Coruh et al., 2018)
5C 31.0 uM (Coruh et al., 2018)
5D 722 uM (Coruh et al., 2018)
5H 5.1 pM (Coruh et al., 2018)
5K 6.48 uM (Coruh et al., 2018)
M 266.9 uM (Coruh et al., 2018)
5N 19.77 pM (Coruh et al., 2018)
5V 11.08 yM (Coruh et al., 2018)
A-310840 61 nM (Yin erf al., 2012)
AGM-1470 50 pg/ml (Kusaka et al., 1991)
Compound 8 1.15 uM (Ehlers et al., 2016)
Titraconazole 0.16 uM (Ehlers et al., 2016)
Compound 6 1.2 pM (Yin et al., 2012)
PPI-2458 1. 0.1aM L(Yin er al., 2012)
2. 02o0M 2 (Bemier et al., 2004)

Table 3.2 The Data set that was used to obtain the common pharmacophore
feature
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3.2.4 Pharmacophore Generation

The pharmacophore was generated using the ”Common Features Pharmacophores
Toolkit” in Biovia Discovery Studio 2016, where the conformation generation was
set to best. The Maximum number of conformation generated was 255 along with
energy threshold of 20 kcal/mol at the global minimum. The docked pose of the
compound 5A obtained from the literature was used as a reference. The principal
was set to 2 and MaxOmitFeat value was chosen as 0, and as for the remaining
ligands, the first one was set to 1 and the second to 2 respectively (Wieder et al.,

2016). Figure 3.5 shows the alignment of the compound that used.

Figure 3.5 The compound that form the ligand based approach

After aligning the known inhibitors ( Figure 3.5) that were obtained from the liter-
ature (Table 3.2), ten pharmacophore hypotheses (Figure 3.6) were generated using
the protocol mentioned earlier. These hypotheses were assessed, along with the hy-
pothesis from the Structure-Based approach, one by one using the Gunner-Henry

method which will be mentioned later in this chapter.
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Figure 3.6 The Hypothesis that was generated using the data set obtained from
the literature, the blue ball represented the hydrophobic feature while the green is
the hydrogen bond acceptor

Figure 3.7 TThe two compounds 5n and A-310840 from the Data set aligning

together and Mapping the pharmacophore hypothesis where the green represents
hydrogen bond accepter and the blue is the hydrophobic feature
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Figure 3.8 The Inhibitors Compound 8 and AGM-1470, from the Data, set
aligning together and Mapping the pharmacophore hypothesis where the green
represents hydrogen bond accepter and the blue is the Hydrophobic feature

3.3 Structure-Based Approaches

This particular approach depends directly on the interaction between the receptor
and the ligand in the 3D structure. The protocol was used to generate the hypotheses
analysis of the chemical groups in the binding pocket and their locative relationships.
The receptor-ligand-complex method used in this study was performed to identify

the interacting groups between the ligands and the receptors.

The study proceeded by filtering the structure data so that only the proteins ex-
tracted from humans were chosen to be tested. The resolution of the X-ray was less
than 2 Angstrom and there was no mutation in the structures that were obtained;
they all shared the same Co-Factor which is Cobalt (Co). All the structures used in
this section were obtained from the RCSB protein data bank under the PDB code
1B6A, 1B59, 1BOA, 1QZY, 2ADU, 20AZ, 5D6E and 5D6F.(Liu et al., 1998),(Tow-
bin et al., 2003),(Kallander et al., 2005),(Marino et al., 2007), (Morgen et al., 2016),
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(Vuorinen and Schuster, 2015), (Yang, 2010).

3.3.1 Further Filtration

A further filtration was conducted using the phylogenetic tree protocol where Figure
3.9 was obtained. The reason behind using the phylogenetic tree is to take a closer
look at the relationships between evolutionary related proteins where we can observe
the evolutionary link between the proteins according to their sequence. Hence, a
protein was chosen from each group that has similar sequences, where it’s led to

believe that they share a common ancestor.
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Figure 3.9 The phylogenetic tree of all input PDB structure

In Biovia Discovery Studio the phylogenetic tree protocol was used by including all
the proteins as as input. According to the cluster, the elimination of the similar
receptor-ligand structure, the pharmacophore model, was conducted to obtain only
one of each group. The PDB 1BOA: MetAP2 is complexed with Fumagillin, 1QZY:
MetAP2 with LAF153, and 5D6E, 5D6F: Metap2 with spiroepoxytriazole (-)-31land
(4)-31br respectively. Those four complexes are the ones that have been chosen for

the further steps in this study.

3.3.2 Protein Preparation

The proteins mentioned earlier were downloaded from the Protein data bank in PDB

format. They were prepared for the next step by removing all water molecules from
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each structure using the Biovia Discovery Studio 2016.

3.3.3 Pharmacophore Generation

The pharmacophore was generated using Biovia Discovery Studio where the phar-
macophore generation receptor-ligand complexes protocol was used (Gaurav and
Gautam, 2014). The generated hypothesis mimics the binding site between the re-
ceptor and the ligand, which will be used later for virtual screening to find similar

but better ligands than the existing ones.

The 5D6E PDB complex resulted in 4 pharmacophore models with 6 features which
was found between the receptor-ligand interacted point ,AAHHRR. In each of these
models, there were the following features: hydrogen bond acceptor, hydrogen bond
donor, hydrophobic and the aromatic ring. Both the selectivity score (6,6413) that
was showed in the protocol report and the validation of the pharmacophore were
taken into the consideration while choosing the best model between these four gen-
erated models. The figure 3.10 represent the pharmacophores that were selected for

the screening.
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Figure 3.10 pharmacophore hypothesis of 5D6E complex

The 1BOA complex resulted in 10 models each with a different number of features
and selectivity scores. The one that was selected (figure 3.11) has the highest number
in both selectivity score 8,9325 and hydrophobic feature. According to a recent
study, that assesses the pharmacophore feature consistency while using the molecular
dynamic simulation, the hydrophobic feature is the most stabilized interaction out
of the other features (Wieder et al., 2016). In figure 3.12 we can see the interaction

between the ligand and the receptor that the generated model was based on.

In the figure 3.12 we can see the interaction between the ligand and the receptor

that the generated model was based on.
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Figure 3.11 Best pharmacophore model of 1IBOA complex
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Figure 3.12 1BOA: MetAP2 in complex with Fumagillin
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The 1QZY complex was resulted in the 10 pharmacophore models. The one that was
selected, showen in figure 3.13, have six features; 4 Hydrogen acceptor, a Hydrogen

donor, and Hydrophobic with selectivity score of 13,599.

Figure 3.13 best pharmacophore model of 1QZY complex

The Figure 3.14 show the 2D interations between the ligand and the receptor binding
pocket.

29



ILE

ASP
A:262 Ai33g
T HOH MET
o PR A:852 A:334
HOH PHE
A:705  A:219

ALA

]

-
HOH A:329 "
A:890 HIS u

';. A:331 :
s, . q A:414
' qQ \ /‘
\ .
\ / PRO

Az220

HIS

THR , \ J
A:383. . \ s \ .
e 7 () 3
g | —m & 3
‘ & - Asp 357
/0 A:480 . A:251
HIS

A231
LEU GLU TYR
HOH A:328 A:364 A:444
A:B80 GLY
Az330 GLN
A:457
PHE ALA
Ac:3b6 A230
Interactions
D Carbon Hydrogen Bond

D van der Waals
I:I Water Hydrogen Bond - Pi-Sigma
|:| Covalent bond

- Conventional Hydrogen Bond
Figure 3.14 1QZY:MetAP2 in complex with LAF153 interacting in 2D

30



The 5D6F PDB complex generated 10 different models each with a different feature.
The pharmacophore that was selected is shown in figure 3.15. It has the following
features: two Hydrogen acceptors, Hydrophobic, Hydrogen donor, and an aromatic

ring. The selectivity score of the assigned protocol was 11,429.

S

/'\‘}\-\

7l

Figure 3.15 best pharmacophore model of 5D6F complex

Figure 3.16 show the 2D interaction between the ligand and the receptor in the

complex that the feature was generated based on it.
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3.4 Pharmacophore validation

When it comes to the validation of the pharmacophore hypotheses that was gen-
erated using Biovia Discovery Studio 4.5, an active set was prepared to contain 39
active molecules obtained from literature and the native PDB ligand, which has
IC50 (Table 3.3 and 3.4). The inactive set was prepared using a program called
DecoyFinder-2.0; the set was taken from Zinc database which generates molecules
that is inactive to the receptor that are used for pharmacophore generation (Adri‘a,
Garcia-Vallv “e, and Pujadas, 2012). The generated pharmacophore was evaluated

using the equation provided by Gunner-Henry method:
Ha
%A = Y *100

Ha
%Y = — =100

Ht
Ha
My
A/D
H (Ha(ZA + Ht)) (1 Ht — Ha)
B AHtA - D-—A

% A: The number of all the active compound in the database (accuracy).
Ha: The reiterative active hit (true positives).

A: The active molecule in the database.

% Y:The percentage of the active molecule extracted from the decoy set.
Ht:The number of hits in the database.

D:The number of the compound in the database.

E:The Enrichment Factor.

GH The Goodness of the Hit.
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No Inhibitor IC50 Eesource
1 5A 1102 phi (Coruh el | 2018
2 5B 160 phd (Coruh ef ol 2018)
3 sC 1.0 pid (Coruh ef ol 2018)
4 5D 7.21 pd (Coruh ef ol 2018)
] sH 5.1 pAd (Cornh & al, 2018)
1] SK .48 phd (Coruh ef ol 2018)
7 5hd 266.9 phd (Coruh el | 2018
L N 1977 pA (Cornh & al, 2018)
9 sV 1108 phi (Coruh ef ol 2018)
10 A-310340 61 nid (Yin eral 2017}
11 A-35T300 9 pAd (Yin eral 2017}
12 AGM-147T0 S0 nhd (Husaka eral  1991)
13 Compound 25 0.2 mAI (Arico-Muendel &t &l ,
2009 (Yin et al , 2017)
14 Compound 29 0048 phi (Yin eral 2011}
15 Compound 30 0.19 uii (Yin eral 2012}
16 Compound 31 0.13 pid (Yin eral 2012}
17 Compound 50, A-800141 12 mIMd (Yin eral 2011}
18 FUMAGILLIN LY (Haxx efal  2011)
1% litracomazole 0.16 phd (Ehlers g 2l , 20163
20 JNJ4920821 15 nhd (Yin eral 2012}
21 PPI-2458 1.0.1nMd 1.(Yin ef al , 20112}
2,02 mpd 2.(Bernier et al, 2004
21 Compound & 1.15 phd (Ehlers g 2l , 20163
21 CEID-T32 065 nhi (Ehlers ef ol | 2016)
24 Compound 8 1.2 pAd (vin et al., 2012)
25 ovalicin 17.7 ML (vin et al., 2012)
24 LAF153 1.6 mAd (vin et ol , 2012}
27 A444148 1.4 uMI {sheppard et al., 2006])
28 4-Arvl-1,2 3-triazole 18 oM [Kallander et al., 2005)
20 ATT3512 16 nhd {Wang et ol., 2007)
an AN1934Mb JulMd [Kawai et ol_, 2006)

Table 3.3 The Training set that was used to validate the pharmacophore

hypothesis-1
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No | Inhibitor IC50 Resource
31 | SB-587094 Ki: 2 nM (Marino et al., 2007)
32 | Spiroepoxyiriazole | 220 nM (Morgen et al., no
date)
33 | Fumarranol 3.2 uM (Yin et al., 2012)
34 | Fumagalone 8 uM (Yin et al., 2012)
35 | Bengamide B 0.0024um (Yin et al., 2012)
36 | Bengamide E 3.3 nm (Yin et al., 2012)
37 | Bengamide F 2.9-7.9 nM (Yin et al., 2012)
38 | Bengamide P 1.2-7.9 nM (Yin et al., 2012)
30 | Bengamide Z 1.5-2.9 nM (Yin et al., 2012)

Table 3.4 The Training set that was used to validate the pharmacophore

hypothesis-2
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Hypotheses | D | A |Ht | Ha %A Y E GH
1 1881 |39 | 31 | 30 76 96 46 0.917615711
2 1881 | 39 | 31 | 30 76 96 46 0.917615711
3 1881 | 39 | 31 | 29 74 93 45 0.886546701
4 1881 |39 [ 38 | 31 79 81 39 0.80747975
) 1881 |39 (39 | 31 79 79 38 0.791419583
6 1881 | 39 | 39 | 30 76 76 37 0.765472313
7 1881 |39 (38 | 31 79 81 39 0.80747975
8 1881 |39 | 34 | 28 71 82 39 0.79453771
9 1881 (39 (38 | 31 79 81 39 0.80747975
10 1881 [ 39 [ 34 | 30 76 88 42 0.852217735
1BOA 1881 | 39 | 31 | 30 76 03 37 0.766666667
1QZY 1881 | 39 | 32 | 30 75 o1 38 0.766666667
SD6E 1881 | 39 | 35 | 27 69 80 30 0.666304938
SDEF 1881 |39 (39| 31 78 94 38 0.783333333

Table 3.5 The pharmacophore validation result for both Ligand-Based
approaches, and Structure-Based approaches.

Table 3.5 shows the results of the implementation of the pharmacophore model
that was generated earlier and later on processed in the equation of GunerHenry
method to validate its accuracy (Guner, Clement and Kurogi, 2004). The GH scale

is between 0 and 1, where the 1 represents the perfect score.
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3.5 Virtual Screening

According to the previously validated results for both approaches, the selected mod-
els were searched via 3D query toolkit by Biovia Discovery Studio. The protocol
that was preceded in this section called screening 3D databases. Both Zincl5 with
over 6 million compounds and the National Institute of cancer NCI with over than
200 thousand compounds were screened. The Filtration was set to best and only

the compounds with Fit Value higher than 3.5 were processed to the next step.

3.6 PyRx

PyRX is a free virtual scanning tool that uses the Autodock vina for screening
number of drug potential targets. It is the user-friendly interfaces and the ability
to add over 50 compounds in each run that makes it a very important tool in the
drug discovery field (Zolfaghari, 2017). In order to filter the outcomes resulted from
the screening, the compounds with a fit value over than 3.5 were selected. They
were, then, extracted from the databases in form of PDB format file. For both
approaches, the resulted compounds were docked in the macromolecules that were
selected. In the ligand-based approach, the compounds with a fit value of 3.5 were
all docked into the macromolecule 5CLS that was selected for the method. As for
the structure-based approach, the compounds were docked to four macromolecules
1BOA, 1QZY, 5D6E and 5D6F. In a process called Cross-docking, all compounds
were screened against the four macromolecules to ensure the output compounds are
highly selective. During this process, the docking tool PyRx was used to obtain the
high-affinity compounds. The criteria of the binding energy were set to 9.0 kcal /mol
or higher by which the compounds were selected. The first two thousand compounds

for each one of the hypotheses were proceeded through PyRx docking.
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3.7 AutoDock

In the final docking process, the Autodock tools were used to obtain the binding
energy and the Ki. The files were first generated using the grid parameter file
(GPF) for each ligand and was set to 55, 55 and 55 in each dimension. The X, Y
and Z Coordinates were set according to each macromolecule where the points in
which the binding occur between macromolecule and ligand was extracted and used.
The Lamarckian famous genetic algorithm was chosen while generating the docking
parameter file (DPF). The GA run was set to 20 and the docking simulation run
was set to 10,000,000 energy evaluations (Maruthanila et al., 2018).
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4. RESULTS AND DISCUSSION

In this chapter, the results of the previous chapters will be demonstrated and dis-
cussed. The Ligand-Based pharmacophore Hypotheses and the Structure-Based
pharmacophore Hypotheses were screened after validation. The databases Zinl)
and the National Institute of Cancer (NCI) were screened using the Biovia Discovery
Studio. After filtration using molecular modeling softwares, PyRx, and Autodock4,

the results were obtained.

The final docking of the structure-based and the ligand-Based pharmacophore screen-
ing has yielded 20 compounds. The Ligand-Based approaches provided 10 com-
pounds that have been docked to the 5CLS macromolecule and the Structure-Based
approaches have 10 output compounds. That was cross-docked to each one of the
three macromolecules 1BOA, 5D6E, and 5D6f to confirm the succeeded. To ensure
the efficiency of these compounds criteria of 8.0 kcal/mol, threshold was implied.
The compound for Ligand and Structure-Based methods are provided in Table 4.1
and 4.2, respectively. The cross-dock of the structure-based filter according to the

binding energy was determined to be 8.0 Kcal/mol as shown in Table 4.3.
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Code Mwt (logP |AG Value |Inhibition
Kealmole Constant(Ki) nM

ZINC000011791569 417 (3.9 |-9.79 66 nM
ZINC000011791570 445 (4.4 |-10.84 11 nM
ZINC000012191820 433 (3.2 |-9.94 51 nM
ZINC000012596578 371 |41 |-9.18 185 nM
ZINC12933720 385 |23 |-9.47 114 nM
ZINC000014019283 376 |3.6 |-10.02 45 nM
ZINC000012999580 394 |23 [-10.27 29 nM
ZINC000012222765 405 (3.2 |-12.10 1.35 nM
ZINC000011870844 474 (2.2 |-11.06 7.84 nM
ZINC000012953232 399 3.6 [-10.66 15.39 nM

Table 4.1 Ligand-Based approaches the resulting compounds and their properties.
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Code Mwt logP

ZINC48988425 425.872 29
ZINC000064968449 393.487 3.6
ZINC000014903160 383 3.9
ZINC000040174591 337 3.6
ZINC000095431249 312 2.6
ZINC000409110720 381 4.9
ZINC000066256921 332 2.9
ZINC000046087785 319 29
ZINC000015870630 391 4.1

ZINC15831093 324 25

Table 4.2 Structure-Based approaches the resulting compounds and their

properties.

Code 1BOA 1BOA 5D6E 5D6E 5D6F 5D6F

AG Value | Imhibition | AG Value | Inhibition | AG Value | Inhibition

Kcal/mole | Constant | Kcal/mole | Constant | Kcal/mole | Constant

(Ki) (Ki) (Ki)

ZINC48988425 -10.01 46 nM -8.40 699nM -10.88 10 nM
ZINCO000064968449 | -9.07 224nM -9.21 177nM -9.96 49 nM
ZINCO000014903160 | -9.24 168nM -8.94 280nM -9.31 149nM
ZINC000040174591 | -9.75 71 nM -9.65 84 nM -9.35 140nM
ZINCO000095431249 | -8.49 593nM -9.02 242nM -8.88 309nM
ZINCO000409110720 | -9.22 174nM -10.63 16 nM -9.77 68 nM
ZINC000066256921 | -8.19 1.0 uM -8.46 626nM -9.91 54 nM
ZINCO000046087785 | -8.23 926nM -9.03 240nM -8.37 727nM
ZINC000015870630 | -9.60 92 nM -10.65 15 nM -10.22 32 nM
ZINC15831093 -8.50 587nM -9.02 246nM -8.56 527nM

Table 4.3 Structure-Based Cross-Docking between the different PDB
Macromolecules.
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ALA230

Figure 4.3 3D Interaction diagram between the amino acid residues and the
binding pocket of 1IBOA and ZINC000015831093

LEU447
7 \\ LEU328
GLU364

HIS331

PHE219
Figure 4.4 3D Interaction diagram between the amino acid residues and the
binding pocket of 5D6E and ZINC000015831093
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HIS331

Figure 4.5 3D Interaction diagram between the amino acid residues and the
binding pocket of 5D6F and ZINC000015831093

Figure 4.6 3D Interaction diagram between the amino acid residues and the
binding pocket of 1IBOA and ZINC000015870630

45



LEU328

Figure 4.7 3D Interaction diagram between the amino acid residues and the
binding pocket of 5D6E and ZINC000015870630

Figure 4.8 3D Interaction diagram between the amino acid residues and the
binding pocket of 5D6F and ZINC000015870630
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" GLU364

Figure 4.9 3D Interaction diagram between the amino acid residues and the
binding pocket of 5cls and ZINC000012999580

Figure 4.10 3D Interaction diagram between the amino acid residues and the
binding pocket of 5cls and ZINC000012222765
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Figure 4.11 The calculated ADMET properties for the Ligand-Based inhibitors
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Figure 4.12 The calculated ADMET properties for the Structure-Based inhibitors
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The study reveals twenty different compounds that have been selected through the
previously described methodology. These compounds have been successfully passed
all the barriers in the previous stage. First, through the virtual screening, the only
compound with 3.5 fit values was processed. Next stage represents the screening
using PyRx Virtual screening software the entire compound has to have 9.0 kcal /mol
thresholds to be selected. Lastly, molecular docking was proceded using Autodock4
tool with not less than 8.0 kcal/mol binding energy. The process to locate a good
drug candidate is not enough without investigating its pharmacokinetics and phar-
macology properties. Therefore, the next procedure was the ADMET production
test that was conducted using Biovia Discovery Studio 2016. ADMIT prediction
protocol contain Aqueous solubility, Blood-brain barrier penetration, Hepatotoxic-
ity, Human intestinal absorption (HIA), Plasma protein binding. All of the chosen
ones passed those criteria even though all the study was computational, choosing
the databases that all compound are synthesized and available for the order will
surely facilitate the biological test that can be made later to check these compound

properties.
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