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Yiiksek Lisans Tezi

Prostat Kanseri Tedavisinde Prostat Spesifik Antijen (PSA) Protein
Konsantrasyonuna Etki Eden Yeni Ila¢ Bilesenlerinin Molekiiler Modelleme
Yontemleri Kullanilarak Degerlendirilmesi
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Molekiiler modelleme alaninda, molekiiler docking yontemi, bir hedef molekiiliin
ikinci hedef molekiile baglanarak stabil bir kompleks olusturmasin kapsamaktadir.
Yapilan molekiiler docking yontemi, protein-ligand veya enzim-ligand iliskisini
aciklamak i¢in Onemli bir yere sahiptir. Ayrica enzim inhibisyonu siireclerinin
calismalarinda da rol oynamaktadir. Molekiiler docking calismalarinda elde edilen
milyonlarca bilesiklerin etkili ve verimli olas1 ila¢ etken maddeleri olup olmadiginin
belirlenmesi arastirilirken kullanilan reseptorler ve kompleks yapilar yardimiyla da
goriintiileme saglanir. Bu yiiksek lisans bitirme projesi ¢aligmasi1 kapsaminda, prostat
kanserine ¢oziim olarak {retilen FDA onayli yeni ilaclarin bilesenleri iizerine
odaklanilmistir. Spesifik olarak, Abiraterone, Olaparib, Pylarify, Rucaparib ve Locametz
ilag¢larinin, androjen reseptoriiniin ligand baglanma domainlerine ait olan 1E3G, 8E1A,
2ZCH ve 2ZCL kristal yapilarin iizerindeki etkilesimleri degerlendirilmis ve bunlar
Autodock programinda gozlemlenmistir. Yapilan 180 molekiiler docking analizin
sonuclart ile ADMET sonuglarinin en iyilerini Olaparib ve Rucaparib ilaglar1 vermistir.
Ek olarak, 50 nslik 25 tane molekiiler dinamik simiilasyonlar1 gergeklestirildi. Open
Babel GUI, Discovery Studio ve Avogadro programlariyla bu calisma desteklenerek
sonuglar kaydedilmistir. Bu ¢alismada ilacin gercekten inhibisyon yapip yapmadigi ve

ilaclarin molekiiler etkilesimlere destek olup olmadig1 sonuglarina da ulasilabilinir.
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and Locametz, protein-drug interaction, molecular docking, molecular dynamics
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In the field of molecular modeling, the molecular docking method involves the
binding of a target molecule to a second target molecule to form a stable complex. The
molecular docking method has an important place in explaining the protein-ligand or
enzyme-ligand relationship. It also plays a role in the studies of enzyme inhibition
processes. While determining whether the millions of compounds obtained in molecular
docking studies are effective and efficient possible drug active ingredients, imaging is
also provided with the help of the receptors and complex structures used. Within the scope
of this master's degree graduation project study, the components of new FDA-approved
drugs produced as a solution to prostate cancer were focused on. The interactions of
Abiraterone, Olaparib, Pylarify, Rucaparib and Locametz drugs on the crystal structures
of 1E3G, 8E1A, 2ZCH and 2ZCL belonging to the ligand binding domains of the
androgen receptor were evaluated and observed in the Autodock program. Based on the
results of 180 molecular docking analyses, Olaparib and Rucaparib yielded the best
ADMET results. Additionally, 25 molecular dynamics simulations of 50 ns were
performed. The results were recorded using Open Babel GUI, Discovery Studio, and
Avogadro, supporting this work. This study also provides insights into whether the drugs

actually inhibit and whether they facilitate molecular interactions.
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1.INTRODUCTION

Cancer is an important public health problem that causes many deaths
worldwide. Increasing incidence is a major problem both in the world and in our
country. However, cancer and its types have different incidence and mortality rates

worldwide (Ribelles et al., 2024).

The meaning of the term cancer is expressed as uncontrollable cell
proliferation in various parts of the body, resulting in an increase in abnormal cell
numbers and the formation of tumor tissues, invading other tissues and disrupting their
functioning structure. There are varieties of cancer such as prostate, lung, breast,
leukemia, lymphoma, brain and colon. In general, the causes of cancer can be listed as
genetic predisposition, gender, age, race, eating habits, obesity, harmful habits,
environmental factors, chemical substances, radiation. Prostate cancer develops due to

the same reasons (Jenca et al., 2024), (Gandaglia et al., 2021).

In men worldwide, prostate cancer is the second most prevalent type of cancer.
Men worldwide have a 1 in 8 chance of developing this cancer in their lifetime. In
2024, it is estimated that approximately 300,000 men in the United States will be
diagnosed with prostate cancer and more than 35,000 will die from prostate cancer

(Schaeffer et al., 2024).

According to the 2018 Turkey Unified Database, prostate cancer is among the
top five most common cancers in men in Turkey and ranks second after lung cancer.
In the percentage distribution of all age groups, the rate of prostate cancer is 15%

(Acikgoz, Cimrin, & Ergor, 2018).

Prostate cancer is a malignant tumor that occurs as a result of the uncontrolled
growth and proliferation of cells in the prostate gland, an important section of the male
reproductive system. The prostate gland is a walnut-sized gland located between the
bladder section and penis sections of the male reproductive system and surrounding
the bladder outlet, and weighs approximately 30 grams. The function of the prostate
gland is to produce a slightly alkaline white secretion. This secretion is about 30% of

semen. Because it is alkaline, it neutralizes the acidic vaginal environment and

1



prolongs the life of sperm. The prostate gland consists of 5 regions in its internal
structure. These regions are peripheral region, central region, transitional region,
fibromuscular region and preprostatic sphincteric region. The majority (70-80%) of
the starting point of prostate cancer originates in the peripheral region. The malignant
tumor that forms in these cells can spread as metastasis to lymph nodes, bones and

even other tissues (McNeal, 1988), (Yu, Yan, Liu, & Zhang, 2024).

One of the causes of prostate cancer is genetic predisposition and 60 percent is
inherited. It has been proven that some genes can increase the risk of prostate cancer.
AR (Androgen Receptor) gene, PSA/ KLK3 (Prostate Specific Antigen) gene,
HOXB13 (Homeobox Protein) genes have been associated with prostate cancer
(Aurilio et al., 2020). Apart from genetic predisposition, aging (50 years and older),
family history of prostate cancer, obesity, hormone imbalances (high testosterone
levels), unbalanced and high-fat diet, smoking and alcohol use, lack of physical
activity, exposure to environmental toxins are considered among the risk factors for

prostate cancer (Gandaglia et al., 2021).

Today, prostate cancer diagnostic methods include prostate specific antigen
(PSA) test, insulin-like growth factor (IGF), pressure flow test, urine analysis,
symptom score, uroflowmetry, cystoscopy, residual urine measurement, MR
ultrasound and biopsy. After the diagnosis of prostate cancer, appropriate treatment
methods are examined according to the stage of prostate cancer. These treatment
modalities include surgery, radiotherapy, hormone therapy, chemotherapy, drugs,
immunotherapy, targeted therapy and radioactive substances (Sekhoacha et al., 2022),

(Fuetal., 2021).

Among these treatment methods, medication is clinically the treatment of
choice in all cases. Drug treatment has side effects, especially when the drug crosses
the blood-brain barrier, which means that it can cause a lot of negative side effects.
New drug discoveries continue rapidly to minimize side effects such as nausea,
vomiting, weakness, fatigue, diarrhea, bleeding and reduced resistance to infection. In
clinical trials, drugs such as Abiraterone (2018), Olaparib (2020), Rucaparib (2020),
Pylarify (2021), Locametz (2022) have been used for trials (Ksigzek et al., 2024),
(Zhang & Chadha, 2024), (van Brandwijk, Aalbersberg, Hosseini, Huitema, &
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Hendrikx, 2024).

Due to the high prevalence of prostate cancer among men, there is a need to
go beyond standard treatment to improve the quality of life of patients suffering from
prostate cancer, to improve their response to drug therapies, to increase the number of
patients who benefit from treatment, to revolutionize cancer treatment and to discover
targeted treatment methods. New drugs need to be developed according to the stage of
development, type and structure of the cancer, and they need to be better explained at

the molecular level and possible target molecules need to be accurately identified.

In this master's thesis study, prostate cancer cell structures and the structures
of new prostate cancer drugs approved by the FDA were modeled at the atomistic level
with the aim of eliminating some defects in the studies in the literature, adjusting the
optimum amount of drug doses to get the best efficiency, and determining the best
conformations of receptor and receptor structures. We are looking for alternative
solutions to prostate cancer with molecular modeling and molecular dynamics

simulation methods with reference to the components of new FDA approved drugs.

One of the unique aspects of this study is the use of Molecular Docking,
Molecular Dynamics Simulation (MDS) and Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET) methods. Molecular docking was used to create an
interaction network between new drugs and important genes associated with prostate

cancer and to predict the binding affinities of the compounds to the genes.



CHAPTER 1. ORGANIZATION OF THESIS

1.1. Overview of Prostate Cancer Drugs

In the mid-19th century, the tumor cells of prostate cancer were first discovered
during surgery and treatment of men suffering from urinary tract obstruction. Although
prostatectomy treatment was applied to these individuals as an initial step, with the
development of technology, radiation treatments and hormone therapies were applied
to cure patients suffering from prostate cancer. Charles B. Huggins received the Nobel
Prize for the discovery of the first hormone therapy. In 1941, after Huggins and Hodges
developed Androgen Suppression Therapy (ABT) for prostate cancer patients,
treatment options continued to increase (Samuel R Denmeade & John T Isaacs, 2002).

In the late 1960s, the androgen receptor was discovered. Since androgen
receptors are associated with prostate cancer, in order to find blockers of these
receptors, a ‘pure’ steroid anti-androgen had to be discovered that could somehow
inhibit the binding of the dihydrotestosterone (DHT) molecule or the testosterone
molecule to this receptor, and this was the drug cyproterone acetate. Because of some
of the major side effects of the drug cyproterone acetate (liver hyperplasia, loss of
sexual potency, etc.), efforts were continued to find a ‘pure’ anti-androgen. This drug
became flutamide and was approved by the United States Food and Drug
Administration (FDA) in 1989 (Samuel R Denmeade & John T Isaacs, 2002).

2004 201 2013 2017 2020
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Figure 1.1. Timeline of drugs approved by the FDA for the treatment of prostate
cancer (Samuel R Denmeade & John T Isaacs, 2002).
In this thesis, the contents of the components that affect prostate-specific

antigen (PSA/KLK3) and Androgen Receptor (AR) of the new drugs recently



approved by the FDA for the treatment of prostate cancer, Abiraterone (2018),
Olaparib (2020), Rucaparib (2020), Pylarify (2021) and Locametz (2022), were

evaluated using molecular modeling methods.

1.1.1. Mechanisms of New Prostate Cancer Drugs

The mechanism of action of the drug Abiraterone involves the inhibition of
CYPI17A1 and the suppression of the synthesis of the androgen molecule and the
cortisol molecule to a large extent. In humans, the CYP17A1 gene is responsible for
the synthesis of testosterone and estrogen molecules. The CYP17A1 gene promotes
androgen, on which tumor cells depend. By inhibiting CYP17A1 with the drug
Abiraterone, tumor cell growth is prevented. In 2018, the FDA agency approved the
drug Abiraterone Acetate as a solution against high-risk metastatic castration-sensitive

prostate cancer (Attard et al., 2012).

Olaparib and Rucaparib, also known as a poly (ADP-ribose) polymerase
inhibitor, target prostate cancer cells. The PARP protein repairs breaks in the DNA of
damaged or mutated cancer cells. PARP protein inhibitors prevent the repair of breaks
in the DNA of these cells, allowing the cells to self-destruct. In 2020, the FDA
approved Olaparib, a solution for metastatic castration-resistant prostate cancer with

the HRR gene mutation (Longoria et al., 2023).
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Figure 1.2. Mechanism of PARP inhibitor action (O’Malley et al., 2023).

The synthesis of PARP inhibitors can be produced in laboratory conditions by
experts through multistep chemical and biological processes. These inhibitors can be

obtained by chemical synthesis methods. These methods can be similar to amidation,



halogenation and alkylation. Primidine derivatives are obtained by synthesis of
benzoic acid derivatives. Although PARP inhibitors cannot be obtained from natural
sources, curcumin and flavonoid-like molecules can alter the enzyme activity of PARP

protein (He, H. et al., 2024).

Malignant prostate cancer cells have prostate-specific membrane antigen
(PSMA) located on their surface. Pylarify (Piflufolastat F 18 or 18F-DCFPyL) works
by binding to cells expressing PSMA and leading to endocytosis. Fluorine-18 (F 18),
a B+ emitting radionuclide molecule, can be used to detect prostate cancer cells by

positron emission tomography (Voter, A.F. et al., 2022).
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Figure 1.3. Pylarify (Piflufolastat F 18 or 18F-DCFPyL) mechanism of action (Voter,
A.F.etal., 2022).

Pylarify (Piflufolastat F 18 or 18F-DCFPyL) can be created in hospital
departments of universities or licensed radiopharmaceutical production centers. Due
to F 18, the duration of this substance is very short. F18 molecule can be obtained from
O-18 enriched water via cyclotron. This molecule is dried with sodium carbonate-like
substances, especially to gain nucleophilic activity. 18F and PSMA ligand combine to
form the 18F-DCFPyL molecule. The resulting product can be separated into other
ingredients by high-performance liquid chromatography (HPLC) (Wang, H. et al.,
2024).

Prostate-specific membrane antigen (PSMA) is present on the surface of
malignant prostate cancer cells and some cells. The mechanism of action of Locametz

(Gallium (68Ga) gozetotide) is to bind to cells expressing PSMA and lead to



endocytosis. Gallium (68Ga) is a radionuclide molecule that can be used to visualize
prostate cancer cells using positron emission tomography (PET) (Wang, 1. E. et al.,

2024).

There are steps in the formation of Locametz (Gallium (68Ga) gozetotide). The
first one is the conversion of **Ge into **Ga using *Ge/**Ga radionuclide generators.
These ions are combined with DOTA gozetotide and form a tight structure. The
resulting product can be separated into other ingredients by high-performance liquid

chromatography (HPLC) (Wang, 1. E. et al., 2024).



CHAPTERII. GENERAL INFORMATIONS

Bioinformatics is an interdisciplinary science that mediates the processing,
analysis, storage, organization and reporting of biological and genetic data obtained
from many fields in a computer environment, creating large databases, covering many
different fields such as medical sciences, biology, biochemistry, mathematics,
biostatistics. The fields of bioinformatics include accurate drug development, rational
diagnosis and treatment applications, biological and genomic studies. As medicine and
technology progressed, scientists' efforts to learn more about the human genome
sequence contributed to the birth of the field of bioinformatics. Although the term
bioinformatics started to be used in the 1980s, it took off with the National Center for
Biotechnology Information (NCBI) in 1988 and the Human Genome Project (HGP) in
1990 (Akin, A. C. etal., 2014).

Table 2.1. Goals and fields of study of bioinformatics (Akin, A. C. et al., 2014).

Protein-Protein relationships and determination of protein structures

Protein-Ligand relationship

Protein and DNA sequence studies

Simulation of molecular structures and interactions

Molecular analyses obtained from Human, Animal, Plant-oriented projects

Big data analysis and creation of three-dimensional molecular databases

Gene expression analysis

Universities and large companies have bioinformatics laboratories for
scientists working on gene analysis and for the diagnosis of diseases. Physicians,
geneticists and engineers working in laboratories carry out these studies and projects.
In addition, many biological databases that support these studies are used by these
bioinformatics scientists (Liu, Z. Et al., 2015).

1. National Center for Biotechnology Information (NCBI)

2 Protein Data Bank (PDB)
3. PubChem

4 PubMed

5 ChEMBL



6. BLAST (Basic Local Alignment Search Tool)
7. UniProt
8. GenBank

In addition, one of the important areas of bioinformatics is rational drug design.
The aim of rational drug design is to analyze and design drug candidates that have the
potential to interact with the information obtained on biological targets. The rational
drug design process consists of four steps. These steps include identification of the
biological target (protein or enzyme), structural analysis of the biological target,
selection and design of ligands that can bind to the targets and molecular docking, and
virtual modeling and simulations. Using algorithms, rational drug design can be
achieved and can go beyond traditional trial-and-error methods to test and determine

an appropriate direction for the target (Thibaut U., 2002).

1. Biological Target Identification; structurally targeting and
identifying genes related to the disease to be analyzed
D Structural Analysis of Biological Target; obtaining 3D

crystallography structures of target genes

3. Ligand Selection; selection of drug candidates that can bind to
targets

4. Virtual Simulation; Virtual screening of drug candidate
molecules

Molecular modeling is a method of mimicking or modeling the behavior of
molecules or their interactions with other molecules in silico. Molecular modeling has
many advantages. Some of them are; obtaining the three-dimensional structure of
molecules, distinguishing the chemical and physical properties of molecules,
comparing a molecule with another possible molecular structure, and possible
predictions with the visualizations created by the simulation. Molecular modeling
system is divided into volumetric and surface. The volumetric modeling method is
done by placing a triangle, similar to the mass spring system, in each corner to

symbolize an atom (Silakari, O., & Singh, P. K., 2020).

Table 2.2. Main topics related to molecular modeling (Tripathi, M. K. et al.,
2022).



Determination of chemical and Knowledge of steric, electronic etc.
physical properties of molecules properties

Compatibility with the active site of
Enzyme-substrate interaction the enzyme and molecule

Chemical structure and spectrum of the
IR, UV, NMR Spectra structure

Nucleophilic (regions where electrons
Chemical Reactivity are concentrated) and electrophilic
(regions where electrons can travel)

3D structure and geometry of the Bond lengths and angles of molecules
molecule

Calculated methods for molecular localization and simulation programs are
available. The solution of the calculation of the energy of small molecules based on
the Schrodinger equation can be approximated by simulation. Two different methods
present themselves. The first one is the Ab-initio method, which is the molecular
orbital method. Two different mathematical Ab-initio methods are used. These are the
Hartree-Fock Self-Consistent Field Theory (HF-SCF) method and the Density
Functional Theory (DFT) method. The Ab-initio method, which means from the
beginning, is calculated without values such as the speed of light and Planck's constant,
unlike the quasi-experimental method. In the HF model, each electron exists in a
system with push-pull forces and its own wave function. Based on the equation for the
charge distribution of the electron relative to other electrons, it calculates a frequency
for electron interactions called the self-consistent field. The Density Functional Theory
(DFT) method is based on the Schrodinger equation, unlike the Hartree-Fock Self-
Consistent Field Theory (HF-SCF) method. It calculates the electron probability
density (p) instead of molecular frequency and charge distribution. The electron

density is set as a variable. This method gives much more accurate and precise results
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for the chemical properties of molecules (Elshakre, M. E. et al., 2020).

The second method of molecular modeling, the Molecular Mechanics Method
(MM), is a method that uses classical mechanical methods to calculate the interactions
and intra-atomic and extra-atomic energies in the biological system with force fields.
This method is based on the Born-Oppenheimer calculation. The method is based on
the fact that the electron and nucleus move together as a ball or a bundle, the bonds
between atom-like particles are represented as springs, and the potential energy

functions are based on empirical methods (Eren, D., & Yalgin, 1., 2020).

2.1. Molecular Docking and Basic Concepts

Molecular docking involves the insertion of the ligand into the binding site of
the receptor in a molecule-ligand complex. This process, called locking, involves the
interaction of the active site in the target protein structure with another molecule. These
interactions include hydrogen bonds, van der waals bonds and hydrophobic
interactions. The distribution of atoms, their charges, orbitals, relative positions,
energies and the conformation of the molecule to be docked are all involved in binding
to the target molecule. In addition, it enables the simulation of protein-ligand
conformation using algorithms. Molecular docking studies have a major role in
understanding how existing compounds or drug candidates have an effect on target
genes (Hernndez-Santoyo, A. et al., 2013).

An 1mage and typical workflow of molecular docking resulting from the
interaction between the target molecule and the ligand binding to the binding site is

shown in Figure 2.1.

Molecular Docking

Figure 2.1. Interaction between target and ligand and molecular localization image

(Hernndez-Santoyo, A. et al., 2013).
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Figure 2.2. Typical workflow of molecular docking between target molecule and

ligand (Dnyandev, K. M. et al., 2021).

The appropriate protein-ligand conformation is important for molecular
docking to occur, and selecting the appropriate ligand and target molecule from among
dozens of compounds is not only impossible to try in vitro, but also has many
disadvantages. These in silico experiments do not pose chemical and biological threats.
The most important advantage is to identify the right drug components and ensure their
optimization. In addition, analysis of molecules that are not suitable to be studied in
vitro-in vivo, saving money by creating a simulation environment and easily changing
target-ligand structures make molecular docking method attractive (Saikia, S., &

Bordoloi, M., 2019).

2.2. Protein-Ligand Docking Interaction

Mimicking protein-ligand molecule docking and interaction is a challenging
process because protein-ligand docking has many factors and involves many force
fields such as hydrogen bonds, pi alkyl interactions and hydrophobic bonds. This
docking is expected to result in the formation of a stable complex. The target molecule
must then be prepared for this process, taking into account many factors, including the
flexibility of the protein molecule, so that the structure of the protein is suitable for
this pairing and gives accurate results. Once the protein structure and data suitable for
the molecular match have been established, this structure should be checked. This
interaction mimics the positioning of a ligand or drug in the binding site of the target

protein in a position that gives the lowest energy to the binding site (Du, X. et al.,
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2016).

The most beautiful models of these interactions are the molecular docking used
for the treatment of cancer diseases and are used for potential drug candidates. In
addition, protein-ligand complex docking (molecular docking) is used in
computational chemistry for drug design. The classification of protein ligand docking

methods is shown in Figure 2.3. (Hernndez-Santoyo, A. et al., 2013).

| Molecular Docking |

| Scoring function

+ Force field

Target flexibility | Ligand sampling Enmop\..ifrligg:_:je-based

+ Consensus scoring

Searching function

+ Soft docking » Shape matching

+ Side-chain flexibility = Systematic search

« Molecular relaxation (e.g. | |+ Stochastic algorithm
Monte Carlo and Molecular
dynamic simulations) e—

+ Ensemble docking

Criteria for evaluation
Root mean square deviation (RMSD)

Figure 2.3. Tabular display of protein-ligand classification for molecular docking

(Akki, A. J. et al., 2024).

2.3. Molecular Dynamics Simulation Techniques

Molecular dynamics simulations most accurately describe the atoms in an
atomic-sized biomolecular system and predict which atom will move how in the
system. Likewise, force fields and frequencies of atoms can be calculated. Emerging
towards the end of the 20th century, molecular dynamics (MD) simulations and
algorithms have become widespread due to their ease and accessibility and the
development of technology. Molecular dynamics simulation of simple gases was
realized in 1957. MD simulation of protein was performed in the 1970s. MD
simulations are used in combination with x-ray crystallography, cryo-electron
microscopy (cryo-EM), electron paramagnetic resonance (EPR) methods (Ciccotti, G.

et al., 2022).
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The MD simulation method uses Newton's second law and makes it possible
to determine the force acting on an atom and its spatial position. MD simulation
analyzes the physical motion of groups of atoms over time. This method studies the
properties of biomolecular processes of molecules such as protein-ligand binding,

protein folding, membrane transport and nanomaterials (Ciccotti, G. et al., 2022).

First of all, MD simulations are powerful tools. This is because it can capture
the position, conformation and movement of each atom within a desired time frame,
which is very difficult in experimental laboratory conditions. Secondly, the initial
conformation of the protein and ligand, each molecule in the environment, the
mutations or modifications of molecules or genes, the temperature of the environment,
the voltage across the membrane are precisely known in this process (Oselusi, S. O. et

al., 2024).

In addition, the forces in the MD simulation are calculated by means of force
models based on quantum mechanics calculations and mechanical force fields. These
are the CHARMM, OPLS, AMBER forces. These force fields capture electrostatic
(Coulombic) bonds between atoms, spring-like forces representing the length of
bonds, chemical bonds and interatomic interactions. In the MD simulation process,
these simulations should be a few femtoseconds (10-15s) to ensure stability.
Furthermore, by using the femtosecond time scale, MD simulations reveal the
positions of all atoms or groups of atoms involved, which can capture important
processes in the protein, such as conformational changes, localization and binding of
selected ligands, folding of protein molecules, etc (Wang, L., & O'Mara, M. L., 2021),
(Mu Y. etal., 2003).

Biochemical events, structural changes in proteins or ligands occur in
nanoseconds, microseconds and longer. Each molecular simulation covers almost
billions of time processes. The interactions between atoms and molecules evaluated
over these long periods of time increase the demand for these simulations (Yan, X., &

Chaudhuri, S., 2022).
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Figure 2.4. Steps of the MD simulation process (Yan, X., & Chaudhuri, S., 2022).

In this process, MD simulation, which illuminates processes such as the
detachment and binding of the ligand molecule and the folding of the target protein
with high resolution, is also used to analyze the behavior of water molecules, salt ions
and solvents that play critical roles in protein-ligand docking. If MD simulation is used
in combination with methods such as X-ray crystallography and cryo-EM, structural
fluctuations in other regions of the molecule can be measured (Hollingsworth, S. A.,

& Dror, R. O., 2018).

Molecular dynamics simulations observe the behavior of the biomolecules used
at specific temperatures, pressures and salt concentrations and describe the function of
the molecules within cells. There are multiple simulation software programs available.
These include GROMACS, NAMD, AMBER, CHARMM, Desmond and OpenMM.
The computing hardware used is GPU (Graphics Processing Unit) and CPU (Central
Processing Unit). GPU is able to run faster simulations at more affordable costs.
However, traditional central processing units (CPUs) provide faster results. Although
their efficiency is different, the GPU has access to longer time frames and performs

high-performance tasks (Tanner, D. E. et al., 2012).

2.3.1. Ewald Summation Techniques

Named after Paul Peter Ewald, the Ewald Summation Technique, a 1984 MD
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simulation technique, is a method for calculating long distances and short distances in
real space by analyzing interactions for varying electrostatic forces (Toukmaji, A. Y.,

& Board Jr, J. A.,1996).

2.3.2. Energy Minimization Techniques

The energy minimization process, which is important for MD simulation to
bring the simulation system to equilibrium, determines an orientation towards the
protein for minimum energy points and geometries by trying to bring the energy of the
system to the lowest point. Energy minimization is done for the stability of the system.
Geometry minimization is performed for the equilibrium of the molecules and is based
on obtaining the geometry with the lowest energy by gradually decreasing the total
energy (Lindahl E. R., 2008).

2.3.3. Solvent Models

Solvent models, one of the MD simulation methods, are important to simulate
the appropriate system. Water molecules in the MD simulation environment are
needed because they are important for the interactions between the protein-drug
complex. Based on properties such as the function, diffusion, radial distribution of
water molecules, various water models such as SPC, TIP3P, TIP4P are used (Das, S.

et al., 2023).

2.3.4. Thermostats

MD simulations have very large energy fluctuations. In the MD system,
advanced thermostat algorithms such as Berendsen, Andersen, Nose-Hoover and
Langevin are used to control the system temperature and pressure to keep them at more

constant values and to keep the kinetic energy constant (Hiinenberger, P. H., 2005).

2.3.5. Periodic Boundary Conditions (PBC)

The definition of periodic boundary conditions is the boundary conditions that
are set to approximate a larger system in space using smaller and smaller parts (unit
cells). PBCs are used in MD simulations, but can also be used in computer simulations
and molecular models in general with specified box sizes (Barclay, P. L., & Zhang, D.

Z. ,2021).
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2.3.6. Particle Mesh Ewald Method

One of the popular MD Simulation methods is the Particle Mesh Ewald (PME)
method. This method is used to calculate long-range Coulomb interactions in 3D
systems. The efficiency and accuracy of the Particle Mesh Ewald Method is quite high.
These calculations are done with Fourier Space (Mesh) (Duan, Y. et al., 1997).

2.4. Prostate Cancer Epidemiology and Risk Factors

Body tissue cells have their own control mechanism and renew themselves.
With this mechanism, damaged tissue is repaired and renewed. Cells that remain out

of control and constantly multiply are cell groups called tumors.

Prostate cancer is usually a malignant tumor that starts in the outer shell of the
prostate and spreads. If prostate tumors do not stay in the area where they are located
and do not spread, they are called benign tumors. The majority of prostate cancers are
adenocarcinoma and cancer cells located in the prostate gland can sometimes
metastasize by growing and growing in tissues and bones. A classical classification
system is used to define whether the cancer is regional or spread, continuing from
Stage 1 to Stage 4. In prostate cancer, the cancer cell is quite small in Stage 1. In Stage
2, the cancer cells continue to grow and have not yet spread. In Stage 3, the cancer
spreads to tissues outside the prostate gland. Finally, in Stage 4, the cancer has spread

to bladder-like tissues and bones (Ashrafizadeh et al., 2024), (Feng et al., 2024).

Prostate cancer was first described in the world by J. Adams in 1853, who
examined it histologically. At first, this disease could not be distinguished from urinary
tract obstruction, but it continued with the increase in the number of cases. This
increase rate showed that new treatment and diagnosis methods should be emphasized.
Androgen ablation, which is still the most useful treatment for prostate cancer today,
was discovered by Charles Huggins in the 1940s. This treatment involves suppressing
or blocking androgen production. Approximately 200 years after this process, prostate
cancer has become a very well-known and important disease. It is the most frequently
diagnosed disease in men in the United States, Turkey and all over the world. It is one

of every 14 cancers diagnosed in the world. It also constitutes 15% of all diseases
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diagnosed in men. The mortality rate is quite high. Although the incidence varies all
over the world, it is higher in countries such as Northern and Western Europe, the
Caribbean, New Zealand and South Africa. The differences in incidence between
countries can even vary by region. One of the reasons for this is the advantage of being
diagnosed and the health system. However, general risk factors have been determined

(James et al., 2024), (S. R. Denmeade & J. T. Isaacs, 2002).

There are risk factors that may affect the development of prostate cancer.
Identified risk factors include age, family history, genetic predisposition, race, obesity,
and environmental factors. The probability of prostate cancer increases with increasing
age. Prostate cancer, which is rare in a 40-year-old man, appears to increase in men
after the age of 50. Microscopic prostate cancer is detected in 50% of men over the
age of 70 and in most men over the age of 90. Cancer screening is recommended for
men over the age of 40 for early diagnosis. 6 individuals in every 10 prostate cancer
cases are over the age of 65. The prostate gland grows as it ages and begins to compress
the urinary tracts passing through it. As the male individual ages, the
Testosterone/Estrogen balance changes towards estrogen. The most important factor
in prostate growth after the age of 50 is this hormonal testosterone/estrogen change.
While hormones change during the growth process of the prostate, growth factors also
play a primary role. The amount and volume of some structures of the prostate increase
within the prostate. Race/ethnicity is one of the risk factors for prostate cancer.
African-American men are more likely to develop it at an earlier age. In fact, it is 1.6
times more likely to be seen and 2.5 times more likely to die than Caucasians. This
rate is lower in Asia. People of Asian descent living in the United States have a higher
risk of developing prostate cancer than their Asian relatives (44.1 deaths per 100,000
men vs. 19.1). These rates also highlight dietary and environmental factors. Eating
habits can also affect the development of prostate cancer. Diet is very effective in the
onset and progression of prostate cancer. Optimal and adequate nutrition plays an
important role in prostate cancer. Prostate cancer is slightly more common in people
who consume high amounts of red meat and carbohydrates, as well as those who
consume low amounts of vegetables and fruits. It has been reported that some natural
and lycopene-rich foods such as tomatoes, watermelon, red grapefruit, and even
phytochemicals reduce the risk of developing prostate cancer. It is known that the

Mediterranean diet reduces the risk of developing cancer. Different bioactive
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components in the Mediterranean diet model (resveratrol, curcumin, lycopene, ellagic
acid, quercetin, fisetin, epigallocatechin-3-gallate, polyphenols of olive oil) have a
positive effect against prostate cancer (Kocak & Tek, 2022),(Sunay, 2010), (Rawla,
2019).

Studies have shown that the risk of developing the disease increases as the
number of people with prostate cancer in the family and close relatives and the degree
of closeness to the individual increases. For example, the risk of a person whose
father/brother has prostate cancer doubles the normal risk of having this disease. Even
if the person is young, if more than one person in the family has prostate cancer, this
risk increases at the same rate. Approximately 10% of prostate cancer cases are caused
by genetic risk. Some genes are also associated with the development of prostate
cancer. One of these is hereditary prostate cancer gene 1 (HPCG). Hereditary prostate
cancer occurs when more than 2 people in the family have prostate cancer, if there is
a prostate cancer death in the family under the age of 60, and if there is a prostate

cancer diagnosis in the family under the age of 55 (Tuffaha et al., 2024).

Obesity and weight gain may increase the risk of prostate cancer. As hormonal
factors, testosterone hormone promotes the growth of prostate cancer cells. Smoking,
alcohol consumption or exposure to certain chemicals are among the risk factors as
they may increase the risk of prostate cancer. Studies have shown that smoking can
reduce testosterone levels and this may increase the risk of cancer (Palshof et al.,
2024). Vitamin D, which is known to be related to bone health, is increasingly known
to strengthen human immune function, regulate cellular signaling and processes and
prevent cancer cell growth. Epidemiological studies have clearly shown the
relationship between prostate cancer and areas exposed to less sunlight and vitamin D

deficiency (Cassell & Konneh, 2024).

The following have been identified as general risk factors for prostate cancer:
Age, Genetic Factors, Ethnicity/Race, Family History, Hormones, Obesity,
Smoking/Alcohol Consumption, Metabolic Syndrome, Eating Habits and Vitamin D
(Trock, B. J. et al., 2008).
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2.4.1. Prostate Gland Anatomy, Tissue and Signal Pathway

The most important function of the prostate gland is twofold. The first is the
production of sperm cells and seminal fluid from the gland. The second is to provide
the urinary control mechanism by contracting and relaxing. In addition, prostatic fluid
contains antimicrobial components and affects the body's immune system. The
anatomical location of the prostate gland is; under the inferior arms of the symphysis
pubis, with a narrowed apex at the bottom and a wide ovoid base that continues with
the bladder at the top, with the ampulla recti behind it and a tissue that surrounds the
urethra by passing through the prostatic urethra. In addition, the ejaculatory duct
(seminal duct) passes through it. The function of the prostate gland is to produce a
slightly alkaline white secretion, and the secretion is approximately 30% of the semen.
Due to the acidic vaginal environment, a slightly alkaline secretion prolongs the life
of the sperm. It weighs approximately 30 grams, is 3 cm long, 4 cm wide and 2 cm
thick. It consists of smooth and striated muscles. Structurally, it consists of 70%
tubuloalveolar glands and 30% fibromuscular stroma. The prostate gland has 5 regions
in its internal structure. These are; peripheral region (75%), central region (25%),
transitional region (5%), fibromuscular region and preprostatic sphincteric region.
Transitional region (5%) is seen as the development region of benign prostatic
hyperplasia (BPH), the frequency of which increases with age. 20% of prostate cancers
can also develop from this region. Peripheral region (75%) is the region where prostate
cancer develops most frequently due to the secretory glands. Since the secretory glands
are next to the rectal ampulla, they can be detected during rectal examination. Central
region (25%) ejaculatory duct (seminal duct) is located in this region. Prostate cancer
originating from here is less common but more aggressive and rapidly progressing.
Fibromuscular region contains muscle and connective tissue structure. The
preprostatic sphincteric region allows the semen to be expelled forward (Mahadevan

etal., 2024), (Xu et al., 2024).

The urinary tract (urethra) surrounded by the prostate, the semen channels
coming from both sides (ejaculator channels) open into the part anatomically called
"Veru montanum". The prostate muscle tissue consists of sympathetic nerves and the
stimulation of these muscles provides the mechanism for closing the bladder part of

the seminal fluid during ejaculation (Menezes et al., 2021).
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Figure 2.5. Prostate anatomy of a normal male individual (Geavlete, P. A. (Ed.).,

2016).

The prostate gland is surrounded by neurovascular bundles that form nerves
and blood vessels. These neurovascular bundles play an important role in normal
erection. The peripheral region, due to its proximity to the neurovascular bundles
surrounding the prostate, can facilitate the spread of the disease along the perineural
and lymphatic pathways and increase the potential for cancer cells to metastasize. The
main arterial flow of the prostate is provided by the inferior vesical artery, which is
formed from the internal iliac artery. The arteria pudentalis internala and the arteria
rectalis media also play a role in the prostate. The smooth muscles in the prostate gland
are innervated by sympathetic fibers that are activated at the time of ejaculation

(Diizgiin, D. (2024).

The main androgens in our body are the testosterone (T) molecule and
dihydrotestosterone (DHT) molecules. The testosterone (T) hormone, which is
effective in the prostate gland, interacts with the 5-alpha reductase enzyme and
NADPH and is converted to dihydrotestosterone (DHT). This DHT molecule binds to
the Androgen Receptor (AR). Dihydrotestosterone (DHT) has a higher binding affinity
to AR and allows proteins to be separated from AR by binding. This binding causes
AR and DHT to translocate into the cell nucleus and activate the target gene. It binds

to androgen response elements (ARE) molecules in the promoter region of target genes
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(Prostate specific antigen (PSA) and TMPRSS2 etc.). The existence of the AR
signaling mechanism is important for the prostate. If there is a fault in this signal, it
triggers prostate cancer. Androgen molecules are produced by the testicles and, to a
lesser extent, by the adrenal glands. These molecules cause prostate cancer cells to
grow and spread. Hormone therapy; androgen deprivation therapy (ADT) or androgen
suppression therapy is used to reduce androgen levels and prevent them from being
used by cancer cells. In addition, the presence of DHT is necessary for the full
development and survival of the prostate. However, excessive DHT plays a role in the
pathogenesis of benign prostatic hyperplasia (BPH) and even prostate cancer (Tan, M.
H., etal., 2015).

2.4.2. Clinical Symptoms of Prostate Cancer

Most prostate cancers start outside the prostate gland. In order for prostate
cancer to show symptoms, tumor cells must grow enough to press on the urethra
(urinary canal) and occupy a large volume. For this reason, prostate cancer usually
does not show symptoms in the early stages. Since prostate cancer is often
asymptomatic and slowly progressing, it does not have any specific symptoms in the
early stages. Although prostate cancer does not show any symptoms or signs in the
early stages, it can have some important symptoms in the advanced stages. Early
diagnosis and diagnosis have an important place in prostate cancer, which can be
treated. Late diagnosis reduces the chance of recovery from prostate cancer and
reduces the chance of treatment for prostate cancer, bringing it to a critical level. The
success rate of the disease also increases with early diagnosis. Screening tests for early
diagnosis are used to detect cancer in earlier stages. Considering that the prostate will
grow due to reasons such as aging, it is recommended that all men over the age of 40
participate in cancer screenings through a doctor (Demirbas & Onmaz, 2021),

(Giirkan, C., et al., 2024).

Table 2.3. Prostate cancer symptoms (Kiigiikulu, M., 2012).

Symptom Definition

Difficulty urinating Abnormal growth of prostate gland cells
puts pressure on the urethra, causing the
person to have difficulty urinating
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Weak urine flow/Interrupted As a result of the enlarged prostate pressing

urination on the urethra, there is a decrease and
difficulty in urinating
Frequent urination Because the prostate gland is located under

the bladder and surrounds the urethra,
cancerous cells put pressure on the bladder
and urethra, causing frequent urination,
especially at night.

Blood in the urine The enlarged prostate presses on the
urethra, causing irritation of the bladder and
hematuria, which is blood in the urine.
Blood in the semen Benign polyps or malignant tumor cells can
cause blood in the semen.

Bone pain Uncontrolled growing cells spread from the
prostate gland often metastasize to the
bone, causing severe pain in the waist, hips
and legs.

Appetite and Weight Loss As prostate cancer progresses, weight and
appetite loss may occur because the body's
energy consumption increases.

It is known that the frequency of PSA (Prostate Specific Antigen) measurement
and rectal examination, which are recommended as screening tests, are performed at
very low rates. It has been determined that the reasons for the low test rates are fear,
shame and lack of information. According to a study conducted in Turkey, it was stated
that 1/4 of men have had prostate cancer screening, but only 1/3 of people think about
having these screening tests in the future. If there are signs or symptoms of prostate
cancer, it 1s important to have the tests that will be needed for a diagnosis or treatment

(Demirbas & Onmaz, 2021), (Giirkan, C., et al., 2024).

2.4.3. Early Detection and Diagnostic Methods of Prostate Cancer

Prostate cancer is a tumor of epithelial origin of hormone-dependent cells,
resulting from the uncontrolled proliferation and proliferation of genetically unstable,
transformed and transformed cells. The structure of the prostate gland can be defined
as epithelial cells, which are hidden in a fibromuscular stroma and consist of three
types of differentiated cell sections: luminal, basal and neuroendocrine cells. Although
prostate cancer (PCa) is thought to have a basal phenotype, androgen-dependent
luminal cells are thought to be the origin of prostate cancer. PSA (Protein-specific
antigen) is located on chromosome 19 and is a member of the kallikrein gene family.
The expression of PSA cells is dependent on androgens. PSA cells are produced by

luminal cells, a section of the prostate, and are a serine protease (Henttu, P. et al.,
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1992).

In the diagnosis of prostate cancer; PSA (prostate specific antigen) test,
Multiparametric Prostate MRI (mpMRI), Prostate Biopsy, Rectal Examination
(Prostate-Directed), MR-Ultrasound Fusion Biopsy are performed.

1. PSA (Prostate Specific Antigen) Test

Prostate cancer is diagnosed early with the PSA (prostate specific antigen) test,
which is produced by the cells in the prostate gland and is performed by looking at a
blood sample. It is a suitable test for the initial diagnosis and is applied to a person
with prostate cancer symptoms. The PSA value in a person may vary depending on
their general health status, age and the size of the prostate. The values sought for the
PSA value should be as follows. If the PSA value is below 3 ng/mL, this is considered
normal. If the PSA value is between 3 - 4 ng/ml, approximately 30% of the patients
have prostate cancer. If the PSA levels are above 10 ng/mL, the risk of prostate cancer
will be higher. Since other factors can also affect the level of PSA in the blood, PSA
elevation alone is not a definitive diagnosis (Adhyam & Gupta, 2012).

Table 2.4. Distribution of PSA levels and risk ratios (David & Leslie, 2024).

PSA (ng/ml) Risk Ratios
<3 ng/mL Normal Range
3 - 4 ng/ml Limit Level
>10 ng/mL High Risk

2. Multiparametric Prostate MR Test (mpMRI)

A detailed magnetic resonance imaging method that takes the imaging of the
prostate gland to an advanced level and is used to detect abnormal cells in this gland.
It is a diagnostic method that supports the diagnosis that can be made in patients with
suspected cancer. In addition, the Multiparametric Prostate MR method can determine
whether tumor cells have passed through the special capsule of the prostate tissue,
whether they can detect the density of the tissue and cells, and whether they have
spread to important lymph nodes where they can spread. With its more sensitive and

precise technology, it prevents abnormal tissues from being missed (Donati et al.,

2013).
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3. Prostate Biopsy

The prostate biopsy method is the process of taking samples and pieces from
different parts of the prostate with the help of a special needle. Tissues are taken with
a device that is inserted into the rectum under local anesthesia and taken to the
pathology laboratory to determine if there are cancer cells. This method checks how
fast the prostate cancer tumor is developing. With advancing technology, prostate
biopsy continues to be popular among the diagnostic methods for prostate cancer

(Karalar, M. et al., 2024).

4. Rectal Examination (Prostate-Oriented)

Rectal examination is a method used to understand whether there is an
abnormality in the condition of the organs located in the lower abdomen, such as the
bladder, urinary tract, large and small intestines, and anus. In particular, prostate rectal
examination, this method, which is performed by fingering the anus to understand the
condition of the prostate, can help to understand whether the prostate contains hardness
and abnormality. A hard tissue or area is suspected of prostate cancer (Genchellag, H.,

& Yilmaz, E., 2015).

5. MR-Ultrasound Fusion Biopsy

It is a smart biopsy method developed in recent years, trying to overcome
disadvantages, and instead of taking samples from random tissues of the prostate as in
the standard prostate biopsy method, it is a method that is performed in accordance
with the target tissues and used to diagnose the stage of cancer. This method has
transformed taking a large number of random samples from the person into taking
samples for the tissue suspected of being a tumor. The most important privilege of the
test is that the Multiparamedic Prostate MR images are transferred to the images on
the TRUS (Ultrasound) device and the full determination process is performed. It can
perform the process called fusion by moving the 3D dimensional images taken from
the Multiparamedic MR from the anus and overlapping the images on the TRUS
(Ultrasound) device. This method is called transrectal (Siddiqui et al., 2015), (Lang, J.
et al., 2024).
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Table 2.5. Advantages of the MR-Ultrasound Fusion Biopsy test (Lang, J. etal., 2024).

Getting results with minimal error and deviation from tumor risk areas

Reduced need for repeat biopsy procedures

30% increase in the detection of aggressive and rapidly spreading cancer cells

compared to standard biopsy

In the active observation method in the treatment protocol, the areas taken in the
fusion biopsy are precisely determined, which provides a great advantage to the

patient.

Avoiding major surgeries for tissues that do not harm the patient

Pre-procedure

MRI acquisition Segmentation and target identification Move to
procedure room

Intra-procedure Real-time ultrasonography Corresponding MRI

3D MRI-3D Targeted biopsy with

ultrasonography ultrasonography reaktime ultrasonography/MRI fusion
acquisition registration

Figure 2.6. Workflow of MRI-TRUS(Ultrasound) Fusion Biopsy method (Turkbey,
B., et al., 2009).

2.4.4. Staging of Prostate Cancer
The staging system of cancer is performed to understand the region/regions

where the cancer is located, how much the tumor covers which regions, whether it
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metastasizes to other tissues, and how much it affects the body's system. The stage of
the cancer also shows the patient's chance of survival. Cancers such as lymphoma can
respond positively to the treatment process even in the last stage (Stage V). However,
since some types of cancer can be more aggressive and resistant, treatment processes
are difficult even in lower stages. The staging system for prostate cancer is a system
performed to describe to which regions and to what extent the cancer has spread in the
prostate region. Tests such as TNM Staging, PSA (Prostate Specific Antigen) test and
Gleason Score are applied for the prostate cancer staging system. The staging system
is of vital importance for the most probable treatment method and drugs in cancer

(Cosma, G., et al., 2016).

2.4.4.1. TNM Staging Method in Prostate Cancer

The behavioral model of the tumor, the process of treatment and whether a
positive response is obtained or not, are very important for a uniform staging system
for an accurate exchange of information between institutions internationally. In 1992,
the American Joint Committee on Cancer (AJCC) and the International Union for the
Control of Cancer (UICC) determined a unified TNM staging system for prostate
cancer. The American Joint Committee on Cancer (AJCC) made some changes to the
TNM staging system. These are extraprostatic extension and microscopic bladder neck
invasion (spread of the tumor), which are included in the category of stage T3a prostate

carcinoma (Buyyounouski, M. K. et al., 2017).

The TNM system classification of Prostate Adenocarcinoma is based on 3
categories. These categories are;

* T (Tumor): Primary tumors.

* N (Lymph Node): Describes whether cancerous cells have spread to lymph
nodes.

* M (Metastasis): Describes whether cancerous cells have spread to other

tissues.

For the T category, it can be said that the cancer is limited to the prostate and
has not metastasized to other tissues. In addition, for the T stage, rectal examination,
PSA (prostate specific antigen) test, TRUS (Ultrasound) and Multiparametric Prostate
MR Test (mpMRI) are used. For the N category, it can be said whether the cancer has

27



spread to the lymph nodes outside the prostate. For the N stage, clinical examination
and imaging methods are used. For the M category, it can be said whether the tumor
has spread to other tissues outside the prostate and throughout the body. For the M
stage, bone scintigraphy, skeletal studies, biochemical tests and thoracoabdominal CT

are used (Borley & Feneley, 2008).

In addition, numbers or letters given within the TNM system are used for data

and degrees.

Primary tumor (T):

TX: Primary tumor cannot be evaluated
TO: Primary tumor is not present

T1: Tumor is present but not visible

* Tla: The tumor may have been detected during the treatment of benign
prostatic hyperplasia (BPH) and is found in less than 5% of the tissue taken from the
prostate.

* T1b: It may have been detected during the treatment of benign prostatic
hyperplasia (BPH) and is found in more than 5% of the tissue taken from the prostate.

* Tlc: Cells were detected as a result of biopsy in response to a high result in

the PSA (Protein Specific Antigen) test.

T2: Tumor is present, visible and palpable, but only present in the prostate

* T2a: Cancer cells located inside the prostate gland are dense only in one part
of the prostate.

* T2b: Cancer cells located inside the prostate gland cover half of the dense
part of the prostate.

* T2c: Cancer cells located inside the prostate gland are spread to both sides of

the gland.

T3: The tumor of prostate cancer is growing outside the prostate gland.

Cancerous cells may have spread to the seminal vesicles.
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» T3a: Although cancer cells located inside the prostate gland have spread
outside the prostate, they are not distributed to the seminal vesicles.

* T3b: Cancer cells located within the prostate gland have also spread to the
seminal vesicles.

T4: The tumor of the prostate cancer has spread to both the seminal vesicles
and outside the prostate gland. The tumor has not spread to more distant tissues. The
areas where the tumor has spread can also be the rectum, bladder, urethral sphincter

and pelvic wall.

~—— Bladder

——Ductus
Deferens

Figure 2.7. T staging for prostate cancer. T1: tumors are present but not of a palpable
size and are not clinically apparent. T2: tumors are confined to the prostate gland, T3a:
tumors extend beyond the prostate capsule, T3b: tumors invade the seminal vesicles,
T4: tumors may spread to the seminal vesicles and invade structures such as the

bladder, rectum, pelvis (Boonsirikamchai, P. et al., 2013).

Lymph Node (N):
NX: Tumor in the lymph node cannot be assessed
NO: No tumor in the lymph nodes near the cancerous cell

N1: Tumor in the lymph nodes near the cancerous prostate cell

Metastasis (M):

MO: Prostate cancer tumor has not spread to other parts of the body

M1: Prostate cancer tumor has spread to other parts of the body outside of the
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pelvic area. It is divided into two groups: M1la, M1b and M1c.
» M1a: Cancer cells located inside the prostate gland are present in other lymph
nodes away from the pelvic area
* M1b: Cancer cells located inside the prostate gland have spread to the bone
* Mlc: Prostate cancer has spread to other parts of the body and cancer cells

are present in other organs.

Figure 2.8. Whole body magnetic resonance imaging (WB-MRI) and PSMA (Prostate
Specific Membrane Antigen) PET/CT images of a 68-year-old man with stage IV
prostate cancer. (a,b) Coronal WB-MRI (Whole Body MRI), (a) T1 TSE (Turbo Spin-
Echo), (b) Coronal reformatted inverse grayscale DWIBS images show liver
metastasis (arrow) lymph node metastasis (arrow). (c,d) 68 Ga-PSMA-PET/CT (68 Ga
labeled Prostate Specific Membrane Antigen Positron Emission Tomography) images
show liver metastasis (arrow) lymph node metastasis (arrow) (Van Nieuwenhove, S.,

et al., 2022).

2.4.4.2. Histological Classification of Prostate Cancer

In order to diagnose prostate carcinoma, it is usually necessary to take a tissue
sample and identify it. In the pathology laboratory, routine HE (hematoxylin-eosin)
stained sections are often sufficient for microscopy, but immunohistochemical
labeling is also used when there is minimal tumor. The vast majority of prostate cancer
cells originate from adenocarcinomas of the epithelial tissue of the prostate gland.

Prostate adenocarcinomas are used clinically to identify this type of cancer (Humphrey
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P. A, 2017).

According to Stanford Medicine Surgical Pathology; prostate cancer is divided
into subcategories such as Adenocarcinoma (the most common type), Primary
Squamous Cell Carcinomas, Small Cell Carcinomas, Urothelial/Transitional Cell

Carcinomas, Soft Tissue Sarcoma Carcinoma, Neuroendocrine Carcinomas, Mucinous

Adenocarcinoma (Kabasakal, L., et al., 2017).

Squamous cell carcinomas of the prostate are usually diagnosed at an advanced
stage and have a poor prognosis. Squamous cell carcinomas are a rare subtype that
originates from squamous cells that surround the organs and are made up of flat cells.
It is a fairly aggressive type of prostate cancer. Squamous cell carcinomas constitute

less than 1% of prostate cancer and have a invasive character (Kiling, M. F. 2016).

Small cell carcinoma constitutes 0.55%-2% of prostate cancer. Small cell
carcinomas of the prostate usually show clinical findings in advanced stages. Their
treatments are chemotherapy-based like other cell cancers. This type causes bowel and

bladder symptoms (Tatli, A., et al., 2016).
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Figure 2.9. Prostate small cell carcinoma with HE (hematoxylin-eosin) stain

(Furtado, P. Etal., 2011).
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Urothelial/Transitional (Transitional Cell) carcinomas are an aggressive type
that tends to spread to the bladder tissue, urethra and ureters due to proximity. These

cells constitute 1% to 5% of prostate cancer (Sanguedolce, F., et al., 2019).

Soft Tissue Sarcoma Carcinomas are a type of cancer that affects the stromal
or soft tissue cells that make up the body's connective tissues. 20% of sarcomas arise
in the abdomen or retroperitoneum. This type of carcinoma is rare and can often be

overlooked in diagnosis (Musser, J. E., et al., 2014).

Neuroendocrine Carcinomas are large cells and have poor differentiation
capacity, so it is very difficult to identify their cell type. They respond poorly to
hormone therapy compared to other types of carcinomas and adenocarcinomas.
Additionally, neuroendocrine tumors lack androgen receptors and therefore cannot

secrete PSA (Parimi, V., et al., 2014).

Mucinous prostate adenocarcinoma is a primary prostate acinar tumor
characterized by at least 25% of the tumor consisting of extraluminal mucinous cells.
Mucinous prostate adenocarcinoma is a rarer type of prostate cancer, and this type of
adenocarcinoma is more aggressive and has a poor prognosis than the acinar type

(Tosun Yildirim, H., et al., 2012).

Figure 2.10. Needle core biopsy of mucinous prostate adenocarcinoma (Osunkoya, A.

0.,2018).
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The Gleason score, which is part of the Histological Classification, was

explained in detail with the help of literature.

Gleason Score (Grading System for Prostate Cancer)

In 1966, Donald Gleason proposed a method called the Gleason score to grade
prostatic carcinomas. This method aims to measure the aggressiveness of the
malignancy with tumor morphology. Although the Gleason grading system has
changed many times over time, its basis is based on the histological growth grades of
prostate carcinomas. The Gleason score (GS) is obtained by obtaining the first and

second most frequent samples in a tumor (Chen, H., et al., 2016).

The Gleason score method is a scoring method used to determine the
distribution and spreading speed of cancer cells and shows the degree of differentiation
of prostate cancer cells. This score varies between 2 and 10. In prostate cancer, Gleason
score 6 represents the best cancer that can be detected and the lowest degree (Stage I).
When the Gleason score is 9-10, it represents the most advanced stage of prostate

cancer (Stage V) (Tagai, E. K., et al., 2019).

Table 2.6. Gleason Scoring System and Prostate Cancer Stages (Tagai, E. K., et al.,
2019).

Stage | Gleason score<6
Stage 11 Gleason score<7
Stage 111 Gleason score<7
Stage IV Gleason score<§
Stage V Gleason score<10
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The Gleason score system is one of the most important factors determining the
prognosis (prediction) of treatment results in prostate cancer. Each stage of prostate
cancer and the Gleason score provide information about the disease. When the Gleason
score is <6, the tissue of the tumor cell has changed considerably, is less aggressive.
In addition, cancerous cells are less prone to growth. When the Gleason score is <7-8,
the tissue of the tumor cell has changed moderately and is moderately aggressive. In
addition, although cancerous cells are prone to growth, they do not spread very much.
When the Gleason score is determined as <10, the tumor tissue has changed little or
not at all. It is very aggressive. Cancerous cells tend to both grow and spread very

quickly (Epstein, J. L., et al., 2016).

2.4.4.3. Molecular Classification of Prostate Cancer

Genetic factors and familial inheritance are important risks of prostate cancer,
and 10% of people with prostate cancer have familial inheritance as the cause of
cancer. Germline mutations are 9% in these cancer cases. Prostate cancer has a
complex molecular pathogenesis. Genes associated with prostate cancer include;
tumor suppressor genes (BRCA2, BRCAI1, TP53, PTEN), AR, CHEK2, KLK3,
PALB2, ATM, HOXB13, TMPRSS2-ERG. BRCA2, BRCA1 genes are genes that
actively play a role in the DNA repair process, and the PALB2 gene helps DNA repair
together with the BRCA2 gene. PALB2 gene mutation is associated with high-risk
prostate cancer. Patients with this gene variation have a Gleason score of 8-10 for
prostate cancer. The ATM gene controls the cellular DNA damage response
mechanism and cell division. Loss and deletion of tumor suppressor genes TP53 and
PTEN are genetic disorders in prostate cancer. The growth of prostate cancer cells
depends on the transcriptional activity of the Androgen Receptor (AR). CHEK2's
function is to regulate the cell cycle and is associated with hereditary prostate cancer
as a result of mutation in the gene. HOXB13 mutation is associated with an increased
risk of prostate cancer and early diagnosis. TMPRSS2-ERG; TMPRSS2 is a fusion
gene with an androgen-regulated serine protease and ETS transcription factor ERG
and has an important role in prostate carcinogenesis (Konac, E., & Sozen, 2014),

(Wokotorczyk, D., et al., 2021), (Finch, A., et al., 2022).

Table 2.7. Genes involved in prostate cancer (Konac, E., & Sozen, 2014).
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GENE LOCATION GENOMIC FEATURE
IRREGULARITY
Androgen Xqll Amplification It is seen in 58% of castration-
Receptors (AR) Mutation resistant prostate cancers
BRCAI 17921 Deletion Causes aggressive, resistant prostate
cancer
BRCA2 13q12.3 Deletion Causes aggressive, resistant prostate
cancer
PTEN 10923 Deletion Early stage with 40% copy number
Mutation loss
TP53 17p31 Deletion It is the most mutated gene in cancer,
Mutation with 40% deletion
TMPRSS2-ERG | Chromosome 21 Gene Fusion It is seen in 50% of metastatic
prostate cancer
KLK3 19q13.33 Somatic Mutation Causes aggressive, resistant prostate
cancer

It can lose PTEN alleles located at the 10g23 location. This loss occurs most

often after TMPRSS2-ERG rearrangement.

PTEN loss

leads to Prostatic

Intraepithelial Neoplasia (PIN) type lesions, Invasive Prostatic Adenocarcinoma and
Metastatic Prostatic Cancer. Prostatic Intraepithelial Neoplasia (PIN) can be
considered as a pre-cancer of the prostate with the possibility of developing into

prostate cancer over time (Ratnacaram, C. K., et al., 2008).

Kallikrein-3 (KLK3) gene is expressed in high amounts in the prostate
epithelium with androgen signal. Serine proteases from the KLK family play a role in
prostate cancer. Kallikrein-3 (KLK3) gene is also known as Prostate Specific Antigen

(PSA) (Mamidi, T. K. K., etal., 2019).
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Figure 2.11. Molecular and cellular progression stages of prostate cancer (Canesin,

G., 2021).

2.4.4.4. Pathological Classification of Prostate Cancer

The purpose of pathological classification is to analyze the spreading status and
aggressiveness of tumoral cancer tissues under the microscope. Pathological
classification of prostate cancer is used together with the Gleason score method.
Histopathological detection of prostate cancer is based on the benign or malignant
status of tissues taken from prostate cancer cells with microscopic images. The
Gleason score method is also used to estimate the aggressiveness and spreading rate

of prostate cancer (Cimadamore, A., et al., 2020).
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Malignant

Grade 3

Grade 5

Glands are small,

Glands are larger and Glands are further
cancer cells have

Hardly any glands,
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4+5,5+4 or5+5=9or 10

Increasing Tumor Aggressiveness

Figure 2.12. Images of all grades from Gradel to Grade5 were scanned at 40x optical

magnification (Bhattacharjee, S., et al., 2019).

In Grade 1, the prostate glands are well-formed, small, and close together. In
Grade 2, the prostate glands are larger and slightly farther apart. In Grade 3, the
prostate glands are farther apart and darker and differently shaped. In Grade 4,
cancerous cells have covered the prostate gland, and in Grade 5, the prostate glands

are absent.

2.4.4.5. Stage Groups in Prostate Cancer

The classification of prostate cancer according to stages varies between I (1)
and IV (4). Stage II is divided into subcategories such as IIA, IIB and IIC according to
its characteristics, while Stage III is divided into subclasses IIIA, IIIB and IIIC. The
rule in the general stages of prostate cancer is that the lower the number, the better the
prostate cancer. As the number increases, it is accepted that the cancer has spread and
metastasized to other areas. In addition, a letter that is earlier represents a lower level

(Cheng, L., et al., 2012).

Stage I

* Cancer cells are small and confined to the prostate.

* The doctor cannot detect the tumor by manual examination or obtain images
with a transrectal ultrasound.

* The PSA level is low.

* Cancer cells have not spread to the lymph nodes and have not metastasized
to other organs.

» The Gleason score is 6 or lower.
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Stage I1A

* Cancer cells are still confined to the prostate and have not spread.
* The tumor can be felt with a digital rectal exam

* The PSA level is below a certain threshold.

» The Gleason score is 6 or lower.

Stage 11B

* Cancer cells are larger and may have spread to all parts of the prostate.

* Cancer cells have not spread beyond the prostate.

* The tumor can be seen with a digital rectal exam and transrectal ultrasound.
* PSA level is less than 20 ng/ml.

» Gleason score 1s 7.

Stage I1C
* Cancer cells are larger and may have spread to both parts of the prostate.
» Cancer cells are confined to the prostate.

 (Gleason score is between 7 and 8.

Stage I11A

* Cancer cells have spread beyond the prostate, beyond the prostate capsule. It
may have spread to the seminal vesicles.

* The PSA level is higher.

* The Gleason score is 8 or lower.

* The cancer cells have not spread to the lymph nodes.

Stage I11B

» Cancer cells have spread to the seminal vesicles and other nearby areas
(rectum, bladder, pelvic wall).

* The Gleason score is 8 or lower.

* The PSA level may be any value.

Stage I11C
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 Cancer cells have spread to the seminal vesicles and other nearby areas

(rectum, bladder, pelvic wall, etc.).
» Gleason score is 8 or lower.

* PSA level may be any value.

* Cancer cells may or may not have spread to the lymph nodes.

Stage IV

* Cancer cells have spread to all organs of the body except the prostate gland.

* Cancer cells have spread to the lymph nodes.

* PSA levels can be anywhere.

* Cancer cells have spread to organs of the body such as the lungs and liver.

* Gleason score is 10 or lower.

Table 2.8. Prostate Cancer Stages and TNM staging (Caglic, ., et al., 2019).

Stage 1 T1-2 NO MO
Stage IIA T1-2 NO MO
Stage 1B T1-2 NO MO
Stage 1IC T1-2 NO MO
Stage IIIA T1-2 NO MO
Stage I11B T3-4 NO MO
Stage IIIC Any T NO MO
Stage IVA Any T N1 MO
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2.5. Prostate Cancer Treatment Methods

The variability and unstable characteristics of prostate cancer biology, early
stage diagnosis for prostate cancer treatment, long and short term risk factors of
treatment processes, difficulties in definitive diagnosis of prostate cancer, even though
there are a diagnosis made at the right time and the right treatment to be applied, the
survival rates of the patient with prostate cancer in the first 5 years or even 5 to 10
years are quite high. The use of internationally used TNM staging systems, statistics
and reports are also extremely important for doctors to determine the areas where the
cancer has spread and to determine the appropriate and critical treatments to be applied
to the patients. There are many different prostate cancer treatments, and whether the
patient responds positively to the treatment is also monitored. Treatments that can be
applied against prostate cancer include surgical intervention, radiotherapy, hormone
therapy, chemotherapy and patient follow-up. Surgical intervention or radical
prostatectomy treatment options can be applied for prostate cancer that is in an
advanced stage but remains local. The cancerous cells must not have spread outside
the prostate tissue and have not spread. Radiotherapy method can be applied in
addition to surgical intervention for prostate cancer detected in the early stage. If
prostate cancer is at a stage that cannot be resolved with surgery and radiation or
radiation therapy, hormone therapy is applied. A patient with advanced prostate
cancer, such as stage 4, may also receive chemotherapy with this treatment

(Haydaroglu, A., et al., 2019), (Anagnostou, T., et al., 2003).
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Figure 2.13. The treatment methods of prostate cancer (Elancheran, R., et al.,
2015).

2.5.1. Surgical Methods

There are 3 different surgical methods preferred for early stage prostate cancer
patients. These can be listed as open, laparoscopic and robotic methods. In addition to
using chemotherapy and radiotherapy methods to reduce the tumor mass beforehand
and then performing the procedure, surgery can be used together with other methods

or surgery can be preferred alone (Costello, A. J., 2020).

The surgical method is based on the removal of the prostate gland tissue or
tumor from the body where cancerous cells have spread. The number of prostate cancer
patients preferring this method is increasing day by day. Robotic surgery can be used
for hard-to-reach areas. This method is preferred over laparoscopic and open surgery
methods. Laparoscopic surgery involves the removal of prostate tissue with a
minimally invasive method. This method has advantages such as smaller scars, less
pain and suffering, and faster recovery for the patient (Baykara, O., 2016), (Karadag,
M. A, etal., 2015), (Bozdogan, S. N., & Kogasli, S., 2022).

2.5.2. Radiotherapy

Radiation therapy is a method of treating cancerous cells associated with
prostate cancer using intense and high beams. It is aimed to destroy tumor cells,
prevent their proliferation or shrink them by keeping all cells exposed to high radiation
at a minimum level. Radiation therapy may be preferred according to the stage of
prostate cancer and other factors. Radiotherapy is applied to prostate cancer patients
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at certain intervals for the self-repair process of healthy tissues in the patient and for

an efficient treatment process (Zaorsky, N. G., et al., 2013).

There are two types of radiotherapy for prostate cancer. These are external
radiotherapy and brachytherapy. External radiotherapy is the method of applying high-
energy X-rays to the patient from outside the tissue, from a certain and appropriate
distance. Brachytherapy radiotherapy is the method of applying high-energy X-rays to
the patient by placing them inside the tissue. In some cases, doctors aim to shrink the
tumor mass by applying radiotherapy to the patient. In addition, hormone therapy is
also preferred with radiotherapy (Lee, C. T., et al., 2005), (Podder, T. K., et al., 2018),
(Schaeffer, E., et al., 2021).

Figure 2.14. Radiotherapy treatment plan applied to a prostate cancer patient with an
appropriate dose and post-radiotherapy with Cone Beam Computed Tomography
(CBCT) method (Heayer, M. et al., 2011).

2.5.3. Hormone Therapy
Hormone therapy (Androgen Deprivation Therapy) method is to suppress
androgen hormones that prostate cancer patients have and stop them. The purpose of

this method is to encourage androgen hormones to cause cell growth and spread by
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encouraging prostate cancer. Hormone therapy alone may not be enough for prostate
cancer patients. This method is used in conjunction with chemotherapy or radiotherapy

methods (Sharifi, N., et al., 2005).

The body's androgen hormones are divided into 2, testosterone and
dihydrotestosterone (DHT). Although androgen hormones are produced by the
testicles, the adrenal glands can also produce some of this hormone. Hormone therapy
applied to reduce the levels of androgen hormones and prevent their use by cancer

cells is of 4 different types (Sharifi, N., et al., 2005).

1. Orchiectomy (Surgical Castration)

The testicles largely meet the production of androgen hormones. Orchiectomy
is the surgical removal of one or two testicles from the body. In metastatic prostate
cancer, androgen suppression therapy and orchiectomy are indispensable methods
(Garje, R, et al., 2020).

2. LHRH Agonists (Luteinizing Hormone Releasing

Hormone) Agonists

This treatment method changes the production and levels of testosterone
hormone, stimulates the pituitary gland region in the brain to increase testosterone
hormones, and then reduces them again. A flare period occurs due to the sudden
increase in testosterone hormone. In addition, testosterone hormone production can be
stopped without the need for orchiectomy. Leuprolide acetate or goserelin active
ingredients are used. These drugs are administered subcutaneously every 3 or 6 months
(Fujii, Y., et al., 2008).

3. LHRH Antagonist (Luteinizing Hormone Releasing

Hormone) Antagonist

The aim of this treatment method is to change and reduce testosterone hormone
levels more stably without a flare period. Degarelix is an LHRH antagonist drug
(10.1080/14656566.2017.1328056).

4. CYP17 suppressor

Even though LHRH agonists and LHRH antagonist drugs suppress this
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hormone for prostate cancer treatment by changing the levels of testosterone hormone
produced in the testicles, the adrenal glands continue to produce testosterone hormone
in the body. Hormones formed in small amounts can trigger prostate cancer growth.
The aim of CYP17 suppressor drugs is to block the CYP17 enzyme that helps cells
synthesize and produce androgen hormone. Zytiga (Abiraterone Acetate) is a CYP17
suppressor. This drug can be used for patients with advanced prostate cancer (Attard,
G., et al., 2009).

5. Anti-Androgens (Therapies Interfering with Androgen

Function)

Androgen hormones work by binding to androgen receptors located in prostate
cells. Anti-androgen drugs prevent androgens from binding to receptor proteins.
Bicalutamide and Flutamide drugs are among the anti-androgens (Huang, J., et al.,
2022).

Androgen Deprivation Therapy has some side effects on patients.

These side effects;

* Hot flushes

* Exhaustion

* Depression

* Loss of sexual desire

* Weight gain

* High cholesterol levels

* Decreased muscle mass

Table 2.9. Classification of drugs used in prostate cancer hormone therapy (Huang, J.,

et al., 2022), (Dhawan, M., et al., 2016), (Erdkamp, F., et al., 2014).

LHRH Agonists LHRH Antagonists | CYP17 inhibitors Anti-Androgens

Leuprolide acetate Degareliks Zytiga (Abiraterone | Bicalutamide
Acetate)

Goserelin Abarelix Galeterone Flutamide
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Triptorelin Ganirelix Darolutamide

Buserelin Enzalutamide

Apalutamide

2.5.4 Chemotherapy Treatment
Chemotherapy treatment method is used for cancer disease. The aim of this
method, which is a drug treatment, is to prevent or stop the growth of metastatic and

dispersed cancer cells (Gilligan, T., & Kantoff, P. W., 2002).

Although the chemotherapy treatment method in prostate cancer gave negative
results at first, new agent development studies continued. Docetaxel drug was the first
agent with positive results in metastatic castration-resistant prostate cancer (mCRPC).
This method also showed positive effects against complaints of prostate cancer
patients such as bone pain, etc. and was used in cases where other prostate cancer
treatment methods were ineffective. Cabazitaxel and Docetaxel are the most widely
known chemotherapy drugs. Cisplatin, Mitoxantrone and Etoposide drugs are also

used for the same method.

Chemotherapy has been used since the 1980s and is used for advanced prostate
cancer patients, but it is also used in combination with hormone therapy or
radiotherapy methods. It is also preferred for patients who have not been treated with

hormone therapy (Nader, R., et al., 2018), (Quinn, D. I, et al., 2017).

45



CHAPTERIII. MATERIALS AND METHODS

In this theoretical study, the receptors and genes that cause prostate cancer were
modeled in the presence of different ligands and new generation prostate cancer drugs
by means of high computational computers. Using Molecular Docking (MD) and
Molecular Dynamics Simulation (MDS) methods, the activities of prostate cancer-
related AR (Androgen Receptor) gene (PDB ID: 1E3G and 8E1A), KLK3/PSA
(Prostate-Specific Antigen) gene (PDB ID: 2ZCH and 2ZCL) receptors with natural
agents, IC50 values, traditional drug values and interactions with new drugs approved
by FDA specific for prostate cancer were evaluated. Ligand data were obtained from

programs such as PubChem and ChEMBL.

In this study, 1E3G, 8E1A, 2ZCH and 2ZCL receptors were used for literature
research of prostate cancer from RCSB PDB (Research Collaboratory for Structural
Bioinformatics Protein Data Bank) site. ChEMBL and DrugBank codes of ligands
used for protein receptors were obtained from UniProtKB (Universal Protein Resource
Knowledgebase) database which contains comprehensive protein sequences and

information.

1E3G (ANDROGEN RECEPTOR) S8E1A (ANDROGEN RECEPTOR)

Figure 3.1. 3D image of 1E3G and 8E1A receptors obtained from UCSF Chimera
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Figure 3.2. 3D image of 2ZCH and 2ZCL receptors obtained from UCSF Chimera

In addition, ligands containing the lowest IC50 values were obtained from the
ChEMBL database. Simulation was provided with water and ions. For each of 1E3G,
8E1A, 2ZCH and 2ZCL receptors, 72 ligands with IC50 values between 0.0 and
3200.0 from ChEMBL, 30 Natural agent, 67 traditional prostate cancer drugs and 11
new prostate cancer drugs were studied. Among the ligands docked to protein
receptors, the ligands with the best results and the lowest binding energies were
selected. Autodock Vina and Autodock Tools were used for receptor and ligand
dockings. The GROMACS program was used for Molecular Dynamics Simulation
(MDS). Calculations were performed via the National High Performance Computing
Center (UHeM). After Molecular Dynamics Simulations, RMSD (Root Mean Square
Deviation), RMSF (Root Mean Square Fluctuation), Radius of Gyration (Rg), SASA
(Solvent Accessible Surface Area), ADMET (Absorption, Distribution, Metabolism,

Excretion, and Toxicity) analyses were performed.

3.1. New Prostate Cancer Drugs

New prostate cancer drugs approved by the FDA; Abiraterone, Olaparib,
Pylarify, Rucaparib and Locametz were selected as the main ligands. Their molecular

structures and formulas were obtained from the PubChem database.
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Abiraterone is a prostate cancer drug and is a part of hormone therapy for male
patients. The working mechanism of the Abiraterone drug is based on stopping the
progression of prostate cancer by preventing the production of the testosterone
hormone in the body. Abiraterone is a selective inhibitor of CYP17. Olaparib is a
prostate cancer drug and is used for male patients in cases where hormone therapy
does not work. Olaparib drug provides control of cancer. Olaparib drug is a PARP
inhibitor. Pylarify is a prostate cancer drug and is an agent used for male patients with
metastatic prostate cancer, used to find metastatic tumors and their locations in the
body. Rucaparib is a prostate cancer drug and is an anticancer agent used for male
patients. This drug acts by showing cytotoxic effects against tumor cells and is a PARP
inhibitor. Locametz is a prostate cancer drug and is used for male patients. The
mechanism of action of Locametz is to try to detect whether prostate cancer is present
by binding to cells that overexpress PSMA. In addition, the Gallium-68 atom contained

in the drug is a B+ emitting radionuclide and this feature is used for PET.

3.2. Protein Preparation

By looking at the genes and proteins directly and most related to prostate
cancer, AR (Androgen Receptor) (8E1A and 1E3G), KLK3 (Prostate Specific
Antigen) (2ZCH and 2ZCL) were obtained from the RCSB PDB protein data bank
database in PDB format and recorded for use in the Autodock Tools program. The
structures obtained in the PDB format are X-Ray crystallography structures, and
unwanted parts may be included in the protein while the 3D structure is being formed.
For the optimization of the proteins to be used in Autodock Tools, water molecules
were removed, hydrogen atoms were added, Kollman charges were added and the

structure of the protein was optimized.

3.3. Ligand Preparation

New prostate cancer drugs approved by FDA; Abiraterone, Olaparib, Pylarify,
Rucaparib and Locametz were selected as main ligands. Natural agents such as
Apigenin and Quercetin, traditional drugs such as Estrone, Docetaxel and IC50 drugs
were selected as ligands. Their molecular structures and formulas were obtained from
PubChem database. CHEMBL codes of receptor and ligand chemical structures are

shown in Table. Autodock Vina and Autodock Tools programs were prepared for
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molecular docking.

Table 3.1. CHEMBL codes of New Prostate Cancer Drugs, natural agents, traditional
drugs and IC50 drugs.

RECEPTOR | 1E3G (AR) SE1A (AR) 2ZCH (KLK3) 2ZCL (KLK3)
NEW CHEMBL254328 | CHEMBL254328 | CHEMBL254328 | CHEMBL254328
DRUG CHEMBL521686 | CHEMBL521686 | CHEMBL521686 | CHEMBL521686
CHEMBL4297334 | CHEMBL4297334 | CHEMBL4297334 | CHEMBL4297334
CHEMBL1173055 | CHEMBL1173055 | CHEMBL1173055 | CHEMBL1173055
CHEMBL5095039 | CHEMBL5095039 | CHEMBL5095039 | CHEMBL5095039
Natural CHEMBL28 CHEMBL50 CHEMBL50 CHEMBL50
Drug CHEMBLS50
Ligand CHEMBL1405 CHEMBL1405 CHEMBL3545252 | CHEMBL3545252
1C50 CHEMBLI182412 | CHEMBL267270 | CHEMBL446790 | CHEMBL446790

3.4. Protein-Ligand Docking

The optimized structures of the prepared protein receptors and ligands were
provided with the AutoDock Tools and AutoDock Vina programs used for molecular
docking studies. A grid box was defined for the ligands to be placed by docking by
targeting the active sites or ligand binding sites of 1E3G, 8E1A, 2ZCL and 2ZCH
receptors. The center of the grid box was defined with X-Y-Z dimensions. Simulation
studies were performed to observe the binding affinity values and interactions of the

ligands through the grid box located within the target protein receptors.

3.5. Autodock Tools and Molecular Docking Procedure with Autodock

Autodock Tools and Autodock Vina programs are basically software programs
that provide protein-ligand simulation for molecular docking and approximation
studies of a selected ligand into the target protein or gene at the atomic level. They are
programs that pave the way for the discovery of new drugs by using molecules that
have the potential to be drugs. There are differences between Autodock Tools and
Autodock Vina programs. Autodock Vina does not use a grid box and works by
selecting atom types. In addition, the Autodock Vina program can use multiple threads

and multiple CPUs.
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PDB (Protein Data Bank) and PDBQT (Protein Data Bank Partial Charge and
Atom Type) formats of receptors and ligands were prepared for the Autodock Tools
program. 1E3G, 8E1A, 2ZCL and 2ZCH molecules were obtained from the RCSB
PDB database in PDB format. Water atoms and unwanted molecules in proteins were
removed. Polar hydrogen atoms were included. 1E3G, 8E1A, 2ZCL and 2ZCH
proteins were optimized. Kollman charges were loaded to spread the charge gap to all
atoms. Kollman charges were included after the hydrogen atoms. Kollman charges are
calculated using the AMBER force field and the orbital electron density of the
molecule, while Gasteiger charges are calculated using the atomic electron density of
the molecule. These charges are important for the structural binding poses and binding
energies of the selected ligand to 1E3G, 8E1A, 2ZCL and 2ZCH proteins. The binding
affinities of the ligands to prostate cancer-related protein receptors were obtained in

silico using AutoDock Vina and Autodock Tools programs.

The appropriate geometries and 3D structures of selected natural agents and
traditional drugs were downloaded from the PubChem database. ChEMBL coded
ligands selected from the UniProt database were obtained. FDA approved drugs for
prostate cancer were determined from the Cancer.gov website. Considering the ligand
binding sites and active sites of 1E3G, 8E1A, 2ZCH and 2ZCL protein receptors, the
grid boxes required for correct binding of ligands and increasing ligand binding
optimizations were determined with Chimera Tools and AGFR programs. The X-Y-Z
coordinate dimensions and centers of the grid boxes were adjusted to include the active

sites and ligand sites, and the center coordinates were determined.

In addition, all dimensions of the grid boxes, taking into account the

coordinates including the active areas, are shown in the table below.

Table 3.2. Centers, dimensions and coordinates of the grid box of receptors and

ligands with AutoDock Vina and Autodock Tools
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RECEPTOR Center X Center Y Center Z
1E3G (AR) 0.601 30.314 4.266
8E1A (AR) 16.669 8.943 9.708
27ZCH (KLK3) | -40.988 -32.42 -20.378
27CL (KLK3) | -31.372 -34.260 -18.427
LIGAND Size X Size Y Size Z
ABIRATERONE 60 60 60
OLAPARIB 60 60 60
RICAPARIB 30 30 30
PYLARIFY 60 60 60
LOCAMETZ 30 30 30

The dimensions of the grid box and the determination of ligand docking
parameters were provided by using AutoDock Vina and AutoDock Tools programs.
In ligand selection, the lowest energy ligand bindings were taken into account with

these parameters.

100 binding modes were set to see the most probable binding modes and the

energy range was determined as 4.

As aresult, IE3G, 8E1A, 2ZCH and 2ZCL receptors and ligand files prepared
for molecular dockings were loaded into folders in order. Grid boxes and coordinates

were set. The binding modes determined for docking were calculated.

Ligand binding energies (in kcal/mol) were calculated for the receptors. The
most probable and highly effective binding conformations and binding sites,

hydrophobic and hydrophilic interactions were examined with analyses.
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3.6. Procedure for Molecular Dynamics Simulations with GROMACS
Program

Tutorial

The GROMACS program was used to calculate Molecular Dynamics
Simulations (MDS). Calculations were performed for this program via the National
Center for High Performance Computing (UHeM). The structures of the determined
proteins and ligands were loaded into folders, respectively. The interactions of proteins
and ligands with each other, protein-ligand binding conformations, stability behaviors

and docking analyses were calculated in a biological simulation.

The binding patterns of new prostate cancer drugs and ligands approved by the
FDA to the target protein receptors and the resulting energies of the bindings and the

structural and biological properties of the bindings were explained.

The complexes of protein-ligand structures obtained from AutoDock Vina and
AutoDock Tools and giving the best binding results were saved as PDB files. The
correct binding forms and atomic structures of the protein-ligand structures were
checked in UCSF Chimera. They were saved for GROMACS with PDB or GRO

formats.

Selected ligands obtained from PubChem, CheMBL or DrugBank databases
were prepared by editing and minimizing in Chimera Tools program and made suitable
for GROMACS program. Protein receptors prepared for MD simulation were saved.
The best scoring protein-ligand structures selected according to their binding energies
were loaded as Posel.pdb files. LIG files of selected ligands were obtained as
(LIG.mol2, LIG.rtf, LIG.pdb, LIG.crd, LIG.itp, LIG.par, LIG,psf) using SwissParam
program. The GROMACS program and the files required for molecular dynamics
simulations (EM.mdp, ions.mdp, MD.mdp, NPT.mdp, NVT.mdp,
sort_ mol2_ bonds.pl) were downloaded from GitHub GROMACS Protein-Ligand file.
The posel.pdb file, prepared protein receptors and ligand files, and all files required
for GROMACS were transferred to the National Center for High Performance
Computing (UHeM) database.
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The force fields used in the simulations (CHARMM, AMBER, GROMOS etc.)

need to be polarized for accurate and appropriate simulations. The commonly used

force field CHARMM was used for this molecular dynamics study because it contains

parameters for structures such as proteins and lipids. CHARMM?27 and TIP3P were

selected to create the topology of the structure.

Table 3.3. Descriptions of ligand files and GitHub GROMACS Protein-Ligand files

File name File Type Explanation

LIG.pdb PDB (Protein Data Bank File) | Contains three-dimensional
coordinates of each atom in
molecular structures

LIG.mol2 mol?2 file It includes the bonds and
coordinates of the molecular
structure

LIG.rtf RTF (Residual Topology File) | Explains ligand topology in
terms of the angles of atoms
and the bonds they are bonded
to

LIG.CRD CRDf(SOordingiggiile) Covers atomic coordinates of
molecular structures

LIG i ITP (Includg Topology Covers coordinates and bonds

Parameter File)

of molecular structures

LIG.PAR PAR (Parameter File) Includes parameters of the
force field

LIG.psf PSF (Protein Structure File) The dihedral angles of the

protein structure include its
bonds

sort_ mol2_ bonds.pl

Perl Script

Used to sort bond information
in MOL2 files

and Temperature File

MD.mdp Molecular Dynamics File It includes information such as
time, step, temperature and
pressure required for the
molecular dynamics process.

EM.mdp ll;jil;/elb)(Energy Minimization) It is used for the energy
minimization process

NVT.mdp Constant Numl?er, Volume and Used for temperature balance

Temperature File
process
NPT.mdp Constant Number, Pressure

Used for pressure balance
process
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iyonlar.mdp Ion Addition File Used in the ion addition
process for the simulation
process

In addition, after all topology files were created for the protein-ligand complex,
TIP3P water model was selected for the efficiency of the process and water molecules
were added. A box was created to cover all atoms, ions and water molecules. The edges
of the cubic box were calculated as 2 nm. Solvation and ion addition processes were
applied. For the energy minimization process, EM.mdp was selected as the parameter
file from GROMACS' mdrun commands in the UHeM database with the sbatch file
and command. PME (Particle Mesh Ewald) step was selected for the electrostatic
interaction process. For the temperature balance process and stabilization, NVT.mdp
was selected as the parameter file from GROMACS' mdrun commands in the UHeM
database with the sbatch file and command. For the pressure balance process and
stabilization, NPT.mdp was selected as the parameter file from GROMACS' mdrun
commands in the UHeM database with the sbatch file and command. The durations of

the NVT.mdp and NPT.mdp files were used as 100 ps.

For the NVT.mdp file, the temperature thermostat parameter tcoupl = V-rescale
was used. For the NPT.mdp file, the NPT.mdp pcoupl = Parrinello-Rahman parameter
was used. After the NVT temperature and NPT pressure balancing processes, the
MD.mdp was selected as the parameter file from the GROMACS mdrun commands
in the UHeM database with the sbatch file and command.

For each of the simulations, 50 ns MD processes were obtained for the analyses

by running 0.002 femtoseconds and 25,000,000 steps.

3.7. Molecular Dynamics Simulations Procedure Tutorial 5 (Protein-

Ligand Complex) Analysis

3.7.1. Clustering Analysis (Framework Selection)

Clustering analysis was applied to determine the different conformational
changes of protein-ligand complexes. The aim of clustering analysis is to obtain the
desired conformational changes group by group. RMSD values of each protein-ligand

complex structure were calculated and RMSD matrix was obtained. According to
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clustering analysis, representative frames of the clusters were determined (Mistry, J.,
et al., 2014).

3.7.2. RMSD (Mean Square Deviation)

The structural changes that will occur in the protein-ligand complex over time
were tried to be predicted with the RMSD value. With this value, the differences
between the actually observed value and the predicted values of the created model

were measured. The RMSD value is calculated with the following formula (Vlasiou,

M. C., et al., 2024).

di: is the distance between atoms,

1: in two structures and

N: is the total number of equivalent atoms,
S, di2

RMSD = |————
N

The gmx_mpi rms -s MD.tpr -f MD_center.xtc -o rmsd.xvg -tu ns command
was run from the GROMACS Codes file and the RMSD.xvg result was obtained as

the output of the command.

3.7.3. RMSF (Root Mean Square Fluctuations)

RMSF value is used to determine the fluctuation of an atom group in a
molecular dynamics simulation process. It determines the flexibility states of different
regions of the protein structure by determining the movements of atom groups in fixed-
variable regions. It provides information about the deviation positions. RMSF

calculates atom i, which is a group T structure (Vlasiou, M. C., et al., 2024).

T T 2
1 . 1 "
RMSF = ?Z T —?Z Ti.i
j=1 k=1

3.7.4. Hydrogen Bond Analysis (H-Bond)
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It indicates the numbers and positions of all hydrogen bonds that can be formed
within 0.35 nm between protein and ligand structures in the MDS process. Hydrogen
bond analysis was determined (Bizzarri, A. R., et al., 1995).

r_DA: is the donor-acceptor distance,

0 (DHA:) is the donor-hydrogen-acceptor angle,

Donor Oxygen

Acceptor Oxygen

w

Figure 3.3. Illustration of the identification of hydrogen bonds with donor and

acceptor atoms in an MDS process (Bizzarri, A. R., et al., 1995).

The gmx_mpi hbond -s MD.tpr -f MD_ center.xtc -num hb.xvg -tu ns command
was run from the GROMACS Codes file and the result hb00.xvg was obtained as the

output of the command.

3.7.5. Radius of gyration (Rg)
Rg is defined as the root mean square distance of the atomic groups of a
molecule to the center of mass. It is evaluated to observe the compactness and

conformational change of the molecular structure.

The Rg value is calculated with the following formula (Vlasiou, M. C., et al.,
2024).
mi: is the same mass,

ri: 1s the variable distance,

_Emiﬁ'z

Rg? =
9 xm,

The gmx mpi gyrate -s MD.tpr -f MD center.xtc -o gyratel.xvg -tu ns
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command was run from the GROMACS Codes file and the gyratel.xvg result was

obtained as the output of the command.

3.7.6. SASA (Solvent Accessible Surface Area)
SASA, which is the solvent accessible surface area, is used to determine the
solvent exposure rates of protein and ligand complexes. It indicates whether the protein

and ligand are flexible and suitable for binding. The van der Waals radius of the water

molecule (~1.4 A) is used for SASA calculations (Ausaf Ali, S., et al., 2014).

gmx_mpi sasa -f MD.xtc -s MD.tpr -n index.ndx -o sasal.xvg -odg odgl.xvg -
tu ns command was run for protein-ligand from the GROMACS Codes file. The output
of the command was sasal.xvg. gmx_mpi sasa -f MD.xtc -s MD.tpr -n index.ndx -o
sasa2.xvg -odg odg2.xvg -tu ns command was run only for protein from the

GROMACS Codes file. The output of the command was sasa2.xvg.

3.7.7. ADMET (Absorption, Distribution, Metabolism, Excretion, and
Toxicity)

ADMET (Absorption, Distribution, Metabolism, Elimination, Toxicity) is a
method used in drug design and is used to evaluate whether molecules or ligands

related to diseases that are being evaluated and investigated are drug candidates.

Absorption properties show how much of the drug candidate is absorbed and
at what rate. Distribution properties show the distribution areas and speed of the drug
candidate in the body. Metabolism properties show the mechanism of action of the
drug candidate or whether it is used as an activator or inhibitor. Elimination properties
show how long it takes for the drug candidate to be eliminated from the body. Toxicity
properties show whether the drug has a toxic effect on body organs or causes irritation

(Roy, K. (Ed.)., 2015).
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CHAPTER1V. RESEARCH, FINDINGS AND DISCUSSION

In this thesis study, which is about the structures of new prostate cancer drugs
that have been discovered as a solution to prostate cancer and approved by the FDA,
conformational changes, molecular docking and molecular dynamics simulations of
protein-ligand complexes were analyzed.

After a meticulous and detailed literature review, androgen receptors (1E3G,
8E1A), prostate specific antigen receptors (2ZCH and 2ZCL) were selected as the most
effective genes on prostate cancer and the active sites of these receptors were taken as
basis for the molecular docking study. A total of 11 new prostate cancer drugs, 30
natural agents, 67 traditional drugs and 72 ChEBML ligands available in the literature
were studied for each receptor. Molecular docking results of the receptors with

Autodock Vina and Autodock Tools programs are shown in APPENDIX I).

Based on the obtained molecular docking results, 5 new drugs (vs), 4 natural
agents, 4 traditional drugs and 3 ChEMBL ligands with the lowest binding energy

score, best efficiency and highest ligand binding energy were determined.

Molecular dynamics simulations were performed after protein-ligand docking
simulations. Among these, the most suitable protein-ligand pairs were selected
according to the lowest binding energy scores based on molecular docking results and

prepared for the molecular dynamics simulation process.

A specific modeling study was performed by examining the selected receptors,
genes and ligands together with the Molecular Dynamics Simulation method, and

observing the structural properties of drugs effective in prostate cancer treatment.
In this study, we performed molecular dynamics simulations after molecular

docking to analyze the effects of new prostate cancer drugs currently approved by the

FDA on prostate cancer and at what molecular level they interact.
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4.1. Molecular Docking Findings

Parameters such as binding energies, physicochemical properties, molecular
interactions and biological properties at molecular level of molecules were obtained
by molecular docking, respectively. Two different programs were used for molecular
docking and docking operations: Autodock Vina and Autodock Tools. The main
purpose of the Autodock Tools program was to support the results obtained from
Autodock Vina and to see the features that Autodock Vina could not provide.
Molecular docking studies were performed using androgen receptors (1E3G and
8E1A), KLK3 gene (2ZCH) receptor and KLK3 gene (2ZCL) receptors and FDA-
approved new prostate cancer drugs determined as a result of the literature search for
prostate cancer. Protein receptor structures to be used for docking (1E3G, 8EIA,
27ZCH and 2ZCL) were obtained from the Protein Data Bank (PDB). The structures of

the drugs and ligands were obtained from PubChem.

Table 4.1. Receptor-ligand structures with lowest binding energy with AutoDock Vina
and AutoDock Tools.

Minimum
Binding
Receptor Drugs and Ligands
Energy
(kcal/mol)
. -11.0
1E3G CHEMBL182412 (Preclinical)
(AR) Apigenin -10.0
CHEMBL1387 -10.9
linical -11.3
SE1A CHEMBL267270 (Preclinical) s
(AR) Baicalin -ty
CHEMBLA425863 -10.8
CHEMBLA446790 -10.4
2ZCH 33
(KLK3) Epigallocatechin-3-gallate (EGCG) .
CHEMBLA428647 -9.8
CHEMBLA446790 -9.6
2ZCL o5
(KLK3) Astragaloside :
CHEMBL3545252 -9.8
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Binding affinity values (kcal/mol) for the selected receptor-ligand pair among
drug-ligands are shown in Table 4.1. (The results of ligand docking to receptors with
Autodock Vina and AutoDock Tools programs are shown in Appendix I).

Among the new prostate cancer drugs approved by the FDA, Abiraterone,
Olaparib, Rucaparib, Pylarify and Locametz were selected as prostate cancer-specific

drugs.

4.1.1. Molecular Docking Studies of 1IE3G (AR) Receptor with Drugs and
Ligands

Androgen receptor gene allows expression of some genes in men. Hormones
that bind to androgen receptors are testosterone and dihydrotestosterone. This receptor
ensures the development of male individuals. Androgen Insensitivity Syndrome occurs
in case of androgen receptor gene deficiency. Due to the major role of androgen
receptor in the progression and growth of prostate cancer, it continues to be examined
with increasing interest for drugs developed for treatment purposes. Therefore,
detailed examination and analysis of molecules that bind to 1E3G receptor is of great
importance in the discovery of new drugs or potential drug candidates in the treatment

of prostate cancer.

New drug molecules were used in this thesis study. According to RCSB PDB
data, 1E3G is provided with ligands from R1881molecule. AutoDock Vina was used
for molecular docking studies where the structures of ligand-receptor complexes are
flexible or stable. Tight docking and blind docking studies were performed with
AutoDock Tools.

The most suitable grid box dimensions and coordinates determined for
molecular docking studies are shown in Table 4.2. for 1E3G receptor. Docking
parameters are shown in Table 4.2. After completing the necessary steps in the
AutoDock program for 1E3G receptor, it was run in 5 steps, 50, 25 steps were given
to the population size, 150 and 100 steps were given to the population size, and 300

was given to the population size.
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Table 4.2. Grid box parameter file of 1E3G receptor and ligands with AutoDock Vina.

GRID PARAMETER FILE
Macromolecule 1E3G (AR)
Models Rucaparib Apigenin CHEMBL182412 | Estrone
# of grind points in 60 60 60
xyz 303030 606060 | 606060
Spacing (A) 0.5 0.5 0.5 0.5
xyz grid-center 0.601 0.601 0.601 0.601
coordinates 30.314 30.314 30.314 30.314
4.266 4.266 4.266 4.266
# of torsional 5
degrees of freedom
Temperature (K) 298.15
Charges gasteiger
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Figure 4.1. 2D ligand-protein diagram using Discovery Studio program showing
1E3G receptor
CHEMBL182412, Estrone ligands, respectively.

amino acid transfers between and Apigenin, Rucaparib,
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Dark green bonds represent conventional hydrogen bonds, light green bonds
represent van der Waals bonds, light pink bonds represent pi-alkyl bonds, light purple
bonds represent pi-sigma bonds, yellow bonds represent pi-sulfur bonds, blue bonds
represent halogen bonds, red bonds represent unfavorable bonds, and dark pink bonds

represent pi-pi bonds.

Hydrogen bonds are the strongest specific bonds and are critical for the
structural integrity of molecules. They are important for protein folding, protein
stability, and specific ligand interactions. Halogen bonds are between the ligand and
protein molecules and strengthen the binding affinities of the ligand to the target
protein. Noncovalent interactions such as Pi-Pi interactions and alkyl interactions
contribute to the binding and stabilizing power of the ligand. Van der Waals bonds are
important for high specificity even in the presence of weak interactions in protein-
ligand docking (Chen, C., Li, et al., 2009), (Terefe, E. M., & Ghosh, A., 2022), (Celis-
Barros, C., et al., 2015), (Sahputra, I. H., & Echtermeyer, A., 2021).

Figure 4.1. shows the 2D protein-ligand interactions of four different ligand
types that give the lowest binding energies with the 1E3G receptor. These ligands are
the Natural agent; Apigenin, the New Prostate Cancer Drug; Rucaparib, the
CHEMBL182412 coded ligand with IC50 activity, and the traditional prostate cancer

drug Estrone.

According to Figure 4.1. there are hydrogen bonds, Pi-Pi T-shaped and Pi-
Alkyl interactions, Pi-Sulfur bonds between 1E3G receptor and Apigenin. Apigenin
binds very strongly to 1E3G receptor via hydrogen bonds with amino acids MET745,
ASN705 and THRS877. This interaction increases the effect of Apigenin to function as
an effective inhibitor. There are Pi-Alkyl interactions between 1E3G receptor and
Apigenin with amino acids LEU873, LEU704, MET749 and Pi-Sulfur bond with
MET780. Alkyl-like interactions of Apigenin with LEU873 and other hydrophobic

amino acids prove the hydrophobic attraction.

There are hydrogen bonds, Pi-Cation and Pi-Alkyl interactions, unfavorable
positive-positive bonds between 1E3G receptor and Rucaparib. Rucaparib binds very

strongly to 1E3G receptor via hydrogen bonds with amino acids ASN756, TRP751,
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GLU681, GLN711. This interaction increases the effect of Rucaparib to act as an
effective inhibitor. There are Pi-Alkyl interactions between 1E3G receptor and
Rucaparib with amino acids ALA748 and PRO682 and Pi-Cation bond with ARG752.
Alkyl-like interactions of Rucaparib with ALA748 and other hydrophobic amino acids
prove hydrophobic attraction. Van der Waals interactions occurred between 1E3G and

Rucaparib with amino acids VAL684, GLY 683 and HIS714.

In addition, according to Figure 4.1. there are hydrogen bonds, halogen and Pi-
Alkyl interactions, unfavorable acceptor-acceptor bonds between 1E3G receptor and
CHEMBL182412. CHEMBL182412 binds very strongly to 1E3G receptor via
hydrogen bonds with ARG752 amino acid. This interaction increases the effect of
CHEMBL182412 to function as an effective inhibitor. CHEMBL182412 contributes
to the binding energy by forming a halogen bond with MET745, PHE764 and
GLN711, and halogen bonds are critical specifically for ligand types containing
fluorine atoms. CHEMBL182412, which forms halogen bonds with MET745,
PHE764 and GLN711, provides additional stabilization and stability in the binding
site. The interactions of MET749, VAL746, LEU707 indicate hydrophobic
interactions with the alkyl group atoms of aromatic rings of the ligand molecule,

supporting the strong binding of CHEMBL 182412 to the 1E3G receptor.

There are hydrogen bonds, Pi-P1 T-shaped, Pi-Alkyl interactions, Pi-Sulfur and
Pi-Sigma bonds between 1E3G receptor and Estrone. Estrone binds very strongly to
1E3G receptor via hydrogen bonds with THR877 amino acid. This interaction
enhances the effect of Estrone to act as a potent inhibitor. There are unfavorable donor-
donor bonds with ARG752. MET749, MET745, LEU704 and PHE764 interactions
indicate hydrophobic interactions with alkyl group atoms of aromatic rings of ligand

molecule. It supports the strong binding of Estrone to 1E3G receptor.

4.1.2. Molecular Docking Studies of S8E1A (AR) Receptor with Drugs and
Ligands

The androgen receptor gene allows the expression of some genes in men. The
hormones that bind to androgen receptors are testosterone and dihydrotestosterone.

This receptor ensures the development of the male individual. Androgen Insensitivity
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Syndrome occurs in the absence of the androgen receptor gene. Due to the major role
of the androgen receptor in the progression and growth of prostate cancer, it continues
to be examined with increasing interest for drugs developed for therapeutic purposes.
Therefore, detailed examination and analysis of molecules that bind to the 8E1A
receptor is of great importance in the discovery of new drugs or potential drug

candidates in the treatment of prostate cancer.

New drug molecules were used in this thesis study. According to RCSB PDB
data, 8E1A is provided with ligands from 3E0 molecule. AutoDock Vina was used for
molecular docking studies where the structures of ligand-receptor complexes are
flexible or stable. Tight docking and blind docking studies were performed with
AutoDock Tools.

The most suitable grid box dimensions and coordinates determined for
molecular docking studies are shown in Table 4.3. for 8E1A receptor. Docking
parameters are shown in Table 4.3. After completing the necessary steps in the
AutoDock program for 8E1A receptor, it was run in 5 steps, 50, 25 steps were given
to the population size, 150 and 100 steps were given to the population size, and 300

was given to the population size.

Table 4.3. Grid box parameter file of 8E1A receptor and ligands with AutoDock Vina.

GRID PARAMETER FILE
Macromolecule S8E1A (AR)
Models Baicalin | Olaparib | CHEMBL267270 | Mibolerone
# of grind points in xyz 404040]202020|303030 303030
Spacing (A) 0.5 0.5 0.5 0.5
16.669 |16.669 |16.669 16.669
xyz grid-center coordinates 8.943 8.943 8.943 8.943
9.708 9.708 9.708 9.708
# of torsional degrees of freedom 5
Temperature (K) 298.15
Charges gasteiger
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Figure 4.2. 2D ligand-protein interaction diagram with Discovery Studio program
showing amino acid interactions between 8E1A receptor and Baicalin, Olaparib,

CHEMBL267270, Mibolerone ligands, respectively.

Figure 4.2. shows the protein-ligand interactions of four different ligand types
that give the lowest binding energies with 8E1A receptor in 2D form. These ligands
are; Natural agent; Baicalin, New Prostate Cancer Drug; Olaparib, IC50 activity
CHEMBL267270 coded ligand and traditional prostate cancer drug Mibolerone.

Dark green bonds represent conventional hydrogen bonds, light green bonds
represent van der Waals bonds, light pink bonds represent pi-alkyl bonds, light purple
bonds represent pi-sigma bonds, yellow bonds represent pi-sulfur bonds, blue bonds
represent halogen bonds, red bonds represent unfavorable bonds, and dark pink bonds
represent pi-pi bonds.

According to Figure 4.2., there are hydrogen bonds, Pi-Pi T-shaped and Pi-
Alkyl interactions, Pi-Cation bonds between 8E1A receptor and Baicalin. Baicalin

binds very strongly to 8E1A receptor via hydrogen bonds with amino acids TRP751
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and GLN711. This interaction increases the effect of Baicalin to function as an
effective inhibitor. There are Pi-Alkyl interactions between 8E1A receptor and
Baicalin with amino acids LEU744, ALA748, PRO682 and TRP718 and Pi-Cation
bond with LYS808 and ARG752. Alkyl-like interactions of Baicalin with VAL715
and other hydrophobic amino acids prove the hydrophobic attraction.

There are hydrogen bonds, Pi-Cation and Pi-Alkyl interactions between 8E1A
receptor and Olaparib. Olaparib binds very strongly to 8E1A receptor via hydrogen
bond with amino acid ARG752. This interaction enhances the effect of Olaparib to act
as an effective inhibitor. There are Pi-Alkyl interactions between 8E1A receptor and
Olaparib with amino acids LYS808, LEU744, PRO682 and ALA748 and Pi-Sigma
bond with VAL715. Alkyl-like interactions of Olaparib with VAL684 and other

hydrophobic amino acids prove hydrophobic attraction.

In addition, according to Figure 4.2., there are hydrogen bonds, halogen and
Pi-Alkyl interaction bonds between 8E1A receptor and CHEMBL267270.
CHEMBL267270 binds very strongly to 8EIA receptor via hydrogen bonds with
amino acids ARG752 and LEU704. This interaction increases the effect of
CHEMBL267270 to function as an effective inhibitor. CHEMBL267270 contributes
to the binding energy by forming halogen bonds with MET745 and LEU873, and the
halogen bonds are critical specifically for ligand varieties containing fluorine atoms.
CHEMBL267270, which forms halogen bonds with MET745 and LEU873, provides
additional stabilization and stability in the binding site. MET742, MET749 VAL746,
LEU707 interactions indicate hydrophobic interactions with alkyl group atoms of
aromatic rings of the ligand molecule. Supports the strong binding of

CHEMBL267270 to the 8E1A receptor.

There are strong hydrogen bonding interactions between the 8E1A receptor and
Mibolerone. Mibolerone binds very strongly to the 8E1A receptor via hydrogen
bonding with the amino acid ARG752. This interaction enhances the effect of
Mibolerone to act as a potent inhibitor. Van der Waals interactions occurred between

the amino acids LEU707, LEU873, MET787 between 8E1A and Mibolerone.

4.1.3. Molecular Docking Studies of 2ZCH (KLK3) Receptor with Drugs
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and Ligands

Prostate Specific Antigen (kallikrein-related peptidase 3/KLK3) gene is
detected in the blood as a glycoprotein enzyme encoded in humans and has made a
great difference in both the detection and treatment of prostate cancer. Due to the great
role of prostate specific antigen in the progression and detection of prostate cancer, it
continues to be examined with increasing interest for drugs developed for treatment
purposes. Therefore, detailed examination and analysis of molecules binding to 2ZCH
(KLK3) receptor is of great importance in the discovery of new drugs or potential drug

candidates in the treatment of prostate cancer.

New drug molecules were used in this thesis study. According to RCSB PDB
data, 2ZCH is provided with ligands from NDG molecule. AutoDock Vina was used
for molecular docking studies where the structures of ligand-receptor complexes are
flexible or stable. Tight docking and blind docking studies were performed with
AutoDock Tools.

The most suitable grid box dimensions and coordinates determined for
molecular docking studies are shown in Table 4.4. for 2ZCH receptor. Docking
parameters are shown in Table 4.4. After completing the necessary steps in AutoDock
program for 2ZCH receptor, it was run in 5 steps, 50, 25 steps were given to the
population size, 150 and 100 steps were given to the population size, and 300 was

given to the population size.

Table 4.4. Grid box parameter file of 2ZCH receptor and ligands with AutuDock
Vina.

GRID PARAMETER FILE
Macromolecule 27.CH (KLK3)
Models EGCG | Olaparib | Fukugetin Paclitaxel
# of grind points in xyz 303030[606060|909090 |60 6060
Spacing (A) 0.5 0.5 0.5 0.5
-40.988 [-40.988 |-40.988 |-40.988
xyz grid-center coordinates -32.42  |-3242 |-32.42 -32.42
-20.378 [-20.378 |-20.378 |-20.378
# of torsional degrees of freedom 5
Temperature (K) 298.15
Charges gasteiger
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Figure 4.3. 2D ligand-protein interaction diagram with Discovery Studio program
showing amino acid interactions between EGCG, Olaparib, Fukugetin, Paclitaxel

ligands with 2ZCH receptor, respectively.

Figure 4.3. shows the protein-ligand interactions of four different ligand types
that give the lowest binding energies with 2ZCH receptor in 2D form. These ligands
are Natural agent; EGCG, New Prostate Cancer Drug; Olaparib, IC50 activity
CHEMBLA446790 coded (Fukugetin) ligand and traditional prostate cancer drug
Paclitaxel.

Dark green bonds represent conventional hydrogen bonds, light green bonds
represent van der Waals bonds, light pink bonds represent pi-alkyl bonds, light purple
bonds represent pi-sigma bonds, yellow bonds represent pi-sulfur bonds, blue bonds
represent halogen bonds, red bonds represent unfavorable bonds, and dark pink bonds

represent pi-pi bonds.

According to Figure 4.3., there are hydrogen bonds, Pi-Pi T-shaped and Pi-
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Sulfur interactions, Van der Waals interactions, Pi-Sigma bonds between 2ZCH
receptor and EGCG. EGCG binds very strongly to 2ZCH receptor via hydrogen bonds
with SER217, TYR94, SER195 and HIS57 amino acids. This interaction increases the
effect of EGCG to function as an effective inhibitor. There are Pi-Alkyl interactions
between 2ZCH receptor and EGCG with CYS42 and HIS57 amino acids. Alkyl-like
interactions with hydrophobic amino acids prove hydrophobic attraction. Van der
Waals interactions occurred between 2ZCH and EGCG with CYS191, LEU95C,
ASP102 amino acids.

Hydrogen bonds, Van der Waals interactions and Pi-Alkyl interactions exist
between the 2ZCH receptor and Olaparib. Olaparib binds very strongly to the 2ZCH
receptor via hydrogen bonds with amino acids SER217, GLU218 and LEU951. This
interaction enhances the effect of Olaparib to act as a potent inhibitor. Pi-Alkyl
interactions exist between the 2ZCH receptor and Olaparib with the amino acid
CYS220. Alkyl-like interactions with hydrophobic amino acids suggest hydrophobic
attraction. Van der Waals interactions exist between Olaparib and amino acids

SER214, SER192, SER195 and THR213.

In addition, according to Figure 4.3., there are hydrogen bonds, Van der Waals
interactions, Pi-Sigma and Pi-Alkyl interaction bonds between 2ZCH receptor and
CHEMBL446790 (Fukugetin). Fukugetin binds very strongly to 2ZCH receptor via
hydrogen bonds with amino acid GLY216. This interaction enhances the effect of
CHEMBLA446790 to function as an effective inhibitor. The interactions between
CHEMBLA446790 and LEU951, HIS57, ARG95 amino acids indicate hydrophobic
interactions with alkyl group atoms of aromatic rings of the ligand molecule. This
supports the strong binding of CHEMBL446790 to 2ZCH receptor. CHEMBL446790
(Fukugetin) has Van der Waals interactions with amino acids VAL41, SER192,
SER195 and ASP102.

There are strong hydrogen bonding interactions and Van der Waals interactions
between the 2ZCH receptor and Paclitaxel. Paclitaxel binds very strongly to the 2ZCH
receptor via hydrogen bonds with the amino acids LEU951, SER192, HIS57, ALA39
and VALA41. This interaction enhances the effect of Paclitaxel to act as a potent

inhibitor. Paclitaxel has Van der Waals interactions with the amino acids VAL41,
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ASN9SF, PHE9SH, ARG95G, CYS191.

4.1.4. Molecular Docking Studies of 2ZCL (KLK3) Receptor with Drugs
and Ligands

Prostate Specific Antigen (kallikrein-related peptidase 3/KLK3) gene is
detected in the blood as a glycoprotein enzyme encoded in humans and has made a
great difference in both the detection and treatment of prostate cancer. Due to the great
role of prostate specific antigen in the progression and detection of prostate cancer, it
continues to be examined with increasing interest for drugs developed for treatment
purposes. Therefore, detailed examination and analysis of molecules binding to 2ZCL
(KLK3) receptor is of great importance in the discovery of new drugs or potential drug

candidates in the treatment of prostate cancer.

New drug molecules were used in this thesis study. According to RCSB PDB
data, 2ZCL is provided with ligands from NAG molecule. AutoDock Vina was used
for molecular docking studies where the structures of ligand-receptor complexes are
flexible or stable. Tight docking and blind docking studies were performed with
AutoDock Tools.

The most suitable grid box dimensions and coordinates determined for
molecular docking studies are shown in Table 4.5. for 2ZCL receptor. Docking
parameters are shown in Table 4.5. After completing the necessary steps in AutoDock
program for 2ZCL receptor, it was run in 5 steps, 50, 25 steps were given to the
population size, 150 and 100 steps were given to the population size, and 300 was

given to the population size.

Table 4.5. Grid box parameter file of 2ZCL receptor and ligands with AutuDock Vina.

GRID PARAMETER FILE
Macromolecule 27CL (KLK3)
Models EGCG | Olaparib | Fukugetin Paclitaxel
# of grind points in Xyz 30303060 6060[909090 |60 6060
Spacing (A) 0.5 0.5 0.5 0.5
-40.988 |-40.988 |-40.988 |-40.988
xyz grid-center coordinates -3242  [-32.42 |-3242 -32.42
-20.378 |-20.378 [-20.378 |-20.378
# of torsional degrees of freedom 5
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Figure 4.4. 2D ligand-protein interaction diagram with Discovery Studio program
showing amino acid interactions between 2ZCL receptor and Astragaloside, Orgovyx,

Fukugetin, Docetaxel ligands, respectively.

Figure 4.4. shows the protein-ligand interactions of four different ligand types
that give the lowest binding energies with 2ZCL receptor in 2D form. These ligands
are; Natural agent; Astragaloside, New Prostate Cancer Drug; Orgovyx, IC50 activity
CHEMBL446790 coded (Fukugetin) ligand and traditional prostate cancer drug;

Docetaxel.

Dark green bonds represent conventional hydrogen bonds, light green bonds

represent van der Waals bonds, light pink bonds represent pi-alkyl bonds, light purple
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bonds represent pi-sigma bonds, yellow bonds represent pi-sulfur bonds, blue bonds
represent halogen bonds, red bonds represent unfavorable bonds, and dark pink bonds

represent pi-pi bonds.

According to Figure 4.4., there are hydrogen bonds, Van der Waals
interactions, Pi-Alkyl and Pi-Sigma bonds between the 2ZCL receptor and
Astragaloside. Astragaloside binds very strongly to the 2ZCL receptor via hydrogen
bonds with amino acids GLU218, THR190, GLY216 and SER195. This interaction
increases the effect of Astragaloside to act as an effective inhibitor. There are Pi-Alkyl
interactions between the 2ZCL receptor and Astragaloside with amino acids LEU95C,
LEU9S5I and HIS57. Alkyl-like interactions with amino acids showing hydrophobic
properties prove hydrophobic attraction. Astragaloside has Van der Waals interactions

with amino acids GLN174, SER214, ARG60 and SER189.

Hydrogen bonds, Van der Waals interactions, Pi-Alkyl and halogen
interactions exist between the 2ZCL receptor and Orgovyx. Orgovyx binds very
strongly to the 2ZCL receptor via hydrogen bonding with amino acids ARG224 and
GLY216. This interaction enhances the effect of Orgovyx to function as an effective
inhibitor. Orgovyx forms halogen bonds with HIS57 and SER214, contributing to the
binding energy, and halogen bonds are critical specifically for ligands containing
fluorine atoms. Orgovyx forms halogen bonds with HIS57 and SER214, providing
additional stabilization and stability at the binding site. There are unfavorable donor-
donor interactions between the 2ZCL receptor and Orgovyx with amino acid GLN174.
Alkyl-like interactions between the amino acid PHE149 of Orgovyx provide
hydrophobic attraction, and Orgovyx has Van der Waals interactions with the amino

acids PRO173, SER195 and LEU95C.

In addition, according to Figure 4.4., hydrogen bonds, Van der Waals
interactions and Pi-Alkyl interaction bonds exist between 2ZCL receptor and
CHEMBL446790 (Fukugetin). Fukugetin binds very strongly to 2ZCL receptor via
hydrogen bonds with amino acids TYR94, ARG60 and VAL41. This interaction
enhances the effect of CHEMBL446790 to function as an effective inhibitor. The
interactions between CHEMBL446790 and amino acids HIS57 and LEU95C indicate

hydrophobic interactions with alkyl group atoms of aromatic rings of the ligand
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molecule, supporting the strong binding of CHEMBL446790 to 2ZCL receptor.
CHEMBLA446790 (Fukugetin) has Van der Waals interactions with amino acids
CYS58, SER195 and LEU9S5D.

There are strong hydrogen bonding interactions and Van der Waals interactions
between the 2ZCL receptor and Docetaxel. Docetaxel binds very strongly to the 2ZCL
receptor via hydrogen bonds with the amino acids SER195, ASN9SF and ALA39. This
interaction enhances the effect of Docetaxel to act as a potent inhibitor. The
interactions between Docetaxel and the amino acids CYS191 and PHE149 reflect
hydrophobic interactions with the alkyl group atoms of the aromatic rings of the ligand
molecule. Docetaxel has Van der Waals interactions with the amino acids GLY 193,

SER99 and LEU95D.

4.2. Molecular Dynamics Simulations Results (Stability of Ligand

Receptor Complexes)

Molecular dynamics studies were performed to see the dynamic shape changes
that occur in the structure in order to understand that the ligand or drug candidates
change their conformations according to selective proteins by detecting kinetic energy
changes. The force values acting on each atom were calculated according to the energy
values. An environment closer to biological systems was obtained by modeling the
movement of protein-ligand pairs in water molecules over time with molecular
dynamics simulations. Thus, it was seen that efficient dynamic results could be
obtained if the necessary parameters were added to the polarized force fields in the
modeling of the dynamic structures of disordered and rapidly folding proteins. In

addition, the parameters used in all MD simulations are shown in Table 4.6.

Table 4.6. MD simulation parameters.

Temperature 300K

Force Field Charmm?27

Solvent TIP3P
Cubic Box Boundary |2.0 nm
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MD simulations were performed by adjusting the thermostat based on fixed
particle number, fixed volume, and fixed temperature and NVT balancing was
performed with 100 ps for system balancing. In order to control the density according
to fixed particle number, NPT balancing was performed with 100 ps and then

thermodynamic conditions were provided.

The protocol of the codes used to perform MD simulations is shown in
APPENDIX I. In addition, RMSD (root mean square deviation), RMSF (root mean
square fluctuations), RG (Radius of Gyration), SASA (solvent accessible surface area),
MSD (mean square displacement) and ADMET (Absorption, Distribution,
Metabolism, Excretion, and Toxicity) analyses were performed for the simulations
performed with these codes used for each protein-ligand complex, and 50 ns
simulations were recorded for each ligand and drug complexes with UHeM (The

National Center for High Performance Computing).

4.2.1. Molecular Dynamics Simulations of 1E3G, 8E1A, 2ZCH and 2ZCL

Receptors with Abiraterone Drug

First, the RMSD (Root Mean Square Deviation) value was plotted to obtain the
conformational changes of the molecules from their initial positions to their final
positions due to Abiraterone drug and 1E3G, 8E1A, 2ZCH and 2ZCL receptors during
the molecular dynamics simulation and to monitor the changes during this process and
to see how it stabilizes. In addition, the Figure 4.5. shows the root-mean-square
deviation (RMSD) over time during the molecular dynamics (MD) simulations of

1E3G, 8E1A, 2ZCH and 2ZCL receptors due to Abiraterone drug.

During the simulation process, lower and less displayed RMSD values indicate
that the protein-ligand complexes to which they are bound are more stable, while
higher resulting RMSD values indicate that there are more structural changes in the

protein-ligand complexes and more mobility during the simulation process.

The RMSD values for the 1E3G receptor showed a lot of mobility over time.
This indicates that Abiraterone drug is not tightly bound to the protein and its
conformational changes are high. Although the RMSD values for the 2ZCH receptor
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fluctuated between 10,000 and 15,000 ps, they remained stable between 15,000 and
50,000 ps. It exhibited a very stable structure throughout the simulation. The RMSD
values for the 2ZCL receptor remained stable between approximately 15,000 and
50,000 ps. It exhibited a very stable structure throughout the simulation. The RMSD
values for the 8E1A receptor remained stable between 30,000 and 50,000 ps and
between 10,000 and 20,000 ps. The results suggested that the 1E3G receptor
underwent more conformational changes throughout the simulation and that the

binding stability with Abiraterone drug may be lower than other receptors.
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Figure 4.5. RMSD analysis results graph of 1E3G (AR), 8E1A (AR), 2ZCH (KLK3)
and 2ZCL (KLK3) receptors bound to Abiraterone drug in MD simulation.

As aresult, Abiraterone was most stable and tightly bound to 2ZCH and 2ZCL
receptors. While 8E1A receptor showed moderately stable binding, 1E3G receptor

showed the least stable binding.

The RMSF value measures how much each structure deviates and moves away
from its reference position during the simulation. This value is used to determine the

flexibility and dynamics of atoms in certain regions.
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In addition, the Figure 4.6. shows the atomic root-mean-square deviations
(RMSF) of the drug Abiraterone bound to the 1E3G, 2ZCH, 2ZCL and S8E1A

receptors.

RMSF values are generally below 0.1 nm for 1E3G, but exceed 0.5 nm. The
1E3G receptor has high RMSF values, indicating that it is unstable and exhibits high
flexibility when bound to the receptor.

RMSF values for 2ZCH are generally between 0.1 and 0.2 nm. The 2ZCH
receptor has lower RMSF values, indicating that it is stable and not very flexible when
bound to the receptor. RMSF values for 2ZCL are generally between 0.1 and 0.2 nm.
The 2ZCL receptor has lower RMSF values, indicating that it is stable and not very
flexible when bound to the receptor. RMSF values are generally below 0.1 nm for
8E1A, but exceed 0.5 nm. The 8E1A receptor has higher RMSF values, indicating that

it is unstable and not very flexible when bound to the receptor.
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Figure 4.6. MD simulation, RMSF analysis results graph of Abiraterone drug bound
to 1E3G (AR), 2ZCH (KLK3), 2ZCL (KLK3) and 8E1A (AR) receptors.

As a result, RMSF peaks are observed in similar regions for 1E3G and 8E1A

receptors. These regions indicate that Abiraterone drug is more flexible or mobile in
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these receptors. In addition, 2ZCL has the lowest RMSF values, indicating that this
ligand exhibits the most stable binding and its conformational change is very small.

The results based on RMSF graph are consistent with RMSD analyses.

The radius of gyration analyzes the stability of the protein-ligand structure and
the compactness of the complex.

The similar Rg values of 2ZCH and 2ZCL with Abiraterone indicate that these
structures have similar stability. The lower Rg values of these structures indicate that
these complexes have a more compact structure with the drug. The similar Rg values
of 1E3G and 8E1A with Abiraterone indicate that these structures have similar

stability.

The radius of gyration, Rg values during molecular simulation are shown in

Figure 4.7.

Radius of gyration
ABIRATERONE

185
18+ -
e
75+ —
=7
M |- -
i W Wil “J .
17 L'YW ' R e .rnl::m.m..mmm oot 2
. i "’WWW " S T " g
165 — 1E3G (AR) B
— 27CH (KLK3)
U 27CL (KLK3) _
— BEIA (AR) | | |
168 T 10000 20000 30000 40000 50000

Time (ps)

Figure 4.7. Graph of Rg analysis results bound to 1E3G, 2ZCH, 2ZCL and

8E1A receptors for Abiraterone drug in MD simulation.

As a result, according to these results, the Rg values of the protein-ligand
complexes remained constant over time and did not create much fluctuations. The

complexes with abiraterone drug reached the highest stability with 2ZCH and 2ZCL
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receptors during the simulation process.

The SASA (Solvent Accessible Surface) method is used to calculate the surface

area of a biomolecular structure that is accessible to a solvent (Erol, M., 2023).

Solvent Accessible Surface
ABIRATERONE_1EMG
g T =

FROTEIN

Solvent Accessible Surface
ABIRATERONE 220CH

e ————

PROTEIN-LIGAND
PROTEIN

ABERATERONS 2701

PROTEIN-LIGAND
PROTEIN

Solvent Accessible Surface
ABRIRATERONE 551 A

TROTEIN LIGAND
PROTEIN

Figure 4.8. Results of SASA bound to 1E3G (AR), 2ZCH (KLK3), 2ZCL (KLK3)

and 8E1A (AR) receptors with Abiraterone drug during MD simulation.

SASA values of four receptors (1E3G, 2ZCH, 2ZCL and 8E1A) structures

were determined with the drug abiraterone. The SASA value due to the interaction of

abiraterone with 1E3G and 8E1A is greater than the other receptors (2ZCH, 2ZCL).

The protein-ligand (nm\S2\N)- protein (nm\S2\N) value of 1E3G with
abiraterone is 2. The protein-ligand (nm\S2\N)- protein (nm\S2\N) value of 2ZCH with
abiraterone is -0.846. The protein-ligand (nm\S2\N)- protein (nm\S2\N) value of 2ZCL
with abiraterone is -0.092. The protein-ligand (nm\S2\N)- protein (nm\S2\N) value of

&E1A with abiraterone is 1.262.

The results showed that with the Abiraterone drug, 2ZCH and 2ZCL had less
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conformational change. These receptors had a better docking and interaction with the

drug.

4.2.2. Molecular Dynamics Simulations of 1E3G, 8E1A, 2ZCH and 2ZCL
Receptors with the Drug Olaparib

Firstly, the RMSD (Root Mean Square Deviation) value was plotted to obtain
the conformational changes of the molecules from their initial positions to their final
positions depending on the drug Olaparib and 1E3G, 8E1A, 2ZCH and 2ZCL receptors
throughout the molecular dynamics simulation and to monitor the changes during this
process and to see how it stabilizes. In addition, figure .. shows the root-mean-square
deviation (RMSD) with respect to 1E3G, 8E1A, 2ZCH and 2ZCL receptors depending

on the time during the molecular dynamics (MD) simulations.

During the simulation process, lower and less shown RMSD values indicate
that they are more stable in the protein-ligand complexes they bind to, while higher
RMSD values indicate that there are more structural changes in the protein-ligand

complexes and that they are more mobile during the simulation process.

RMSD values for the 1E3G receptor showed a lot of mobility and fluctuations
over time. This shows that Olaparib does not bind tightly to this protein and that its
conformational changes are too much. RMSD values for the 2ZCH receptor remained
constant between 0 and 0.5 nm and also remained stable between 10,000 and 50,000
ps. It exhibited a very stable structure throughout the simulation. RMSD values for the
2ZCL receptor remained constant between 0 and 0.25 nm and remained stable between
0 ps and 50,000 ps. It exhibited the most stable structure throughout the simulation. It
remained stable at almost all time intervals. This suggests that Olaparib binds tightly
to the 8EIA receptor. The results suggest that the 1E3G receptor underwent more
conformational changes throughout the simulation and that its binding stability with

Olaparib may be lower than other receptors.
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Figure 4.9. RMSD analysis results graph of 1E3G (AR), 8E1A (AR), 2ZCH (KLK3)
and 2ZCL (KLK3) receptors bound to Olaparib drug in MD simulation.

As a result, Olaparib bound most stably and tightly to the 2ZCL, 2ZCH and
8E1A receptors. It showed the least stable binding to the 1E3G receptor.

The RMSF value measures how much each structure deviates and moves away
from its reference position during the simulation. This value is used to determine the

flexibility and dynamics of atoms in certain regions.

In addition, Figure 4.10. shows the atomic root-mean-square deviations

(RMSF) of the drug Olaparib bound to the 1E3G, 2ZCH, 2ZCL and 8E1A receptors.

RMSF values are generally below 0.2 nm for 1E3G but increase towards 0.5
nm. The 1E3G receptor has high RMSF values, indicating that it is unstable and has
high flexibility when binding to the receptor. RMSF values for 2ZCH generally
fluctuate between 0.1-0.3 nm, while the 2ZCH receptor has lower RMSF values. This
indicates that it is stable and does not exhibit high flexibility when binding to the
receptor. RMSF values for 2ZCL generally fluctuate between 0.1-0.3 nm, while the
2ZCL receptor has lower RMSF values. This indicates that it is stable and does not
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exhibit high flexibility when binding to the receptor. The 8E1A receptor has high
RMSF values below 0.2 nm but increase towards 0.5 nm. The 8E1A receptor has high
RMSF values, indicating that it is unstable and exhibits too much flexibility when

binding to the receptor.
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Figure 4.10. RMSF analysis results graph of Olaparib drug bound to 1E3G (AR),
27ZCH (KLK3), 2ZCL (KLK3) and 8E1A (AR) receptors in MD simulation.

As a result, RMSF peaks are observed in similar regions for 1E3G and 8E1A
receptors. These regions indicate that Olaparib drug is more flexible or mobile in these
receptors. In addition, 2ZCL has the lowest RMSF values, indicating that this ligand
exhibits the most stable binding and its conformational change is minimal. The results
based on the RMSF plot are consistent with the RMSD analyses.

The radius of gyration analyzes the stability of the protein-ligand structure and

the compactness of the complex.

Similar Rg values of 2ZCH and 2ZCL with olaparib indicate that these
structures have similar stability. The lower Rg values of these structures indicate that
these complexes have a more compact structure with the drug. Similar Rg values of
1E3G and 8E1A with olaparib indicate that these structures have similar stability.

The radius of gyration, Rg values during molecular simulation are shown in
Figure 4.11.
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Figure 4.11. Graph of Rg analysis results for Olaparib drug bound to 1E3G, 2ZCH,
27ZCL and 8E1A receptors in MD simulation.

As a result, according to these results, the Rg values of the protein-ligand
complexes remained constant over time and did not create much fluctuations. The

complexes with olaparib reached the highest stability with 2ZCH and 2ZCL

receptors during the simulation process.
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Figure 4.12. Results of SASA bound to 1E3G (AR), 2ZCH (KLK3), 2ZCL (KLK3)
and 8E1A (AR) receptors with Olaparib drug during MD simulation.

The SASA (Solvent Accessible Surface) method is used to calculate the surface

area of a biomolecular structure that is accessible to a solvent (Erol, M., 2023).

The SASA values of the four receptors (1E3G, 2ZCH, 2ZCL and 8El1A)
structures were determined with the drug olaparib. The SASA value due to the
interaction of olaparib with 1E3G and 8E1A is greater than the other receptors (2ZCH,
27ZCL).

The protein-ligand (nm\S2\N)- protein (nm\S2\N) value of 1E3G with olaparib
is 1.477. The protein-ligand (nm\S2\N)- protein (nm\S2\N) value of 2ZCH with
olaparib is -1.033. The protein-ligand (nm\S2\N)- protein (nm\S2\N) value of 2ZCL
with olaparib is -2.435. The protein-ligand (nm\S2\N)- protein (nm\S2\N) value of
8E1A with olaparib is -0.763.

The results showed that with the drug Olaparib, 2ZCH and 2ZCL had less

conformational changes. With the drug, these receptors had a better docking and
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interaction.

4.2.3. Molecular Dynamics Simulations of 1E3G, 8E1A, 2ZCH and 2ZCL
Receptors with the Drug Pylarify

First, the RMSD (Root Mean Square Deviation) value was plotted to obtain the
conformational changes of the molecules from their initial positions to their final
positions due to the Pylarify drug and the 1E3G, 8E1A, 2ZCH and 2ZCL) receptors
during the molecular dynamics simulation and to monitor the changes during this
process and to see how they stabilize. In addition, the figure.. shows the root-mean-
square deviation (RMSD) over time during the molecular dynamics (MD) simulations

according to the Pylarify drug and the 1E3G, 8E1A, 2ZCH and 2ZCL) receptors.

During the simulation process, lower and less shown RMSD values indicate
that the protein-ligand complexes they bind are more stable, while higher RMSD
values indicate that there are more structural changes in the protein-ligand complexes

and that they are more mobile during the simulation process.

For the 1E3G receptor, the RMSD values remained constant between 0 and
0.25 nm and remained stable between 0 ps and 50,000 ps. It exhibited the most stable
structure throughout the simulation. This shows that the Pylarify drug binds tightly to
this receptor and does not have any conformational changes. For the 2ZCH receptor,
the RMSD values remained constant between 0 and 0.75 nm and remained stable
between 15,000 and 35,000 ps. It exhibited a stable structure throughout the
simulation. The RMSD values for the 2ZCL receptor showed that it underwent more
conformational changes throughout the simulation. For the 8E1A receptor, the RMSD
values remained constant between 0 and 0.5 nm. Fluctuations between 10,000 and
20,000 ps are present. The results suggest that the 2ZCL receptor undergoes more
conformational changes throughout the simulation and its binding stability with the

Pylarify drug may be lower than other receptors.
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Figure 4.13. RMSD analysis results graph of 1E3G (AR), 8E1A (AR), 2ZCH (KLK3)
and 2ZCL (KLK3) receptors bound to Pylarify drug in MD simulation.

As aresult, Pylarify showed the most stable and tight binding to the 1E3G (AR)
receptor. It showed the least stable binding to the 2ZCL receptor.

The RMSF value measures how much each structure deviates and moves away
from its reference position during the simulation. This value is used to determine the

flexibility and dynamics of the atoms in certain regions.

In addition, the figure shows the atomic root-mean-square deviations (RMSF)

of the drug Pylarify bound to the 1E3G, 2ZCH, 2ZCL and 8E1A receptors.

RMSF values are generally below 0.2 nm for 1E3G and exceed 0.4 nm. The
1E3G receptor has high RMSF values, indicating that it is unstable and has high
flexibility when binding to the receptor. RMSF values for 2ZCH generally fluctuate
between 0.2-0.4 nm, while the 2ZCH receptor has lower RMSF values and is more
stable. This indicates that it is stable and does not exhibit high flexibility when binding
to the receptor. RMSF values for 2ZCL generally fluctuate between 0.1-0.2 nm, while
the 2ZCL receptor has lower RMSF values. This indicates that it is stable and does not
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exhibit high flexibility when binding to the receptor. The 8E1A receptor has high
RMSF values below 0.2 nm but exceed 0.5 nm. The 8E1A receptor has high RMSF
values, indicating that it is unstable and exhibits too much flexibility when binding to

the receptor.
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Figure 4.14. RMSF analysis results graph of Pylarify drug bound to 1E3G (AR),
27ZCH (KLK3), 2ZCL (KLK3) and 8E1A (AR) receptors in MD simulation.

As a result, RMSF peaks are observed in similar regions for 1E3G and 8E1A
receptors. These regions indicate that Pylarify is more flexible or mobile in these
receptors. In addition, RMSF values for 2ZCL generally fluctuate between 0.1-0.2 nm,
but it has the lowest RMSF values, indicating that this ligand exhibits the most stable

binding and its conformational change is minimal.

The radius of gyration analyzes the stability of the protein-ligand structure and

the compactness of the complex.

The similar Rg values of 2ZCH and 2ZCL with Pylarify indicate that these
structures have similar stability. The lower Rg values of these structures indicate that
these complexes have a more compact structure with the drug. The similar Rg values

of 1E3G and 8E1A with Pylarify indicate that these structures have similar stability.

86



The radius of gyration, Rg values during molecular simulation are shown in

Figure 4.15.
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Figure 4.15. Plot of Rg analysis results bound to 1E3G, 2ZCH, 2ZCL and S8E1A
receptors for the drug Pylarify in MD simulation.

As a result, according to these results, the Rg values of the protein-ligand
complexes remained stable over time and did not create large fluctuations. The most
stability during the simulation process of the complexes with the drug Pylarify was

reached with the receptors 2ZCH and 2ZCL.
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Figure 4.16. Results of SASA bound to 1E3G (AR), 2ZCH (KLK3), 2ZCL (KLK3)
and 8E1A (AR) receptors with Pylarify drug during MD simulation.

The SASA (Solvent Accessible Surface) method is used to calculate the surface

area of a biomolecular structure accessible by a solvent (Erol, M., 2023).

With Pylarify, the protein-ligand (nm\S2\N)-protein (nm\S2\N) value of 1E3G
is -2.897. With Pylarify, the protein-ligand (nm\S2\N)-protein (nm\S2\N) value of
27ZCH is 0.785. With Pylarify, the protein-ligand (nm\S2\N)-protein (nm\S2\N) value
of 2ZCL is -1.978. With Pylarify, the protein-ligand (nm\S2\N)-protein (nm\S2\N)
value of 8E1A is 0.424.

The SASA values of the structures of four receptors (1E3G, 2ZCH, 2ZCL and
8E1A) were determined with the drug Pylarify. The SASA value due to the interaction
of 1E3G and 8E1A with Pylarify is greater than the other receptors (2ZCH, 2ZCL).

The results showed that with Pylarify, 2ZCH and 2ZCL had less
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conformational change. These receptors had better docking and interaction with the
drug.

4.2.4. Molecular Dynamics Simulations of 1E3G, 2ZCH and 2ZCL
Receptors with the Drug Rucaparib

First, the RMSD (Root Mean Square Deviation) value was plotted to obtain the
conformational changes of the molecules from their initial positions to their final
positions depending on the Rucaparib drug and the 1E3G, 2ZCH and 2ZCL receptors
during the molecular dynamics simulation and to monitor the changes during this
process and to see how they stabilize. In addition, the figure.. shows the root-mean-
square deviation (RMSD) over time during the molecular dynamics (MD) simulations

of 1E3G, 2ZCH and 2ZCL receptors depending on the Rucaparib drug.

In the simulation process, lower and less shown RMSD values indicate that the
protein-ligand complexes they bind are more stable, while higher RMSD values
indicate that there are more structural changes in the protein-ligand complexes and

more mobility during the simulation process.

For 1E3G receptor, RMSD values were sufficiently stable between 35,000 and
50,000 ps, but RMSD values showed a lot of mobility over time. This indicates that
Rucaparib drug is not tightly bound to the protein and its conformational changes are
high. For 2ZCH receptor, RMSD values were sufficiently stable between 0 and 50,000
ps. It exhibited a very stable structure throughout the simulation. For 2ZCL receptor,
RMSD values were stable between approximately 0 and 20,000 ps, but had a lot of
fluctuations. The results suggested that 2ZCL receptor underwent more
conformational changes during the simulation and its binding stability with Rucaparib

drug may be lower than other receptors.
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Figure 4.17. RMSD analysis results graph of 1E3G, 2ZCH and 2ZCL receptors bound

to Rucaparib drug in MD simulation.

As a result, Rucaparib is the most stable and tightly bound to 2ZCH receptor.
It showed moderately stable binding with 1E3G receptor, while 2ZCL receptor showed
the least stable binding.

RMSF value measures how much each structure deviates and moves away from
the reference position during the simulation. This value is used to determine the

flexibility and dynamics of atoms in some regions.

In addition, Figure 4.18. shows the atomic root-mean-square deviations
(RMSF) of the drug bound to 1E3G, 2ZCH and 2ZCL receptors of Rucaparib drug.

RMSF values are generally below 0.2 nm for 1E3G but do not exceed 0.3 nm.
The 1E3G receptor has low RMSF values, indicating that it is stable and not very
flexible when bound to the receptor. RMSF values for 2ZCH are generally between
0.1 and 0.2 nm, but there are small fluctuations. The 2ZCH receptor also has low
RMSF values, indicating that it is stable and not very flexible when bound to the
receptor. RMSF values for 2ZCL are generally between 0.1 and 0.2 nm. The 2ZCL
receptor has higher RMSF values, indicating that it is unstable and not very flexible
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when bound to the receptor.
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Figure 4.18. RMSF analysis results graph of Rucaparib drug bound to 1E3G, 2ZCH
and 2ZCL receptors in MD simulation.

As a result, RMSF peaks are observed in some regions for 2ZCL receptor.
These regions indicate that Rucaparib drug is more flexible or mobile in these
receptors. In addition, 1E3G has the lowest RMSF values, indicating that this ligand
shows the most stable binding and its conformational change is very little. The results

based on RMSF graph are quite consistent with RMSD analysis.

The radius of gyration analyzes the stability of the protein-ligand structure and

the compactness of the complex.

The similar Rg values of 2ZCH and 2ZCL with Rucaparib indicate that these
structures have a similar stability. The lower Rg values of these structures indicate that
these complexes have a more compact structure with the drug. The Rg value of 1E3G

receptor with Rucaparib is different from other receptors.

The radius of gyration, Rg values during molecular simulation are shown in

Figure 4.19.
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Figure 4.19. Rg analysis results graph for Rucaparib drug in MD simulation, bound to
1E3G, 2ZCH and 2ZCL receptors.

As a result, according to these results, Rg values of protein-ligand complexes
remained constant over time and did not create much fluctuations. The most stability
of complexes with Rucaparib drug during the simulation process was reached with

27ZCH and 2ZCL receptors.

SASA (Solvent Accessible Surface) method is used to calculate the surface

area of a biomolecular structure accessible by a solvent (Erol, M., 2023).
SASA values of three receptor structures (1E3G, 2ZCH and 2ZCL) with

Rucaparib drug were determined. SASA value originating from the interaction of

Rucaparib with 1E3G receptor is greater than other receptors (2ZCH and 2ZCL).
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Figure 4.20. SASA results for 1E3G, 2ZCH and 2ZCL receptors with Rucaparib

during MD simulation.

Protein-ligand (nm\S2\N)-protein (nm\S2\N) value of 1E3G with Rucaparib is
1.625. Protein-ligand (nm\S2\N)-protein (nm\S2\N) value of 2ZCH with Rucaparib is
-1.568. Protein-ligand (nm\S2\N)-protein (nm\S2\N) value of 2ZCL with Rucaparib is
0.307.

The results showed that 2ZCH had less conformational change with Rucaparib.
The drug had better docking and interaction with this receptor.

4.2.5 Molecular Dynamics Simulations of 1E3G, 2ZCH, and 2ZCL
Receptors with the Locametz Drug

First, the RMSD (Root Mean Square Deviation) value was plotted to obtain the
conformational changes of the molecules from their initial positions to their final
positions depending on the Rucaparib drug and the 1E3G, 2ZCH and 2ZCL receptors
during the molecular dynamics simulation and to monitor the changes during this
process and to see how they stabilize. In addition, the figure.. shows the root-mean-
square deviation (RMSD) over time during the molecular dynamics (MD) simulations

of the Locametz drug-bound 1E3G, 2ZCH and 2ZCL receptors.

In the simulation process, lower and less shown RMSD values indicate that the
protein-ligand complexes they bind are more stable, while higher RMSD values
indicate that there are more structural changes in the protein-ligand complexes and that
they are more mobile during the simulation process.

Although the RMSD values for the 1E3G receptor remained stable from time
to time, the RMSD values showed a lot of mobility. This shows that the Locametz drug

93



does not bind tightly to the protein and that its conformational changes are high.
Although the RMSD values for the 2ZCH receptor remained stable from time to time,
the RMSD values showed a lot of mobility. The results suggested that the 2ZCH
receptor underwent more conformational changes throughout the simulation and that
the binding stability with the Locametz drug may be lower than other receptors. The
RMSD values for the 2ZCL receptor remained sufficiently stable between 0 and
50,000 ps. It exhibited a very stable structure throughout the simulation.
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Figure 4.21. RMSD analysis results graph of 1E3G, 2ZCH and 2ZCL receptors bound

to Locametz drug in MD simulation.

As a result, Locametz is the most stable and tightly bound to 2ZCL receptor.
While 1E3G receptor showed moderately stable binding, 2ZCL receptor showed the

least stable binding.

RMSF value measures how much each structure deviates and moves away from
the reference position during the simulation. This value is used to determine the

flexibility and dynamics of atoms in some regions.

In addition, Figure 4.21. shows the atomic root-mean-square deviations

(RMSF) of the drug bound to 1E3G, 2ZCH and 2ZCL receptors of Locametz drug.
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RMSF values are generally below 0.2 nm for 1E3G but do not exceed 0.3 nm.
The 1E3G receptor has low RMSF values overall, although it does show occasional
peaks, indicating that it is stable and does not exhibit much flexibility when bound to
the receptor. RMSF values for 2ZCH are generally between 0.1 and 0.2 nm, but there
are small fluctuations. The 2ZCH receptor also has low RMSF values, indicating that
it is stable and does not exhibit much flexibility when bound to the receptor. RMSF
values for 2ZCL are generally between 0.1 and 0.2 nm. The 2ZCL receptor is also

stable and does not exhibit much flexibility when bound to the receptor.
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Figure 4.22. RMSF analysis results of Locametz drug bound to 1E3G, 2ZCH and

=l
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2ZCL receptors in MD simulation.

As a result, although RMSF peaks are observed in some regions for 1E3G,
2ZCH and 2ZCL receptors, it shows that Locametz drug binds more tightly to these
receptors in general. In addition, 2ZCL has the lowest RMSF values, indicating that
this ligand shows the most stable binding and its conformational change is very little.

The results based on RMSF plot are quite consistent with RMSD analysis.

The radius of gyration analyzes the stability of the protein-ligand structure and

the compactness of the complex.
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The similar Rg values of Locametz with 2ZCH and 2ZCL indicate that these
structures have similar stability. The lower Rg values of these structures indicate that
these complexes have a more compact structure with the drug. The Rg value of the

1E3G receptor with Locametz is different from other receptors.

The radius of gyration and Rg values during molecular simulation are shown

in Figure 4.23.
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Figure 4.23. Rg analysis results graph for Locametz drug bound to 1E3G, 2ZCH and
2ZCL receptors in MD simulation.

As a result, according to these results, Rg values of protein-ligand complexes
remained constant over time and did not create much fluctuations. The most stability
of the complexes with Locametz drug was reached with 2ZCH and 2ZCL receptors

throughout the simulation process.

The SASA (Solvent Accessible Surface) method is used to calculate the surface

area of a biomolecular structure accessible by a solvent (Erol, M., 2023).
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SASA values of three receptor structures (1E3G, 2ZCH and 2ZCL) with
Locametz drug were determined. The SASA value due to the interaction of Locametz

and 1E3G receptor is greater than the other receptors (2ZCH and 2ZCL

Salvent Accessible Suriace S A Surface Salveni Accessible Sarface

Figure 4.24. SASA results for 1E3G, 2ZCH and 2ZCL receptors with Locametz drug

during MD simulation.

Protein-ligand (nm\S2\N)-protein (nm\S2\N) value of 1E3G with Locametz is 3.619.

Protein-ligand (nm\S2\N)-protein (nm\S2\N) value of 2ZCL with Locametz is -4.316.

The results showed that 2ZCL with Locametz drug had less conformational change.

The drug had better docking and interaction with this receptor.

4.3. ADMET Data Results with Abiraterone, Olaparib, Pylarify, Rucaparib and
Locametz Drugs

ADMET (Absorption, Distribution, Metabolism, Elimination, Toxicity) method is a
method used in drug design. This method was used to evaluate the pharmacokinetic
properties of drug or ligand candidates and to determine their toxicity properties. It
was done through ADMETLab 2.0 web server.

Abbreviations and meanings of Physicochemical Properties are as follows (Xiong, G.,

etal., 2021).
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DEFINITION EXPLANATION

Flexibility nRot / nRig

LogS Water solubility value (Low solubility is
a harmful feature and its average values
should be between -4 and 0.5 log mol/L)

logP N-octanol/water partition coefficient
(indicates hydrophobic binding property
and average values should be between 0-
3 log mol/L)

logD N-octanol/water distribution coefficients

at physiological pH (logD7.4) (indicates
balance between lipophilicity/
hydrophilicity features and average

values should be between 1-3 log mol/L)

Caco-2 Permeability

Cell permeability of human colon
adenocarcinoma cell lines (Caco-2)
(indicates in vivo drug permeation
features and average values should be

greater than > -5.15log cm/s)

HIA

Human intestinal absorption (indicates
absorption of drug in human intestine
features and values are 0-0.3: excellent
(green); 0.3-0.7: medium (yellow); 0.7-
1.0(++): poor (red)

F20%

The human oral bioavailability 20%
(indicates oral bioavailability and values

are 0-0.3: excellent (green); 0.3-0.7:

medium (yellow); 0.7-1.0(++): poor
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(red)

PPB Plasma protein binding (indicates
binding of drug to proteins in plasma and
values are < 90%: excellent (green);
otherwise: poor (red)

VD Volume Distribution (indicates concept

regarding the administered dose and the
initial concentration in circulation and
values are 0.04-20: excellent (green);

otherwise: poor (red)
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Figure 4.25. ADMETLab2.0 results for potential drug candidacy of Abiraterone with
the 2ZCH receptor.

Flexibility value is 0.0038. The LogS value of Abiraterone is -4.246 and is high
and its water solubility is considered good. The logP value of Abiraterone is 4.920 and
is close to the appropriate value. The logD value of Abiraterone is 4.060. The Caco-2
Permeability value of Abiraterone is -4.628 and is a very high value. The drug is
suitable for cell permeability. The HIA value of Abiraterone is green (0-0.3: excellent).
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It shows that the absorption of this drug in the intestine is good. The F20% value of
Abiraterone is red 0.7-1.0(++): poor (red). It shows that the human oral bioavailability
of this drug is low. The Plasma protein binding value of Abiraterone is low. The VD

value of Abiraterone is 1.764 (green).
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Figure 4.26. ADMETLab2.0 results for potential drug candidacy of Olaparib with the
8E1A receptor.

Flexibility value is 0.207. The LogS value of the drug olaparib is -4.750 and is
high and its water solubility is accepted as good. The logP value of the drug olaparib
is 2.223 and is at an appropriate value. The hydrophobic binding property of the drug
olaparib is good. The logD value of the drug olaparib is 2.183. This value shows that
the lipophilicity/hydrophilicity balance of the drug is good. The Caco-2 Permeability

value of the drug olaparib is -5.195 and is close to the average value. The drug can be
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considered suitable for cell permeability. The HIA value of the drug olaparib is green
(0-0.3: excellent). This shows that the absorption of the drug in the intestine is good.
The F20% value of the drug olaparib is green 0-0.3: excellent (green). This shows that
the human oral bioavailability of the drug is good. The Plasma protein binding value

of the drug olaparib is low. The VD value of the drug olaparib is 1.310 (green).
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Figure 4.27. ADMETLab2.0 results for potential drug candidacy of Rucaparib with
1E3G receptor.

Flexibility value is 0.136. The LogS value of rucaparib is -4.110 and is high
and its water solubility is considered good. The logP value of rucaparib is 2.834 and
is at an appropriate value. The hydrophobic binding property of rucaparib is good. The
logD value of rucaparib is 2.552. This value shows that the lipophilicity/hydrophilicity
balance of the drug is good. The Caco-2 Permeability value of rucaparib is -5.409 and
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is close to the average value. The drug can be considered suitable for cell permeability.
The HIA value of rucaparib is green (0-0.3: excellent). This shows that the absorption
of the drug in the intestine is good. The F20% value of rucaparib is green 0-0.3:
excellent (green). This shows that the human oral bioavailability of this drug is good.
Plasma protein binding value of Rucaparib drug is 78.581%, which shows that the drug
binds well to proteins in plasma. VD value of Rucaparib drug is 2.676 (green).
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Figure 4.28. ADMETLab2.0 results for potential drug candidacy of Pylarify with the
2ZCL receptor.

Flexibility value is 1.455. The LogS value of Pylarify is -3.640 and is
considered high and its water solubility is good. The logP value of Pylarify is -0.642
and is at an appropriate value. The hydrophobic binding property of Pylarify can be
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considered appropriate. The logD value of Pylarify is 0.129. This value shows that the
lipophilicity/hydrophilicity balance of the drug is good. The Caco-2 Permeability
value of Pylarify is -6.408 and is close to the average value. The drug can be considered
appropriate for cell permeability. The HIA value of Pylarify is green (0-0.3: excellent).
This shows that the drug has good absorption in the intestine. The F20% value of
Pylarify is green 0-0.3: excellent (green). This shows that the drug has good human
oral bioavailability. The plasma protein binding value of Pylarify is 26.741%, which
indicates that the drug binds very well to proteins in plasma. The VD value of Pylarify
is 0.334 (green).
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Figure 4.29. ADMETLab2.0 results for Locametz’s potential drug candidacy with the
8E1A receptor.

Flexibility value is 1.857. The LogS value of the Locametz drug is -1.170 and
is high and its water solubility was accepted as very good. The logP value of the
Locametz drug is -4.468 and is an appropriate value. The hydrophobic binding
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property of the Locametz drug can be considered appropriate. The logD value of the
Locametz drug is -2.354. This value shows that the lipophilicity/hydrophilicity balance
of the drug is poor. The Caco-2 Permeability value of the Locametz drug is -6.343 and
is close to the average value. The drug can be considered appropriate for cell
permeability. The HIA value of the Locametz drug is red. It shows that the absorption
of this drug in the intestines is not good. The F20% value of the Locametz drug is red.
0.7-1.0(++): poor (red). It shows that the human oral bioavailability of this drug is not
good. The Plasma protein binding value of the Locametz drug is 54.577% and shows
that the binding of the drug to proteins in plasma is very good. The VD value of the
drug Locametz is 0.603 (green).
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CHAPTER V. CONCLUSION AND RECOMMENDATIONS

In this master's thesis, Molecular Docking, Molecular Dynamics Simulations
(MDS) and ADMET studies were extensively conducted to model drugs or ligands
with target proteins associated with prostate cancer at an atomistic level, especially by
investigating the potential therapeutic effects of drugs newly approved by the FDA for

the treatment of prostate cancer.

The findings of this study provide important information about the atomic
interactions and mechanisms between selected new FDA-approved drugs
(Abiraterone, Olaparib, Pylarify, Rucaparib, and Locametz) and the genes (proteins)
most associated with prostate cancer. These genes include the crystal structures of the
ligand-binding domains 1E3G and 8E1A (AR) of the androgen receptor, and the
crystal structures of Kallikrein-3 Protein (KLK3) 2ZCH and 2ZCL. The binding
affinities and potential inhibitory activities of the drugs on these genes were
demonstrated. The identified drugs demonstrated high potential and promising binding
energies as effective inhibitors in the treatment of prostate cancer. These results
provide a basis for further analysis and decision-making processes for optimal ligand-

receptor pairs.

Molecular docking result of the drug Abiraterone is -8.7. Molecular docking
result of the drug Olaparib is -11.2. Molecular docking result of the drug Rucaparib is
-8.8. Molecular docking result of the drug Locametz is -6.9. Molecular docking result

of the drug Pylarify is -6.7.

Abiraterone, a new prostate cancer drug, binds to CYP17A1, a member of the
P450 enzyme family, with high affinity and inhibits it. This inhibition aims to stop
androgen production. Abiraterone, used as a reference drug, and other drugs have the

highest binding scores and results with these proteins.

Later, Molecular Dynamics Simulation studies provided important information
about the stability and dynamic behavior of receptor-drug complexes in an artificial
and simulated biological environment. The stability of these receptor-drug complexes,

as shown by the RMSD, RMSF and Radius of Gyration parameters, showed that the
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drugs maintained and maintained stable interactions with target proteins throughout
the simulation period. The stability of these complexes proved that the drug and ligand
components have high therapeutic potential. Based on the results of 180 molecular
docking analyses and 25 Molecular Dynamics Simulation Olaparib and Rucaparib

yielded the best results.

Finally, the SASA (Solvent Accessible Surface Area) study provided detailed
information on the binding flexibility and stability of receptor-drug complexes. The
ADMET study provided important results on the metabolism effects and toxicity
properties of drugs. The combination of these methods strengthened the reliability of
the results and helped to understand the potential role of new prostate cancer drugs in
prostate cancer treatment in a comprehensive and comprehensive way.

Overall, this study successfully demonstrated that the new drug components
exhibit strong and effective potential as therapeutic components and agents in prostate
cancer treatment. The integrated computational approaches used in this study paved
the way for future studies in this field by providing efficient and accurate methods for
the development of new drug discoveries. In addition, the successful results of the
combination studies and atomistic modeling of the components of new prostate cancer
drugs, which have also received positive results in clinical trials, support the results of

these experiments.

Considering the promising and successful results obtained from this study, new
drug discoveries can also be made. Future studies can progress with the discovery of
new drug components or the investigation of components found in other natural
sources. Synergistic effects and new drug combinations can also increase the
effectiveness of treatments. The aim can be to reduce drug-effect side effects. This
offers a more successful and comprehensive approach to prostate cancer treatment.
Since environmental factors can also change the stability and effectiveness of drug-
protein complexes, more Molecular Dynamics Simulations can be performed by
including different physiological conditions in the simulation. In order to improve the
drug discovery process, other computational techniques such as machine learning
algorithms can be combined with existing approaches. These methods can help to more
accurately predict the behavior of receptor-ligand complexes and understand their

potential. By following these suggestions, future drug discoveries and research can be
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built on the findings of this thesis and pave the way for detailed examination and
evaluation of the effects of compounds that can be used for potential prostate cancer

treatment and their development.
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APPENDICES

APPENDIX A
RESEPTORLER
MOLEKULER - . Yerlestirme
YERLESTIRME FORMATI ChEMBL AKTIVITELERI Sonuclari
(kcal/mol
Stan
dart
PDBQT bicimi SDF bi¢cimi Or CHEMBL KODU |Dege | 1E3G(A SEIA(
der N R) AR)
(nM)
CHEMBL302870 i
Liga Lig 1 (Preclinical) 0.0 77 -7.0
CHEMBL184313 i i
Liga Lig 2 (Preclinical) 0.009 3.4 77
CHEMBL256769 i i
Liga Lig 3 (Preclinical) 0.2 3.3 38
CHEMBL391548 ] ]
Liga Lig 4 (Preclinical) 0.2 95 102
CHEMBLA427898 i i
Liga Lig 5 (Preclinical) 0.2 9.4 95
CHEMBL4060271 i i
Liga Lig 6 (Preclinical) 0.2 8.7 8.9
CHEMBLA4092535 ) )
Liga Lig 7 (Preclinical) 0.29 35 3.9
Liga Lig |8 JcupmBraisie |93 |9 9.5
CHEMBL257151 ) i
Liga Lig 9 (Preclinical) 0.3 103 95
CHEMBL182412 i
Liga Lig 10 | (Preclinical) 04 |-11.0 3.9
CHEMBL398431 i
Liga Lig 11 | (Preclinical) 0.8 |-8.0 75
CHEMBL235159 i i
Liga Lig 12 | (Preclinical) 0.8 76 91
CHEMBL3402221 i
Liga Lig 13 | (Preclinical) 0.84 91 -7.0
CHEMBL5192412 ) )
Liga Lig 14 | (Preclinical) 0.9 75 82
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Liga

Lig

15

CHEMBL1957613
(Preclinical)

0.95

8.4 8.7
CHEMBL27769 )
Liga Lig 16 |(Phase 2) 1.0 82 75
CHEMBL3402227
Liga Lig 17 | (Preclinical) 1.0 23 -10.0
CHEMBL3410856 )
Liga Lig 18 | (Preclinical) 1.0 6.5 79
CHEMBL391798 i
Liga Lig 19 | (Preclinical) 1.0 93 3.9
CHEMBL1276308
Liga Lig 20 |(Approved) 1.0 77 -8.0
CHEMBLA4226259 )
Liga Lig 21 | (Preclinical) 1.4 73 32
CHEMBLA4227715 i
Liga Lig 22 | (Preclinical) 14 |-8.0 8.6
CHEMBL1934442 i
Liga Lig 23 | (Preclinical) 1.4 3.3 79
CHEMBL4095364 i
Liga Lig 24 | (Preclinical) 1.6 92 35
CHEMBLA401711 i
Liga Lig 25 | (Preclinical) 1.9 85 3.3
CHEMBL267270 i
Liga Lig 26 | (Preclinical) 2.0 9.6 113
CHEMBL246006 )
Liga Lig 27 | (Preclinical) 2.0 73 35
CHEMBL3238280 i
Liga Lig 28 | (Preclinical) 2.4 79 32
CHEMBL1163630 i
Liga Lig 29 | (Preclinical) 2.9 81 33
CHEMBL4065842 i
Liga Lig 30 | (Preclinical) 2.9 3.4 35
CHEMBL1738889
Liga Lig 31 |(Phase 3) 3.0 79 -8.0
CHEMBL4067691 i
Liga Lig 32 | (Preclinical) 34 3.6 32
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Liga

Lig

33

CHEMBL1934443
(Preclinical)

34

8.2 8.2
CHEMBLA4088914
Liga Lig 34 | (Preclinical) 3.6 92 -9.0
CHEMBL1934434 i
Liga Lig 35 | (Preclinical) 3.8 31 73
CHEMBL3706929 )
Liga Lig 36 | (Preclinical) 4.1 94 98
CHEMBL3623122
Liga Lig 37 | (Preclinical) 6.0 3.4 -8.0
CHEMBL3221237 i
Liga Lig 38 | (Preclinical) 6.6 91 9.7
CHEMBL2337509 )
Liga Lig 39 | (Preclinical) 8.0 ’1 32
CHEMBL2337511 i
Liga Lig 40 | (Preclinical) 8.6 75 77
CHEMBL1274 i
Liga Lig 41 | (Approved) 9.0 95 95
CHEMBL4447539 i
Liga Lig 42 | (Preclinical) 9.0 73 10.1
Liga Lig 43 CHEMBL3920715 9.0 <3 <o -
CHEMBL1934444 i
Liga Lig 44 | (Preclinical) 9.0 31 32
CHEMBL2337510 i
Liga Lig 45 | (Preclinical) 9.0 3.3 3.6
CHEMBL3233071 )
Liga Lig 46 | (Preclinical) 9.1 75 25
CHEMBL238365 i
Liga Lig 47 | (Preclinical) 9.8 95 10.4
CHEMBLA409 i
Liga Lig 48 | (Approved) 10.0 73 3.4
CHEMBL1099086 i
Liga Lig 49 | (Preclinical) 10.0 6.4 6.6
CHEMBL5204114 i
Liga Lig 50 | (Preclinical) 10.0 |-7.0 6.8
Liga Lig 51 |CHEMBI188297 10.0 -
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(Preclinical) 7.8 9.3
CHEMBL2337516 i
Liga Lig 52 | (Preclinical) 11.0 81 8.4
CHEMBL462664 i
Liga Lig 53 | (Preclinical) 11.0 73 76
CHEMBL1288323 i
Liga Lig 54 | (Preclinical) 13.0 81 86
CHEMBL1082407 )
Liga Lig 55 | (Approved) 14.0 76 77
CHEMBL393280 i
Liga Lig 56 | (Preclinical) 15.0 73 6.9
CHEMBL1288959 )
Liga Lig 57 | (Preclinical) 15.0 35 g7
CHEMBL1099140 i
Liga Lig 58 | (Preclinical) 15.0 3.4 73
CHEMBL2112349 )
Liga Lig 59 | (Preclinical) 15.0 2.1 23
CHEMBLA491 i
Liga Lig 60 | (Phase 2) 15.0 36 35
CHEMBLA4105484 i
Liga Lig 61 | (Preclinical) 15.41 3.6 8.4
CHEMBL9337 i
Liga Lig 62 | (Preclinical) 15.9 6.8 71
CHEMBL1916247 )
Liga Lig 63 | (Preclinical) 16.0 81 73
CHEMBL3183409 )
Liga Lig 64 | (Approved) 16.0 3.4 31
CHEMBL3238293 )
Liga Lig 65 | (Preclinical) 16.1 8.4 75
CHEMBL272509 )
Liga Lig 66 | (Preclinical) 19.0 79 93
CHEMBL5186213 i
Liga Lig 67 | (Preclinical) 19.0 33 73
CHEMBL504179 )
Liga Lig 68 | (Preclinical) 22.0 3.3 8.7
Liga Lig 69 |CHEMBLI139835 [23.0 -
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(Approved) 7.3 6.9
CHEMBL255918 ) )
Liga Lig 70 | (Preclinical) 25.0 73 8.4
. . CHEMBLA4797715 |2400. - -
Liga Lig 71 0 36 99
) ) 5 3200. %9 -
Liga Lig 7 0 -8, 8.6
CHEMBLA446790

Figure A.1. 1E3G and 8E1A receptors (AR) molecular docking with ChEMBL codes

and Autodock Vina molekiiler docking results.

. RESEPTORLER
MOLEKULER - . .
YERLESTIRME FORMATI ChEMBL AKTIVITELERI | Yerlestirme
Sonuclari (kcal/mol)
Stand
.. e .. CHEMBL |art 2ZCH(K |2ZCL(K
PDBQT bi¢imi SDF bi¢cimi | Order KODU Deger | LK3) LK3)
(nM)

Liga Lig |1 CHEMBL25 [ 0.3 -7.8 -8.5
7151
CHEMBLI18

Liga Lig |2 2412 0.4 -8.8 -8.6
CHEMBL26

Liga Lig |3 7270 2 -8.7 -8.2
CHEMBL37

Liga Lig |4 06929 4.1 -8.8 -8.4
CHEMBL44

Liga Lig |5 47539 9 -7.9 -8.2
CHEMBL23

Liga Lig |6 8365 9.8 -7.6 -8.0

Liga Lig |7 CHEMBL10 14 -8.9 -9.0
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82407

Liga

CHEMBLA47
60141

150

-8.1

-8.6

Liga

Lig |9

CHEMBL20
11751

226

-8.5

-8.2

Liga

Lig

10

CHEMBLA47
97715

1400

-9.0

-9.0

Liga

Lig |11

CHEMBLA44
6790

3200

-10.4

-9.6

Figure A.2. 2ZCH and 2ZCL receptors (KLK3) molecular docking with ChEMBL
codes and Autodock Vina molekiiler docking results.

RECEPTORS
MOLECULAR .
DOCKING FORMAT ChEMBL ACTIVITIES Docking Results
(kcal/mol)
Or | ChEMBL 27 | 27
pdbqt sdf der Code Drug Name |1E3G | SE1A CH | cL
curcumin | curcumin 1 CHEMES Curcumin -7.7 7.1 | -7.1]-8.1
16438
CHEMBL2
matrine matrine 2 04860 -8.7 -6.7 |-6.8|-7.2
Matrine
quercetin | quercetin | 3 CHEl(\)/IBLS Quercetin -9.1 -9.9 |-8.7|-8.3
riptolide | triptolide | 4 | CHEMBL4 | Triptolide 1 ¢ 5 | ¢ | 53|92
63763
astra:iialom astre:iab& 5 | CHEMBLA4 | Astragaloside -7.3 -7.6 |-9.0] 10.
98853 2
shikonin | shikonin | 6 CHE%BM Shikonin 1 g6 | 89 |-79]-80
artesunate | artesunate | 7 CH:IIZS?L:; Artesunate -6.9 -74 |-8.0|-8.1
baicalin | baicalin | § | CHEMBL4 | Baicalin 1 o 5 | ¢g| g3
85818
brucine | brucine | 9 | CHEMBLS ) Brucine 80 | -89 |-82[-84
01756
oroxindin | oroxindin | 10 C%%g/ggl‘m Oroxindin 81| -85 [-90|94
dyphylline | dyphylline | 11 CHE71;423L1 Dyphylline |5 1 67 | 6367
atchouli atchouli Fatchoul:
p1 hul pl hul 12 | CHEMBL4 Alcohol 63 | 54 |-6.1|-6.7
alcoho alcoho 533682
lycopene | lycopene | 13 C}{)Fil;/giLS Lycopene -7.0 7.7 |-7.11-7.3
apigenin | apigenin | 14 | CHEMBL2 Apigenin -10.0 | -9.3 |-8.0]-8.0
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8
tangeretin | tangeretin 15 CH:];E;\;I(])BL7 Tangeretin 71 75 17374
acacetin acacetin CHEMBL2 Acacetin
16 43664 -7.8 -9.1 |-8.0(-8.2
resveratrol | resveratrol | 17 CHEé\;IBLl Resveratrol -9.0 -84 |-721-7.3
fisetin fisetin 18 CH]IE;\;IEL3 Fisetin 93 97 |-821-79
luteolin luteolin 19 CHE;\;[BLI Luteolin 94 97 |86|-84
genistein | genistein 20 CHEIXIBL4 Genistein 89 97 76|79
silybin | silybin | 21 CHEI(\)/Ing Silybin 91 | 93 |-83[-97
kaempfero | kaempfero
I I 2 CHE%[BU Kaempferol | 9.8 | -97 [-7.9|-7.9
Epigallocatechin
ChEMBL29 -3-gallate
(EGCQG) (EGCG) | 23 7453 (EGCG) -7.2 -89 [-9.31-9.6
tocotrienol | tocotrienol CHEMBL4 Tocotrienol
24 297330 -6.6 90 |-8.31(-8.3
ginsenosid | ginsenosid
CHEMBLI1 . ;
es es 25 773987 Ginsenosides -8.1 1.7 1-731-7.9
ursolic ursolic
acid acid 26 CHEé\;IBLl Ursolic acid -7.6 -8.1 [-8.8(-84
berberine | berberine | 27 CHQI?YS?‘Lz Berberine -7.8 -8.1 [-7.9]-8.1
honokiol | Honokiol 28 CHEMBLI1 Honokiol 20 92 7473
6901
xanthohum | xanthohum
ol ol g9 | CHEMBL2 | thohumol | -73 | -84 |-7.6|-82
53896
) . . . CHEMBLA4 Oridonin
oridonin oridonin | 30 639672 -7.4 7.1 | -7.6(-7.8

Figure A.3. 1E3G (AR), 8E1A (AR), 2ZCH (KLK3) and 2ZCL (KLK3) receptors

molecular docking natural drugs and Autodock Vina docking results.

MOLECUL

AR RECEPTORS

DOCKING |CHEMICAL ID Docking Results (kcal/mol)

FORMAT

pdbqt |sdf |Order lé‘I‘BChem 1E3G SE1A 2ZCH |2ZCL
drug  |Dru 1]1085 -6.1 -7.6 -8.3 -8.4
drug  |Dru 211697733 -5.4 -4.9 -5.2 -5.2
druq Dru 31409 - -7.5 - 1-9.0
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7.3 9.1
drug |Dru 125236 79 -8.7 81 -8.5
druq |Dru 209073 -8.0 -7.4 76 -8.4
druq |Dru 2106059 55 -7.2 6.1 -6.8
druqg |Dru 1201748 71 -7.6 73 -8.5
druq |Dru 3590187 79 -6.8 73 -7.3
druq |Dru 139835 73 -7.1 77 -7.5
drug  |Dru |10 1479 77 -7.6 3.8 -8.4
drug  |[Dru |11 1201864 -9.0 -6.9 75 -8.3
drug  |Dru |12 411 27 -8.7 71 -7.0
drug |Dru |13 3545252 74 -7.2 91 -9.8
drug |Dru |14 128748 -7.0 -7.7 73 -7.8
drug |Dru |15 1509 2.7 -8.4 9.2 -8.7
drug |Dru |16 1582 71 -7.7 73 -7.6
druqg  |[Dru |17 2104261 73 -6.9 79 -8.0
drug |Dru |18 482581 77 -8.3 (-8.0 -8.7
drug  |Dru |19 1405 -12.0 -9.9 76 -8.3
drug |Dru |20 42710 6.5 -6.2 56 -6.2
druq |Dru |21 23588 9.2 -8.9(-8.0 -7.8
druq Dru |22 806 31 -8.5 6.8 -7.0
druq Dru |23 1445 77 -7 75 -8.4
druq Dru |24 726 77 -7.8 3.7 -8.3
druq |Dru |25 1868702 98 -7.8 1-8.0 9.1
drug |Dru |26 1377575 2.6 -8.2 23 -7.7
drug |Dru |27 157101 74 -7.8 2.7 9.2
druq |Dru |28 4297185 -7.1 -8.2 2.7 9.4
drug |Dru |29 1389 -9.6 -8.0 77 -8.8
drug |Dru |30 5170587 -7.8 |-8.0 -
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8.3 7.9
druqg  |Dru |31 2218923 - 78| s 76
drug  |Dru |32 1395 7 s 69| 4, 83
drug  |Dru |33 166444 108 101 75 |90
druq | Dru |34 425863 3 08 76 86
druq |Dru |35 1670 73 -7.4 6.9 6.5 .
drug  |Dru |36 1200946 - T4 g 73
drug  |Dru |37 1200412 - 9.3 -8.0 84
drug  |Dru |38 1274 93 -7.8(-8.0 15
drug  |Dru |39 1200807 -7.0 T 83
drug  |Dru |40 1162 7.5 1 81
drug | Dru |41 1387 e 96| ¢ 85
drug  |Dru |42 4303574 ‘i 150 4, 73
drug  |Dru |43 2107797 o 80| 87
drug  |Dru |44 1200436 - 70| g 87
drug | Dru |45 1625 73 -8.5[-7.0 68
drug  |Dru |46 1200585 - 7.3 |-8.0 77
druq | Dru |47 428647 o 19 ge 07
drug  |Dru |48 251940 1y |80 23 a1
drug |Dru |49 828 79 79 ) 6.4 6.1 )
drug  |Dru |51 90593 79 78| s 19
druqg |Dru |52 103 79 -7.5 74 -8.0
drug | Dru |53 4650276 - 76| o5 81
druqg |Dru |54 3707377 - 715 g 84
drug  |Dru |55 1393 - 73| 83
drug  |Dru |56 27769 77 72| 4, 79
drug  |Dru |57 3275971 75 715 L6 |80
druq |Dru |58 2079587 -74 -
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7.2 8.3 8.4
drug  |Dru |59 83 . 73| e | 4g
drug  |Dru |60 386630 oy 761 41| g4
drug | Dru |61 1201101 1y 88| o | 44
druq | Dru |62 1200335 6o 6| es | 75
drug | Dru |63 1170 s 50 o4 | 48
drug  |Dru |64 2107067 _ 1T 64 | 66
druq  |Dru |65 1229684 o 820 o, T gy
drug  |Dru |66 849 _— -7.5|-7.0 67
drug  |Dru |67 2103846 A g7 | g4

Figure A.4. 1E3G (AR), 8E1A (AR), 2ZCH (KLK3) and 2ZCL (KLK3) receptors

molecular docking conventional drugs and Autodock Vina docking results.

MOLEKULER YERLESTIRME RESE(QRLER
FORMATI Yerlestirme
Sonuclari (kcal/mol)
I .. . |ord 1E3G |8E1A |2zC |2ZCL
PDBQT bicimi | SDF bicimi er DRUG NAME (AR) |(AR) |H
ABIRATERO
New_Drug New Drug 11 I\E (2018) 84 |79 |87 |86
APALUTAMI
New_Drug New Drug 12 Ipponig) |82 |80 |86 [87
TALAZOPAR
iB 94 |94
New_Drug New_Drug 3 |(TALZENNA) |8.1 |87
(2018)
DAROLUTFA
New_Drug New_Drug 14 |\ \iipE (2019) |74 |84 |80 |94
ENZALUTAM
New_Drug New Drug |5 ling 2019y |76 |75 [89 |90
OLAPARIB
New_Drug New_Drug 6 2020 85 112 [10.1 |95
RUCAPARIB
New_ Drug New_ Drug 7 CAMSYLATE 2.8 2.7 8.6 8.6
(2020) ‘ '
ORGOVYX
New_Drug New Drug =18 | 5550 83 |76 92 |105
PYLARIFY
New_Drug New_Drug 7 021 64 |57 |63 |67
New Drug New Drug 10 |LOCAMETZ
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(GALLIUM |65 169 6.7 65
GA 68
GOZETOTIDE
) (2022)

New_Drug New_Drug 11

NIRAPARIB
(2023) 8.1 8.5 8.3 8.5

Figure A.5. 1E3G (AR), 8E1A (AR), 2ZCH (KLK3) and 2ZCL (KLK3) receptors

molecular docking FDA approved new drugs and Autodock Vina docking results

APPENDIX B
GROMACS Tutorial/ Protein-Ligand Complex
source /ust/local/gromacs/bin/GMXRC
tar -zxvf charmm36_ljpme-jul2022.ff.tgz
gmx_mpi pdb2gmx -f REC.pdb -ignh
8 (CHARMM27)
1 (TIP3P)
gmx_mpi editconf -f LIG.pdb -o LIG.gro
gedit conf.gro LIG.gro
*(Copy content from 3rd line of lig.gro to the conf.gro file up to the 2nd last line)

*(Check the column number from where the lig.gro data ends (x) in conf.gro and

replace the value in 2nd line by x-3)

*(Open file in chimera to check ligand and receptor)

gedit topol.top
(add

; Include ligand topology
#include "LIG.itp"

below- Include forcefield parameters

#include "amberGS.ff/forcefield.itp")

AT THE BOTTOM OF THE SAME FILE PERFORM FOLLOWING CHANGES
(add LIG 1

align exactly below-
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Protein_chain E 1)

gedit lig.itp

[ moleculetype ]

; Name nrexcl

lig gmx2 3

TO

[ moleculetype ]

; Name nrexcl

LIG3

(in certain cases this will already be LIG 3 so for such case no change is needed)
gmx_mpi editconf -f conf.gro -d 2.0 -bt triclinic -o box.gro

gmx_mpi solvate -cp box.gro -cs spc216.gro -p topol.top -0 box_sol.gro

gmx grompp -f ions.mdp -¢ box_sol.gro -p topol.top -o ION.tpr

(OR)

gmx_mpi grompp -f ions.mdp -c box_sol.gro -maxwarn 2 -p topol.top -o ION.tpr
gmx_mpi genion -s ION.tpr -p topol.top -conc 0.1 -neutral -o box_sol ion.gro

15

gmx grompp -f EM.mdp -c box_sol_ion.gro -p topol.top -o EM.tpr  (OR)
gmx_mpi grompp -f EM.mdp -c box_sol_ion.gro -maxwarn 2 -p topol.top -o EM.tpr

gmx mdrun -v -deffnm EM

1 ; LINES STARTING WITH ';' ARE COMMENTS

2 title = Minimization ; Title of run

3

4 ; Parameters describing what to do, when to stop and what to save

5 integrator = steep ; Algorithm (steep = steepest descent minimization)

6 emtol = 1000.0 ; Stop minimization when the maximum force < 10.0 kJ/mol

i/ emstep = 0.01 ; Energy step size

8 nsteps = 50000 ; Maximum number of (minimization) steps to perform

e}

10 ; Parameters describing how to find the neighbors of each atom and how teo calculate the interactions
1 nstlist =1 ; Frequency to update the neighbor list and long range forces
12 cutoff-scheme = Verlet

13 ns_type = grid ; Method to determine neighbor list (simple, grid)

14 rlist =1.2 ; Cut-off for making neighbor list (short range forces)
15 coulombtype = FME ; Treatment of long range electrostatic interactions
16 rcoulomb =1.2 ; long range electrostatic cut-off

T wvdwtype = cutoff

18 vdw-modifier = force-switch

19 rvdw-switch =1.0

20 Tvdw =1.2 ; long range Van der Waals cut-off

21 phc = Xyz ; Periodic Boundary Conditions

22 DispCorr = no

gedit nvt.mdp (This ﬁle is already modified)
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Now make index files
gmx_mpi make ndx -f LIG.gro -o index LIG.ndx
>0&!aH*
~q
gmx_mpi genrestr -f LIG.gro -n index LIG.ndx -o posre LIG.itp -fc 1000 1000
1000

> select group "3"

Now, open topol.top file
at the end of the document
after
": Include Position restraint file
#ifdef POSRES
#include "posre.itp"

#endif

"Here"

add this

; Ligand position restraints
#ifdef POSRES

#include "posre LIG.itp"
#endif

Again, Make other Index file for System
gmx_mpi make ndx -f EM.gro -o index.ndx
>1]13
~q

gedit NVT.mdp (This file is already modified)
gmx_mpi grompp -f NVT.mdp -¢c EM.gro -r EM.gro -p topol.top -n index.ndx -
maxwarn 2 -o NV T.tpr
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gmx mdrun -deffnm NVT

1 title = Protein-ligand complex NVT equilibration

2 define = -DPOSRE3 ; position restrain the protein and ligand

3 ; Run parameters

4 integrator = md ; leap-frog integrator

2) nsteps = 50000 ; 2 * 50000 = 100 ps

) dt = 0.002 ;i 2 f=

7 ; Output control

a8 nstensrgy = 500 ; =ave energies every 1.0 p=

9 nstlog = 500 ; update log file every 1.0 ps
1 nstxout-compressed = 500 ; save coordinates every 1.0 p=
i1 ; Bond parameters
12 continuation = no ; £irst dynamics run
13 constraint algorithm = lincs ; holonomic constraints
14 constraints = h-bonds ; bonds to H are constrainesd
15 lincs_iter =1 ; accuracy of LINCS
16 lincs_order = 4 ; also related to accuracy
17 ; Neighbor searching and vdW
18 = Verlet
139 = grid ; search neighboring grid cells
20 = 20 ; largely irrelevant with Verlet
21 =1.2
22 vdwtype = cutoff
73 vdw-modifier = force—switch
24 rvdw-switch = 1.0
5E) rvdw =1.2 ; short-range van der Waals cutoff (in nm)
26 ; Electrostatics
27 coulombtype = PME ; Particle Mesh Ewald for long-range electrostatics
28 rcoulomkb =1.2 ; short-range electrostatic cuteff (in nm)
29 pme_order = 4 ; cubic interpolation
30 fourierspacing = 0.1l6 ; grid spacing for FFT
31 ; Temperature coupling
32 tcoupl = V-rescale ; modified Berendsen thermostat
33 tc-grps = Protein LIG Water_and ions ; two coupling groups - more accurate
24 tau t = 0.1 (655 § ; time constant, in ps
35 ref t = 300 300 ; reference temperature, one for each group, in K
36 ; Pressure coupling
2 pcoupl = no ; no pressure coupling in NVT
38 ; Periodic boundary conditions
aE) pbc = xy= ; 3-D PBC
40 ; Dispersion correction is not used for proteins with the C36 additive FF
41 DispCorr = no
42 ; Velocity generation
43 gen wvel = yes ; ass=ign velocities from Maxwell distrikbution
44 gen_temp = 300 ; temperature for Maxwell distribution
45 gen seed = -1 ; generate a random seed

gedit NPT.mdp (This file is already modified)
gmx_mpi grompp -f NPT.mdp -¢ NVT.gro -r NVT.gro -p topol.top -n index.ndx -

maxwarn 2 -o NPT.tpr
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gmx mdrun -deffnm NPT

1 title = Protein-ligand complex NBET equilibration

2 define = -DBOSRES ; position restrain the protein and ligand

3 ; Run parameters

4 integrator = md 7 leap-frog integrator

] nsteps = 50000 ; 2 * 50000 = 100 p=

& dt = 0.002 ; 2 fs

7 ; Output contreol

g nstensrgy = 500 ; save energies every 1.0 ps

9 nstlog = 500 ; update log file every 1.0 ps

10 nstxout-compressed = 500 ; save coordinates every 1.0 ps

11 ; Bond parameters

12 continuation = yes ; continuing from NVT

i3 constraint algorithm = lincs ; holonomic constraints

14 constraints = h-bonds ; bonds to H are constrained

15 lincs_iter =1 ; accuracy of LINCS

ie lincs_order =24, ; al=o related to accuracy

17 ; Neighbor searching and wdi

ig cutoff-scheme = Verlet

19 ns_type = grid ; search neighboring grid cells

20 nstlist = 20 ; largely irrelevant with Verlet

21 rlist =1.2

22 vdwtype = cutoff

23 vdw-modifier = force-switch

24 rvdw—switch =1.0

25 rvdw =1.2 ; short-range van der Waals cutoff (in nm)

26 ; Electrostatics

27 coulombtype = PME ; Particle Mesh Ewald for long-range electrostatics
28 rcoulomb o

23 pme_order = 4 ; cubic interpolation

30 fourierspacing = 0D.16 ; grid spacing for FFT

1 ; Temperature coupling

2K tcooupl = V-rescale ; modified Berendsen thermostat
33 tc—grps = Protein LIG Water and ions ; two coupling groups - more accurate
34 tau t = 0.1 0.1 ; time constant, in ps

35 reft = 300 300 ; reference temperature, one for each group,
36 ; Pressure coupling

37 pcoupl = Berendsen ; pressure coupling is on for NEBT
38 pcoupltype = isotropic ; uniform scaling of box vectors
339 tau p = 2.0 ; time constant, in ps

40 ref p =1.0 ; reference pressure, in bar

41 compressibility = 4.5e-5 ; isothermal compressibility of water, bar"-1
42 refcoord scaling = com

43 ; Periodic bkoundary conditions

44 pbc = xy= ; 3-D PBC

45 ;i Dispersion correction 1s not used for proteins with the C36 additive FF

4 DispCorr = no

47 ; Velocity generation

48 gen_vel = no ; velocity generation off after NVT

--[FINAL MD RUN/PRODUCTION]-

gedit NPT.mdp (Change MD RUN TIME as per your need)

gmx_mpi grompp -f MD.mdp -c NPT.gro -t NPT.cpt -p topol.top -n index.ndx -

maxwarn 2 -o MD.tpr
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gmx mdrun -deffnm MD

El: title = Protein-ligand complex MD simulation

2 ; Run parameters

3 integrator = md ; leap-frog integrator

4 nsteps = 25000000 ; 2 * 25000000 = 50000 ps (50 ns=)

5 dt = 0.002 ;2 fs

[} ; Output control

7 nstenergy = 5000 ; save energies every 10.0 ps

B nstlog = 5000 ; update log file every 10.0 ps

5 nstxout-compressed = 5000 ; save coordinates every 10.0 ps

10 ; Bond parameters

11 continuation = yes ; continuing from NET

12 constraint_algorithm = lincs ; holonomic constraints

13 constraints = h—kbonds ; bonds to H are constrained

14 lincs_iter =1 ; accuracy of LINCS

315 lincs_order = 4 ; also related to accuracy

16 ; Neighbor searching and vdW

17 cutoff-scheme = Verlet

18 ns_type = grid ; search neighboring grid cells

15 nstlist = 20 ; largely irrelevant with Verlet
20 rlist =1.2
21 vdwtype = cutoff
22 vdw-modifier = force-switch
23 rvdw-switch = 1.0
24 rvdw =1.2 ; short-range van der Waals cutoff (in nm)
25 ; Electrostatics
26 coulombtype = EME ; Particle Mesh Ewald for long-range electrostatics
27 reoulomb e
28 pme_order = 4 ; cubic interpolation
29 fourierspacing = 0.1l¢ ; grid spacing for FFT
30 ; Temperature coupling
31 tcoupl = V-rescale ; modified Berendssn thermostat
32 tc—grps = Protein LIG Water_and ions ; two coupling groups — more accurate
33 tau t =0.1 0.1 ; time constant, in ps
34 ref t = 200 200 ; reference temperature, one for each group, in R
2 ; Pressure coupling
36 pcoupl = Parrinello-Rahman ; pressure coupling is on for NPT
37 pcoupltype = isotropic ; uniform scaling of box vectors
38 tau p = 2.0 ; time constant, in ps
hE ref p = 1.0 ; reference pressure, in bar

40 compressibility = 4.5e-5 ; isothermal compressibility of water, bar*-1
41 ; Periodiec boundary conditions

42 pbc = xy= ; 3-D PBC

43 ; Dispersion correction is not used for proteins with the €36 additive FF

44 DispCorr = no

45 ; Velocity generation

46 gen wvel = no ; continuing from NPT egquilibration
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