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Introduction

This 1ssue of the magazine 1s the introduction section of a book with the same title, written by Hamze Salehza-
deh and colleagues that teach all the theoretical and practical concepts required for the implementation of a
.molecular docking project in simple language and systematic

In the practical part, all the steps are presented in a practical way and along with a video tutorial and for the
convenience of your work, dear readers of the book, how to download, install and set up all the necessary soft-
ware, including Autodock, Molegro Virtual, etc., 1s included. You can also access the latest version of all soft-
ware 1n the shortest time using the link at the end of the book. This book can be used by all students, profes-
.sors and all those interested in new sciences 1n the field of biotechnology

The contents presented 1n this book are presented in two main theoretical and practical sections. In the theo-
retical content section, the basic definitions and introductory concepts of docking, which are a prerequisite for
a proper understanding of this technique, are briefly explained. This section of the book also mentions the var-
.10us applications of docking techniques in biomedical sciences, pharmacy, nanotechnology and industry
Following the introduction of basic and theoretical concepts, in the second part of the book, systematic in-
struction on performing molecular docking from receiving and installing software to completing a complete
.project 1s presented in simple language

The molecules in the world

The universe 1s made up of countless types of molecules. There are many molecules in the world around us
and 1n the internal environment of the body. Molecules of different sexes that have different and sometimes
opposite structures and properties. The structure of our human body is made up of different biological mole-
cules. In addition, humans are in daily contact with a large number of different environmental molecules.
Molecules in water, soil, food, air, etc. that enter our body directly or indirectly in various ways. Some of
these molecules have medicinal properties for us living organisms and some have toxic properties. These
foreign molecules, after entering our body and being in the vicinity of biological macromolecules, including
.proteins, nucleic acids, etc., can interact with these macromolecules

Biomacromolecules

The human body and other living organisms are made up of different macromolecules. These biological macro-
molecules have different functions and roles in the human body. One of their most important roles 1s structural,
.enzymatic, metabolic and ... functions

Proteins and their importance

The most important biological macromolecules in our body are proteins. Protens themselves are made up of
smaller units called amino acids. All the protein molecules in the body that play different roles are made up of
20 distinct and standard types of amino acids
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These biological proteins are made under the guidance of genes in a cell protein production plant. The result of
the diversity in the arrangement of these 20 types of amino acids 1s the production of hundreds of thousands of
different types of proteins in the human body. Despite the advancement of scientific methods, only about
.100,000 proteins have been identified and sequenced so far

Many of these proteins activate a specific biomarker. By activating the messaging pathway, a series of biomo-
lecular reactions occur that lead to a definite result. The efficient functioning of our body depends on the
proper functioning of these proteins.Any disruption in the normal functioning of these proteins can lead to a
Jloss of our body's normal functions and even be life-threatening in some cases

Propensity Value

When we can manage how proteins work and direct their function to the desired position, we will be
.able to help promote good health, fight disease, and increase human life expectancy

Investigation of intermolecular reactions

For thousands of years, man has always been striving to know his surroundings. At different times in
history, people have spent their lives and property in search of the elixir of immortality. Throughout
history, this constant search has become an attempt to increase life expectancy and combat mortality.
In order to achieve this goal, humans have always been studying their surroundings, including reac-

.tions between molecules o

There are three main methods for conducting scientific studies on an intermolecular reaction. In fact,
the interactions of the body's environmental and biological molecules can be studied in three different

:Ways
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1. In vivo study: One of the methods of examining reactions is the use of in vivo environments. In
this method, the intermolecular reaction in the body environment of living organisms is examined.
Laboratory organisms such as laboratory mice, rabbits, guinea pigs, etc. are usually used for this
pur Using various methods such as injection, feeding, gavage, etc., the researcher inserts the desired
molecules into the body of laboratory organisms.pose. Then, by considering the target organ in
which the intermolecular reaction takes place, the reaction in question is subjected to various stud-
ies. In this way, the effect of the interaction of molecules on living animal tissues can be measured.
This method has relatively high costs and implementation difficulties.

2.In vitro study: In vitro or in vitro laboratory environments are in fact simulated physical environ-
ments in which the interaction of different molecules can be observed. These environments are
more viable than in vivo environments and do less damage to living organisms. The internal space
of living organisms is a very complex environment in which hundreds and thousands of different in-
termolecular reactions are taking place at any given moment. These simultaneous reactions can
affect each other's results. Because of these limitations, the results of an in vitro study may not be ex-
actly the same as the results of that reaction in vivo, but it is possible to try to get as close as possi-
ble to the conditions of that living environment.

3. Study in in silico environments: Another environment that is used to study the interaction of
molecules are in silico environments. In fact, in silico environments are computer environments
that have the power to simulate a laboratory environment.

In fact, in silico environments are computer environments that have the power to simulate a labora-
tory environment. In fact, in an in silico environment, the researcher simulates molecules with the
help of various software and examines the interaction between two molecules. In silico environ-
ments are a convenient and low-cost alternative to in vitro environments.

Due to the limitations mentioned above, in silico environments are not a viable alternative to com-
plex living environments. Researchers are currently unable to accurately simulate complex living
environments, but in silico environments can still be a viable and low-cost alternative to in vitro en-
vironments.

. § 3
/h SHiCO ]n Vilro

Toxicodynamics-Pharmacodynamics

The various toxins we know (for example, agricultural toxins, etc.) are made up of a large number
of small toxic molecules. As toxins enter the body, each of these toxic micromolecules causes a harm-
ful interaction with our body's biological molecules. The eftect that these toxic molecules have on bi-
ological molecules and cells in the body is called toxicodynamics.

Also, by consuming a drug such as acetaminophen and the entry of its molecules into the body,
drug molecules have effects on the cells and biological molecules of our body, which is called phar-
macodynamic effect.
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Toxicokinetic-pharmacokinetic

In contrast to the above two concepts, the concepts of toxicokinetics and pharmacokinetics refer
to the effect of the body on toxic or drug molecules. Just as environmental molecules enter the
body, they aftect biological molecules, so the body interacts (for example, metabolizing) on these
.molecules

Toxicokinetics: The etfect of the body on toxic molecules entering the body

Pharmacokinetics: The effect of the body on drug molecules entering the body

Administracion  Distribucion Metabolismo y
excrecion

Droga
administrada

- _ Droga en el
Droga en la circulacion sitio de
sistémica accion

Molecular modeling

In recent years, the use of computer sotftware in biological and laboratory sciences is increasing.
These computer environments allow us to simulate laboratory environments and study intermo-
Jecular interactions with the lowest cost and highest accuracy possible

Using mathematical calculations to model the structure and properties of molecules in a software
.environment is called molecular modeling

s = e e (Ceve &

ol Myt y (| wet seal

Molecular docking e ——

Molecular docking is a method based on computer software
that is used to study and simulate different molecules and the
.eftect ot these molecules on each other

Using the molecular docking technique, the junction of two
molecules with each other, the spatial shape of this site, the
energy required for the interaction of the two molecules and
the conditions required for the best intermolecular interaction
can be investigated.To use molecular docking, the researcher
extracts the molecular structures of interest from molecular
.databases and performs molecular docking using various software
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The most important questions to ask in a molecular docking project:
= Can two specific molecules interact with each other?
Under what conditions do these two molecules have the most interaction with the lowest energy

level?
Are the spatial shapes of the two molecules complementary? In other words, does the spatial

shape of two molecules allow interaction with the lowest energy level or not?
0 Are the surface energy and electrostatic charge of the two molecules compatible?

The bonds studied in molecular docking:

Various bonds are formed between molecules that can be examined in molecular docking. The most
important bond to be examined in docking is the hydrogen bond. Other bonds studied include: van

der Waals, ionic and hydrophobic bonds, etc.

¢

Hydrogen
bond

Polar covalent
bonds

Molecules studied in molecular docking

Molecular docking examines the structure and properties of very large macromolecules or small mi-
cromolecules. These tests can include environmental molecules or biological macromolecules in the

body, including proteins, DNA molecules, and so on.

Molecular identification

Molecules can recognize and influence each other based on their appearance. In fact, if the spatial
shape of two different molecules are complementary, they can be joined together like pieces of a

puzzle and interact with each other.
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There are various familiar examples of this binding, such as enzyme-substrate, antigen-antibody,
or ligand binding to the cell surface protein receptor. This bonding process is called molecular iden-
tification based on its spatial shape and molecular structure.

By identifying the spatial structure of molecules, various interventions can be performed in disease
diagnosis and drug design. In other words, by recognizing the spatial shape of the place where two
molecules interact, new molecules can be designed that can connect and exert our desired effect.
Practical examples of this method include drug modification and antibiotic resistance.

Factors affecting molecular docking:

Factors affecting molecular docking are divided into two general categories: Molecular parame-
ters:

& 1. Molecular parameters aftecting Docking, including bond length and bond angle.

< 2. Intermolecular parameters: These parameters include hydrogen bonds, hydrophobic bonds,
van der Waals bonds, bipolar bonds and electrostatic bonds.

1.29 .'
~ 1.29

110.70° J .
1.97 110.89°
3 o
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The role of molecular docking in pharmacy

Pharmacy is one of the oldest branches of medical sciences. The purpose of drug design is to create
a chemical compound to eliminate the pathogen or stop the pathogen.

Molecular docking is one of the most widely used computational design methods in pharmacy.
Docking helps design a drug by predicting how it interacts between drug molecules and biomole-
cules.Docking also allows researchers to identify the best drug molecule to bind to a pathogenic
molecule from more than 10,000 drug molecules in molecular databases by ligand screening or
computer-aided drug discovery.

It can take months without the help of computer
artificial intelligence. The molecular docking
screening process helps save money in later trials
and clinical trials by eliminating

inappropriate options in addition to saving time.
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Molecular docking and nanomaterials

Today, nanomaterial products have a wide range of applications in industries such as clothing, deter-
osents and construction materials. The use of these nanomaterials is increasing, so that in recent
years, nanomedicines have also entered the field of human health.

These nanomaterials can enter the body as drugs or toxins and affect biological molecules. One of the
applications of docking is to study the interaction of nanomolecules with biomolecules.

Ligand-receptor

The ligand and receptor in docking are contractually defined:

Ligand: A environmental molecule called a drug, toxic, etc. that atfects a receptor molecule or recep-
tor. For example, substrate

Receptor: A receptor molecule that is affected by a ligand molecule. Such as cell surface receptors or
enzymes

As the ligand molecule approaches the receptor, the ligand molecule is placed in a place called the
binding site in the receptor molecule. The ligand molecule interacts with the amino acid chains in the
binding site. This interaction is called lock and key mode.

Toxicophore: The part of a toxic molecule that can interact with a biological macromolecule is called
toxicophore.

Pharmacophore: The part of a drug molecule that can interact with biological macromolecules is
called pharmacophore.

Active site or binding site: A part of a biological macromolecule that interacts with a pharmacophore
or a toxicophore.

Binding Affinity: The degree to which an active site tends to interact with a drug or toxic molecule.
Binding Pose: Different states are called placing the ligand molecule in the active position.

As mentioned above, the binding site is part of a receptor molecule or biological macromolecule that
interacts with a ligand or peripheral molecule.

The structure of the binding site or active site consists mainly of amino acids and is divided into two
general parts:

The first part is Active Site Residues, which are called the amino acids that make up the active site
structure. The other part is the Residue Chemical Activation Energy or Catalytic Site, which is made
up of amino acids that interact with the ligand molecule to form a bond.

In fact, Active site residue amino acids provide the spatial structure needed to place and identity the
ligand on the receptor molecule, and Catalytic site amino acids provide the energy and bond needed
for the interaction.
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+#1. Classic binding site: In this type of connection, the ligand molecule and the active site of the re-
ceptor complete the spatial shape of each other in the form of locks and keys or puzzle pieces, and

through this, they interact.
. Ligand

T -

Binding Site

Cud

Protein

Protein with
Binded Ligand

+.» 2. Allosteric binding site: In this type of active site, the molecules bind to the receptor molecule in
the form of activator or inhibitor, thereby facilitating or inhibiting the interaction of the main mole-
cule by changing the main active site.

Allosteric Inhibition Allosteric Activation o o =N
Allosteric Inhibitor Non-Allosteric Inhibitor H:)\(NH’ _
1

Enzyme 2 N H,-%,H
QS
/ Allosteric \
site Altered .
" active site N N :
2 i

l inhibitor l Activator
Substrate Substrate

Altered active site

Enzyme 1

ACHVE =———
site

+.+ 3. Cryptic binding site: In this type of connection, there is no active site at first, and after the
ligand molecule approaches the receptor molecule, a spatial and three-dimensional shape of the
active site is created on the receptor molecule.

CLOSED
(CRYPTIC)

The binding site is usually in the form of holes on the surface of the protein or deep in the protein.
The three-dimensional spatial shape of the binding site mainly complements the spatial shape of
the ligand molecule. The amino acids present at the binding site with the ligand molecule enter the
molecular bonds.
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w1. Protein-Ligand: This type of molecular docking examines the interaction between environmental
chemical molecules and protein molecules.

Propensity Value

@ 2. Protein-Protein: This type of docking evaluates and examines the interaction between two protein
molecules.

4. Protein-peptide: This method is used to design and produce antiviral drugs that are mainly com-
posed of one to several amino acids.

Amino Acid Peptide Protein
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S. Ligand: This method is used to design and produce drugs against a variety of cancers. For exam-
ple, the eftect of cisplatin molecule on cancer cell DNA and stopping its proliferation

Ligand
(Small molecule)

Molecular docking classification based on binding site

1. Blind Docking: Blind Ducking is called docking in which the active site of the receptor molecule
is not known. Therefore, the total level of the protein molecule is searched. It is to be expected that

this method is time consuming and less accurate.

2. Site Specific Docking: In this method, the active position of the researcher is determined and
docking is done in a shorter time and with much higher accuracy. The second method is mainly

used in research.

Phe889

GRID Box

The calibrated box is a tool to identify the area of the receptor
molecule where the active site or binding site

is located, and the researcher intends to dock

the ligand and receptor there.
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POSE

As mentioned, the different positions of the ligand molecule at the junction of the POSE receptor mol-
ecule are call In molecular docking, our goal is to find the best spatial position for the ligand molecule
at the junction. The best POSE is the one with the lowest energy level and the most stability.

Ligand and receptor molecules are not constantly in a stable position. Ligand molecules rotate
around rotatable bonds and receptor molecules based on the deformation of their amino acid chains.
With the help of rotatable bonds and changing their direction, the ligand molecule can take different
positions and the formed complex is in the optimal state with the lowest energy level.

NH

POSE

1. Rigid Receptor-Rigid Ligand: means a state in which the ligand and receptor molecules are con-
sidered fixed and unchanged. This method can be used in cases where amino acid chains and function-
al groups are not known. This method has high speed but little accuracy.

2. Rigid Receptor- Flexible Ligand: This method is the most commonly used in molecular docking.
In this method, the receptor molecule is fixed and the ligand molecule is considered to be variable and
rotating.

3. Flexible Receptor-Flexible Ligand: The most accurate method of performing molecular docking.
In this method, both the ligand molecule and the receptor are considered as variables, and the possi-
ble rotations of amino acid bonds and chains are considered. This method itself is divided into two cat-
egories:

a) Consider the flexibility of the whole molecule

b) Consider active position flexibility
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Necessary conditions for receptor-ligand interaction in docking

Receptor and ligand molecules must complement each other in spatial shape. The electric charge
of these two molecules must be complementary in terms of electron acceptance and donor. Mole-
cules The arrangement of the atoms of the two molecules must also be such that they help to form
hydrogen bonds.need to have the right conditions to form hydrogen or hydrophobic bonds with
each other.

Ways to increase docking accuracy

1.Ensemble Docking Or cumulative docking:

To perform molecular docking, it is first necessary to extract the molecular structure of the recep-
tor protein from global databases such as the PDB database. The structures in these databases are
in fact instantaneous structures. That is, the structure of a protein molecule at the time of crystallog-
raphy. But the protein molecule takes on a variable structure at different times. This limitation re-
duces the accuracy of the molecular docking project. Cumulative docking method can be used to
reduce this limitation and increase the validity of the results. In fact, in this method, the researcher
uses molecular dynamic simulators to consider the conformations or different shapes of the mole-
cule at different time intervals and select the best conformation. Although it is not mandatory to
use this method, it will increase the credibility and accuracy of the docking project.

Pose
selection

v K =

Ensemble
docking

2. Consensus Docking:
In this case, the researcher uses different methods and software to perform a docking project and
in the end compares the results with the aim of achieving the most accurate and optimal method.

Consensus pose analysis
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3. Re-Docking or Selt-Docking:

Re-docking is one way to increase the accuracy and credibility of a docking project. In this method,
after receiving the structure of the ligand attached to the receptor from the databases, the researcher
separates and examines each of the two molecules separately. After docking separately on each, in
order to achieve the most stable connection state with the original connected structure, the results are

r

f? i

The main databases used in docking

The most widely used software used for protein-protein docking:
PubChem

AUTODOCK Zinc 15
- Drug Bank
AUTODOCK VINA
PDB
DOCK
SwissADME
ARGUSLAB PAS Online
SWISS DOCK
Uniport
A number of carefully crafted web servers for molecular docking: SwissTargetPrediction
Kegg
ClusPro
A number of carefully crafted web servers for molecular docking:
HEX
SWISS DOCK
HADDOCK T
ZDOCK HEX

In the coming chapters, practical explanations will be provided regarding the software used and the
databases.

Molecular docking steps in brief:

1.

Receptor and ligand preparation: At this stage, using the available databases, the desired ligand

and receptor protein are obtained.

2.
3. Assign points to different conformations
4.
S. Determination of Conformation with the least energy (most desirable state)

Investigation of different ligand and receptor conformations

Calculation of energy of different conformations

Scoring algorithms: '

These algorithms help to evaluate different conformations based on energy level. The way each scor-
ing algorithm works varies based on the type of software used. These evaluations are based on fac-
tors such as interaction energy, free interaction energy, bond constant and dissolution energy, and so

on.
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Different scoring algorithms:

1. Comprehensive search method
2. Anling method

3. The Monte Carlo Method

4. Genetic method

S. Ant nest method

6. Lamarckin method

Summary of docking application:

1. Dealing with drug resistance

Many bacteria use competing ligands to bind to antibiotics and reduce their effectiveness. Molecu-
lar docking can counteract the effects of antibiotic resistance by designing and producing antibiot-
ics that do not bind to the competitive bacterial enzyme.

2. Perform various tests at the lowest cost:

The software environment used in the molecular docking process makes it possible to simulate dif-
ferent laboratory environments at the lowest cost and to study very wide types of molecules.

3. Editing a molecule or synthesizing a new molecule (analog)

Molecular docking makes it possible to edit or build new molecules. Molecules that have many dif-
ferent applications in industry and medical sciences.

4. Investigation of the tendency of drug molecules to different receptors

Another application of molecular docking is to investigate the tendency of different molecules in

the environment or made to interact (analog) near biological molecules.
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