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Protein modeling and molecular docking are crucial computational methods in contemporary
drug discovery. To identify potential therapeutic possibilities with high affinity and specificity,
molecular docking predicts the ideal binding interactions between tiny molecules (ligands). The
best binding interactions between target macromolecules, such proteins, and tiny molecules, or
ligands, are predicted by molecular docking. When experimental structures are not accessible,
protein modeling—including homology modeling and ab initio techniques—allows for the
creation of three-dimensional protein structures. By cutting down on time and expense, these
methods work together to expedite the drug discovery process. related to experimental
techniques. This review explores the principles of molecular docking, emphasizing key
Jagtap M, Girnar G, Ahuja V, Computational  3)gorithms, scoring functions, and software tools like AutoDock Vina and Discovery Studio.
Approaches to Molecular Docking and Protein  aAdditionally, it highlights advancements in protein modeling approaches, such as AlphaFold and
Modeling in Drug Discovery, Journal of Drug  comparative modeling, and their integration with docking workflows. By using these
Delivery and Therapeutics. 2025; 15(6):278-  computational approaches, researchers can effectively predict binding mechanisms, find lead
287 DOI: compounds, and improve drug design. The growing increases integration between molecular
http://dx.doi.org/10.22270/jddt.v15i6.7212 docking, protein modeling, and artificial intelligence holds promise for more accurate predictions
and faster drug development processes in the pharmaceutical industry.
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The method aims to predict the ligand-protein affinity
and identify the appropriate locations of ligands within a
protein's binding pocket.

1. Introduction

Molecular docking is an essential technique in structural
molecular biology and computer-aided drug creation.
The goal of ligand-protein docking is to predict the main
binding mechanisms of a ligand with a protein of known
three-dimensional structure.! is a reputable and well-
established computational technique that has been
widely used to understand molecular interactions
between a natural organic molecule (ideally regarded as e Protein-nucleic acid docking
areceptor), such as an enzyme, protein, DNA, or RNA, and
a synthetic or natural organic/inorganic molecule
(referred to as a ligand).2 1.1.

The technique seeks to determine the proper positions of
ligands within a protein's binding pocket and forecast the
ligand-protein affinity.

e Protein-small molecule (ligand) docking

e Protein-protein docking

Principle of Molecular Docking:

Molecular docking, which entails putting a ligand into the
preferred binding site of a target specific region of the
DNA or protein (receptor) for both mechanistic research
and logical drug design and discovery, is an intriguing
paradigm  for  understanding  pharmacological
biomolecular-interactions. mostly in a non-covalent way
to produce a stable complex with improved efficacy and
selectivity. The main objective of molecular docking is to
produce a ligand-receptor complex with an ideal shape
and a reduced binding free energy.3The behavior of small
molecules at target protein binding sites is described by
molecular docking.
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ligand-receptor binding requires that the geometry,
electrostatics, hydrogen bonding, and hydrophobic
interactions of the ligand and receptor all be
complementary.* Docking is the process of placing
molecules in the optimal positions to interact with a
receptor.5 Docking is the mechanism that takes place
within a cell when molecules bind together to form a
sustained complex.

1.2, Types of Molecular Docking:
I.  Rigid:
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In this docking, the ligand and receptor molecules are
both fixed. In order to find a 3D space conversion for one
of the molecules that will best match the other molecules
according to a score function, docking is done. Both in the
presence and absence of receptor binding activity, the
ligand's conformation can be produced.®

II. Flexible:

Both the ligand and the receptor can be moved. in a
flexible docking. It is versatile in terms of conformation.
Energy is computed for every spin. Every conformation
surface cell's occupancy is calculated. Next, the best
binding position is selected.

2. Software of Molecular Docking
2.1. Dock:

The UCSF Chimera team developed a molecular docking
tool called Dock. It is a simple tool that can dock small
compounds into receptor binding sites. Dock uses a grid-
based system to evaluate the affinity of ligand-receptor
binding. Furthermore, it possesses characteristics for
ranking and scoring. the locations formed during
docking. Some of the input files are PDB, MOLZ2, and SDF.

2.2 Autodock:

The Scripps Research Institute developed Autodock, a
well-known molecular docking tool. This open-source,
free application can be used for both rigid and flexible
docking.

Autodock uses a Lamarckian genetic algorithm to
maximize ligand dispersion inside a receptor binding

General steps for molecular docking:

Target Selection

v

Target Preparation
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region. approach. It also offers several scoring elements,
such as PDB, MOLZ2, and SDF, to evaluate ligands' affinity
for binding to the receptor.

2.3 GOLD

A protein-ligand docking program called GOLD has a
number of important characteristics. It employs user-
defined scoring functions that can be adjusted based on
the computations' spine and side chain flexibility. Both
conformational and non-reinforced contact information
serve as the foundation for their energy functions. A
number of docking methods are also available, such as
the removal of crystallographic water molecules from the
ligand binding site. Furthermore, if metal atoms are
properly configured in the protein data file, GOLD can
manage the automatically. Lastly, the companion
applications SILVERTM or Gold Mine TM can be
effectively used to examine and post-process the results
of high-throughput virtual screening. Three elements are
included in their most recent edition of GOLD Suite 5.2:
Gold Mine 1.5, Hermes 1.6 for thorough protein imaging,
and Gold 5.2 for protein-ligand docking.

2.4 MolDock:

This docking program docks tiny compounds into a
receptor-binding site quickly and effectively. MolDock
assesses the ligand-receptor binding affinity using the
fast Fourier transform (FFT) technique. It incorporates a
scoring system that takes into account the van der Waals
forces, electrostatic interactions, and form
complementarity between the ligand and the receptor.
PDB, MOL2, and SDF are among the input file formats
that MolDock supports?.

Ligand Selection

\ 4

Ligand Preparation

Docking

Figure 1: Common work flow chart for docking
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3. Method of molecular docking

Molecular Docking: AutoDock Vina was used for the
molecular docking experiments, which were aided by a
number of computational tools for post-docking analysis,
docking, and structure building. The intended target
Protein Data Bank (PDB) provided the protein structure,
and Open Babel was used to build and optimize the ligand
structures. Using ChimeraX, PyMOL, and Discovery
Studio, the docking data was visualized and examined.

Table 1: List of Software uses in Molecular Docking

Sr.No | Software's
1 Autodock Vina
2 Discovery Studio | Visualization tools
3 Open Babel

Application
Docking

Files Transferred and
Preparation of ligand

4 PyMol Visualization and
Interaction Study
5 ChimeraX Visualization tools

3.1. AutoDock Vina:

This popular molecular docking software is available for
free. It is employed to predict the locations of ligand-

4. Procedure:
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protein attachments. It also evaluates how well the
ligand and protein interact using the scoring system.

3.2. Open Babel:

This chemical instrument is openly accessible. It allows
for smooth format conversion for molecular modeling
and docking investigations by supporting a large variety
of chemical file formats.

3.3. Discovery Studio Visualizer:

Studio Visualizer is a comprehensive visualization
software used to analyze and visualize molecular
structures and docking results. It provides an interface to
explore molecular interactions, assess binding sites, and
understand the structural basis of ligand-protein
interactions.

3.4.PyMOL:

PyMOL is a molecular visualization software widely used
in structural biology and drug discovery. It allows for
detailed visualization of molecular structures, including
proteins and ligands, in three-dimensional space. These
tools collectively provide essential functionalities for
molecular docking

Extraction of protein and ligand from database

Protein and ligand in PDB file

Cleaning of protein PDB file

Conversion of PDB file into PDBQT file by AutoDock Vina Tools

Formation of a grid box

¥

Formation of grid parameter

Ligand tools and torsion angle

Preparation of config file

Giving command for docking in the terminal

Generating log file

Output file fmte whole ligand

Split into individual ligand configuration

Figure 2: Steps of Molecular Docking
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4.1. Extraction of Protein and Ligands:

We can use various freely available databases to extract
proteins. Some examples of these databases include
UniProt, PDB, and NCBI. And for ligands we can use the
zinc database PubChem.

4.2, Conversion ligand of into PDB File:

These are the basic steps for the conversion of a ligand
(SDF) File into a PDB file:

1) Ligand extracted from the PubChem or Zinc Database.

2) Ligand can be downloaded in the form of SDF format.

Figure 3: Original 4mzi Protein

The interface of AutoDock Vina Software
[ =

74 AutoDockTools
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3) The SDF format file was converted into a PDB file
using Open babel software.

4.3. Cleaning of Protein

We clean the protein by using Discovery Studio
Visualizer Tool Software.

v" Delete H20 molecules
v" Delete heteroatom

v" Add H- Bond

v" Add Charge

Figure 4: Clean 4mzi Protein

‘File 3D Graphics Edit Select Display Color Hydrogen Bonds Compute Grid3D Help

AELY LR EES

e o

w
A

|,L‘~DTJ? Ligand Flexible Residues Grid Docking Run  Analyze

J Dashboard ‘ Scenario ‘ Toals ‘
Sel v/cmp ¥
L e | i S L B C RMSL C|
3| AaJd St o8 st
All Molecules O0O0O000OVY
Current Selection OO0 OVY

Mod.: None

Time: 1.212  Selected: |0/Atom(s)

Spinoff — |FR: 588 @@

Figure 5: Interface of Autodock Vina
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4.4. Conversion of PDB file into PDBQT Format
File

Conversion of PDB file into PDBQT format by using

AutoDock Vina tool

Steps:

Following are the basic steps for conversion of the PDB

file into a PDBQT file.

4.5. Formation Grid Box

AutoDock Vina tools adjust the grid box according to its

binding site.

Types of docking:

I. Blind docking:

In this docking method, the active site is unknown;
therefore, the entire protein is adjusted inside the grid
box.

Current Total Grid Pts per map: 68921
number of points in x-dimension:

number of points in y-dimension:
M40 T
number of points in z-dimension:

||'II4OIIIII
W11 0375 1T

<offset>

E-sz.zzz ]
[T -5.694] |]|
E |12.77sm|

Figure 7: Grid Parameter

Spacing (angstrom):
Center Grid Box:

x center: |-10.638
y center: |0.726

z center: |2.705

4.6. Ligand tools and torsion angle

Shift Pick or Shift drag-&-pick bonds
Green = rotatable
Magenta = non-rotatable
Red = unrotatable

Number of rotatable bonds = 12/ 32

Make peptide backbone bonds non-rotatable

Make amide bonds rotatable

Make guanidinium bonds rotatable

Make bonds between selected atoms non-rotatable

Make all active bonds non-rotatable

Done

Figure 9: Parameter

ISSN: 2250-1177 [282]
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II. Specific docking:

In specific docking, the active site is known. The active
site is highlighted so that the active site is covered under
the grid box.

Grid

4

Macromolecules

Choose

$

Select

Protein or ligand

4

Select Molecule

I

Save

Figure 6: Steps for conversion of PDB to PDBQT O

Figure 8: Grid Box

Figure 10: Ligand
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4.7. Config File
Example of the config file:
Receptor = protein. pdbqt
ligand = ligand. pdbqt
center x =-18.961

center_y =-5.167
center_z = 8.644

size_ x =40
size_y = 40
size_z =40

num_modes =10
The command for the AutoDock Vina
Docking

.\\vina.exe --receptor protein.pdbqt --ligand ligand.pdbqt
--config config.txt --log log.txt --out output.pdbqt

each ligand-receptor
J\vina_split.exe --input .\ output.pdbqt
4.8. Log file:

Log files are generated by command prompts with the
help of vina.exe and vina.split.exe files.

Ex..

mode | affinity | dist from best mode
| (kcal/mol) | rmsd L.b.| rmsd u.b.

- -

-6.7 0.000 0.000

1

2 -6.4 14.064 17.209
3 -6.3 26.187 29.737
4 -6.2 1.888 4.989
5 -6.1 16.680 20.337
6 -59 25.780 29.613
7 -59 16915 19.713
8 -59 26.021 29.863
9 -59 13.232 17.293
10 -5.8 15.793 17.747

Journal of Drug Delivery & Therapeutics. 2025; 15(6):278-287

e RMSD values are inversely proportional to the
binding affinity of protein and ligand.

e The more negative values, more the binding affinity.

Figure 11: Protein-Ligand

5. Protein-Ligand Complex:

Protein- Severe Acute Respiratory Syndrome Related
coronavirus (20P9)

Ligand-Nalpha-[(benzyloxy)carbonyl]-n-[(1r)-4-
hydroxy-1-methyl-2-oxobutyl]-l-phenylalanine  amide
(WR1)

* The 20P9 protein was extracted from the PDB
database, and the molecular docking steps were
followed, as shown earlier for the docking.

* C(leaning of protein and ligand PDB file using
Discovery Studio visualizer tool. Identification of the
active site of protein via Discovery studio visualizer.

* Generating a sphere for the active site in the protein.
Separating the amino acid present in the sphere from
the whole protein.

* These separated residues are used to interact with
proteins and ligands.

* Highlight the separated amino residue, adjust the grid
box, and perform the docking.8

Figure 12: Active sites

Figure 13: Site 1

Figure 13: Amino Residue

Highlight the separated amino residue, adjust the grid box, and perform the docking after giving the command, then get

the log file.

ISSN: 2250-1177 [283]
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Log File: mode | affinity | dist from best mode

| (kcal/mol) | rmsd L.b.| rmsd u.b.

----- GRECEEREEEEE EEREEREREEE SRR
1 -6.2 0.000 0.000

2 -6.1 2389 6.807

3 -59 2135 4.152

4 -59 2,682 6.857

5 -5.9 23.381 26.159

6 -5.8 20.748 23.552

7 -5.8 21.455 24.143

8 -5.8 22.328 25.17

9 -5.7 2.066 4.842

10 -5.7 2.288 6.46

RMSD values are inversely proportional to the binding
affinity of protein and ligand. The more negative value,
the more the binding affinity

6. Application of Molecular Docking:

Molecular docking can demonstrate the viability of
biological processes prior to the experimental stage of
any inquiry. Several of molecular docking's most
important applications

6.1. Optimization of lead:

Aligand's ideal orientation on its target can be
predicted using molecular docking. It can forecast
several ligand binding mechanisms in the target
molecule's groove. This can be applied to create
therapeutic candidates that are more effective, selective,
and powerful.?

6.2. Screening of ligand

Virtual screening is used to find hits and lead compounds
in molecular databases using scoring methods. The usage
of docking in virtual screening have increased when the
method is coupled with other cutting-edge applications.
For example, combining free energy with dynamics of
molecules.

7. Protein Modeling:

A protein's three-dimensional form can be inferred from
its amino acid sequence using protein structure
prediction.’® Two complementary approaches that
concentrate on physical interactions or evolutionary
history have been used in the development of computer
techniques to predict three-dimensional (3D) protein
structures from the protein sequence.!!

A polymeric macromolecule made up of linearly ordered
amino acid building blocks connected by peptide bonds
is called a protein. The main structure of a protein is its
linear polypeptide chain. Usually, a series of letters
across a 20-letter alphabet that corresponds to the 20
naturally occurring amino acids represents the

ISSN: 2250-1177 [284]
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fundamental structure.l? The objectives of protein-
structure prediction range from the intellectual
challenge of figuring out an intriguing riddle to the
variety of uses that can be made possible once precise
prediction is achieved. With very few instances up until
recently, protein structure prediction was of greater
conceptual than practical significance because forecasts
were rarely precise enough to support the structure-
based design of novel drugs or to infer biological
function, for instance.!3
Structural modeling has greatly benefited from advances
in computational tools and methods. Methods for
predicting protein structures include the ab initio
approach, threading, and comparative (homology)
modeling. A number of software programs and tools have
been created for protein 3D modeling. 14

7.1. Material and Methods:

The three-dimensional structure was predicted and
analyzed using a combination of computational tools.
The initial protein sequence was retrieved from the
UniProt database, which served as the input for structure
prediction.

Table 1: Computer tools used for Structure
prediction

Sr Computational Application

No tools/ software

1 Swiss Model 3D structure prediction

2 AlphaFold 3D structure prediction

3 AlphaFold Colab | Complex structure
prediction

7.2. Swiss Model:

Using a comparison method and a database of annotated
models for important references, Swiss Model is an
automated platform for protein structure homology
modeling that creates 3D model.

UniProtKB-based proteomes.

The four phases listed below comprise all homology-
modeling techniques:
(i) Choosing a template

(ii) Aligning the target template
(iii) Creating a model

(iv) Assessing.
Until a satisfactory model structure is obtained, these
procedures can be repeated.

7.3. AlphaFold:

Amino acid sequences can now be used to reliably
predict the three-dimensional structures of proteins.
Independent assessments of prediction accuracy show
how well AlphaFold, a deep learning-based approach to
protein structure prediction, performs.

CODEN (USA): JDDTAO
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Interface of AlphaFold:

€ 5 € % alphafoldebiacuk * = §

# EMBL-EBI home * Services 82 Research & Training @ Aboutus  EMBL-EBI

Home About FAQs Downloads API

AlphaFold
Protein Structure Database

Developed by Google DeepMind and EMBL-EBI

MENFQKVEKIGEGTYGV...  Free fatty a

This website requires cookies, and the limited processing of your personal data in order to function. By using the site you are Lagree, dismiss this banner
agreeing to this as outlined in our Privacy Notice and Terms of Use.

Figure 14: Interface of AlphaFold
How AlphaFold Work
Extract the amino sequence in FASTA format from the UniPort database.
Download amino sequence.
Upload into AlphaFold protein prediction server.

Get different templates that are similar to the target protein structure

Build the Model
Analysis of the accuracy of protein structure by confidence score.
Download the 3D model structure in PDB format

v
v
v
v
v' Select the template that contains more than 70% of the identity.
v
v
v
v Use this structure in research

7.

4 Output of AlphaFold:
Structure viewer
Sequenceof  AFEUIGSLF1 ¢ Chin ¢ 1PepidaseDos A @ — - 0
(0] 2 2 2it AF-E9XGS3-F1 0
Type  Model 50|
& 100
(:J o
7 Quick Styles 3 150
® 2 |
= Default Stylized llustrative o
qQ & 20|
© Components AF-E9¥GS3-F1 3
(3 Preset + Add - 0
Polymer Gun © § - 300
kR
¥ Measurements 350
0 5 100 15 200 250 300 38
+ Add * Scored residue
(_ & Export Animation |
0 5 10 15 20 25 30
@ Export Geometry

Expected position error (Angstréms)

Model Confidence @
Predicted aligned error (PAE)
B Veryhigh (pLDDT > 90) High (90> pLDOT > 70) Low (70>pLDDT>50) | Very low (pLDDT <50)
Click and drag a box on the PAE viewer to select regions

AlphaFold produces a per-residue model confidence score (pLODT) between 0 and 100. Some regions below 50 pLODT may be
— of the structure and highlight them on the 3D viewer.

Figure 15: output of AlphaFold
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7.5 Protein Complex Structure Prediction:

7.5.1 ChimeraX: AlphaFold Colab

Journal of Drug Delivery & Therapeutics. 2025; 15(6):278-287

ChimeraX is a powerful software tool for visualizing and analyzing molecular structures, and it includes several features

for structure prediction and analysis, like AlphaFold.

AlphaFold Database and Structure Prediction

AlphaFold

AlphaFold database and structure prediction

® Fetch - Open the database structure with the most similar sequence.

® Search - Find similar sequences in the AlphaFold database using BLAST.

* Predict - Compute a new structure using AlphaFeld on Google servers.
For complexes enter sequences separated by commas.

Sequence Paste -

Fetch Search Predict Options Coloring Error plot Help
Results directory ~/Downloads/ChimeraX/AlphaFold/prediction_[N] Browse

Figure 16: Interface of ChimeraX

7.5.2 Running AlphaFold:

After obtaining the amino sequence of different proteins
from UniProtKB or other databases. These sequences
paste and predict the structure. Then, run the AlphaFold.
The given directory downloads the results.

7.5.3 Results and Discussion:

AutoDock Vina was used to molecularly connect the
ligand WR1 with the SARS-CoV-2 major protease (PDB
ID: 20P9). Nine distinct binding modes, arranged by
binding affinity, were generated by the docking
simulation.

Table 2: Binding Affinity and RMSD of Top Docking Poses of WR1 with SARS-CoV-2 Protease (20P9)

Mode Binding Affinity (kcal/mol) RMSD Lower Bound (A) RMSD Upper Bound (A)
1 -6.2 0.000 0.000
2 -6.1 2.389 6.807
3 -5.9 2.135 4.152

A stable interaction between WR1 and the target
protease was indicated by the lowest binding energy of -
6.2 kcal/mol that was recorded. Using PyMOL and
Discovery Studio, the optimal binding pose (mode 1) was
shown, revealing particular molecular interactions. A
relatively strong interaction with the target protease is
suggested by WR1's binding affinity of -6.2 kcal/mol. A
binding energy of less than -6.0 kcal/mol is typically
regarded as advantageous for lead optimization in
molecular docking.

The idea that WR1 might function as a protease inhibitor
is supported by these interactions. WR1's binding
mechanism and pattern of interaction are similar to
those of peptidomimetic inhibitors that target the SARS-
CoV-2 protease's active site cleft. Furthermore, it was
shown that WR1 functions identically even when docked
with crystal-verified structures by the similar binding

ISSN: 2250-1177 [286]

scores of current Al-predicted ligands evaluated with
AlphaFold-modeled protease structures.

8. Conclusion:

Drug development has been transformed by molecular
docking and protein modeling, which make it possible for
rational drug design, mechanistic study, and virtual
screening. AutoDock Vina, AlphaFold, and Discovery
Studio are some of the tools that greatly speed up the
identification of lead compounds. Drug development
procedures will be streamlined and prediction accuracy
increased with increasing Al and machine learning
integration.
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