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¢ Drug Discovery and Development
e What is CADD

e Computer-Aided Drug Design Approaches
» What is Molecular Docking
 Applications of Molecular Docking in
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Modern Drug Discovery Process

Target Drug
identification idati i ificati imizati discovery

extensive clinical testing
Atypical development time is estimated to be 10-15 years.

Costs an average of 500 to 800 million U.S. dollars per drug.

Drug Discovery Technologies

e Target identification
— Genomics, gene expression profiling and proteomics




Drug Targets

e Enzyme - inhibitors

e Receptors - agonists or antagonists

Currently Used Drug Targets

Biochemical Classes of Drug Targets
ofi Current Therapies
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What is CADD?7?7?72

Computational Chemistry/CADD is the chemistry whose major goals are
to create efficient mathematical approximations and computer programs

Why CADD...?




Phases of CADD

I Target Target Lead Lead
B Identification Validation Identification Optimization

Similarity
analysis

12 — 15 years, Costs: 500 - 800 million US $

Goals of CADD

« Define a target structure,

« and/ or its binding site,




Computer Aided Drug Design

A. Structure-based drug design

What is docking?




Two main Tasks of Molecular Docking

e Sampling of conformational (Ligand) space

e Scoring protein-ligand complexes

Types of Docking

There are 2 types of docking

1. Rigid docking
2. Flexible docking

1. Rigid Docking




Categories of docking

imilar to lock-and key mode

————ProteintigandDocking—————————————————

Interaction produces conformational changes in ligand




I c. Minimize energy by selective force field (AMBER99).

3. Get created complexes and subject to re-ranking

4. Find interfacing residues and polar interaction

Protein-ligand docking

= Computational method that mimics the binding of a ligand to a
protein

Protein Binding site Ligand

Complex
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What are Docking & Scoring?

* To place a ligand (small molecule) into the binding site of a
receptor in the manners appropriate for optimal interactions
with a receptor.

docking scoring

X-ray structure
& AG

Available Docking Programs

« DOCK
« MOE-Dock
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* Receptor is treated as rigid

FLEXX

Components of docking software

m Generates a large number of poses of a molecule in the

binding site

m Calculates a score or binding affinity for a particular pose

The binding affinity or a representing the strength of
binding
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Docking Flow Chart zie ey pcb

Ligand Preparation for
Docking using Autodock
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Preparation of Protein using
Autodock

Grid Preparation
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ligand complex

macromolecular receptors

Application of Molecular Docking in
Modern Drug Discovery
» Determine the lowest free energy structures for the receptor-

e Search database and rank hits for lead generation
» Calculate the differential binding of a ligand to two different

» Study the geometry of a particular complex
* Propose modification of a lead molecules to optimize potency
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Application of Molecular Docking in
Modern Drug Discovery

* Screening for the side effects that can

be caused by the interactions with other
roteins, like proteases, Cytochrome
450 and others can be done.

Application of Molecular Docking in
Modern Drug Discovery

Docking-Based Virtual High Throughput Screening
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Application of Molecular Docking in
Modern Drug Discovery

« Urease is a nickel containing hydrolase Introduction to Urease Enzyme

enzyme.

e It hydrolyze urea into ammonia and
carbon dioxide.

. Urs oun ity of bacteria, /”“ > y N (\A

Application of Molecular Docking in
Modern Drug Discovery

Validation of Docking Protocols
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Application of Molecular Docking in
Modern Drug Discovery

Case Study: Molecular docking of urease inhibitors

©r1ing B'in the catalytic core of urease. |

Additionally the active site of urease clearly

ball and. stick model.

Application of Molecular Docking in

Modern Drug Discovery
Binding mode of compound 2 in the active site of BP urease
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Application of Molecular Docking in
Modern Drug Discovery

Case Study: Identification of Novel Urease Inhibitors by High-
Throughput Virtual and in Vitro Screening

Scoring

200 compund

Bindingmode |
34 compunds

14 active compunds

ACS Med. Chem. Lett. 2010, 1, 145-149

Application of Molecular Docking in
Modern Drug Discovery

Identification of Inhibitors for Simultaneous Inhibition of Anti-Coagulation and

Anti-Infamatory Activities of Snake vemon Phospholipase A,

69000 compunds

Pharmacophore

32 promising compunds

Chem Biol Drug Des 2012; 79: 431-441
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Growing Evidence of Success.... !!

Molecular Docking has resulted in several breakthrough classes of new drug.

Drug Target Company

Growing Evidence of Success.... !!

1.  Discovery of Indinavir, the HIV protease inhibitor.

2. ldentification of Haloperidol as a lead compound in a structure-based
design for non-peptide inhibitor of HIV.
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Growing Evidence of Success.... !!

1.  Trypanosomal glyceraldehyde-3-phosphate dehydrogenase (anti
parasitic)

2.  Thymidylate synthase and purine nucleoside phosphorylase (anticancer

Conclusion

Molecular docking give the promising effect on identification and optimization
in modern drug discovery

The combination of the chemical information of natural products with
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Conclusion

Docking method provides an opportunity for the designing of active
compounds.

However, it has to be emphasized that docking-based virtual screening is

Future Directions

Pharmaceutical history indicated that natural products provided a large
number of drugs to the market. But, even for the currently used drug
targets, available natural products have not been tested completely
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Pharmacodynamics is the study of the biochemical and physiological effects of drugs on the body
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