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WHAT IS MOLECULAR DOCKING ..?

{What is molecular docking? J

it's a computational method to predict
how a ligand and receptor will orient
themselves when bound together,
forming a stable complex.

{What can this knowledge be used for? J

It can predict the binding affinity or
strength between the ligand and
receptor.

{ How is it used in drug discovery? J

-
it's frequently used to predict the binding
orientation of small molecule drug
candidates to their protein targets, which
in turn helps predict their binding affinity
and activity.
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THE CORE VOCABULARY
(THE LANGUAGE OF DOCKING)

Term Simple Definition The Analagy

Receptor The target protein structure that acts as The Lock
“host” for travels to molecule. Key

Ligand The specific “pocket” or hollow area The Keyhole
where the chemical reaction happens.

Binding Site A specific 3D orientation or "posture” of A specific "turn” of
ligantiod happens. of the key
A mathemtical value (Energy) tells us how The "Click” q

Pose stable inside bon site. S Sl 2Pl

A mathemtical value (Energy) that
Affinity atraction the attraction becepor the
receptor and the ligand.

How hard of is pull
pull the key out
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WHAT IS DOCKING BASED SCREENING..?
Docking-Based Screening: The Digital Filter
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1. The Library 2. The Docking 3. The Scoring
(Haystak) Engine Function
(Magnet) (Judge)
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THE WORKFLOW OF DOCKINGBASED SCREENING

o

Target
Preparation

o

Ligand
Preparation

o Select a library
of compounds.

o Obtain three-
dimensional
structure from
database.

o Remove water
molecules.

o Add hydrogen
atoms.

o Assign partial
charges.

o Generate three-
dimensional
structures.

o Add hydrogen
atoms.

o Assign partial
charges.

Docking

Post-
processing
and Analysis

o Select subset of
compounds for
evaluation.

o Dock prepared
ligands into
binding site.

o Generate
multiple poses
for each ligand.

o Score each
pose by binding
affinity.

o Analyze docking
results to
identify top
compounds.

o Visually inspect
compounds and
poses.

o ldentify
potential
interactions
with target.
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THE COMPONENTS OF DOCKING BASED SCREENING

SYSTEM
The Receptor The Library The Engine
(Target) (Ligands) (Software)

Pl

Search Algorithm: 5 Scering Furrction:
Rotatizms & Caloualea AG
Tramolations (65 (Binding Enang)

An algorithm that
explores & evaluates.

A high-resolution 3D
structure (-Xay or
Cryo-EM).

A digital database of
3D chemical structures.
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ADVANTAGES OF DOCKING BASED SCREENING

Docking-Based Screening Advantages

Target-Focused CE Mich i

Identifies Insights
compounds likely

to bind to target Provides binding
protein. mode insights for
lead optimization.

Cost- — 7
- n~ High-
bl
Effectiveness Thyooghput

Reduces expenses
ond time in
compound
screening.

Screens millions of
compounds
ropidly.
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DISADAVANTAGES OF DOCKING BASED SCREENING

SR Tl S

1. Scoring Function 659 2. Receptor Flexibiity %

« Not always accurate. * Proteins are dynamic.

« May mispredict bind ‘false positives” ¢ Most programs use rigid models.
e Misss “indused fit"

3. Water Molecules @ 4. Entropic Effects §§9

» Often ignored or simplified. * Hard to calculate.

* Can mediate interactions. « Relates to moleculal motion.
* Affets binding affinity. * Impacts binding free energy.
5. Solvent Effects R

» Simplified solvent models.
+ Bulk water properties.
+ Less accurate for local effects.
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DE NOVO DRUG DESIGN PROCESS

p
De Novo Design
The overall strategy of designing @
from scratch
A
'
Computational Approach
Methods used to design molecules @
A

Desired Properties

Specific characteristics of the
molecules

MNovel Molecules

AL = Je2 O"‘{?jj
. . o~

The ultimate goal of de novo design {{:ﬁ
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PRINCIPLES OF DE NOVO DRUG DESIGN S
APPROACHES B

Target Structure

Scoring Functions

I
[ 1
@@? Binding Site Analysis
%:
—

Chemical Feasibility

ADMET Properties
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METHODOLOGIES IN DE NOVO DRUG DESIGN

Which de novo drug design methodology should be used?
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Fragment-Based Design

Identifies small fragments and links them
for improved binding affmity.

Building-Block Approach

Assembles molecules from a library of
predefined blocks.

Evolutionary Algorithms

Evolves molecules towards better
properties through natural selection.

Uses known ligand information to guide
new molecule design.

Machine Learning

Predicts properties using trained models
on large datasets.
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ADVANTAGES OF DE NOVO DRUG DESIGN

1. Novel Chemical ﬁ" 2. Tailored to Target
[ 77 L]
Space )
» Explore beyond existing molecules. * Designed for specific pocket.
* Create unigue structures. * Optimize interactions.
» Avoid "me-too drugs. * Maximize potency.
3. Intelectual Property 4. Overcome Resistance
* Generates patentable molecules. * New mechanisms of action.
» Stronger market position. » Effective against mutated targets.

* Avoidance of prior art. @ » Addresses drug resistance.

CADD |Mr. S.SRI VIKRAM | AP | SNSCPHS




DISADVANTAGES OF DE NOVO DRUGDESIGN

- ~ -~ ™
1. Synthesitatizlity Computational Cost
* May design impossible molecules. * Very CPU-intensive.
» Complex, multi-step synthesis.  Requires advanced algorithms.
* Low success rate for bench chemiitg » Much slower than screening.
\. 7 N 7
(S @, & )
Limited Chemical 4. Experimental
Space Validation
* Builds from small fracments. » Novelty means no prior data.
» May miss large, complex drugs. * Requires full biological testing.
* Depends on fragment library quality. * Higher risk of late-stage failure.
e c/ \_ /
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KEY APPLICATIONS OF DE NOVO DRUG DESIGN

~ i
1. Novel Lead DiscoveJ Targeted Therapies

» Creates entirely new molosuible moleculls.
Complex, muistiei-step synthesis.

« Not limited to existing chemical libraries

« Addresses unmet medical needs.

* Designs molecules specifit to
* Reduces off-arget effects and toxicty.
* Persaniized medicine potential.

\. . . 2

s R ([ A
Overcoming 3. Optimizze Drug

Resistance Properties

» Designs drgs against mutated proteins. « Improves potency, selactity, &

* May scquis aquied drug rastisstance. ADMET. Addesired featres draing design
» Critical for antivirals & antilbotics.

» Critical for angment antibbotics.
\. =, e _J

« Enhances solublity and half-life.
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RECENT ADVANCEMENTS IN DE NOVO
DRUG DESIGN

.- ~ - - .. " -
1./, Al & Generative Models - f’g Synthesizhtaziity Prediction
* Predicts ease of synshesis
» Avoids ‘impossible’ molecules

« Partners with chemists

+ Deep Learning (GANs, VAEs)
* Designs novel, valid molecules
» Accelerates lead generation

Cloud & Quantum Computing

‘31{:6":1:] Fragment-Based Al

* Al links small fragments  Massive parallel screering
e Complex simulations

« Builds complex molecules
« Enhances binding affinity * Reduces compuational time
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SUMMARY

#ITI IO T

Docking-Based Screening
(Virtual Screening)

Filter large libraries

Build novel molecules

222 3¢ |l

o0o

Test existing molecules. anstruct fragment-by-fragnnt.
Rank by score Canliiforinn Tailor to pocket

Ranked list of "hits. New, unique compounds.
Lead identification T Patentable leads

Experimental Validation
& Optimization
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ASSESMENTS

Question 1 : In Virtual Screening, what is the primary purpose of the "Scoring Function"?
A) To synthesize the drug molecule in the lab.

B) To rank molecules based on their predicted binding affinity.
C) To determine the 3D structure of the protein.

D) To name the chemical compound.
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Question 2: Which of the following best describes "De Novo" drug design?
A) Searching the ZINC database for existing drugs.

B) Testing drugs on animal models.

C) Building a new molecule fragment-by-fragment inside a target site.

D) Using X-ray crystallography to see a protein.
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