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About the CADD course

Computer Aided Drug Design CADD represents an approach for the design of new
bioactive molecules using molecular modelling methods.

What you will learn....
* Molecular modelling methods used for drug design (methods & examples)

* Experimental methods complementary to molecular modelling (crystallography,
NMR, Isothermal Calorimetry and Surface Plasmon Resonance)



Pharma Research

a few definitions

Target : Pathopysiologically relevant biomolecule (enzyme, receptor, ion channel
or transporter)

Assay : Type of experiment. It measures the effect of a compound on the
function of a target, cell, or living organism

Hit : Chemical compound active in assay. Does
not mean necessarily that it acts on a specific
target ... needs validation

Lead : Chemical compound for which we
demonstrate SAR, ipotential issues are identified
(selectivity, physicochemical, ADME/Tox),
novelty

LMW : Low Molecular Weight compounds
(< 900 Da)




Pharma Research

The D notation of drug discovery phases
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Pharma Research

DO: Target identification & validation
* Biology
Understanding a disease pathway

— What are the dysfunctional nodes that
cause the disease?

— Are they on the critical path?
— How can we prove this at a clinical level?
— How can we set up a surrogate in vitro

assay?
* Chemistry
— Can the target be modulate by small
| les? Target
molecules: pathopysiologically relevant
— What do we know from the past about biomolecule (enzyme, receptor,

similar targets? ion channel or transporter)
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D1 : Assays generation for hit finding

Compound libraires
(1,000,000 compounds)

Virtual screening and/or
Biological test system

Primary screen: ca. 2 months
Validation: ca 1.5 months

Data analysis

Overall from start D1 to validated hit list {D2a):ca. 12
months
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D2a : Hit finding — the approaches

Structure Based

High-Throughput Screening 42% Design, “‘\X Ofther

9%
Virtual Screening;

H 1 o)
Virtual screening 5% .,

Structure-Based Drug Design 9%

Fragment based

Fragment-Based Screening 8% screen;
8%
Literature 9% | HTS,
. Literature; _““““»J, 42%
Scaffold morphing 15% 9% '\
Patent bust 11% Novartis
compounds
Other 1% (scaffold ~ ——__
morphing’, similar
target);
15% ———————Patent Bust;

1%
Novartis® data (2014)
Hit with courtesy of Dr. Richard Lewis

Chemical compound active in assay. Does not
mean hecessarily that it acts on a specific
target ... needs validation
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D2b : Hit to Lead
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Improved activity on target D,é -

Demonstrated SAR (Structure-Activity Relationship) — €Cumnes =
Selectivity issues determination gl ,
In vitro PK (PharmacoKinetics) : solubility and pKa

In vivo PK : bioavailability (BAV) and half-life (t,,)
P450, hERG, PLP, Plasma/whole blood stability
Novelty!

Lead
Chemical compound for which we demonstrate
SAR, ipotential issues are identified (selectivity,
physicochemical, ADME/Tox), novelty
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A successful drug candidate will:

Pharma Research

D3 : Lead optimisation

Have a clear mechanistics identified

Address an unmet medical need

Have a competitive advantage versus current and ~
emerging therapies

Be bioavailable with appropriate PK and PD
Be efficacious and safe (therapeutic window)

Have a synthetic route that can be operated on a
large scale

Be amenable to convenient formulation
Have intellectual property rights secured
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Pharma Research

D4 : Development
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Molecular perception in the 1970s... 2D!

* The way molecules have been perceived and
defined has changed over the years. In the early
1970s, medicinal chemists considered molecules
as topological two dimensional (2D} entities.

The formula of a molecule can be drawn in

two dimension as a piece of paper. However,

it really exists in three-dimensional (3D) calix[4]arene
space with precise geometrical features. The T

3D geometries are of great importance '
because they represent the very molecular e Yo )
determinants  that  control  molecular r
interactions. .




Molecular conformations

Molecules are dynamic structures that can change their geometries. An
individual geometry is called a conformation. A molecule consists of a set of
3D conformers in solution. Single bonds can be rotated, increasing the
flexibility of a molecule. Double, triple bonds and rings reduce the flexibility.




Molecular conformations

A system of 4 consecutive atoms and 3
consecutive bonds defines two half
planes. The torsion angle is the angle
between these two half planes.

A molecule is a mixture of
conformers in equilibrium. All
possible conformations of a
molecular entity and their
corresponding energy are
enclosed in an energy map.



Energy in CADD

e A mathematical (molecular mechanics-based) equation called force field
allows the computational simulation of forces regulating conformational
changes and estimates energy.
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Molecular conformations

Molecules are dynamic structures that can change their geometries. An
individual geometry is called a conformation. A molecule consists of a set of
3D conformers in solution. Single bonds can be rotated, increasing the
flexibility of a molecule. Double, triple bonds and rings reduce the flexibility.




ConformationalFlexibility

Amber ff99SB-ILDN (1) Amber ff99SB*-ILDN Amber ff99SB (2)
Biia :

o

\\"}\; )
S\(, A

Amber ffO3

> |

~
!
e
L 9%
\

_ 3 : ¢

% SORY -

= ?‘ < /‘(¥ - ' - e & Al s
:-;'. 2 \l )ygx \ / i ,;\)\

GROMOS96 53a6 OPLS-AA/L
N
\.«4()‘{

”




Bioactive conformation

Daniel Koshland in 1958 introduced the “induced fit theory”. This theory
proposed that in the recognition process both ligand and target mutually
adapt themselves by small conformational changes until an optimal fit is

achieved.
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Free energy of binding

* AG=AH-TAS

* AH Entalpy: measures the strength of the intermolecular interactions
* TAS Entropy: increases disorder & costs you energy

Water in bulk solvent is often more disordered than when bound to a receptor
A ligand is often more ordered when bound to a receptor than in bulk solvent

IsothermalCalorimetry
SurfacePlasmorResonanc




Intermolecular interactions

Molecular interactions are responsible for the assembly of biological
structures. These forces include hydrogen bonds, electrostatic interactions
and hydrophobic interactions.
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Intermolecular interactions

A hydrogen bond is the electrostatic
attraction that occurs when a hydrogen (H)
atom, bound to a highly electronegative
atom such as nitrogen (N) or oxygen (O), %
experiences attraction to another nearby y“ uz%

highly electronegative atom. 0
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Electrostatic interactions are strong forces g @

acting between charged particles. They can | |
be attractive (if the two charges are unlike) S SEmESeSE
or repulsive (if the charges are like). The
electrostatic potential can be simply
described by the Coulomb’s law.




Intermolecular interactions

* Van der Waals (hydrophobic) forces
between atoms are due to temporary
atomic induced polarization between
interacting atoms (induced dipoles). At
long distances, these forces are very weak.
At short distances, the vdW become
strongly repulsive because of the steric
clash between electron clouds.

Lennard Jones potential (6-12)
attractive




HomologyModelling

How tobuild an homolgymodel

Target identification

Template Selection

DSITYRVRKGDSLSSIAKRHGVNIK ANITYTIKLGDNYFIVSTTSYQNLTN
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HomologyModelling

- HDAC1 homology model
- HDAC1 Xay structure (PDB id1BK,)




Molecular Docking

Searchalgorithm:
movesthe ligand
(flexible)

Into the proteinpocket
(rigid) andgenerates
different ligand
conformations

Scoringfunction:
valuates the quality of
Interactions

C-affinity

Energy

Quick structural estimation ahteractions
No fullflexibility

No solventeffects

Qualitative energy obinding



Molecular Dynamics

A realistic biological systemasvays
expectedto be located in a solvated
environment Systems arembedded
in box of explicit solvent molecules

‘\,0.
Generation of representative timalependent
molecular conformationgtrajectories)

A

Properties calculations as a function of timeg. The rootmeansquare deviation (RMSD),
the measure of the average distance between the atoms of superimposed proteins




Structure-based drug design

e Structure-based design allows one to use detailed 3D features of the active
site by introducing appropriate functionalities in the designed ligand. The
modeller can rapidly assess the validity of a possible solution and can
measure the progress achieved in the course of successive design attempts.

| MolecularDocking

HomologyModelling)

T .
s \\\C 5

e C(Crystallography Crystallography
e NMR
e Homology modelling




Ligand-based drug design

When the 3D structure of the target protein is not available, one can exploit
the information provided by known biologically active molecules. This

approach is called ligand-based, pharmacophore-based or indirect drug
design.

"Similar compounds should have similar biological profiles”
Ligandbaseddrugdesign 10 Nov. 15:307:30

-Ligand-based drug design = 12.11 (MC)






