AMIDD Lecture 5: Screening and drug design

The chemical library at Novartis
headquarters in Basel currently
contains roughly 3 million
molecules. We aim to expand
that number radically within the
next few years.
Jay Bradner, President of
NIBR, in an interview in 2017

https://www.novartis.com/news/
medical-researchers-usingnew-tools-turn-science-fictionscience-fact
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Questions on the PNAS paper by Tsai et al.

1. How many compounds were screened? What information is available about their properties?

2. How were the compounds screened?
3. What was the initial chemical structure that was found to bind to the ATP-binding site?
4. By overlapping structures, the team aimed to optimizing what two properties of the compounds?
5. What types of compounds were tested in the subsequent screenig?
6. What properties does the PLX4720 compound have that make it particular attractive as a drug?
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The simplified screening cascade

1.

Compound library construction

2.

Testing compounds with assays

3.

Hit identification

4.

Get co-structure of protein (targets or non-targets)
and hits

5.

Modify drug structure (drug design)

6.

Analog synthesis and testing (back to step 2)

7.

Multidimensional Optimization (MDO): potency,
selectivity, safety, bioavailability

8.

Further in vitro, ex vivo, and in vivo testing, and
preclinical development

Compound
library

Synthesis

Assays

Improved
hits

Hits

Drug design

Costructure
Potency
Selectivity
Safety
Bioavailability ...

Leads for further testing
A schematic presentation of structure-based drug discovery
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Principles of screening and drug design – an interactive process

Ligand (chemical starting point)

Target and its protein structure

Available

Not Available

Available

Structure-based drug
design, e.g. docking, and
improvement

Ligand-based drug
design, e.g. Similarity and
QSAR, and target/MoA
identification

Not Available

Screening, or de novo
drug design

• Target identification
• Phenotypic screening

QSAR= quantitative structure activity relationship; MoA= mechanism of action, or mode of action
5

Lipinski’s Rule of Five of small-molecule drugs

• No more than 5 hydrogen-bond donors, e.g. the total number of
nitrogen–hydrogen and oxygen–hydrogen bonds
• No more than 10 hydrogen-bond acceptors, e.g. all nitrogen or
oxygen atoms
• A molecular mass less than 500 Daltons, approximately 500 g/mol.
– As a reference: ATP has a molecular mass of ~507.
• An octanol-water partition coefficient (log P) that does not exceed
5. (10-based)

ATP

6

Why PLX4032 (vemurafenib) was finally chosen as the drug?

Tsai et al.

Bollag et al.
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Selected mathematical concepts

• Affinity
– The (bio)physical view

– The (bio)chemical view
• The Michaelis-Menton model and enzymatic kinetics
• Mathematical techniques for structure determination: X-ray, NMR, and CryoEM (post-reading)
• Example of structure-based drug design: molecular docking
• Example of ligand-based drug design: similarity and quantitative structure-activity relationship
(QSAR)
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Mathematics behind approaches to determine molecular
structure
•

•

•

Mathematical and physical foundations
–

Mathematical techniques used in biophysics

–

Background on imaging physics (http://xrayphysics.com)

X-ray diffraction by electrons
–

An AMS Feature Column by Tony Phillips

–

Stanford open course Fourier transform and its applications

Nuclear Magnetic Resonance (NMR)
–

•

Swiss Light Source, the
synchrotron at the Paul
Scherrer Institute (PSI),
copyright of PSI

A beautiful video tutorial about the principles of magnetic resonance
imaging (MRI), which is a variant of NMR

Cryo electronic microscopy (CryoEM)
–

A three-minute introduction to CryoEM

–

Nobel Prize Talk by Joachim Frank

–

Talk on Mathematics of CryoEM, by Prof Amit Singer, with a
manuscript available at arXiv: https://arxiv.org/abs/1803.06714

Adapted from
Bushberg JT, The
Essential Physics
of Medical Imaging:
Lippincott Williams
& Wilkins; 2002

Downloaded from
http://199.116.233.10
1/index.php/Physics
_of_MRI
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Summary and Q&A

The Great Wave off Kanagawa『神奈川沖浪裏』, by Katsushika Hokusai, downloaded from wikimedia
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