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Opportunities in Biotechnology

« Cover a very wide range of topics:
- human health (drugs, vaccines)
- agriculture (animals, plants, aquaculture)
- environmental (pests, bioremediation)
- food and nutrition
- energy (biofuels)

 And approaches:
- molecular
- genetic
- chemical
- engineering
- modelling
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Focus on molecular biotechnology —
with examples from
Maurice Wilkins Centre

Genomic and proteomic approaches
to disease

Drug and vaccine development

Modelling
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Historical development of drug discovery

« Trial and error — drugs discovered from natural sources
- sometimes very effective (aspirin)
- often very large @
- hard to develop into useful drugs
- usually target not known

* “Big Pharma” approach
- Identify a specific target

- screen against large libraries of compounds (>1 m)
(robotics)

- use combinatorial chemistry to develop drugs
- has become very expensive and inefficient
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Emergence of structural biology as a
key technology

Indicated by the rapid
Increase in availability
of protein structures

Mostly from X-ray

crystallography

Some from NMR

Very important 5000
resource
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Made possible by technical developments

« Advances in molecular biology
- clone genes of choice
- express recombinant proteins

* Advances in crystallization
- use of robotics (100 nL drops)

 Computing power
- automated model building

e Synchrotrons
- rapid data collection
- powerful new methods
- protein structures can now often
be solved in 3-6 months




Protein structures used to optimise
drug “leads”

» Concept of structure-based drug
design:

- select a protein target
- determine its 3D structure
- or model it, based on a related
protein structure HIV protease

- see how “leads” fit, and
optimise in the context
of the 3D structure



Protein structures increasingly used for
lead discovery as well

“In silico” screening

- use computer modelling to fit molecules into
active site of a target protein

- large computer libraries of compounds
Fragment screening

- start with small, chemically-tractable
molecules

- test experimentally (X-ray, NMR) for
weak binding

- build up to larger more effective compounds

Can significantly reduce the time for early-stage
development of a candidate drug



Target discovery approaches

Genomics and proteomics



Challenge of functional genomics

Many hundreds of genome sequences now known
- microbial, human, few other animals, plants

Rich resource — is radically transforming biological sciences

But — real value is hidden
- more than 50% of gene products of unknown function
- vast majority of unknown structure
- many potentially valuable proteins, not yet recognised

Tools to unlock this resource include:
- bioinformatics
- microarray technologies
- structural biology



Application to tuberculosis

TB: the largest cause of death among infectious
diseases: 2-3 million die annually
one-third of world’s population infected

Four front-line drugs available — isoniazid,
rifampicin, pyrazinamide, ethambutol

BUT
Long treatment times (6-9 months)

Multidrug resistance is rising

Drugs fail to effectively target latent TB
- due to ability of Mycobacterium tuberculosis
to enter persistent (dormant) state



M. tuberculosis genome sequence

e 3900 genes —— 3900 protein products
 More than 60% of unknown or uncertain function



Use of genome sequence to find new
therapeutic opportunities

 Identify potential new drug targets

- from genome seqguence - bioinformatics
- verified by gene knockouts

 ldentify proteins important in TB biology
eg. in persistence
- identified from microarray studies

e Approach:
- clone genes, express and purify proteins
- use X-ray crystallography to define
3D structures
- provides basis for assigning function
and developing new drugs



Biosynthetic enzymes

LeuA - leucine DAHPS — aromatic MenB — menaquinone

TrpD - tryptophan MshB - mycothiol Mbtl - mycobactin



LeuA: a-isopropylmalate synthase

* First committed enzyme in leucine biosynthesis
 Gene knockout —— essential for Mtb survival
* Not present in humans — good drug target

Can map how substrate binds — use
this as a basis for drug design



Discovery of proteins implicated
In disease through proteomics



Myo-inositol oxygenase (MIOX)

and diabetes

Enzyme found in the kidney

2D gel electrophoresis / mass spectrometry
—— MIOX upregulated in diabetes
Primary enzyme in breakdown of inositols

AND

Inositols play key role in cell signalling
- decreased levels in Type I/ll diabetes
- involved In insulin mediation

- administration of inositols lowers blood glucose
and enhances insulin action



Hypothesis

 Inhibition of MIOX will prevent breakdown of inositols
- restore inositol levels
- counteract hyperglycaemia

Approach

e Solve three dimensional structure
- find out how Inositols bind
- develop inhibitors



Basis for drug design

e Use knowledge of how
Inositol binds

e Design and synthesize
Inhibitor to block activity
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