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For the Uninitiated
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Why Proteins?

Essential for life, they regulate metabolism,
transport molecules, control growth, repair tissues,

scaffold
Examples are enzymes, antibodies, and hormones

Conformation is important (lock and key
mechanism)

Sensitive to stresses, e.g. temperature, chemical

Conformational diseases due to misfolded proteins
(e.g. Alzheimer's disease, cystic brosis, mad cow
disease); many mechanism unknown
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Why Proteins?
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Structures

Primary structure
Sequence of amino acids

Secondary structure
Regular pattern

Tertiary structure
Three dimensional structure

Quaternary structure
Aggregation of proteins
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Secondary Structures

Alpha helix

Hydrogen bonds between
On and Hpy+ 4

Beta sheets
Parallel and anti-parallel

°
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The Story So Far...

Protein folding problem: a protein knows its three
dimensional structure just from its primary structure

Levinthal's paradox: of all the con guration space
avallable to proteins, why choose a particular fold in
a very short period of time

Preferred folding pathway involving transition states

How to fold: hydrophobicity driven, chaperonin
assisted, etc.
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Protein folding problem: a protein knows its three
dimensional structure just from its primary structure

Levinthal's paradox: of all the con guration space
avallable to proteins, why choose a particular fold in
a very short period of time

Preferred folding pathway involving transition states

How to fold: hydrophobicity driven, chaperonin
assisted, etc.

Reversibility theorem: unfolding follow the same
pathway as folding, but in reverse

Effect of mobile phone radiation on living tissues?
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The Grand Plan

Determine effects associated with external stresses
(l.e. temperature, chemical, electric eld)

Develop conformational analysis methods for
classifying protein unfolding/folding pathways

dentify conformational changes associated with
orotein unfolding (i.e. transition states)

Develop methods to simulate large proteins
ef ciently and effectively?
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.Tricks of the Trade

Classical Molecular Dynamics as implemented in
NAMD

Starting structures obtained from the Protein Data
Bank (NMR, XRD)

Structure soaked with water at least 10 A thick,
enclosed in a periodic box to simulate bulk aqueous
solution

Particle Mesh Ewald summation to treat long range
electrostatics

CHARMMZ27 all-atom potential
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Tricks of the Trade (continued...)

Minimising energy of structure

NVT equilibration to equilibrate temperature
NPT equilibration to equilibrate volume
Dynamics run using NPT ensemble

°
Response of Proteins Under Stress — p. 10/20



Simulating Stresses

Thermal stress (temperature regimes, thermal
spike)

Electric eld (static, oscillating)
Chemical stress, reducing disul de bonds
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What to Analyse

Use VMD, PEPCAT, and X-PLOR

RMSD of protein, to see how it deviates from the
native structure over time

Radius of gyration, to see how a protein unfolded
over time

Diffusion constant of water, to see how the mobility
of water around the protein is affected by the
stresses
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What to Analyse (continued...)

Solvent accessible surface area, to see how
accessible a protein is to water

Hydrogen bond analysis, to see if stresses disrupt
the bonding network

Conformational analysis, to identify transition states
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Insulin

Small, multichain, inter- and intrachain disul de
bonds
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Insulin

Small, multichain, inter- and intrachain disul de
bonds

Break disul de bonds to simulate chemical stress
Apply temperature stress (300 K to 400 K)
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Results
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Results

° ° ° ° ° ° ° ° °
Response of Proteins Under Stress — p. 15/20



Results
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Meanwhile Elsewhere...

Collaboration with University of Wollongong and
University of Sydney

Experiments on The Thingo, a modi ed microwave
oven to deliver electric eld pulses every 3-5
seconds every 6 minutes, in accordance to ICNIRP
guidelines

Aggregation of proteins is monitored using
spectrophotometer

They found that microwave does enhance the
aggregation of proteins
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Meanwhile Elsewhere...



What Now?

Do more simulations
Analyse them
Compare our results with experimental NMR results
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The End
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