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Scientists at work

“An experiment Is a guestion which science poses
to Nature, and a measurement is the recording of

Nature's answer.”
- Max Planck

(Scientific Autobiography and other papers, 1949)
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The Computational Scientist
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Sizes of things In nature




Sizes of things In nature




Looking “inside” a cell




Biological molecules

1. Water

1 A = (1/10,000,000,000) metre



Biological molecules

2. Fatty molecules (Lipids)

Head
Hydrophilic (water loving)
r A \

Tall
Hydrophobic (water hating)



Biological molecules

3. Proteins




Biological molecules

3. Proteins

Globular form
(surrounded by water)



Biological molecules

3. Proteins

Inside cell membrane
(surrounded by lipids)



Biological molecules

4. Nucleic Acids

RNA




Principles behind computational biology

1. The Laws of Motion

F =ma

2. Statistical Mechanics

How to get observables from
positions and speeds of atoms.

Gibbs Boltzmann

3. The Energy-Minimum Principle

When an event occurs spontaneously, the total energy of the
system always decreases.



Initial positions Force between
and speeds atoms

> Positions and speeds at every time point (trajectory)

» Calculate observables
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Ide a cell?
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2. How does a protein “fold”




2. How does a protein “fold” inside a cell?







3. How do medicines (drugs) work?

» Certain proteins, called enzymes (eg. insulin), control biological function

« Some molecules can bind to enzymes and change how they behave

DockingShop : protein-ligand docking

FDB :2PCB

Find how energy changes on binding

Find effect of protein’s shape on binding

Find drugs that bind more strongly or
weakly to enzyme




The “lab” on a finer scale:




From the Small to the Very Small




Atoms and Molecules: Building Blocks of Everything
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So why are shape and
structure
SO important?




DANGER

POISON

Medicine Poison



Stability
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—p Reactivity
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Properties
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Experimental Methods can Determine Structure




Using Theory and Computers
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How can we do that?
What kind of Math
do we need to know?

Just play dice!



“God Does Not Play Dice!”
Albert Einstein



Glants of Theoretical Physics
/Chemistry

R
Walter Kohn

John Pople



Giants of Theoretical Physics/
Chemistry

Max Planck

Erwin ScliReSsa s

Walter Kohn

John Pople



Current Work in Theoretical Chemistry
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- Follows a Reaction

2Nl, —— N, + 3,
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