Computer simulations to study disease proteins
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Lorenzo Casalino, Amaro Lab (Colloquium Feb

5). https://www.nytimes.com/interactive/2020/health/coronavirus-unveiled.html




INTRODUCTION

“...1f we were to name the most powerful
assumption of all, which leads one on
and on 1n an attempt to understand life, 1t
1s that all things are made of atoms, and
that everything that living things do can
be understood in terms of the jigglings
and wigglings of atoms.”

— Feynman Lectures in Physics, 1964

“...all things are made of atoms” = Chemistry

“...jigglings and wigglings” = Physics



USING COMPUTERS TO SOLVE PROBLEMS IN BIOCHEMISTRY

Lorenzo Casalino, Zied Gaieb (Amaro Lab). https://www.nytimes.com/interactive/2020/health/coronavirus-unveiled.html

Goal: Use the laws of physics to understand and predict
molecular properties and interactions between molecules



DIFFERENT RULES AT DIFFERENT LENGTH SCALES
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NEED FOR COMPUTERS

* Equations are too complicated to solve by a
person in most cases

* Used to make the most approximation that
seemed reasonable, then sometimes use
computers as calculators

e Computers first applied in chemistry during
the Manhattan Project to predict nuclear
properties




ADVANCES IN COMPUTING POWER

Floating point High-Performance Computing Milestones (1960-2019)
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MOLECULAR DYNAMICS SIMULATIONS

* Simple idea:
F =ma -2 positions, velocities of atoms
* Where do forces come from?

* Molecular mechanics “forcefield” built to reproduce
experimental and quantum mechanical data

* Atoms

* Mass

* Charge

* Excluded volume

* van der Waal’s interactions
* Bonds

* Stretch

* Bend
* Torsion

Need a starting structure!
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EXAMPLE SIMULATION FROM SARS-COV-2 PROTEIN

THE SPIKE PROTEIN




HOW TO GET A STARTING STRUCTURE

* In order to simulate a protein, we need a good guess of the starting structure

* When we see things, it is because visible light bounces off something and
goes 1n our eye (light detector)

* In order to see how the atoms are arranged in a molecule, we need to
bounce something off of them which are shorter than the distance between




WHAT IF THERE IS NO STRUCTURE?

* Some important proteins in amyloid disease are disordered. These proteins
have lots of possible arrangements

* From experiments, we can get some informat:

Pfold = 0.000

* MD simulations can help us understand how t
come together

* What holds this together?

Odd End (Hydrophobic Surface ) Betal Interface

Bacci et al. JCTC 2017




