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Outline of Computational Lectures
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Brief Introduction to Bio-molecular Modeling 
(some history, where we are now and the future of 

modeling: Ali) 
 

MD Tutorial: Simulation of a Biomolecule (Ali & Daniel) 

Data Science/Data Analysis: Making Sense of 
Biological Data: 

 (Alessandro Laio, Alex Rodriguez and Pilar Cossio) 



Warm-Up Questions
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What is your favorite (bio) molecule? 
 
 

How does your favorite molecule look like? 
  
 

At room temperature? 
 
 

What type of motions will the molecule have? 
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Molecular Dynamics in a NutShell
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Water Protein 

Trajectory of Particles: Positions and Momenta 

x,v( )
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Why Computational Experiments Matter?


Taking the Experiment to Cyberspace 
 
 
The Nobel Prize in Chemistry 2013 was awarded jointly to 
Martin Karplus, Michael Levitt and Arieh Warshel "for the 
development of multiscale models for complex chemical systems". 
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Some Land Mark Papers
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B. J. Alder and T. E. Wainwright (1957). 
"Phase Transition for a Hard Sphere 
System". J. Chem. Phys. 27 (5): 1208. 	

A. Rahman (1964). "Correlations in the 
Motion of Atoms in Liquid Argon". 
Physical Review 136: A405-A411. 	
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In-Silico Modeling of Biological Matter
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Molecular Dynamics: The Past, Present and Future 
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Biomolecules Actually Dance: 1977 
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The First Bio-molecular MD Simulations  
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Wait A Second … Where is the Water?
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10-100 Picoseconds 
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Coming a Long Way from 100’s of Picoseconds!
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How does a protein fold? 

What pathways does the protein take? 
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Watching a Protein Fold
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µs



What Are The Length/Time/Energy Scales?


1
 Ali Hassanali


How large/heavy is the protein? 
 

On what time-scales does the protein move? 
 

What energies are relevant to the motions? 
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Getting a Sense of Length-Scales
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~ 3A
o

?

?
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Getting a Sense of Time-Scales
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How fast are bond vibrations? 
 

How fast do hydrogen bonds break and form in water? 
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Timescales in Protein Folding Process
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Side Chain Fluctuations: picoseconds 
 

Protein Folding: microseconds 
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Hierarchy of timescales in biology


Hierarchy of different timescales in biology 
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Physical Biology of the Cell: Rob Phillips 



Sampling Important Degrees of Freedom


Ligand-Protein 

Methane-Methane 

Water-Water 
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Potential of Mean Force: 2 Molecules in Solution

Methane-Methane Sodium-Chloride 

Connecting to Experiments: Thermodynamics, Kinetics, 
Pathways   
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Two Biomolecules Interacting in Solution: Energies


Ligand-Protein 

What kinds/forms of energy?  

DNA Bending 

Electrostatic/van 
der Waals Elastic 
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What Makes Biology Special?


kBT = 0.6kcal /mol = 2.5kJ /mol = 25meV

Physics Today: Rob Phillips 

Home Work: Reading Material for this week  
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Overcoming the Sampling Problem


Smart Computer Algorithms and Statistical Mechanics 
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Rage Against the Machines: Millisecond Dynamics


D.E. Shaw 
Anton Machine 
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What About Modeling Chemistry?


Bond Breaking & Formation 
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The Birth of QM/MM


Numerous Applications in Enzyme Catalysis 

Quantum Mechanics/Molecular Mechanics 
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Car-Parrinello/Ab Initio Molecular Dynamics


Fictitious Dynamics of 
Electrons 
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Watching DNA Repair On the Computer


UV Light Can Damage the Skin 
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How is DNA Fixed by Nature: DNA Photolyase


Aziz Sancar 
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Short-Circuiting DNA Repair on the Computer


e- 

e- e- 

J. Phys. Chem. B 115 (14), 3860, 2011 
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J. Phys. Chem. B 115 (14), 3848, 2011 



Multi Scale Modeling/Coarse Grained Models


Bigger and More Complex Systems: Can one 
simulate the cell? 

Cells are much more crowded than our simple  
simulation models 
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Modeling Protein Folding in the Cell


What is the biologically active conformation in the cell? 
 

How does the protein find its state in the cell? 
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Modeling Protein Folding in the Cell


Coarse-Grained Protein 
and Water 

Protein Folding Changes  
in the Cell 
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Modeling the Huge Ribosome


Michael Levitt: 
 Nobel Lecture 
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The  Age of Big Biological Data & Compexity


Chemical Intuition 
 

Visualize Simulations 
 

Dimensionality Reduction 
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Two Dimensional Free Energy Surfaces


What About Other Coordinates? 
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The Role of Water In Biology


Solvent Fluctuations Drive Chemistry  

Smart Ways to Discover Important 
Coordinates Automatically 
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Water is Extremely Important in Biology


+	

-	

PNAS 108(51):20410 (2011). 
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Proton Exchange in Biological Systems


Base-Catalyzed: Hydroxide Ion 

What is the mechanism by which this happens? 
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Going Beyond the Spherical Cow


Simplify Models, but not that much! 
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Shapes in Water Resemble Small Polymers


ΔGsolv ~17kJmol
−1 ΔGsolv ~ 20.73kJmol

−1

Biomolecular Modeling


J. Phys. Chem. Letters.  Accepted 

ΔGvoid ~17kJmol
−1



The Future of Biological Simulations


Beyond Classical Force 
fields: Polarization and 

Charge Transfer 
 

Quantum Mechanics: 
Electrons and Nuclei 

Going Beyond Chemical 
Intuition 

 
High dimensional Protein-

Water Systems 
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Future of Computational Biology @ NMIST


Bio-Chemical Physics of Natural Products 

Theoretical studies of natural product compounds – 
 

 understanding the role of hydration 
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The Case of Curcumin in Water


MD Tutorial:  
Curcumin in Liquid Water 

Curcumin Crystal-Water 
Interfaces 
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Last Parting Thoughts


1
 Ali Hassanali
 Biomolecular Modeling


•  Before Computation a Solid Background in Theory is Needed 

•  Beware of Simplifying Models in Computational Biophysics 

•  Lots of Interesting Basic Science in the Bio-Chemical  
Physics of Model Systems 

•  Making stronger connections to experiments 

 
�
 



Computational vs Experimental Biologist
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