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Molecular Dynamics (MD)
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A protein + solvent molecules

bǳƳŜǊƛŎŀƭƭȅ ǎƻƭǾŜ ǘƘŜ bŜǿǘƻƴΩǎ 
equations of motion for the atoms

Analyze MD results



Empirical potential functionfor MD
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MD in biology

Ron O. Dror et al. J Gen Physiol 2010;135:555-562

MD has played an important role for understanding dynamics of biomolecules 
at atomic detail.



Ideal and real conditions in 
physics and biology

Physics Biology

Ex.) Ideal gas equation

Ex.) van der Waals equation

Ideal
Å Isolated or diluted
ÅNo intermolecular 

interactions
Åhomogeneous

Real 
ÅDenser
Å Intermolecular 

interactions
Å inhomogeneous

In test tubes

In living cells
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[ŜǘΩǎ ƭƻƻƪ ŀǘ ŀƴ ƛƴǎƛŘŜ ƻŦ 
cell in next slide!

MD under ideal 
conditions

We need MD simulations 
under real conditions!



Inside of cell is crowded

Illustration by David S. Goodsell

The cellular interior is crowded, 
where 20-40% in volume fraction 
are occupied by macromolecules. 
This means that the environment 
of cells is far different from the 
conditions found in most of 
biochemical experiments and 
conventional MD simulations.

We need to examine how the 
cellular crowding alters the 
thermodynamics and kinetics of 
biological processes, which is a 
necessary step towards 
understanding living systems. 

Image of inside of cell



Animal cell

Mycoplasma genitalium
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Simulation model: Cytoplasm of 
Mycoplasma genitalium

Model for simulation

# of atoms: 11,737,298
# of macromolecules: 216 (43 types)
# of metabolites: 4,212 (89 types)
Conc.: 298 mg/ml
Vol. fraction: 0.287

Figures were 
created by Dr. YuNumber of genes is ~ 500.


