


Molecular Dynamics (MD)

A typical example of

all-atom MD simulation

A protein + solvent molecules
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AnalyzeMD results



Empiricapotential functionfor MD
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MD In biology
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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 detalil



ldeal and real conditions In
physics and biology

Condition

|deal

A lIsolated or diluted

A No intermolecular
Interactions

A homogeneous

Real

A Denser

A Intermolecular
Interactions

A inhomogeneous

Physics

Ex.) Ideal gas equation

PV _py =R
n

Ex.) van der Waals equation

Biology

In test tubes
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MD under ideal
conditions

In living cells

We need MD simulation:
under real conditions!
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cell in next slide!



Inside of cell Is crowded

The cellular interior is crowded,
where 2040% in volume fraction
are occupied by macromolecules.
This means that the environment
of cells is far different from the
conditions found in most of

Image of inside of cell biochemical experiments and
conventional MD simulations.

We need to examine how the
cellular crowdingaltersthe
thermodynamics and kinetics of
biologicalprocesses, which &
necessargteptowards

understanding living systems
lllustration by David SGoodsell



Simulation model: Cytoplasm of
Mycoplasmajenitalium

Animal cell

Model for simulation
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50 nm~

# of atoms: 11,737,298
# of macromolecules: 21@13types)
# of metabolites: 4,21289types)
Conc: 298 mg/ml

Vol. fraction: 0.287

— 300 nm

: Figures were
Number of genes is ~ 500. created by Dr. Yu




