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Periodic boundary conditions 
(with electrostatic energy calculated using an Ewald summation)

Lattice size should be large 
enough to accommodate 
tumbling motions of the 
solute and to preserve a 
layer of solvent of at least 2 
Debye lengths between the 
images.



Numerical integration

Non-integrable system of 
differential equations

Finite-difference 
approximations :

We can calculate ri(t+δt) from 
ri(t) and ri(t–δt) :
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Finite-difference version 
of Newton’s equations :

mi
ri(t+ �t)� 2ri(t) + ri(t� �t)

�t2
= Fi(t)



Choice of time step (δt)

Rule of thumb : 

δt should be at least one tenth 
of the shortest period of 
oscillation of the system, but 
ideally one twentieth.

O–H stretch :  ~3500 cm–1 ⇒ τ ~10 fs ⇒ δt ~ 0.5 fs 

C=O stretch :  ~1700 cm–1 
N–O stretch :  ~1600 cm–1 
C=C stretch :  ~1600 cm–1      ⇒ δt ~ 1.0 fs

To avoid using a 0.5 fs time 
step, the X–H bonds can be 
kept rigid (using the SHAKE 
algorithm).
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How long should the simulation be ?

Typical time for crossing an 
energy barrier :

� = �o e
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The problem gets worse if the 
system has multiple barriers…

1 kcal mol–1  ⇒  1.2 ps–1  (“1.2 crossings per ps”)

5 kcal mol–1  ⇒  1.4 ns–1

10 kcal mol–1  ⇒  < 1 ms–1

Using                 :�0 = 1 ps



“Thermostatted” Newton’s equations 
(Nosé–Hoover equations)

mir̈i = Fi �miṙi�̇

variable friction 
coefficient
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According to the 
equipartition theorem, 
each degree of freedom 
of the system should have 
a kinetic energy of          .

For that reason, K is related to the 
instantaneous temperature of the 
system.



General procedure for system setup

• Read topology and parameter files

• Read PDB file  
(protein coordinates)

• Specify details of energy function  
(cutoff scheme, periodic boundary conditions, 
additional restraints, etc.)

• Minimize energy  
(to remove potential bad contacts)

Hopefully, all the 
compounds present 
in the model system 
are defined…

• Add solvent / membrane

protein.pdb

par_*.prm

system.pdb

system.psf

top_*.rtf

solvent.pdb

• Write PDB and PSF  
(coordinates and topology)



NAMD

MD simulation in NAMD

md.logmd.conf

md.dcd

log file

trajectory file

md.restart.* restart files

par_all27_prot_na.prm

toppar_all22_prot_model.str

topology

coordinates 

parameters 

additional 
parameters 

Visualize/analyze the 
trajectories using 

VMD/Tcl

ionized.pdb

ionized.psf



AmtB structure

AmtB crystal structure
(Zheng et al., PNAS 2004, 101, 17090)















Debye–Waller factors (a.k.a. B-factors)

Figure from : 
Bernèche and Roux, Biophys. J. 78, 2900–2917 (2000)
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To compare with experimental 
B-factors, we have to account 
for crystal disorder, which is 
not present in the simulations.
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Example: KcsA



Diffusion coefficients 
(for a molecule in a homogeneous environment)
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We usually calculate the MSD by assuming 
that the fluctuations are stationary :
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Radial distribution functions (RDFs) 
(between pairs of atoms)

Figure from : 
Orabi and Lamoureux, J. Chem. Theory Comput. 8, 182–193 (2012)
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