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Collection of MD Data

» DCD trajectory file
= coordinates for each atom

= velocities for each atom

 Output file
» global energies
= temperature, pressure, ...
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Analysis of MD Data

1. Structural properties
2. Equilibrium properties

3. Non-equilibrium properties

Can be studied via both equilibrium
and/or non-equilibrium MD simulations
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Structural Properties of
Biopolymers

End-to-end Distance

Radius of Gyration

Mean Square Displacement (MSD)
Root Mean Square Deviation (RMSD)
Debye-Waller Factor
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1. End-to End Distance

Represents the average
distance d between the first and

last segment of a (bio)polymer

Suitable to describe linear
polymers
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2. Radius of Gyration
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Mass weighted RMS average distance of the selected
atoms from their center of mass (COM)

Suitable to describe branched chains with large number
of ends
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3. Mean Square Displacement

MSD =Y (r,—1,,)*)

Describes the “distance” between two conformations
of a (bio)polymer (or group of selected atoms)

First the two conformations must be aligned
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4. Root Mean Square Deviation

RMSD =[{3 (1, —1.0))]

Describes the “distance” between two conformations
of a (bio)polymer (or group of selected atoms)

First the two conformations must be aligned
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5. Debye-Waller Factor

(B- or Temperature Factor)

B = %ﬁ(&j), S =1 —(r)

Describes the reduction of the intensity of Bragg
scattering due to motion of atoms about their
equilibrium position

Atomic scattering factor:

f=f, exp[-B(sin¢/A\)’]

Does not vanish even at T=0 because of the zero
@ point motion of the atoms !
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Non-equilibrium Properties

1. Transport properties
2. Spectral properties

Can be obtained from equilibrium MD
simulations by employing linear response theory
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Linear Response Theory

External weak perturbation
Response function R(f) €«———

ex,(t)
Related
' Non-equilibrium | through the
Fluctuation
Dissipation

——
(dissipation
\/ Theorem
(FDT)

Thermal fluctuations
autocorrelation function C(f) «—
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Time Correlation Functions
Cpt—1t") =@(t)B(t')> =(A(t- t')B(O)L

. Y
since P is tindependent !

A# B cross- . .
correlation function

A=B auto-

Correlation time: T, = Jdt C.,®/C,(~0)
0
Estimates how long the “memory” of the system lasts
In many cases (but not always): C(¢) = C(0)exp(-¢/7,)
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Response Function

or generalized susceptibility
External perturbation: V., (¢) = —A S (D)
Response of the system: {A(f)) = Jdt R(t—=t") f, (1)
Response function: R(¢) = ({A(t)(,) A} gy =—P(0,A(t) 4)

with B=1/k,T
Generalized susceptibility: Y (®) = R(®) = deelth(t)

Rate of energy dissipation/absorption:

Q(n E<A(t)>%:%wxn(0)) |f(‘) |2, f(l‘) — Rejfoe—l(nt
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Fluctuation-Dissipation Theorem
Relates R(f) and C(t), namely:
X" (@) =(Pw/2)C(w)
In the static limit (t — «): C(0)={A4%)=k,T R(0)

Note: quantum corrections are important when &,7 < ho

¥"(0) =1~ tanh(Brm/2) C(w)

NIH Resource for Biomolecular Model: g and Bioinformatics Beckman Institute, UTUC
http://www.ks.uiuc.edi

Hotorel Cemiee T
Recsnioh FRsoIca




Example: Absorption of Radiation
by Electric Dipoles

Perturbation: 7V, (t)=-P-E(t), E(t)=E,écosot
Correlation function: C(¢)=1/3(P(t) P)

Absorption coefficient: o) = (4nw/c)[Y"(®)/ €' (®)]
Applying the FDT:

o) = 2ro’B/c)[C(w) /€' (®)]

P(t), and C(t) can be computed from a suitable MD trajectory
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Diffusion Coefficient
Generic transport coefficient: Y = de (d,4()9,A4(0))
0
Einstein relation: 27yt = ([ A(¢) — A(0)]*)
Example: self-diffusion coefficient
e
D=—\|d 0
: j £(v(1) v(0))

6Dt ={r(t)—r(0)])
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