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What is T‘i , i.e. how long do we have
to wait? Hard to know a priori. Ao
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e Thermodynamic Properties
* Kinetic Energy:
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* Temperature:
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e Configuration Energy:
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* Pressure:
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e Structural Properties
e Pair correlation (Radial Distribution Function):

o(r)=, ") —V<Zza(r— >
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e Structure factor:

S(k)=1+4zp|" ”(kr)( (r)—1)r2dr
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Note: S(k) available from x-ray diffraction
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Radial Distribution Function
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Any deviation from 1 describes correlations between particles!
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MD Results
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RMS deviations for the KesA protein and 1ts selectivity filer indicate that the protein 1s
stable during the simulation with the selectivity filter the most stable part of the system.

020 40 60 80 100 120
Residue number
Temperature factors for individual residues in the four monomers of the KcsA channel
protein indicate that the most flexible parts of the protein are the N and C terminal ends,
residues 52-60 and residues 84-90. Residues 74-80 in the selectivity filter have low
temperature factors and are very stable during the simulation.




IJT‘%/Z% é& Mean squared displacement (Einstein relation)
2Dt = <\r<t) r,(0) )

Velocity Autocorrelation (Green-Kubo relation)
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Mechanics: A state 1s characterised by one minimum energy structure
(global minimum)
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Very small energy differences between states (~kgz1 = 2.5 kJ/mol)
resulting from summation over very many contributions
Entropic effects : Not only energy minima are of importance but whole range of
x-values with energies ~kyT
energy The free energy (F)

U(x)
governs the system

F=U-TS

X, may have h|g;her energy but lower l
free energy than X4
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Problems|

1) Fixed set of atom types

2) No electronic polarization:
- fixed partial charges allow
for conformational polarization
but not electronic polarization

3) Quadratic form of potentials:

- problematic far from equilibrium
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values
- no bond creation or deletion
r

H3C CHj
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Solutions|

- Fluctuating charges treated as
dynamical parameters

. Charges on springs representing
e clouds

- QM-MM

. Full QM simulations

- QM-MM
- Full QM simulations
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s - ms vy 3 larger structural

8 partial unfolding,
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All-atom model
16 (CH, or CH;) atoms
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Map
to all-atom

contigurations

Centre of mass

Centre of mass
C;-GC,

Centre of mass
D; - D4

Centre of mass
WI s W4

Coarse-grained model
4 atoms
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