Statistical Mechanics of Proteins

Ubiquitin

Show molecular dvnamics trajectory in YMD

Equilibrium Properties of Proteins

Ubiguitin
Root Mean Squared Deviation: measure
tor equilibration and protein flexibility
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Thermal Motion of Ubiquitin from MD

RMS5D values per residue
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Thermal Motion of Ubiquitin from MD
Temperature Dependence of Crystal Diffraction (Debye-Waller factor)

Brage’s law
2d sinfl = A

structure factor
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But the atom carries out thermal vibrations around equilibrium
position 7

ri(t) = &; + 4;(t)
Accordingly:

(fiexp[—is- 7]} = fiexp[—i§- &;] (exp]—i5- 4]}




Thermal Motion of Ubiguitin from MD
Temperature Dependence of Crystal Diffraction (Debye-Waller factor)

One can expand:
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One can carry out the expansion further and show
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Lsing for the thermal amplitude of the harmonic oscillator
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one obtains Debve-Waller factor
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Equilibrium Properties of

Proteins
Energies: kinetic and potential
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Equilibrium Properties of

Proteins

Energies: kinetic and potential

i
1100 | 3
{ i 1 F I
1503 ..__I,Z E'”ﬂ'_n]' — 3'1"' kT
= . | i g
-_,.,_.‘.-—l
o === 1237 m“x Kinetic enemgy {gaadmtic)
i Ui =k 5k
1 i Creiramidy lnls
T 11 R i
Wl famt e .
& o Arags A L K |
Tl _..-i" & Braawa
-\i"‘:-"ll'.'ll -.-.__-I' Vs ;
L g [ ! L
e T —— E£| i |I_|. |:._':| | "ﬁ_."ﬁ_."_
¥ =l __.-'
cll 00 200 300 800 S0 - —
TiTiistuluda K] Potentizlc energy (net all quadreatic)

Maxwell Distribution of Atomic Velocities




Analysis of Ey;,, T (free dynamics)
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Definition of Temperature
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Hormal Distribution of Temperatures
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Simulated Cooling of Ubiquitin

* Proteins function in a narrow (physiological)
temperature range. What happens to them when the
temperature of their surrounding changes significantly
(temperature gradient) ?

+ Can the heating/cooling process of a protein be
simulated by molecular dynamics ? If yes, then how?

- What can we learn from the
simulated cooling/heating of
a protein ?

How to simulate cooling ?

Heat transfer through

mechanical coupling between
PR g coolant layer of atoms

metion of atoms is subject
to stochastic Langevin
dynamics

mi=F, +F,+F, +F,

F,,. —force field

F,, —harmonic restrain
F, — friction

F, —Langevin force

atoms in the inner region
follow Mewtonian dynamics
mr=F,_




Solution of the Heat Equation
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Heat Conduction Equation
aAW) _ pvrries) _
ar mass density
thermal diffusion :
coefficient —— D = K/pc

T specific heat
thermal conductivity

* approximate the protein with a
homogeneous sphere of radius
R~20 A

* calculate T{r.#)assuming initial
and boundary conditions:

I'(r,0)=T, for r<R
'R.n=1_.




Solution of the Heat Equation

T (r. 1 .
At _ e,
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I = Kjge,

Initial condition
T(r,0) = (Tyim ) (0) for r< A,

Boundary condition
LR t) = Thasn

Solution of the Heat Equation

Spherical JdT(r, t) s P T
Symmetry N = D I;n’.-l Fir,t) bath
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Here u, are the eigenfunctions of the spherical diffusion operator
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Solution of the Heat Equation
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Solution of the Heat Equation

Temperature averaged over volume
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