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Organization of NAMD Tutorial Files

namd-tutorial -files

— 1=1=build

— 1=2=sphere
— 1=3=box

— 2=1-rmsd — 3=1=pullcv

— 2=2-maxwell — 3=2-pullcf
— 2=3-cnergics

— 2=4-temp

— 2=5-spec_heat

—  2=0~hcat diff

— 2=7=¢choes

common



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
atoms in the two regions

oolant layer of atoms

motion of atoms is subject
to stochastic Langevin
dynamics

SORNE | 11T = e S U
F,.,. —force field

F,, = harmonic restrain
F, —friction

F, —Langevin force

atoms in the inner region
follow Newtonian dynamics

mr=F,,



Solution of the Heat Equation

t | Ty | ¢ [ (Taim) | ¢ | (Taim) |t | (Tairm)
0.05 | 208.75 | 1.05 | 2T6.00 || 1.95 | 267.00 [ 3.25 | 261.00
0.15 | 289.25 | 1.156 | 276.50 || 2,05 | 268.50 [ 3.45 | 258.50
0.35 | 285,50 | 1.25 | 275.25 || 2,25 | 266,50 [ 3.55 | 250.50
0.55 | 282,25 | 1.45 | 27100 || 2,35 | 264.50 [ 3.95 | 256.50

| 065 | 28275 | 1.45 | 27175 || 2.55 | 263.50 || 4.05 | 257.25
| 0.75 | 279.00 [ 1.65 | 269.50 || 2.65 | 264.50 || 4.45 | 254.00
| 0.85 | 277.75 || 1.75 | 271.00 || 2.85 | 262.00 || 4.55 | 2565.25
| 1.00 | 277.50 || 1.85 [ 268.00 || 3.05 | 262.50 | 4.85 | 252.00

Table 1: Mean temperature
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Heat Conduction Equation

T (r, 1 = %
ol(n,0) _ pviree.n |
Of mass density
thermal diffusion /
coefficient D =K/ P C‘\
I specific heat

thermal conductivity

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

* calculate 7{r, t)assuming initial
and boundary conditions:

I'(r,0)=T, for r <R
I'(R,t)=1,

hath




Solution of the Heat Equation

I1'(r,t)
Ot

= DVT(zr,t),
D = Kjpeé,

Initial condition

T(I‘ ()) = <T51nz> (O) f(_)l' R R ]
Boundary condition

T(Rt) = Tpath -



Solution of the Heat Equation

Spherical oT (?".} t) 1,
symmetry Ot = D ;8??“2?(9; t) Tba,th
We assume
x.
T(r.t) = Than + Z ane/\“tu*ra(jf )
n=1

difference from bath

Here u are the eigenfunctions of the spherical diffusion operator

D d?
L =22
r d’rQT

D d? . _
?@Tun(?“) = AMun(r) , un(0) = finite up(R) = 0



Solution of the Heat Equation

T(r.t) = Tpatn + Zan exp [_ (E)Q Dt] sin (nmr/R) Tb&th
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Solution of the Heat Equation

Temperature averaged over volume

Temperature [K]
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