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Empirical pofential energy function

e Bond Stretching:

1 .
= % Ky(b— b))
2 bo%:ds b( q)
e Angle Bending:
= Y Kg(0 — 0ey)
-2 angles
° Torsion:
1 ): g V [1 i COS( | 5)]
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Monte Carlo

MC is a stochastic method:

e Generate a sequence of system configurations
which is distributed according to the Boltzmann
distribution.

e Equilibrium properties are found by computing
appropriate averages over the resulting set of
configurations. =

e Metropolis Algorithm:

— Pick an atom, ma.ke random move.

— Compute AE o |
~HAE < 0, the move is accepted

—~HAFE >0, the move is accepted with
probability exp(—BAE).

e Ideal acceptance ratio is about 50%.

Classical Paper:

Metropolis et. al., Jour. Chem. Phys., Vol. 21 (6), 1087 (1953)
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Simulation of liquids

How does one simulate a liquid?

Atoms are moved randomly inside spheres of equal

radii.

System 1is:

e homogeneous.

e isotropic.



Differences in simulating liquids and
molecules

¢ Inhomogeneity

— Each atom of the molecule sees a different
environment.

— Wide range of variation in the atomic
fluctuations. |

e Anisotropy
— Highly anisotropic potentials.

— Local eﬁ'ectlve potentlals change during
simulation.
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Figure 24: structure of glucagon after annealing

molecule. In the remaining cases the structure analysis program detected no
helical regions. Figures 25 and 27 show the results of one of these runs.

Energetically, the helical structure lies about 20 kcal/mol below the en-
ergy of the partially folded structures. The random coils had an even higher
energy, about 30 kcal/mol above the helical structure.

Even though the program did not reproduce the X-ray structure the re-
sults found agree rather well with experimental measurements by Panijpan
and Gratzer {27] and Gratzer et al. [28]. From NMR studies, measurements
of the temperature dependence of optical rotary dispersion and thermal dif-
ference measurements they conclude that that in dilute solution, glucagon
is largely a random chain which contains about one turn of a-helix. They
predict that the surmised a-helical segment is formed by residues 21 or 22 to
26 near the C-terminal. This is the region in which the simulated molecule
showed the largest probability of forming an o-helical structure. The experi-
ments also support a hypothesis brought forth by the authors of [28] that the
molecule at room temperature is at the high end of a transition between a
helix and a random coil state. The experiments show that the apparent helix
content of glucagon in dilute solution increases as the temperature is lowered.
The authors make a prediction that glucagon should fold into the helical form
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