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Simple analytical functions consisting of electrostagiolarization, Lennard-Jones, and cavity
terms were proposed to express the potential of mean fonpgartiles interacting in water an-
alytically. A simple analytical approximation based on thiegral over the surface-hydration
energy density of the interacting sites was derived for thatg term; the solvation energy den-
sity of each site is represented as a difference of two Gassims. This expression can eas-
ily be generalized to interaction sites with non-sphersgahmetry. The analytical expressions
were fitted to the potential of mean force of model systemerdehed by umbrella-sampling
molecular dynamics. The analytical formulas fitted the ptiéds of mean force very well, and
the resulting parameters of the expressions were physiegksonable.

1 Introduction

Effective potentials of amino-acid side chain interacsi@ne a key part of united-residue
force fields, because they encode most of sequence spgcificthe UNRES force field
developed in our laboratohy the side chain—side chain interaction potentials are ptiyse
assigned arbitrary Gay-Berh&unctional forms that take into account anisotropy of inter
actions, and their parameters were determined based oy fittithe correlation functions
and side-chain-contact energies determined from the'PDiese potentials have the sym-
metry of an ellipsoid of revolutioh which does not capture the amphiphilic feature of side
chains such as that of aspartic acid or asparagine, whictoanposed of a charged/polar
“head” and a non-polar “tail” and possess, therefore, a t@ymmetry of interactions.

In this communication, we introduce a new model of chargetl @wiar side chains
consisting of two centers: non-polar ones and charged/polas. The interaction po-
tential consists of three components: a Gay-Berne companeaproduce steric interac-
tions, a solvent-accessible-surface area component todepe hydrophobic association
and a Generalized Botrcomponent to reproduce electrostatic interactions betvpee
lar/charged parts. We also introduce an analytical expmeder the free energy of hy-
drophobic solvation, which is based on a Gaussian modeleo$dfvent density around a
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solute molecule. We fitted the resulting analytical exgoessto the potentials of mean
force of model systems determined by umbrella-samplingemdar dynamics simula-
tions.

2 Methods

Molecular dynamics simulations for the systems studiedewmarformed with the AM-
BER 7.0 force filed. The TIP3F model of water was used. The potentials of mean
force (PMFs) were determined by using the WHAM methdthe detailed computational
procedure was described previolfsl¥itting of analytical formulas to the PMFs was ac-
complished by minimizing the sum of squares of the diffeesrizetween the PMF values
computed from analytical formulas and determined from Mgations by using the
Marquardt method We used two expressions for the cavity potential, one ddrim this
work based on the Gaussian model of solvent energy densitpia@ based on molecular
surface area.

3 Results and Discussion

An example of a PMF of the pair of two methane molecules togretlith curves computed
with fitted analytical expressions are shown in Figure 1.
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Figure 1. PMF curve of a pair of methane molecules in wategrdghed by simulation (dashed line), the fitted
curve with the cavity term expressed by the Gaussian modkdi (§ne) and the fitted curve with the cavity term
expressed as molecular surface area (dotted line).

It can be seen from Figure 1 that the Gaussian model of sollentity is able to repro-
duce both the desolvation maximum and the solvent-seghrgEtemum in the PMF, while
the molecular-surface area model can reproduce only thehd¢i®n maximum. Unlike
the model based on molecular-surface area, the Gaussiagl ofdd/drophobic solvation
can be easily generalized to non-spherical sites and dagsaduce discontinuities in the
energy gradient.
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