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By integratingab initio energy surfaces of the model terminally-blocked amino-aesidues:
glycine, alanine, and proline, we calculated the potesiidlimean force corresponding to the
bending of the € ... C%...C% virtual-bond angles for the purpose of using them in our
united-residue UNRES force field. The potentials for theciylg and alanine residues were
found to be bimodal as are the corresponding statisticaniels determined from the Protein
Data Bank.

1 Introduction

Local interactions play a very significant role in determmiprotein structure, because
they determine the geometry of secondary-structure elestfery., thex-helices and the
(B-sheets), as well as that of turns and loop regions. Therefmcurate representation
of local-interaction terms in the empirical force fields firysics-based protein-structure
prediction is of utmost importance. In this communicatiare present the determina-
tion of the potentials of mean forces for the bending of tlte CC* - - - C* virtual-bond
angles for the purpose of using them in our united-residyesipb-based UNRES force
field field for protein-structure prediction fromb initio energy surfaces of terminally-
blocked amino-acid residues, which will replace the siaispotentials determined in our
earlier work from PDB statistics.

2 Methods

The model system used to calculate the potentials of meaa éarresponding to the bend-
ing of virtual-bond angle$ is shown in Figure 1. The neighboring amino-acid residues
are included because, from the PDB statistics, it folfothat the distribution of virtual-
bond angle$ depends on the values of the neighboring virtual-bond dédeshglesy and,
consequently, the bending potentials in UNRES are funstidithese angles.

The potentials of mean force of virtual-bond angle bendigy ~ (6,1, v2) (where
X, Y, and Z are the types of residue involved; see Figure 1yewemputed in this work
from the energy maps of terminally-blocked X, Y, and Z resislibbased on the theory
presented in Ref. 5 extended by applying the harmonic ajypation to each point of the
map of the central residue Y. We used the energy maps of taliyriblocked Gly, Ala,
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Figure 1. lllustration of a model system for the calculatafrthe potentials of mean force of the bending of the
virtual-bond angle#. The variables to integrate over are the torsional anglestafion,\; — X4 of the peptide
groups about the €. - - C* virtual-bond axes, while the virtual-bond angland the virtual-bond dihedral angles
~1 and~ys are the primary variables

and Pro calculated in Ref. 5 at thb initio MP2/6-31G** level with the grid ofl 5°; each
point of a map corresponds to a structure minimized in alreleg of freedom except the
angles). In this work, we computed the Hessian matrices at each pbamap and used
them together with minimum-energy values to complite, ~ (6, v1,v2). All potentials
of mean force were computed at T=288

3 Results and Discussion

The plots of F'y (§) (Boltzmann-averaged over the angigsand~, for X=Gly, Ala, and
Pro are shown in Figure 2. In this Figure, the statisticabptal F' 4;,(0) determined in
Ref. 2 is also presented for comparison.
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Figure 2. Potentials of mean force of virtual-bond-angledieg Boltzmann-averaged over the virtual-bond-
dihedral-anglesy; and~2 compared with the statistical potential computed from tB&Rtatistics for Ala-type
virtual-bond angles.
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It can be seen from Figure 2 that th&;;, (0) and F 4;,(6) potentials have two min-
ima, one ford = 100° and the second one fér = 140°. Analysis of the complete
Fxvyz(0,v1,72) potentials shows that the first minimum corresponds taelical and
the second one to the extended region. This finding agreéstidt analysis of the sta-
tistical potentials from the PDB However, the second minimum is not pronounced in
the statistical potentials which is caused by the fact thaestrof the data pertained te-
helical structures. The present potentials are not biasadyt organized structure and are,
therefore, expected to improve the performance of the UNRES field.
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