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Charge distribution plays a dominant role in
conformational studies on molecules or solids.
Conformational analysis relies on the minimization of
empirical potential energy functions which imply a large
number of parameters. A major part of conformational
energy is of coulombic origin, and thus totally controlled
by the charge density. Since the calculation of this density
is computationally very expensive for large systems, most
programs use a ‘naive’ approach, simulating the density by
a set of point charges and dipoles adjusted from quantum
calculations on small molecules, and therefore transferable
within a large set of molecule environment : this often
constitutes a poor approximation to the problem, leading to
biased results concerning the effective conformation of the
system.

A simple method is introduced to predict the electron
density in large molecules. A molecule is decomposed into
subsystems, the density of which can be considered as
additive with a controlled accuracy. This method is based
on the Hirshfeld’s partitioning scheme, which is very
general and independent on any basis set. For a complex
molecule we predict a model density built upon fragments
that are transferred from simpler systems. The method is
compared with Mezey’s approach. A significant difference
arises when transferability is considered and our approach
is not sensitive to basis set problems.

Conformational energies of the complex system are
then predicted from the model density, using a density
functional scheme, and are compared with ab-initio results.
The prediction of the variations of coulombic and kinetic
energies requires a very high numerical accuracy (relative
accuracy better than 10−7 !). The errors introduced by the
computational calculations should thus be smaller than this
threshold, which constitute a sensitive problem : for
several years, many research teams have been working on
improving the numerical convergence.

When estimating energy changes associated with a
variation of conformation, it turns out that the hypothesis
of total transferability is too crude. The density of a
fragment is not totally transferable between different
conformations. The non-transferable part is very weak
compared with the density itself, and would hardly be
detected by X Ray diffraction experiments, however it has
been shown that this non-transferable contribution to the
density plays a dominant role in the energies variations.

For polypeptides, we have found no general way to
modelise the deviation of the predicted density with
respect to relevant structural parameters. Nevertheless, it
appears that the non-transferable density of a given
fragment in a molecule can be transferred from a smaller
molecule with a similar environment, in the same
conformation. Let’s assume a torsion around a given bond.
Non transferability affects only the neighbors of that bond.
The correction of the density can be estimated from a
simple analog involving this bond and its immediate
environment. The first model of additive fragment
densities for a large system is significantly improved by
introducing the non-transferable contributions calculated
from smaller molecules.

While using the corrected density, the predicted
variations of energies now agree with ab-initio calculations
with a satisfying accuracy. One can thus predict the
conformational energy of a large system by using this
reliable model of corrected densities, at a reasonable
computational cost.
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Electrostatic interactions are essential in
macromolecular chemistry, especially for proteins where
they are involved in most biochemical processes. Since the
electrostatic potential is directly related to the interaction
energy, we present in this work, a new way to calculate
this property of such molecular systems. In most current
calculations, the molecular electrostatic potential is the
sum of atomic charges and electric moments contributions.
Alternatively, we propose to generate the electrostatic
potential using molecular fragment electric moments rather
than atomic quantities. The concept of the transferability
of such physical properties is fundamental in this
approach. Moreover, the fragment electric moments
reproduce optimally the experimental electrostatic
potential.

Atomic moments are first derived from the fit of the
electrostatic potential obtained from the high resolution X-
ray experiment on small peptide molecules. The electric
fragment moments are then analytically expressed using
the Legendre polynomials translation method of Hobson.
There after, the electrostatic potential is calculated
according to the Buckingham expansion of electric
fragment moment contributions.

This method is applied to several small molecules and
the average moments of similar fragments are transferred
on a 310 helix octapeptide to generate its electrostatic
potential. The choice of the fragments is based on both
geometrical and peptidic (main chain and side chain)
nomenclature considerations. These fragments are also
selected to be rigid to avoid distortions of the molecular
geometry and subsequently of the electron density.

The electric fragment moments obtained potential is
compared to other electrostatic potential calculation
methods. A quantitative agreement is observed in the
comparison between the obtained electrostatic potential
and those computed from ab-initio theoretical calculations,
from the atomic point charges of AMBER molecular
modelling dictionary or directly from the experimental
electron density.


