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ALANINE ZWITTERION/AMINO ACID/HYDROGEN BOND/T-MODEL/

HYDRATION/MD SIMULATIONS

This research focused on the study of the structures and energetic of hydrogen
bond (H-bond) networks of water at the NH;" and COO" functional groups of two
forms of alanine zwitterion using theoretical methods. The study started with the
construction of intermolecular potentials between the alanine zwitterions and water,
followed by molecular dynamics (MD) simulations of the aqueous solutions. The
three-dimensional structures and the average potential energy landscapes of the
H-bond networks of water were analyzed and visualized using various probability
distribution (PD) maps.

The MD results revealed that the conformation with planar skeleton (Alaz)
possesses larger overall stabilization by hydration, whereas the conformation with the
COO plane being 90° with respect to the NC"C backbone (Alaz-R) seems to be more
accessible by water. The PD maps also showed that water forms well-defined H-bond
networks around Alaz and Alaz-R, especially at the NH;" group. The structures and
energetic of the H-bond networks of water at the NH;" and COO™ functional groups
are quite different. The solute-solvent interaction at the NH3" group of Alaz as well as
Alaz-R is considerably stronger than at the COO™ group. The MD results revealed that

water molecules spend longer time at the NH;' group than at the COO™ group.
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The MD results also showed that some parts of the hydration structures at the NH;"
group of Alaz overlap with some of that at the COO" group; whereas the hydration
structures at two functional groups of Alaz-R are quite independent. Some water
molecules binding at the NH;" group can translate to bind with the COO" group. There
was no direct evidence for the intramolecular H-bond formation between the NHy'
and COO" groups.

The analysis of the average potential energy landscapes of the H-bond
networks of water showed that, although their shapes are highly irregular, they can
help characterize the dynamic behavior of water molecules especially at the functional
groups of the solutes. The MD results led to the conclusion that complete information
on molecular hydration can be obtained only when explicit water molecules, together
with their hydration dynamics at the hydration sites, are considered in the model

calculations.
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