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Abstract

The effects of metal ion and solute conformation change on the struct
of amino acid were studied, using three forms of alanine (Ala) and Li+

construction of the test-particle model (T-model) potentials for all mole
[Ala]aq and [Li+/Ala]aq at 298 K. The MD results showed that the hydro

strengthened by the metal ion binding, whereas the rotation of the N–C
cannot be generalized. It was also shown that the dynamics of water molecu
total–average potential energy landscapes and the water exchange diagram
the water exchange process, in which water molecule moves inside a channe
some point. The theoretical results reported in the present work iterated the
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1. Introduction

It has been well established that metal ions play central roles
in various processes in biological systems [1,2]. They are
generally involved in enzyme regulation, stabilization of
structures of reactive biomolecules [1,3], transportation to
transmembrane channels, etc. [4]. Attempts have been made in
the past decades to study structural and energetic aspects of
metal ion-protein complexes in aqueous solutions and crystals
[1]. These represent difficult tasks due to the fact that proteins
are complicated multifunctional macromolecules with several
possible conformations and binding sites. Based on theoretical
and experimental studies, it appeared for example that, the
positions of metal ion binding sites play critical roles in
determining the locations of bond formations and disruptions in
biochemical reactions [5]. In aqueous solutions, the stability of
proteins and the folding patterns of the peptide backbones have
been pointed out to be affected by the presence of metal ion [6].
Since there have been many review articles taking into account
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s, energetic and dynamics of water molecules in the first hydration shell
a as model molecules. The theoretical investigations were started with
es involved and followed by molecular dynamics (MD) simulations of
n bond (H-bond) networks of water at the functional groups of Ala are
bond from the angle ϕ=0° to 180° brings about smaller effects which
le in the first hydration shell of amino acid could be estimated from the
s. The MD results suggested inclusion of an additional dynamic step in
l within the first hydration shell of solute, before leaving the channel at

necessity to include explicit water molecules in the model calculations.

ynamics simulations; Conformation

the interactions in protein solutions in details [7], only some
important theoretical and experimental aspects relevant to the
present study will be briefly summarized.

The affinities of metal ions with small amino acids, such as
glycine (Gly) and alanine (Ala), as well as the dipeptides
composed of these small amino acids such as Gly–Gly and
Ala–Ala, in the gas phase have been investigated, using both
experiments [8–11] and ab initio calculations [9,12–14]. The
theoretical results obtained from the hybrid B3LYP exchange-
correlation functional using extended basis sets revealed that,
for Gly and Ala, the metal ion affinities decrease on going from
Cu+ to Li+ and Na+ and the values computed at this level of
theory agree in general with experiments [13]; except for Li+,
for which a deviation of about 29 kJ/mol was observed. It
appeared that, in the gas phase, the metal ions considered in
Refs. [13,15] prefer to bind simultaneously at the N and O
atoms of Gly and Ala. This type of bidentate coordination has
been found also in larger amino acid complexes, such as Li+/
valine (Li+/Val) [10], Na+/phenylalanine (Na+/Phe) [16], etc.

The influence of metal ions on the stability of small hydrogen
bond (H-bond) complexes [17,18], as well as biologically active
molecules, such as the base pairs of DNA [19,20], was reported
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