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DESCRIPTION
The ability to distinguish between distinct ion types is frequently
essential to the function of macro cycles, enzymes, ion channels,
transporters, and DNA. Quantify the significance of a variety of
elements that influence the ion selectivity of such molecules,
such as the quantity of coordinating ligands, their dipole
moment, and their vibrational motion, using molecular
dynamics simulations on both detailed systems and simple
models. In order to read off the relative free energy associated
with binding of distinct ions and to provide an assessment of the
relative importance of the various factors, the information
coming from their model systems is condensed into a series of
selectivity maps.

They produce differential site-binding energies that are
consistent with experiment and more in-depth simulations for a
variety of systems, which is remarkable and makes their maps
useful for understanding the origins of selective binding and
transport even though they cannot capture all aspects of real
systems. The number of ligands (as in ion channels) and the
reduction of thermal fluctuations (as in amino-acid transporters)
can become significant as the binding site becomes more rigid,
but in flexible molecules the chemical nature of the
coordinating ligands is crucial for creating thermodynamic ion
selectivity. Creation of new ion selective compounds as well as
the assessment of the local structure from binding energies.

Given the abundance of Potassium (K+) and Na+ in biology as
well as their similar size, spherical shape, and identical charge,
the distinction between them is particularly intriguing. The
function of stiffness in forming a cavity that selectively binds
ions of a certain size has frequently been highlighted in the
literature on selectivity in small macro cyclic ligands. However,

because biological macro cycles like valinomycin are
conformationally flexible, early free energy simulations showed
that in addition to structural (steric) factors, selectivity is also
greatly influenced by the solvation energies of the ions and the
strength of the electrostatic interaction with the nearest ligands.

The causes of the selectivity in potassium channels, which may
distinguish between K+ and Na+ ions with a preference for K+ of
up to 1000-fold, have recently been the subject of significant
debate. The selectivity filter, a small area of the channel where
selectivity is accomplished, is lined with carbonyl oxygen that
coordinates ion-permeating molecules and produce a
thermodynamic preference for binding K+ relative to Na+ in the
range of 5-6 kcal/mol. The preference may have developed
because the channel compensates for the energy cost of
dewatering K+ more effectively than Na+, at least in part. This
article's fundamental premise is that thermodynamics plays a
significant role in many of the theories for ion selectivity in K+
channels.

The origins of selectivity in potassium channels, which are able
to distinguish between K+ and Na+ ions with up to a 1000-fold
preference for K+, have recently been the subject of significant
discussion. The channel's ability to more effectively offset the
energy cost of dewatering K+ as opposed to Na+ is thought to be
at least partially responsible for the preference. The primary
concept of this article is that thermodynamics is a major
component of many of the theories for ion selectivity in K+
channels. The most commonly accepted theory for a very long
time claimed that selectivity was caused by K+'s superior
structural fit into the selectivity filter binding sites than could be
achieved for the smaller Na+, which appeared to be consistent
with the crystal structures.
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