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Preface

The Protein-Water Energy Seascape

Protein molecules and liquid water are very different systems both
from a structural and a dynamic point of view. Proteins are long range
ordered, but its local molecular motions are restricted by covalent
bonds, which makes it solid-like. The dynamics of such a system is
properly represented by barrier crossing within a well defined energy
landscape. Water in contrast is short-range ordered, but long range
diffusion allows it to flow, the essence of the liquid state. The energy
landscape is thus fluctuating and motion is determined by collective
reorganization of molecules forming transient holes, the landscape
turns into a seascape. At the protein-water interface mutual
interactions modify the properties of both systems. The protein
landscape is modulated in time by density fluctuations in the liquid
phase and interfacial water is transiently immobilized by rigid protein
structure.

The physical phenomenon of protein hydration is to some extent
elusive, since there is no rigid shell of water around a protein
molecule. Instead there is a fluctuating cloud which is thermody-
namically and dynamically different from bulk water. A “hydrody-
namic” definition of hydration water is to evaluate, how many water
molecules near the protein surface have their displacement vector
along the trajectory of the protein at any instant of time. This is
determined by the strength of interaction with the protein and, hence,
by the ratio of the time that is spent “attached” to the protein to the
time spent in the bulk phase. The sum of the fractional contributions
of all water molecules is the measured hydration. It is the mass of
water, which migrates with the protein at any instant of time. When
divided by the molecular weight of water, this yields the average
number of molecules, which interact with the protein [1].

An operational definition is to determine the amount of non-
freezable water at low temperatures, which depends however on the
cooling-rate if crystallization occurs. Below about 0.4 g water per g
protein, crystallization is hindered. The hydration shell can be super-
cooled until a glass transition interferes at 170 K. In such hydrated
protein powders, the water molecules are permanently in contact
with the protein surface, while protein translation and rotation is
suppressed. Such surface-attached water molecules are still highly
mobile, performing long-range diffusion, which is a property of the
liquid state. The translational diffusion is arrested at the glass
transition [2]. This dramatic slowing down of molecular motions of
water is a useful approach to the coupling between water and protein
dynamics.

With neutron scattering experiments with hydrated myoglobin
and lysozyme a dynamical transition was observed in terms of two
spectral components [3]: i) a fast local process, termed PB-process,
which did not slow down with decreasing temperature, only the
amplitude was diminished. It was tentatively assigned to fast protein-
water hydrogen bond fluctuations. ii) a slower water-coupled
relaxation was identified, the a-process, which slows down with
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decreasing temperature in parallel with the motion of hydration
water. The a-process is also present in hydration water. It represents
the first step of translational diffusion of water along the protein
surface and defines a surface viscosity.

The surface viscosity is the central parameter, characterizing the
dynamic interactions between protein residues at the surface and the
solvation shell. W. Doster shows in his contribution in this special
issue, that functional properties like ligand exchange depend on the
viscosity near the protein surface, which can be different from the
bulk due to preferential hydration [1].

This special issue of BBA - Proteins and Proteomics on “Biomolec-
ular Dynamics” summarizes contributions given at a workshop held in
Feldafing near Munich, Germany, in September 2008 on “Biomolec-
ular Dynamics and Protein-Water Interactions — A Neutron Scattering
Workshop”. Neutron scattering can probe fast protein-water dynam-
ics on a pico- to nano-second time scale using various neutron
spectroscopic methods. This information has been compared with
results obtained with other methods such as dielectric relaxation and
NMR spectroscopy in this workshop.

Hence, A. Sokolov et al. presents a description of the glass
transition in hydrated proteins using neutron scattering, while H.
Jansson et al. reviews in their contribution results measured by
dielectric spectroscopy and calorimetry. M. Kataoka and co-workers
shows the effect of conformational states on the protein dynamical
transition with neutron scattering. G. Kearley et al. looks at the
dynamical transition in large globular proteins with the same
technique. Studies using NMR spectroscopy on water and protein
dynamics are presented by M. Vogel and colleagues. S. Magazu et al.
characterizes protein motion in myoglobin applying self-distribu-
tion-function procedure on neutron data. A comparison of neutron
experiments and molecular dynamics simulations is given by G.
Kneller on the self-dynamics of proteins under hydrostatic pressure.
Results of neutron scattering experiments on protein dynamics
under pressure are also given by A. Filabozzi et al. The diffusion of
proteins in crowded solution is tackled by F. Schreiber et al. applying
neutron back-scattering and spin-echo spectroscopy. An approach to
separate coherent and incoherent scattering in neutron scattering
experiments of protein samples by polarization analysis is presented
by A. Gaspar et al. Finally the possibility of time resolved quasi-
elastic neutron scattering experiments are shown in the contribution
by ]. Pieper.

The contributions collected reflect the current state of available
experimental techniques and theoretical approaches to understand
protein-water dynamics. In particular progress in simulation and
better access to high flux neutron spectrometers and comparison with
results by complementary techniques will lead to a better under-
standing of the underlying processes driving protein motions, protein
folding and unfolding and protein stability essential to life.
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