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Elucidation of Structural Fluctuations of Proteins

— Observation of Structure and Dynamics of Protein by Neutron Scattering—
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Fig.5-11 Protein dynamics during functional
expression

Enzyme proteins change their structure to react
with a substrate. These structural fluctuations,
shown with green arrows, can be seen by inelastic
neutron scattering experiments.
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Fig.5-12 (a) Boson peak of a protein (nuclease), and (b) relationship between boson peak position and cavity volume

in various environments

(a) Boson peak positions, indicated by arrows, are changed by hydration, temperature, and pressure. (b) The peak position

is correlated with the cavity volume inside a protein.

Proteins play a central role in all enzymatic reactions
from intracellular reactions to chemical reactions catalyzed
by enzymes in detergents. Researchers have considered that
knowledge of the three-dimensional structure and specific
complementing counterpart (substrate), like a lock and its key, is
necessary for understanding the function of a protein. However,
proteins have a soft structure that fluctuates in response to the
surrounding environment; such structural fluctuations are
necessary for binding to the substrate molecule (Fig.5-11).

Inelastic neutron scattering enables the quantitative and
accurate measurement of structural fluctuations in the THz
region (1 THz=4.1 meV), which is important for the expression
of protein functions. The boson peak, which is observed in this
energy region, has been demonstrated to be directly related to
the structural fluctuation of the protein molecule. Elucidating the
relationship between the boson peak of proteins and their three-
dimensional structure is vital from the viewpoint of structural
science to derive a universal principle for predicting biological
reactions from the structural fluctuations of proteins.

In this study, the effect of hydration, temperature, and pressure
on a boson peak of the protein (nuclease) were studied by inelastic
neutron scattering. The results, as shown in Fig.5-12(a), indicated
that hydration, cooling, and pressing each caused the peak position

to shift to a higher energy. To investigate the relationship between
the peak shift and the protein structure, a molecular dynamics
simulation was used to calculate the cavity volume inside the
protein. A correlation was found between the peak position and
cavity volume (Fig.5-12(b)). Therefore, the fluctuations of the
protein structure are related to the atomic packing of the protein
structure. Using this correlation between the volumetric properties
and structural fluctuations of a protein, measuring the dynamics
will help clarify the three-dimensional structure of the protein,
even for proteins with unknown structures.

In this study, characteristics of protein dynamics, which are
associated with the structure, were elucidated using inelastic
neutron scattering and molecular dynamics simulations. This
achievement confirms the importance of studying protein
dynamics by neutron scattering. Inelastic neutron scattering is
expected to become an increasingly effective tool for such studies.
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