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In living cells, the actin filament plays a wide spectrum
of important roles through realizing various conformations.
Populations of molecules at particular conformations may
be increased or decreased by the interaction with a partic-
ular actin binding protein. In order to understand how the
actin filament works, we will have to know the structure of
the multiple conformations together with the equilibrium
and kinetic constants associated therewith. We aim at, on
one hand, elucidating the “static” atomic structures of the
actin filament complexes and, on the other, understand-
ing the dynamic properties of the complexes. In doing so,
we would like to establish the strategies for understanding
the mechanisms from the atomic structures, which is one
of the central questions the modern biology is addressing.

1. Mechanism of calcium regulation of muscle
contraction in skeletal and cardiac muscle

The crystal structure of troponin (the core domain),
which plays the central roles in the calcium regulation of
muscle contraction, has elucidated intra-molecular struc-
tural changes of troponin. X-ray fiber diffraction study of
oriented actin filament complexes in glass capillaries indi-
cated that the Ca?" binding diminishes the positional fluc-
tuation of the tropomyosin strands, bringing into a specific
position, and shifts the position of troponin closer to the
filament axis. The neutron scattering in combination with
the contrast variation method have elucidated that Ca?*-
induced conformational changes of troponin C within the
actin/Tm/Tn complex. At the low [Ca®*], troponin C,
that consists of two similar lobes being connected with a
single a-helix, is in a fully extended conformation, whereas
upon Ca’™ binding, troponin C is further extended pas-
sively probably due to the interactions with other compo-
nents within the complex.

2. Atomic structure and dynamic properties of

the actin filament
‘We have completed our modeling for the atomic struc-

oooooo

ture of polymerized actin (F-actin). First, well oriented F-
actin sols were prepared in glass capillaries. Combining the
X-ray diffraction intensities from the sols with the phase
information from the cryo-EM picture of a single F-actin,
we have obtained an electron density map of F-actin at 20
A resolution. This year, by use of the normal mode analy-
sis and others, we have refined the atomic model, resulting
in the best F-actin model. The model indicates that the
inter-subunit interactions between the diagonally related
subunits are weaker, being contributed by the helix-helix
interaction between the two subunits. By use of the X-ray
fiber diffraction from oriented sols, the positions of F-actin
stabilizing agents, phalloidin and dolastatin-11, were de-
termined on F-actin. The results indicated that F-actin is
stabilized by the enforcement of the helix-helix interactions
by these agents.

3. Short actin filaments of a specific length; un-
derstanding the design principles and elucidation
of the atomic structure

The above described atomic model of F-actin, though
it is the best at present, does not tell us details of the inter-
monomer interactions, which are of crucial importance to
know the functions. Therefore, the crystal structure of the
actin filament is essential. In order to crystallize the actin
filament, mini-actin filaments of a specific length are to
be prepared. On one hand, we want to learn the design
concept from the naturally occurring mini-filaments, and
on the other we want to assemble artificial mini-filaments
from capping proteins and tropomyosin as a ruler. In 2003,
we published the crystal structure of the actin filament B-
end-capping protein CapZ (an a-, 3- hetero-dimer). The
structure made us propose that C-terminal 20-30 residues
of each subunit may be protruded from the molecule, be-
ing responsible for actin binding. By mutagenesis exper-
iments, we have proven that the “tentacle” hypothesis is
correct. Moreover the results also indicated that a pair of
“tentacles” are substantially different.

4. Establishing new methods for studying mo-
tions of large protein complexes

In order to visualize conformational changes of troponin
molecules within the actin filament complex, we are devel-
oping a new optical microscopy method for determining
the direction of a single fluorophore attached to the pro-
tein.

5. Structural studies on protein solutions using
synchrotron small-angle X-ray scattering

The sub-group within our lab, led by Dr. Tetsuro Fu-
jisawa, is in charge of up-grading the SPring-8 beam line
BL45XU-SAXS (for the small angle diffraction) and inter-
acting with outside users of the beam-line. The beam-line
has been designed for recording the entire intensity pro-
file with high precision after a short period of time. In
combination with the high speed mixing flow cell that was
previously developed in collaboration with the lab of Taka-
hashi in Kyoto Univ., we have captured a folding interme-
diate of short life-time (200 psec). As an in-house project,
we have been constructing an experimental apparatus for
measuring protein conformations under high hydrostatic
pressure.

Research Subjects and Members of the Struc-
tural Biochemistry Laboratory
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1. Mechanism of calcium regulation and muscle contrac-
tion in skeletal and cardiac muscle

2. Atomic structure and dynamic properties of the actin
filament

3. Short actin filaments of a specific length; understand-
ing the design principles and elucidation of the atomic
structure

4. Establishing new methods for studying motions of
large protein complexes

5. Structural studies on protein solutions using syn-
chrotron small-angle X-ray scattering
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