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In living cells, the actin filament plays a wide spectrum
of important roles through various modes of molecular mo-
tions, or structural changes. Therefore, the actin filament
should not be regarded as a stable and passive rail or a
scaffold, but as a dynamic structure. Each mode of mo-
tion may be enhanced or suppressed by an actin binding
protein. We are interested in knowing the structure and
dynamics of filamentous protein aggregates consisting of
actin and actin binding proteins. We aim at, on one hand,
elucidating the “static” atomic structures of the complexes
and, on the other, understanding the dynamic properties of
the filamentous complexes based on the atomic structures,
which is one of the central questions the modern biology
is addressing. This year, we have published the crystal
structures of tropomodulin, CapZ and troponin. We have
also prepared for further studies of the mechanisms in the
area given below.

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

The crystal structure of troponin (the core domain),
which plays the central role of the calcium regulation of
muscle contraction, has suggested that the conformational
changes of troponin (Tn) should alter the strain imposed
on the tropomyosin (Tm) strands that may be flexible. In
order to understand the role played by Tm, we need the
crystal structure of Tm. This year we have obtained 7
hybridoma that produce stereo-specific antibodies against
lobster Tm, which will be used for co-crystallization with
Tm. We have also prepared Tm variants in which the
flexible middle segment of the molecule, therefore the en-
tire molecule, is less flexible. Our preliminary results have
denied that the substantial changes cause major impair-
ment of the calcium regulation. The single particle analy-
sis methods have been developed and applied to cryo-EM
images of the actin/Tm/Tn complex, which will hopefully
enable us to know structural changes of the complex by
the Ca?* binding. The neutron scattering in combination
with the contrast variation method have indicated that,
upon binding of Ca?" to Tn, toroponin C (TnC) within
the actin/Tm/Tn complex does not change the shape of
TnC but moves it closer to the filament axis.

2. Atomic structure and dynamic properties of
the actin filament

We have previously established the method for orient-
ing F-actin (polymerized actin) in a glass capillary at a
high density. Combining the X-ray diffraction intensities
from the sols with the phase information from the cryo-EM
picture of F-actin, we have obtained an electron density
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map of F-actin at 20 A resolution. Based on this density
map and the atomic coordinates of the monomeric actin,
we have obtained an improved atomic model of F-actin.
Based on the atomic model, we are now undertaking com-
puter simulations of molecular motions by use of the nor-
mal modes analysis. On the other hand, we are establish-
ing an expression system of vertebrate actin for the first
time. By producing an actin variant that has a particular
mode of motion suppressed (or enhanced), we would be
able to prove the motion-function relationship.

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
by ourselves. This year, we have established the methods
for single particle analysis of the dynactin complex, the
core of which consists of the mini-filament of actin related
protein (Arpl). We have made some progress in prepar-
ing actin mini-filaments from actin and CapZ (the B-end
capping). We are now testing if Tm limits the length of
the mini-filament. In our efforts to understand the mecha-
nism of actin filament end-capping by CapZ, this year the
crystal structure including the amphiphilic a-helix at the
C-terminus of the #-subunit, which is one of the two actin
binding sites, has been elucidated.

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

In our efforts to establishing the new optical mi-
croscopy, we have completed an optical system and a
method for preparing oriented actin filaments, which en-
able us to determine the 3D direction of a single fluo-
rophore attached on an actin filament.

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

In our lab, the team led by Dr. Tetsuro Fujisawa is in
charge of up-grading the SPring-8 beam line BL45XU (for
the small angle diffraction) and interacting with outside
users of the beam-line. As an in-house project, we have
been constructing an experimental apparatus for measur-
ing protein conformations under high hydrostatic pressure.
This year, we have optimized the methods for protein
preparation and measurement to be applied to the study
of proteolytic fragment of myosin, HMM. In collabora-
tion with visiting groups, we have succeeded, among oth-
ers, in capturing a folding intermediate of a short life-time
(200 psec) by using the previously developed high speed
mixing flow-cell for SAXS.
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1. Mechanism of calcium regulation and muscle contrac-
tion in skeletal and cardiac muscle

00 1400



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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