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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 strategies for understanding the
mechanisms from the atomic structures, which is one of
the central questions modern biology is addressing.

1. Atomic structure and dynamic properties of
the actin filament

We have completed our modeling for the atomic struc-
ture of polymerized actin (F-actin). First, well oriented F-
actin sols were prepared in glass capillaries. Combining the
X-ray diffraction amplitudes obtained from the sols with
the phase information from the cryo-EM picture of iso-
lated F-actin filaments, we have obtained an electron den-
sity map of F-actin at 20 A resolution. This year, by use of
the normal mode analysis and others, we have refined the
atomic model, resulting in our F-actin model. Compared
with the previous models, our model indicates that (1) the
spacing between two long-pitch helices is narrower (2) the
DNasel binding loop is extended into the space, (3) the hy-
drophilic plug is in a more round form, and (4) sub-domain
4 lies at the cross-road between the vertical inter-subunit
interactions and the diagonal interactions. The manner of
interactions between vertically related subunits along the
long-pitch helices is like in the actin-related bacterial pro-
tein. Based on our atomic model of F-actin, the dynamic
properties of F-actin have been proposed, which can be
tested by employing variants of actin. Actin variants shall
be prepared by use of our Sf9 based expression systems
which are almost completed.

2. 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. However, how Ca?" binding
to troponin is propagated into the tropomyosin-actin fil-
ament remains obscure. On one hand, the structure of
the thin filament complex (troponin-tropomyosin-actin)
should be elucidated even at low spatial resolutions. On
the other, we have been trying to obtain atomic struc-
tures of tropomyosin as well as the complexes between
tropomyosin and troponin.

By use of highly oriented cardiac muscle thin filaments,
in combination with Patterson analyses of X-ray diffrac-
tion intensities, conformational changes of the thin fila-
ment complex induced by Ca®"-binding have been eluci-
dated. (1) Upon Ca’*-binding, troponin shifts towards
the filament axis by 5 A. (2) The core-domain of troponin
changes the overall shape into a more elongated form along
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the filament axis. (3) The position of tropomyosin strands
shift only slightly by 15 deg around the filament axis. An-
other approach to the conformational change of the thin
filaments complex is underway by use of the single particle
analysis of cryo-EM pictures.

In our crystal structure of the core-domain of troponin,
troponin C was in a folded conformation, whereas the crys-
tal structure of troponin C alone indicated an extended
conformation. To address the question, if troponin C is
folded or extended on the muscle thin filament, we com-
bined the neutron solution scattering and the contrast vari-
ation techniques, which makes only deuterated troponin C
“visible”. The results indicate that troponin C is in an ex-
tended conformation on the thin filament and that, upon
Ca?*-binding, troponin C shifts towards the filament axis.

Tropomyosin is extremely asymmetric (20 A thick and
400 A long) and flexible. Although, these properties must
be tightly associated with the functions, these properties
must have hindered tropomyosin forming well-diffracting
crystals. Only recently, we have obtained reasonable
crystals, whose structures are now emerging. We hope
that, based on the crystal structure, we may design vari-
ant tropomyosins to be used for better crystals, both of
tropomyosin alone and of the tropomyosin-troponin com-
plex.

3. Structural studies of the dynactin complex

The dynactin complex consists of 12 kinds of proteins,
weighing about 1.5 MDa, and plays major roles as a regu-
lator of microtubule-associated motor molecules. The core
of the complex is the mini-filament of Arpl (actin-related
protein 1), which is a naturally occurring mini-filament.
In order to understand the design concept of the mini-
filament of homogeneous length distribution as well as the
mechanism how the complex regulates dynain and kinesin,
the overall shape of the complex has been obtained by sin-
gle particle analysis of EM photographs.

4. Proteins interacting with the ends of the actin
filament

In the cell, actin exerts force by fast polymerization
and depolymerization. The ends of an actin filament in
association with various end-interacting proteins play cru-
cial roles for this molecular motion: The Arp2/3 complex
branches the filament to create new ends, cofilin promotes
depolymerization, CapZ blocks the ends, and proteins like
formin promote fast and processive polymerization at the
end. We are studying the structures of these proteins to
know how these proteins perturb the dynamic properties
of the actin filament. This year, using single particle anal-
ysis of EM, the structure of CapZ-actin B-end complex
emerged.

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. The
beam-line has been used for studying early volume com-
pression processes in a protein folding pathway, studying
the physical properties of lipids, and studying the domain
structures of proteins as well as oligomer formation from
proteins. As an in-house project, we have been construct-
ing an experimental apparatus for measuring protein con-
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