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Summary

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 particular 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, understanding 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. Atomic structure and dynamic properties of the actin
filament.

We have completed our modeling for the atomic structure 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 isolated F-actin
filaments, we have obtained an electron density 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 hydrophilic plug is in a more
round form, and (4) sub-domain 4 lies at the cross-road between
the wvertical 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 protein. Based on our atomic model of
F-actin, 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 structural changes of troponin.
However, how the Ca®" binding to troponin is propagated into
the tropomyosin-actin filament 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
structures of tropomyosin as well as the complexes between
tropomyosin and troponin.

Tropomyosin is extremely asymmetric (20A 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. This
year, we have obtained crystal structure of the Tm fragment
176-284 fused with GCN4 at the N-terminus, which contains
the Tn binding region. The crystal structure indicates that at a
acidic residue E218 in the hydrophobic core makes the

molecule bendable there. By comparing the crystal structure
with the other crystal structure, the fragment 176-273 fused with
GCN4 at either end, we are able to distinguish the geometrical
parameters which are intrinsic to the amino-acid sequence from
those which resulted from the lattice packing within crystals.
We now start understanding the structural bases for the
flexibility of Tm.

3. Structural studies of dynactin complex

The dynactin complex consists of 12 kinds of proteins,
weighing about 1.5MDa, plays major roles as a regulator of
microtubule-associated motor molecules. The core of the
complex is the mini-filament of Arpl (actin-related protein 1),
that 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 and
the molecular arrangement of the complex has been obtained by
the single particle analysis of EM photographs.

4. Proteins interacting with the ends of actin filament

In the cell, actin exerts force by fast polymerization and
depolymerization. The ends of actin filament in association with
various end-interacting proteins play crucial roles for this
molecular motion: CapZ (also known as CP) blocks the B-end
of the actin filament. This year, using the single particle analysis
of EM, the structure of CP-actin B-end complex emerges. By
combining our previously obtained CP crystal structure as well
as mutational experiments, we now know residues of CP which
are involved in the interface with actin filament B-end, how the
end capping is performed.

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

The sub-group within our lab, led by Dr. Tetsuro Fujisawa,
is in charge of up-grading the SPring-8 beam line BL45XU-
SAXS (for the small angle diffraction) and interacting with
outside users of the beam-line. The beam-line has been designed
for recording the entire intensity profile with high precision
after a short period of time. The beam-line has been used for
studying early volume compression processes in a protein
folding pathway, studying physical properties of lipids, and
studying domain structures of proteins as well as oligomer
formation from proteins. As an in-house project, we have been
constructing an experimental apparatus for measuring protein
conformations under high hydrostatic pressure.
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