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Actin is one of the most abundant proteins in eukaryotic cell
and work in many cell activities, ranging from genetics to cell
motility. Understanding of the function from the structure is
important in today’s cell biology.

1. Sructural analysis of F-actin

In the previous work, we reported atomic model for F-actin
structure by using the X-ray fiber diffraction at 1/8A. However,
the resolution is not sufficient to discuss the interaction between
F-actin and actin-binding proteins such as myosin, gelsolin and
Arp2/3 complex. | extended the used data to 1/3.3A, and |
introduced the R-factor-non-fit, an equivalent of free R-factor in
crystalography, to confirm the model. Modeling was done in
the two following steps. First, | searched plausible
conformations of actin molecule in the filament using potential
conformational changes deduced by the normal-mode analysis. |
used 12 normal modes. Second, molecular dynamics refinement
of actin molecule in F-actin was done by using FX-plor. The
resolution used for the refinement is 1/3.3A. Finally, | checked
the R-factor-non-fit and | obtained an atomic model for F-actin
structure.

Actin has two major domains enclosing the ATP-binding cleft.
In G-actin, the two major domains are in a proper-like twist. On
the other hands, in F-actin, the two major domain is untwisted
and the molecule is flat. The flattening of actin molecule is a
unique characteristic of G-to F-actin transition.

2. Mechanism of Actin AT Pase

In the crystal structure of G-actin structure, the side-chain of
Q137A anchors a water molecule that must attack the bound
ATP. To make clear the function of the side-chain of GIn at 137,
we expressed the several single actin mutants of Q137E, Q137K
Q137P, and Q137A as well as the WT. The expression was
performed using the baculovirus-based expression system
developed by K. Maeda and M.lwasa. Q137A and the WT were
purified to homogeneity. We found that Q137A polymerized
rapidly but cleaved gamma-phosphate group of bound ATP
slowly. These results suggest that Q137 has dua roles upon
polymerization.

3. ESR-detection of several conformations of actin molecule
Yanagida group in Osaka University showed at least two actin
conformations in the filament using FRET of single moleculein

the TARF-microscopy. To examine whether the two
conformation correspond the ATP- and ADP-actin, we started
the measurement on the mobility of Spin-label a Cys-10 in
actin by ESR. However, we have not obtained the clear result on
the point yet.

4. Actin nucleation factor — spir

The actin polymerization is initidled by nucleation, which is
followed by the rapid elongation of filament. The nucleationisa
rate-limiting step at the actin polymerization. In cell, the
nucleation is regulated by actin nucleation factor, resulting in
the control of appearance and disappearance of F-actin and
F-actin networks. Arp2/3 complex and formin are famous
nucleation factors.

Mullins reported the new nucleation factor, spir, at 2005. The
purpose of the project is to elucidate the mechanism of
nucleation by spir and its regulation. To anayze it, structure of
spire-actin nucleation complex should be solved by X-ray
crystallography or the other method. As afirst step, we studied
the condition of expression of spir in E.Coli and measured the
nucleation size in the presence of spir. We used the old method
developed by M.Kasai & F.Oosawa. We measured the maximal
polymerization rate for various actin concentration and log-log-
plotted the rate against the actin concentration. From the slop,
we deduced the nucleation size; three in the absence of spir and
two in the presence of spir.

5.Dynamics of actin molecule at pico-second range.

We measured the mean square displacement of hydrogen in
monomeric G-actin and in polymeric F-actin by the use of
neutron inelastic scattering at IN5 in Laue-Langivan Institute
(France). In the experimental station, monochromatic neutron
was made by four choppers and velocities of the scattering
neutrons were measured by time-of-fight. This experiment isthe
first trial and we also studied how to dry G-actin and F-actin to
obtain the actin samples. The result showed that the mean
sguare displacement of hydrogen in monomeric G-actin is larger
than in F-actin and that G-actin is “softer”. Together with Dr
Fujiwara group (JAIRI), we will study the dynamics of actin
molecule at pico- and nano-second range.
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