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1. Structural and functional studies of biological
macromolecules involved in transcription and translation

DNA-dependent RNA polymerase (RNAP) is a key enzyme
in transcription.  In some cases, transcription is regulated by
protein called transcription factor. Bacterial RNAP exists as
core, which is composed of a,p® subunits, and holo (core + o
factor) enzymes.  Only the holoenzyme can recognize and bind
promoter. Several kinds of ¢ factors have been found in a cell,
and the promoter sequence recognized by RNAP is depend on
the o factor. In order to shed light on mechanism of the
transcription, we have tried to determine the crystal structure of
Thermus thermophilus RNAP core-cE like factor, and a
transcription factor, T. thermophilus cAMP receptor protein.
We obtained several crystals, but have not yet determined their
structures.

We have determined two transcription factor-like proteins, T.
thermophilus TTHA0807 and E. coli JW0801, and discussed
their possibility of transcription factors.

2. Structural and functional studies of proteins involved in
the regulation of cytoskeletal dynamics

Cytoskeletal proteins, such as actin, play an important role in
cell migration, cell division, and endocytosis. These processes
are often accompanied by membrane deformation. Rho family
GTPases and their downstream effectors play an important role
in the regulation of actin cytoskeleton.

We solved the structures of the EFC domains of FBP17 and
CIP4, which are downstream effectors of Cdc42, a Rho family
member. The EFC domain is known as a membrane
deformation module. The structure of the EFC domain revealed
a gently-curved helical bundle dimer, which is joined end to end
into a filament in the crystals. According to the structure, we
proposed a mechanistic model, in which the EFC filament
winds around the tubular membrane with the concave surfaces
facing the tubular membrane to drive membrane tubulation.

Recently, it has been shown that cytoskeletal dynamics
control gene expression. Interestingly, there are chromatin
remodeling complexes, such as a BAF complex, that contain
actin as a subunit. We solved the structures of the AT-rich
interaction domain of the BAF complex in two different
crystalline forms and obtained insights into the mechanism of
DNA recognition.

3. Structural genomics

We determined the crystal structures of various kinds of
bacterial proteins.

Galactokinase (GalK) is catalyzes the ATP-dependent

phosphorylation of o-D-galactose to a.-D-galactose-1-phosphate.

We determined crystal structures of Pyrococcus horikoshii GalK
and the GalK-galactose-ATP analog complex, and found that
they revealed the inactive open structure. This result is
consistent with that the enzyme is inactive at low temperature.
Four glycine residures, G7, 73, 142, 146, were suggested to be
involved in the conformational change for activation of the
enzyme.

Thermus  thermophilus TTHA1431 protein  binds
isoalloxazine ring, and it forms dodecamer in the crystal. We
determined the crystal structures of the protein complexed with
various metal ions, and found that metal ion bound at the center
of the trimer. These structures also suggest that the protein
binds Na*, K*, and Mn?", but not Cs*, and the most tightly binds
to K" among these ions.

The crystal structure of PH0223 from P. horikoshii was
solved to 2.24 A. The function of this 190 aa long protein is
unknown but it does form a hexameric struction in both the
asymmetric unit and in solution. The residues conserved over
bacterial species appear to be involved in stabilizing the
interactions of both the dimers and the trimer of dimers.
Although there is some structural relationship to lipases it is too
tenuous to make any functional prediction.

4. Conformational Fluctuations studied by
Variable-Pressure NMR
Pressure is a fundamental variable for defining

conformational equlibria and reaction rates in proteins. We
study conformational fluctuations of proteins using variable
pressure NMR. We found evolutionally conserved intermediates
between homolog proteins, ubiquitin and NEDDS8. Our interests
are also focused on the mechanism of amyloid fibril formation
in proteins. The disulfide-deficient variant of hen lysozyme
spontaneously forms protofibrils rich in B-structure under an
appropriate solution condition. Pressure-jump NMR to 2 kbar
was used to monitor the time-dependent dissociaiton process of
the protofibril into monomeric species. The dissociated
monomers reassociated into protofibril upon decreasing the
pressure, showing the  full  reversibility —of the
pressure-dissociation of the protofibril.

5. Mechanism of stabilization of protein from thermophilic
bacteria

In order to elucidate the stabilization mechanism of proteins
related to the conformational changes, we have examined the
relationships between thermal stabilities of proteins and their
X-ray crystal structures using a series of proteins from P.
horikoshii and T. thermophilus, which were solved at Advanced
Protein Crystallography Research Group. We found that the
CutAl protein from P. horikoshii has an unusually high stability
with the denaturation temperature of nearly 150 °C, which
exceeds the highest record determined by a differential scanning
calorimeter by about 30 °C. Its stabilization seemed to be
caused by the network of ion pairs which are mainly located on
the surface of the protein.

6. Characterization of inclusion body

We picked up 10 kinds of inclusion body proteins from T.
thermophilus, which are different form each other in molecular
weights, isoionic points, and content of SH groups, to examine
the solubilization and the possibility of refolding from inclusion
body. In these studies we found that some of them are
involved in the intact or nearly intact states in inclusion body.
Therefore, these proteins can be solubilized byl M Arg or/ and
1 M GuHClI solution that do not occur protein unfolding.

7. Application of the automatic crystallization robot
We have started to use a TERA (TERA Ill) at 4 °C. We
made a trial run of CrystalFinder.

8. Development a new software for X-ray chrystallography

We are developing a new software to build a protein crystal
structure using the low diffraction data, which adapts to the
users level of experience. In this year, we defined the
specification sheet, and started to look for the Integrated
Development Environment.
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