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The goal of our laboratory is to understand the molecu-
lar mechanism of biological phenomena from the viewpoint
of structural biology. We investigate biological molecules
in living organisms to understand how they are integrated
to work cooperatively as a whole system. Our research
targets are, for example, transmembrane transport, regu-
latory process of cell deviation, cellar environmental sens-
ing/adaptation, energy storage/metabolism, and stress re-
sponse. We determine precise three-dimensional structures
of biological macromolecules by means of X-ray crystal-
lography using synchrotron radiation of SPring-8. In ad-
dition, we employ the physicochemical method including
in situ measurements with the atomic force microscope,
molecular biological methods, and computational meth-
ods such as molecular simulation to understand the time
course behavior of the biological molecular systems.

1. Structual biology of biological systems

(1) Studies on outer-membrane trafficking system of
lipoproteins in Gram-negative bacteria

In Escherichia coli, there are more than 90 species of
lipoproteins that have covalently bound lipids. The Lol
system mediates the translocation of the insoluble outer
membrane lipoproteins. The Lol system is composed of
a periplasmic chaperone LolA, an outer membrane recep-
tor LolB, and the LolCDE complex that belongs to an
ATP-binding cassette (ABC) transporter family. The Lol-
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CDE complex recognizes the sorting signal and releases
the outer-membrane lipoprotein from the outside of the
inner membrane by using the ATP hydrolysis energy. The
released outer membrane lipoprotein forms a 1:1 complex
with LolA. The outer membrane lipoprotein is accepted by
LolB, and is subsequently incorporated into the periplas-
mic side of the outer membrane. We determined the crystal
structures of LolA and LolB at 1.65 A and 1.90 A resolu-
tion, respectively. Despite their dissimilar amino acid se-
quences (identity 00 8%), the structures of LolA and LolB
are strikingly similar to each other. Both have a hydropho-
bic pouch made of an unclosed (-barrel and a-helical lid,
and these pouches are expected to accommodate the lipid
moiety of lipoproteins. However, the structural differences
in size and shape of hydrophobic inner spaces between
LolA and LolB are highly connected to the functional dif-
ferences between two proteins, and are essential for the
vectorial translocation of lipoproteins from LolA to LolB.

(2) Studies on environmental sensing/adaptation sys-
tems

Two-component regulatory systems are ubiquitous sig-
nal transduction devices and respond environmental stim-
uli in prokaryotic cells and even in some eukaryotic cells.
The systems basically consist of two molecules: sensor-
kinases and response regulators. Sensor-kinases sense en-
vironmental stimuli to regulate the kinase activity. Re-
sponse regulators control transcription of the correspond-
ing genes. In the present study, we intend to elucidate
molecular mechanism of the systems derived from T. ther-
mophilus HB8. Until now, we succeeded in preparing one
sensor-kinase sample and solving crystal structures of two
response regulators. In addition, we also focus on the
more evolved form of the two-component regulatory sys-
tem: adenylatecyclase from Spirulina platensis.

(3) Studies on cell division determination system

Bacterial cell division requires accurate selection of the
middle of the cell. This selection is mediated by MinC,
MinD, and MinE proteins. In order to elucidate the mech-
anism of division site selection, we started to determine
the crystal structures of Min proteins. MinC and MinD
from Thermus thermophilus HB8 were expressed and pu-
rified from F. coli. The screening of the complex between
MinC and MinD from Thermus thermophilus HBS8 is not
yet successful. The crystals of the MinD dimer were ob-
tained, although all the structures of MinD are hitherto
reported as monomeric. Structure determination by the
molecular replacement is in progress.

(4) Studies on biopolymer biosynthesis/degradation
system

R-Sepcific enoyl-CoA hydratase is an enzyme which
supplies monomers for the biosynthesis of biopolyester in
Aeromonas caviae. We have solved the crystal structure
of the enzyme at 1.5 A resolution and revealed some key
residues that could define the specificity for chain-length
of substrates. A polymer-degrading enzyme from Penicil-
lium funiculosumt has been successfully crystallized which
diffracts X-rays beyond 1.8 A resolution.

(5) Studies on regulation system of cellular signal trans-
duction

Scaffold proteins are important for the regulation of
cellular signal transduction. JSAP-1 is a scaffold protein
involved in the MAP kinase cascade. Construction of an
overproduction system of the protein is under way.

(6) Studies on stress response system of group II chap-
eronin from hyperthermophilic archaea

Chaperonins, specified as a class of molecular chaper-
ones, function as a folding chamber in an ATP depend-
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ing manner. Its back-to-back stacked toroidal assembly is
common among most of chaperonins. Crystal structures of
group II chaperonins have been determined only in closed
states. In order to elucidate the molecular mechanism
of the group II chaperonin, it is important to know the
atomic structure at the open state. It is known that the
concentration of sulfate ion critically affects on the con-
formational state of group II chaperonins. Namely, a high
concentration of sulfate ions stabilizes the closed state of
chaperonins. The first crystals of the group II chaperonin
were obtained under the high concentration of ammonium
sulfate, and their structures were completely in the closed
state. At a low concentration of sulfate ion, the second
crystal structure was determined, which also showed the
closed state structure. The third crystals of the group II
chaperonin are produced under sulfate ion free condition.
However, their diffraction power is poor. The improvement
of the crystallization condition and mutational studies for
the stabilization of the open state are now in progress.

(7) Studies on aromatic compound catabolic system

A catabolic pathway of aromatic compounds is one of
the most important processes as a source of carbon and en-
ergy of bacteria. In the case of Escherichia coli. W, the first
intermediate of the catabolic pathway consists of two com-
ponents, HpaB and HpaC, encoded by the hpaB and hpaC
genes, respectively. We have performed crystal structure
analyses of HpaB and HpaC from T. thermophilus HB8
to elucidate reaction mechanisms of the enzymes based on
their 3D structures. The overall HpaB structure is a ho-
motetramer consisting of 23 « helices and 14 ( strands,
each monomer contains one FAD molecule. Formation of
the tetramer is found to be essential for enzymatic activity
because the FAD binding clefts are located in the interfaces
of each monomer. On the other hand, the HpaC forms ho-
modimer and each monomer contains one FAD molecule.
The overall structure of the monomer is non-Rossman fold
type, consisting of 3 « helices and 9 « strands. Biochemical
measurements of the system are now in progress.

2. Structural Genomics

(1) Structure determination of proteins from ther-
mophilic bacteria

We have determined crystal structures of proteins from
T.thermophilus HBS8; 7,8-Dihydroneopterin aldolase, 4-
Hydroxyphenylacetate 3-monooxygenase, glucose-inhibited
division protein Gid A, and 2 kinds of response regulators.
We also carry out functional analysis based on the struc-
tures.

(2) Studies on rapid determination of crystal structures

Xenon (Xe) is a rare gas atom that can be in-
troduced into many protein crystals by pressurization.
Multi-wavelength anomalous dispersion (MAD) phasing
method using Xe atoms is expected as a method for high-
throughput protein crystallography. However, the K-
absorption edge of Xe (34.56keV) is in the ultra-high en-
ergy region that are difficult to use even at synchrotron
facilities. At the bio-crystallography beamline BL41XU of
SPring-8, a wide range of energy from 6.5keV to 38keV
can be available to general users. The ultra-high energy
X-rays from 21keV to 38keV are generated as third har-
monics emissions of the in-vacuum andulator. Beam prop-
erties at the region are good enough to collect reflection
data from macromolecular crystals. In order to investigate
the practicality of the Xe-MAD method using ultra-high
energy X-rays, we tested on a hen egg-white lysozyme at
the beamline BL41XU. The electron density map was suf-
ficient enough to build a molecular model. Iodine is also
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found to be useful for MAD phasing as an anomalous scat-
terer.
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