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We aim to understand the molecular mechanisms of
biological phenomena from the viewpoint of structural biology.
We investigate biological molecules to understand how they are
integrated to work cooperatively as a supramolecular system.
Our current research targets are: ABC transporter-mediated
transport system, cellular environmental adaptation, regulatory
system of cell division, biopolyester biosynthesis and
degradation, cellular signal transduction, and metabolism of
aromatic compounds. We determine precise three-dimensional
structures of biological macromolecules by means of X-ray
crystallography using synchrotron radiation of SPring-8. In
addition, we develop several techniques which will facilitate
determination of crystal structures in the era of structural
genomics

1. Structural biology of biological systems
(1) ABC transporter-mediated  transport
biomolecules

ABC transporters mediate transport of compounds
through membranes using ATP-hydrolysis energy in cells. We
study about transport mechanism of lipoprotein transporting
factors (Lol proteins) in Escherichia coli. LolA is a periplasmic
carrier protein of the Lol system. An open-closed
conformational transition of LolA was studied using a mutant
(R43L) that can bind a lipoprotein, but cannot transfer it to the
outer membrane lipoprotein receptor LolB. The structures of the
mutant determined in two crystal forms revealed a lid motion
indispensable for catching and releasing the lipoprotein. We also
determined the crystal structure of a lipoprotein NIpE which is
transported by the Lol system.
(2) Cellular environmental adaptation

Two-component regulatory systems are well known as
environmental adaptation machinaries of prokaryotes. We
focus on these systems derived from Thermus thermophilus
HBS8 to elucidate general mechanism of the systems by means
of protein crystallography. The sensor-kinases sense
environmental signals and then transfer them to corresponding
response regulators. The response regulators consist of two
domains: receiver domains that accept phosphate group, and
effecter domains that typically bind to the target DNA. In this
year, we obtained novel low-resolution crystals of a response
regulator consisting of the receiver and effecter domains, and
have tried to improve the crystal quality.
(3) Regulatory systems of cell division

Stationary-phase survival protein SurkE is distributed

systems  of

among eubacteria, archaea and plants, and it is required for
viability under stressful conditions in E. coli. SurE is a metal
ion-dependent  phosphatase, and has nucleotidase and
polyphosphatase activities. However, its physiological role and
reaction mechanism are not clear. To elucidate the
structure-function relationship of Surk, we have determined the
crystal structure of SurE from T. thermolhilus HB8 (TtSurE).
We have reported that TtSurE is in a dimer-tetramer equilibrium
in solution from the sedimentation equilibrium analytical
ultracentrifugation experiments. The monomeric structure of
TtSurE consists of a globular domain and a protruded B-hairpin.
In crystals, TtSurE forms a dimer that assembles into a tetramer
mediated by B-hairpins. In this year, another tetrameric
structures of TtSurE were obtained in different crystal systems.
To know whether TtSurE acts as a dimer or a tetramer, and the
biological meanings of the changes in quaternary structure,
enzymatic assays and cocrystallization with metal ion and
substrate are in process

(4) Biopolyester biosynthesis and degradation

Biopolyester  poly(R-3-hydroxyalkanoate) (PHA) s
degraded by a specific enzyme, PHA depolymerase. Crystal
structure of a fungal extracellular PHA depolymerase
complexed with a methyl ester of a trimer substrate was
determined, revealing how the enzyme recognizes a
hydrophobic and optically active polymer substrate.

(5) Cellular signal transduction regulation

Scaffold protein is important for regulation of cellular
signal transduction. JSAP1 is a scaffold protein involved in
the MAP kinase cascade. To obtain sufficient amount of the
purified protein for crystallography, various truncated mutants
were designed and produced in E. coli cells. A mutant
consisting of a single domain were overexpressed.

(6) Metabolism of aromatic compounds

Metabolism of aromatic compounds by microorganisms is
important for a source of energy. In addition, it is an
interesting system concerning degradation of environmental
pollutants. In a metabolism of 4-hydroxyphenylacetic acid,
it is firstly attacked by a two-component flavin-diffusible
monooxygenase composed of HpaB and HpaC. Structures of
HpaC complexed with NAD and FAD have been determined.
Catalytic properties of HpaC were analyzed. Only NADH, not
NADPH, could act as an electron donor, while FAD and FMN
could act as electron-acceptors.

Degradation of phenylacetic acid is different from that of
4-hydroxyphenylacetic acid, in that the former compound is
firstly activated by being charged with coenzyme A, followed
by hydroxylation.  Crystal structure of a homolog of
phenylacetic acid degradation protein PaaG was determined,
revealing a trimeric overall structure with a monomer structure
of a spiral fold, a typical fold observed for hydratase/isomerase
superfamily.

(7) Giant hemoglobin

An invertebrate beard worm, Oligobrachia mashikoi
obtains  organic compounds mainly from symbiotic
chemoautotroph in their body. The symbiont, which is thought
to be sulfur-oxidizing bacteria, and this giant hemoglobin can
transports oxygen as well as sulfide. We have determined the
crystal structure of the 400 kDa giant hemoglobin. It is
composed of six copies of each of four individual subunits, and
a total of 24 subunits involved in a whole molecule. This giant
hemoglobin is constructed from the common units, which
assemble hierarchically and are held up by many intra- and
inter-subunit disulfide bonds.
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(8) Blue-light photoreceptor proteins with a flavin chromophore

The sensor proteins for blue-light using the FAD (BLUF)
domain belong to the third family of the photoreceptor proteins
using a flavin chromophore, where the other two families are
phototropins and cryptochromes.  As the first structure of this
BLUF domain, we have determined the crystal structure of the
TI10078 protein from Thermosynechococcus elongatus BP-1,

which contains a BLUF domain bound to FAD, at 2A resolution.

Five TII0078 monomers are located around the
non-crystallographic five-fold axis to form a pentamer, and two
pentamers related by two-fold noncrystallographic symmetry
form a decameric assembly. The overall structure of the
BLUF domain consists of a five-stranded mixed B-sheet with
two a-helices running parallel to it. The isoalloxazine ring of
FAD is accommodated in a pocket formed by several highly
conserved amino acid residues in the BLUF domain.

2. Structural genomics
(1) Structure determination of proteins from Thermus
thermophilus HB8

Crystal structures of two solute-binding proteins of ABC
transporters, and phenylacetic acid degradation protein PaaG
homolog were determined as Structurome Project.
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