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We am 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 severa techniques which will facilitate
determination of crystal structures in the era of structural
genomics.

(1) Intermembranetransport systems of biomolecules

NIpE is an outer membrane lipoprotein transported by the
Lol system, and involved in envelope stress response.
Adhesion of bacterial cells to abiotic surfaces activates the
NIpE-dependent Cpx signal transduction pathway, which
regulates expression of genes involved in maintenance of the
envelope. The crystal structure of NIpE from Escherichia coli
was determined at 2.6 A resolution.  The structure showed that
NIpE consists of two B-barrel domains.  Two monomersin the
asymmetric unit form an unusual 3D domain-swapped dimer.
The tertiary and/or quaternary structura instability may be
responsible for Cpx pathway activation.
(2) Stressresponse system

Stationary-phase survival protein SurE is distributed
among prokaryotes, plants and yeast, and it is required for
viability under stressful conditions in E. coli. SurE has metal
ion-dependent nucleotidase and polyphosphatase activities.
The tetrameric structure of SurE from T. thermophilus in
complex with metal ion and substrate AMP was determined.
In the complex, AMP-bound active sites with the loops in an
open conformation were found in the two protomers, and
AMP-free active sites with the loops in a closed conformation
were found in the other two protomers. The former two
AMP-bound loops are swapped between the protomers.
Structural and functional analysis of the mutant of the residues
involved in the loop swapping suggest that SurE acts as a
tetramer and that the loop swapping is required for the
functioning of SurE. Furthermore, structural features suggest
that the tetramer acts with half-of-the-sites reactivity behavior
adopting asymmetric structure.
(3) Biopolyester biosynthesis and degradation

Biopolyester  poly(R-3-hydroxyakanoate) (PHA) is
degraded by a specific enzyme, PHA depolymerase. Crystal
structure of a fungal extracellular PHA depolymerase
complexed with a methyl ester of a trimer substrate has been
determined, reveding how the enzyme recognizes a
hydrophobic and optically active polymer substrate.
Crystallization trials were conducted to prepare crystals of
complex of the enzyme with substrate analogs with more than
three monomer units.

(4) Céllular 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. Truncated forms
of JSAPL containing a single domain were prepared, and
conditions for the complex formation with a kinase were
studied.
(5) 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
HpaB complexed with FAD and 4-hydroxyphenylacetic acid
have been determined. These structural data showed a
dynamic behavior of the enzyme with a preformation of the
substrate-binding site.  These data also suggest a mechanismin
which C4a-hydroperoxyflavin isformed and stabilized.
(6) Photolyase

DNA repair enzymes are conserved among prokaryotes
and eukaryotes. One of the DNA repair enzymes, photolyase,
repairs cyclobutane pyrimidine dimer (CPD) by using FAD and
the energy of visible light. Photolyases have two chromophores;
one works as an antenna pigment that harvests photon energy,
and the other catalyzes the CPD repair reaction. The crystal
structure of the photolyase from S. tokodaii (St-photolyase) was
determined. The structure of the St-photolyase is superimposed
very well on the three known photolyases from E. coli, A.
nidulans, and T. thermophilus including the catalytic cofactor
FAD. Surprisingly, the light-harvesting cofactor of
St-photolyase is FAD whereas 5,10-methenyltetrahydrofolate
(MTHF) and 8-hydroxy-5-deaza-riboflavin (8-HDF) are the
known light-harvesting cofactors.
(7) Replication initiator protein

F plasmid is maintained a 1-2 copies per host

chromosome. DNA replication initiator protein RepE stringently
regulates F plasmid replication. RepE exists mostly as a dimer
which functions as an autogenous repressor. Conversion to the
RepE monomer which acts as a replication initiator requires the
action of chaperones such as DnaK. The crystal structure of the
RepE dimer in complex with the repE operator DNA was
determined. The structure revealed the details of the interaction
that is important for dimerization. The conformations of the
internal N- and C-terminal domains are conserved between the
dimer and monomer, wheress the relative domain orientations
are strikingly different, accompanying secondary structura
changes in the linker connecting the two domains. The
structural changes in the linker allow an efficient oligomeric
transition of dual-functional RepE.
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