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Research of our laboratory aims to understand the
molecular mechanisms of biological phenomena from view-
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point of structural biology. We investigate biological
molecules in living organisms to understand how they are
integrated to work cooperatively as a supramolecular sys-
tem. Our current research targets are: ABC transporter-
mediated transport system, cellular environmental adap-
tation, regulatory system of cell division, biopolyester
biosynthesis and degradation, cellular signal transduction,
and aromatic compound metabolism. We determined
precise three-dimensional structures of biological macro-
molecules by means of X-ray crystallography using syn-
chrotron radiation of SPring-8. In addition, we developed
several methodologies concerning protein crystallography
in order to contribute structural genomics.

1. Structural biology of biological systems

(1) ABC transporter-mediated transport systems of
biomolecules

ABC-transporters are membrane bound protein-
complexes which transport various compounds with ATP-
hydrolysis energy. The complexes may be suitable for elu-
cidation the transporting mechanism at atomic resolutions
because of the transient intermediate states can be trapped
by means of mutant proteins or ATP analogues. We es-
pecially target lipoprotein transporting (Lol) factors from
Escherichia coli and thermostable subunits from Thermus
thermophilus. So far, we reported crystal structures of the
lipoprotein carrier LolA and lipoprotein receptor LolB of
the Lol proteins. In addition, mutants of LolA, lipopro-
teins and LolA-liporotein complex are now used for further
investigation. The crystal structure of the free form of a
mutant LolA(R43L), which cannot transfer the associated
lipoprotein to LolB, has structural changes expected to oc-
cur at the binding of the lipoprotein. For ATPase subunits
from T. thermophilus, structures of nucleotide-free, ATP
analogue (AMPPNP)-bound and ADP-bound states are
determined so as to reveal the structural change upon the
ATP binding and hydrolysis.

(2) Cellular environmental adaptation

Two-component regulatory systems are well known as
environmental adaptation machineries dominantly found
in prokaryotes. The systems consist of two types of pro-
teins, sensor-kinases that sense environmental information
and response regulators that transmit the information to
the translational proteins. We obtained a new crystal form
of the response regulator. We have tried to solve the crys-
tal structure by the molecular replacement technique using
a previously determined model as a probe. On the other
hand, two-component systems of Anabaena sp. PCC 7120
are intriguing in the view of evolutional aspects. We found
a candidate for an oxygen sensor domain containing the
heme-PAS motif in the genome of this organism. We pre-
pared a recombinant protein with heme-PAS and histidine
kinase domains and analyzed the self-phosphorylation ac-
tivity in the reduced or oxidized forms. From these studies,
a plausible oxygen-sensing mechanism of this protein will
be proposed.

(3) Regulatory system of cell division

Stationary-phase survival protein SurE is distributed
among eubacteria, archaea and plants, and it is necessary
for survival during the stationary phase in E. coli. SurE
has a metal ion-dependent phosphatase activity, but its
physiological role is not clear. We determined the crystal
structures of SurE from 7. thermophilus HB8 (ttSurE) in
a few different space groups. The ttSurE structure consists
of a globular domain and a (3-sheet region that mediates
molecular tetramerization as so far reported. However, the
angle between the protruding region and the globular do-
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main of ttSurE is different. As a result, the dimeric- and
tetrameric-structures of ttSurE were quite different from
the known SurE structures. We studied the self-associative
properties of ttSurE in solution using the analytical ul-
tracentrifugation. Phosphatase activity assays are done
and its substrate specificity seems to be strict compared
to SurE from other species.

(4) Biopolyester biosynthesis and degradation

Biopolyester poly (R-3-hydroxyalkanoate) (PHA) is de-
graded by a specific enzyme, PHA depolymerase. Extracel-
lular PHA depolymerases are typically composed of three
functional domains. Some fungal depolymerases are only
composed of a single domain with an efficient affinity to
PHA substrates and catalysis. We solved the first crystal
structure of the PHA depolymerase composed of a single
domain at 1.7 A resolution. The structure represents an
a/f hydrolase fold with a novel secondary structure topol-
ogy. This observation indicates that two types of the cat-
alytic domains of depolymerase are evolutionary related
through circular permutation. Catalytic triad residues are
located at the bottom of a crevice formed on the surface of
the molecule. The catalytic site with no obvious lid struc-
ture is open to bulk solvent. Surface-exposed hydrophobic
residues are located around the catalytic site, which allows
us to propose a degradation mechanism of polyester chains
during degradation of PHA.

(5) Cellular signal transduction regulation

Scaffold protein is important for regulation of cellular
signal transduction. JSAP-1 is a scaffold protein involved
in the MAP kinase cascade. To obtain sufficient amount
of the protein for crystallography, various truncated mu-
tants were designed, and an establishment of the E. coli
expression system in large scale is in progress.

(6) Aromatic compound metabolism

Biological metabolism of aromatic compounds by mi-
croorganisms is crucial phenomena in the view of envi-
ronmental clean up. Omne of the aromatic compounds,
4-phydroxyphenylacetate (4-HPA), is degraded by a two-
component flavin-diffusible monooxygenase, HpaB and
HpaC. In this fiscal year, we focused on the studies of
HpaC through the analysis of complexes with FAD alone
and both FAD and NAD. In the catalytic cleft of the HpaC-
FAD complex, the electron density corresponding to the
FAD is smeared. On the other hand, there are unambigu-
ous electron densities corresponding to the bound FAD
and NAD in the catalytic cleft of the HpaC-FAD-NAD
complex. The structure of the ternary complex is the first
observation for the TC-FDM enzymes, which allows us to
understand precise mechanism of electron transfer.

2. Structural genomics

(1) Structure determination of proteins from Thermus
thermophilus HB8

Crystal structures of ATPase subunits of ABC trans-
porters, stationary-phase survival protein SurE, N-
acylamino acid racemase were determined as the structural
genomics project.

(2) Development of a novel method for iodination of
protein crystals.

Todine generates such sufficient anomalous scattering
effect in the longer X-ray wavelengths that to determine
phase information by SAD technique. We established a
novel effective iodination technique using iodine vapor. We
applied the technique to a native thaumatin crystal, and
found that tyrosine residues in the crystals were success-
fully iodinated. We could automatically build the molec-
ular model solely by SAD phases. We further applied the
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present technique to five other crystals. They were labeled
by iodine atoms without serious loss of the crystalline or-
ders.

(3) Development of a fully automated crystalliza-
tion/observation robotic system HTS-80

The HTS-80 system has been improved to fasten the
dispensing speed and observation routines. The dispensing
head was multi-channeled to have 8 independent nozzles.
Sealing and data transferring speed are also improved in
the current version of the robotic system.
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