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Research of our laboratory aims to understand the
molecular mechanism of biological phenomena from
viewpoint of structural biology. We investigate biolog-
ical molecules in living organisms to understand how
they are integrated to work cooperatively as a whole
supramolecular system. Our research targets are, for ex-
ample, transmembrane transport, cellular environmental
sensing/adaptation, regulatory process of cell division,
biopolyester biosynthesis, cellular signal transduction and
aromatic compound metabolism. We determine precise
three-dimensional structures of biological macromolecules
by means of X-ray crystallography using synchrotron radi-
ation of SPring-8. In addition, we develop several method-
ologies concerning protein crystallography to contribute
the progress of structural genomics.

1. Structural biology of biological systems

(1) Structural studies on lipoprotein transport

The Lol proteins, widely found in Gram-negative bac-
teria, mediate the transport of insoluble bacterial lipopro-
teins from the inner membrane to the outer membrane
through the periplasmic space. The crystal structures of
a periplasmic lipoprotein carrier, LolA, and a lipoprotein
receptor, LolB, from FEscherichia coli were determined at
1.65 and 1.90 A, respectively. The structures of LolA and
LolB are surprisingly similar to each other and character-
ized by a U-shaped B-barrel and three a-helices plugging
the sheet. For both proteins, the inner surfaces of the -
sheet and a-helices consisted by hydrophobic residues form
cavities, which are possible binding sites of the lipid moiety
of the lipoprotein. However, some structural differences,
such as the position and orientation of three a-helices, are
found between LolA and LolB. These structural differences
may cause the different binding affinities for lipoproteins,
which may make it possible to transfer lipoproteins from
LolA to LolB in the periplasmic space without hydrolysis
energy of ATP.

(2) Environmental signal sensing systems

Two component signal transduction systems, consist-
ing of sensor histidine kinases and response regulators, are
ubiquitous in prokaryotic organisms. 7. thermophilus HB8
also equips the systems. We have been carried out struc-
tural biological studies of the systems from T. thermophilus
HBS8 as a model system, to find out the general mechanism
of signal transduction in the systems. We reconstructed
the overexpression systems of the sensor histidine kinases
with His-tags. Purification and crystallization of the pro-
teins are now in progress. In addition, we also focus on the
other two-component regulatory systems of adenylatecy-
clase from Spirulina platensis and a putative oxygen sensor
domain from Anabaena 7120.

(3) Cell division related proteins

Glucose-inhibited division protein A (GidA) plays a
role in tRNA modification. It is involved in the biosyn-
thesis of 5-methylaminomethyl-2-thiouridine in the tR-
NAs, which stabilize codon-anticodon interactions. The
gidA gene is widely distributed in both prokaryotes and
eukaryotes. A subset of organisms has a second smaller
GidA (GidAgman). We determined the crystal structure of
GidAgman from T. thermophilus HB8 at 1.65 A resolution
by the MAD method. The structure of GidAgman has a
Rossmann fold, which is characteristic of a dinucleotide

883



binding fold. Although FAD was not added to the crys-
tallization media, it was bound to GidAgman at full occu-
pancy. The topology of GidAgman satisfies the features of
flavoproteins, revealing FAD as a genuine cofactor of GidA.

(4) Structural biology of the systems of biosynthesis
and degradation of biopolyesters

Degradation of biopolyester (poly (R-3-hydroxyalkano-
ate)) is conducted by a specific enzyme, PHA depoly-
merase. Most of known PHA depolymerises are composed
of three distinct domains with specific functions. In con-
trast, a fungal enzyme from Penicillium funiculosum has
only a single domain with multi-functions. The crystal
structure represented an unexpected o/ hydrolase fold.

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

Scaffold protein is important for regulation of cellular
signal transduction. JSAP-1 is a scaffold protein involved
in the MAP kinase cascade. A protocol for production of
the protein in insect cells was established.

(6) Studies on aromatic compound metabolism system

4-Hydroxyphenylacetate 3-monooxygenase is composed
of two polypeptide chains (large and small components).
The large component is a flavin-dependent monooxyge-
nase which introduces a hydroxyl group to the aromatic
ring of 4-hydroxyphenylacetate. The small component is
a flavin:NADH oxidoreductase, which provides a reduced
flavin to the large component. Structural analysis has
revealed that HpaB forms homo-tetramer, and resemble
medium-chain acyl-CoA dehydrogenase in terms of the
main chain conformation. The conformation of a loop near
the cavity for binding of FAD in HpaB largely differs from
the corresponding loop of medium-chain acyl-CoA dehy-
drogenase, that may explain the easy binding/releasing of
FAD to/from the molecular surface of HpaB. On the other
hand, HpaC forms homodimer and is structurally simi-
lar with ferric reductase (FeR) from Arhaeoglobus fulgidus.
The shape of the FAD-binding site in HpaC is found to be
more suitable for easier FAD binding/releasing than that
of FeR.

2. Structural Genomics

(1) Structure determination of proteins from Thermus
thermophilus HB8

Crystal structures of proteins from 7. thermophilus
HBS; glucose-inhibited division proteins (GidA), dihydro-
neopterin aldolase, 4-hydroxyphenylacetate 3-monooxy-
genase and response regulators were determined as a
part of structural genomics project. The analysis of
FAD or NAD complexes of 4-hydroxyphenylacetate 3-
monooxygenase were performed to elucidate the reaction
mechanism.

(2) Development of full-automated macromolecular
crystallization/observation robot system

A macromolecular crystallization/observation robot
system was developed. The system is able to dispense pro-
tein and crystallization solutions to each well of 24- or
96-well plates. After the dispensation, the prepared crys-
tallization plates are transferred to an incubator, which
is equipped with digital microscope for observation. Ap-
peared crystals in the droplets are automatically detected
by the image recognition software.

(3) Development of buffer system for isoelectric focus-
ing separation

Isoelectric focusing (IEF) involves generating a pH gra-
dient and allowing ampholytes such as proteins to migrate
to the position where the pH equals to its isoelectric point
(pI). Each ampholyte focuses at a different pH position
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owing to the property of different pIs. We developed novel
separation buffer for IEF, called as “Crystalite”, suitable
for next crystallization steps.
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