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In structural biology, many physiological actions can be
understood on the basis of molecular structures of
bio-macromolecules such as proteins and nucleic acids that are
related to the actions. A large number of crystallographic
structures of proteins including super-biomolecules with MW
>1,000 kDa (i.e., ribosome) and many membrane-bound
proteins (i.e., PSII, cytochrome ¢ oxidase, rhodopsin) have been
reported. Many structures with an atomic resolution have been
also available. The structural biology has provided useful and
valuable information to the medical and pharmaceutical
application as well as biological studies. On the other hand,
“structural genomics” is now promoted in many synchrotrone
facilities world-wide. In the structural genomics, protein
structures based on genome sequences from diverse species will
be systematically determined. Both structural biology and
structural genomics provide molecular bases of biological
studies. Five institute laboratories and one division participate
the “RIKEN Structural Biology Research” project. The aim of
this project is to examine structures of many proteins using the
dedicated RIKEN Structural Biology Beam Lines (BL44B2,
BL45XU, BL26B1 & B2) of SPring-8, and to develop a new
field of the structural biology that could be applied to medical
and environmental problems. Through a lot of collaborations,
the Structural Biology Group of RIKEN Harima Institute
largely contributes to the life science of all RIKEN.

1. Technical Development for High Throughput Structural
Determination:

We have been developing and operating an automatic
diffraction data collection system at RIKEN Structural
Genomics Beamlines. The system is mainly composed of a
sample changer named SPACE, and integrated beamline
operating software named BSS. We also developed a Mail-in
data collection system in which remote users are able to collect
diffraction data without visiting SPring-8. For research and
development of high-speed data collection system, we have
been developing a two dimensional x-ray detector applying a
flat panel CMOS sensor. CMOS sensor has advantages of fast
readout and simple architecture compared with CCD. In this
year, we have made a prototype of a new active pixel sensor to
improve the readout noise level.

Bacterial nitric oxide reductase (NOR) is a membrane-bound
cytochrome cbb; type respiratory enzyme. To elucidate the NO
reduction mechanism of NOR, we tried to solve the crystal
structure of NOR in the complex form with monoclonal
antibodies, which specifically bound to NOR by developing
new hybridoma screening technique. In addition, to determine
crystal structures of the short-lived reaction intermediate of the
enzymes, we have developed cryo-gas-citer, which forces gas
molecules to penetrate into NOR at cryo-condition.

We supported researchers of the Harima Institute in protein
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characterization. This year, more than 1500 protein samples
have been characterized by protein sequencer, mass
spectrometer, PAGE, HPLC, fluorescence spectrometer and
others.

2. Structural Determination of Proteins in Structural
Genomics:

It has been focused on the lipids related structural-based
functional analysis, because of their biological importance as
targets for the therapeutics as well as the major constituents of
biological membranes and mediators. We revealed the
structural-functional basis of neutral sphingomyelinase from
pathogenic Bacillus cereus in the metal-type dependent activity

differences, which is linked with hemolytic specific architecture.

Further structural and functional studies on leukotriene B,
12-hydroxydehydrogenase/15-oxo-prostaglandin  13-reductase
(LTB, 12-HD/PGR) catalyzed irreversible steps of
multiple-eicosanoid  inactivation, a common NSAID,
indomethacin as an inhibitor bound in the mode of
anti-configuration at only one active site of dimer. For the
crystallographic studies, membrane integrated LTC4S was tried
to improved in the procedures of over-expressed by S. pombe,
purification and crystallization including LTC4S specific
monoclonal antibody production as well as other lipid related
proteins. In lipid mediator GPCRs, BLT1 was successfully
expressed by D. melanogaster2 cells in active form and further
cloning and purification were established to better production.
Tropomyosin is a flexible coiled-coil. We have obtained
two crystal structures of a tropomyosin fragment which spans
about 40% of the molecule. By comparing the two structures,
we now know structural basis of the flexibility, which plays
crucial roles in its biological functions. The dynactin complex
(of 12 species of proteins, with 1.5 MDa in entire mass) plays
crucial roles in asymmetric cell division and many other cellular
functions. We have obtained a 2D projection of the negatively
stained complexes, elucidating molecular arrangement within
the complex. The actin-based cell motility is regulated through
end-capping proteins. In 2003, we have published the crystal
structure of CapZ. Now we have obtained an EM structure of
the CapZ-actin filament end complex, enabling us to identify
residues contributing to the binding, and to know the nature of
the actin filament end-capping. For this work, we have first
developed an algorithm for analysis of actin-end-complexes.
Structural studies of the R43L mutant that can bind a lipoprotein
but that cannot transfer it to its receptor in the periplasmic space
of Gram-negative bacteria revealed a motion of the a-helical lid
covering the lipoprotein binding site. The crystal structure of a
stationary-phase survival protein SurE revealed several states of
the quaternary structures of the enzyme.  Structure of
depolymerase that degrades bacterial polyester, in complex with
a trimer of 3-hydroxybutyric acid, revealed the binding mode
for hydrophobic polyester, as well as its mechanism of
biodegradation of the polymer. The crystal structure of a giant
hemoglobin from a beard worm (400kDa) elucidated its
supramolecular 24mer assembly and H,S binding mechanism.
IDO is a heme-containing dioxygenase and catalyzes the
incorporation of dioxygen (O,) into indole rings, that is the first
and rate-limiting step in the main pathway of human tryptophan
catabolism. In this year, we found a role of the flexible loop in
the active site for the wide substrate specificity. The
two-component regulatory system is widely distributed in
bacteria, fungi and plants. It is well known that sensory
histidine kinases (HK) sense individual environmental stimuli,

and the cognate response regulators (RR) transduce their signals
downstream upon receiving the phosphoryl group. We
determined the low resolution structure of the two-component
system (ThkA/TrrA complex) of the thermophilic bacterium
with small angle X-ray scattering and crystallographic
techniques. Two TrrA molecules bind to center of ThkA dimer
in the complex structure. We have succeeded in crystallization
and determination of three new GFP-like proteins. The
structures help us to construct new fluorescent proteins as in
vivo markers. This year, we obtained diffraction data in the
process of the substrate molecule binding to NHase at 140K.

We solved the crystal structures of the EFC domains of FBP17
and CIP4, which are downstream effectors of a Rho family
member, Cdc42, and involved in regulation of actin
cytoskeleton. The EFC domain is a module for deformation of
membrane, and the structure reveals a gently-curved helical
bundle dimer, which is joined end to end into a filament in the
crystals. According to the structure, we proposed a
mechanistic model, in which the EFC filament winds around the
tubular membrane with the concave surfaces facing the tubular
membrane to drive membrane tubulation.
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