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Our division has recently launched several new initia-
tives in user support and development of new technologies
at the RIKEN Structural Biology beamlines at SPring-
8. Several research and development programs are already
under way, and these will contribute to the expanding pro-
gram in structural biology research at the RIKEN Harima
Institute.

1. Technical support for users of the RIKEN
beamlines dedicated to structural biology

BL45XU is an undulator beamline designed for pro-
tein crystallography using the multi-wavelength anomalous
dispersion technique (experimental hutch; BL45XU-PX)
and for small-angle X-ray scattering of biological macro-
molecules (BL45XU-SAXS). We support user experiments
at BL45XU-PX with improved beamline devices. Of spe-
cial note, a microspectrophotometer was designed and in-
stalled at BL45XU-PX this year. The maintenance and
user support services for BL45XU-SAXS have been en-
trusted to the Structural Biochemistry Laboratory.

BL44B2 is a bending-magnet beamline designed for
three applications: time-resolved protein crystallogra-
phy with white X-rays, conventional structure analysis
of protein crystals with monochromatic X-rays, and X-
ray absorption fine structure analysis of biological macro-
molecules. We have supported users of BL44B2 by design-
ing and installing a remote centering system for sample
crystals in the experimental hutch.

2. X-Ray crystal structure analyses of biological
macromolecules

Photosystem II (PSII) is a multi-subunit membrane
protein complex that carries out light-induced electron
transfer and water-splitting reactions, leading ultimately
to the formation of molecular oxygen. We obtained the
crystal structure of PSII from Thermosynechococcus vul-
canus at 3.7 A resolution. The structure revealed four ma-
jor transmembrane (TM) subunits: D1, D2, CP47, and
CP43, as well as several low molecular mass TM subunits
and three hydrophilic extrinsic proteins: 33- and 12-kDa
proteins and cytochrome ¢550. This structural analysis
yielded much information concerning the molecular inter-
actions within this large protein complex.

The RecA protein in Escherichia coli plays an impor-
tant role in homologous genetic recombination. We deter-
mined a new crystal structure for this molecule, and were
able to visualize its DNA binding loops. The structure of
these loops had not been reported in the literature pre-
viously because they were disordered in the other crystal
forms. Several mutations in the DNA binding loops have
been associated with deficiencies in homologous genetic re-
combination.

Nitrile Hydratase from Rhodococcus is an enzyme ca-
pable of catalyzing hydration of nitriles, and it contains
a mononuclear non-heme iron as its reaction center. The
iron center is activated by photo-driven NO release. To
gain a deeper understanding of structures, intermediates,
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and dynamics along the reaction pathway, we are develop-
ing techniques of time-resolved crystallography. This year
we also observed a photo-activated process in a crystal us-
ing a newly developed microspectrophotometer.

In cooperation with the Structurome Research Group,
we determined crystal structures of proteins in the glycine
cleavage system, the energy transfer system, and the
glycolysis system of Thermus thermophilus. Isonitrile
Hydratase is a novel enzyme in Pseudomonas putida that
catalyzes the conversion of isonitriles to the correspond-
ing N- substituted formamides. We determined its crystal
structure at 1.7 A resolution and elucidated the structural
basis of its biochemical function. In order to reveal the
molecular mechanism of mRNA synthesis in a Rice Dwarf
Virus (RDV), we constructed a large-scale expression sys-
tem for the mRNA binding protein P7 of RDV, using E.
coli as host cells.

3. Development of new techniques for structural
biology research

We developed a protein crystallization support sys-
tem utilizing the vapor diffusion technique, termed “Crys-
tal Finder”, which consisted of two parts: (1) automatic
preparation of screening solutions and (2) observation of
protein crystallization drops. A polymer-based micro array
device (PBMD) was developed for high-throughput pro-
tein crystallization and simple mounting of the resulting
crystals on a goniometer head for X-ray diffraction experi-
ments. The PBMD can immobilize protein crystallization
drops in a vapor- diffusion well, and we can directly mount
the crystal in one chip of PBMD under cryogenic condition
at 100 K. Furthermore, an automated cryo-crystal mount-
ing system was developed at our institute using a six-axis
robot arm.

A microspectrophotometer is a powerful tool for time-
resolved protein crystallography. It can be used to mon-
itor reactions in crystals when the proteins or reactants
undergo spectral changes along the reaction pathways. A
notable advance this year was the improvement of our mi-
crospectrophotometer, which was installed in the experi-
mental hutch of BL45XU-PX. The large-angle oscillation
technique (LOT) is another data collection method used
in for time- resolved crystallography. The LOT requires
alignment of one axis of the sample crystal with the rota-
tion axis of the goniometer prior to X-ray diffraction data
collection. For this purpose, a mini-kappa goniometer was
designed and installed in BL45XU-PX, and the goniometer
itself was improved to make it capable of supporting LOT
data collection.

We have investigated the protein nucleation process in
an electric field of alternating current, in an effort to de-
velop new methods of enhancing protein crystallization.
We are also developing a new technique to determine
phases of diffraction data from protein crystals using non-
crystallographic symmetries. A phase filtering technique
was tested as a method to verify this approach.

Research and Development Subjects and Mem-
bers of Division of Bio-Crystallography Tech-
nology

1. Technical support for users of RIKEN beamlines ded-

icated to structural biology
2. X-ray crystal structure analyses of biological macro-
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3. Development of new techniques for structural biology
research
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