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The structural biophysics laboratory is focused on the
structure-based functional analysis of the enzymes and re-
ceptors related to lipid metabolism and lipid mediators,
since they are not only biological importance but potential
targets to develop therapeutics. On the structural stud-
ies for trans membrane receptors for the lipid mediators,
the laboratory started from over-production of a trans-
membrane type receptor, M2-receptor as well as the crys-
tallization and structural analysis of oxygen-evolving pho-
tosystem II complex as an important case study of mem-
brane protein structural studies. The other focus is to
develop high-throughput technologies for SR protein crys-
tallography including automated crystal diffraction data
collection and integrated automated protein crystallization
system as an effort for National Project on Protein Struc-
tural and Functional Analysis, Protein 3000.

1. Expression and purification of proteins

(1) M2 muscarinic acetylcholine receptor on cell-free
system

Expression of membrane-integrated protein is thought
to be very difficult, because of an influence of the expressed
protein to host cells and its folding process into membrane
fraction. In this study, we have attempted the expression
of M2-muscarinic receptor in the E. coli Cell-free system.
The expressed receptor was purified and refolded into li-
posome, and the ligand binding activity was measured.

(2) Human adipocite-derived leucine aminopeptidase
(A-LAP)

Human adipocite-derived leucine aminopeptidase,
which localizes in endoplasmic reticulum, belongs to the
M1 family of zinc-metalloproteases and is involved in
the generation of the major histocompatibility complex
(MHC) class I-binding peptides. To elucidate the structure
based for the reaction mechanism of A-LAP, we perform
refinement of the experimental condition for purification
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of A-LAP from Sf 9 cell expression system and construct
over-expression systems using E. coli.
(3) Human calcineurin homologous protein (CHP)
CHP binds Nat-H* exchanger (NHE1) and regulate
pH inside the cell. We are trying crystallization experi-
ments for X-ray crystallographic analysis of the complex
of CHP and NHE1 fragment.

2. Structure-based functional study of mem-
brane proteins

(1) Photosystem II from a thermophilic cyanobac-
terium Thermosyenchococcus vulcanus

We determined the crystal structure of photosystem 11
from a thermophilic cyanobacterium 7. vulcanus at 3.7 A
resolution. The crystal structure revealed the molecu-
lar interactions among a number of subunits in the large
membrane-protein complex. The arrangements of chloro-
phylls and other cofactors, and the possible residues sur-
rounding the Mn-cluster were also determined, which pro-
vided new and important insights into the mechanism of
PSII reactions.

(2) Photosystem II from a Cyanobacterium Syne-
chocyctis CPP sp. 6803

Cyanobacterium Synechocyctis CPP sp. 6803 has
400 kDa molecular weight and more than 21 polypeptides.
We are trying crystallization experiments using a robotic
system for X-ray crystallographic analysis of this super
macromolecular complex.

3. Structure based functional study of proteins
related to lipids and other

(1) Leukotriene B4  12-hydroxydehydrogenase/
15-ketoprostaglandin 13-reductase

The enzyme plays an important role in inactivating
Leukotriene By (LTB4), prostaglandin (PG) and lipoxin
A, (LXAy4). It is a bifunctional enzyme that acts as a de-
hydrogenase with LTB4 and acts as a reductase with PG
and LXA4. The crystal structure has been solved and the
crystallization of complex with substrates or co-factors is
now in progress.

(2) Prostaglandin D Synthase

Prostaglandin (PG) D is converted from PGH; by
two types of prostaglandin D synthases (PGDS). One is a
lipocalin type and the other is a glutathione S-transferase
type. The analysis of the crystal of the lipocalin type
PGDS belonging to the new space group gives insights
into the structure bases for the biological activity of the
lipocalin type PGDS.

(3) Acyl Coenzyme A ligase from Thermos thermopiles
HBS

Acyl Coenzyme (CoA) ligase forms a fatty acyl CoA
molecule by two reaction steps. In this study, the crystal
structure of acyl CoA ligase and ligand complexes are de-
termined. The structural comparison between the apo and
complex crystal structures gives a clear understanding for
the reaction mechanisms of the enzymatic catalysis.

(4) Ribose 5-phosphate isomerase A (RpiA) from Ther-
mus thermophilus HB8

Ribose 5-phosphate isomerase A (RpiA) catalyzes the
interconversion of ribose 5-phosphate between ribulose 5-
phosphate. RpiA plays role in the oxidative pentose phos-
phate pathway and in the Calvin cycle of plants. We have
determined the crystal structure of RpiA by MAD phasing
at 1.8 A resolution. RpiA exhibits o/8 fold and the two
subunits forming a dimer include chloride ions at their in-
terface. Based on the structures complexed with ligands,
the active site residues are identified and a catalytic mech-
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anism in detail is proposed.

4. Development of technologies for structure de-
termination of protein with high throughput

(1) Technologies for protein crystallization

Protein crystallization is one of the major bottlenecks
in protein X-ray crystallography. We have designed and
developed full-automatic crystallization and observation
robot, “TERA”. Up to date, the number of trials of crys-
tallization and observed images for more than 250 proteins
is about 160 thousand and 1.3 million, respectively. Fifty
proteins crystallized with X-ray crystallographic quality.

(2) Tools for information integration

The fully-integrated laboratory information manage-
ment to determine a number of protein structures in high
throughput manner is crucial due to huge and various
information production to be recorded, shared and uti-
lized. Highthroughput Factory Database (HTPF-DB) is
the database to manage and share the experimental infor-
mation. The dynamic model with dendritic structure is
adopted as a basic frame to endue the database with high
flexibility and expansibility.

(3) Technologies for automated diffraction data collec-
tion

RIKEN Structural Genomics Beam lines I & 1II
(BL26B1/B2) at SPring-8 have been developed for high
throughput protein crystallography (HTPX). The beam
lines are equipped with sample auto-changing system and
the beam line operating system. Both systems make pos-
sible to automatic data collection in cooperation with the
sample database system. The beam lines were started user
operation from October 2002, and will ready for automatic
data collection in 2003.
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Biophysics Laboratory
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