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The structural biophysics laboratory is focused on the
structure-based functional analysis of the enzyme and re-
ceptor proteins relevance to lipids, because this class of
proteins are not only biologically important but one major
target for the development of many therapeutics for inflam-
mation and immuno-modulations. The other objective is
to develop new technologies for SR protein crystallography.

1. Structure based functional study of proteins
related to lipids

(1) Crystallographic study of an essential multi-
eicosanoid inactivating enzyme

The bi-functional leukotriene B4 12-hydroxydehydro-
genase/15-oxo-prostaglandin 13-reductase (LTB4 12-HD/
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PGR) is an essential enzyme for eicosanoid inactivation.
It is responsible for the clearance of the E and F se-
ries of 15-oxo-prostaglandins (15-oxo-PGs), leukotriene By
(LTB4) and 15-oxo-lipoxin A4 (15-oxo-LXAy). The crystal
structure of the LTB4 12-HD/PGR with NADP" and in-
domethacin as a common NSAID was solved. The bound
indomethacin shared the same binding site as 15-oxo-
PGEs,, indicating that the indomethacin inhibits LTB4 12-
HD/PGR competitively.

(2) Structural and functional analysis of the two types
of the phylogenetically independent Prostaglandin D syn-
thases (PGDSs)

The lipocalin type PGDS is a multi-functional protein
of the enzymatic lipocalin family protein with the bind-
ing capability of lipophilic ligands like retinoids. The first
complex structure with retinoic acid was solved and re-
fined.

H-PGDS as the other PGDS was abundantly observed
in grouped necrotic muscles. We therefore hypothesized
that H-PGDS and its product PGD2 may deteriorate the
wound progression, and examined whether a H-PGDS spe-
cific inhibitor could be used as an effective substance for
dystrophic mice therapy. Oral administration of HQL-79
prevented wound expansion and accelerated the activation
of macrophages in the wounded area in the bupivacaine-
induced muscular necrosis model and the genetically dys-
trophin null mice. The H-PGDS inhibitor, HQL-79 realizes
the preventive effect for wound expansion by reducing the
PGDs production of H-PGDS.

(3) Crystallographic analysis of sphingomyelinase

Ceramide is one of the intrinsic lipid mediators. Sphin-
gomyelinase (SMase) is responsible for producing ceramide
from sphingomyelin, a component of the plasma mem-
brane. Sphingomyelinase from Bacillus cereus (Bc-SMase)
is homologous not only to various bacterial SMases but also
to the human neutral SMase in the last half of the amino
acid sequence. The crystal structures of various divalent
metal ions were determined.

2. Production and crystallization of lipid rel-
evant proteins including membrane proteins for
structural studies

(1) Production and crystallization of the membrane
proteins including GPCRs

The structure determination of membrane proteins is
a prerequisite in view of the medical and pharmaceutical
needs as well. In order to solve the structures of mem-
brane proteins, we first tried to construct expression and
purification systems for several membrane proteins using
mainly bacterial and yeast cells, while the targeted mem-
brane proteins contain not only bacterial proteins but also
mammalian proteins. The polyhistidine-tag fused proteins
facilitate the purification, and we have succeeded in estab-
lishing the expression and purification systems for seven
membrane proteins with amount and purity enough for
the crystallization trials.

In this year, we have tried the expression of the
leukotriene B4 receptor 1 (BLT1), the platelet-activating
factor receptor (PAFR) and the prostaglandin Dy receptor
(DP1) by E. coli and insect cell systems. Stably trans-
formed insect cells expressing the recombinant GPCR were
established and we confirmed the biological activity of the
membrane fraction.

(2) X-ray crystal structure analysis of the human
adipocyte-derived leucine aminopeptidase

Human adipocyte-derived leucine aminopeptidase (A-
LAP) belongs to the M1 family of zinc-metallo-proteases,
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which contain the consensus sequence HEXXH(X)18E mo-
tif. A-LAP was reported to localize in the endoplasmic
reticulum and to be involved in the generation of the Major
Histocompatibility Complex (MHC) class I-binding pep-
tides by the N-terminal trimming of longer precursors. We
have been trying to purify the recombinant protein from
an Sf9 cell over-expression system and to construct large
expression systems using F. coli cells.

3. Development of novel technologies for struc-
ture determination of proteins

(1) Maximum-entropy method for the
refinement of the refined protein crystal structure

The Maximum Entropy Method (MEM) is rapidly
gaining ground to reduce model bias in X-ray Crystallogra-
phy. To evaluate the advantage of MEM based refinement,
first, we designed and installed for evaluation of the MEM
calculation.

further-

4. Structural and functional analysis of other
proteins

(1) X-ray crystal structural study of ribose-5-phosphate
isomerase

The ubiquitous ribose-5-phosphate isomerase (Rpi) cat-
alyzes the reversible isomerization between ribulose-5-
phosphate (Ru5P) and ribose-5-phosphate (R5P) in the
oxidative pentose-phosphate cycle. In this year, to clar-
ify the sugar-ring-open mechanism of the enzyme, we are
determining the high resolution crystal structures of Rpi
mutants from Thermus thermophilus HBS.

(2) Characterization of DNA recognition mechanisms
by structural and mutational studies using homing endonu-
clease I-T'sp0611

Homing endonuclease (HEase) is a key enzyme for in-
tron/intein’s lateral transfer. HEase is a site-specific DNA
endonuclease, which recognizes and cleaves a relatively
long sequence (14-40bp). We attempted to create a novel
HEase with optional recognition sequences from the known
HEase, since we determined the x-ray structure of the 16S
rDNA intron-encoded HEase I-Tsp0611 as a LAGLIDADG
family member from hyper-thermophilic archaeon Ther-
moproteus sp. IC-061 at 2.0 A resolution to be elucidated
the DNA binding residues. Based on the modeled DNA-
enzyme complex, the residues, which may interact with
the substrate DNA, were mutated and the resultant mu-
tants were applied to the cleavage assay against the various
substrates.

(3) Structural and functional analysis of RVCaB

In the plant cell, the vacuole can occupy more than 80%
of a cell’s volume and the concentration of Ca?" in the
vacuole is higher than in the ER or in the cell-wall com-
partment. To clarify the calcium dependency of a novel
plant calcium binding protein RVCaB in the vacuole, the
structural and functional differences were analyzed with or
without Ca?* jon.
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