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We have been focusing on the structural-based functional
analyses for enzymes and receptors related to lipids. These
proteins are biologically important and the major targets for the
therapeutics for inflammation and immuno-modulation. We
also develop new technologies for SR protein crystallography
in collaboration.

1. Structural based functional study of lipid-related proteins
(1) Crystallographic analysis of neutral-sphingomyelinase from
Bacillus cereus (BcSMase)

BcSMase exerts phosphodiesterase C activity on sphingomyelin
(SM) as well as hemolysis activity. BcSMase requires divalent
cations for these activities. The crystal structures of BcSMase
with various divalent cations reveal that the essential
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architecture for the efficient hydrolysis of SM is the
water-bridged two divalent cations of which one cation binds to
glutamic acid and the other one binds to histidine in the
substrate binding site. Because of the similarities on the amino
acid sequence and the divalent cation dependency, the
architecture would be common to human neutral
sphingomyelinase involved in the traumatic neural apoptosis.

2) Crystallographic study of  leukotriene B,
12-hydroxydehydrogenase/15-oxo-prostaglandin  13-reductase
(LTB,4 12-HD/PGR)

The bi-functional LTB4 12-HD/PGR is an essential enzyme for
eicosanoid inactivation. Anti-configuration indomethacin was
found to bind to one of the two active sites of LTB,
12-HD/PGR homo-dimer.

(3) Crystal structure analysis of mammalian long chain fatty
acyl-CoA synthetase (LC-FACS)

LC-FACS catalyses the formation of long chain fatty acyl-CoA
from long chain fatty acid and CoA in the ATP dependent
manner. Mammal cell/tissue-specific LC-FACS isozymes with
different substrate specificities selectively absorb specific fatty
acids to cells. We started to establish the over-expression and
purification system for mammalian LC-FACSs.

(4) Crystal structure analysis of leukotriene C,; synthase
(LTC,4S)

LTC,S is the membrane integrated enzyme responsible for
biosynthesis of cysteinyl leukotrienes and a potent target for the
development of therapeutic agents for allergic diseases
including  asthma. LTC,S was over-expressed in
Schizosaccharomyces pombe, purified and crystallized.
Selenomethionyl LTC,S was also over-expressed in the
presence of selenomethionine.

(5) Establishment of high yielding Drosophila-derived
Schneider 2 cell line (S2 cell) for large-scale G-protein coupled
receptor production.

We established the S2 cells for large-scale expression of human
BLTI in active form and characterized the pharmacological
profile of the membrane fraction as the first step toward the
structural analysis. The advantages of the systems for
expression of active GPCRs are the applications of high-density
suspension culture with serum-free medium and the availability
of inducible Drosophila metallothionein promoter to avoid the
potent toxicity of recombinant GPCR on stable cell lines. The
expression systems of BLT1 and PAFR in E. coli and
Schizosaccharomyces pombe have been also developed. The
expressed receptors by E. coli and S. pombe were not active
forms.

(6) Crystallographic analysis of anti-prostaglandin E, (PGE,)
mouse monoclonal IgG1

PGE, has both inflammation and anti-inflammation actions,
and exerts various physiological functions. We have purified
the Fab fraction of a highly specific anti-PGE, mouse
monoclonal IgG from hybridoma cell and tried to crystallize.

2. Structural and functional analysis of other proteins.

(1) Ultra-high resolution crystal structure of B-Lactamase,
Toho-1

B-Lactamases hydrolytically inactivate B-lactam antibiotics and

thus the expression of P-lactamases is a prevalent resistance
mechanism of pathogenic bacteria to PB-lactam antibiotics.
Toho-1 is an extended-spectrum B-lactamase. Refinements of
atomic models of Toho-1 at 1.00 A are currently in progress.

(2) Characterization of DNA recognition mechanisms by
structural and mutational studies using homing endonuclease
(HEase) I-Tsp0611

HEase is a site-specific DNA endonuclease, which recognizes
and cleaves a relatively long sequence (14-40bp). To create a
novel [-TspO0611 with optional recognition sequences, we
predicted the residues that could interact with the substrate
DNA and introduced mutations based on the modeled
I-Tsp061I/DNA complex. Some of these mutants showed the
higher cleavage activities against the substrate than the wild
type enzyme.

(3) Structural analysis of the two types of human M1 zinc
amino peptidases

We try to purify and crystallize adipocyte-derived leucin
aminopeptidase (A-LAP) and aminopeptidase A (APA)
including their natives and mutants without modified-sugar
chains expressed by insect cells, Sf9.

(4) Crystallographic analysis of sialyltransferase from
campylobacter.

Sialic acid on the end of oligosaccharide of the cell membrane
surface takes an important biological function on a
ligand-acceptor and cell-cell interactions. Sialyltransferases
transaminate CMP-sialic acid as a sugar donor to a mucin-type
sugar chain of glyco-protein, an asparagine bound carbohydrate
chain and a non-reduction end sugar residue of
sphingoglycolipid (galactose, N-acetylgalactosamine,
N-acetylglucosamine and sialic acid). We have been trying to
purify the recombinant native and inactive mutant proteins
expressed in E. coli.

(5) Purification and crystallization of human calcineurin
homologous protein (CHP)

CHP binds to Na'-H'-exchanger (NHE1) and regulates
intracellular pH. We have obtained crystals of CHP complex
with NHE1 fragment, which diffracted beyond 3 A resolution.

(6) Crystallographic studies of membrane proteins

In order to determine the structures of membrane proteins, we
first tried to construct expression and purification systems for
several membrane proteins including mammalian proteins
using mainly bacterial cells. We succeeded in establishing the
expression and purification systems for a membrane protein
with amount and purity enough for the crystallization trials.

3. Development of novel methodology in protein
crystallography.

(1) Protein crystal evaluation

Development of an automatic crystallization observation robot
(TERA) contributed to structure determination of a lot of
proteins. We have been developing of automatic crystal
evaluation system for an enormous number of crystallization
images in cooperation with a robotics research group of RIKEN.
By uniformity of crystallization plate and photographic
condition, the correct rate in the evaluation of crystals reached
more than 90%.
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(2) Novel procedures for structure determination and
refinement

High accurate refinement of protein crystals — It is rare to get a
crystal diffracting beyond 1 A resolution, although it is very
important the crystallographic refinement without chemical
restrain to elucidate non-bonding interactions of protein
structure including ligands as well as water molecules in detail.
The electron density modification based on the maximum
entropy method (MEM), which was proved in material science,
is a potential method to overcome the resolution problem and
limitation by Fourier method in protein crystallography. We are
developing the protocol to apply the method on the protein
crystallographic structural refinement.

Molecular replacement method — The structural similarity
between the target and the reference proteins is crucial to the
molecular replacement method, because of the fewer searching
parameters of the current MR programs in reciprocal space. We
start the development of a new molecular replacement system
based on the genetic algorism to extend the searching
parameters in real space.
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