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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.

(A) Structural based functional study of lipid-related
proteins

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

LTC,S is the membrane integrated enzyme responsible for
biosynthesis of cysteinyl leukotrienes and a potent target for
the development of therapeutic agents for inflammatory
diseases including asthma. The crystal structure of human
LTC,S was determined by the MAD method at 3.3A
resolution. We proposed the novel acid-base reaction
mechanism to conjugate glutathione to leukotriene A4 in
highly regio- and stereo-specific manner catalyzed by the two
arginine residues, of which one plays as a base to activate
thiol group of glutathione as the reactive species and the other
works as an acid to supply hydrogen for the hydroxyl anion
growing in the catalysis. The structure based molecular
function analysis of LTC,S is going on.

(2) Expression studies of G-protein coupled receptors (BLT1
and PAFR) using Pichia pastris

Expression system of BLT1 and PAFR with yeast Pichia
pastris have been constructed. The factors to be examined
were the source of receptors (mouse, human, rat and guinea
pig), the N-terminal expression tags (aPrePro-FLAG, HA,
FLAG, His-FLAG, Strepll-FLAG) and the sugar chain
deficient mutants (N-terminal and IV-V loop). The *H-LTB,
binding affinity of guinea pig BLT! mutant (N4A) was
comparable to that of native guinea pig tissues (Kd = 4.3nM,
Bmax = 40.0pmol/mg) and suitable for the overexpression for
crystallographic strudies.

(3) Expression studies of G-protein coupled receptor using
insect cell

Structural information of GPCRs has significant availabilities
for pharmaceutical studies, and most of them are recognized
as potential therapeutic targets. In some cases, since GPCRs
are extremely low expression in vivo, and have difficulties
with their over-expression and purification in vitro, the
development of efficient heterologous expression systems are
indispensable for structural studies.

BLTI1 is a major receptor for Leukotriene By (LTBy), a
potent chemoattractant involved in inflammation and
immunoresponse, expressed in some myeloid cells and
regulates their activities. Although many pharmacological
studies have been reported on BLT1, the structural studies of
BLT1 are not advanced, because of insufficiently amount of
physiological active receptor. Heterologously expressed
human BLT! using Drosophila Schnider 2 (S2) cells has
physiological activities compared with its native character. On
this point, the systems that we use may combine the two
requisites of efficacy for expression of active GPCRs and of
simplicity for manipulation.

(4) Crystallographic studies of squid rhodopsin

Membrane proteins play a crucial role in many cellular
functions. Despite the growing need for the structural
information, it is still very difficult to get crystals of
membrane proteins. We succeeded in establishing the
purification system for a membrane protein, squid rhodopsin,
and obtaining crystals suitable for X-ray diffraction.

(5) Crystallographic analysis of prostaglandin E, (PGE,)
specific mouse monoclonal IgG1

PGE, has both inflammation and anti-inflammation actions,
and exerts various physiological functions. We have purified
the Fab fragment of a highly specific anti-PGE, mouse
monoclonal IgG from hybridoma cell. PGE,-Fab complex
were obtained by gel filtration chromatography.

(B) Structural and functional analysis of other proteins.
(1) Structural analysis of the two types of human M1 zinc
amino peptidases

We have tried 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, 9. The crystal with the
0.lmm corner appeared in the presence of a Ca>" ion about
APA, but the resolution of the diffraction data was not enough
for structure analysis.

(2) Crystallographic analysis
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.

of sialyltransferase from

(3) 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.

(4) High resolution crystal structure of a f-lactamase, Toho-1.
B-Lactamases hydrolytically inactivate B-lactam antibiotics
and thus the expression of f-lactamases is a prevalent
resistance mechanism of pathogenic bacteria to f-lactam
antibiotics. Toho-1 is an extended-spectrum B-lactamase. We
succeeded in collecting a data set for the Toho-1/Imipenem
complex. Refinements are currently in progress.

(5) Three-demensional orientational
molecule on actin filaments

Single molecule fluorescence microscopy can visualize the
dynamics of a molecule. This method is complemental to the
methods based on the static structure of molecules obteind by
X-ray crystallography and NMR method.

We are developing the three-dimensional orientation
imaging method to determine the conformational change of a
protein detected as a change of direction of o-helices. We
used bifunctional rhodamine (BR) to label a specific helix of
protein.

imaging of single



We used troponin C (TnC) mutant to attach BR-label, and
reconstruct thin filament with F-actin, tropomyosin, TnT and
Tnl. We have been investigating the method to suppress
fluctuation of complex by Brownian motion without
interference of conformational change.

(6-8) Structural studies of tropomyosin fragments.

We have solved the crystal structures of tropomyosin
fragments past years. In this year, new crystal structure of the
same fragment was solved and this structure included novel
conformation of the molecules. Then, we can make further
discussion about the molecular properties of tropomyosin.

(C) Development of novel methodology
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%.

in proten

(2) Development of novel
crystallography.

High accurate refinement of protein crystal structures — The
accurate protein structure determination at the resolution
where hydrogen atoms are able to be observed in the electron
density map is essential to elucidate details of the non-bonded
interactions maintaining protein structure, but it is rare to get
a protein crystal diffracting beyond 1A resolution at where the
hydrogen atoms appear in the map. The MEM (maximum
entropy method) is a potential method to overcome the
resolution problem, and is popular among the material science
but not for protein crystallography. We are developing the
protocol, especially in modeling of water structure, 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.

methodology in protein
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