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As a part of the protein 3000 project, we perform the
structural genomics oriented study on the structure-function
relationship of oligomeric proteins and undertake relevant
technological development. Through these research and
development, we would like to contribute the structural
genomics and the relevant industrial application.

1. Study on Protein Oligomerization from a View Point of
Structural Genomics

In order to obtain the systematic understanding for the
biological role of protein oligomerization, we compare the huge
number of crystal structures from the large-scale structural
analysis. In this fiscal year, we performed structural
determination of 73 proteins from thermophilic organisms.
(1) A novel induced-fit reaction mechanism of asymmetric hot
dog thioesterase Paal (Kunishima et al. (2005) J. Mol. Biol. 352,
212-228). Here we developed a new method to describe the
conformational change precisely and succeeded to capture a
subtle conformational change of ‘acyl-CoA thioesterase Paal’
which had a similarity with a protein relevant to the HIV
infection.
(2)  Crystal  structure of novel NADP-dependent
3-hydroxyisobutyrate dehydrogenase from Thermus
thermophilus HB8 (Lokanath et al. (2005) J. Mol. Biol. 352,
905-917). 3-Hydroxyisobutyrate, a central metabolite in the
valine catabolic pathway, is reversibly oxidized to
methylmalonate semialdehyde by a specific dehydrogenase,
3-hydroxyisobutyrate dehydrogenase (HIBADH). To gain
insight into the function of this enzyme at atomic level, we have
determined the first crystal structures of HIBADH from
Thermus thermophilus HBS.
(3) Crystal structures of biotin protein ligase from Pyrococcus
horikoshii OT3 and its complexes: structural basis of biotin
activation (Bagautdinov et al. (2005) J. Mol. Biol. 353,
322-333). Biotin protein ligase (BPL) catalyzes the first
committed step of lipid biosynthesis in various organisms,
where a specific lysine residue of the acetyl-CoA carboxylase is
posttranslationally modified by biotin. Here, we present the
crystal structure of the BPL from Pyrococcus horikoshii OT3.
The determination of the complex structures with biotin, ADP,
and biotinyl-5'-AMP provided the first exact location of the
activated intermediates.
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(4) Structure of ATP-dependent phosphoenolpyruvate
carboxykinase from Thermus thermophilus HB8 showing the
structural basis of induced fit and thermostability (Sugahara et
al. (2005) Acta Crystallogr. D 61, 1500-1507). In order to
understand the induced-fit and the thermo-stabilization
mechanisms of the ATP-dependent phosphoenolpyruvate
carboxykinase, the crystal structure of the enzyme from
Thermus thermophilus HB8 (TtPEPCK) was determined and
compared to those of orthologues of known structure from two
mesophilic organisms.

(5) Stabilization mechanism of tryptophan synthase o-subunit
from Thermus thermophilus HBS: X-ray crystallographic
analysis and calorimetry (Sugahara et al. (2005) J. Biochem.
138, 343-353). In order to elucidate the thermo-stabilization
mechanism of the tryptophan synthase a-subunit from the
extreme thermophile Thermus thermophilus HB8 (Tt-a-subunit),
its crystal structure was determined and its stability was
examined using DSC.

(6) Crystal structure of MCoA-ACPT from Thermus
thermophilus HB8 (Misaki et al. (2005) XX Congress of the
International Union of Crystallography, Florence, Italy). As a
part of Protein 3000 project in Japan, joint research group of
PCprot has solved the crystal structure of malonyl-CoA:ACP
transacylase (MCoA-ACPT) from Thermus thermophilus HBS
by collaboration with RIKEN. The obtained three-dimensional
structure of the active site of thermostable MCoA-ACPT
provides insights into the enzyme mechanism and the design of
useful inhibitors.

2. Technological Development for Structural Genomics
Software development

We enhanced the automated analysis system, the structure
evaluation system, and the heavy-atom database system.
Heavy-atom Database System (HATODAS
http://hatodas.harima.riken.go.jp/) is a web based tool designed
to assist the heavy-atom derivatization of proteins. Conventional
procedure for the preparation of derivatives is usually a time
consuming ‘trial and error’ process. The present program
provides a solution for this problem using a database of known
heavy-atom derivatives (Sugahara et al. (2005) Acta Crystallogr.
D 61, 1302-1305).
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