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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. Sudy 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 164 proteins mainly from bacteria.
(1) Dimeric core structure of modular stator subunit E of
archaeal H'-ATPase (Lokanath et al. (2007) J. Mol. Biol. 366,
933-944). H'-ATPase, also called as proton pump, actively
transports protons across membranes in cells. Archaeal
H'-ATPase (A-ATPase) is closely related to a similar enzyme of
the internal cell membranes in higher animals, where it is
responsible for maintaining the acidic environment required for
many cellular processes, and plays an important role in the
spread of cancer and in bone resorption, hence osteoporosis.
H'-ATPases use the energy released in breaking the chemical
bond to the terminal phosphate in the universal energy molecule
adenosine triphosphate (ATP) to power the transfer of a proton
(H") across a membrane. They are constructed out of many
different protein-chain subunits—nine in the archaeal version
(A-ATPase) studied. The proton transport part of the complex
spans the membrane, and the ATPase part is attached to it by
means of a protein spike, known as a stator. It is through this
stator that the energy of ATP-breakdown is linked to proton
transport. Until now, neither the structure, nor even the numbers
of stators per A-ATPase complex were known. From previous
work, the heart of the stator was known to be a protein chain
called subunit E. Here we determined the first crystal structure
of subunit E. The relationship of subunit E with another stator
protein chain, subunit H, was studied also using electrophoresis,
mass spectrometry, amino acid sequencing and circular
dichroism spectroscopy, which measures the coiling of proteins.
We found that the ends of two subunit E chains bind together to
form a two-part or dimeric working core of the stator structure.
The two other ends of subunit E bond either with subunit H or
directly to the proton transfer part of the complex. It has been
suggested that subunit E, subunit H, and at least two other
subunits in other H'-ATPases fit together like modular building
blocks, and can be used to make the stator longer or shorter to
match the other structures of the complex.
(2) Crystal structure of RecA superfamily ATPase PH0284 from
Pyrococcus horikoshii OT3 (Bagautdinov et al. (2006) Acta
Cryst. F 62, 412-414; Bagautdinov et al. (2006) 20th [TUBMB
International Congress of Biochemistry and Molecular Biology
and 11th FAOBMB Congress, Kyoto, Japan). The circadian
(daily) protein clocks are found in cyanobacteria where complex
of the KaiA, KaiB and KaiC proteins generate the circadian
rhythms. We determined the crystal structure of KaiC
homologue PH0284 protein from Pyrococcus horikoshii OT3.
The archaea are usually found in extreme environments for
which the daily cycles would not appear to be adaptive. It is
likely that PH0284 has a distinct but closely related regulatory
function with the circadian clock. Therefore, characterizing the
structures, functions and interactions between the molecular
components of the putative regulation system in archaea could

help us to understand much about the evolution of circadian
rhythms.

2. Technological Development for Sructural Genomics

(1) Development of support software for structural analysis. We
further enhanced the support software. In the automatic analysis
system, the multi-domain molecular replacement function and
the automatic model checking function have been added. In the
structure evaluation system, the side-chain conformation library
and the energy calculation function for non-covalent
interactions have been added. In the heavy-atom database
system, the reliability of score was improved by taking the
information from multiple alignments into account.

(2) Development of the controlling method for protein
crystallization. Zeolite-mediated protein crystallization was
investigated. Five proteins showed the zeolite-dependent
crystallization, indicating the effectiveness of this method.

(3) Development of the method for crystal quality improvement.
We systematically examined the improvement of the resoluition
of protein crystals by introducing a single mutation to the
crystal packing residue so as to provide more favourable
packing interactions, using a model system of PH0725 protein.
It has been shown that the crystal quality can be improved
actually by introducing a proper single mutation to the crystal
packing residue.

(4) Development of heavy-atom derivatization method. In order
to develop a systematic method for heavy-atom derivatization
by introducing mutations, many mutants for PH0725 and
TTHBO049 proteins were prepared and their crystal structures
were determined, which include extensive Leu-Met mutants for
the preparation of selenomethionine-substituted proteins.

(5) Development of automatic crystal production system. To
overcome the incompleteness of the sparse matrix
crystallization screening, we are developing the automatic
crystallization set-up system with a full-matrix screening
method. We are also developing the automatic crystal scoring
system with high reliability. Prototype machines have been
developed in this fiscal year.

(6) Development of capillary crystal analysis system. In order to
evaluate the quality of protein crystals with high accuracy, we
are developing the capillary crystal analysis system in which all
steps from the crystallization to the data collection are
performed in a capillary. Preliminary experiments have been
performed.

(7) Establishment of the structural analysis pipeline using
part-timers. A complete structural analysis pipeline from the
protein production to the PDB deposition have been constructed
and applied for the routine structural analysis for mutant
proteins. We determined 72 mutant structures using this pipeline
in this fiscal year.
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