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1. Structural and functional studies of biologi-
cal macromolecules involved in transcription and
translation

In all organisms, important cellular processes as cell
growth and proliferation, response to the environmental
stress, etc. are controlled to a large extent at transcrip-
tional level. DNA-dependent RNA polymerase (RNAP) is
a key enzyme in transcription and a final target for many
regulatory pathways that control gene expression. RNAPs
can be divided into two classes: multi-subunit (bacte-
ria, eukaryotes) and single-subunit (some phages, mito-
hondria) enzymes. We have been interested in structural
studies of the enzymes from both classes, as they carry
the transcription cycle in an identical manner, and thus,
the obtained results would contribute to understanding of
the general principles of transcription. Transcription cycle
could be divided into three steps: initiation, elongation,
and termination. Among these, initiation and its transi-
tion to a stable elongation is the first and most complicated
step, which is poorly understood in view of absence of the
detailed structural information. Therefore, our structural
studies of transcription have been primarily focused on this
important stage of transcription cycle.

Translation is regulated by DNA binding protein called
transcription factor. In order to understand the mecha-
nism of transcription, we have started functional analysis
of novel transcription factor-like proteins observed in an
extreme thermophilic bacterium.

As for translation, our studies have been focused on
the X-ray analysis of aminocyl-tRNA synthetases (aaRSs).
These enzymes catalyze aminoacylation of their cognate
tRNA molecules with the cognate amino acids with very
high specificity, and thereby primarily maintain the fidelity
of genetic code translation. Each aaRS is indispensable for
cell viability and therefore this class of the enzymes repre-
sents an attractive target for medicine (drug design) and
biotechnology (incorporation of unnatural amino acids into
proteins). In most organisms, there are 20 aaRSs, one for
each natural amino acid. They can be divided into two
classes (10 enzymes each) based on the conserved catalytic
domains. Although the class-I aaRSs share the common
catalytic domains, the other structural features, which are
required to achieve the enzyme specificity towards its cog-
nate tRNA, are very diversified. To provide structural
bases of tRNA recognition and catalytic reaction by the
class-1 aaRSs, we have determined the atomic structures
of the class-1 enzymes and/or their complexes with cognate
tRNAs and other substrates.

2. Biochemical and structural studies of proteins
involved in DNA recombination and replication

Escherichia coli DnaA binds to nine-base pair se-
quences (DnaA boxes) in the replication origin, oriC, to
form a complex initiating chromosomal DNA replication.
We determined the crystal structure of its DNA-binding
domain (domain IV) complexed with a DnaA-box at 2.1 A
resolution. DnaA domain IV contains a helix-turn-helix
motif for DNA binding. DNA bending by about 28° was
also observed in the complex. The E. coli SeqA protein
binds to adenine-hemimethylated G-™A-T-C sequences at
oriC, and prevents the overinitiation of replication within
one cell cycle. We determined the crystal structures
of SeqA7i1-181 complexed with the mismatch and normal
hemimethylated DNAs at 2.5 A and 3.0 A resolutions, re-
spectively. The structures explain how SeqA discriminates
hemimethylated origin from fully methylated state in the
E. coli chromosome. Human CENP-B, which is one of the
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centromere-specific DNA-binding proteins, is an 80kDa
protein that contains DNA-binding domains and a dimer-
ization domain at the N-terminus and the C-terminus, re-
spectively. We have determined the crystal structure of
the dimerization domain of human CENP-B at 1.7 A reso-
lution. The structure gives new insights into how CENP-B
bundles the CENP-B box sequence through dimer forma-
tion in the centromere-specific heterochromatin. The hu-
man Rad51B protein is involved in the recombinational
repair of damaged DNA. Chromosomal rearrangements of
the Rad51B gene have been found in uterine leiomyoma
patients, suggesting that the Rad51B gene suppresses tu-
morigenesis. We found that the purified Rad51B protein
specifically binds to the synthetic Holliday, which mim-
ics a key intermediate in homologous recombination. The
Radb52 protein is a DNA-annealing protein that can cat-
alyze homologous pairing in vitro, a critical step in homol-
ogous recombination. We determined the crystal structure
of the homologous-pairing domain of the human Rad52
protein at 2.85 A resolution, which revealed that the eleven
monomers tightly associate into a ring. The overall struc-
ture of the undecamer resembles a mushroom, consisting
of a “stem” and a “domed cap”. The positively charged
groove under the “domed cap” encircles the “stem” and
contains well-conserved amino acid residues. Among the
residues, those essential for ssDNA and dsDNA binding
were actually identified by a mutational analysis.

3. Protein structures and dynamics using high
pressure NMR spectroscopy

We have constructed an on-line cell high pressure NMR
system here in Harima, which works at 800 MHz in the
pressure range up to U 400 MPa, by utilizing a pressure-
resistive quartz cell. Because pressure shifts the confor-
mational equilibrium of a protein in solution in favor of
lower volume conformers, one can explore a wide range of
conformational space of proteins with high pressure NMR.
This technique was applied to characterize the conforma-
tional fluctuation of hen lysozyme and human ubiquitin.
In lysozyme, we found that both the rapid and slow con-
formational fluctuations of the protein are closely related
to the dynamics of cavities and hydration. In ubiquitin, we
found a peculiar locally unfolded conformer, which shares
a common structural feature with a kinetic intermediate
found in the folding reaction. These experiments showed
that protein conformation is inherently dynamic, involv-
ing conformational fluctuations with excursions to higher
energy conformers. The method is expected to give new
insight into mechanisms of protein function and folding.
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