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

In all organisms, important cellular processes such as
cell growth and proliferation, response to the environmen-
tal stress, etc. are controlled to a large extent at the
transcriptional level. DNA-dependent RNA polymerase
(RNAP) is a key enzyme in transcription and a final tar-
get for many regulatory pathways that control gene ex-
pression. RNAPs can be divided into two classes: multi-
subunit (bacteria, eukaryotes) and single-subunit (some
phages, mitochondria) 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 under-
standing of the general principles of transcription. The
transcription cycle could be divided into three steps: ini-
tiation, elongation and termination. Among these, initi-
ation and its transition to a stable elongation is the first
and most complicated step, which is poorly understood in
view of the absence of the detailed structural information.
Therefore, our structural studies of transcription have been
primarily focused on this important stage of transcription
cycle.

Guanosine-tetraphosphate (ppGpp) is a major regula-
tor of stringent control, an adaptive response of bacteria to
amino acid starvation. Previously, we determined the crys-
tal structure of Thermus thermophilus RNA polymerase
(RNAP) holoenzyme in complex with ppGpp, which re-
vealed that ppGpp bound near the active center of the
RNAP. The results suggest that base pairing of ppGpp
with cytosines in the non-template DNA strand might be
an essential component of transcription control by ppGpp.
DksA protein is a transcription factor that has been shown
to regulate the effect of ppGpp. We determined a crys-
tal structure of E. coli DksA. The structure suggests that
DksA coiled-coil protrudes into the RNAP secondary chan-
nel to coordinate a ppGpp bound Mg?" ion with the Asp
residues on the domain, thereby stabilizing the ppGpp-
RNAP complex.

Archaebacteria have eukaryotic RNAP and bacterial
transcription factors. We determined the crystal struc-
ture of two archaeal transcription-factor like proteins,
ST1889 from Sulfolobus tokodaii and PH1519 from Pyro-
coccus horikoshii. Each homologue is distributed widely
in archaea and bacteria, but not eukarya. Interestingly,
crystal structure of ST1889 revealed that this protein
formed a dimer through a disulfide bond; furthermore,
each monomer has one intra molecular disulfide bond. The
crystal structure of PH1519 resembled to that of LrpA
from P. furiosus, which belongs to Lrp/AsnC family that
respond to amino acid. The PH1519 structure was de-
termined at 1.6 A resolution, which was higher than 2.9 A
structure of LrpA.

2. Structural and functional studies of proteins
involved in the regulation of cytoskeletal dynamics
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The cells migrate and change their shapes as in the case
of cytokinesis upon simulation by the extracellular stimuli.
Cytoskeletal reorganization involves organized formation
of the actin filaments and microtubules, playing impor-
tant roles in the cell migration and cytokinesis. Signals
from the extracellular stimuli are transmitted through var-
ious cellular signaling pathways to the downstream effec-
tors by largely unknown mechanisms. Our first aim is to
investigate the structures of proteins and protein-protein
complexes involved in this process to reveal the underlying
molecular mechanisms in this signaling cascade.

Recently accumulated evidence supports that cy-
toskeletal dynamics controls gene transcription. Eukary-
otic transcription requires the remodeling of the chromatin
structure. As a possible link between cytoskeletal dynam-
ics and transcription, the fact attracted notice that there
are chromatin-remodeling complexes containing actin as a
subunit. Our second aim is to determine the structure of
the complex and understand the mechanism of chromatin
remodeling by the SWI/SNF family of chromatin remod-
eling complexes.

We isolated and solubilized the protein-interacting do-
main of a protein involved in the cytoskeletal reorganiza-
tion whose structure is presumably not related to any other
known structures. The crystallization of the domain is in
progress. We obtained high-resolution crystals (2.2 A) of
the ARID domain of the actin-containing BAF chromatin
remodeling complex. The structure determination of the
domain is in progress.

3. High pressure NMR study of conformational
fluctuation of proteins

Although our knowledge of basic folded structures of
proteins has dramatically improved, the extent of our cor-
responding knowledge of higher-energy conformers remains
extremely slim. The latter information is crucial for ad-
vancing our understanding of the mechanism of protein
function, folding and conformational diseases. We present
a general method for elucidating, at the atomic revel, a
large scale shape change of a protein in solution undergoing
conformational fluctuation. The variable pressure NMR,
approach is capable of detecting and analyzing structures
and thermodyanamic stabilities of higher-energy conform-
ers. Ubiquitin was chosen as the first target, for which
structures were determined at 30bar (N; = 85%) and
3kbar (N2 = 77%), giving “NMR snapshots” of a fluc-
tuating protein structure in solution.

The variable-pressure NMR technique has been used
to investigate the conformational fluctuations of ubiquitin-
fold proteins and domains in a wide conformational space.
Large amplitude fluctuations, estimated in the time range
of micro to milli seconds, are found for the folded con-
formers. Furthermore, intermediately folded conformers
are found, which undergo local unfolding in a conserved
part of the molecules. It strongly suggests that the local
unfolding is evolutionally designed for the ubiquitin-fold
proteins to perform their almost common function.

It is known that the activity of the DHFR protein of
some deep-sea bacteria is increased at high pressure. To in-
vestigate the enhanced activity, we have measured 'H one
dimensional NMR and investigated the effect of pressure
and temperature on the structural and thermodynamic
stability of a protein dihydrofolate reductase (DHFR) from
a deep-sea bacterium Moritella profunda (Mp) in its folate-
bound form. The thermodynamic stabilities of DHFRs
from deep-sea bacteria are well adapted to the living envi-
ronment of the bacteria (2-5°C and 20-30 MPa), with the
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maximum stability around 5°C (at 0.1 MPa) and a rela-
tively small volume change upon unfolding. Next our in-
terest is an investigation of structural changes of the func-
tional site of the proteins under high pressure based on
multi-dimensional NMR measurements.

4. Improvement of the full-automatic crystal-
lization and observation robot system, TERA for
general users

A new web interface has been developed for TERA
to be used easily by general persons outside of the High
throughput factory building. The procedure from re-
quest of crystallization to receipt of the protein has been
smoothly performed through this system. We developed
2,304 reagents for secondary screening of protein crystal-
lization preceded by the first screening by using Crystal
Screen kits I and II (Hampton Research). Twenty-four
kinds of reagents were designed from each reagent in the
kits.

5. Investigation into the principles of protein ar-
chitecture

The stability of proteins is marginal. Therefore, it
is necessary to accumulate huge data for the correlation
between conformational structures of a protein and its
physicochemical properties such as stabilities, in order to
elucidate the principles of protein architecture. As part of
the research of this relation, we have reported two struc-
tural papers in this fiscal year. One of them is about sta-
bilization due to dimer formation of phosphoribosyl an-
thranilate isomerase (PRAI) from Thermus thermophilus
HBS8. The crystal structure of PRAI was solved at 2.0 A.
In order to elucidate the stabilization mechanism of PRAI,
the physicochemical properties were examined using DSC,
CD, and analytical centrifugation at various pHs, related
to the association-dissociation of the subunits. Based on
experimental results of the protein and its structural in-
formation, the stabilization mechanism due to dimer for-
mation could be elucidated. The other is about conforma-
tional changes in the a-subunit coupled to binding of the
B2-subunit of tryptophan synthase from Escherichia coli.
When the tryptophan synthase a- and (2-subunits com-
bine to form the az(2 complex, the enzymatic activity of
each subunit is stimulated by one to two orders of mag-
nitude. In order to elucidate the structural basis of this
mutual activation, it is necessary to determine the struc-
tures of the a- and (-subunits alone and together with the
az(32 complex. The structure of the tryptophan synthase
a-subunit alone from E. coli was determined by an X-ray
crystallographic analysis at 2.3 A, which is the first report
on the subunits alone from the mesophiles. On the basis of
this structure, we could explain the activation mechanism
due to the complex formation.
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