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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
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many regulatory pathways that control gene expression.
RNAPs can be divided into two classes: multi-subunit
(bacteria, eukaryotes) and single-subunit (some phages,
mitochondria) enzymes. We have been interested in struc-
tural 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 understand-
ing of the general principles of transcription. Transcription
cycle could be divided into three steps: initiation, elonga-
tion and termination. Among these, initiation and its tran-
sition to a stable elongation is the first and most compli-
cated step, which is poorly understood in view of absence
of the detailed structural information. Therefore, our struc-
tural 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. The 2.7 A resolution structure
of the Thermus thermophilus RNA polymerase (RNAP)
holoenzyme in complex with ppGpp reveals that ppGpp
binds to the same site near the active center in both inde-
pendent RNAP molecules in the crystal, but in strikingly
distinct orientations. Binding is symmetrical with respect
to the two di-phosphates of ppGpp, and is relaxed with
respect to the orientation of the nucleotide base. Differ-
ent modes of ppGpp binding are coupled with asymmetry
of the active site configurations. The results suggest that
base pairing of ppGpp with cytosines in the non-template
DNA strand might be an essential component of transcrip-
tion control by ppGpp. We present experimental evidence
highlighting the importance of base-specific contacts be-
tween ppGpp and specific cytosine residues during both
transcription initiation and elongation.

DNA binding proteins called transcription factor reg-
ulate transcription. We have analyzed the function of a
novel transcription factor-like protein from Thermus ther-
mophilus HB8, which shows 20-30% homology to the
catabolite gene activator protein from E. coli (ecoCAP).
The novel protein; tthCAP was a dimer molecule as eco-
CAP is. Protease sensitivity of tthCAP changed in the
presence of cAMP, furthermore, ttCAP bound to consen-
sus DNA sequence against ecoCAP in cAMP dependent
manner. In the presence of cAMP, tthCAP enhanced the
transcription reaction of Tth RNAP using upstream region
of E. coli lactose operon including the CAP binding site
and promoter as a template.

The mechanism by which nucleotide polymerases select
the correct substrate is of fundamental importance to the
fidelity of DNA replication and transcription. During the
nucleotide addition cycle pol I DNA polymerases undergo
the transition from a catalytically inactive “open” to an
active “closed” conformation. All known determinants of
substrate selection are associated with the “closed” state.
To elucidate if this mechanism is conserved in homologous
singlesubunit RNAPs, we have determined the structure
of T7 RNAP elongation complex with the incoming sub-
strate analog. Surprisingly, the substrate specifically binds
to RNAP in the “open” conformation, where it is base
paired with the acceptor template base, while Tyr639 pro-
vides discrimination of ribose vs deoxyribose substrates.
The structure therefore suggests a novel mechanism, in
which the substrate selection occurs prior to the isomeriza-
tion to the catalytically active conformation. Modeling of
multisubunit RNAPs suggests that this mechanism might
be universal for all RNAPs.

Aminocyl-tRNA synthetases (aaRSs) catalyze aminoa-
cylation of their cognate tRNA molecules with cognate
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amino acids with high specificity, and thereby primar-
ily maintain the fidelity of genetic code translation. Each
aaRS is indispensable for cell viability, and therefore this
class of the enzymes is an attractive target for drug design.
We determined crystal structures of glutamyl-tRNA syn-
thetase (GluRS) from Thermus thermophilus in complex
with various substrates and/or ligands. A comparison of
the enzyme catalytic-site structures between GIuRS: Glu
and GluRS:tRNA®™:Glu complexes indicated that the
manner of Glu binding by GluRS differs in a tRNA-
dependent manner. This is because the 3’ terminus of the
tRNA (A76) is directly involved in the Glu binding to
achieve strict amino-acid recognition and correct aminoa-
cylation. We also determined the structure of the GluRS
in complex with tRNA and a strong GluRS inhibitor, Glu-
AMS,; to elucidate the structural basis of its action.

Translation elongation factor P (EF-P) is a protein that
stimulates the activity of peptidyltransferase on 70S ri-
bosome. We determined a crystal structure of EF-P from
Thermus thermophilus HB8 at 1.65 A. The structure con-
sists of three domains, and all of these domains are com-
posed of several 3 strands. Unexpectedly, the overall struc-
ture is similar to the L-shaped structure of tRNA, implying
that EF-P functions where tRNA function on the ribo-
some.

2. High pressure NMR study of conformational
transitions of proteins

Unlike in crystals, protein in solution is a thermody-
namic entity existing as a mixture of conformers from
folded to unfolded within several kcal/mol. Understanding
mechanisms of protein function and conformational dis-
eases require the knowledge not only of the lowest energy
“native” conformer but also of the higher energy conform-
ers. We have presented the variable pressure NMR, tech-
nique, that is capable of detecting and analyzing struc-
tures of the higher energy conformers. Because the confor-
mational order of a globular protein normally decreases in
parallel with its partial molar volume, pressure can shift
the population distribution to a less ordered conformer
with increasing pressure. This year, we have investigated
aggregation of a-synuclein, which is a cause of Parkinson’s
disease and the structure of the higher energy conformer
of ubiquitin controlling proteolysis of damaged proteins.

Temperature dependent conformational changes of re-
combinant human a-synuclein(A53T0 were studied using
far-UV CD and 'N/'H NMR spectroscopies. This study
showed that the initial step of aggregation of a-synuclein is
the formation of hydrophobic cluster by the N-terminal he-
lical and the NAC regions of the polypeptide chain, which
leads to intermolecular association and then amyloid for-
mation of the protein.

Ubiquitin structures were determined at 30 bar and 3
kbar, based on the NOE distance and torsion angle con-
straints, giving “NMR snap shots” of a fluctuating protein
structure in solution. The result reveals that the conforma-
tional changes take place mostly around interaction-sites
with target enzymes, which would provide open surface
for enzyme binding. Spin relaxation analysis indicated the
frequency range of the conformational fluctuation to be 10
microsecond.

The presence of higher energy conformers has been re-
vealed in several other proteins as well by the variable pres-
sure NMR technique. The presence of the higher energy
conformers is likely to be directly related to protein func-
tion or in certain cases to be responsible for aggregation.
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