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The minimum gene set estimated as being essential for a
free living organism is about 1,500. Microorganisms living in
extreme environments often have about this number of genes,
which are common to and indispensable for other organisms,
including Homo sapiens. Understanding fundamental
biological phenomena on the basis of the structure and the
function of biomolecules from one organism is essential to gain
systems-level insight into organisms. This research team has
focused on Thermus thermophilus HB8, produced the proteins
needed to reconstruct the cellular systems of interest, and
revealed networks of genes, proteins and metabolites, using a
functional genomics approach.

1. Improvement in membrane protein expression.

We have determined the crystal structures of over 20% of
the total proteins encoded by the T. thermophilus genome.
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This research rate is close to the maximum for current
crystallographic analysis methods, and new technology for
protein production and crystalization will be needed.
Membrane proteins are encoded by about 30% of the genes
within prokaryotic and eukaryotic genomes, and they play
significant roles in energy metabolism and cellular homeostasis.
However, our understanding of membrane proteins has been
limited by experimental bottlenecks in preparing sufficient
amounts of the proteins. Recently, Roosild et al. reported a
novel method for membrane protein expression, by fusing a
membrane protein called Mistic to a target protein. We tested
this method for the overproduction of T. thermophilus
membrane proteins, and over 70% of the tested proteins were
successfully expressed.

2. Sructural and functional analyses of DNA repair systems.

In cells, a vast amount of DNA damage occurs from UV
radiation, various chemical reagents, and errors during DNA
replication and genetic recombination. This damage is very
harmful, and can result in mutagenesis and even in cell death.
To remove these lesions, cells have various types of DNA repair
systems, and most of them are common to many organisms,
including human.

MutS homologues are highly conserved enzymes engaged
in various DNA transactions. We found that T. thermophilus
MutS2, a member of the MutS family, tightly binds to an early
intermediate in homologous recombination and its C-terminal
region is a novel endonuclease domain. In addition, disruption
of the mutS2 gene in T. thermophilus increased the frequency of
homologous recombination. These findings strongly suggest
that T. thermophilus MutS2 suppresses homologous
recombination through the resolution of an early intermediate in
the reaction.

O%-methylguanine-DNA methyltransferase (Ogt) repairs
alkylated DNA generated by reactions with metabolites in the
cell, such as Sadenosylmethionine. Ogt transfers a methyl
group from the damaged base to a cysteinyl residue in the
enzyme. However, many organisms, including T. thermophilus
HB8, possess an Ogt variant (TTHA1564) lacking the cysteinyl
residue in the catalytic site. We confirmed that T.
thermophilus Ogt can recognize an O%-methylguanine-DNA,
however, the enzyme lacks the methyltransferase activity.
These results indicate the potential role of T. thermophilus Ogt
as a sensor protein to recognize O°f-methylguanine-DNA and
convey it to another DNA repair system.

An exodeoxyribonuclease, RecJ, is required for various
DNA transactions including homologous recombination,
base-excision repair, nucleotide-excision repair and mismatch
repair. T. thermophilus HB8 possesses not only RecJ but also
a function-unknown protein, TTHA0118, with amino acid
sequence homology to the catalytic site of Recl. Our
functional analyses reveded that TTHAO118 is a
Mn2+-dependent 5'-3 exonuclease. Unlike RecJ, TTHAO0118
digested not only DNA but also RNA substrates, indicating that
this protein isinvolved in oligonucleotide recycling.

Nucleotide-excision repair possesses broader substrate
specificity. To clarify how the system can recognize the wide
range of DNA damage, we investigated the substrate specificity
of UvrA (TTHA1440) and UvrB (TTHA1892), which form the
damage-recognizing complex in the system. We found that
UvrA and UvrB preferably bind to DNA damage that greatly
distorts the double-stranded DNA structure, indicating that the
repair system recognizes a common distortion in the DNA helix,

rather than the chemical structure of the DNA damage.

Purine base deamination in DNA is a natural phenomenon,
but it is mutagenic for cells. TTHA1347 incised the
phosphodiester bond at the second 3'-side of the deaminated
purine base, indicating that TTHA1347 isinvolved in the repair
reaction of deaminated purine bases, and that the system
requires a 3'-5' exodeoxyribonuclease, a DNA polymerase and
a DNA ligase to complete the repair.

DNA repar systems need DNA polymerases to
resynthesize DNA strands after lesion removal. TTHA1150
demonstrated high affinity for double-stranded DNA containing
one-base gap and filled the gap. Such activity is generaly
needed for the base-excision repair system.

3. Research on functionally-unchar acterized proteins.

The T. thermophilus HB8 genome has about 2,200 genes,
and about 500 of the genes encode hypothetical proteins of
unknown function. These proteins are conserved in admost all
organisms, ranging from bacteria to human.  Functiona
analyses ofthese proteins are necessary to interpret the global
biological phenomena of the cell.  Since the three-dimensional
structure of a protein is more strictly conserved than the amino
acid sequence during evolution, the structure of a hypothetical
protein can provide insight into its function. We have
determined the crystal structures of
functionally-uncharacterized proteins. As a result, our
structural analyses yielded us functional clues for about 60% of
the proteins with solved structures. Further experiments
concerned with mRNA expression analysis, proteomics analysis,
and metabolomics analysis provided genome-wide functional
information about the remaining 40% of the proteins.

4. Data sharing

Our web site provides experimental data about structural
and functional analyses of T. thermophilus HB8
(http://www.thermus.org). The data are classified into the 91
categories of metabolic pathways, and are available to outside
researchers. This information is utilized to identify previously
uncharacterized orthologs that participate in the metabolic
pathways.
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