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We are studying the functions, evolution and adaptation of microorganisms in natural environments and ecosystems by the
methods of molecular microbial ecology and molecular biology. We have an interest in the roles of microorganisms as
"decomposer" in the cycle of biological matter. Main research activities are as below.

1. Study on termite-microorganisms symbiotic system using culture-independent approaches

An endoglucanase-encoding cDNA, Rssymegl, from a symbiotic protist in the hindgut of termite, Reticulitermes
speratus, has been expressed, purified and characterized. RsSSymEG1 belonged to the glycosyl hydrolase family 7. The Km
and Vmax values were 1.97 mg/ml and 769.6 mmol/min/mg protein, respectively. The hydrolysis pattern of RsSSymEG1
analyzed by TLC showed that the main products from cellodextrins were glucose and cellobiose. All of these results showed
the great potential of cellulases of symbiotic protist origin. We also started the EST analysis of the host termite and the
proteome/metabolome analysis of the termite symbiotic system in order to develop a novel strategy for discovering
functional genes from environmental samples.

Genes encoding Fe-hydrogenase were identified in the gut protists and the recombinant enzymes preferentially
catalyzed hydrogen evolution. The endosymbiotic bacteria of a gut protist showed strong hydrogen uptake activity,
suggesting that the symbiotic relationship enhances cellulose degradation via inter-species hydrogen transfer. We also
showed the evidence for cospeciations of the triplex symbiotic partners: gut protists of a certain genus, their endosymbionts,
and their host termites. Cellular symbionts belonging to Bacteroidales, Synergistes, and novel candidate phylum ‘Termite
Group 1’ were identified in various protist species in the guts. The phylogenetic divergence of the nitrogen fixation genes
nifH of gut bacteria was to some extent dependent on host lifestyle.

2. Study on the diversity and evolution of aromatic compound-degrading bacteria
We are investigating microbial degradation of dioxins for bioremediation. Dibenzofuran (DF) is one of the
carbon-skeletal compounds of dioxins used as a model to study microbial degradation of dioxins. This study analyzes the
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transcriptional regulation of the DF dioxygenase genes dfdA1-A4in the DF-utilizing actinomycetes Rhodococcus sp. YK2. A
gene encoding DNA binding protein that designated dfdR was found in the dfd gene cluster. The central part of the DfdR
amino acid sequence indicates significant homology to GAF-domain sequences by domain search analysis. A dfdR-disrupted
derivative of YK2 lost the abilities of DF utilization and DF-dependent dfdA1 transcriptional induction, and these
dysfunctions were compensated by the introduction of dfdR. Promoter analysis of dfdA1 in R. erythropolis JCM 2892
indicated that the dfdA1 promoter (Pamaz) activation was dependent on dfdR and DF, and not a metabolite of the DF
pathway. The cell extract of R. erythropolis JCM 2892 containing DfdR bound to the Pama: DNA fragment in a
DF-dependent manner. In addition, the Pamaz activation and DfdR DNA binding were observed in hydrophobic aromatic
compounds comprising more than two aromatic rings, suggesting that DfdR has broad effector molecule specificity for
several hydrophobic aromatic compounds.

Comamonas testosteroni is known for the ability of utilizing certain steroids. We identified the degradation pathway
and the genes involved in steroid degradation by Comamonas testosteroni TA441. TA441 degrades steroids via
aromatization of A-ring followed by degradation similar to bacterial aromatic compound degradation, and the genes
involved in the degradation are also similar. Remaining BCD-ring, D-ring is cleaved prior to C-ring by the pathway similar
to beta-oxidation. A lot of possible steroid degradation genes, which are similar but not identical to those of TA441, are
found in the data base, indicating that certain bacteria got the steroid degradation genes in the early days in their
evolution process.

In bioremediation by plants, rhizosphere-colonizing microorganisms have an important role. Ambruticin is a bacterial
polyketide compound that can control rhizosphere fungi. We found that ambruticin targets the group 111 histidine kinase in
the two-component signal transduction system (TCS) of rhizosphere fungi. Knockout mutants of response regulator genes
in the TCS were reduced in parasitic ability, suggesting that the TCS is involved in interaction between a host plant and a
rhizosphere fungus.

3. Study on the role of Na+/H+ antiporter systems in bacterial adaptation to the environment

We showed complex formation of the shaABCDEFG gene products, which constitute a principal Na*/H* antiporter in
Bacillus subtilis, by pull-down and BN-PAGE analyses. From the estimated molecular mass of the Sha antiporter complex,
we consider a possibility that the Sha complex contains each monomer of A-G subunits. We identified by site-directed
mutational analysis a total of six essential transmembrane acidic residues (Glu-113, Glu-657, Asp-743, and Glu-747 in
ShaA; Asp-121 in ShaB; Glu-137 in ShaD), a few of which probably form an ion translocation site of the Sha antiporter
complex.

To understand the role of the Sha antiporter in virulence of Pseudomonas aeruginosa, we performed transcriptome
analysis of a Sha antiporter-deficient mutant in the presence or absence of NaCl. Activation of the stationary sigma factor
RpoS and quorum sensing system (QS) was inhibited by the presence of 0.3 M NacCl in the mutant. Transcription of many
virulence genes, mostly RpoS and QS-dependent ones, was decreased in a NaCl-dependent manner in the mutant, which
may cause the attenuated virulence of the mutant.
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