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Bacterial leaching is used to recover metals from low-grade of sulfide ores. The technique can also be applied for bioremediation of sediments and
soils polluted with heavy metals. Acidophilic iron- and sulfur-oxidizing bacteria are used in the process. Since acidophilic sulfur-oxidizing bacteria
that are tolerant to NaCl or require NaCl for growth are useful in developing remedial technologies for salt-containing environments, an acidophilic
sulfur-oxidizing bacterium Acidithiobacillus thiooxidans strain SH was isolated, which requires NaCl for growth.

Thiosulfate metabolism is a key pathway in bacterial leaching, because a sulfur moiety of sulfide is thought to be metabolized via thiosulfate as the
intermediate. To get a better understanding of sulfur metabolism in strain SH, the purification and characterization of thiosulfate dehydrogenase (TSD)
from strain SH was carried out. A three-step procedure resulted in approximately 71-fold purification of the enzyme from membrane fraction. SDS-
PAGE analysis of the final preparation revealed a major protein with an apparent molecular mass of 44 kDa. The maximum enzyme activity (45 U-mg-
1) was observed at pH 4.0, 40°C, and 200 mM NaCl. Ubiquinone could be used as an electron acceptor, but horse heart cytochrome ¢ could not be used.
Comparison with thiosulfate metabolizing enzymes from the other microorganisms showed that TSD from strain SH was structurally different from
previously reported thiosulfate oxidizing-enzymes. In addition, this is the first report of TSD whose activity is stimulated by NaCl.

The gene encoding TSD newly identified in strain SH was determined analyzing a draft genome sequence of strain SH. The draft genome of At.
thiooxidans SH contains a total of 2.91 Mbp distributed in 73 contigs, with a G+C content of 54.3%. The annotation results revealed one 5S-16S-23S
operon, 45 tRNAs, and 2,986 CDSs. Sulfur oxidizing complex (sox), tetrathionate hydrolase (tet), sulfide quinone reductase (sqr), and heterodisuifide
reductase (hdr), found in strain SH were also found in the other At. thiooxidans genomes with the similar gene arrangement. Using sequence data
obtained by HPLC-chip/QTOF analysis of peptide fragments produced from in-gel trypsin digestion of TSD, a Mascot Server search was carried out to
determine a gene encoding TSD in strain SH genome. The tsd gene found in the genome encoded 444 amino acids with the signal peptide of 29 amino
acids. A BLAST search revealed some homologous proteins from sulfur-oxidizing bacteria, such as At. caldus, At. ferroxidans and At. ferrivorans, but
the homologies are relatively low. Surprisingly, any homologous proteins with TSD from strain SH were not found in other At. thiooxidans strains. The
tsd gene newly determined in strain SH was found in a genomic island with 4.8 kb containing transposases showing the similarity to 1S4 or Lferr from
A. ferrooxidans, suggesting that strain SH acquired this gene through a horizontal gene transfer.  This is one of the reasons why homologous proteins
were not found in other three At. thiooxidans strains than strain SH. TSD from strain SH was able to use quinone (Q-) as the electron acceptor, suggesting
that the TSD from strain SH had TQO activity. The TQO from Acidianus ambivalens is the only one TQO characterized at the molecular genetic level.
Although further detailed investigations are necessary to clarify the kinetic mechanism, the TSD from strain SH may be a novel thiosulfate:quinone

oxidoreductase (TQO).
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