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Involvement of Iron Oxidation- and Iron-Reduction-Enzyme Systems in Sulfur
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Acidithiobacillus ferrooxidans is a chemolithotrophic gram negative bacterium that can oxidize not only iron
but also reduced sulfur compounds including elemental sulfur, sulfite, tetrathionate, thiosulfate, and pyrite. This
bacterium is involved in many economically important processes such as bioleaching of precious metals and
bioremediation of acid mine drainage containing high concentration of ferrous iron. Among the metabolic aspects of
this microorganism, sulfur oxidation is very important as it is the key reaction not only, in energy generation for cell
growth and maintenance, but only in bioleaching and bioremediation processes. However, the precise mechanism of
this reaction is not yet clear and there have been some problems still matters of argument. One of the biggest
problems is on the terminal oxidase for sulfur oxidation by this microorganism. Some researchers proposed that the
terminal oxidase of sulfur oxidation is aas;-type cytochrome ¢ oxidase which is the same terminal oxidase of iron
oxidation. Opposing to this proposal, some researchers proposed that bd and bo; quinol oxidases, but not aas-type
cytochrome C oxidase, are the terminal oxidases in sulfur oxidation.

In this thesis, author shows for the first time that sulfur-grown A. ferrooxidans cells have iron oxidase
activity comparable to that of iron-grown A. ferrooxidans cells at the early log growth phase. The components of
iron oxidation enzyme system, containing two cytochromes ¢ (Cycl and Cyc2), rusticyanin, and aas-type
cytochrome € oxidase were purified from sulfur-grown cells and the complete iron oxidation enzyme system was
reconstituted from these four components. These results indicate that aa;-type cytochrome ¢ oxidase plays a crucial
role in sulfur oxidation by A. ferrooxidans ATCC 23270 cells. The Fe’ -reduction activity of sulfur-grown cells was
10-20 fold higher than that of iron-grown cells. In addition to sulfide:ferric ion oxidoreductase (SFORase) and
sulfite:ferric ion oxidoreductase, author shows for the first time, existence of the third Fe** producing enzyme in A.
ferrooxidans cells by purifying Fe’"-reductase, which uses tetrathionate as an electron donor, from tetrathionate-,
sulfur-, and iron-grown A. ferrooxidans cells and clarifies that, the enzyme is corresponds to tetrathionate hydrolase.
Beside Fe’'-reduction, tetrathionate can also reduce cytochrome ¢ in presence of tetrathionate hydrolase.
Tetrathionate hydrolase decomposes tetrathionate to elemental sulfur, sulfate, and thiosulfate, among these products,
only thiosulfate can reduce both Fe’" and cytochrome c.

These new findings that the synthesis of iron oxidation- and iron reduction-enzyme systems are markedly
activated during the growth of A. ferrooxidans in sulfur medium, strongly indicates that iron oxidation-enzyme
system utilizing aas-type cytochrome oxidase as the terminal oxidase plays a crucial role in the energy generation of
sulfur-grown A. ferrooxidans cells.
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