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Summary

We understand now the existence of a group of bacteria, chemolithoautotrophic bacteria, which play an
important role on the cycle of inorganic compounds on the earth, such as carbon, nitrogen, hydrogen, sulfur, and
heavy metals including iron, nickel, mercury, molybdenum, tungstate, uranium and so on. The sulfur-oxidizing
acidophilic chemolithotrophs Acidithiobacillus thiooxidans (formerly Thiobacillus thiooxidans) and
Acidithiobacillus ferrooxidans (formerly Thiobacillus thiooxidans) derive their energy for growth from the
oxidation of inorganic reduced sulfur compounds and/or ferrous iron. Both A. thiooxidans and A. ferrooxidans
are considered to be the most useful microorganisms for the bacterial leaching of sulfide ores. Bacterial leaching
is a technology by which valuable metals for a human being, such as copper, nickel, uranium and gold, are
solubilized or precipitated separately from the ore bodies with an aid of bacterial activity. Attention to bacterial
leaching has increased in recent years because of its application to low-grade ores. This can be attributed to a
unique ability of A. ferrooxidans to use both the iron and sulfur moieties in sulfide ores for growth.

It has been known that A. ferrooxidans cells are in general resistant to many heavy metals including iron,
copper, zinc, and nickel, but sensitive to mercury, silver, molybdenum, and tungsten. The growth inhibition of A.
ferrooxidans cells by mercury, silver, molybdenum and tungsten and the sites of inhibition in enzyme system of
these bacteria have been reported. Among these toxic metals mercury is highly toxic for almost all of the
organisms because they have a strong affinity for thiol groups in proteins. The bacteria that are highly resistant
to Hg?* and/or organ mercurial compounds have the ability to volatilize metal mercury (Hg® from inorganic and
organic mercurial compounds. Wide ranges of Gram-negative and Gram-positive bacteria have mercury
reductases that reduce Hg?" with NADPH as an electron donor. A. ferrooxidans cells have mercury reductase
activity and the genes involved in the volatilization of mercury have been clone and characterized in detail.

The bacterial abilities to volatilize metal mercury from mercuric compounds seem to be important not only
from the point of basic microbiology but also from application point of view because these abilities are used for
bioremediation for mercury polluted soil and wastewater. A. ferrooxidans SUG2-2 was isolated as a mercury
resistant strain among one hundred A. ferrooxidans strains isolated from natural environments. It was reported
that A. ferrooxidans SUG2-2 has an ability to volatilize metal mercury from mercury-polluted wastewater and
soil under acidic conditions in the presence of ferrous iron and that SUG2-2 has not only NADPH-dependent
mercury reductase activity but also Fe?*-dependent mercury reductase activity in the cells. Cytochrome ¢
oxidase purified from strain SUG2-2 volatilizes mercury in the presence of Fe?*. Recently, a highly mercury
resistant strain A. ferrooxidans MON-1 was isolated from a culture of strain SUG 2-2 after it was cultured
successively in a Fe2* medium with increased amounts of Hg?" ranged from 6 u M to 20 u M. It was found that
the Fe2*-dependent mercury volatilization enzyme system is more important than NADPH-dependent mercury
reductases for the acquisition of further mercury resistance in A. ferrooxidans cells and among components of
iron oxidation enzyme system, cytochrome ¢ oxidase activity of strain MON-1 increased accompanied with
increase of mercury resistance. In this way a preliminary work to use the Fe?*-dependent mercury volatilization
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enzyme system of A. ferrooxidans MON-1 to the bioremediation of a large amount of mercury polluted soil has
been done.

Importance of the use of A. ferrooxidans and A. thiooxidans cells in bacterial leaching of sulfide ores and also
in the bioremediation of acid mine drainage containing a high concentration of heavy metals has been generally
accepted. However, since both A. thiooxidans and A. ferrooxidans can oxidize hydrogen sulfide (H2S) to give a
strong acid, sulfuric acid, as a reaction product, it has been known that these bacteria are potent agents
responsible for concrete corrosion and acidification of rivers. Corrosion of concrete structures, especially, in
sewer systems and sewage treatment plants, has become a big social problem. In 1945, Parker first presented
evidence that concrete structures are corroded by sulfuric acid produced by the sulfur-oxidizing bacterium
Thiobacillus concretivourus. The sulfuric acid which is produced in the sewer pipe by A. thiooxidans- and A.
ferrooxidans- dependent oxidation of hydrogen sulfide reacts with the components of concrete such as calcium
oxides and calcium hydroxide to form a sandy calcium sulfate (gypsum). Therefore, it is desirable that sulfur
oxidation by A. ferrooxidans and A. thiooxidans cells should be activated at the bacterial leaching sites or at
bioremediation sites for acid mine drainage and mercury polluted soil, but rather strongly inhibited at the
surface of concrete structure of sewer pipe. In this way, when we consider A. ferrooxidans and A. thiooxidans
from the view point of applied microbiology, it is important to develop two kinds of biotechnological methods: one
which activates growth rate and yield of useful thiobacilli and the other which inhibits or represses the growth
rate and yield of a harmful thiobacilli. Therefore, we should obtain bacterial strains which have a high growth
rate, high iron- and sulfur-oxidation activities, and a high mercury volatilization activity when these bacteria
are used to bacterial leaching and bioremediation of mercury. In contrast, in the case of concrete corrosion, we
should look for the way to inhibit the growth of A. thiooxidans cells by inhibiting the enzyme systems involving
in iron- and/or sulfur-oxidation, carbon dioxide fixation, and DNA and/or RNA syntheses.

In this thesis, author tried to clarify the mechanism of mercury reduction with a purified cytochrome ¢ oxidase
from mercury resistant A. ferrooxidans strains with TMPD as an electron donor to develop a microbiological
system to remove mercury from mercury polluted soil. Author also tried to clarify the mechanism of tungstate
and nickel inhibitions of sulfur oxidation enzyme systems of A. thiooxidans with purified sulfur dioxygenase and
ubiquinol oxidase to develop bacteriostatic reagent for concrete corrosion. Now, more than 10,000 tons/year of
concrete containing both tungsten and metal nickel are produced and used in Japan.
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