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Cell growth of three hundred iron-oxidizing bacteria
isolated from natural environments was inhibited
strongly by 0.05 mM, and completely by 0.2 mM of sodi
um tungstate (Na2W04 ), respectively. Since no great
difference in the level of tungsten·inhibition was ob
served among the 300 strains tested, the mechanism of
inhibition by Na2W04 was studied with Acidithiobacil
!us ferrooxidans strain AP19-3. When resting cells of
AP19-3 were incubated in 0.1 MP-alanine-SO�- buffer
(pH 3.0) with 0.1 mM Na2W04 for 1 h, the amount of
tungsten bound to the cells was 12µg/mg protein. The
optimum pH for tungsten binding to the resting cells
was 2- 3. Approximately 2 times more tungsten bound
to the cells at pH 3.0 than at pH 6.0. The tungsten bind
ing was specifically inhibited by sodium molybdenum.
However, copper, nickel, cadmium, zinc, manganese,
cobalt, and vanadate did not disturb tungsten binding to
the resting cells. The iron-oxidizing activity of AP19-3
was inhibited 24, 62, and 77% by 1, 5, and 10 mM of
Na2 WOぃrespectively. Among the components of iron
oxidation enzyme system, iron:cytochrome c oxidore
ductase activity was not inhibited by 10 mM of Na2W04.
In contrast, the activity of cytochrome c oxidase puri
fied highly from the strain was inhibited 50 and 72% ,
respectively, by 0.05 and 0.1 mM of Na2W04. The
amounts of tungsten bound to plasma membrane,
cytosol fraction, and a purified cytochrome c oxidase
were 8, 0.5, and 191µg/mg protein, respectively. From
the results, the growth inhibition by Na2 W04 observed
in A. ferrooxidans is explained as follows: tungsten
binds to cytochrome c oxidase in plasma membranes
and inhibits cytochrome c oxidase activity, and as a
results, the generation of energy needed for cell growth
from the oxidation of Fe2+ is stopped.
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An iron-oxidizing bacterium, Acidithiobacillus
ferrooxidans 1l (Thiobacillus ferrooxidans), is an
acidophilic chemolithotrophic bacterium that can use
both ferrous iron and reduced sulfur compounds as
energy soruce and atmospheric carbon dioxide as car
bon source. The bacterium has been known to play a
crucial role in the bacterial leaching of sulfide ores.2-6)
Since the bacterium usually inhabits acidic drainage
from mines which contains large amounts and many
kinds of heavy metals, a bacterial strain that has an
iron oxidation enzyme system resistant to heavy
metals seems to be more useful for the increased
bioleaching of sulfide ore. It h�s been known that A.
ferrooxidans cells are in general resistant to many
kinds of heavy metals including iron, copper, zinc
and nickel, but sensitive to mercury, silver, and
molybdenum.1-12l A. ferrooxidans strains resistant to
mercury, silver, and molybdenum ions were isolated
and the mechanisms of bacterial resistance to these
toxic metals have been investigated. The properties
of mercury reductase, a flavoenzyme that reduces
Hg 2 + to less toxic metal mercury with NADPH as the
electron donor, has been studied in a wide range of
1
Gram-negative and positive bacteria.1 3- 6l Mercury
reductase activity has been found in A. ferrooxidans
cells.9· 11 · 17 · 1 8l The genes involved in the volatilization
of mercury have been cloned and characterized in de
tail.19-21J Recently, we showed that the A. ferroox
idans strain Funis 2-1, resistant to mercury ion, has a
mercury resistant cytochrome c oxidase which is one
of the most important components of the iron oxida
tion enzyme system of this bacterium, and proposed
2+
that both a cytochrome c oxidase resistant to Hg as
well as a mercury reductase, is responsible for the
more rapid growth of resistant strain in F心medium
containing mercury.11 • 12l Both cell growth and iron
oxidizing activity of A. ferrooxidans were strongly
inhibited by a low concentration of silver ion. IO) Since
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