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Microbial Tc(VII) reduction is an attractive alternative strategy for bioremediation of
technetium-contaminated subsurface environments. Traditional ex situ remediation
processes (e.g., adsorption or ion exchange) are often limited by poor extraction
efficiency, inhibition by competing ions and production of large volumes of produced
waste. Microbial Tc(VIl) reduction provides an attractive alternative in situ remediation
strategy since the reduced end-product Tc(IV) precipitates as TcO,, a highly insoluble
hydrous oxide. Despite its potential benefits, the molecular mechanism of microbial
Tc(VIIl) reduction remains poorly understood. The main goal of the proposed DOE-
NABIR research project is to determine the molecular mechanism of microbial Tc(VII)
reduction. Random mutagenesis studies in our lab have resulted in generation of a set
of six Tc(VIl) reduction-deficient mutants of Shewanella oneidensis. The anaerobic
respiratory deficiencies of each Tc(VII) reduction-deficient mutant was determined by
anaerobic growth on various combinations of three electron donors and 14 terminal
electron acceptors. Results indicated that the electron transport pathways to Tc(VII),
NOs3", Mn(lll) and U(VI) share common structural or regulatory components. In addition,
we have recently found that wild-type Shewanella are also able to reduce Tc(lV) as
electron acceptor, producing Tc(lll) as an end-product. The recent genome sequencing
of a variety of technetium-reducing bacteria and the anticipated release of several
additional genome sequences in the coming year, provides us with an unprecedented
opportunity to determine the mechanism of microbial technetium reduction across
species and genus lines.

Microbial metal reduction forms the basis of alternate bioremediation strategies for
reductive precipitation and immobilization of toxic metals such as the radionuclide
technetium [Tc(VIl)]. A rapid mutant screening technique was developed to identify
Shewanella oneidensis MR-1 respiratory mutants unable to reduce Tc(VIl) as anaerobic
electron acceptor. The Tcr mutant screening technique was based on the observation
that wild-type S. oneidensis produced a black Tc(lIV) precipitate on its colony surface
during growth on Tc(VIl)-amended agar, while colonies arising from mutagenized cells
did not. Tcr mutants unable to produce the black precipitate were subsequently tested
for anaerobic growth on an array of three electron donors and 13 alternate electron
acceptors. The Tcr mutants displayed a broad spectrum of anaerobic growth
deficiencies, including several that were unable to reduce Tc(VIl) with hydrogen or
lactate as electron donor, yet retained the ability to reduce Tc(VII) with formate. This
study describes the development of a novel Tcr mutant screening technique and its
application to identify the first set of Tcr mutants in a metal-reducing member of the
genus Shewanella.

The putative Tcr mutants were subsequently grown either aerobically or
anaerobically in minimal medium with fumarate as electron acceptor. After aerobic
growth, Tcr mutants Tcr-9, Ter-17 and Tcr-18 were unable to reduce Tc(VIl) with either
lactate or H,. Tcr-9, however, displayed the ability to reduce Tc(VIl) with formate as
electron donor, while Tcr-17 and Tcr-18 did not. After anaerobic growth with fumarate



as electron acceptor, Tcr-17 was unable to reduce Tc(VIl) with any electron donor. Tcr-
18 was unable to reduce Tc(VIl) with lactate or formate (yet displayed activity with H>),
while Tcr-9 reduced Tc(VIl) with all three electron donors. These results indicate that
Tc(VIl) reduction in S. oneidensis MR-1 proceeds via electron transport pathways that
are electron donor-specific and whose expression depends on the electron acceptor
used for growth. Genetic complementation analysis is currently underway to identify the
genes required for Tc(VII) reduction activity.
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