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Abstract Transformation of carbon tetrachloride (CT) by
Shewanella oneidensis MR-1 has been proposed to
involve the anaerobic respiratory-chain component men-
aquinone. To investigate this hypothesis a series of
menaquinone mutants were constructed. The menF mu-
tant is blocked at the start of the menaquinone biosyn-
thetic pathway. The menB, menA and menG mutants are
all blocked towards the end of the pathway, being unable
to produce 1,4-dihydroxy-2-naphthoic acid (DHNA),
demethyl-menaquinone and menaquinone, respectively.
Aerobically grown mutants unable to produce the men-
aquinone precursor DHNA (menF and menB mutants)
showed a distinctly different CT transformation profile
than mutants able to produce DHNA but unable to
produce menaquinone (menA and menG mutants). While
DHNA did not reduce CT in an abiotic assay, the addition
of DHNA to the menF and menB mutants restored normal
CT transformation activity. We conclude that a derivative
of DHNA, that is distinct from menaquinone, is involved
in the reduction of CT by aerobically grown S. oneidensis
MR-1. When cells were grown anaerobically with
trimethylamine-N-oxide as the terminal electron acceptor,
all the menaquinone mutants showed wild-type levels of
CT reduction. We conclude that S. oneidensis MR-1
produces two different factors capable of dehalogenating
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CT. The factor produced under anaerobic growth condi-
tions is not a product of the menaquinone biosynthetic
pathway.

Introduction

Carbon tetrachloride (CT) is a persistent environmental
contaminant that can be reductively dehalogenated under
anaerobic reducing conditions, either abiotically or bio-
logically. The role of microorganisms in these processes
has been studied and suggests that the dehalogenation
mechanism may be species-, as well as condition
dependent. Picardal et al. (1993) showed that CT could
be degraded by the facultative anaerobe Shewanella
putrefaciens 200, a microbe that can link respiratory
proton translocation to the reduction of a variety of
compounds, including nitrate, iron (III) oxides, trimeth-
ylamine-N-oxide (TMAO) and fumarate (Arnold et al.
1986; Picardal et al. 1995). The effect of growth with
different electron acceptors was studied with respect to
dehalogenation of CT in both S. putrefaciens 200 and
Shewanella oneidensis MR-1 (previously S. putrefaciens
MR-1). Dehalogenation of CT by S. putrefaciens 200 was
inhibited in the presence of oxygen and nitrate but was
unaffected when cells were grown on Fe(Ill), fumarate or
TMAO (Picardal et al. 1995). In S. oneidensis MR-1 the
highest rate of transformation was observed when cells
were grown under iron (III)-respiring conditions. How-
ever, growth on nitrate, TMAO or fumarate did not inhibit
the transformation process (Petrovskis et al. 1994).
Petrovskis et al. (1994) also reported transformation of
CT by S. oneidensis MR-1 using aerobically grown cells,
although further conditions were unspecified.

In certain bacterial species the dehalogenation of CT
results in the formation of carbon dioxide and other non-
hazardous products. Reduction of CT by S. oneidensis
MR-1 results in the formation of 20-25% chloroform
(CF) (Petrovskis et al. 1994), a toxic compound that can
persist in the environment. Consequently, understanding
the different mechanisms of CT reduction by diverse







