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Microbial Dehalorespiration
with 1,1,1-Trichloroethane

Baolin Sun, Benjamin M. Griffin,"2 Héctor L. Ayala-del-Rio,?
Syed A. Hashsham,"? James M. Tiedje'%*

1,1,1-Trichloroethane (TCA} is a ubiquitous environmental pollutant because of
its widespread use as an industrial solvent, its improper disposal, and its
substantial emission to the atmosphere. We report the isolation of an anaerobic
bacterium, strain TCA1, that reductively dechlorinates TCA to 1,1-dichloro-
ethane and chloroethane. Strain TCA1 required H, as an electron donor and
TCA as an electron acceptor for growth, indicating that dechlorination is a
respiratory process. Phylogenetic analysis indicated that strain TCA1 is
related to gram-positive bacteria with low DNA G+C content and that its
closest relative is Dehalobacter restrictus, an obligate H,-oxidizing, chlo-

roethene-respiring bacterium.

TCA is a synthetic organic solvent widely used
in industrial processes and is a major environ-
mental pollutant commonly found in soil (7),
groundwater (2), and the atmosphere (3). TCA
is present in at least 696 of the 1430 National
Priorities List sites identified by the U.S. Envi-
ronmental Protection Agency (EPA) (/). Be-
cause of TCA’s adverse effects on human
health, the EPA has set a maximum contami-
nant level of 200 wg/liter in drinking water (4).
TCA is also listed as an ozone-depleting sub-
stance by the United Nations Environment Pro-
gramme (5). Even when released to soil or
leached to groundwater, the primary environ-
mental fate of TCA is volatilization to the
atmosphere, where it interacts with ozone and
contributes to the erosion of the ozone layer
(1, 5). TCA is often a co-contaminant in
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aquifers with chlorinated ethenes, especially
tetrachloroethene (PCE) and trichloroethene
(TCE), because they have similar industrial
uses. Although in situ bioremediation pro-
cesses for the chloroethenes are known (6),
TCA remediation remains problematic and
can prevent site restoration.

TCA undergoes slow abiotic degradation
to acetic acid and 1,1-dichloroethene, an EPA
priority pollutant (7). Biotransformation of
TCA has been observed under aerobic and
anaerobic conditions only in cometabolic
processes (8—11). A growth-linked, or deha-
lorespiratory, process would be more effec-
tive for in situ bioremediation of TCA-
contaminated sites, because reaction rates
would be faster and natural selection would
ensure growth in situ.

Although bacterial growth by dehalorespi-
ration of chloroethenes, chlorobenzenes,
3-chlorobenzoate, and 2-chlorophenol has
been well documented (7/2-15), bacterial
growth by reductive dechlorination of TCA
has not been reported until now. We describe
the isolation of a bacterium capable of energy
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conservation for growth through the reduc-
tive dechlorination of TCA.

Isolation was initiated from a sediment mi-
crocosm that reductively dechlorinated TCA
(16). Single colonies were subcultured and de-
chlorination activity was maintained in deep
agarose shake cultures until a pure culture was
obtained. The isolate is designated strain TCA1
and is a motile, short rod with a diameter of 0.4
to 0.6 pm and a length of 1.0 to 2.0 pm (Fig. 1).
Cells stain gram-negative. No spores were ob-
served in starved cultures. Although strain
TCA1 did not grow or dechlorinate in the pres-
ence of oxygen, exposure of the active culture
to aerobic conditions for up to 3 days did not
result in the loss of dechlorinating activity (/6).
Dechlorination of TCA was sequential with the
accumulation of 1,1-dichloroethane (DCA) be-
fore conversion to chloroethane (CA) (Fig. 2).
Dechlorination of TCA occurred at a faster rate
than that of DCA. The temperature range for

REPORTS

reductive dechlorination was from 12° to 30°C

with the optimum at 25°C. No dechlorination
occurred at 37°C. Growth yield from reductive
dechlorination was 5.60 * 1.26 g (dry weight)
(mean = SD, n = 3 cultures) of cells per mole
of chloride released. TCA, H,, and acetate were
essential for growth of strain TCA1. Formate
could replace H, as an electron donor, which
resulted in a similar dechlorination rate. Acetate
alone did not support TCA dechlorination, sug-
gesting that it was used only as a carbon source
and not as an electron donor for reductive de-
chlorination. Because H, oxidation does not
support substrate-level phosphorylation, growth
in a defined medium with TCA as the electron
acceptor and H, as the electron donor indicated
that strain TCA1 conserves energy in a respira-
tory process.

Strain TCA1 did not dechlorinate 1,1,1,2-

tetrachloroethane, 1,1,2-trichloroethane, 1,2-
dichloroethane, 1,2-dichloropropane, PCE, or
TCE when they were added as potential elec-
tron acceptors. No growth occurred in liquid
media amended with 4 mM H, as an electron
donor, 5 mM acetate as a carbon source, and
either 5 mM sulfate, sulfite, thiosulfate, ni-
trate, or fumarate as an electron acceptor.
Strain TCA1 did not use lactate, pyruvate,
propionate, fumarate, butyrate, benzoate,
phenol, glucose, ethanol, or methanol as elec-
tron donors. No fermentative growth was
observed. Sulfite or thiosulfate at S mM con-
centration completely inhibited TCA dechlo-
rination, whereas 5 mM sulfate, nitrate, or
fumarate had no effect. Because these com-
pounds did not serve as electron acceptors for
strain TCA1, inhibition was not due to com-
petition for electron donors. Instead, the re-

Fig. 2. Stoichiometry of

500 4 the dechlorination of
TCA to DCA and CA by
strain TCA1. Samples
. 400 4 were incubated at 25°C
= and analyzed every 3
~ days over a 2-month
2 300 - period for depletion of
& TCA and production of
% —a— TCA DCA and CA. Error bars
e 2004 _, pca (shown if larger-than
% —eo— CA the symbols) represent
O 100 4 standard deviations of
triplicate cultures.
0
Fig. 1. Scanning electron micrograph of strain 0 1 2 3 4 5
TCA1. The rod-shaped morphology and dividing
cells are shown. Scale bar, 1 pm. Time (weeks)
Fig. 3. 165 rDNA-based Escherichia coli, 83205
phylogenetic tree of
strain 'TCA‘I and_ repre- Dehalospirillum multivorans str. K, X82931
sentative bacteria. The
uence of strain TCA1 O
xgs aligned against the Desulfomonile tiedjei str. DCB-1, M26635
most similar sequence in ;
the Ribosornal Database Bacillus cereus IAM 12605 (T), D126266
Project (25) and Gen- 75 .
Bank using the automnat- e Syntrophobotulus glycolicus str. FIGlyR, X99706
ed aligner of the ARB
Clone SHA-67, from a 1,2-dichloropropane-dechlorinatin,
mﬁ;nﬁ:ﬁa‘is (czgr) 100 Lkl 89 microbial consomum, AJ249096 prop ¢
rected manually based Clone SJA-19, from a trichforobenzene-dechlorinating
on both primary and microbial consortium, AJ009454
secondary  structural Dehalobacter sp. str. TCA1, AF507944
considerations. The tree
was ‘generaFed _by a Dehalobacter restrictus str. TEA, Y10164
maximum-likelihood 100
method with the pro- 721 Clone SJA-47, from a trichlorobenzene-dechlorinating
gram fastDNAmL (27), microbial consortium, AJ009464
with 1375 nucleotide .
positions unambiguous- Dehalobacter restrictus str. PER-K23, U84497
ly aligned. Values in
eyach r?ode are the per- Desulfitobacterium sp. str. PCE1, X81032
centage of 100 boot- 98

strap trees. Scale bar, 0.1
substitutions per nucleo-

tide position. T, type 0.1

Desulfitobacterium chlororespirans str. Co23, U68528
A

Desulfitobacterium frappieri str. PCP1, U40078

strain.

1024

1 NOVEMBER 2002 VOL 298 SCIENCE www.sciencemag.org



active sulfur oxyanions may directly inhibit
the components of the electron transport
chain or even the reductive dehalogenase, as
observed in Desulfomonile tiedjei (17).

Comparative analysis of the nearly full-
length 165 ribosomal DNA (rDNA) sequence
of strain TCAI and available 16S rDNA se-
quences revealed that strain TCA1 is related
to gram-positive bacteria with low G+C con-
tent in their DNA. Strain TCAl, Deha-
lobacter restrictus (18, 19), and three clones
from trichlorobenzene- and 1,2-dichloropro-
pane—dechlorinating consortia (20, 21) form
a phylogenetic cluster (Fig. 3) defined by 165
rDNA sequence similarities of 97% and high-
er. The closest relative of strain TCA1 is D.
restrictus strain TEA, with a sequence simi-
larity of 99%. D. restrictus strains PER-K23
and TEA are strict anaerobes capable of cou-
pling PCE and TCE dechlorination to H,
oxidation for growth in a respiratory process.
However, we did not detect TCA dechlorina-
tion by strain PER-K23. These bacterial
strains seem to be obligate H,-oxidizing de-
chlorinators that only grow by reductive de-
chlorination of specific chlorinated ethanes or
ethenes in anaerobic respiration. The physi-
ology, morphology, and 16S rDNA sequence
of strain TCA1 suggest that it is a Deha-
lobacter and perhaps represents a new spe-
cies based on its unique features of TCA
dechlorination and formate oxidation. The
isolation of strain TCA1 further suggests an
important role for Dehalobacter species in
polluted anoxic environments.

To determine the potential of strain TCA1
to attenuate TCA in the natural environment,
we bioaugmented anoxic aquifer sediments
from Bachman and Schoolcraft (both in
Michigan, USA) contaminant plumes. Both
sites are contaminated with PCE and daugh-
ter products, and the Schoolcraft plume G site
is also contaminated with TCA, DCA, and
chromium. TCA was completely converted to
CA within 2 months in both aquifer sediment
samples amended with strain TCA1, whereas
no dechlorination was observed in samples
without the inoculum. These results suggest
that bioaugmentation with strain TCA1 could
ensure and speed the degradation of TCA,
especially if naturally occurring populations
are patchy or absent.

CA, rather than ethane, appears to be the
terminal TCA product from our culture, and
studies have shown that both DCA and CA
can be degraded under aerobic conditions
(22, 23). Because the aerobic transformation
of DCA is much slower than that of CA (24),
complete conversion to CA would result in
more reliable removal of chloroethanes on
the aerobic fringes of a plume.

The discovery of an anaerobic dehalore-
spiring Dehalobacter that couples reductive
dechlorination of TCA to growth not only
may lead to a better understanding of the
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physiology, phylogeny, and biochemistry of
dehalorespiring bacteria, but also suggests a
strategy for bioremediation of TCA in soils
and ground water, thereby aiding in the at-
tenuation of this ozone-depleting compound.
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Toll-Like Receptor 4-Dependent
Activation of Dendritic Cells by
B-Defensin 2
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B-Defensins are small antimicrobial peptides of the innate immune system pro-
duced in response to microbial infection of mucosal tissue and skin. We demon-
strate that murine B-defensin 2 (mDF2B) acts directly on immature dendritic cells
as an endogenous ligand for Toll-like receptor 4 ( TLR-4), inducing up-regulation of
costimulatory molecules and dendritic cell maturation. These events, in turn, trigger
robust, type 1 polarized adaptive immune responses in vivo, suggesting that mDF2
may play animportant role in immunosurveillance against pathogens and, possibly,

self antigens or tumor antigens.

Activation of innate immunity through pat-
tern recognition receptors for ligands derived
from evolutionarily distant pathogens pro-
vides essential signals for initiation of the
adaptive immune response (/-3). Microbial
infection activates the TLR signaling cascade
(4), which results in expression of various
proinflammatory cytokines, chemokines, and
large quantities of small antimicrobial pep-
tides, such as defensins (5—7). Recently, it
was reported that P-defensins, epithelial
antibacterial peptides with six conserved
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cysteine residues, might have an additional
function as potential chemoattractants of im-
mature dendritic cells (iDCs) through chemo-
kine receptor CCR6 (8, 9). In the course of
our studies using B-defensins and chemo-
kines to target delivery of nonimmunogenic
antigens to iDCs in vivo as vaccines, we
unexpectedly observed that the resulting im-
mune responses differed substantially de-
pending on the type of chemoattractant moi-
ety used. In particular, murine B-defensin 2
(mDF2)-based vaccines elicited modest lev-
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