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Physiological characterization of a microbial
consortium that reductively dechlorinates
1,1-dichloroethane to chloroethane
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Abstract: An anaerobic microbial consortium reductively dechlorinating 1,1-dichloroethane
(DCA) to chloroethane (CA) was enriched from the sediment of Hudson River., New York. The
consortium used hydrogen, formate, acetate, benzoate and fumarate as electron donors for
reductive dechlorination. Pyruvate fermentation occurred in the enrichment culture, although this
compound was not used as an electron donor for dechlorination. Among other halogenated
compounds tested, only DCA was reductively dechlorinated. Sulfite could completely inhibit DCA
dechlorination, whereas sulfate, nitrate or fumarate had no effect. Growth by reductive
dechlorination with hydrogen as electron donor was revealed by a cell yield of (4.4022£1. 241)g of
cells (dry weight) per mole of chloride released. Sequence analysis of 16S rRNA gene amplified
from a highly enriched culture with H, as electron donor suggests that Dehalobacter species
dominated the enrichment culture under dechlorination conditions.
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0 Introduction

alkyl

released to the

Large quantities of chlorinated
hydrocarbons have been
environment and many of them have accumulated
in groundwater and sediments. Their persistence
and toxicity in the environment have posed a great
threat to human health and the environment''.
Studies®>™® have shown that some halogenated
compounds can be reductively dehalogenated by
anaerobic bacteria in a halorespiratory process.
Reductive dechlorination of chlorinated ethenes
( tetrachloroethene ( PCE) and trichloroethene
(TCE)) has been intensively studied over the last

[6~11]
’

fifteen years while relatively less work

regarding the degradation of chlorinated ethanes

has been reported, despite their widespread

distribution in the environment''?!, So far, several

bacteria capable of reductively dechlorinating
chlorinated ethanes have been isolated and
characterized.  One of these bacteria is
Dehalobacter species strain  TCA1Y),  which

reductively dechlorinates 1,1, 1-trichloroethane (1,
1, I-TCA) to chloroethane (CA). 1, 2-
dichloroethane (1, 2-DCA) can be degraded by
several bacterial strains., such as Dehalococcoides

ethenogenes strain 1951, Dehalococcoides  sp.

BAV1Le,

strain

Desul fitobacterium

DCA1M%), and

strain
dichloroeliminans
Dehalobacter sp. strain WL,

1, 1-dichloroethane (DCA) is often used as
intermediate organic solvent to make other
chemicals like 1, 1, 1-TCA and as degreaser to
dissolve and remove grease. Due to inadvertent
spilling or inappropriate disposal of industrial
wastes containing DCA, it has been found in at
least 248 of the 1 430 National Priorities List sites
identified by the U. S Environmental Protection
Agency. Dehalobacter species strain TCAl can

dechlorinate DCA to CAM, In the process of

reductive dechlorination, detoxification of 1,1, 1-
TCA was sequential with the accumulation of DCA
before conversion to CA. In the present study, we
describe the characterization of a microbial
consortium reductively dechlorinating DCA to CA
enriched from the sediment sample of Hudson

New York.

Dehalobacter species as dominant populations in

River, In particular, we found
the highly enriched culture, further demonstrating
the important role of Dehalobacter bacteria in

polluted anaerobic environments.

1 Materials and methods

1.1 Bacterial enrichment and cultivation

About 10 g sediments from upper Hudson
River, New York were mixed under anaerobic
conditions with 100 ml. of anaerobic synthetic
medium in 160 ml serum bottles as described
previously"®). The anaerobic medium was amended
with 2. 5 mmol/L acetate plus 4.5 mmol/L H; as
electron donors. DCA (neat, 4 pl.) was then
giving a final

injected into each bottle,

concentration of 560 pmol/L.. Cultures were
incubated in inverted bottles without shaking in
the dark at 27 “C. Autoclaved cultures were used
as negative controls. The active microcosms were
fed with DCA for two more times before further
transfers were made. After about 2 mmol/L. DCA
was consumed, a serial dilution (107" to 10™*) was
made for further enrichment of DCA dechlorinating
populations. 2-bromoethane sulfonic acid (BESA)
was added into the serial transfer cultures at a final
concentration of 1 mmol/L.
1.2 Phenotypic characterization

To determine the range of electron donors
used in highly enriched cultures, we prepared
triplicates of 30 ml basal media containing 560
pmol/I. DCA in each case with either H,,

formate, acetate, fumarate, glucose, lactate,

benzoate or pyruvate as electron donors at 5 mmol/
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L. Acetate at 250 pmol/L as carbon source was
added when formate and H, were tested as electron
donors for reductive dechlorination. Reductive
dechlorination and growth were determined by
measuring the depletion of DCA and the production
of CA.

To determine the electron acceptor range,
triplicates of 30 mL anaerobic media were amended
with 2. 5 mmol/L acetate as carbon source and 4. 5
mmol/I. H, as electron donor. Chloroethane
(CA), 1, 2-dichloroethane (1, 2-DCA), 1,1, 1-
trichloroethane (1,1, 1-TCA), 3-chlorobenzoate,
3-Cl-4-OH-phenylacetate ~ ( CI-OHPA ), 2-
PCE and TCE were tested as
potential electron acceptors at 250 pmol/L. The

chlorophenol,

media were inoculated with 2% (v/v) of active
culture and incubated in the dark at 27 ‘C. The
cultures were periodically monitored for the
depletion of electron acceptors and appearance of
products.

To  determine  whether the reductive
dechlorination activity was inhibited by other
chemicals, duplicate cultures were grown on
acetate, I, and DCA plus either 5 mmol/L
sulfate, sulfite, nitrate or fumarate, respectively.
The effect of inhibition was determined by
measuring the depletion of DCA and production of
CA over and by

monitoring with gas chromatography (GC).

three successive feedings
To determine whether the consortium could
grow under pyruvate fermentation or sulfate-
reduction condition, triplicates of 50 ml. basal
media were amended with 5 mmol/L pyruvate or
2.5 mmol/L sulfate along with 5 mmol/L lactate.
To determine the competition capability of various
bacterial populations for electron donors, 560
pmol/L DCA was added into the aforementioned
cultures. Growth was determined by observing the
increase in visual culture turbidity.
1.3 Dechlorination rate and growth yield
Reductive dechlorination was determined by

the depletion of DCA and the production of CA.

Samples from triplicate cultures were measured

every 24 h by GC analysis. The cell yields from
reductive dechlorination were determined by dry-
weight measurements from duplicate 100 mL
cultures. Basal media were amended with 1 mmol/L
DCA, plus either 4. 5 mmol/LL H; and 2. 5 mmol/L
acetate, or 4.5 mmol/L formate and 0.5 mmol/L
acetate, or 5 mmol/L acetate, respectively.
Control cultures consisted of the same media but

DCA. After DCA was
dechlorinated to CA, the cells were collected by

without completely
filtration on pre-weighed 0.22 pm membrane
filters. The membranes with cells were transferred
onto pre-weighed, micro-size weighing dishes,
dried overnight at 40 ‘C, and weighed until
constant masses were obtained. Growth yields via
reductive dechlorination were calculated by
yields of the no DCA

amended cultures from the DCA amended cell

subtracting the cell

yields.
1.4 Chemical analysis

DCA, CA, 1,1, 1-TCA and 1, 2-DCA were
analyzed by manually injecting 0.1 ml of
headspace gas into GC (Agilent 6 890 N) with a
flame ionization detector (FID), a capillary column
(DB-1, 30 mX0. 25 mm (inner diameter)), a split
injection ratio of 10 ¢ 1, and a flow rate of 2.0
ml./min of nitrogen as a carrier gas. The oven
temperature program was 50 ‘C for 4.5 min, and
then increased to 150 °C at 40 C/min with a final
hold at 150 ‘C for 0.5 min. PCE and TCE were
analyzed by GC (Agilent 6 890 N) with an FID
detector, a capillary column (DB-1), a split
injection ratio of 3 ¢ 1, and a flow rate of 1.5
mL/min of nitrogen as carrier gas. The oven
temperature was 50 ‘C for 1.0 min, and then
increased to 150 °C at 30 °C/min with a final hold
at 150 °C for 1.5 min. The temperatures of the
and 300 °C,

respectively. Calibration curves were prepared by

injector and detector were 80
adding a known amount of the compounds to 160
ml. serum bottles containing 50 ml. of medium to
give the same liquid-to-headspace ratio as that for

the cultures. 2-chlorophenol, 3-chlorobenzoate,



86 TEAFHARFFR

% 39 %

CI-OHPA and their dechlorination products were
high-performance liquid
1 100 Series ) with

reverse Ci5 column (Phenomenex) with a flow rate

analyzed by
chromatography ( Agilent

of 1 mlL/min, a mobile phase of acetonitrile :
H;PO, with a ratio of 33 ¢ 66 + 1, a

injection volume of 20 uL., and a UV detector set

water ¢

to 218 nm for 2-chlorophenol, 230 nm for 3-
and 206 CI-OHPA,
depletion of chlorinated

chlorobenzoate nm for
respectively.  The
compounds and appearance of products were
quantified by comparison with standard calibration
curves and with zero time samples.
1.5 16S rDNA gene cloning and analysis
DNA was extracted by using the Wizard
Genomic DNA purification kit (Promega) from 100
mL culture which utilized H, as electron donor.
The 16S rRNA gene was amplified by using primers
FDI  ( 5-AGAGTTTGATCCTGGCTCAG-3") and
RD1 (5-AAGGAGGTGATCCAGCC-3)M% and a
PCR protocol for this purpose!'™. The PCR
products (approximate 1 560 bp) were purified by
using Wizard PCR Preps DNA purification system
( Promega). The purified PCR products were
cloned into the PCR*'-TOPO vector transformed
into One Shot TOP10 competent cells with TOPO
TA Cloning Kit (Invitrogen). Six positive colonies
were randomly picked for sequencing using M13f
(5'-GTAAAACGACGGCCAG-3") and M13r (5'-
CAGGAAACAGCTATGAC-3") with automated
fluorescent dye terminator sequencer (Invitrogen
Company, Model 3730 Sequenator). The resulting
sequences were analyzed and the phylogenetic
placement was obtained using RDP [[ (Ribosome
Database Project [[ ) and BLAST (Basic Local
A Neighbor-Joining
created by

Alignment Search Tool ).

phylogenetic tree was software
Mega 3. 1.
1.6 GenBank accession number

The 16S rRNA gene nucleotide sequence
determined in this study has been deposited into
the GenBank database

DQ777749 for Dehalobacter species 1,1-DCAL.

under Accession No.

2 Results and discussion

2.1 Enrichment of DCA-dechlorinating culture
Microcosms established with Hudson River
sediment sample reductively dechlorinated DCA
after 2 months of incubation. The enrichment was
able to completely convert DCA to CA in the
temperature range of 20~30 °C. No dechlorination
was observed in autoclaved cultures. Initially,

active  methanogenesis  was  observed in
dechlorinating micocosms since large amounts of
methane was detected. Therefore, a methanogenic
inhibitor, BESA, was added into serial transfer
cultures. The addition of BESA in subsequent
transfers led to the loss of methanogenesis, but the
dechlorination activity was not affected, indicating
that DCA dechlorination in these cultures was not
cometabolic with methanogenesis.

DCA dechlorination gave rise to CA as the
final product in our enrichment cultures (Fig. 1).
Previous studies have shown that DCA and CA can
be cometabolized in the aerobic environment, but
DCA transformation under aerobic conditions is
anaerobic

slower than that under

[12,20]

much
conditions Since aerobic transformation of
DCA is slower than that of CA, complete DCA
conversion to CA would result in better feasibility
and efficiency for bioremediation of chlorinated
ethanes-*!.
2.2 Physiological characterization

Among the electron donors tested, the
enrichment culture used acetate, H,, formate,
benzoate and fumarate as electron donors for
reductive dechlorination. The consortium could not
or glucose as electron

use lactate, pyruvate,

donors for reductive dechlorination although
pyruvate fermentation and sulfate reduction with
lactate as electron donor occurred. This is a little
surprising, since pyruvate fermentation usually
produces H; as a reductive equivalent, which could
reductive

electron  donor  for

Subsequent DCA dechlorination

serve  as
dechlorination.

was not observed following pyruvate fermentation
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Error bars represent standard deviations of triplicate cultures

Fig. 1 Stoichiometry of the reductive dechlorination of DCA to CA by enrichment cultures

and sulfate reduction, suggesting that bacterial

other dechlorinators  had

populations than
consumed most of nutrients such as vitamins that
are essential to reductive dechlorination and
growth,

It seems that both H, and formate are
favourable electron donors for DCA dechlorination
(Fig. 1(a), Fig. 1(b)). The coupling of bacterial
growth to DCA dechlorination with H, as electron
donor was revealed by a growth yield of (4.402+
1. 241) g of cells (dry weight) per mole of chloride

released. Although formate has a much longer lag

phase, the dechlorination pattern was similar to
that of H,. The growth yield from DCA
dechlorination with formate as electron donor was
(4.18140. 381) g of cells (dry weight) per mole of
chloride released. Acetate also can be used as
electron donor, although the dechlorination rate
was much slower (Fig. 1(c)), and a growth yield
of (1.197 22 0.52) g of cells (dry weight) was
obtained per mole of chloride released. Benzoate
(Fig. 1(d)) and fumarate (Fig. 1(e)) were also
used as electron donors for DCA dechlorination,

but the dechlorination rates were much slower,
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and the growth yields from these cultures could not
be detected because of the low biomass. The cell
yields were directly proportional to the amounts of

DCA DCA

dechlorination may occurr in a respiratory process.

dechlorination,  implying that
This growth-linked respiratory process would be
more desirable in in situ bioremediation.

Among the halogenated compounds tested,
only DCA was reductively dechlorinated. The
consortium did not dechlorinate 1,1,1-TCA, 1, 2-
DCA, CA, PCE, TCE, CI-F-OHPA. 3-
chlorobenzoate, and 2-chlorophenol over a period
of 3 months. Among other potential electron
acceptors tested, the consortium could only grow
under sulfate-reducing conditions. The consortium
used lactate as electron donor for sulfate reduction
but not DCA dechlorination, suggesting that
sulfate reducers and reductive dechlorinators are
different bacteria populations in our consortium.

Reductive dechlorination may be inhibited by
other chemicals as competitive electron acceptors.
In our cultures, 5 mmol/L sulfate, nitrate or
fumarate had no effect on DCA dechlorination,
whereas 5 mmol/L sulfite completely inhibited
DCA  dechlorination.

dehalogenases and related components such as

Since most reductive

electron carriers are membrane bound, it is

DCA dechlorination and
parts of the

possible that sulfite

reduction share some electron
transport chain.
2.3 Phylogenetic analysis

To determine the phylogenetic placement of
the dominant populations responsible for DCA
dechlorination, 16S rRNA genes of the consortium
were cloned and randomly sequenced. The
sequences of six clones were selected and compared
with already known sequences in RDP-[[ . All these
sequences fell into the subphylum of the gram-
positive bacteria with low G + C content. Its
closest relatives are obligate dechlorinators
Dehalobacter sp. strain E1 and Dehalobacter sp.
strain WL (Fig. 2), with similarities of 99. 6% and
99.4%, implying that dechlorinating populations
DCA  dechlorinating
consortium, QOur consortium did not dechlorinate

1,1, 1-TCA as Dehalobacter sp. strain TCAI,

although both were enriched from Hudson River

were dominant in our

sediment and had similar growth yields through
reductive dechlorination of chloroethanes. On the
base of previous studies, all Dehalobacter members
belong to obligate dechlorinators that only grow by

reductive dechlorination of specific chlorinated

Dehalobacter restrictus str. TEA, Y10164
Dehalobacter sp. WL, DQ250129
Dehalobacter sp. E1, AY766465
Dehalobacter restrictus str. PERK23, U84497
T\ Dehalobacter sp. E2, AY673991
100/l @ pehatobacter sp. 1,1-DCA1, DQ777749
Dehalobacter sp. TCA1, AF507944
100 Syntrophobotulus glycolicus, X99706

—— Desulfitobacterium dichloroeliminans, AJ565938
EDesulﬁtobacterium dehalogenans, 1.28946

@ this study

100

100

91 65
69

Desulfitobacterium chlororespirans, U68528
Desulfitobacterium sp. Y51, AB049340

Desulfomoile tiedjei, M26635

Dehalospirillum multivorans, X82931

Escherichia coli, Z83205

0.05
Analysis was bootstrapped and bootstrap values greater than 60 are indicated at respective nodes (1000 replications).
The scale indicates the number of amino acid substitutions per site
Fig. 2 Unrooted Neighbor-Joining phylogenetic tree based on the 16S rRNA gene sequences amplified
from our microbial consortium and representative bacteria from the GenBank

database (Accession Numbers are indicated next to the bacterial name)
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ethanes or ethenes in anaerobic respiration. Our
study further demonstrates the important function
and role of Dehalobacter bacteria in polluted

anaerobic environments.
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