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7 ABSTRACT

A microbial eomposition for concurrent dechlorination of a
mixture of chlorinated ethanes and chiorinated ethenes
includes a isolated consortium of bioremediative m1croorgan
isms comprising strains of microorganism comprising
Clostridium, Acetobacterium, Dehalobacter, Bacteroides,
and Proteobacteria. The composition may also 1nc]udc
Methanomicrobia.

9 Claims, 9 Drawing Sheets
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FIG. 2A
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FIG. 2B
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FIG, 4A FIG. 4B
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FIGS. 6A-6B
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ANALROBIC MICROBIAL COMPOSITION
AND METHODS OF USING SAME

This application claims priority of provisional patent appli-
cation Ser. No. 60/936,017 filed on Jun, 13, 2007, the entirety
of which is incorporated herein by reference.

- L FIELD OF THE INVENTION

The present invention relates to an anaercbic microbial
composition and to methods of using the microbial compo-
sition for effectively dechlorinating at least one of chlorinated
ethanes, chlorinated ethenes, chlorinated methanes, or mix-
tures thereof,

11, BACKGROUND OF THE INVENTION

Biosugmentation (site inoculation with a microbial cul-
ture) is a proven approach for stimulating complete dechlo-
rination of sites contaminated with chlorinated ethenes. How-
ever, cultures have not been aveilable for the large-scale
treatment of chlorinated ethane contamination, Of additicnal
concern, chlorinated ethanes can inhibit the degradation of
chiorinated ethenes. Thus, cultures are needed for bioreme-
diation of sites with mixtures of these contaminants.

Contamination of groundwater with chlorinatesd ethenes
and ethanes is a serious problem due 1o widespread and his-
toric commercial, industrial, and military use, relative resis-
tance to degradation, and associated health hazards. Under
anaerobic conditions, chlorinated ethenes and ethanes can be
partially reduced to less chlorinated compounds or com-
pletely degraded to nonchlorinated end produets depending
on the physiological capability of an indigenous microbial
community. :

Bacterial isolates capable of reducing 1,2-dichloroethane
(DCA) and 1,1,1-trichloroethane have been identified, Qne
isolate has been shown to reduce 1,1,2,2-tetrachloroethane
(TeCA) to cis 1,2-dichieroethetie (cisDCE). Recent research
ona mixed culture demonstrated growth of Dehalobacter sp.
with the reduction of 1,1,2-trichlorosthane (TCA) to vinyl
chloride (VC). See Jones et al., Characterization of a Micro-
bial Consortium Capable of Rapid and Simulianeous Dechlo-
rination of 1,1,2,2-Tetrachlioroethane and Chlovinated
Ethane and Ethene Intermediates, Bioremediation Journal,
10:153-168 (2006), the disclosure of which is incorporated
herein by reference in its entirety,

7T, SUMMARY OF INVENTION

According to an aspect of the invention, a composition is
provided for coneurrent dechlorination of a mixture of chlo-
rinated ethanes and chlorinated ethenes, The composition
includes an isolated bioremediative consortium comprising
strains of microorganism comprising Clostridium, Aceto-
bacter, Dehalobucter, Bacteroides, and Protecbacteria’

According to another aspect of the invention, a composi-
tion is provided for concurrent dechlotination of a mixture of
chlorinated ethanes and chlorinated ethenes. The composi-
tionincludes a non-naturally occurring consortium ef dechlo-
rinatingly effective microbial species, The consortinm of
effective dechlorinatingly microbial spectes comprises at
least one 168 rDMA nucleic acid sequence that has more than
95% identity to a nucleic acid sequence consisting of SHQ ID
NO 1, a nucleic acid sequence consisting of SEQID NO 2, or
a nucleic acid sequence consisting of SEQ ID NO 3.

According to another aspect of the invention, a method for
dechlorinating chlorinated waste is provided including con-
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tacting at least one of chlorinated ethanes, chlorinate ethenes,
orchlorinated methanes with an isolated bioremediative con-
sortium comprising strains of microorganism comprising
Clostridiales, Cytophaga-flavobacterium-bacterioides, Pro-
teobacteria, and Methanomicrobia; and anaerobically
dechlorinating the at least one of chlorinated ethanes, chlori-
nate ethenes or chlorinated methanes.

According to another aspect of the invention, a method of
producing a microbial consortium comprises culturing
microbes of a sediment sample obtained from a site contami-
nated with a mixture of chlorinated ethanes and chlorinated
ethenes in an anaerobic medium with at least one chlorinated
ethane and an electron donor.

IV. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates possible pathways of anaerobic 1,1,2,2-
tettachloroethane (TeCA) dechlorination, Compounds for
which the EPA reports an increased risk of cancer are indi-
cated with an asierisk.

FIGS. 2A-2B illustrate dechlorination in stock microbial
cultures according to the present invention amended with
lactate and (A) TeCA only or lactate and (B) TeCA, TCA and
cisDCE. '

F1G. 3 illustrates degradation of ethene and production of
ethane in a microbial culture according to the present inven-
tion after depletion of chlorinated compounds.

FIGS. 4A-4B illustrate cisDCE (A) and TCA (B) degrada-

- tion by stock microbial cultures according to the present
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invention grown with (1) TeCA only and (2) a mixture of
TeCA, TCA, and cisDCH, and (3) no culture added,

F1G8. 5A-5B iliustrate production and degradation of
chlorinated intermediates of (A) TCA and (B) ¢isDCE in a
microbial culture according to the present invention.

FIGS. 6A-6B illustrate dechlorination of added com-
pounds and accumulation of intermediates in cultures trang-
ferred to fresh medinm and amended with lactate and either
{A) TeCA only or (B) TeCA, TCA, and cisDCE,

FIGS. 7A-TD illustrate a comparison of TRTLP profiles for
APG sediments WB23 (A) and WB30 (B), and for a microbial
composition according to the present invention after 1 year in
cultuire with TeCA (C) or a mixtnre of chlorinated compounds
(D).
FIGS. 8A-8B illustrate frequency of phylogenetic types in
a microbial composition rDNA clone library (A) and mer
clone library (B) according to the present invention.

V. DETAILED DESCRIPTION OF INVENTION

The present invention is directed to an anaerobic microbial
composition or consortium comprising bioremediative
organisms. The invention is also directed to methods of using
the microbial composition for the effective dechlorination of
at least one of chlorinated ethanes, chlorinated ethenes, chlg-
rinated methanes, or mixtures thereof, The consortium of the
present inveniion may he employed for bioremediation to
anacrobically biodegrade chlorinated waste, for example,
contaminated groundwater or contaminated soil from landfill
sites, river beds, lakes, wetlands, and the like,

FIG. 1 illustrates that the TeCA degradation pathway is
primarily bictic and tneludes both hydrogenolysis to less
chlorinated ethanes and dichloroelimination to less chlori-
nated ethenes. Abiotic production inchudes the produciion of
trichloroethene (TCE) from dehydrochlorination of TeCA.
Soveral intermediates of TeCA dechlorination are possible
carcinogents and are listed as contaminants of concern by the
U.S, Environmental Protection Agency. VC is a known
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human carcinogen that often accumulates at sites where
dechlorination is slow or incomplete,

Natural attenuation of TeCA has been documented at Aber-
deen Proving Ground (APG) in Maryland, where cantami-
nated groundwater discharges through anoxic wetland sedi-
ments at West Branch Canal Creek. Chloroethane (CA),
ethene and ethane have not been observed in the sediment.
According to the present invention, a microbial consortium,
West Branch Consortium (WBC-2), was derived from
organic-rich sediments collected in the wetland of West
Branch Canal Creek at APG. As disclosed below, WBC-2 can
dechlotinate chlorinated ethanes and chlorinated ethenes,
both individually and concurrently.

According to an embodiment of the present invention, a
microbial composition, WBC-2, for concurrent dechlorina-
tion of a mixfure of chiorinated ethanes and chlorinated
ethenes, comprises an isolated bioremediative consertium
comprising strains of microorganism  comprising
Clostridium, Acetobacter, Dehalobacter, Bacteroides, and
Proteobacteria. The microbial composition may also com-
prise Methanomicrobia, for example, at least one of Metha-
nosarcina or Methanosaeta. The consortium may comprise
Dehbalococcoides,

In embodiments, the microbial composition may comprise
a non-nalurally occurring consortium of dechlorinatingly
effective microbial species comprises at least one 168 rDNA
nucleic acid sequence that has more than 95% identity to a
nucleic acid sequence consisting of SEQ ID NO 1, a nucleic
acid sequence consisting of SEQ 1D NO 2, or a mucleic acid
sequence consisting of SEQ 1D NO 3. In embodiments, the
consortium may comprise at least one 168 rDNA a nucleic
acid sequence that has more than 95% identity 1o a nucleic
acid sequence consisting of SEQ ID NO 4 or 8EQ ID NO 5,
In embodiments, the consortium may comprise at least one
168 rDNA a nucleic acid sequence that has more than 95%
identity to a nueleic acid sequence consisting of SEQ ID NO
6 or SEQ ID NGO 7.

In embodiments, the microbial composition may comprise
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at least one methyl coenzyme-M reductase nucleic acid

sequence that has more than 95% identity to a nucleic acid
sequence consisting of SEQ IDNOQ 8, SEQ IDNO 9, SEQID
NO10,SEQ IDNO 11, SEQID NO 12, SEQ IDNO 13, SEQ
IDNO 14, SEQ ID NO 15, SEQ ID NO 16, SEQ ID NG 17,
SEQ ID NO 18, SEQ ID NO 19, or SEQ ID NO 20.

According to a method of the present invention, a mixture
of chlorinated ethanes and chiorinated ethenes may be
dechlorinated by contacting the mixture with a microbial
composition of the present invention and comcurrently
anacrobically dechlorinating the mixture of chlorinated
ethanes and chlorinated ethenes, According to an embodi-
ment of the invention, the chlerinated ethanes may comprise
at least one of 1,1,2,2-tetrachlaroethane; 1,1,2-irichloroet-
hane; 1,2-dichloroethane, or chloroethane. The chlorinated
ethenes may comprise at least one of cis 1,2-dichloroethene;
trans 1,2-dichloroethene; vinyl chloride; or tetrachloroet-
hene. The mixture may also contain chlorinated methane, for
example, carbon tetrachloride or chloroform.

According to a methed of the present invention, chlori-
nated waste may be dechlorinated by contacting at least one
of chlorinated ethanes, chlorinate ethenes or chlorinated
methanes with an isolated hicremediative consortium com-
prising strains of microorganism comprising Clostridiales,
Cytophaga-flavobacterium-bacterioides, Proteobacteria, and
Methanomicrobia; and anaerobically dechlorinating the at
least one of chlorinated ethanes, chlorinate ethenes, or chlo-
rinated methanes. The chlorinated waste may comprise con-
taminated soil or contaminated water,
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4

The microbial consortivm according to the present inven-
tion may be produced by culturing microbes of a sediment
sample obtained from a site contaminated with a mixture of
chlorinated ethanes and chlorinated ethenes in an anaerobic
medium with at least one chlorinated ethane and an electron
donor. In embodiments, the electron donor may be selected
from the group consisting of lactate, pyruvate, benzoate, and
ethanol. _

Example

Properites and Composition of WBC-2 Anaerobic
Microbial Composition

A, Dechlorination Properties of WBC-2 Microbial Com-
position

WBC-2 was cultivated in batches amended with either
lactate and TeCA or lactate and a mixture of TeCA, TCA, and
¢isDCE for 18 months,

In the TeCA amended culture, WBC-2 in a 2 L batch
culture coimpletely dechlorinaled TeCA (measured at 240
uM) within 2 days, as shown in FIG. 2A. The pathway of
TeCA degradation could not be discerned by monitoring this
culture because very little intermediate accumulation
occurred. Less than 0.5 pM-(0.2% of the added TeCA) accu-
mulated as VC, and this VC was degraded by day 2. The end
products of dechlorination were ethene and ethane,

In a 2 L batch culture maintained with the chlorinated
mixture {TeCA, TCA, and ¢isDCE), WBC-2 rapidly, simul-
taneously, and completely reduced all three chlorinated com-
pounds to the nonchlorinated end-products ethene and
ethane, as shown in FIG. 2B. Small amounts of transDCE and
VC were observed as transient intermediates.

After dechlorination was complete, the fate of ethene was
monitered in the cultures in order fo determine if ethene
reduction could account for the production of ethane. As
shown in FIG, 3, ethene was degraded (6 pM day™") with the
production of cthane. Aficr ethene was depleted, the ethane
concentration also decreased, at a rate of 0,5 pM day™'. The
lack of stoichiometric accumulation of ethane suggests that
ethane and ethene degradation can co-occur.

Pathways of intermediate degradation were determined by
incubating sub samples of WBC-2 with TCA or cisDCE,
WBC-2 cultures that had been maintained with (1) TeCA and
{2)the chlorinated mixture (TeCA, TCA, cisDCE) wers iricu-
bated to deplete chlorinated compounds and then compared
with respect to their capabilities to degrade cisDCE (FIG, 4A)
and TCA (FIG. 4B). The two cultures were very similar in
their abilities to degrade the two TeCA intermediates.

Degradation products of intermediate dechlorination are
shown lor TeCA-maintained WBC-2 (FIGS. 5A-5B). Little
intermediate accumulation was observed in TCA-amended
treatments (FIG. SA), The rate of TCA degradation was 36
WM day~"'. The peak VC and DCA concenirations measured
were 1.7% and 0,3% of the TCA added, respectively, and both
intermediates were rapidly degraded, Chloroethane was not
detected. Asshownin FIG, 5B, ¢isDCE reduction was accom-
panied by the production of VC (peak acoumulation, 24% of
added cisDCE), ethene and ethane, The rate of ¢isDCE deg-
radation in coltures amended with ¢isDCE was 54 pM day ™!,

When WBC-2 culiures were diluted (1:9) into fresh
medium, dechlorination was inilially slow enough to allow
the observation of intermediates. As shown in FIG. 6A,
diluted cultures amended with lactate and TeCA (as shown by
arrows) accumulated measurable TCA (0.01 pM) at one time
point, and transDXCE (6 uM) and VC (0,25 uM) were also both
preduced and degraded,
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As shown in FIG. 6B, diluted cultures amended with
TeCA, TCA, and cisDCE (as shown: by arrows) had a fran-
sient accumulation of VC (6% of the added chlorinated com-
pounds}) and transDCE (as much as 4% of added TeCA), and
also the abiotic product, TCE (3% of the TeCA parent added).
Within 2 to 4 weeks, dechlorination rates increased to a level
comparableto that observed in undiluted cultures, with parent
compounds degraded in as fittle as one day and little transient
accumulation of intermediates,

After microbial enrichment and 1 year in cullure, the rates
of WBC-2 dechlorination for TeCA, TCA, and cisDCE were
100, 36, and 54 pM day ™., respectively. Almost no interme-
diates were detected in WBC-2 cultures amended with TeCA
or a mixture of TeCA, TCA, and ¢isDCE, Although interme-
diates often did not accumulate, the ability of WBC-2 to
degrade all known intermediates in the TeCA pathway was
demonstrated in treatments with individual compounds (e.g.,
TCA and ¢isDCE) and in mixtures (e.g., TeCA, TCA, cis-
DCE). Ethene and ethane are major products of TeCA deg-
radation,

The unique contribution of WBC-2 for contaminant treat-

—
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ment is the ability of the microbial composition to handle a -

variety of compounds (both chlorinated ethenes and ethanes)
without noticeable inhibition. WBC-2 also has the ability to
degrade chlorinated ethenes and ethanes simuitanecusly.
WBC-2 is also able to reduce tetrachforoethene (PCE) in the
presence of TeCA,

WBC-2 also has other properties regarding sensitivity to
pH, oxygen, and chlorinated methanes.

Batch microcosms were conducted under anaerobic con-
ditions in culture mediwmn with neutral pH and with pH
adjusted from acidic (pH 4, 5, and 6) to alkaline (pI1 8 and 9).
The ability of the WBC-2 consortium to fully dechlorinate
chlorinated ethanes and ethenes was evaluated for each pH-
adjusted treatment. The WBC-2 consortium was intolerant of

25

35

acidie conditions of pH 5 and lower, resulting in a loss of

dechlorinating ability. The consortium was tolerant of alka-
line pH with no apparent loss of activity.

Reductive dechlorinatihg organisms commonly have high
negative sensitivity to oxygen exposure over short time-
frames, which complicates their field application. To evaluate
oxygen sensitivity of WBC-2, an aliquot was removed from
an anaerobic culture vessel and pouted into smaller contain-
ers on the bench top where 2 series of oxygen exposures were
applied to the culture by bubbling ambient air through the
culture at a rate of approximately 100 milliliters per minute.
Following time exposures of 1, 5, 20, and 60 minutes, -each
treatment was purged with anaecrobic pas, sealed, and

40

6

amended with 1,1,2,2-fetrachloroethane, 1,1,2-frichloroet-
hane, and cis-1,2-dichloroethene, and an electron donor.
Treatments were monitored for dechlorinating for 11 days or
until complete dechlorination was observed. Dechlotinating
activity was observed to be comparable to the culture with no
exposure to oxygen up to an exposure time of 20 minutes,
After 60 minutes of exposure, dechlorination activity was

_partially inhibited but eventually continued to completion
during incubation under strict anaerobic conditions.

Chlorinated methanes tend to inhibit the activity of a wide
range of organisms. To test the sensitivity of WBC-2 to car-
bon tetrachloride (CT), a series of batch experiments in cul-
ture medium were conducted along with flow-through col-
umn experiments with a bioaugmented, wetland-like, organic
matrix. Although toxicity effects from CT addifion were
observed with WBC-2 in liquid culture at a concentration of
3 mg/I, WBC-2 in the columns could maintain degradationof
CT and chloroform (CF) and of the chlorinated ethanes and
ethenes at CT and CF concentrations of 10 and 20 mgfL,
respectively.

B. Composition of the WBC-2 Microbial Composition

As shown in FIGS, 7A-7D, the bacterial community in the
source APG sediments (WB23, FIG. 7A; WB30, FIG. 7B}
shifted aftera year under culture conditions with lactate as the
electron donor and TeCA (FIG. 7C) ot a mixture of TeCA,
TCA, and ¢isDCE (FIG. 7D) as electron acceptors.

Both WBC-2 cultures (cnltured with TeCA as shown in
FIG. 7C or TeCA, TCA, and cisDCE as shown in FIG. 7D}
exhibited TRFLP profiles that were different from that of the
source sediments and overal! represented a different commmu-
nity then was present in the starting materials. This change
reflects the selection pressures exerted on the community and
individual members by the chlorinated compounds, such that
the remaining peaks represent members tolerant of the chlo-
rinated compounds and favored by the culturing conditions
and perhaps directly or indirectly involved in the degradation
process.

The numerically dominant phylogenetic types in WBC-2
were identified by cloning and sequencing 168 rDNA and
merA genes from a culture grown with a mixture of TeCA,
TCA, and ¢isDCB. The frequency of phylotype occurrence in
168 rDNA clone libraries and morA. clone libraries, and phy-
logenetic placement was determined using a BLAST search
for related sequences,

Although most of the WBC-2 clones were not related to
dechlorinating bacteria that have been studied in isolation,
many were related to bacterial clones that have been observed
at other dechlorinating sites, as shown in Table 2:

TABLE 2

Frequency of WBC-2 Clones and Their Closest BLAST Matches to & Dechlorinating Isolate of to
Clone Sequences [rom s Dechlorinating Bovitonment

Phylotype  Phylogenetic BLAST hits*
frequency  placement Clone id (% similiar) Source
48/133 Clostridium ~ ace #DQ907198  *AY667266 (99%)  TCE-dechlotinating eommunity -
35/133 - Acotobacterin  acc #DXQ907202  *AY185312 (97%) 1,2-Dichloropropane-
AT 185315 (97%) dechlorinating
AY185311 (96%) anrichment
2/133 Dehalobacter  aco #12Q907207  *AF422637 (Y5%) TCE-reducing eommunity
AX754830 (93%) PCB-dechlotinating eulture -
DQs63TES (93%) 111-trichlorocthane dograding
mixed culture
19/133  Beoteroides  aco#DQOOTIS9  *DQUBU146 (85%)  2,3,4,5-Teitchlorobiphenyl culture -

containing Dehalocoecoides
PCB contaminanted harbor

AY553955 (95%)
’ sediment
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TABLE 2-continued

Frequency of WBC-2 Clones and Their Closest BLAST Matches to a Dechlorinating Isclate orto -
Clone Bequencea from s Dechlorinating Environment

Phylotype  Phylogenetic BLAST hits!
frequency placement Clone id (% similiar) Source
AYT80353 (95%)  Chlorinated ethene-dechforinating
— enrichment
ATABR0T0 (90%) Chlorobenzene degrading
congotium
ace #DQYO7201  *AY 217446 (97%) TCE-dechlorinating commumnity
AY217435 (97%)  TCE-dechlorinating community
1/133 Geobacter aco #DQB07206  "AYTR0363 (D8%) Chlorinated ethene enticlment
onlbure
AT223382 (98%) Isvlate that dechlorinates
' trichloroacetic acid
AT447133 (98%) Populstion that dechlorinates
AF447134 (98%) saturated PCE
AY914177 (98%) Isolate that dechlorinates PCE
AY 667270 (97%) TCE contaminated aquifer
7133 Pseudomonas  ace #DQY07203  AY017341 (99%) Chlorate-reducing isclate
*Top BLAST hit,

Asshownin FIG. 8A, the. 168 rDNA library was dominated
by Clostridiales (65%), including three phylotypes, The phy-
lotype representing the greatest number of clones was a
Clostridium sp. (SEQ ID NO 1), most closely related (99%) to
an uncultured member of a TCE dechlorinating community.
The second most prevalent phylotype was an Acetobacterium
sp. (SEQ ID NQ 2) most closely related (87%) to uncultured
clones from a 1,2-dichloropropane-dechlorinating enrich-
ment, and 97% and 96% related to the homoacetogens Aceto-
bacterium malicum and A, wieringae, respectively. Less
prevalent was a third phylotype, 95% related to anuncultured
clone from a TCE-dechlorinating community and 93%

related to Dekalobacter vestrictus (SEQ ID NO 3), in the .

evaluated region between 46f and 519r.

There was more variability among sequences of the
Bacteroidetes (Cytophaga-flavobacterium-bacteroides
group), which accounted for 14% bacterial clones (SEQ 1D
NO 4 and SEQ ID NO 5). Many of fhese were related to
uncultured clones from dechlorinating populations (Table 2).

Among the Proteobacteria, one clone (delta Proteobacte-
ria) was most closely related (98%) to a Geobacter sp. (SEQ
1D NO 6) from a chlorinated ethene enrichment culture, and
98% related to G. lovieyi, a recently described PCE-dechlo-
rinating isolate, The gamma Proteobacteria (SEQ 1D NO 7)
were 99% related to the top 60 BLAST hits, including
Pseudomonas stuizeri and Ps. chloridismutans, that is able to
dechlorinate trichloroacetic acid.

For the other phylotypes observed among the bacterial
clones (Arcobacter sp. and Desutlfobuibus sp., 14% and 2% of
the clones, respectively) and all of the morA clones, the
BLAST database did not reveal relatedness to organisms
from dechlorinating populations. Arcobacter sp. comprises
part of the epsilon proteobacteria, Deswlfobulbus sp., com-
prises part of the delta protecbacteria.

No Dehalococcoides clones were identified. However,
Dehalococcoides nambers determined independently using
gPCR and compared with the total number of cells by micro-
scopic cownt indicated that about 1% of the total consortium
population was comprised of Dehalococcoldes spp. Micro-
scopic examination confirmed that coeci were rare, and the

consortium population was composed almast entirely of rod--

shaped cells, .

As shown in FIG. 8B, the WBC-2 merA clone library was
comprised of members of the class Methanomicrobia, and
included both acetate- and I1,-utilizing methanogens (acces-
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sion numbers DQ907209 to DQY07221, i.e., SEQ ID NO 8,
SEQIDNG 9, SEQ ID NO 10, SEQ ID NO 11, SEQ ID NO
12, SEQ IDNO 13, SEQ ID NO 14, SEQID NO 15, SEQ ID
NO 16, SEQIDNO 17, SEQ ID NO 18, SEQ IDNO 19, and
SEQID NO 20). Members of the Methanosarcinaceae family
ate capable of utilizing acetate in the production of methane,
These include Methanosarcing spp., which may utilize
acetate, I1,, methanol, or methyl amines, and Methanoseeta
spp., which are obligate acetate utilizers. The other Metha-
nomicrobia are related to methanogens that utilize H, and
formate as electron donors. The presence of Methanosaela
spp. in the WBC-2 culture indicates that acetate is being
produced. Although the cultures were methanogenic, metha-
nogens comprised a very small part of the total microbial
population of WBC-2. Total methanogens quantified using
qPCR comprised 0.2% of the total WBC-2 microbial popu-
lation, ‘

C. Evidence for a Distinct Dechlorinating Population

The TeCA dechlorination pathway includes reactions that
are a part of the more thoroughly studied PCE dechlorination
pathway (right half of FIG. 1), and thus might be expected to
support the growth of similar organisms. Indeed, the pre-
dominance of Closiridia and CFB in the WBC-2 population
(Table 2) is also characteristic of TCE-dechlorinating com-
munities, and organisms similar to the ethene-dechlorinating
Dehalococcoides and Dehalobacter are observed in WBC-2,

However, the dechlorinating abilities of WBC-2, enriched
in the presence of chlorinated ethanes, are different than
cultures enriched with chlorinated ethenes, both with respect
to the response to added electron donors and in the relative
importance of Dehalococeoides within the microbial popu-
lation, Based on limited studies, the electron donor needs for
chlorinated ethane-enriched cultures appear to be different
from those of cultures enriched for chlorinated ethene reduc-

-tion.

Most bacterial isclates capable of reductive dechlorination
of chlorinated ethenes, including Dekalococcoides and
Dehalobacter, use H, as the preferred electron donor, The
chlorinated ethane-enriched culture, WBC-2, was not stimu-
lated to reduce cisDCE or TCA with H,, T, plus scetate, or
propionate added as the electron donor. The failure of H, to
stimulate dechlorination suggests that the organisms involved
are not the same as the chlorinated ethene-reducing organ-
isms that have been studied in isolation, In addition, Dehalo-
coccoldes spp, comprise only a minor-part (about 1%) of the
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cell population in WBC-2, This, coupled with the presence of
consortium members that appear to be closely related to
clones of unknown function in other dechlorinating popula-
tions, suggests that organisms other than Debalococcoidas
spp. may play a greater role in TeCA dechlorination, These
- observations suggest that exposure to chlorinated ethanes
results in the selection of a different population of organisms
for chlorinated ethene reduction, Cultures that were enriched

using chlorinated ethenes {i.e., in the absence of chlorinated

ethanes) were inhibited in the presence of chlorinated
ethanes.

D. Microbial Roles Within WB(C-2

The specific roles of WBC-2 consortinm members have yet
to be determined. Although tentative roles could be assigned
to Dehaloceccoides (cisDCE, transDCE, VC, and DCA
reduction), Dehalobacter (TCA reduction to VC, DCA reduc-
tion o ethene), and Aeetobdcterium (DCA reduction lo
ethene) based on studies of related organisms, WBC-2 exhib-
ited some capabilites, such as TeCA, reduction lo transDCE,
and TCA reduction to DCA, for which no organisms have
been implicated, ‘

The observation of closely related phylotypes in WBC-2 '

and other dechlorinating communities, such as Clostridium
sp., Acetobacterium sp., and CFB provides some evidence for
the involvement of previcusly unrecognized bacteria in
dechlorination processes. However, enrichment of organisms
in a dechlorinating system provides only circumstantial evi-

dence for direct involvement. In WBC-2, lactate fermenta- -

tion, homoacetogenesis, methanogenesis, sulfir cycling,
syntrophy, and chemoautotrophy could support organisms in
the culture without deriving energy from dechlorination. The
possible role of methanogens in dechlorination by WBC-2 is
not known. Although fhe presence and activity of methana-

" gens are ofien considered to be inhibitory to or at least con-
traindicative of dechlorination activity, some evidence sug-
gests that methanogens may play an important rele in
dechlorination.

Example
Bioremediation with WBC-2

WBC-2 was able to degrade chlorinated ethanes and
ethenes simultaneously with little VC accumulation, This
capability makes the microbial consortium WBC-2 a poten-
tially valuable tool for bjoremediation of sites contaminated
with mixtures of chlorinated ethenes and ethanes, In addition,
the simnltaneous reduction of all compenents of the TeCA
degradation pathway can reduce the total treatment time and
help prevent transport of hazardous compounds out of the
treatment zone.

An innovative, enhanced bioremediation pilot test was
designed and installed in a seep at the ground-water/surface-
water interface within the tidal wetland along West Branch
Canal Creek at Aberdeen Proving Ground, Maryland, to treat
a mixture of dissclved chlorinated methanes, ethenes, and
ethanes.

First-order degradation rates were estimated by circulating
increasing concentrations of site contaminant mixtures
through continuous, up-flow columns comprised of a com-
mercially available compost, peat, and sand-matrix (with and
without zero-valent iron),

Columns were bioaugmented with a mixed anaerobic con-
sortium (WBC-2). The tolerable thickness of the bioreactive
mat at this site was determined based on sediment strength,
bearing capacity, and estimated settlement over time. Thus,
the bioreactive mat was comprised of two reactive zones: (1)

—_
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a lower zone (nearest the sediment) designed to enhance
abiotic degradation of chlorinated methianes, and (2) an upper
zone designed to enhance biodegradation of the remaining
chlorinated methanes, ethanes, and ethenes. The lower zone
was comprised of zero-valent iron filings and an organic
malrix consisting of commercially-available compost, peat,
and sand. The upper zone was comprised of a compost, peat,
and sand mafrix and was bicaugmented with WBC-2.

Example
Methods and Materials .

1 Development of WBC-2 Anaerobic Microbial Composition

Sediment was collected from two sites within the wetland
at West Branch Canal Creek (WB23 and WB30) and prepared
anaerobically. Sediments were collected, sieved, slurried
with groundwater (1:1.5), and incubated (19° C.) with TeCA
{7 uM) in 1-L serum bottles without headspace for 1 month.
Most of the Fe(I1T) and sulfate (alternative electron acceptors)
were depleted during this incubation period and methane was
being produced. Aliquots (100 ml) of sediment slurries were
then transferred to 120-ml serum bottles with s N,/CO, (95:5)
headspace and amended with a danghter compound, ¢isDCE
ot TCA, for 1 to 2 months. In all sediment shurry enrichments,
the electron donors were derived only from organic matter in

‘the sediment.

Sediment slurries (100 ml each of TCA-enriched WB23
and ¢isDCE-enriched WB30) were then transferred into an
anaerobic culture medium as described below (1800 ml) with
sulfide (30 uM) added as & reductant, and amended with target
concenirations of TeCA (30 uM) or a mixture of TeCA (25
uM), TCA (50 uM), and cisDCE (50 uM). The electron donor
for cultivation was selected in tests on the TeCA amended
culture (see below) 3 weeks after inoculation from sediment
slurry, Cultures were diluted over a 2-year period and contain
about 0.1% sediment by volume.

11, Bvaluation of Electron Donors ,

Allelectron donor tests were performed in duplicate on sub
samples removed from TeCA-depleted stock culture,
Because concentrations of intermediates often are low or
undetectable during TeCA degradation by WBC-2, TCA and
cisDCE were used as test compounds to ensure that the elec-
tron donor selected would support both chlorinated ethane
and chlorinated ethene pathways. In addition, the ability of
each electron donor to support the dechlorination of VC was
evaluated,

Aliquots of WBC-2 culture (10 ml) were transferred
anaerobically to 28-ml pressure tubes filled with N/CO,
(80:20). WBC-2 was evaluated for dechlorination of test
compounds in the following electron donor treatments: pro-
pionate (10 mMD; succinate (3 mM); lactate (3 mM); pytuvate
(3 mM); benzoate (3 mM); formate (10 mM); acetate (10
mM); H, (20 kPa overpressure, added three times during the
incubation) with or without acetate (1 mM) added as a carbon
source; whey (5 g/L); no electron donor added,

The electran donors supplied electron equivalents (assum-
ing complete oxidation) equal to about 100 times that
tequired for the reduction of the chiorinated compounds,
cisDCE or TCA, which were added from aqueous emulsions
{for a {inal concentration of approximately 1 and 0.75 mM,
respectively) and monitored for VC and DCA production.
The ability to dechlorinate VC was tested by adding VC (4.2
M) from a gaseous standard (Matheson, Twinsburg, Ohio) in
a separate treatment, All treatmetits were incubated at 19° (.
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and monitored by sampling the headspace for analysis with a
gas chromatograph (GC} with a flame ionization detector
(FID).

As shown in Table 1 below, the electron donor for WBC-2
cultivation was selected by comparing dechlorination in elec-
tron donor treatments with dechlorination in a control with no
added electron donor. Controls with no added electron donor
exhibited decreases in added TCA and cisDCE characteristic
of adsorption, with an initial decrease of 24% and 10%,
respectively, foilowed by no firther decrease, Less than 1% of
the added TCA or ¢isDCE in the controls was reduced to VC
and no DCA was produced. H, did not stimulate reduction of
TCA or cisDCE above that obsetved in fhe controls, whether
ot hot acetate was added as a carbon source,

The most complete dechlorination was obtained in treat-

ments with lactate and pyruvate. The pathway of TCA reduc-*

tion (production of VC versus DCA from TCA) varied among
electron donor freatments. Cultures with lactate produced
more DCA relative to VC than did cultures with pyruvate. No
DCA was produced in treatments with propicnate, acetate,
benzoate, or whey.

TABLE 1

‘WBC-2 Reduction of 6DCE, TCA and VC

Depradation relative

fo no electren donor
Electron donor ¢DCE TCA vC
Succinate o +— -
Lactate ++ +++ 4t
Pyruvate + ++ Ao
Benzoate - I ND
Propionate + - -
Formate - - +
Acetate - - -
H, - - 4+
H,, with 1 mM acetate - - s
Whey - - ND

“Hrk, complete dechlorination (FCA [0.75 mM], DCE [ 1 mM] after 27 days, or VC [4.2 pM]
aiter 3 days),

-+, dechlorination at least 50% complete,

+, greater than no electron donor control,

+/—, ona duplicate greater than control.

-, dechlorination not greater than o elosiron donor control,

NI, treatment not done,

111, Culture Medinm and Maintenance )
The anacrobic medium included (g/L. deionized water):
NalCO, (2.5), NH,C1(0.5), NaPO4 (0.5), KC1 (0.1), 10 ml
vitamin solution, and 10 ml trace mineral solution, with a gas
phase of N, and CO, (80:20), The frace mineral solution
contained (g/L); Nilrilotriacelic acid (1.5), MgS0,.7H,O
(3.0), MnSO,H,0 (0.5), NaCl (1.0), FeS0, 71,0 (0.1),
CaCl,2HLO (0.1), COCL,6H,0 (0.1), ZnCl, (0.13),
CuS0,.5H,0 (0.01), AIK(S0,),.12H,0 (0.01), H,BO,
(0.01), NaMoO, (0.025), NiCL.6H,0  (0.024),
Na,W0,.2H,0 (0.025).
" Harly in development, some batches wetre starved for peri-
ods as long as several months, buf recovered activity when
feeding was resumed. Once established, cultures were main-
tained either with lactate (1 mM) and TeCA (50 pM) added
from aquecus stocks once or (wice weekly, or lactate (1.5
mM) and TeCA (25 pM), TCA (50 pM), and cisDCE (50 pM).
The ratic of electron equivalents for donors to acceptors was

12

prior to each amendment in order to emulsify any undissolved
compound, The cisDCE contained approximately 1% trans-

" DCE.
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30and 17, respectively, for stocks maintained with TeCA and |

the chlorinated mixture. The chlorinated stocks were pre-
pared by adding purified standards to sterile anaerobic dejon-
ized water. Chlorinated stock bottles were vigorously shaken

WBC-2 was maintained in 2 L. baiches of mediom from
which culture volumes were removed for study. After 1 year,
all cultures were restored to full 2 L volume by adding fresh
tnedium. Under contract by the U.S. Army, samples of

WBC-2were given to SiREM Laborateries (Guelph, Ontario,

Canada) for propagation of the culture to the large volumes
required for field bioremediation tests conducted by the 1.8,
Geological Survey, using lactate and the chiorinated mixture
described above (GeoSyntec Consultants Inc., 2004), WBC-2
microbial composition (clone analysis) was assessed in a
culture sample obtained from SiREM Laboratories that had
been scaled up by transferring two times into fresh medium,
IV, Gas Analysis

Culture headspace was sampled using a gas tight syringe
and injected into one or both of the following GC-FID sys-
tems. For rapid analysis of TeCA, TCA, DCA, TCE, ¢isDCE,
ransDCE, and VC, a Hewlett-Packard madel 5890 series 11
with isothermal separation at 100° C, on a VOCOL (Supelco, -
Bellefonte, Pa.) capillary column (30 mx0.53 mm) was used.
For separation of methane, cthene, and ethane, and for analy-
sis of VC, transDCE, and c¢isDCE when interfering peaks
were present, a Shimadzu model GC-17A with separation on
a RiQ-Plot (Restek, Bellefonte, Pa.) column (30 mx0,32 mm)
using a temperature program of 100° C. for 5 min, ramping to
200° C. at 20° C./min was used.

Aqueous standards of chlorinated compounds were pre-
pared from highly purified neat calibration standards. Star-
datds of chlorinated compounds were prepared by adding 10
pl of neat solution to 100 ml water, and preparing aqueous
dilutions for headspace analysis in bottles sealed with Teflon
coated stoppers. Dimensionless Henry’s law constants
{DHLCs), were used to caleulate expected headspace con-
centrations from known liquid concentrations. Methane,
ethere, and ethane standards were purchased as gas standards
(Scott Specialty Gas). Concentrations of chlorinated com-
pounds and non-chlorinated end products in samples of
WBC-2 culture headspace were converted to dissolved values
using DHILCs and total concentrations (per volume medivm)
were calculated. DHLCs have been measured empirically by
many researchers and vary widely. The chosen DHLCs fall in
the midrange of published values. Nonetheless, the DHLCs
are the greatest source of possible error in the concentrations
reporied here, and may exceed 10%. Errors between repeat
injections are about 2%. :

The dimensionless Henry*s law constants (DHLC) applied
were 0,019 for TeCA, 0556 for TCA, 0.1821 for DCA,
0.3056 for TCE, 0.1255 for ¢isDCE, 0.3056 for transDCE,
0.9087 for VC, 7.96 for ethene, 19.88 for ethane, and 28.5 for
methane, All detection limits were less than 0.01 uM.

V. Monitoring WBC-2 Dechlorination

A simple method was used for monitoring dechlorination,
based on partitioning in the headspace, However, the stoichi-
ometry of TeCA to its degradation products is difficult to
determine using this method. Both adding and measuring the
initial concentration of TeCA mwvolved potentially large
arrors. Dilution of the stock solution cannot be relied upon to
determine the amount of TeCA added, because TeCA in the
stock solution was not completely dissolved and possibly not
completely homogenized by shaking, TeCA measurements
were subject to two known sources of error. First, when
calculating total concontrations from headspace values,
errors are magnified for compounds with a very low DHLC.
The DHLC for TeCA (0.019) was an order of magnitude
lower than any other compound measured and therefore sub-
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Jjeet to the greatest error. Conversely, compounds such as
methane, ethene and ethane are largely partitioned to the
headspace and subject to the least error. Second, because
there is some sediment as well as cell mass in the cultures,
distribution of TeCA between the liquid and gas phases may
be complicated by adsorption, resulting in a discontinuity
between TeC A uptake and the appearance of end product. All
of these errors may have contributed to differences between
target TeCA additions and measured concentrations (e.g,,
target addition of 60 uM versus measured concentration, 240
UM, that is reported in FIG. 2), as well as the error in stoichi-
omelry hetween different botites (i.e., 2z1),
V1. Cloning, RFLP Screening and Sequencing, TRFLP

DNA was extracted wsing the Bio-101 Fast DNA Spin Kit
for Soil (MP Biomedicals, Irvine, Calif.) following manufac-
turers instructions, except that product recovery was maxi-
mized at each step. Bacterial and methanogen DNA were
amplified using the polymerase chain reaction (PCR) in a
Perkin Elmer Geneamp 2400 thermal eycler with 168 rDNA
(46f and 519r) primers and methyl coenzyme-M reductase
{mcrAf and merAr) primers, respectively. 165 :DNA PCR
conditions (30 cycles) were denaturing at 94° C. (30 ),
annealing at 56° C. (30 s), and extension at 72° C. (1 min).

Microbial members of the consortium were characterized
by cloning and sequencing the bacterial 168 rDNA and merA
amplicons, Amplicons were purified using the Wizard PCR
purification kit (Promega, Madisen, Wis.) and cloned using
the TA cloning kit or the Topo TA cloning kit for sequencing
according to manufacturer’s instructions (Invitrogen, San
Diego, Calif)), Colonies were picked and 168 rRNA and
merA gene clone fragments (133 and 48, respectively) were
recovered using vector primers and merA primers, respec-
tively, using PCR. For the bacterial 168 rDNA characteriza-
tion, the PCR products were reamplified using 46f and 519r
primers, All PCR amplicons were digested with restriction
enzymes (6 ptl of PCR product with 2.5 U each of Mspl and
HinP1) according to manufacturer’s instructions (Promegsa,
Madison, Wis.}, Restriction fragments were analyzed by size
separalion on a 3.5% Metaphor (Cambrex, Rockland, Me.)
agarose gel, resiriction fragment length polymorphism
(RFLP) patterns were distinguished, and the frequency with
which each pattern occurred was determined.

1t should be noted that the frequency of clones in the library
may not correspond directly to relative phylotype numbers in
the culture due to undefined differences in the number of 168
rDNA copies per cell. Inaddition, PCR and nucleic extraction
biases may confribute to apparent differences in the abun-
dance of RFLP patterns. Represenfative clones for each pat-
tern were selected for sequencing, Amplicons to be

sequenced were purified with the wivard PCR purification °

system; and cycle sequencing was performed on both strands
using Big Dye v3.1 (Applied Biosystems, Foster City, Calif,)
and run on an ABI310 genetic analyzer. Sequences were
edited and assembled using Autoassembler (Applied Biosys-
tems, Poster City, Calit.). Closest phylogenetic relatives were
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determined by BLAST search of the National Center of Bio-
informatics (NCBI) database (http:/www.ncbi.nlm.nih,
gov/).

Terminal restriction fragment length polymorphism (TR-
FLP)-PCR was performed as described above, but using 46f
primer with FAM label attached. A restriction digest of 6 ul of
PCR product was performed using 5 U MnlI (New England
Biolabs, Beverly, Mass.). Digested samples were precipitated

“with 0.1 volume 613 M sodium acetate and 2 volumes of cold

100% ethano] and resnspended in 10 ul sterile water, A 2.5 il
aliquot ofthe digested sample was added to 12 pl of dejonized
formamide and 0.5 pl ROX500 standard (Applied Biosys-
tems). Samples were denatured at 95° C, for 5 min. DNA
fragments were separated using an ABI310 sequencer (Ap-
plied Biosystem). Terminal restriction fragments were
detected using 310Genescan analytical software, version
2.1.1, resulting in a TRFLP profile for each sample.

VI Detection and Quantification of Specific Members by
Quantitative PCR

Primers were used to detect organisms with abundances
too low to be detected in the 168 clone library, including two
known dechlorinators, Dehalococcoides spp., and Desulfi-
romonas spp., and methanogens. DNA copy number in an
extract of WBC-2 DNA was determined by quantitative PCR
(9qPCR) using the quantitect SYBR green real-time PCR kit
(Qiagen, Chatsworth, Calif.) and the Opticon real-time PCR
system {MJ Research, now BicRad, Hercules, Calif.).

The 168 rDNA based primers used to target Debalococ-
ealdes were dhe7301, 5.GCG GTT TTC TAG GTT GTC-3'
(SEQID NO 21) and dhel 350r, 5'-CAC CTT GCT GAT ATG
CGG-3' (SBEQ 1D NO 22). The Desulfiromonas primers (de-
signed for specificity to Desulfiromonas sp. strain BB1 and
D. chloroethenica. 168 tDNA) and conditions are known
(LofHer et al,, 2000). Methanogens were quantified using
metA primers (Luton et -al.,, 2002). A standard curve was
determined wsing Ct values of serial dilwtions of plasmid
containing the dhc or merA amplified fragment, or the Das-
ulfieromonas sp. strain BB1 amplicon of known concentration
(and thus copy mumber), and the samples were plotted against
that curve to defermine abundance. Calculations of cell mum-
bers were based on one 168 yIDNA copy per cell for Dehalo-
coccoides (www.tigrorg), and 1 merA copy per cell for
methanogens. For the purposes of calculating cell numbers,
nucleic acid exiractions were assumed o be perfect, because
no measurement of extraction efficiency is available. For
microscopic counts, culture samples were suspended in
0.01% Triton X-100 and stained with 5 g/ml 4',6-diamidino-
2-phenylindole (DAPI) in 1x phosphate-buffered saline
(PBS), filtered onto a black Nuclepore filter (0.2 pM), and
viewed vsing epi-fluorescence.

Although the present invention has been described in terms
of particular exemplary and alternative etnbodiments, it is not
limited to those embodiments. Alfernative embodiments,
examples, and modifications which would still be encom-
passed by the invention may be made by those skilled in the
art, particularly in light of the foregoing teachings.

SEQUENCE LISTING

<160> NUMBER OF SHQ ID NOS: 22

<210> SEQ ID NO 1

<211> LENGTH: 425
<212> TYPE: DNA

<213> ORGANISM: Unknown
<220> PEATURE:
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~gentinued
«223> OTHER INFORMATICN: uncultured bacterium
<400> SEQUENCE: 1
gogagatgat c¢totbtegggg agatteotage ggoggacggg tgagtaacac gtgogtaaco 60
tgecteasag agggggatay cctoocgaasa dgggagattas taccgoatas cattatbtie 120
tcgéatgaga ag;taatcaa aggagcaate cgetitgaga tggaccegeg gegeattage 180

tagttggtga ggtaacgget caccaaggey acgatgogta geegacotga gagggtgatce 240
ggeocacattg gaactgagac acggtecaga ctoctacggy aggeagoagt ggggaatatt 300
gogeaatggg ggaaaccectg acgcaagcaa cgoegedtyga gtgatgaagg tettoggatt 360
gtaaagotot gteotttgggg acgataatga cggtacecaa ggaggaagec acggctaact 420
acgtg 425
<210> SEQ ID NO 2

«211> LENGTH: 430

<212>» TYPE: DNA

«213> ORGANISM: Unknown

<220> FEARTURE:

<223> OTHER INFORMATION: uncultured bacterium

<400> SEQUENCE:. 2

agtogagoga gatgatocct ccgggagatt ctageggedg acggotgagt aacgogtggy &0
taacctgece tatgyaaagyg aatagoctey ggaaactggg agtamatgeoot tataatacat 120
tttggtogea cgackatgat ghbtaasodet coggtgoeat aggatggace cgegtoccat 180
tagetagttyg gtgagataac agoceaccaa ggegacgaty ggtaaccgyy totgagaggg 240
agaacggtca cactggaact gagacacggt ocagactuct acggdgaggea geagtgggga 300
atattgedea atgggggeaa cccotgacgea geoaatacege gtgagtgaag aaggttttog 260
dategtaaag ctotgttatt ggggaagaaa aaagacggta cocaagaaga aagteocgge 420
taactaqgtg 430
<210> SEQ ID NO 3

<211> LENGTH: 478

<212> TYPE: DNA

«213> ORGANIESM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: uncultured bacterium

<400> SEQUENCE: 3

agtagaadgy agtaataaas teagtttact tagattatta cttagtggeg aacgggtgag 60
taacgegtgg gtaacctgee cttaagacey ggacaacage tggasacgge tgetaatace 120
ggatggattt attggaagge atcttetsat aaggaaaget ggoctotgta tatgotageg 180
cttagggatg gatcogoegto tgattagoeta gttggtagygg taatgdocta ccaaggegac 240
gateagtage cyggoetgaga gggkaaacqq cdacactggg actgagacac ggeccagact 300
cutacyggyay goeageagtgg ggasatottec geaatggacy aaagtotgad ggagoaacge 360
cgegtgtakg aagaaggect tegggttgta maatactgtt gttggggaag aacggetgga 420
gtgtaaataa tgotteagatb tgacggtaco caacgaggaa gecccggeta actacgtg 478
<210> SEQ ID NHO 4

<211> LENGTH: 447

<212> TYPE: D¥A

<213> ORGANISM: Unknown

=220> FEATURE: .
<223> OTHER INFORMATION: uncultured bacterium
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-continued
<400> SEQUENCE; 4
ggggceageac aaggagoaat otgaggtgge gaccggegea cgggtdagta acacgtatge 60
aacctgtetg taagogggga ataaceogtt gasagacyga ctaataccge ataatactgy 12¢
agatectgeat antattcag ttaaacattt atggettaca gatgggeatg cgeatgatta 180
gataéﬁﬁgga gaggtaacgg ctecccaagt caacgatcat taggggttot gagaggaagg 240
toccceacae btggbactgag acacggacca gactoctacy ggaggoagea gtgaggagta 300
ttggtoaaty ggoegagagoe bgaadoagec aagtegegty caggaagaat gtodrtatgga 360
ttgtaaacty ctbttgcagy dggaataaagt gagocavogt gtgytbittt gtatgtacte 420
tgoyaataag gateggetaa ctecgtyg 447
<210> SEQ ID NO &
<211> LENGTH: 454
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220 FEATURE:
<223> QTHER INFORMATION: uncultured bacterium
<400> SEQUENCE: 5
ggggcageac gggagtagca atacaactygy tggegaccgy cgeacgoegty agtaacgegt 60
atgoaaccta cctatcagag gggaatamce cggogasagt cggactaata ¢cogcataaaa 120
cagggggceac cgcatggtga tatttyttaa agaattegoet gatagatgge catgegtteco 180
attagggtay ttyggtgaggt aacggetcac caagccgacy atggataggg géactgagag " 240
gttggtoceo cacactggta ¢tgagagacy gaccagacte ctacgggagy cagoagigag 300
gaatattggt caatgggega dagectgaac cageccaagh cgogtgaagy aagaaggate 360
tatggtttaeg tasacttett ttitgeagggy sataaagtge gggacgtgte ctgtﬁtcgta 420
tgtaccctga gaataaggat cggctaacte ogtg 454
<210> SEQ ID NO 6
<211> LENGTH: 464
<212> TYPE: DNA
<213 CRCGANISM: Unknown
«220> FERATURE:
<223> OTHER INFORMATION: uncultured bacterium
<400> SEQUENCE: &
acggagtgaa ggagottget cttteattta gtggegeacyg ggtyagtaac gogtagataa 60
teotgeettay actetgggat aacatotoga aaggggtget astaccggat aagoecacga 120
tggegtaagt cattgeggga aaagogggec boetgaataty ctottgatet aagatgagte 180
tgegtadeac tagetagebg gtagggtaag agoectaccaa ggegacgatg gttagetgge 240
ctgagaggat gatcagecac actggaactg agacacggte cagactecta cgggaggeay 300
cagtggggaa ttttgegeaa tgggggaaac cotgacgeag caacgeegeg tgagtgataa 360
aggotttagg gregrasage btetgrootada gggaagsaat gataatogyt taatacccgg 420
ttttettgac ggtacctotyg aaggasgeac cggehaacte cgtg 464

<210> BEQ ID NO 7
<211> LENGTH: 446

<212> TYPE:

DNA

<213> ORGANISM: Unknown
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 7

uncultured bactexium
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geggatgaag
ctgeetgata
gagaangcag
ttggtgaggt
c;ééctggaa
caatgggoga
ageactttaa

cagaataage

ggagctiget
gtgggggaca
gggacdtteg
aacggctcac
ctgagacacg
aagoectgate
gttéggagga

ageggetaac

<210> SEQ ID NO &
«211> LENGTH:; 433

=212> TYPE

: DNA

ctetgattea
acgtticgaa
ggecttgege
caaggegacy
gecoagacta
aagedatgee
agggcoattaa

tregty

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: uncultured archaeon

<400> SEQUENCE: 8

tgcatacace
caagtacaac
cgtaaaggac
gactgocoott
cggtgtegea
ctacatgtac
ggaccagtge

actoogtggt

gatgacacoe
ggkgeagaaa
atogoaadaog
gaagaccact
acctooctog
ctgcacaagg
ggtgecacaa

aca

«210> SEQ ID RO 9
«211> LEMGTH: 415

<212> TYPE:

DNA

tagacaacaa
ccateggoaa
agtccactat
teggtggate
caaccgcaaa

aagcatggag

acgttotgto

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATIOM: uncultured archaeon

<400> SEQUENCE: 9

ageatacace
caagtacgge
tgaggtcacy
cttoggogyt
eggtaccegggy
ggaaggatgg

aaactegatg

gacaacatte
ggctaccege
ctgaacgaeca
toecagogty
aactocaaty
toacgtetog

togatcagas

«210> SEQ ID NO 10
<211> LENGTH: 432

<212> TYPE:

DNA

togacgagte
aggcaccage
tggagcagta
¢tggtgteat
ceggtetgaa
gtttettoegy

<dg s.tgas.gg

«213> QORGANISM: Unknown
<220> FEATURE;
<223» OTHER INFORMATION: uncultured archaeon

<400> SEQUENCE: 10

geggeggacg ggtgagtaat gectaggaat

aggaacgoeta
tatcagatga
atcogtaact

ctacgggagg

gegtgtgtyga

cotaatacgt

cgtgtactac
ggacaacaag
ctacggtate

ccagagagea

tgeaaatget
aagbataeyge

“taccagggo

cacatactae
aacccagyag
cgageagtte
tgragoagca
cggetggtacs
dtacgacetyg

teteeteggt

atacoegeata
goctaggteg
ggtotgagay
cageagtogy
agaaggtott

tagtgtttty

gacgttgacé
atcaaggeca
gagacctacg
acegtgeteg
gygtotetocg
ttektoggat

gacgasggte

ggtatggact
gtegicaacy
ceagccatga
toaggtiega
atategatge
caggaceagt

gaactadgtg

cgtceoctacgg
gattagetayg
gatgatcagt
gaatattgga
¢ggattgtaa

acgttacega

agatcaacga
coctogacgt
agaagttoce
cagdtgeage
gotggtacct
acgacatgea

toacagagga

acttaaagga
acctoegeand
tggaggacca
ccackgoaat
teatgcacaa
dtggtteage

gacea

tgeatacace gatgacatoe tegacaacaa cgbgtactac gacgttgact acatcaavga

caagtacaac ggtgetgeaa ¢catcggoaa gygacaacaaa gtaaaggcas codtogacgt

60
120
igo
240
300
360
420

446

60

120

240
300
360
420

4332

60
120
180
240
300
360

415

60

120
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cgtaaaggac atcgeaaccg
gactgecctt gaagaccact
cggtgbegoa agctccctcg
ctecatgtac ctgcacaagy
é;éﬁég;é;éiétgccacaaa
cteogtggta ca

<210> SEQ ID NO 11

<211> LENGTH: 432
<212> TYPE: DNA

agteceactat
teggtggate
caaqcogeaaa

aageatgggg

cgttotgtoe

<213> ORGRNISM: Unknown

<220> FEATURE:

ctacggtate gagacetacg agaagttode
ceagagagea ac¢gtgetoeg cagetgoago
cgaecaacgel ggtetetoeg getggtacet
cgtetegget totteggata cgacctgeag

taccagggeg acgaaggtct cocagacgaa

<223> OTHER INFORMATION: uncultured srchacon

<400> SEQUENCE: 11

tycatacace gatgacatcee
caagtacaac ggtgotgeaa
cgtasaggac atcgeaaceg
gactgeoott gaagaccact
aggtytegea ﬂcctcéctcg
ctecatgtac ctgeoacaagy
gaccagtged gtgccacaaa
ctoogigate ¢a l

<210> SEQ ID NO 12

<211> LENGTH: 433
«212> TYPE: DNA

tocgacaacaa
cdoacoggeaa
agtcocactat
tegygtagate
caaccgeaaa
aagcatgagg

cgthetatoe

<212> ORGANIEM: Unknown

<220> FEATURE:

cgtgtactac gacgttgact acatcascga
ggacaacaaa gtaasggeaa ccotogsegt
ctacggtate gagacctagcg agaagttcce
ccagagagca accgtgctég cagoetgoage
cgecaadget ggtetetoeg getggtacot
egteteqget tettoggata cgacctgeag

taccaggyoy acgaagotet ccocagacgga

<223> OTHER INFORMATION: uncultured archaeon

«400> SEQUENCE: 12
tgcatacact gatgacatce
Caagtacaac ggtygcotyoaa
egtaaaggac atoegeaacoyg
aacogooctt gaagaccact
cggtgtegea tgtgcacteg
atecatgtac ctgcacaagg
ggaccagtge ggtgocacas
actcegtggt cca

<210> SEQ ID NO 13

«211> LENGTH: 415
«212> TYPE: DNA

togacaadaa
cagteggeaa
agtocacact
teggtggate
daadtgoaaa

aagcatgggg

acgttotghe

«213> ORGANISM: Unknown

<220> FEATURE:

cgtgtactae gacgttgact acatcaacga
ggdacaacaag gtaaaggcoaa coctogaagt
ctacggtate gagacctacg agaaattecc
ceagagagoa accgtgetag cagotgoago
cgecaatyet ggtetcotoag getggtacet
cagactogge ttektoggat acgacotgoa

<taccaggge dgacgaaggto taeudagacga

«223> OTHER INFORMATION: uncultured archaecn

<400> SEQUENCE: 13

tgcatacace gacaagatoc tegabgacta caccgagtac ggrattgact acgtcaagaa

daaacacggt ggoatcggoa agdcaaagto aacceaggasa gtbgtoageg acattgoaac

cgaggtcaac ctctacggta tggagcagta cgaacagtac cegacaogocce tegagageoea

180
240
300
360
420

432

60
120
180

240

00

360

420

432

%0

120

180

240

300

360

420

433"

60

120

180
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~gontinued

ctteggtgga teecagegbg egtetgteet tgecageagea teaggtatbt cotgttoaat

ggcaacggea aactcoaacg cﬁggcctgaa_cggcpggtac ttgtecatge tcatgcacaa

ggaaggetgg bcacgtotibyg gettottcgg ctacgacctg caggaccagt

aaactcecatg tegateegte ccgacgaggg attactogge gagetcoegtg

<210>
<2k1>
<212
<213>
<220
<2235

<400

SEQ ID WO 14

LENGTH: 437

TYPE: DNA

CRCGANISM: Unknown

FEATURE:

OTHER INFORMATION: uncultured archaeon

SEQUENCE: 14

tgeatacace gacvaacatcoe togatgacta caccotactac ggtatggatt

caagtacaaa gtcaactgga agagoccgte agocaaggae asggtcoaage

toctogbcaat gagotoegeta cogaagttac actotacggt atggagcagt

coogaccott atggaagace actteggtgy atodecagegt getggtgtte

atcocggtett acctgtgeaa togocacegg taactecaad gotggoctga

cotgtocaty ottgoccaca aggsaggotg gtoacgtete ggeottetteoy

teaggaccag tgeggtbooeg casactoget ctotatcaga cctgacgaag

cgagetoogt ggacocey

<210>
<211
<212
<213
<220=
223>

<400 >

SEQ ID NC 15

LENGTH: 415

TYPE: DNA

ORGANISM: Unknown

FEATURE:

OTHER INFORMATION: uncultured archaeon

SEQUENCE: 15

agcataca¢ce gacaacatte togacgagtt cacctactac ggtatggact

caagtacgyge ggotactoge aggoeaccagce aacodaggay gtagtoaacg

tgaggtoacy ctgaadgoda tggageagta cgagcagtte ccaaccatgs

cttoggeggt teocagogtyg ctggtgteat tgcagoagoa toaggtttga

cggtaccggg aactecaatyg coggtotgaa cggetggtac ctetogatge

ggaaggatgg tcaggtctcg gtttcttogy ctacgadoty caggaccagt

agactegaty togatcagac cggatgasgg totectoggt gaacteogty

«<210>
<211l
<212
<213
<220
<223>

<400>

SEQ ID NO 16
LENGTH: 415

TYPE: DNA

ORGRNTISM: Upknown

FEATURE:

OTHER INFORMATICN: uncultured archaeon

SEQUENCE: 16

tgcatacacce gacaacatcc ttgatgacta cacccagtac ggtotggact

gaaacacggt ggoctcegoaa aggcaaagyge gadocaggaa gtegtoageg

cgaggtcaac cbctacggta tygagoagta cgaaacctac ¢caaccgete

ctteggtgga teecagogbg catccgtocet tgcageagea tooggtatca

ggotacegea aactocaacyg cgggoectgaa cggotggtae ttgtocatge

ggaaggetgg boacgbcteog ggttettegy ctacgacotg caggaccaght

geggtteoge

gacoy

acatcaagga
caacccagga
acgagcagtt
tegeagetge
agggoetggta
getacgacot

gotgtategy

acttaaagga
acctogoaac
tggaggaaca
ccactgeaat
toatgcacaa
gtggtteage

gacca

atatcaagaa
acatcgoaac
tegagagaca
ceagttoact

teatgdacaa

gtggttocege

240

300

k134]

418

60

120

180

300

360

437

60

120

180

240

300

360

418

60

120

i8¢

240

300

360
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-¢ontinued

26

aaactccatg tcgateegte cegacgaggg attactegge gagotecogtg gaceg

<210
<21l>
<212>
<213
<220
<223>

<400>

SEQ IR NO 17

LENGTH: 415

TYPE: DNA

ORGANISM: Unknown

FEATURE: - - -
OTHER INFORMATION: uncultured archaeon

SEQUENCE: 17

agectacace aacgatgrtoe tggacgactt ctgotactace ggegtegact

taagtbcgga ggattegeca agteacccaa gactcetggac atcgorcaagg

tgaggtcaac gectacggea tggageoagta cgaggaatte ccgactétgc

cttoggtgga teccagagag catcogttot ggoagocgoa tooggtatca

cgectotgge cacagocagg taggocttge cggatggtac ctgtetatge

ggaaggotgg ggacgectgg gettettogyg ctacgacety caggatcoaat

caacgtgtte tectaccagt cegacgaggg cgoaccocte gagetgaggy

<210
<21l=>
<212>
<213
<220>
<223

<400>

SEQ ID NO 18

LENGTH: 425

TYPE: DNA

ORCGANI&M: Unknown

FEATURE;

CTHER INFORMATION: uncultured archaeon

SEQUENCE: 18

tgeatacacc gatgatatce togacaataa catctactac gacgttgact

caagtacaac gygtgoagoaa ccatcggoaa ggacaacang ttaaaggoaa

cgtaaaggao attgeaaceg agtccaceat etacggtaty dagacctacg

aacegotott gaagaccact teggtggate ccagagagea accgtgeteg

tggtgttgea tgegeocteg gaaotgoaaa cgocaaoget ggtototogg

¢todatgtac ctgoacaagg aagratgggg cogtotoggt tottodgata

ggaccagtge ggtgecacaa acgtitotgt cotaccaggg cgadgaaggt

aacteogtgy teoca

<210
«21Ll>
212>
<213
«220>
<223

<400

SEQ ID NO 19

LENGTH: 387

TYPE: DNA

ORGANISM: Unknown

FEATURE;

OTHER INFORMATICN: uncultured arghaeon

SEQUENCE: 19

tctacgtoaa gagaaacatg gtggeatege aaaggoaaag gogacacagy

cgacategea accgaggtcea acctetacgg tatggageag tadgagacct

cotogagage cactteggoy gatedeagey tgeatcogte cttgeageag

tteckgtyea atggeaacgg caaactccaa egeegohotg aacggotyggh

getcatgeac aaggaaggeb ggtcacgtet cggittotte ggetacgace

gtgeggites geaaattoda tgtoaatecg tecagacgag ggattactey

tygaccy

<210=
<21l
<2125

SEQ ID NO 20
LENGTH: 415
TYPE: DNA

togeogoaga
agetggecac
tegaggatoa
cttoogacat
toctgcacaa
goggtegaac

gaget

acatcaacga
goatagaaat
agaagttoce
cagetgeage
gotggtacet
cgacattygoa

ctoocagacy

aagttgtcag
accegacoge
cacaaggtat
acctgtogat
tgeaggacoa

gagaactaoag

4156

60

L1120

130
2%0
300
360

415

60
120
180
240
300
360
420

436

60
120

180

200
350

387
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<213» ORGANISM: Unknown
<220> FEATURE:
223> OTHER INFORMATION: uncultured archaeon
<400> SEQUENCE: 20
_ tgcatacace aacgatgtcoe tggacgactt ctgetactac ggegtegact tegeogeaga 60
caagttoggt ggattegoca aggeacccaa gaccctggat atcgecaagg aattggoaac 120
cgaggteaac gettatggeg ttgageagta cgaggoatte ¢dgactetge tegaggstea 180
cttoggtgyga tcccagaggg catcogteet cgeagecgea toeggtabtea cetoagocat 240
cgecteegge cacagceeagy teggtotogeo cggctggfac ctygagoatge tootgcacaa 350
ggaatoctgy ggacygettyy gettottegy ctacgacttg caggateaat geggtocaac 360
caacgtatta tcctaceagt cagacgaggy caaccoogte dgagetgagog dogea 415
«<210= SEQ ID MO 21
<21l> LENGTH: 18
<212»> TYPE: DNA
<213> ORGANISM: Artificial Sequence
«220> FEATURE:
<223> OTHER INFORMATION: Synthetic Conatruct
<400 SEQUENCE: 21
goggttttot aggttgte 18
«<210> SEQ ID NO 22
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificgial Sequence
«220> FEATURE:
«<223> OTHER INFORMATION; Synthetic Cenetruct
«<400> SEQUENCE: 22
cacettgery atatygogg 18

What is claimed is:
1. A method for dechlorinating a mixture of chlorinated
ethanes and chlorinated ethenes, comprising:

contacting a mixture of chlorinated ethanes and chlori-
nated ethenes with a microbial composition comprising
an isolated bloremediative consortimm comprising
steains  of microorganism comprising Clostridium,
Acetobacter, Dehalobacter, Bacteroides, and Proteobac-
teria; and

concurrently anaerobically dechlorinating the mixture of
chlorinated ethanes and chilorinated ethenes,

2. A method for dechlorinating a mixture of chlorinated

ethanes and chlorinated ethenes, comprising:

contacting a mixture of chlorinated ethanes and chlori-
nated ethenes with a microbial composition comprising
an isolated bioremediative consortivm comprising
steains of microorganism comprising Clostridium,
Acetobacter, Dehalobacter, Bacteroides, Protcobacte-
ria, and Methanomicrobia; and ‘

concurrenlly anaerobically dechlorinating the mixture of
chlorinated ethanes and chlorinated ethenes,

40

50

3. A method according to claim 1, wherein the chlorinated
ethanes comprise at least one of 1,1,2,2-tetrachloroethane;
1,1,2-trichloroethane; 1,2-dichloroethane, or chloroethane.

4. A method according to claim 1, wherein the chiorinated
ethenes comprise at least one of cis 1,2-dichloroethens; trans
1,2-dichloroethene; vinyl chloride; or tetrachloroethene.

5. A method according o claim 1, wherein the mixture
further comprises chiorinated methane,

6. A method according to claim 5, wherein the chiorinated
methane comprises carbon tetrachloride or chloroform.

7. A method according to claim 1, wherein the microbial
composition further comprises Dekalococcoides and at least
one of Methanosarcina or Methanosaeta.

8. A method according to claim 1, wherein the microbial
composition comprises strains of microorganism comprising
Clostridiales, Cytophaqa-flavobacterivm-bacterioides, Pro-
teobacteria, and Methancmicrobia.

9. A method according to claim 1, wherein the chlorinated
ethane comprises 1,1,2,2-tetrachloroethane and said anaero-
bically dechlorinating occurs in the presence of tetrachloro-
etheng,



