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a b s t r a c t

The native microbial community of a contaminated sediment from Brentella Canal (Venice Lagoon, Italy)
was enriched in slurry microcosms consisting of sterile sediment suspended in sterile site water in the
presence of 3,3′,4,4′-tetrachlorobiphenyl, 3,3′,4,4′,5- and 2,3′,4,4′,5-pentachlorobiphenyls, 3,3′,4,4′,5,5′-
and 2,3,3′,4,4′,5-hexachlorobiphenyls. The enrichment cultures were characterized at each subculturing
step by 16S rRNA gene Terminal-Restriction Fragment Length Polymorphism (T-RFLP) and Denaturing
Gradient Gel Electrophoresis (DGGE) analysis. About 90% of spiked polychlorinated biphenyls (PCBs) were
stoichiometrically converted into di- and tri-chlorinated congeners by each enriched culture via dechlori-
nation of flanked para chlorines and ortho-flanked meta chlorines. A 2-fold increase in PCB-dechlorination
rate, the disappearance of lag phase, as well as a remarkable increase of sulfate consumption and a
-RFLP
GGE

decline of methanogenic activity, were observed throughout subculturing. A reduction of complexity of
the archaeal community, which was composed by Methanomicrobiales and Methanosarcinales, was also
observed as a result of culture enrichment. The bacterial community included members of the Alpha,
Gamma, Delta and Epsilon divisions of Proteobacteria, Firmicutes and Chloroflexi. Two sequence phylotypes
related to the genus Sulforovum and the species Desulfococcus multivorans and two Chloroflexi enriched
throughout subculturing, thus suggesting that these bacteria were involved in PCB dechlorination in the
marine sediments of Brentella canal.
. Introduction

Polychlorinated biphenyls (PCBs) are priority pollutants that
xtensively accumulate in the anoxic reduced subsurface sedi-
ents of aquatic ecosystems because of their very low water

olubility and high chemical stability [1]. Due to their strong
ydrophobicity, PCBs persisting in such sediments enter the food
hain through sediment dwelling organisms, thus accumulating

n the fatty tissues of animals and humans, where they can exert

ultiple adverse health effects [2,3].
Despite their recalcitrance to biodegradation, the microbial

ediated anaerobic reductive dechlorination of PCBs was reported
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in a variety of anaerobic sediments [4–6]. The process consists in the
sequential reduction of highly chlorinated, toxic and bioaccumula-
ble PCBs into lesser chlorinated congeners commonly having lower
toxicity, lower bioaccumulation potential and higher susceptibil-
ity to undergo mineralization by aerobic bacteria [6]. If occurring
in situ, it might therefore mediate a remarkable detoxification of
the site and/or reduce of the volume of sediments that need to be
removed by expensive and highly impacting dredging operations
[7].

PCB dechlorination and PCB-dechlorinating microbial commu-
nities have been mainly studied in slurry or sediment-free cultures
of a number of freshwater habitats developed in synthetic min-
eral media supplemented with target PCBs [4–6], where reductive
dechlorination has been ascribed to the activity of different indige-

nous dehalogenating bacteria [5,6].

During the last decade, a number of studies investigated the
structure and composition of PCB-dechlorinating microbial com-
munities from freshwater habitats. Several species of the delta
subgroup of Proteobacteria, low-G + C Gram positive bacteria and
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hermotogales, along with a single species with low sequence sim-
larity to Dehalococcoides ethenogenes, were found to be predom-
nant during ortho-dechlorination of 2,3,5,6-tetrachlorobiphenyl
n a methanogenic enrichment culture of an estuarine sedi-

ent collected from the Baltimore Harbor suspended in a salts
edium [8]. A Dehalococcoides-like bacterium, namely bacterium

-17, was later identified as the 2,3,5,6-tetrachlorobiphenyl ortho-
echlorinating microbe in sediment-free enrichments obtained
rom the same culture [9]. Similar results were described for

2,3,4,5-tetrachlorobiphenyl para-dechlorinating sediment-free
ulture enriched from Charleston Harbor estuarine sediments,
here Deltaproteobacteria, low-G + C Gram positive bacteria, Ther-
otogales and Green non-sulfur bacteria were detected [10], along
ith a Dehalococcoides-like microorganism, namely bacterium DF-

, later identified as the dechlorinator [11]. Several phylotypes
losely related to the o-17/DF-1 group as well as sequences highly
imilar to Dehalococcoides spp. were detected in other sediment-
ree cultures enriched from estuarine sediments of Baltimore
arbor capable of dechlorinating different single PCB congeners

12,13] as well as Aroclor 1260 PCBs [14]. PCB-dechlorinating com-
unities enriched from the Woods Pond section of Housatonic

iver and Hudson river in sediment-free mineral medium amended
ith single PCB congeners or Aroclor 1260 were found to contain

everal different phylotypes, such as Betaproteobacteria, Deltapro-
eobacteria, Gammaproteobacteria, Clostridiales, Bacteroidetes and
ehalococcoides spp. [15–17], the latter of which were indicated
s the dechlorinators. On the contrary, no Dehalococcoides spp. or
-17/DF-1-like microorganisms were detected in sediment slurry
ultures that were inoculated with microorganisms eluted from
t. Lawrence river, where the enrichment of sequences highly
omologous to Clostridium pascui and Dehalobacter restrictus was
orrelated to the dechlorination of spiked Aroclor 1248 PCBs
18].

Much less is known about PCB reductive dechlorination pro-
esses and the dehalorespiring microbial communities potentially
ctive in marine sediments [1,19–24], where the occurrence
f different biogeochemical conditions, such as higher salin-
ty, availability of sulfate and occurrence of a wide variety of
alogenated organic compounds naturally produced by indige-
ous organisms, might favor the enrichment of dehalogenating
icroorganisms different from those occurring in freshwater

abitats. Furthermore, knowledge on the activity and diversity
f the native sediment microbial communities enriched in the
resence of water from the site, i.e., under biogeochemical con-
itions very close to those occurring in situ, might provide new

nsights on PCB dehalogenating strains in sediment and informa-
ion of special relevance to design a tailored in situ biostimulation
7].

PCB dechlorination was recently documented in five contam-
nated marine sediments of the Brentella Canal (Porto Marghera,
enice Lagoon) when suspended either in a synthetic marine
edium or in water coming from the site, i.e., under laboratory

eochemical conditions very close to those occurring in situ. Inter-
stingly, the dechlorination was more extensive in the presence of
he site water than in mineral medium [22], thus suggesting the
bility of the PCB-dechlorinating microbial community of the sed-
ment to actively work under the conditions occurring in situ. In
ddition, the process was selective towards meta and para positions
f PCB molecules and was apparently mediated by sulfate-reducing
pore forming bacteria [23]. Finally, it was not primed by the addi-
ion of exogenous PCBs, including coplanar very toxic PCBs, which

owever were extensively dechlorinated with rate, extent and
electivity higher than those described so far in the literature [24].
herefore, it was of special interest to enrich and to characterize the
ediment native microbial communities in charge of the dechlori-
ation process. Culturing conditions miming the biogeochemical
Fig. 1. Flow sheet of the subculturing steps and cultures developed.

features of the site were adopted in order to enrich the microflora
better representing that occurring at the site. This might provide
information on the actual potential of sediments to undergo in situ
natural restoration.

2. Materials and methods

2.1. PCB-dechlorinating cultures

The microbial community from a coplanar PCBs dechlorinat-
ing primary slurry culture [24] consisting of a PCB contaminated
sediment of the Brentella canal (first industrial area of Porto
Marghera, Venice Lagoon, Italy) suspended at 25% (v/v) in its own
site water, hereinafter designated M1C, was subcultured in sterile
slurry microcosms consisting of autoclave-sterilized sediment sus-
pended in filter-sterilized water coming from the same site, in order
to simulate the biogeochemical conditions occurring in situ. In par-
ticular, two transfers of the original culture were made (Fig. 1). For
the first transfer, 7.5 mL of the primary slurry culture M1C were
added to 22.5 mL of a sterile sediment slurry previously prepared
by mixing 5.6 mL of autoclave-sterilized sediment (corresponding
to 5.5 g of sterile dry sediment) with 16.9 mL of filter-sterilized
site water (final volume: 30 mL; inoculum: 25%, v/v). The culture
obtained (25%, v/v sediment slurry; 245 g of dry sediment L−1)
was designated M2C. The second subculturing step was performed
after 7.5 months of incubation of M2C culture. Two cultures were
developed at this step. The first one was obtained by transferring
3.0 mL of M2C culture into 27.0 mL of a sterile sediment slurry con-
sisting of 2.9 mL of autoclave-sterilized sediment (corresponding
to 2.8 g of sterile dry sediment) suspended in 24.1 mL of filter-
sterilized site water (final volume: 30 mL; inoculum: 10%, v/v).
Taking into account the amount of sediment and site water carried
by the inoculum (M2C culture), the culture finally consisted of a 12%
(v/v) sediment slurry (118 g of dry sediment L−1) and was named
M3C-12. The second one was prepared by transferring 3.0 mL of
M2C culture into 27.0 mL of a sterile sediment slurry consisting
of 1.05 mL of autoclave-sterilized sediment (corresponding to 1.0 g
of sterile dry sediment) suspended in 25.95 mL of filter-sterilized
site water (final volume: 30 mL; inoculum: 10%, v/v). Taking into
account the amount of sediment and site water carried by the
inoculum (M2C culture), the culture finally consisted of a 6% (v/v)
sediment slurry (59 g of dry sediment L−1) and was named M3C-6.
All cultures were developed in the presence of the same 5 coplanar
PCB congeners that were originally spiked in the primary slurry

culture (M1C), namely 3,3′,4,4′-tetrachlorobiphenyl, 3,3′,4,4′,5-
and 2,3′,4,4′,5-pentachlorobiphenyl, 3,3′,4,4′,5,5′- and 2,3,3′,4,4′,5-
hexachlorobiphenyl, at the concentration of 100 mg kg−1 of dry
sediment each.
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.2. Culture preparation and sampling

All slurry cultures were prepared with the same sediment of
he Brentella canal and the lagoon water collected at the same site
sed by Zanaroli et al. [24]. The sediment was contaminated by PCBs
artially ascribed to Aroclors 1242 and 1254 (1.6 mg kg−1, on dry wt
asis), and had a density, pH and dry weight, of 1663.4 ± 24.3 g L−1,
.50 ± 0.10 and 59.1 ± 1.8% (w/w), respectively. The water pH and
ontent of Cl−, NO2

− and SO4
2− were 7.40 ± 0.05, 20.45 ± 0.49 g L−1,

3.87 ± 0.05 mg L−1 and 2.05 ± 0.09 g L−1, respectively.
All cultures had a final volume of 30 mL and were prepared

n 50 mL glass serum bottles as follows. The proper amount of
ediment was weighted in 50 mL serum bottles equipped with

magnetic bar. Bottles were flushed with a O2-free N2:CO2
70:30) mixture with a Hungate-similar apparatus for 30 minutes,
ealed with a Teflon coated butyl stopper and aluminium crimp
ealer and autoclaved for 1 h at 121 ◦C, on three consecutive
ays, with incubations at 28 ◦C between each autoclave treat-
ent. Bottles were then opened under a 0.22 �m filter-sterilized

2-free N2:CO2 (70:30) flow and the proper amount of 0.22 �m
lter-sterilized lagoon water was added to the sterile sediment.
he resulting sterile slurry was purged with 0.22 �m filter-
terilized O2-free N2:CO2 (70:30) at room temperature for 2 h
nder vigorous magnetic stirring. While mixing and flushing,
he sterile anaerobic slurry was inoculated with the slurry cul-
ure grown in the previous subculturing step and spiked with

10,000 mg L−1 stock solution of 3,3′,4,4′-tetrachlorobiphenyl,
,3′,4,4′,5- and 2,3′,4,4′,5-pentachlorobiphenyl, 3,3′,4,4′,5,5′- and
,3,3′,4,4′,5-hexachlorobiphenyl in acetone to have a final concen-
ration of 100 mg of each PCB congener per kg of dry sediment.
ottles were then recapped and incubated statically in the dark at
8 ◦C. Periodic sampling was performed in order to analyze the vol-
me and the composition of the head-space gas, the concentration
f SO4

2−, Cl−, NO3
−, NO2

− and that of PCBs. At the end of incubation,
n additional slurry aliquot was sampled to extract metagenomic
NA for the analysis of microbial populations. Sampling was per-

ormed as described by Fava et al. [23].

.3. PCBs extraction and analytical procedures

PCBs were batch extracted from duplicate 0.3 mL aliquots of
ediment slurry with 3 volumes (0.9 mL) of anhydrous diethyl
ther in the presence of octachloronaphthalene (OCN; 0.01 mL
f a 40 mg L−1 stock solution in hexane) and elemental mercury
0.150 mL), in 1.5 mL vials for gas-chromatography (GC) equipped
ith Teflon coated screw caps (Hewlett-Packard Co., Palo Alto, CA,
SA), as described by Fava et al. [23]. The qualitative and quan-

itative analysis of the extracted PCBs was performed with a gas
hromatograph (5890 series II) equipped with a HP-5 capillary col-
mn (30 m by 0.25 mm), a 63Ni electron capture detector and a
890 series II automatic sampler (Hewlett-Packard Co., Palo Alto,
A, USA) under the analytical conditions described by Fava et al.
23].

Qualitative analysis of the freshly spiked PCBs and their pos-
ible dechlorination products was performed by comparing the
etention time (relative to OCN) of the CG peaks obtained from
he analysis of the sediment organic extracts with those of pure
ongeners and of PCBs occurring in standard Aroclor 1242 and
roclor 1254 analyzed under identical conditions. Aroclor PCBs,

njected in the presence of OCN, were identified as described by
ava et al. [23]. Quantitative analysis of PCBs was performed by

sing the GC-ECD response factor of each target PCB obtained
hrough linear calibration curves of Aroclors and pure congeners
s described previously [23]. Linear five-points calibration curves
0.5–10.0 mg L−1 range) were used to determine the GC-ECD
esponse factor for the freshly spiked 3,3′,4,4′-tetrachlorobiphenyl,
s Materials 178 (2010) 417–426 419

3,3′,4,4′,5- and 2,3′,4,4′,5-pentachlorobiphenyl, 3,3′,4,4′,5,5′- and
2,3,3′,4,4′,5-hexachlorobiphenyl, as well as for their dechlorination
products not occurring in the standard Aroclor mixtures and for
lower chlorinated PCBs, such as 2,4-/2,5-, 2,4′-/2,3- 3,4-, 3,4′- and
3,3′-dichlorobiphenyl and 2-, 3- and 4-chlorobiphenyl. Response
factors were verified monthly. For data calculations, co-eluting
congeners and homologues were assumed to be present in equal
proportions. The concentrations were expressed as �mol of PCB
kg−1 of dry sediment. The chlorination degree was reported as
average number of Cl per biphenyl, calculated as follows:

N =
∑

Ci · ni∑
Ci

;

where Ci is the concentration of each detected PCB congener
(�mol kg−1 of dry sediment) and ni is its number of Cl substituents.

The dechlorination rate was expressed as �mol of Cl released
kg−1 of dry sediment week−1 and calculated as follows:

v =
(∑

Ci · ni

)
initial

−
(∑

Ci · ni

)
final

t
;

where Ci is the concentration of each detected PCB congener
(�mol kg−1 of dry sediment), ni is its number of Cl substituents
and t is the incubation time (weeks).

Gas production in the microcosms was measured with an air-
tight syringe while its composition in CH4, CO2, N2 and O2 was
analyzed with a Varian TCD 3300 gas chromatograph equipped
with a Carbosieve S-II stainless steel column (3 m by 1/8 in. internal
diameter) (Supelco, Inc., Bellefonte, PA, USA) and thermal conduc-
tivity detector (Varian Inc., Palo Alto, CA, USA) as described by Fava
et al. [23].

The concentration of SO4
2−, Cl−, NO3

− and NO2
− in the

water phase of the sediment slurry was determined by using a
Dionex DX-120 ion chromatograph equipped with an IonPac AS14
4 mm × 250 mm column, a conductivity detector combined to an
ASRS-II Ultra conductivity suppressor system (Dionex, Sunnyvale,
CA, USA) as described elsewhere [23]. Linear four-point calibration
curves (1.0–20.0 mg L−1 range) for SO4

2−, Cl−, NO3
− and NO2

− were
obtained by using mixtures of these compounds.

2.4. Metagenomic DNA extraction

Metagenomic DNA was extracted from approximately 250 mg
of wet sediment obtained from the slurry centrifugation (0.6 mL
for M1C and M2C, 1.25 mL for M3C-12 and 2.5 mL for M3C-6) at
14,000 rpm for 10 minutes. DNA was extracted with the UltraClean
Soil DNA kit (Mo Bio Laboratories, Carlsbad, CA, USA) according to
the manufacturer’s instructions with some modification. In par-
ticular, 4.5 �L of a 100 mg mL−1 Proteinase K solution in sterile
deionized water plus 8.2 �L of a 100 mg mL−1 Lysozyme solution
in sterile deionized water were added to the sediment suspension
in the bead solution provided with the kit. Sediment suspension
was then incubated at 37 ◦C on a rotary shaker for 30 min prior to
chemical (with SDS-containing S1 solution provided with the kit)
and mechanical (bead beating on vortex at maximum speed for
10 min) cell lysis. DNA was eluted in 50 �L of TE buffer pH 8.0 and
its quality checked on 1.0% (w/v) agarose gel stained with ethidium
bromide.

2.5. 16S rRNA gene T-RFLP analysis
For 16S rRNA gene T-RFLP analysis, PCR amplification was
performed in 50 �L reaction mixtures containing 1× PCR buffer
(Invitrogen, Paisley, UK), 1.5 mM MgCl2, 0.2 mM each dNTP,
0.4 mM each primer, 2.0 U of Taq polymerase (Invitrogen, Pais-
ley, UK), and 2.0 �L of template DNA. The primers pairs
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sed were 5′-end 6-carboxyfluorescein-labelled 6-FAM-27f (5′-
GAGTTTGATCMTGGCTCAG-3′) plus 1525r (5′-AAGGAGGTGW-
CCARCC-3′) for Bacteria [25], and 5′-end 6-carboxyfluorescein-
abelled 6-FAM-25f (5′-CTGGTTGATCCTGCCAG-3′) [26] plus 1517r
5′-ACGGCTACCTGGTTACGACTT-3′) [27] for Archaea. Reaction

ixtures were held at 94 ◦C for 2 min, followed by 30 cycles of
mplification at 94 ◦C for 30 s, 55 ◦C for 30 s, and 72 ◦C for 45 s and a
nal extension of 72 ◦C for 10 min. Twenty ng of each fluorescently

abelled amplicon were digested with MnlI at 37 ◦C for 2 h in a 20 �L
eaction. The digested amplicons were ethanol precipitated and
esuspended in a mixture of 14.8 �L of deionized formamide and
.2 �L of DNA fragment length internal standard (ROX 500; Applied
iosystems, Foster City, CA, USA). Fluorescently labeled T-RFs were
eparated by capillary electrophoresis in an ABI 310 genetic ana-
yzer. T-RFLP information was analyzed with 310 Genescan version
.1 software (Applied Biosystems, Foster City, CA, USA).

To determine identity of Terminal-Restriction Fragments (T-
Fs) detected, 50 clones randomly selected from bacterial and
rchaeal 16S rRNA gene clone libraries of M3C-6 culture were indi-
idually examined using T-RFLP analysis and representatives of
ach T-RF were sequenced. 16S rRNA genes from M3C-6 microcosm
ere PCR amplified with primer pairs 27F-1525r and 25f-1517r as
escribed above, cloned in pCR®4-TOPO® cloning vector (Invitro-
en, Paisley, UK) and the resulting plasmids inserted in chemically
ompetent One Shot® TOP10 E. coli cells (Invitrogen, Paisley, UK)
ccording to the manufacturer’s instructions. Transformed cells
ere plated on LB agar plates containing 100 �g mL−1 ampicillin

nd incubated overnight at 37 ◦C. Fifty colonies form each clonal
ibrary were randomly tooth-picked and grown overnight in liquid
B medium with 100 �g mL−1 ampicillin. Library screening used
lasmid extraction, PCR amplification with fluorescent forward
rimers and T-RFLP analysis of insert. Plasmids extractions were
erformed with the Qiaprep Spin miniprep kit (Qiagen, Valencia,
A, USA) according the manufacturer’s instruction. PCR amplifica-
ion and T-RFLP analysis of inserts were performed as described
bove. Inserts producing unique T-RFs were sequenced with 27f
Bacteria) or 25f (Archaea) primers.

.6. 16S rRNA gene PCR-DGGE analysis

For Bacterial DGGE analysis, PCR amplification was performed
ith primers GC-357f (5′-CGCCCGCCGCGCCCCGCGCCCGGCCCGC-
GCCCCCGCCCCCTACGGGAGGCAGCAG-3′) and 907r (5′-CCGTCAA-
TCCTTTGAGTTT-3′) [28] in 50 �L reaction mixtures containing
× PCR buffer (Invitrogen, Paisley, UK), 1.5 mM MgCl2, 0.12 mM
ach dNTP, 0.3 mM each primer, DMSO 5%, 1.0 U of Taq poly-
erase (Invitrogen, Paisley, UK) and 10.0 ng of template DNA.

he reaction began with an initial 94 ◦C denaturation for 4 min,
ollowed by 10 cycles of 94 ◦C for 30 s, 61 ◦C for 1 min, 72 ◦C
or 1 min, 20 cycles of 94 ◦C for 30 s, 56 ◦C for 1 min, 72 ◦C for
min and a final extension at 72 ◦C for 7 min. Archeal 16S rRNA
ene DGGE analysis was performed with a hot start polymerase
hain reaction (PCR) protocol using primers GC-344f (5′-CGCC-
GCCGCGCCCCGCGCCCGTCCCGCCGCCCCCGCCCCACGGGG(C/T)G-
AGCAGGCGCGA-3′) [29] and 915r (5′-GTGCTCCCCCGCCAATTCCT-
′) [30] in 50 �L reactions as described above. The thermal cycles
sed for amplification were as follows: 10 min preincubation at
5 ◦C, 20 cycles of 94 ◦C for 1 min, 65 ◦C for 1 min, 72 ◦C for 3 min,
0 cycles of 94 ◦C for 1 min, 55 ◦C for 1 min, 72 ◦C for 3 min, and a
nal extension step at 72 ◦C for 7 min.

PCR products were resolved with a D-Code apparatus (Bio-Rad,

ilan, Italy) on a 7% (w/v) polyacrylamide gel (acrylamide-N,N′-
ethylenebisacrylamide, 37:1) in 1× TAE with a denaturing

radient from 40% to 60% denaturant for Bacteria and from 40% to
0% for Archaea, where 100% denaturant is 7 M urea and 40% (v/v)
ormamide. The electrophoresis was run at 90 V for 15 h at 60 ◦C.
s Materials 178 (2010) 417–426

The gel was stained in a solution of 1× SYBR-Green (Sigma–Aldrich,
Milwaukee, WI) in 1× TAE for 30 min and its image captured in
UV transillumination with a digital camera supported by a Gel Doc
apparatus (Bio-Rad, Milan, Italy). Bands were cut from the gel with
a sterile scalpel and DNA was eluted by incubating the gel frag-
ments for 16 h in 50 �L of sterile deionized water at 4 ◦C. Eight �L
of the solution were then used as template to re-amplify the band
fragment using the same primers without the GC-clamp (357f-907r
and 344f-915r) and the same PCR conditions described above. The
obtained bacterial and archaeal amplicons were then sequenced
with primer 907r and 915r, respectively, as described below.

2.7. Sequencing and phylogenetic analysis

Sequencing was performed after amplicon purification with
EXOSAP (USB Corporation, Cleveland, Ohio, US) according to the
manufacturer’s instructions. Sequencing reactions and runs were
performed by BMR Genomics (Padova, Italy).

For each 16S rRNA gene sequence, the most closely related
sequence and the sequence of the most closely related cultured
bacterial strain were retrieved from the GenBank database by using
MEGABLAST and from the Ribosomal Database Project-II by using
the SEQUENCE MATCH tool. Sequences were submitted to GenBank
database under accession numbers GQ423355 to GQ423393.

2.8. Chemicals

3,3′,4,4′-tetrachlorobiphenyl, 3,3′,4,4′,5- and 2,3′,4,4′,5-pentac-
hlorobiphenyl, 3,3′,4,4′,5,5′- and 2,3,3′,4,4′,5-hexachlorobiphenyl,
OCN, Aroclor 1242, Aroclor 1254 and pure PCBs used as analyti-
cal standards were provided by Ultra-Scientific (North Kingstown,
RI, USA). Anhydrous diethyl ether, acetone and hexane (both for
pesticide analysis in capillary column GC systems) as well as the
ultra-resi analyzed water for ion chromatography were supplied
by Mallinckrodt-Baker (Phillipsburg, NJ, USA). Inorganic ions for IC
analysis were provided by Aldrich (Strenheim, Germany).

3. Results and discussion

3.1. PCB dechlorination and other microbial activities

Spiked 3,3′,4,4′,5,5′- and 2,3,3′,4,4′,5-hexachlorobiphenyl,
3,3′,4,4′,5- and 2,3′,4,4′,5-pentachlorobiphenyl and 3,3′,4,4′-
tetrachlorobiphenyl were initially detected in the slurry culture
M2C (i.e., the first subculturing step inoculated with M1C culture)
at the concentration of 406 ± 21, 369 ± 19, 405 ± 28, 439 ± 37 and
382 ± 40 �mol kg−1 of dry sediment, respectively. Some lower
chlorinated PCBs not occurring in the spiked mixture were also
detected in the microcosm at the beginning of incubation (Fig. 2);
these PCBs were not occurring in the original sediment [24], and
derived from M1C culture used as inoculum (25%, v/v), where
they markedly accumulated as intermediate or final dechlorina-
tion products of coplanar PCBs [24]. Dechlorination activity was
detected in M2C culture after the first 1.5 months of incubation,
when 3,3′,4,4′,5,5′-CB, 2,3,3′,4,4′,5-CB, 3,3′,4,4′,5-CB, 2,3′,4,4′,5-CB
and 3,3′,4,4′-CB were depleted by 7, 28, 32, 27 and 21%, respec-
tively, and bioconverted into medium chlorinated congeners, such
as 2,3,3′,4′,5-CB, 3,3′,4,5′-CB, 2,3′,4,4′-CB, 2,3′,4′,5-CB 2,3′,4,5-CB
and 3,3′,5-CB (Fig. 2). Such PCBs were then further bioconverted
into less chlorinated congeners, mainly 2,3′,5-CB, 2,4-/3,4′-CB
and 3,3′-CB (Fig. 2). After 7.5 months of incubation, the spiked

3,3′,4,4′,5,5′-CB, 2,3,3′,4,4′,5-CB, 3,3′,4,4′,5-CB, 2,3′,4,4′,5-CB and
3,3′,4,4′-CB were depleted by 77, 84, 95, 89 and 97%, respectively
(Fig. 2), and the average chlorination degree was reduced from the
initial 5.2 to 3.0 chlorines per biphenyl molecule (Fig. 3). With the
exception of 2-CB, that markedly accumulated only in the primary
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ig. 2. Concentration (�mol kg−1 of dry sediment ± standard deviation) of spiked
oplanar PCBs and of their dechlorination products throughout incubation in M2C
A), M3C-12 (B) and M3C-6 (C) cultures.

ulture M1C, the same final dechlorination products were accu-
ulated both in M1C and M2C cultures (24; Fig. 2). This suggests

hat the main dechlorination activity detected in M1C culture [24],
orresponding to pattern H′ described by Bedard and Quensen [4],
as maintained after subculturing, whereas the additional meta
echlorination activity detected in M1C was partially lost with sub-
ulturing. In addition, unlike in M1C culture, where dechlorination
ctivity started after the fifth month of incubation, no lag phase

as observed in M2C culture, where the dechlorination started

mmediately (Fig. 3). Finally, the dechlorination rate observed in
2C culture (179 ± 25 �mol of Cl removed kg−1 of dry sediment
eek−1) was higher than that observed in M1C (112 ± 26 �mol of
l removed kg−1 of dry sediment week−1) (Fig. 3).
Fig. 3. Average number of Cl per biphenyl in M1C (squares), M2C (circles), M3C-
12 (solid diamonds) and M3C-6 (empty diamonds) cultures throughout incubation.
PCB-dechlorination rates (�mol Cl removed kg−1 dry sediment week−1 ± standard
deviation) are given in parenthesis.

A similar dechlorination activity towards spiked coplanar PCBs
was observed after further subculturing with the development of
M3C-12 and M3C-6 cultures, where no lag phase and the accumu-
lation of the same dechlorination intermediates and final products
detected in M2C were observed (Figs. 2 and 3). In M3C-12, the initial
average chlorination degree was reduced from 4.9 to 2.8 chlorines
per biphenyl molecule within 5.5 months of incubation, leading to
depletion of spiked 3,3′,4,4′,5,5′-CB, 2,3,3′,4,4′,5-CB, 3,3′,4,4′,5-CB,
2,3′,4,4′,5-CB and 3,3′,4,4′-CB by 95, 83, 89, 93 and 95%, respectively,
with a overall dechlorination rate of 232 ± 36 �mol of Cl removed
kg−1 of dry sediment week−1 (Fig. 3). A slightly lower dechlori-
nation activity was observed in M3C-6 culture, where a reduction
from 5.3 to 3.4 chlorines per biphenyl and a dechlorination rate of
219 ± 48 �mol of Cl removed kg−1 of dry sediment week−1 were
measured during 5.5 months of incubation (Fig. 3). A remark-
able increase in the dechlorination rate was therefore observed
throughout subculturing of M1C culture in sterile sediment slur-
ries developed with site water and exogenous coplanar PCBs. This
finding suggests that the marine microbial community of Brentella
canal capable of dechlorination pattern H′ was enriched under bio-
geochemical conditions close to those occurring in situ. In addition,
the dechlorination of coplanar PCBs by the enriched microbial com-
munity of Brentella canal was remarkably higher and broader than
that reported previously in river sediments, where PCB dechlorina-
tion was slow and limited only to the meta or to the para positions of
the two PCB congeners 3,3′,4,4′-tetrachlorobiphenyl and 3,3′,4,4′,5-
pentachlorobiphenyl [31].

Sulfate-reducing and methanogenic activities were also mon-
itored throughout subculturing in order to gain information on
the indigenous microbial components involved in PCB dechlori-
nation. A noteworthy sulfate reduction, that completely depleted
the initially available 1.9 g L−1 of sulfate during the first month of
incubation, was detected in M2C culture (Fig. 4). A remarkable bio-
gas production (36.2 mL) was also detected during the first 2.5
months of incubation; however, only 23.7% of produced biogas
(corresponding to 7.4 mL) was methane (Fig. 4). A sulfate reduc-
tion comparable to that detected in M2C was observed in M3C-12
and M3C-6 cultures, where sulfate was completely depleted after
1.5 months of incubation. On the contrary, a significantly lower
amount of biogas (11.5 mL) and methane (2.2 mL) was produced
in M3C-12 culture, whereas no methane and only 2.2 mL of bio-

gas were produced in M3C-6 culture (Fig. 4). These data indicate
that methanogenic activity was progressively reduced throughout
subculturing, thus suggesting that methanogens are not involved
in the dechlorination process. On the other hand, the increasing
sulfate-reduction activity detected in M2C, M3C-12 and M3C-6 cul-
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ig. 4. Sulfate concentration (triangles), total biogas (squares) and methane (dia-
onds) evolution in M2C (A), M3C-12 (B) and M3C-6 (C) cultures throughout

ncubation.

ures suggests that sulfate reduction was associated to it. This is in
ccordance with previous findings observed in marine sediments
f the Brentella canal suspended in their own site water [22–24]
nd in Hudson river [32] and estuarine [9,11] sediments incubated
n reduced anaerobic minimal medium. However, while in previ-
us studies PCB dechlorination started only after complete sulfate
onsumption [24,32], in M2C, M3C-12 and M3C-6 enrichments
t occurred both during sulfate reduction and after the complete
epletion of sulfate. This seems to indicate that other forms in
ddition to sulfate-reducing bacteria were involved in PCB dechlo-
ination in the enrichment microcosms developed in this study.
his hypothesis is supported by a recent evidence that the growth
nd activity of PCB-dechlorinating cultures is associated to the co-
ccurrence of sulfate-reducing bacteria [33].
.2. Characterization of bacterial communities

According to T-RFLP analysis, remarkable changes in the bacte-
ial community occurred throughout subculturing (Fig. 5A). M1C
s Materials 178 (2010) 417–426

and M2C shared 8 T-RFs out of 19 and 14 total T-RFs, respectively,
corresponding to a Sorensen’s similarity coefficient of 0.48; M1C
shared 5 T-RFs with M3C-12 (20 T-RFs) and 6 T-RFs with M3C-
6 (17 T-RFs), corresponding to Sorensen’s similarity coefficients
of 0.26 and 0.33, respectively; M2C shared 8 T-RFs with M3C-12
and 6 T-RFs with M3C-6, resulting in Sorensen’s similarity coef-
ficients of 0.47 and 0.39, respectively. Finally, the most similar
bacterial T-RFLP profiles were those of M3C-12 and M3C-6, i.e.,
the second transfer cultures having the highest PCB-dechlorinating
activity, that shared 12 T-RFs (Sorensen’s similarity coefficient of
0.65) (Fig. 5A). Four T-RFs, 119, 196, 206 and 213 bp long, were
detected in all subculturing steps (Fig. 5A). T-RF 119, the major T-
RF in all cultures with relative abundance of 46, 47, 48 and 53%
in M1C, M2C, M3C-12 and M3C-6 profiles, respectively, was gen-
erated by M3C-6 clones having the highest sequence similarity
to the genus Sulfurovum of the Epsilon subgroup of Proteobacteria
(Table 1). T-RF 206 was identified as a Chloroflexi having low sim-
ilarity (88% identity) with Dehalococcoides sp. BHI80-15, whereas
no clones representing T-RFs 196 and 213 were found in M3C-6
clone library. In addition, seven T-RFs, namely 145, 152, 208, 212,
214, 217 and 230 bp T-RFs, were detected only or had higher rel-
ative abundance both in M3C-12 and M3C-6 (Fig. 5A). With the
exception of T-RFs 145 and 230, that were not represented by any
clone in the library, all these T-RFs were identified as Deltapro-
teobacteria (Table 1). Clones representing T-RF 152 had 89% identity
with the sulfate-reducing bacterium Desulfosarcina variabilis, those
representing T-RF 208 had 99% identity with the sulfate-reducing
bacterium Desulfococcus multivorans, whereas those producing T-
RFs 210, 212 and 214 had 86–88% identity with Syntrophus spp.

Changes in the bacterial community profile throughout sub-
culturing were also observed when comparing the structure of
the communities by DGGE (Fig. 6A). The highest similarity was
observed between M3C-12 and M3C-6 (Sorensen’s similarity coef-
ficient: 0.91), whereas decreasing similarity was detected between
M2C and M3C-12 or M3C-6 (Sorensen’s similarity coefficient: 0.83),
M1C and M2C (Sorensen’s similarity coefficient: 0.57) and between
M1C and M3C-12 or M3C-6 (Sorensen’s similarity coefficient: 0.32
and 0.42, respectively). Three DGGE bands, namely 11E, 3E and
20E, were detected in all subculturing steps (Fig. 6A). Band 11E had
high sequence similarity to the genus Thioalkalispira of Gammapro-
teobacteria, band 3E to the genus Anaerovorax of Firmicutes, whereas
band 20E showed high sequence similarity with an uncultured
Chloroflexi bacterium (Table 2). Three additional bands (5E, 7E
and 8E) with high sequence similarity to members of the phylum
Firmicutes (Table 2) were dominant in the primary culture M1C,
but they disappeared from band pattern throughout subculturing
(Fig. 6A). On the contrary, several bands (10E, 17E, 12E, 13E and 19E)
enriched in M2C, M3C-12 and M3C-6 cultures (Fig. 6A). Band 10E
had 98% sequence similarity to the genus Sulfurovum of Epsilonpro-
teobacteria and showed more than 99% identity with the sequence
portion that shared with clones of M3C-6 culture representing
T-RF 119. Band 17E had high sequence similarity with an uncul-
tured Alphaproteobacterium, whereas bands 12E, 13E and 19E
were highly similar to the same uncultured bacterium clone G135
and had low homology to Firmicutes (Table 2). In addition, band
14E was the dominant phylotype in M2C culture, with 98% identity
to the uncultured Chloroflexi bacterium clone SF1, that was previ-
ously indicated as the PCB dechlorinator with selectivity for singly
flanked chlorines in sediment-free cultures enriched in synthetic
medium from estuarine sediments of Baltimore Harbor [12]. Band
14E was also detected in the two most active PCB-dechlorinating

cultures M3C-12 and M3C-6; however, it did not clearly represent
the dominant phylotype in these enrichment cultures, since it was
detected only at low intensities (Fig. 6A). Finally, band 18E was
detected only in M3C-12 and M3C-6 cultures and exhibited 98%
sequence identity with D. multivorans (Fig. 6A, Table 2), i.e., the clos-
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st relative of M3C-6 clones representing T-RF 208. Overall, DGGE
nalysis indicated that Firmicutes (bands 5E, 7E, 8E) were lost upon
ubculturing, whereas several phylotypes, such as an uncultured
hloroflexi (band 20E), a Sulfurovum sp. (band 10E), a D. multivorans
band 18E), an uncultured Alphaproteobacterium (band 17E) and
hree unidentified bacteria (bands, 12E, 13E, 19E) were enriched in

2C, M3C-16 and M3C-6 throughout subculturing.

Both T-RFLP and DGGE analysis revealed that shifts in the bacte-

ial community occurred throughout subculturing of the coplanar
CB-dechlorinating microbial population from Venice lagoon sed-
ments under laboratory biogeochemical conditions close to those
ccurring in situ. With both fingerprinting methods, the highest

able 1
hylogenetic affiliation of bacterial clones from M3C-6 culture representing Terminal-Re

T-RF (bp) Phylogenetic group Closest classified relative
(% certainty)

Closest matc

119 Epsilonproteobacteria
(100%)

Sulfurovum (98%) Uncultured
proteobacte
XME7 [EF06

152 Deltaproteobacteria
(100%)

Desulfobacca (37%) Uncultured
clone d1-33

206 Chloroflexi (74%) Caldilinea (38%) Uncultured
bacterium c
[EF061967]

208 Deltaproteobacteria
(100%)

Desulfococcus (100%) Uncultured
sp. clone HK
[DQ989471]

210 Deltaproteobacteria
(100%)

Smithella (62%) Uncultured
clone Er-MS
[EU542439]

212 Deltaproteobacteria
(97%)

Smithella (66%) Uncultured
proteobacte
GoM IDB-33

214 Deltaproteobacteria
(100%)

Smithella (80%) Uncultured
clone Er-LLA
[EU542518]

217 Deltaproteobacteria
(100%)

Desulfobacterium (93%) Uncultured
clone SSS22
ment) of bacterial (A) and archaeal (B) populations in each culture at the end of
6 cultures.

level of similarity was found between the two most active PCB-
dechlorinating cultures M3C-12 and M3C-6, whereas the lowest
similarity was detected when comparing M3C-12 and M3C-6 with
the primary culture M1C.

Since PCB-dechlorination activity increased throughout sub-
culturing, phylotypes occurring in all subculturing steps and/or
selectively enriched throughout subculturing might represent PCB

dehalogenating members of the microbial community. Indeed,
according to T-RFLP analysis, an Epsilonproteobacterium phylo-
type strictly related to the genus Sulfurovum (T-RF 119) was
dominant in all enriched cultures. The same phylotype was
also detected by DGGE (band 10E) in all cultures except M1C,

striction Fragments (T-RFs) detected by T-RFLP analysis.

h [accession #] % identity Closest described
bacterium [accession #]

% identity

epsilon
rium clone
1976]

96% Bacterium 2BP-7
[AF121887]

95%

bacterium
[AM409909]

92% Desulfosarcina variabilis
[M26632]

89%

Chloroflexi
lone XME3

96% Dehalococcoides sp.
BHI80-15 [AJ431246]

88%

Desulfococcus
T951

100% Desulfococcus multivorans
DSM 2059 [AF418173]

99%

bacterium
-29

91% Syntrophus gentianae
HQgoe1 (T) [X85132]

88%

delta
rium clone
[AY542232]

92% Syntrophus aciditrophicus
SB [CP000252]

88%

bacterium
YS-61

98% Syntrophus aciditrophicus
SB [CP000252]

86%

bacterium
A [EU592480]

93% Bacterium 2BP-6
[AF121886]

91%
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umbering is on the right side of each gel.

.e., the lowest rate PCB-dechlorinating culture. However, to our
nowledge, no Epsilonproteobacteria were previously detected in
CB-dechlorinating cultures enriched either from freshwater or
arine habitats, and a single Epsilonproteobacterium clone (2BP-7

AF121887]) having high sequence identity (95%) with phylotype
epresenting T-RF 119/band 10E was earlier detected only in a sul-
dogenic 2-bromophenol dehalogenating culture enriched from
rthur Kill estuarine sediments [34].

Members of the Chloroflexi phylum (T-RF 206, bands 14E and
0E) and a microorganism strictly related to the sulfate-reducing
acterium D. multivorans (T-RF 208, band 18E) were also detected
r enriched throughout subculturing. Several studies recently
eported that a number of Dehalococcoides spp. or Dehalococcoides-
elated microorganisms occur in PCB-dechlorinating cultures and
uggested they play a key role in PCB dechlorination [9,11,13–17].
n addition, a PCB-dechlorinating Chloroflexi ultramicrobacterium

as recently grown in pure culture in mineral medium supple-
ented with cell extracts of sulfate-reducing bacteria [33]. One of

he detected Chloroflexi had high similarity with bacterium SF1, a
lone identified as the PCB dechlorinator in estuarine, sediment-
ree cultures [12]. However, this microorganism was not enriched
n the most active PCB-dechlorinating cultures M3C-12 and M3C-
, where it was detected at low band intensities. None of the two
hloroflexi phylotypes that enriched throughout subculturing was
ound to have high sequence similarity to either Dehalococcoides
pp. or Dehalococcoides-like microorganisms detected so far in PCB-
echlorinating cultures. However, while previous investigations
ocused on microbial communities enriched from freshwater and

stuarine sediments suspended in synthetic mineral media, the
CB-dechlorinating microbial community described here is the first
ne enriched from an actual site marine sediment, and the first one
btained by subculturing the microflora in sediment and water
oming from the site. Thus, it cannot be excluded that different
end of incubation. Arrows indicate bands that were excised and sequenced. Band

putative PCB-dechlorinating Chloroflexi may have been enriched
in our cultures due to the different sediment source and/or the
different biogeochemical culturing conditions employed.

Some differences in phylotype detection with the two finger-
printing methods were also observed. In particular, the enrichment
of 1 Gammaproteobacterium, 1 Alphaproteobacterium and 3 Firmi-
cutes that were not identified in T-RFLP profiles was detected by
DGGE analysis. This difference in detection may be a result of dif-
ferent primers used and/or PCR biases [35,36]. In addition, T-RFs
identification via T-RFLP analysis of clone library was carried out
only on M3C-6 culture, where not all T-RFs were successfully iden-
tified, and this has probably limited the information obtained by
T-RFLP analysis.

3.3. Characterization of archaeal communities

The same approach was used to investigate the structure of the
archaeal community at the end of each subculturing step. Accord-
ing to T-RFLP analysis, 14, 13, 10 and 7 T-RFs were detected in
M1C, M2C, M3C-12 and M3C-6 cultures, respectively (Fig. 5B).
In particular, phylotypes represented by T-RFs 51, 210, 211, 216,
222, 225, 230 and 262 in M1C culture disappeared throughout
subculturing, while T-RFs 239 and 243 became dominant in M3C-
12 and M3C-6 cultures. Clones representing the two dominant
T-RFs 239 and 243 had the highest identity to two mesophilic
aceticlastic methanogens strains of Methanosaeta harundinacea,
whereas clones representing less abundant T-RFs 52, 259 and 321
had high similarity to Methanosarcina semesiae and to unidentified

Euryarchaeote clones GoM161 and KZNMV-10-A9, respectively
(Table 3). The occurrence of Methanosaeta spp. has been detected in
previous studies on microbial communities of PCB-dechlorinating
slurry cultures of estuarine [8] and river sediments [18]. However,
in both cases their enrichment was observed in PCB-free controls
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Table 2
Phylogenetic affiliation of bands excised from the bacterial community DGGE gel of M1C, M2C, M3C-12 and M3C-6 cultures.

DGGE band Phylogenetic group Closest classified relative
(% certainty)

Closest match [accession #] % identity Closest described
bacterium [accession #]

% identity

17E Alphaproteobacteria
(100%)

Jannaschia (59%) Uncultured bacterium
clone SSW53Au
[EU592324]

97% Thalassobius aestuarii
[EU687495]

96%

14E Chloroflexi (10%) Caldilinea (7%) Uncultured Chloroflexi
bacterium clone SF1
[DQ021870]

98%

20E Chloroflexi (100%) Levilinea (60%) Uncultured Chloroflexi
bacterium clone Ctrl1-8D
[EU522649]

98%

18E Deltaproteobacteria
(100%)

Desulfococcus (100%) Desulfococcus multivorans
[AF418173]

98%

10E Epsilonproteobacteria
(100%)

Sulfurovum (100%) Uncultured epsilon
proteobacterium clone
XME34 [EF061978]

99% Proteobacterium Dex60-82
[AJ431218]

97%

3E Firmicutes (100%) Anaerovorax (99%) Uncultured Anaerovorax
clone C14B-1H [EU073780]

97% Anaerovorax odorimutans
[AJ251215]

94%

19E Firmicutes (61%) Thermacetogenium (13%) Uncultured bacterium
clone G135 [DQ521095]

95%

13E Firmicutes (66%) Succinispira (37%) Uncultured bacterium
clone G135 [DQ521095]

98%

12E Firmicutes (73%) Succinispira (36%) Uncultured bacterium
clone G135 [DQ521095]

97%

6E Firmicutes (98%) Aminomonas (44%) Uncultured bacterium
clone WLEA-19 [EF117527]

97% Thermovirga lienii strain
Cas60314 [DQ071273]

91%

7E Firmicutes (98%) Aminomonas (70%) Uncultured Thermovirga sp.
clone TCB169x [DQ647105]

97% Thermovirga lienii strain
Cas60314 [DQ071273]

94%

8E Firmicutes (99%) Aminomonas (81%) Uncultured Thermovirga sp.
clone TCB169x [DQ647105]

98% Thermovirga lienii strain
Cas60314 [DQ071273]

94%

5E Firmicutes (99%) Peptococcaceae2 (42%) Uncultured Peptococcaceae
bacterium clone A2Dmac
[DQ386214]

94% Desulfotomaculum
geothermicum [AJ621886]

90%

2E Gammaproteobacteria
(100%)

Alkalispirillum (53%) Ectothiorhodospiraceae
bacterium Su4 [EU837269]

99% Thiohalomonas denitrificans
strain HLD 2 [EF117909]

92%

11E Gammaproteobacteria
(100%)

Thioalkalispira (100%) Uncultured gamma
proteobacterium clone 56S
1B 19 [DQ837265]

99% Thioalkalispira
microaerophila [AF481118]

95%

9E Gammaproteobacteria
(100%)

Thioalkalispira (100%) Thiomicrospira sp. Ch-1
[AF013975]

96% Thiomicrospira arctica
[AJ404731]

94%

Table 3
Phylogenetic affiliation of archaeal clones from M3C-6 culture representing Terminal-Restriction Fragments (T-RFs) detected by T-RFLP analysis.

T-RF (bp) Phylogenetic group Closest classified relative Closest match % identity

52 Euryarchaeota (100%) Methanosarcina (100%) Methanosarcina semesiae strain MD1 [AJ012742] 97%
239 Euryarchaeota (100%) Methanothrix (100%) Methanosaeta harundinacea strain 6Ac [AY970347] 92–94%

Methanosaeta harundinacea strain 8Ac [AY817738] 91–93%
243 Euryarchaeota (100%) Methanothrix (60%-73%) Methanosaeta harundinacea strain 8Ac [AY817738] 97%

Methanosaeta harundinacea strain 6Ac [AY970347] 94–97%
Uncultured archaeon clone WLEC-78 [EF117486] 96–97%

259 Euryarchaeota (100%) Methanoplanus (61%) Uncultured euryarchaeote clone GoM161 Arch1 [AM745169] 92%
321 Euryarchaeota (65%) Methanosphaera (12%) Uncultured archaeon clone KZNMV-10-A9 [FJ712378] 97%

Table 4
Phylogenetic affiliation of bands excised from the archaeal community DGGE gel of M1C, M2C, M3C-12 and M3C-6 cultures.

DGGE band Phylogenetic group Closest classified relative Closest match % identity

)
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1A Euryarchaeota (100%) Methanogenium (62%)
2A Euryarchaeota (96%) Methanothermococcus (42%
4A Euryarchaeota (100%) Methanothrix (84%)

ather than in the actively PCB-dechlorinating cultures, thus sug-
esting that they are not directly involved in PCB dechlorination.

A much lower diversity of the archaeal population was detected
n DGGE fingerprinting profiles (Fig. 6B), where only three bands

ith sequence similarity to uncultured Euryarchaeote clones were

etected (Table 4). As suggested above, this might be the conse-
uence of the different primer pairs used and/or PCR biases. In
ddition, the lower sensitivity of the DGGE technique, as compared
o T-RFLP, might have prevented the detection of low abundant
hylotypes.
Uncultured euryarchaeote clone GoM161 [AM745169] 95%
Uncultured archaeon clone 12-PML [AF477923] 99%
Uncultured archaeon clone MOB7-5 [DQ841240] 100%

4. Conclusions

The PCB dehalogenating microbial community of a marine sed-
iment from the Brentella canal (Venice lagoon), was enriched in
laboratory slurry microcosms consisting of sediment suspended

in the water of the site, i.e., under biogeochemical conditions that
mimic those occurring in situ. The enriched culture dechlorinated
five of the most toxic, dioxin-like coplanar PCB congeners with
rate and extent remarkably higher than those reported so far in
the literature [31]. Similarly to other reports [8,18], the archaeal
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opulation was mainly composed by members of the Methanomi-
robiales and Methanosarcinales subgroups, that apparently were
ot involved in the dechlorination process. One Chloroflexi bac-
erium having similarity with bacterium SF1, a clone identified
s the PCB dechlorinator in estuarine, sediment-free cultures [12]
as detected in the developed cultures. However, this clone did
ot enrich in the most active PCB-dechlorinating cultures M3C-12
nd M3C-6, and thus it may not be involved in PCB dechlori-
ation under the biogeochemical culturing conditions employed.
o bacterial phylotypes with high sequence homology to already
escribed dehalorespiring bacteria were enriched in the cultures
escribed here. Since the PCB-dechlorinating microbial community
escribed here is the first one enriched from an actual site marine
ediment, and the first one obtained by subculturing the microflora
n sediment and water coming from the site, this let us speculate
hat yet unknown PCB dechlorinators may have enriched in our
ultures due to the different sediment source and/or the differ-
nt biogeochemical culturing conditions employed. In particular,
n epsilonproteobacterium with high sequence similarity to the
enus Sulforovum, two Chloroflexi with low homology to known
r putative dehalorespirers and a bacterium highly homologous to
. multivorans were enriched and might thus have a role in PCB
echlorination in situ in the marine sediments of Brentella canal.
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