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Abstract—The microbial community of reduced pockmark sediments in the Russian sector of the Gdansk
Deep, Baltic Sea, was investigated by molecular biological techniques. Fluorescent in situ hybridization was
used to determine the numbers of eubacteria, archaea, and sulfate-reducing bacteria. Eubacteria were found
to predominate in the upper 10 cm of the sediment (up to 5.3 x 10° cells/g wet sediment), while the number
of archaea increased in the 10- to 30-cm layers (up to 2.8 x 10° cells/g wet sediment, which is higher than the
number of eubacteria in the same horizons). Analysis of 16S rRNA gene fragments revealed members of the
following phyla: Proteobacteria, Chloroflexi, Firmicutes, Planctomycetales, and high-G + C gram-positive
bacteria. Sulfate-reducing bacteria (SRBs) of the families Syntrophaceae, Desulfuromonadaceae, and Actino-
bacteria of the genera Kocuria and Rothia were the predominant groups. Molecular probes were used to deter-
mine predominance of Desulfovibrionales in the SRB enrichment cultures obtained from different horizons
of pockmark sediments. Three archaeal phylotypes were revealed, belonging to Euryarchaeota. One of these
fell into the group of uncultured methanotrophic archaca (ANME-1a), while the other two were most closely
related to uncultured methanogens.
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Due to its geographic location and specific hydro-
logical regime, the Russian sector of the Gdansk Basin
of the Baltic Sea is a zone with increased influx of both
natural allochthonous organic matter (OM) and OM
and biogenic elements of anthropogenic origin. Since
the depths are low, complete decomposition of OM
does not occur in the water column, so that the sus-
pension arriving at the bottom contains labile OM,
which is actively used by various microbial physiolo-
gical groups. Intense microbial processes result in
deep exhaustion of oxygen and activation of sulfate-
reducing and methanogenic microorganisms in the
upper sediments and near-bottom water. These organ-
isms are responsible for the terminal phase of OM
decomposition with production of biogases, methane
and hydrogen sulfide. High methane content pro-
motes formation of ascending flows of hydrocarbon
gases from deep, gas-saturated sediment layers. Geoa-
coustic anomalies are thus formed in the surface silts;
they are often associated with pockmarks, characteris-
tic craterlike depressions in the bottom surface. Pock-
marks were revealed in different regions of the Baltic
Sea within the Gdansk, Arkona, and Gotland depres-
sions [1].

1 Corresponding author; e-mail: npimenov@mail.ru

We have previously reported elevated methane
content, as well as anomalously high rates of sulfate
reduction (SR) and anaerobic methane oxidation
(AMO) in the gas-saturated sediments of a pockmark
in the Russian sector of the Gdansk Deep [2, 3]. Com-
parison of integral rates of methanogenesis (MG) and
AMO suggested that the high rates of AMO in pock-
mark sediments resulted from inflow of methane from
the deep layers of the sedimentary cover.

High SR and AMO rates were also revealed in gas-
saturated sediments of the Eckernforde Bay [4]. Fluo-
rescent in situ hybridization revealed participation of
ANME 2 methanotrophic archaea in anaerobic meth-
ane oxidation in the Eckernf6]rde Bay. Such organ-
isms were revealed in the sediments of cold methane
seeps in different oceanic sites [5].

The goal of the present work was to apply molecu-
lar biological techniques to investigation of microbial
biodiversity in reduced pockmark sediments.

MATERIALS AND METHODS

Site characterization. Microbial biodiversity in
pockmark sediments was investigated during the 95th
cruise of the Professor Shtokman r/v in July 2008 in the
Russian sector of the Gdansk Basin, where physico-
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Table 1. Oligonucleotide probes used for CARD-FISH detection of eubacteria, archaea, and sulfate-reducing bacteria in the sediments

SHUBENKOVA et al.

Probe name Probe structure, 5'—3 Detected group Reference
EUB338 GCTGCCTCCCGTAGGAGT FEubacteria [9]
ARCHI15 GTGCTCCCCCGCCAATTCCT | Archaea [10]
NON338 ACTCCTACGGGAGGCAGC Negative control [11]
DSR651 CCCCCTCCAGTACTCAAG Desulfobulbaceae [12]
DSS658 TCCACTTCCCTCTCCCAT Desulfosarcinales [12]

Table 2. Oligonucleotide probes used for FISH detection of sulfate-reducing bacteria in enrichment cultures

Probe Sequence, 5'-3' Specificity Reference
Dsv-698 GTTCCTCCAGATATCTACGG Some Desulfovibrio, Bilophila wadsworthia, Lawso- [9]
nia intracellularis
Dsv-1292 CAATCC GGACTGGGACGC Some Desulfovibrio and Bilophila wadsworthia [9]
Dtm-229 AATGGGACGCGGAXCCAT Desulfotomaculum claster 1 and other Firmicutes [15]
Dsv-214 CATCCTCGGACGAATGC Most Desulfomicrobium [9]

chemical investigation of the bottom sediments and
measurements of the key microbial processes (SR,
MG, and AMO) were previously carried out [2, 3].
The pockmark chosen for investigation was a crater-
like geomorphologic structure on the bottom surface,
with 3-m maximal depth in the central part. Pockmark
sediments were dark to black aleuro-pelite and pelite
silts, water-saturated at the surface and dense in the
deeper layers, always with a smell of sulfide. The upper
20-cm horizon of the sediments was enriched with
organic carbon (7.6—8.55%). The C,, content then
decreased with depth to 3.7—4.1% and increased to
5.5—6.9% at the depth of 1—1.2 m. Active destruction
processes in the upper 20—30 cm of the sediment
resulted in decreased C,, content, in an increase in
the alkalinity of pore water up to 17—20 mM, and
exhaustion of sulfate ions. Simultaneously with
decreasing sulfate concentration in the sediments,
methane content increased drastically with the maxi-
mum of 3.5—3.8 mmol/dm? of wet silt at a 24- to 80-cm
depth (Figs. 1la—1d) [3].

The sediments were sampled with a Niemistotype
hermetic corer and a 12-cm gravity corer. The follow-
ing horizons were analyzed in order to determine
microbial biodiversity, the vertical distribution of
microorganisms, and detection of archaea and sulfate
reducers: 0—5, 17—24, and 30—36 cm. At these hori-
zons, high rates of microbial processes were detected
(Fig. 1) [3].

The total microbial number (TMN) in the sediments
was determined by fluorescence microscopy (Olym-
pus, Japan) of DAPI-stained samples using an auto-
mated counting system [6].

CARD-FISH. CARD-FISH (catalyzed reporter
deposition fluorescent in situ hybridization) [7, 8] was
used for detection of eubacteria and archaea in the

sediments. Peroxidaze-labeled oligonucleotide probes
(Biomers, Germany) specific for the members of the
Bacteria (EUB338) and Archaea (ARCH915)
domains for the family Desulfobulbaceae (DSR651)
and the order Desulfosarcinales (DSS658) were used.
The probe NON2338 exhibiting no complementarity to
any locus of the 16S rRNA gene was used as a negative
control (Table 1).

Enrichment cultures of sulfate-reducing bacteria
(SRBs) from the Baltic Sea sediments were obtained
in marine liquid Widdel medium for sulfate reducers,
supplemented with vitamins and microelements [13].
The test tubes with enrichments were incubated at 22—
23°C for 30 days. Increase in sulfide concentration
compared to the control level was used to monitor
SRB growth. Sulfide was determined colorimetrically
on a Spekol 1 spectrophotometer (A = 670 nm) with
N,N-dimethyl-paraphenylenediamine according to
Triiper and Schlegel [14].

Fluorescent in situ hybridization (FISH) was used
for molecular monitoring of the SRB enrichment cul-
tures. Bacterial cells were fixed with formaldehyde (at
2% final concentration) and filtered through Millipore
GTTP 2500 polycarbonate membranes (0.2 pm).
Cy3-labeled oligonucleotide sequences (Syntol, Rus-
sia) used as probes are listed in Table 2. Microscopy of
the samples was carried out under a Zeiss fluorescence
microscope (Germany) equipped with an AxioCam
Mrc5 digital camera.

Isolation and purification of total DNA. Genomic
DNA was isolated according to the procedure
described earlier [16]. DNA preparations were puri-
fied using Wizard DNA Clean-Up Resin technology
(Promega, United States) according to the manufac-
turer’s recommendations. The degree of purification
was assayed by the A,q,/A,g ratio determined using a
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Fig. 1. Profiles of sulfate and methane content (a), C,, content (b), rates of sulfate reduction and anaerobic methane oxidation
(c), and methanogenesis rates (d) in the pockmark sediments, Gdansk Deep, Baltic Sea.

SmartSpec/™!  Plus spectrophotometer (BioRad, DNA preparation with a polymerase chain reaction
United States). (PCR). The oligonucleotide primers used were com-

PCR amplification. Bacterial and archaeal 16S plementary to conservative 16S rRNA gene sites in
rRNA gene fragments were amplified from the total eubacteria: 27F (5'-AGAGTTTGATCMTGGCT-
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Table 3. Vertical distribution of TMN, eubacteria, archaea, and sulfate reducers in the sediments (per 1 g of wet silt)

Sediment horizon, cm

TMN, cells/g

Eubacteria, cells/g

Archaea, cells/g

Sulfate reducers, cells/g

0-5
17-24
30—-36

5.28 x 1010
3.54 x 10'°
1.70 x 1010

5.07 x 10°
1.38 x 10°
4.25 % 108

3.90 x 10°
2.83 x 10°
9.51 x 103

6.54 x 108
n.d.*
n.d.

* Not determined.

CAG-3') and 1350R (5'-CACGGGCGGTGTGTA-
CAAG-3"). Archaeal 16S rRNA genes were selectively
amplified using specific primers A20F (5'-TTCCG-
GTTGATCCYGCCRG-3') and A958R (5'-YCCG-
GCGTTGAMTCCAATT-3"). PCR was carried out in
a BIS appliance (Russia). The reaction mixture com-
position and the temperature—time regime were
adjusted as described previously [16]. The presence of
amplicons and their molecular mass were determined
by electrophoretic separation in 1% agarose gel with a
DNA marker (Fermentas, Lithuania).

Cloning of PCR products and clone analysis. The
amplified 16S rRNA gene fragments were ligated using
a pGEM-T Easy Vectors kit (Promega, United
States). The competent cells of E. coli XL1-Blue were
used to obtain recombinants. The transformation was
carried out as described in [17]. The clones were
selected by “white—blue” screening. The presence of
expected inserts in the colonies was determined by
amplification of the colony lysates with the primers
homologous to the termini of the plasmid polylinker:
M13R  (5'-CAGGAAACAGCTATGAC-3") and
MI13F (5'-GTTTTCCCAGTCACGAC-3") using the
following protocol: 94°C, 5 min; 57°C, 70 s; 72°C,
90s (1 cycle), 94°C, 60s; 57°C, 70 s; 72°C, 90 s
(30 cycles); and final polymerization at 72°C for
10 min. The fragment of relevant length were excised
and eluted.

Sequencing of 16S rRNA gene fragments. Sequenc-
ing of the cloned 16S rRNA gene fragments was car-
ried out in the DNA Sequencing Center, Institute of
Chemical Biology and Fundamental Medicine, Sibe-
rian Branch, Russian Academy of Sciences on an ABI
3130x1 automatic sequencer (Applied Biosystems,
United States) according to the manufacturer’s rec-
ommendations.

Phylogenetic analysis of 16S rRNA sequences. For
preliminary phylogenetic screening of the similarity of
the sequences obtained to GenBank sequences, the
NCBI BLAST software package was used
(http://www.ncbi.nlm.nih.gov/blast). For more pre-
cise determination of the phylogenetic position of the
cloned fragments, the CLUSTAL W software package
(http://www.genebee.msu.su/clustal) was used to
align their nucleotide sequences with the sequences of
various eubacteria and archaea, including the known
species and phylotypes of uncultured species, available
in the latest version of the GenBank database. Phylo-
genetic trees were constructed using the neighbor-
joining method implemented in the TREECON W

software package (http://biocwww.uia.ac.be/u/yvdp/
treeconw.httml). Statistical reliability of branching
was determined by bootstrap analysis of 100 alterna-
tive trees.

Deposition of the sequences. The nucleotide
sequences of 16S rRNA gene fragments obtained in
the present work were deposited in GenBank under
accession nos. HM245630—HM?245659.

RESULTS

TMN and numbers of metabolically active microor-
ganisms (CARD-FISH in bottom sediments. The
results on determination of TMN and the numbers of
metabolically active eubacteria, archaea, and sulfate
reducers in the pockmark sediments are presented in
Table 3. TMN decreased with depth from 5.3 x 109 to
1.7 x 10'° cells/g, as did the numbers of eubacteria and
archaea. Eubacteria predominated in the upper hori-
zon. Deeper in the sediment, the number of archaea
was more than double the number of eubacteria. A
positive signal with the SRB probe was obtained only
from the upper horizon of the sediment.

Identification of sulfate-reducing bacteria in enrich-
ment cultures. Investigation of SRB diversity revealed
predominance of Desulfovibrionales in enrichment
cultures obtained from the different horizons of pock-
mark sediments (Table 4). Two probes for Desulfovibrio
(DSV698 and DSVI1292) were used in order to
enhance the reliability of our results. Table 5 demon-
strates that they exhibited a very high level of hybrid-
ization (>50% of all DAPI-stained cells). The authors
who suggested these probes demonstrated their parti-
cle overlapping, i.e., specificity for the same species
[12]. This was observed in our enrichment cultures.
Since other probes exhibited low levels of hybridiza-
tion, Desulfomicrobium and Desulfotomaculum species
were either absent or present as minor components.
Low hybridization (<2% of all DAPI-stained cells)
may be explained by nonspecific binding of these
probes.

Analysis of 16S rRINA clone libraries. Two libraries
of bacterial and archaeal 16S rRNA gene fragments
were obtained (Table 5). Sequencing of 100 clones
resulted in determination of 71 eubacterial nucleotide
sequences (1300-bp insert length) and 29 archaeal
sequences (900 bp).

A search for the closest relatives among GenBank
sequences revealed that the sequences obtained in the
present work belonged to 35 phylotypes, which were

MICROBIOLOGY Vol.79 No.6 2010
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Table 4. Genus and species identification of sulfate-reducing bacteria in enrichment cultures from different horizons of pockmark
sediments. The number of hybridizing cells is presented as percent of the total number of DAPI-stained cells

Horizon, cm
SRB species and genera and the relevant probes
Warp, 0—1 1-5 27-33 170—200

Desulfovibrio spp./Dsv698 34 65 72 26
Desulfovibrio spp./Dsv1292 52 68 50 76
Desulfomicrobium spp./Dsv214 1.4 0 1.4 0.7
Desulfotomaculum spp./Dtm229 3.0 1.1 1.7 2.7
Total cell number, DAPI staining, x107 cells/ml 14 19 16 13

similar to the sequences of the members of Bacteria,
belonging to Alpha-, Beta-, Gamma-, Delta-, and
Epsilonproteobacteria, Firmicutes, Nitrospirae, Planc-
tomycetes, members of the OP11 group, and gram-
positive bacteria with high G + C content, as well as
three phylotypes of the phylum FEuryarchaeota,
domain Archaea. Among 30 eubacterial phylotypes,
seven were bacteria of uncertain taxonomic position,
most closely related to uncultured bacteria of unspeci-
fied taxonomic position isolated from various environ-
mental sources. The distribution of phylogenetic groups
in the sediment horizons is presented in Table 5.

For the upper sediment layer (0—5 cm), 27 eubac-
terial and 11 archaeal sequences were analyzed. Four
phylogenetic groups of eubacteria were found. The
Proteobacteria were represented by thebeta, delta, and
epsilon classes, exhibiting similarity to Burkholderia
Sfungorum (98%), an uncultured deltaproteobacterium
from the sediments of a North Sea methane seep
(97%), Arcobacter sp. (98%), sulfate-reducing bacteria
Desulfobacca acetoxidans (99%) of the order Syntro-
phobacterales, and Geothermobacter ehrlichii (94%) of
the family Desulfuromonadaceae. Members of the Pro-
teobacteria constituted 24% of the sequences from this
horizon. The Actinobacteria were represented by four
phylotypes, most closely related to Kocuria kristinae
(98%), Rothia terrae (98%), uncultured Propionibac-
terium (94%), and uncultured Actinobacteria (95%).
This phylogenetic lineage was more broadly repre-
sented (26%). The Chloroflexi were represented by a
single sequence with high similarity (97%) to an
uncultured Chloroflexi isolated from a hypersaline
microbial mat [18]. The Nitrospirae representative was
most closely related to an uncultured bacterium (96 %)
found previously in the Baltic Sea anaerobic sedi-
ments [19]. Three phylotypes from the upper sediment
layer exhibited high similarity (96—98%) to uncul-
tured bacteria isolated from geographically remote
environments: surface sediments of the Santa Barbara
Bay (EU181500), sulfide hot spring (AY702840), and
gas hydrates of the Kazan mud volcano in the Medi-
terranean (FJ712478). The ratio of these sequences
was 11%. They formed an isolated clade on the phylo-
genetic tree (Fig. 2).
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Archaea of the upper sediments belonged to two
phylotypes most similar to uncultured methanogens
from gas-saturated near-bottom water in Japan
(DQ841227) and subsurface water of a borehole in
Olkiluoto, Finland (FJ851598) (Fig. 3). The number
of methanogen sequences was 29% of the total clone
library for this horizon.

In the 17- to 24-cm horizon, 27 eubacterial and
4 archaeal sequences were analyzed. FEubacteria
belonged to five phylogenetic groups. Apart from bac-
terial groups described for the first horizon, the phylo-
types belonging to Planctomyces (uncultured Plancto-
myces, 97%) and Firmicutes (Abiotrophia sp., 99%)
were detected. Nitrospirae sequences, however, were
not found. Proteobacteria (26%) and unclassified bac-
teria (39%) predominated in this horizon. The content
of other types of bacteria was lower (3—10%). Impor-
tantly, apart from the sequences belonging to uncul-
tured bacteria of unspecified taxonomic position
described above, sequences found in a petroleum res-
ervoir (AB186261), Pacific sediments (EU287290),
and the Yellow Sea (FJ545475) were found in this
horizon.

In the 17- to 24-cm horizon, archaea belonged to
the same phylotypes as in the surface sediment layer.
Their content, however, was lower (13%).

From the 30- to 36-cm sediment layer, 17 eubacte-
rial sequences of 4 phylotypes and 14 archaeal
sequences were retrieved. In this horizon, sequences
were found that were not detected in the upper layers:
uncultured member of the OP11 phylum (96% simi-
larity). The members of this group have been repeat-
edly isolated from the sediments of hot springs and
methane seeps [20]. Moreover, a phylogenetic group
was detected comprising gram-positive bacteria with
high G + C content. An SRB sequence was also
retrieved that exhibited 98% similarity to strain
NaphS3 (EU908726) of the family Desulfobacteraceae
isolated from the Mediterranean sediments and
involved in degradation of aromatic hydrocarbons (2-
methylnaphthalene) [21].

The group of uncultured bacteria was represented
by the sequences most closely related to uncultured
bacteria from Pacific sediments (EU287290), the sed-
iments of freshwater Lake Washington (DQ067029),
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Table 5. Distribution of the phylogenetic groups in the sediment horizons

Number of clones
Phylogenetic group Closest homologue (% similarity)
0—5 cm |17—24 cm|30—36 cm

Bacteria

Proteobacteria Uncultured — 3 -

Gammaproteobacteria | Acinetobacter sp. (98%), GU570643

Betaproteobacteria Burkholderia fungorum (97%), F1796450; 1 — —
Burkholderia sp. (99%), FJ603038 - 1

Deltaproteobacteria | Pelobacter sp. (96%), GQ420895); — 1 -
Desulfobacca acetoxidans (99%), AF002671; 1 — —
Desulfobaca sp. (95%), EF613372; - 1 -
Uncultured Desulfuromonadaceae (99%), AM935618; — — 1
Geothermobacter ehrlichii (94%), AY155599; 2 - —
Sulfate-reducing bacterium, strain Naph S3 (98%) EU908727; — — 2
Uncultured deltaproteobacterium (96%), AM229511; — 1
Uncultured deltaproteobacterium (97%) FM 179877 (methane seep, 1 3 -
North Sea)

Epsilonproteobacteria | Arcobacter sp. (98%), F1968636 3 - -

Actinobacteria Microbacterium oxidans (99%), F1169470; — 1 —
Kocuria kristinae (98%), EU554443; 3 — —
Rothia terrae (98%), DQ822568; 2 - -
Uncultured Propionibacterium (94%), FJ957480 ; 4 — 2
Uncultured Actinobacteria (95%), EF220354 1 1 1

Chloroflexi Uncultured Chloroflexi (97%), DQ330025 1 1 -

Planctomycetales Uncultured Planctomycetes (97%), CU925984 — 3 —

OP11 Uncultured OP11 (96%), AF027029 — — 2

Firmicutes Abiotrophia sp. (99%), AM420130 — 1 —

Nitrospirae Uncultured bacterium (96%), EF460048 (Baltic Sea sediments) 3 — —

High G + C grampo- | Uncultured bacterium (99%), AF419679 - - 1

sites

Bacteria of uncertain | Uncultured bacterium (97%), AY702840 (sulfide hot spring); 1 1 —

taxonomic position Uncultured bacterium (98%), AB186261 (petroleum reservoir); — 4 —

Uncultured bacterium (96%), EU287290 (Pacific sediments); - 1 1
Uncultured bacterium (97%), EU181500 (coastal sediments, Santa 2 3 -
Barbara Bay);
Uncultured bacterium (96%), DQ067029 (Lake Washington sediments); - - 1
Uncultured bacterium (97%), F1545475 (Yellow Sea sediments); — 2 —
Uncultured bacterium (98%), FJ712478 (gas hydrates of a Kazan mud 1 1 4
volcano, Mediterranean)

Archaea Euryarchaeota| Uncultured archaeon (97%), AF419624 (hydrothermal sediments); — — 10
Uncultured archaeon (96%), FJ851598 (underground water, 297-m 6 1 2
borehole);

Uncultured archaeon (97%), DQ841227 (gas-saturated near-bottom 5 3 2
water, Japan)

Sequences analyzed 38 31 31

and gas hydrates of the Mediterranean Kazan mud
volcano (FJ712478).

Some archaeal sequences from the 30- to 36-cm
horizon exhibited 97% similarity to the uncultured
archaeon (AF419624) from the active hydrothermal
sediments of the Guaymas Basin (Gulf of California).

This uncultured organism belongs to the ANME-1a

phylogenetic cluster, comprising the phylotypes of

MICROBIOLOGY Vol. 79
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uncultured archaea found in methane seeps within the
Gauymas hydrothermal basin (Fig. 3). In the 30- to
36-cm horizon, archaea (45%) and bacteria of unclear
taxonomic position (19%) predominated.
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Fig. 2. Phylogenetic tree constructed based on the sequences of eubacterial 16S rRNA gene fragments from the pockmark sedi-
ments, Gdansk Deep, Baltic Sea. The tree was constructed using the neighbor-joining algorithm. Statistical reliability of the
branching order determined by bootstrap analysis of 100 alternative trees (values over 60% are shown). The scale bar shows evo-
lutionary distances (5 nucleotide replacements per 100 nucleotides). The clones obtained from pockmark sediments are marked

by boldface.

DISCUSSION

The results of our investigation demonstrated that
the highest total microbial numbers (5.3 x 10'° cell/g
wet sediment) occurred in the upper layer (0—5 cm),
where the highest OM content was observed (8.55%).
Deeper in  the  sediment,  where Core
content decreased, TMN was three times lower (1.7 x
10'0 cells/g). Only in the surface layer of pockmark
sediments did the number of metabolically active
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eubacteria exceed the number of archaea (Table 3). In
the original sample, hybridization with SRB probes
was observed only in the upper layer (1.2% of TMN).
The absence of a signal in deeper layers is most proba-
bly a technical error indicating the necessity for fur-
ther optimization of the accepted procedure. This sug-
gestion is supported by the results of other investiga-
tors, who found the SRB numbers in OM-enriched
sediments to be 3—30% of TMN [22]. Since species-
specific probes revealed members of the orders Des-
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Fig. 3. Phylogenetic tree constructed based on the sequences of archaeal 16S rRNA gene fragments from the pockmark sedi-
ments, Gdansk Deep, Baltic Sea, and of the known archaeal species and uncultured ANME phylotypes from the GenBank data-
base. The tree was constructed using the neighbor-joining algorithm. Statistical reliability of the branching order determined by
bootstrap analysis of 100 alternative trees (the values over 60% are shown). The scale bar shows evolutionary distances (5 nucle-
otide replacements per 100 nucleotides). The clones obtained from pockmark sediments are marked by boldface and underlining.

ulfovibrionales and Clostridiales in SRB enrichment
cultures, the spectrum of probes used in the present
work for CARD-FISH detection of sulfate reducers
was probably insufficient. Analysis of 16S rRNA gene
sequences revealed the SRB sequences most closely
related to the families Syntrophaceae, Desulfuromona-
daceae, and Desulfobacteraceae. Thus, different
approaches demonstrated the presence of five SRB
families in the pockmark sediments. Wide occurrence
of different SRB groups with predominance of Des-
ulfobacteraceae in the upper layers was also reported
for the shallow Kattegat sediments (Aarhus Bay) by

analysis of the SRB molecular markers, dsrAB (dissim-
ilatory sulfite reductase) genes in the sedimentary col-
umns [22].

In the 30- to 40-cm sediment layer, where the max-
imums of sulfate reduction and anaerobic methane
oxidation were revealed by radioisotope measure-
ments, the sequences of uncultured methanotrophic
archaea of the ANME-1la subgroup were detected.
Members of the ANME-1 group, which are responsi-
ble for anaerobic methane oxidation, were originally
found in the sediments of methane seeps on the Cali-
fornia coast [23]. Several groups of methanotrophic
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archaca (ANME-1, ANME-2, and ANME-3) are
now known; their sequences were detected in the sed-
iments of methane seeps of the Pacific and Atlantic
Oceans; Mediterranean, Black, and North Seas [5];
and OM-enriched gas-saturated coastal marine sedi-
ments [8]. Although these microorganisms have never
been isolated in pure cultures, radioisotope, isotopic
geochemical, and molecular biological evidence [5,
23, 24] demonstrate that this group of archaea forms
microconsortia with sulfate-reducing bacteria, which
carry out anaerobic oxidation of methane in marine
sediments. In the present work, methanotrophic
archaea of the ANME-2 and ANME-3 groups were
not detected, although earlier studies [4, 25] demon-
strated the presence of ANME-2 archaea in the Baltic
coastal sediments. Our recent analysis of the
sequences of the gene encoding the o subunit of
methyl-coenzyme M reductase (mcrA) retrieved from
the same Gdansk Deep pockmark sediments revealed
both ANME-1 and ANME-2 sequences, with pre-
dominance of the former group [26].

In conclusion, it should be noted that molecular
analysis of the microbial community in three sediment
horizons with different physicochemical characteris-
tics and rates of microbial processes revealed a broad
spectrum of sequences exhibiting high homology (97—
98%) to bacteria previously detected in sediments of
gas hydrate-containing methane seeps. Members of
such phyla as Proteobacteria and Actinobacteria exhib-
ited the highest diversity. Uncultured forms responsi-
ble for anaerobic methane oxidation predominated
among archaea.
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