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Abstract—The bacterial composition of permafrost samples taken during drilling of frozen marine sediments
in the area of Barentsburg coal mine on the east coast of Grønfjord Bay of Western Spitsbergen has been stud-
ied. The study was based on the analysis of the V4 region of the 16S rRNA gene, carried out using next gen-
eration sequencing, as well as using classical microbiological methods (direct luminescence microscopy and
aerobic cultivation).The total cell number in permafrost samples ranges from 6.73 ± 0.73 × 106 to 3.37 ±
0.19 107 cells per g. The number of cultivable aerobic bacteria in frozen samples on 1/5 TSA and R2A media
ranges from 0 to 6.20 ± 0.45 × 104 CFU/g. Isolates of aerobic bacteria were identified by 16S rRNA gene anal-
ysis as representatives of the genera Arthrobacter, Pseudarthrobacter, Psychrobacter, and Rhodoferax. The
dominant phyla of the domain Bacteria were Actinobacteria, Proteobacteria, Chloroflexi, Nitrospirae and Fir-
micutes. As a result of phylogenetic analysis of the dominant operational taxonomic units, representatives of
methane oxidizing, sulfate reducing bacteria, as well as heterotrophic bacteria involved in the transformation
of organic matter were found.

Keywords: Western Spitsbergen, permafrost, marine sediments, cultivable aerobic bacteria, V4 region of 16S
rRNA, domain Bacteria, methane
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INTRODUCTION
The Spitsbergen is a unique region of the Arctic,

where fast processes associated with climate warming
are recorded. According to meteorological data from
Longyearbyen, the average annual air temperature
increased during the 20th century from about –9 to
–4°С (Humlum et al., 2003). The area of glaciers in
the vicinity of Longyearbyen and Barentsburg
decreased by about 50% from 1936 to 2017 (Chernov
et al., 2018). Spitsbergen permafrost is the warmest
within the High Arctic due to the warming influence
of currents and air masses carried from the Atlantic
with the West Spitsbergen current. In 2016, as part of
the creation of a permafrost test site of the Russian
Science Center on the eastern bank of Grønfjord Bay,
boreholes were drilled to study the structural features
of permafrost and to monitor ground temperatures
(Demidov et al., 2016b; 2019). Permafrost coastal-

marine sediments frozen in the late Pleistocene and
Holocene after they emerged from under-sea level,
were drilled. This study is a continuation of the ongo-
ing work on a comprehensive study of permafrost in
the vicinity of the Barentsburg mine. Comparative
microbiological studies of the Arctic systems of sea
water-marine sediment, as well as terrestrial-subsea
permafrost show the differences between the domi-
nant prokaryotic groups. For the domain Bacteria,
studied on the Beaufort Sea shelf (Alaska), a change in
the dominant groups was observed from Alpha-, Gam-
maproteobacteria and Bacteroides in seawater to Del-
taproteobacteria, Firmicutes, Chloroflexi, Actinobacte-
ria and Cyanobacteria in the underlying unfrozen
marine sediments. A comparison of terrestrial and
submarine permafrost about 2500 years old and stud-
ied in the area of Cape Mamontov Klyk (western
Laptev Sea) showed an increase in the proportion of
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Deltaproteobacteria, Actinobacteria, Gemmatimonade-
tes, as well as the KD4-96 group (Chloroflexi), and a
decrease in the proportion of phylum Firmicutes
(Mitzscherling et al., 2019). The dominant groups of
the domain Archaea in permafrost in the Cape
Mamontov Klyk area were anaerobic methanogenic,
ammonium-oxidizing and methane-oxidizing Archaea.
The permafrost in the Buor-Khaya Bay (southern
Laptev Sea) was dominated by groups of methanogenic
and methane-oxidizing Archaea (Winkel et al., 2018).
In turn, according to the DGGE analysis of 16S rRNA
genes, marine shelf sediments in the D’Jurville Sea
region (East Antarctica) contained mainly Deltapro-
teobacteria groups, putative sulfide oxidizing classes of
Gammaproteobacteria, class Flavobacteria, Planctomy-
cetacia, as well as the domain Archaea (Bowman et al.,
2003). For Western Spitsbergen, there are currently
few works describing the composition of prokaryotic
communities of marine sediments and permafrost.
Thus, pure cultures of Actinobacteria, Bacteroidetes,
and Proteobacteria phyla (Alpha- and Gamma-) (Srini-
vas et al., 2009) were isolated from modern marine
sediments of Kongsfjord Bay. The method of profiling
for the 16S rRNA gene revealed an increase in the pro-
portion of Deltaproteobacteria, Chloroflexi, and Planc-
tomycetes during the transition from sea water to the
marine sediment of the Smerinburg Fjord bay (Teske
et al., 2011). The presence of 16S rRNA phylotypes
forming endospores of thermophilic representatives of
the Firmicutes phylum was revealed in unfrozen
marine sediments of large fjords of the Western Spits-
bergen (Müller et al., 2014). A study of surface and
near-surface Holocene sediments in the Adventdalen
to a depth of 2 m revealed a change in the phylum of
domain Bacteria with Proteobacteria (Alpha-, Beta-,
Gamma-), Acidobacteria, Veruccomicrobia, and Acti-
nobacteria (Thermoleophilia order) in the seasonally
thawed layer to significantly dominance of the phylum
Actinobacteria (family Intrasporangiaceae) in the per-
mafrost layer (Müller et al., 2018). However, studies
on the ancient, deep permafrost on the Western Spits-
bergen using the new generation sequencing method
have not yet been carried out.

The aim of our work was to characterize permafrost
coastal marine sediments, covering the entire altitude
and age range of the ladder of marine terraces in the
Barentsburg region, using the methods of analyzing
the V4 region of the 16S rRNA gene of domain Bacte-
ria, as well as cultivating aerobic bacteria at 10°C, in
order to gain an idea of the structure of prokaryotic
communities and microbiological processes that took
place in marine sediments before their freezing for a
long time. This is the first part of the study devoted to
domain Bacteria.

SAMPLING SITE
The study used permafrost cores from borehole

(Bh) 1 (78.02289° N, 14.29845° E, 2.0 m above sea
IZVESTIYA, ATMOSPHER
level, als) drilled at the mouth of the Grøn River, Bh 2
(78.09504° N, 14.24096° E, 75.5 m als) and 5
(78.09856° N, 14.23299° E, 43.0 m als) drilled on the
eastern bank of the Isfjord Bay, and Bh 7 (78.04703° N,
14.21962° E, 8.0 m als), drilled at Cape Finneset (Fig. 1).
These sediments were represented by sands, sandy
loams, loams and clays of coastal-marine genesis
(Fig. 2), which accumulated during the middle and
late Holocene and then, during a sharp drop in relative
sea level, came to the surface, were frozen and covered
with a thin cover of continental sediments of various gen-
esis (Forman et al., 2004; Svendsen and Mangerud,
1997). The average annual temperature of Bh 2
(25.09.2018–25.08.2019) at a depth of 5.5 m was
‒2.17°С and a one-time measurement (12.09.2016) of
the Bh 7 temperature at a depth of 12.5 m was -0.87°С
(Demidov et al., 2020). Despite the fact that in the
modern era these sediments are frozen, samples from
depths less than 3 m could have been thawed during
the Holocene warming, when the seasonal thawing
depth exceeded the modern one. In the case of Bh 1, a
short-term rise in sea level might caused temporarily
thawing of the sediments which nowadays are frozen
(Solovieva et al., 2018; Salvigsen and Høgvard, 2005).
Samples taken for next generation sequencing were
numbered according to Bh numbers and sampling
depths (S1-1, S2-4, S5-3, S7-7, S7-9 and S7-12). Soil
sample above Bh 1 from a depth of 5 cm was assigned
to the type of Gleysols and represented the oxidized
gley horizon Gox (Alekseev and Abakumov, 2016).

RESEARCH METHODS
Sampling. Drilling was carried out in August and

September 2016 using the UKB 12/25 drilling
machine (Vorovskiy Head, Ekaterinburg, Russia).
The coring was undertaken without washing and with-
out adding chemical reagents. Thin-walled core pipes
with an external diameter of 76 to 112 mm were used.
After cleaning the surface of the frozen core segments
with a sterile scalpel, the samples were placed in sterile
bags (Whirl-Pak®, Nasko, USA) and stored at tem-
peratures –4 to –10°С. On 28 October 2016 they were
transported to the Laboratory of Climate and Envi-
ronmental Changes (AARI, St. Petersburg), where
they were stored in a freezer at –18°С until analysis in
the period from October 2016 to February 2020.

Analysis of carbon monoxide, carbon dioxide, meth-
ane and ethylene concentrations. Gas was collected
using headspace degassing in 150 mL syringes (Alperin
et al., 1985). Special analysis of methane concentra-
tions in the samples was carried out in triplicate on
“Kristall 5000.2” gas chromatograph (CJSC Chro-
matek, Yoshkar-Ola, Russia) with a f lame ionization
detector. Chromatograph technical parameters and
analysis conditions were: chromatographic column
length of 3 m, diameter of 2 mm, temperature of 60°С,
adsorbent—Hayesep-N 80/100, flame-ionization detec-
tor temperature of 150°С. The sampler volume was
IC AND OCEANIC PHYSICS  Vol. 57  No. 8  2021
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Fig. 1. The region of the study area in the Western Spitsbergen Island (a), permafrost test site in Barentsburg showing the locations
of boreholes 1, 2, 5 and 7 (b) and the precise locations of boreholes 2 and 5 (c) (using maps on the websites https://google.ru/maps
and https://toposvalbard.npolar.no).
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0.250 mL, the volume of the introduced gas sample
was 3–8 mL. Nitrogen (99.999% purity) with a flow rate
of 30 mL / min was used as a carrier gas. The consump-
tion of hydrogen is 20 mL/min, air – 400 mL/min. To
calibrate the chromatograph, gas mixtures were used
(Monitoring LLC, St. Petersburg, Russia) with the fol-
lowing methane concentrations: 0.49 ± 0.07 ppm, 5.3 ±
0.5 ppm, 10.3 ± 0.6 ppm, 100 ± 5 ppm, 1000 ± 30 ppm.

The isotopic composition of methane and carbon
dioxide. The δ13С of methane and carbon dioxide from
the VPDB (Vienna Pee Dee Belemnite) standard
(Miller and Wheeler, 2012) of a sample from a depth
of 2.3 m from Bh 7 was experimentally measured using
a Delta V Advantage mass spectrometer combined
with a Thermo Science Trace 1310 gas chromatograph
(Thermo Fisher Scientific, USA) at FSBI VNIGNI
(Aprelevka, Russia).

Total organic carbon measurements and radiocar-
bon dating. For Bh 2 and 7 a total of 18 samples were
analyzed for total organic carbon (TOC) content. Val-
ues are given as weight percentage (wt %). The analy-
ses were performed using an elemental analyzer (Ele-
mentar Vario MAX C; analytical accuracy ± 0.1 wt %).
Hand-picked organic material from two samples of
Bh 7 was radiocarbon-dated by Accelerator Mass Spec-
trometry (AMS) using a Mini Carbon Dating System
(MICADAS) at Alfred Wegener Institute (AWI)
Helmholtz Center for Polar and Marine Research.
Further details on laboratory procedures and sample
pre-treatment are given in Opel et al. (2019) and Mol-
lenhauer (2021).

All radiocarbon dates were calibrated using the Int-
Cal13 calibration dataset (Reimer et al., 2013). Ages
were given as calibrated years before present (cal BP).
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
Total cell count. Samples were transferred to sterile
15 mL Falcon tubes (Eppendorf, Germany). After
that, 3-5 ml of PBS buffer (composed of 137 mM
NaCl, 2.7 mM KCl, 15 mM Na2HPO4, and 1.7 mM
KH2PO4) (pH 7.6 in water) as described in Mitzscher-
ling (2017) was added and final sample volume was
recorded. Then the samples were vortexed to a homo-
geneous suspension and treated by low intensity soni-
cation in a 35 KHz ultrasonic bath (Sapfir, Russia) at
power setting of 200 W for 30 s. Then the tubes were
put in a rack for 10 minutes to separate the coarse
grainmineral phase, 100 μL of liquid from the middle
of the suspension were transferred to a 0.5 mL tube,
mixed with100 μL of 0.01% acridine orange and incu-
bated for 1 min at room temperature. A total 2 μL of
the stained suspension was applied to a microscopic
slide and covered with 1818 mm cover glass. Fluores-
cence microscopy was performed with a Zeiss Axio
Lab.A1 epifluorescent microscope using the filter
cube Fs.09 (BP 450-490, FT 510, LP515) for acridine
orange. Cell counting was carried out in triplicate, in
field of vision (d = 200 μm) with 10 fields view for each
repetition. Cell concentration in the suspension was
calculated by multiplying an average cell count per
field by 1.032  × 107. Initial cell concentration per gram
of the sample was calculated by multiplying the cell
count in the suspension by the volume of the suspen-
sion and dividing the result by the mass of the initial
sample.

Cultivation of aerobic bacteria. To determine the
number of aerobic bacteria, frozen samples weighing
0.4–2.7 g from the inner core were taken in the sterile
zone of the burner f lame and placed in plastic tubes
with 4.9–7.4 mL of autoclaved distilled water and
manually suspended for 10 minutes until the particles
 Vol. 57  No. 8  2021
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were uniformly distributed throughout the volume.
Suspensions were plated on solid nutrient media
1/5TSA (tripticase-soy medium, FlukaTriptic Soy
Broth No.2, USA) and R2A (DifcoTM, USA), widely
used for permafrost samples (Vishnivetskaya et al.,
2000; Gilichinsky et al., 2007; Steven et al., 2007) in
1 : 10 and 1 : 100 dilutions in duplicates and were cul-
tivated for 15 days at an average temperature comfort-
able for the growth of the psychotolerant component
of the community 10°С. The calculation of the num-
ber of cells was carried out according to the formula:

, where “a” is the number of col-
onies on a plate; “P” – is the dilution; “b” is the num-
ber of drops in one mL; “m” is the mass of the perma-
frost sample.

DNA isolation, preparation and sequencing of ampl-
icon libraries. DNA from the samples was isolated
using Fast DNA Spin Kit for Soil, according to the
manufacturers method (MP Biomedicals, USA). Con-
centration was measured using a Qubit 2.0 fluorimeter
with a dsDNA HS reagent KIT (InvitrogenTM, USA).
Amplicon libraries were created using PCR with uni-
versal primers for region V4 in accordance with the pre-
viously described methodology (Fadrosh et al., 2014) at
the Vernadsky Institute of Microbiology. Primers were
selected for the most objective ratio of Bacteria and
Archaea domains: 515F (5'-GTGBCAGCMGCCGC-
GGTAA-3') (Hugerth et al., 2014) and Pro-mod-805R
(5'-GACTACNVGGGTMTCTAATCC-3') (Merkel
et al., 2019). Sequencing was performed on a MiSeq
system (Illumina, USA) at “Biospark” (Moscow,
Troitsk, Russia) using a reaction MiSeq Reagent
Micro KIT v2 that reads 150 nucleotides from each
end. Each sample was read in two technical duplicates,
including the reagents and air control sample used to
subtract the contaminant sequences from the study
sample. A total of 164843 sequences were obtained.

Bioinformatic and statistical analysis. Demulti-
plexing as well as subsequent processing and
sequence analysis were performed using the appro-
priate scripts in QIIME 2 ver2019.1 software (Bolyen
et al., 2019). OTUs (Operational Taxonomic Unit) were
identified using the SILVAngs 1.4 pipeline (https://
ngs.arb-silva.de/silvangs/) and BLAST (http://blast.
ncbi.nlm.nih.gov/Blast.cgi) programs. The coverage
index of amplicon libraries was calculated by the for-
mula , where “n” is the number of OTUs
represented by one amplicon, “N” is the total number
of amplicons (Good, 1953). The Chao1 index (Chao,
1984) was calculated by the formula  +

, where “Sobs” is the identified number of phy-
lotypes (OTU), “a” is the number of phylotypes
(OTU) represented by one amplicon, “b” is the num-
ber of phylotypes represented by two amplicons. The
Shannon–Weaver Index (Magurran, 1992)—accord-
ing to the formula , where “pi” is the

( )= × × −   N a P b m

= −1 C n N

= obsChao1 S

( )2 2a b

= −'   ln   ii
H p p
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relative abundance of i-th philotype (OTU). The rela-
tive abundance of technical replications was combined
to indicate the relative content for analysis of the bac-
terial community using bubble graph diagrams. The
analysis of main components and cluster analysis were
performed using the Past3 statistical package (Ham-
mer, 2017) using the paired group algorithm (UPGMA)
and the Euclidean affinity index.

Identification of isolates by 16S rRNA gene
sequences. DNA purification (http://evrogen.ru/kit-
user-manuals/BC023.pdf), PCR with standard prim-
ers 27f (5'-AGAGTTTGATCMTGGCTCAG-3') and
1492r (5'-TACCTTGTTACGACTT-3') (Lane, 1991)
according to the program 96°С—5 min, (96°С—10 s,
60°С—20 s, 72°С—1.5 min) 20 cycles, 72°С—1 min, as
well as the determination of 16S rRNA sequences were
performed at Evrogen (Moscow, Russia). The
sequences were edited in Chromas software (https://
chromas.software.informer.com) and aligned with
each other using the Clustal Omega software (https://
www.ebi.ac.uk/Tools/msa/clustalo). The homologues
were searched using the BLAST software in GenBank
global database (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
Phylogenetic analysis was performed using Mega X
software (Kumar et al., 2016) with the Maximum
Likelihood algorithm according to the Tamura-Nei
model (Tamura and Nei, 1993).

Deposit at GenBank. The sequence of regions V4
16S rRNA were loaded into the NCBI database as
bioproject PRJNA625477 (SRX8122453-SRX8122466).
The gene sequences of 16S rRNA isolates were trans-
ferred to the NCBI database under the numbers:
MN599988-MN599993.

RESULTS
Methane and other carbon-containing gases in sam-

ples of Bh 7 near Cape Finneset. The methane content
in samples of Bh 7 ranged from 0.00524 ± 0.00007 to
0.75572 ± 0.00426 mL/kg (Fig. 2). The δ13С values for
methane from a 2.3 m below surface (bs) sample
ranged from –51.71 to –52.03‰ VPDB, and for CO2
they were –17.31 to –18.44‰ VPDB.

Radiocarbon dating and total organic carbon data.
The median calibrated age at 8.9 m bs (Bh 7) is
15349 cal BP and at 11.6 m bs 4310 cal BP (Table 1).
Taking into account the reservoir effect as estimated
for marine sediments on Western Spitsbergen, the
true age may be 400 years less than calculated (Man-
gerud, 1972). The organic carbon content in Bh 2
ranged from 0.85 to 0.92%, and from 0.84 to 1.01% in
Bh 7 (Fig. 2).

Total cell count and number of cultivated aerobic
bacteria. Total cell number in permafrost samples was
6.73 ± 0.73 × 106 to 3.37 ± 0.19 × 107 cells per g and
8.49 ± 1.31 × 107 cells per g in soil. The number of aer-
obic bacteria in permafrost horizons ranged from 0 on
R2A medium and 1.2 ± 0.56 × 101 on 1/5 TSA medium
 Vol. 57  No. 8  2021
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Table 1. Radiocarbon ages of organic material from samples of Bh 7

Sample depth Weight F14C 14C age
Calibrated
median age

Calibrated
age range (2σ)

(m bs) (μg C) (absolute) (BP) (cal BP) (cal BP)

8.9 181 0.20 ± 0.00 12.844 ± 105 15.340 15.030–15.720
11.6 25 0.62 ± 0.01 3885 ± 74 4310 4140–4450

Table 2. Total cell number and CFU/g number on 1/5TSA and R2A media of studied samples

Bh Depth, m Sample name Total cell number CFU/g
(1/5 TSA)

CFU/g
(R2A)

1
0–0.05 8.49 ± 1.31 × 107 2.16 ± 0.00 × 105 2.16 ± 0.00 × 105

1.3 S1-1 3.10 ± 0.35 × 107 3.03 ± 0.78 × 102 1.62 ± 0.76 × 102

2
3.9 9.24 ± 0.94 × 106 3.96 ± 0.27 × 103 5.47 ± 1.87 × 103

4.2 S2-4 1.26 ± 0.28 × 107 6.15 ± 2.90 × 101 1.58 ± 0.67 × 103

5
3.0 1.32 ± 0.18 × 107 6.20 ± 0.45 × 104 6.20 ± 0.46 × 104

3.1 S5-3 3.37 ± 0.19 × 107 2.86 ± 0.21 × 103 2.06 ± 0.35 × 103

7

1.8 No data 2.07 ± 0.33 × 102 1.77 ± 0.75 × 103

4.5–4.7 1.65 ± 0.47 × 107 1.61 ± 0.26 × 102 3.60 ± 0.00 × 101

6.5 S7-7 6.73 ± 0.73 × 106 No data No data

8.6 S7-9 8.41 ± 2.42 × 106 No data No data

11.7 S7-12 2.61 ± 0.47 × 107 1.2 ± 0.56 × 101 0
to 6.20 ± 0.45 × 104 CFU/g on R2A medium, and in the
soil from a seasonally thawed layer in the area of Bh 1 on
both media was 2.16 ± 0.00 × 105 CFU/g (Table 2). The
variety of colonies on the dishes was small and varied
from one to three morphological types of colonies hav-
ing white, beige, yellow and red color.

Identification of aerobic bacterial isolates by the 16S
rRNA gene. Four of the isolates identified by us turned
out to be representatives of the phylum Actinobacteria,
family Micrococcaceae, genera Arthrobacter and Pseu-
darthrobacter, and two were representatives of class
Betaproteobacteria, family Comamonadaceae, genus
Rhodoferax, and of the phylum Gammaproteobacteria,
family Moraxellaceae, genus Psychrobacter (Fig. 3).

Profiling of the V4 region of 16S rRNA. Genomic
DNA was isolated from all samples: in concentrations
from 0.1 to 0.8 ng/μl for samples of Bh 1 and 7 and
about 0.02 ng/μl for samples of Bh 2 and 5. The con-
tent of archaeal DNA in the total prokaryotic DNA
did not exceed 1% (Table 3). Among the obtained
sequences, from 0.08% (S1-1) to 0.35% (S7-9) could
not be identified using SILVAngs 1.4 pipeline.

Taxonomy of bacterial OTUs. In total, 5667 ± 619
OTUs of the Bacteria domain were revealed (3331 ±
427, 159 ± 18, 524 ± 56, 775 ± 60, 95 ± 35, 783 ± 23
for samples S1-1, S2-4, S5-3, S7-7, S7-9, S7-12,
IZVESTIYA, ATMOSPHER
respectively), of which 105 were dominant (≥1%)
OTUs (18, 13, 19, 23, 7, 25, respectively). A total of 11
phyla were found, and the phyla Actinobacteria and
Proteobacteria were dominant in all the studied sam-
ples (Fig. 4). The dominant family of the Actinobacte-
ria class was the family of the Actinomycetales order –
Intrasporangiaceae. Another widely represented Ther-
moleophila class included mainly the orders Gaiellales
(33–100%) and Solirubrobacterales (3–67%). Acido-
bacteria phylum was dominated by the classes Acidobac-
teria (6–100%), Aminicenantales (3–73.5%), Holophaga
(2.5–41.5%) and the Subgroup 6 group (8.5–46%). The
Gammaproteobacteria class prevailed in sample S1-1
(43%), where it consisted of the methanotrophic fam-
ily Methylobacteriaceae (76.5%), and in sample S5-3
(71.5%), where 98.5% consisted of the family Pseudo-
monadales. The Deltaproteobacteria class accounted in
sample S2-4 0.8% and Desulfobacteraceae family was
represented by 77%. The dominant family in the
Betaproteobacteria class in all samples except S7-9 was
the Burkholderiaceae family (12.5–99.5%). The Hydro-
genophilaceae family (0.0045–1%), 100% represented
in samples S1-1, S5-3, S7-7, and S7-12 by the Thioba-
cillaceae family, also constituted a significant propor-
tion. A smaller proportion was represented by the Sul-
furicellaceae family (0.24–38%) except for S7-12,
Nitrosomonadaceae (6.5–19%) except for S2-4, Gallio-
IC AND OCEANIC PHYSICS  Vol. 57  No. 8  2021
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Fig. 3. Phylogenetic position of isolates from the permafrost of Western Spitsbergen near the Barentsburg mine based on
16S rRNA gene sequences between the nearest type strains from NCBI database (Maximum Likelyhood, Tamura-Nei model,
bootstrap method with 500 replicates, very strong branch swap filter). The names of the isolates correspond to the core number
and layer depth in cm.
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nellaceae (4% in S1-1, 1.9% in S7-7 and 6.5% in S7 -9)
and Methylophilaceae (8% in S1-1 and 1.4% in S7-7).
The Alphaproteobacteria class was dominated by the
order Rhizobiales (25.5–63%) and families Acetobac-
teraceae (1.5–42.5%), and Sphingomonadaceae (2.5–
57%). The phylum Bacteroidetes was mainly represented
by the class Bacteroidia (in all samples 50–100%). Chlo-
robi phylum was represented by the class Ignavibacte-
ria (in S1-1—0.9%, S7-7—25.5%, S7-12—8%), and in
the S7-12 sample it was completely represented by the
OPB56 group, and in the S7-7 sample it was domi-
nated by the group BSV26 (93%). In sample S1-1 with
a 50% proportion of the order of Ignavibacteria, the
BSV26 group was composed, and the OPB56 and
PHOS-HE36 groups—25% each. Phylum Chloroflexi
was represented in the studied samples by the classes
KD4-96 (0–61%), Gitt-GS136 (S1-1—30% and
S2-4—73.5%), P2-11E (S1-1—16% and S5- 3—1%),
OLB14 (S1-1—7%), Chloroflexia (S1-1—3%, S2-4—
16% and S7-12—1.5%), Anaerolineae (2.5–81.5%)
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 

Table 3. Characteristics of amplicon libraries: archaeal ampl
lotypes (OTUs) in samples, coverage and diversity indices

Bh no.
Depth

Sample no.
Archaea OTU Am

(m) (%) number nu

1 1.3 S1-1 0.04 3338 ± 427 3040
2 4.2 S2-4 1.00 164 ± 18 667
5 3.1 S5-3 0.02 531 ± 56 1982
7 6.5 S7-7 0.02 783 ± 60 1489
7 8.6 S7-9 1.00 96 ± 35 16
7 11.7 S7-12 0.14 799 ± 23 1027
and Dehalococcoida (S1- 1—0.95%, S7-7—12% and
S7-12—7.5%). Phylum Planctomycetes was present in
all samples: (0.005–3%). In S1-1, S7-7 and S7-12 it
was mainly represented by the class Planctomycetacia
(89%, 68.5%, 53.5%), in S2-4—by the class OM190
(100%), in S7-7 by the class SM1A02 (71.5%), and in
S7-9—by the class Phycisphaerae (100%). Firmicutes
phylum was represented mainly by the classes Bacilli
and Clostridia. Bacilli made up 19% of the phylum in
sample S1-1, including 16% of the Lactobacillaceae
family. The same family made up 3% of Bacilli in sam-
ple S2-4, which in turn was 11% of Firmicutes, while
sample S5-3 was dominant, where Bacilli accounted
for 38% of Firmicutes. The order of Lactobacillales was
also represented by the Carnobacteriaceae family (10%
for sample S1-1, 13.5% for sample S7-7 and 53% for
sample S7-12). The class Clostridia was mainly repre-
sented by the order Clostridiales (96.5–100%). Among
its representatives, the genus Desulfosporosinus of the
family Peptococcaceae was found in all studied samples
 Vol. 57  No. 8  2021

icons’ content, total number of obtained sequences and phy-

plicons Good index Shannon-Weaver 
index Chao1 index

mber (%) (%) (%)

4 ± 5471 96.3 ± 4.3 5.0 ± 0.1 8540 ± 1156
8 ± 604 98.3 ± 1.1 2.5 ± 0.1 857 ± 761
9 ± 4061 98.7 ± 0.1 2.8 ± 0.1 1207 ± 387
9 ± 2308 98.2 ± 0.1 4.7 ± 0.1 1239 ± 142
4 ± 32 53.6 ± 9.6 4.1 ± 0.6 452 ± 169
4 ± 549 96.8 ± 0.4 4.3 ± 0.1 1242 ± 83
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and amounted to 5–75% of the class. Representatives
of the Family XI were present in samples S1-1, S2-4,
and S7-12 and amounted to 3, 0.3, and 43%, respec-
tively. In sample S7-12, the Caldicoprobacteriaceae
family (14.5% of Clostridia) was found. Phylum Gem-
matimonadetes had the largest proportion in sample
S1-1, but was also found in Bh 7 (0.25–1%). The class
Gemmatimonadetes was 100% in sample S1-1 and 61%
in sample S7-12. In sample S7-9, 16.5% of the class
was PAUC43f marine benthic group, and in sample
S7-12 27% was the Longimicrobiaceae family. Repre-
sentatives of the phylum Cyanobacteria were found
only in samples S1-1, S2-4, S7-7 and S7-12. In sam-
ples S2-4 and S7-7, Cyanobacteria were represented by
the Gastranaerophilales family, and in sample S7-12
they were also represented by the families Nostocaceae
and Leptolyngbyaceae (43.5% each). Phylum Nitrospi-
rae was found in all samples. In S1-1 and S7-12, it was
represented mainly by the Nitrospiraceae family (99.5
and 54%). Other representatives of phylum Nitrospirae
in these samples were group 4-29-1 (0.45% in S1-1
and 5.5% in S7-12). In sample S2-4, phylum Nitrospi-
rae was represented by one Thermodesulfovibrionia
family. Sample S5-3 was also dominated by only one
group of BMS9AB35. In samples S7-7 and S7-9, the
group 4-29-1 (65 and 15%, respectively) and the Ther-
modesulfovibrionia family (34 and 85%) dominated.
Candidatus Atribacteria was represented by the JS1
group, which dominates in sample S7-12 (12%), and
was found in a small proportion in samples S1-1
(0.005%), S2-4 (0.25%), S5-3 (0.065%) and S7-7
(0.075%).

The minor components for samples S1-1, S2-4,
S5-3, S7-7, S7-9 and S7-12 were 4.47, 3.46, 2.98,
12.93, 7.80 and 4.70% of the total variety, respectively.
They were represented by the phyla Caldeserica, Chla-
mydiae, Deinococcus-Thermus, Patesibacteria and Ver-
uccomicrobia.

DISCUSSION
The content and origin of methane in Bh 7 near Cape

Finneset. The obtained δ13C (VPDB) values for meth-
ane correspond to its thermogenic or thermogenic
with an admixture of microbial methane (Shakirov
et al., 2014). The values for CO2 lie in the range below
the values characteristic of a metabolic origin and
higher than the values characteristic of mantle and
atmospheric CO2 (Yudovich and Ketris, 2010).
According to data (Hitchman et al., 1989), these val-
ues fall into the ranges of values for biogenic methane
(–40 to –109‰ for deep sea sediments, lake sedi-
ments, swamps and marches) and thermogenic (–12
to –71‰ for carbon strata) genesis, and according to
data (Taranik, 2017) to the ranges obtained by studying
gases in the coal mines of Donbass. Due to the
absence of methanogenic OTU in samples S7-9 and
S7-12 (and the presence of an insignificant proportion
of them in sample S7-7), but a significant proportion
IZVESTIYA, ATMOSPHER
of anaerobic methane-oxidizing Archaea in these
samples, we believe that it cannot be excluded that
methane from Bh 7 could be introduced into these Qua-
ternary sediments before freezing along with gases (free
or dissolved in groundwater) coming from the Tertiary
coal-bearing deposits. This assumption can explain the
boundary value of δ13C (VPDB) for methane detected
in the sample from a depth of 2.3 m between methane of
biochemical genesis (–50 to –80‰) and gas and oil
fields (–30 to –50‰) according to Taranik (2017). A
gas leak with some liquid hydrocarbons on Cape Fin-
neset was observed in 1911 (Senger et al., 2019), which
also supports possibility of thermogenic methane
presence in permafrost samples from Bh 7.

Radiocarbon dating and total organic carbon data.
The obtained dating of Quaternary permafrost rocks
from Bh 7 confirms that the marine terraces in the
Barentsburg region have an age range from the late
Pleistocene to the Holocene. Total organic carbon
amount in Bh 2 and 7 was commensurate with total
carbon content, mainly consisting of TOC. The over-
all TOC content is low barely exceeding 1 wt %.

The results of analysis of the organic carbon con-
tent showed its uniform distribution over the Bh,
which indicates that the revealed differences in the
microbiological characteristics of the permafrost can-
not be a consequence of variations in the organic car-
bon content.

The number of cultivated aerobic bacteria. Total bac-
terial number of soil and permafrost near Barentsburg
was higher than in near-surface 1.8 m layer of permafrost
soil in Ny-Ålesund (1.14 × 105–3.98 × 106 cells per g)
(Singh et al., 2017) and less than in modern marine
sediments (2.1 to 4.7 × 109 cells per mL of wet sedi-
ment in Smeerinburgfjorden (Ravenschlang et al.,
2001) and 2 × 108 to 4 × 109 cells per mL of wet sedi-
ment near Western Spitsbergen (Arctic Ocean) and
Tromsø (northern Norway)) (Sahm and Berninger,
1998).

The number of cultivated aerobic bacteria that we
obtained in frozen sediments of marine genesis was
comparable to that obtained at 10°С in bottom marine
sediments in the Ny-Ålesund region, which amounted
to 103–104 CFU/g (Srinivas et al., 2009), in turn, our
soil values were comparable with those for Ny-Åle-
sund soils, where it ranged from 103 to 106 CFU/g
(Singh et al., 2017). The obtained abundance values
for Western Spitsbergen permafrost turned out to be
less than those for the previously studied permafrost
sediments, using similar nutrient media and tempera-
tures of culturing, of the Kolyma Lowland (Khleb-
nikova et al., 1990; Vishnivetskaya et al., 2000) and the
Gydan Peninsula (Demidov et al., 2016a) and are
closer in order to the CFU/g values found in the Ant-
arctic oases (Karaevskaya et al., 2017) (Fig. 5). The
formation of rock cryogenic weathering products in
the coastal marine zone under the conditions of dem-
olition, the dissected relief of the surrounding land
IC AND OCEANIC PHYSICS  Vol. 57  No. 8  2021
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Fig. 4. Relative abundance of dominant (≥1%) bacterial classes abundance in the studied samples. Sample names are explained
in the text. Bubbles represent the mean value of relative abundances from two technical repetitions.
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and the presence of glaciers on it—all this brings
together the conditions for the formation of perma-
frost sediments on Western Spitsbergen and in the
Antarctic oases. On the contrary, on the Gydan Pen-
insula and the Kolyma Lowland, precipitation formed
on vast plains or on the surrounding shelf. At the same
time, the warmest permafrost in Western Spitsbergen
has the smallest CFU/g abundance among the Arctic
permafrost. Similarly, for Antarctica, the warmest
King George Island permafrost has the smallest
CFU/g amounts (Karaevskaya et al., 2017), this may
be due to the fact that freezing and thawing processes
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
lead to a reduction in bacterial biomass and impover-
ish diversity of soil microbial communities (Schimel
et al., 2007).The morphological diversity of the colo-
nies for the studied samples was small and comparable
with the permafrost of the early Pleistocene Olyor and
Tomus-Yar suites of the Kolyma lowland (Khleb-
nikova et al., 1990) (1–3 morphological unites per
sample), while in the permafrost of Antarctic oases
with comparable values of CFU/g, it varied from 1–3
to 9 morphological unites per sample (Karaevskaya
et al., 2017).
 Vol. 57  No. 8  2021
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Fig. 5. Comparison of cultivated aerobic bacteria CFU/g number in Western Spitsbergen permafrost with data from other previ-
ously studied regions of the Arctic and Antarctic, obtained using similar nutrient media and temperatures of culturing. Under the
name of the district, the average annual temperature of the permafrost is indicated; the medium and cultivation temperatures are
indicated in brackets. Data from Kolyma lowland were taken from (Khlebnikova et al., 1990; Vishnivetskaya et al., 2000), from
Gydan Peninsula—from (Demidov et al., 2016 a), for Antarctica—from (Karaevskaya et al., 2017).
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Isolates of aerobic bacteria. Two of the isolates we

obtained, B1-135-1 (MN599988) and B7-1170-1
(MN599990), were 99.8 and 99.0% similar, respec-
tively, to the type strain of Arthrobacter psychrochi-

tiniphilus GP3T isolated from Subantarctic soils which
was capable to hydrolyze chitin at 10°С (Wang et al.,
2009). Isolate B1-135-2 (MN599992) was 99.8% sim-
ilar to the type strain of Pseudarthrobacter oxydans

DSM 20119T isolated from Subantarctic water, which
has proteinase activity at 5°С (Reddy et al., 2009). Iso-
late B7-1170-2 (MN599991) was 99.8% similar to the
type strain of Arthrobacter alpinus S6-3T isolated from
alpine soil (Zhang et al., 2010). Isolate B5-310-1 was
97.5% similar to the type strain ED16T of purple non-
sulfur bacterium Rhodoferax saidenbachensis isolated
from sediments of a reservoir in Saxony (Kaden et al.,
2014). Isolate B5-310-2 was 99.1% similar to the type
strain of Psychrobacter glaciei Blc20019T, which was
isolated both from alpine soil and from soils of the
Adelaide Island in Subantarctic (Zeng et al., 2016;
Romaniuk et al., 2018). All these genera are found in
the corresponding samples according to the analysis of
the V4 region of the 16S rRNA gene and make up from
the domain Bacteria: 0.65% (Arthrobacter) and 0.1%
IZVESTIYA, ATMOSPHER
(Pseudarthrobacter) in S1-1, 0.035% (Psychrobacter
and Rhodoferax) in S5-3 and (Arthrobacter) in S7-12
(Fig. 3).

In the literature describing the cultivated aerobic
bacterial diversity of marine bottom sediments near
the Western Spitsbergen Island, there is a description
of the various aerobic genera’s representatives with a
predominance of representatives of Pseudomonas,
Psychrobacter and Arthrobacter (Srinivas et al., 2009;
Konieczna et al., 2011). These species could enter the
studied rocks from the ice-free surfaces of the archi-
pelago, or from fresh water bodies.

Characterization of amplicon libraries. The sample
S1-1 was characterized by the greatest variety, it’s Shan-
non–Weaver index was 5.0 ± 0.1, Chao1 index—8540 ±
1156, while the library coverage was 96.3 ± 4.3%
(Table 3). The samples of Bh 7 were less diverse, for
which the Shannon-Weaver index was 4.1 ± 0.6 to
4.7 ± 0.1, and Chao1—452 ± 169 to 1242 ± 83. Sam-
ple S7-9 with the lowest diversity indices and low
library coverage, 53.6 ± 9.6%, was knocked out of the
general picture as compared with the other two sam-
ples S7-7 and S7-12 (96.8 ± 0.4–98.2 ± 0.1%). This
phenomena may exist due to unfavorable conditions
IC AND OCEANIC PHYSICS  Vol. 57  No. 8  2021
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for the conservation or isolation of DNA in this sam-
ple, which differs from others in its high content of
plant residues. Samples S2-4 (2.5 ± 0.1) and S5-3
(2.8 ± 0.1) were characterized by the lowest diversity
by the Shannon–Weaver index, while the library cov-
erage in them was very good and amounted to 98.3 ±
1.1 and 98.7 ± 0.1, respectively. This may be due to the
very low output concentrations of DNA, and this, in
turn, to their older age, compared to the samples of the
lower marine terraces exposed by Bh 1 and 7.

Taxonomy of dominating OTUs of domain Bacteria.
Here we considered the taxonomy of OTUs, compris-
ing >1.5% in the amplicon libraries of domain Bacte-
ria (Fig. 6, Table 4).

Samples S1-1 and S2-4 were characterized by the
dominance of the class Actinobacteria of the family
Intrasporangiaceae and the genus Oryzihumus, closely
related to the type aerobic strain Oryzihumus soli Aer-
obe-19T (Table 4), growing at 15 and 30°C and pH 5.0
and 7.0, hydrolyzing gelatinous cellulose, esculin,
which produces esterase (C4, C8) and lipase (C8),
which reduces nitrate to nitrite (Kim et al., 2017).

Sample S1-1 was also distinguished by the domi-
nance of representatives of the class Gammaproteobac-
teria, most closely related to the type strain of the
methylotrophic bacterium Methylobacter tundripa-

ludum SV96T, which bore the greatest similarity to the
clones found in waters contaminated with wastes from
the coal industry, as well as in hot springs in Japan
(Table 4). The phylum Gemmatimonadetes, noted in
large numbers in Sample S1-1, includes inhabitants of
soil and waste water. In its representatives the center of
photosystem II has been found (Zeng et al., 2015, 2017).

The Thermoleophila order, which dominated in
samples S2-4, S5-3, S7-7, S7-9, and S7-12, was repre-
sented by the family Gaiellaceae, the only type repre-
sentative of which is Gaiella occulata F2-233T, a strictly
aerobe that assimilates some sugars, growing between
15 and 45°С and pH 5.0 and 9.0, NaCl content less than
1%, reducing nitrate to nitrite, was found in deep min-
eral waters of Portugal (Albuquerque et al., 2011).

The dominant OTUs of a sand sample S5-3 from
the class Gammaproteobacteria were represented by the
Pseudomonadaceae family, some of which are found in
marine habitats (Fendrich, 1988). The closest clones
dominating in the OTU sample were found in ground-
water, subglacial waters, and subantarctic soils, which
were also exposed to pollution by hydrocarbons and
heavy metals (Table 4).

The highest proportion in all samples from bore-
hole 7 was the class Deltaproteobacteria, which includes
the majority of sulfate-reducing bacteria. The genus
Desulfovibrio was a sulfate-reducing aerotolerant
bacteria of aquatic ecosystems (Kuever et al., 2015).

The phylum Nitrospirae dominated in samples S7-7
and S7-9, where it was represented by the order Nitro-
spirales and the family Thermodesulfovibrionia.
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
Among the representatives of the Clostridia class, it
is worth noting the genus Desulfosporosinus, which
dominated in samples S2-4, S7-7, and S7-9. Its closest
representatives were the inhabitants of fresh and sea
waters polluted by hydrocarbons (Table 4), being obli-
gate heterotrophs and using sulfur, thiosulfate and sul-
fites as an electron acceptor.

The phylum Chloroflexi, including aerobic thermo-
philes, anaerobic phototrophic bacteria, and halog-
enophiles (Gupta et al., 2012), dominated in borehole
no. 7, being represented by the Anaerolinaceae family
of the Anaerolinae class. In turn, the KD4-96 class of
the phylum Chloroflexi, which dominated in the sam-
ple S7-9, was found in the cold moist meadow soil of
the alpine tundra in the Colorado Rocky Mountains
(Costello and Schmidt, 2006); it is also often found in
soils contaminated with metals (Golebiewski et al.
2014), where its content correlates with the concentra-
tions of iron and aluminum (Wegner and Liesack 2017).

Sample S7-12 was dominated by OTUs belonging
to the order Clostridiales. These were representatives of
the genus Tissierella, which were closest to the type
T. creatinini strain DSM 9508T, which is capable of
cleaving creatinine (Farrow et al., 1995; Harms et al.,
1998). Also, OTUs of the JS1 group, belonging to the
phylum Candidatus Atribacteria, which is widespread
in methane-rich anaerobic sediments, including the
deep-sea sediments of the Adel Basin in East Antarctica,
also constituted a significant portion of it (Carr et al.,
2015). In addition, representatives of the phylum Acti-
nobacteria of the WCHB1-81 group, common in fresh
waters, including those contaminated with methane
(Inceoglu et al., 2015), hydrocarbons, and a chlori-
nated solvent (Dojka et al., 1998), and cyanotoxins
(Dziga et al., 2019).

Thus, as a result of studying the structure of prokary-
otic communities in several samples taken from different
marine terraces in the area of the Barentsburg mine, we
can assume the presence in them before freezing micro-
biological processes that are generally similar (transfor-
mation of organic substances, sulfate reduction) or pre-
vailing mainly on certain terraces: exposed Bh 1, 2
(methanogenesis), Bh 1, 5 (anaerobic ammonium oxi-
dation), Bh 1, 7 (anaerobic oxidation of methane).

Genetic relationship of samples. Based on the anal-
ysis of the main components, according to the taxo-
nomic diversity of the Bacteria, the samples S7-7 and
S7-12 were closest to each other, the next in similarity
was sample S7-9. The isolation of sample S7-9 in Bh 7
can be explained by the increased content of plant
material fragments in it, which is most likely due to
sedimentation conditions different from the other two
samples. Another cluster is formed by samples S1-1
and S5-3 (Fig. 7). In all cases, S2-4 is the most differ-
ent of all samples. This may be due to different condi-
tions of sediment formation, and with different age of
the sediments of Bh 1-7 and Bh 2.
 Vol. 57  No. 8  2021
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Fig. 6. Relative abundance of dominant (≥1%) bacterial OTU taxonomical groups’ in the studied samples. Sample names are
explained in the text. Bubbles represent the mean value of relative abundances from two technical repetitions.
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Caldicoprobacter

Desulfosporosinus

Tissierella

Sphingomonas

Delftia

Massila

Polaromonas

Ferritrophicum

Pseudomonas

Smithella

Methylobacter
According to the composition of the dominant
OTUs of the domain Bacteria, samples in Bh 5 and 7
were similar to samples of terrestrial and submarine
permafrost at Cape Mamontov Klyk, in which phyla
Actinobacteria (Thermoleophilia), Chloroflexi (Gitt-
GS-136, KD4-96), Firmicutes (Clostridia), Gemmati-

monadae prevailed, Alpha-, Betaproteobacteria, as well
as Candidatus Atribacteria were found in samples at the
boundary of permafrost and the active layers
(Mitzscherling et al., 2017, 2019). A special feature of
Bh 7 is the presence in samples S7-7 and S7-9 with an
abundance of >3% OTU from the phylum Nitrospirae

(Thermodesulfovibrionia family), which, apparently,
are involved in the sulfate reduction process. In turn,
sample S2-4 is similar in bacterial composition to the
permafrost layer of late Holocene well-drained loess
of Adventdalen Valley (Müller et al., 2018) by the
dominance of the phylum Actinobacteria (family
Intrasporangiaceae and class Thermoleophilia).
According to published data, phyla of Proteobacteria,
IZVESTIYA, ATMOSPHER
Firmicutes, Chloroflexi, Acidobacteria, Actinobacteria,
and Bacteroidetes are also generally distributed in the
Arctic active layer and permafrost layers (Jansson and
Taş, 2014; Taş et al., 2018). The phyla Actinobacteria,
Chloroflexi, Firmicutes, Gemmatimonadetes, and Pro-

teobacteria were active under freezing temperatures
(Coolen and Orsi, 2015; Tuorto et al., 2014). Betapro-

teobacteria and Firmicutes were previously considered
as the most adapted to life at low temperatures and low
nutrient content groups, with Firmicutes representa-
tives capable of spore formation, which also explains
their significant proportion in frozen ecosystems
(Johnson et al., 2007). It has been shown that repre-
sentatives of Candidatus Atribacteria from gas hydrate
sediments survive at high salt concentrations and
freezing temperatures (Glass et al., 2019), and are also
often found in subseafloor anaerobic ecosystems with
low organic matter content (Orsi, 2018).
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Table 4. Identification of OTUs, comprising ≥3% in the amplicon libraries of domain Bacteria by NCBI database
OTU name % of all sample 

reads
Phylum, Class, 

Family
Nearest OTU’s

and/or type strains
(% similarity, 

Genbank number)

Isolation site References

BS1-1-1 14.89 ± 0.11 Actinobacteria

Tetrasphaera duodecadis

CB-281469 (99.6–
100% JX841007); Ory-

zihumus soli Aerobe-19T 
(99.2% NR_158075)

Sierra Nevada National 
Park rhizosphere soil, 
USA; Seoul grassland, 
South Korea

Pascual et al.,
2016; Kim
et al., 2017

BS1-1-2 13.34 ± 0.98 Gammaproteobacteria

(97.3–98.1% 
MF942669);
Methylobacter tundri-

paludum SV96T (96.9–
97.7% NR_042107)

South Glens-Fols coal-
tar contaminated sur-
face sediments and 
groundwater, USA; Ny 
lessund soil, Spitsber-
gen archipelago

Wilhelm et al., 
2018;
Wartiainen et al., 
2006

BS1-1-3 10.71 ± 0.78 Gammaproteobacteria

(99.6–100% 
LC276067); Methylo-

bacter tundripaludum 
SV96T (99.2–99.6% 
NR_042107)

Masutomi saline hot 
spring water, Japan; Ny 
lessund soil, Spitsber-
gen archipelago

Cabrera-Ospino
et al., 2018; Warti-
ainen et al., 2006

BS1-1-4 1.94 ± 0.60 Gemmatimonadetes, 
Gemmatimonadaceae

(99.2–99.6% 
JX172082);
(97.6–98.1% 
EF606037)

East Antarctic Larse-
mann Hills soil of gla-
cier forefield; 
Netherlandic rhizo-
sphere soil from former 
arable field sown with 
high seeds diversity

Bajerski and Wag-
ner, 2013; Kielak 
et al., 2008

BS2-4-1 48.2 ± 1.70 Actinobacteria

(99.6–100% 
KF973588); Oryzihu-

mus soli Aerobe-19T 
(98.9–99.2% 
NR_042107)

Northeast Greenland 
soil; Seoul grassland 
soil, South Korea

Ganzert et al., 
2014; Kim et al., 
2017

BS2-4-2 14.45 ± 0.07 Actinobacteria, Ther-

moleophilia, Gaiellales
(100% KJ650758) Kristineberg tailing 

dump, Sweden Korehi et al., 2014

BS2-4-3 5.14 ± 0.17 Actinobacteria, Ther-

moleophilia, Gaiellales

(97.6–98.0% 
AY345497)

Lake Waiau sediment, 
Hawaii

Donachie et al., 
2014

BS2-4-4 2.90 ± 1.75 Actinobacteria, Ther-

moleophilia, Gaiellales

(99.2-99.6% 
FJ842566)

Petroleum-contami-
nated aquifer sedi-
ment, California, USA

Wei, Finneran, 
2009

BS2-4-5 2.48 ± 0.67 Firmicutes, Clostridia

(98.8% JQ087094); 
Desulfosporosinus acid-

iphilus SJ4T, DSM 
22704T (98.4% 
NR_134719)

Sediment sample from 
the vadose zone of a 
hydrocarbon contami-
nated aquifer, Leuna, 
Germany; acid mining 
drainage sediments a 
decantation pond 
receiving acid mining at 
Chessy-les-Mines, 
France

Tischer et al., 2013; 
Sánchez-Andrea
et al., 2013

BS2-4-6 2.34 ± 0.24 Firmicutes, Clostridia

(100% MF942638); 
Desulfosporosinus fruc-

tosivorans 63.6FT 
(100% NR_156976)

Naphthalene-contami-
nated groundwater, 
South Glens Falls, New 
York, USA; subsurface 
sediments of the Baltic 
Sea near Sweden coast

Hanson et al., 
2013; Vandieken
et al., 2017
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BS5-3-1 34.29 ± 8.22 Gammaproteobacteria

Pseudomonas syringae 
UB303 (99.1–100% 
CP047267)

Mahomed Aquifer 
groundwater, State of 
Illinois, Great lakes 
region, USA

Baltrus et al., 2014

BS5-3-2 14.41 ± 0.14 Gammaproteobacteria

Pseudomonas frederiks-

bergensis EXB-L-2652T

(99.6% MK670511)

Western Spitsbergen 
subglacial ice Perini et al., 2019

BS5-3-3 9.03 ± 12.77 Gammaproteobacteria

Pseudomonas fildesen-

sis KG01T (100% 
NR_170438)

King George Island 
soil, Subantarctic Pavlov et al., 2020

BS5-3-4 5.22 ± 0.08 Actinobacteria

(99.6% KC605448);
Rubrobacter taiwanen-

sis LS-293T 
(90.2% NR_025220)

Mahomed Aquifer 
groundwater, State of 
Illinois, Great lakes 
region, USA; Lu-shan 
hot springs in the cen-
tral region of Taiwan

Flynn et al., 2013; 
Chen et al., 2004

BS5-3-5 4.65 ± 0.03 Actinobacteria, Ther-

moleophilia, Gaiellales

(96.9–97.2% 
JQ258931)

Coast tropical marine 
sediment, around 20m 
water depth, Ratnagiri, 
Arabian Sea

Singh et al., 2010

BS5-3-6 4.20 ± 0.11 Betaproteobacteria

(99.6% KY190729);
Polaromonas sp. EXB-
L-2565T (99.2–99.6% 
MK670532); Polaro-

monas naphthaleniv-

orans CJ2T (99.3–
99.6% NR_074651)

Hydrocarbon polluted 
soil from Carlini Sta-
tion, King George 
Island, Subantarctic;
Western Spitsbergen 
subglacial ice; coal tar-
contaminated sedi-
ment, South Glens 
Falls, NY, USA

Vazquez et al., 
2017; Perini et al., 
2020; Jeon et al., 
2006

BS5-3-7 3.63 ± 0.19 Actinobacteria, Ther-

moleophilia, Gaiellales

(98.9–100% 
FJ842566)

California petroleum-
contaminated aquifer 
sediment, USA

Wei and Finneran, 
2009

BS5-3-8 2.75 ± 3.45 Gammaproteobacteria

Pseudomonas silesien-

sis A3T (99.2% 
NR_156815)

Peaty soil used in a bio-
logical wastewater 
treatment plant 
exploited by pesticides, 
Jaworzno City, Poland

Kaminski et al., 
2018

BS5-3-9 2.64 ± 0.14 Actinobacteria, Ther-

moleophilia, Gaiellales

(100% KT068684); 
(98.0% AY345497)

Bioleaching system of 
Dexing Copper Mine, 
Jiangxi, China; Lake 
Waiau sediment, 
Hawaii

Niu et al., 2016; 
Donachie et al., 
2004

BS5-3-10 2.35 ± 0.84 Betaproteobacteria

(98.8–100% 
MF949155); Massilia 

niastensis AP13T

(98.8–100% 
NR_042502)

Qiyang Hunan paddy 
soil with iron and arse-
nic, China; Sevilla 
drinking water, Spain

Gustave et al., 
2019; Gallego
et al., 2006

OTU name % of all sample 
reads

Phylum, Class, 
Family

Nearest OTU’s
and/or type strains

(% similarity, 
Genbank number)

Isolation site References

Table 4. (Contd.)
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BS7-7-1 12.2 ± 0.71 Firmicutes, Clostridia

(99.6–100% 
MH112229);
Desulfosporosinus sp. 
DSM13257T, 
DSM17734T

(98.0–98.4% 
NR_074129, 
NR_115694)

Lake Lugano water, 
Switzerland;
groundwater contami-
nated with aromatic 
compounds in sandy 
soil from Eden Hill, 
Perth, Australia

Weber et al., 2018; 
Lee et al., 2009

BS7-7-2 10.4 ± 0.29 Actinobacteria, Ther-

moleophilia, Gaiellales

(99.6–100% 
KF424936)

Germany heavy metal-
contaminated water 
from a former U min-
ing site

Fabisch et al., 2016

BS7-7-3 6.2 ± 1.41 Actinobacteria

(98.5–99.6% 
KY190380)
Oryzihumus soli Aer-
obe-19T

(97.7–98.9% 
NR_158075)

King George Island 
soil, Carlini Station, 
Subantarctic; Seoul 
grassland soil, South 
Korea

Vazquez et al., 
2017; Kim et al., 
2017

BS7-7-4 5.6 ± 0.20 Nitrospirae, 4-29-1 (99.2–100% 
KT912708)

Western Montana river 
biofilm, USA Peipoch et al., 2015

BS7-7-5 3.2 ± 0.11 Nitrospirae, Thermod-

esulfovibrionia

(99.6–100% 
LC124773)

Sediment of Lake 
Skallen O-Ike, East 
Antarctica

Watanabe et al., 
2016

BS7-7-6 2.70 ± 0.40 Actinobacteria, Ther-

moleophilia, Gaiellales

(98.8–100% 
KT068684);
(97.2–98.0% 
AY345497)

Bioleaching system of 
Dexing Copper Mine, 
Jiangxi, China; lake 
Waiau sediment, 
Hawaii

Niu et al., 2016; 
Donachie et al., 
2014

BS7-7-7 1.91 ± 0.03 Deltaproteobacteria

(98.8–100% 
LC124701); Desulfati-

bacillum alkenivorans 
PF2803T (90.8–91.2% 
NR_025795)

Sediment of Antarctic 
Lake Skallen O-Ike, 
East Antarctica; oil-
polluted sediments of a 
sewage Fos Harbour 
plant, France

Watanabe et al., 
2016; Cravo-Lau-
reau et al., 2004

BS7-7-8 1.55 ± 0.14 Acidobacteria, Holo-

phagae, Subgroup 7
(100% EU132294) Kessler farm soil, Okla-

homa, USA
Elshahed et al., 
2008

BS7-9-1 12.6 ± 7.21 Chloroflexi, KD4-96 (99.6% KX705229)
Microbial mat King 
George Island,                    
Subantarctic

Alcántara-Hernán-
dez et al., 2014

BS7-9-2 7.91 ± 5.88 Firmicutes, Clostridia
(99.6–100% 
KP910975)

Kasatochi Island soil or 
post-volcanic pyroclas-
tic surface, Alaska

Zeglin et al., 2016

BS7-9-3 4.72 ± 1.35 Chloroflexi, Anaero-

lineae

(100% MF818353); 
Bellilinea caldifistulae 
strain GOMI-1T

(92.4% NR_041354)

Soil at a natural As 
anomaly with biogenic 
realgar, Czeh; thermo-
philic digester sludge, 
Japan

Drahota et al., 
2017; Yamada et al., 
2007

OTU name % of all sample 
reads

Phylum, Class, 
Family

Nearest OTU’s
and/or type strains

(% similarity, 
Genbank number)

Isolation site References

Table 4. (Contd.)
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BS7-9-4 3.49 ± 1.92 Nitrospirae, Thermod-

esulfovibrionia
(100% LC124773)

Sediment of Lake 
Skallen O-Ike, East 
Antarctica

Watanabe et al., 
2016

BS7-9-5 3.48 ± 1.11 Actinobacteria, Ther-

moleophilia, Gaiellales

(100% KT068684); 
(98.0% AY345497)

Bioleaching system of 
Dexing Copper Mine, 
Jiangxi, China; lake 
Waiau sediment, 
Hawaii

Niu et al., 2016; 
Donachie et al., 
2014

BS7-12-1 10.69 ± 12.22 Firmicutes, Clostridia

(98.4–99.6% 
HM141298); Tis-

sierella creatinini DSM 
9508T (95.6% 
NR_117155)

High Canadian Arctic 
Ellesmere Island 
supraglacial spring out-
flow; waste water pool 
at sugar refinery, Ger-
many

Gleeson et al. 2011; 
Farrow et al., 1995

BS7-12-2 10.52 ± 9.47 Atribacteria, JS1
(98.9–99.2% 
KX953082)

Deep sea sediment, 
Congo Pozzato et al., 2017

BS7-12-3 10.03 ± 10.15 Firmicutes, Clostridia

(98.8–99.6% 
MK016515) Tissierella 

creatinini DSM 9508T 
(95.2–96.2% 
NR_117155)

Atlantis Massif subsea-
floor rock, North 
Atlantic; waste water 
pool at sugar refinery, 
Germany

Quéméneur et al., 
2019; Farrow et al., 
1995

BS7-12-4 9.49 ± 0.45 Actinobacteria, 
WCHB1-81 (98.4% JQ349499)

Malin Sea marine sedi-
ment, the coast of Ire-
land

Szpak et al., 2012

BS7-12-5 6.19 ± 1.39 Actinobacteria, 
WCHB1-81

(98.8–100% 
DQ463730)

Lake Tanganyika 
anoxic hypolimnion, 
Central Africa

De Wever et al., 
2005

BS7-12-6 4.51 ± 0.24 Firmicutes, Clostridia

100% EU218834); Val-

litalea pronyensis Fat-
NI3T (92.8–92.9% 
NR_125677)

Permafrost/ground ice 
core profile from the 
Canadian high Arctic; 
New Caledonia alka-
line hydrothermal 
chimney

Steven et al., 2008; 
Aissa et al., 2014

BS7-12-7 4.37 ± 4.74 Atribacteria, JS1
(100% KP862894, 
EU556484)

Freshwater  of ice-cov-
ered lakes, McMurdo; 
Ace lake holocene sedi-
ments, East Antarctica

Kwon et al., 2014; 
Coolen et al., 2008

BS7-12-8 1.69 ± 0.04 Chloroflexi, Anaero-

lineaceae

(100% MG637454); 
Thermomarinilinea 

lacunifontana SW7T 
(90.8% NR_132293)

Aarhus Bay Site M5, 1-
50 cm depth marine 
sediment, Denmark; 
hydrothermal vent of 
the Taketomi subma-
rine hot spring field, 
Yaeyama Archipelago, 
Japan

Jorgensen et al., 
2019; Nunoura
et al., 2013

OTU name % of all sample 
reads

Phylum, Class, 
Family

Nearest OTU’s
and/or type strains

(% similarity, 
Genbank number)

Isolation site References

Table 4. (Contd.)
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Fig. 7. PCA of taxonomical data for domain Bacteria for two technical repetitions (A). Vectors show selected taxonomical factors
that are mainly responsible for the variance between samples. Cluster analysis of average abundance values using the paired group
algorithm (UPGMA) and the Euclidean affinity index (B).
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CONCLUSIONS

For the first time a comparative study of Western
Spitsbergen permafrost representing marine terraces
located in different sites of the east bank of Grønfjord
was carried out, using mutually complementary meth-
ods—profiling of the V4 region of 16S rRNA gene,
total cell count and aerobic cultivation of psychrotol-
erant part of the prokaryotic community. Total cell
number in permafrost samples was about 107 cells per
g that was two orders of magnitude less than in modern
marine sediments and one or two orders of magnitude
more than in near-surface permafrost layers. The
number of cultivated aerobic bacteria of Western
Spitsbergen permafrost reached 104 CFU/g was one
and a half to three orders of magnitude lower than in
other previously studied samples of lower temperature
Arctic permafrost.

Decreasing of the CFU’s number and in the diver-
sity of permafrost prokaryotic communities with near
zero negative temperatures shows how vulnerable are
the ancient permafrost microbial communities during
the period of global warming.

Characterized by the predominance of bacterial
phyla Actinobacteria, Proteobacteria, Chloroflexi,
Nitrospirae, Firmicutes the communities were similar
to the communities of modern coastal and marine
coastal sediments. Presumably, they were formed
mainly under anaerobic, but also under mixed aero-
bic-anaerobic conditions.

Thus, the functional role of the studied prokaryotic
communities seems to be reduced to heterotrophic
psychrophilic activity in all samples, anaerobic oxida-
tion of methane by bacteria of the genus Methylobacter
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
(in sample S1-1 from Gren river estuary) and sulfate-
reducing activity of bacteria of the phyla Firmicutes
and Nitrospirae (in samples from fourth marine terrace
of east coast of Isfjord—S2-4 and from first marine
terrace of cape Finneset—S7-7 and S7-9). Also, all
samples assume the presence of microbiological pro-
cesses of conversion of hydrocarbons.

The isolates of aerobic bacteria of the genera
Arthrobacter, Pseudarthrobacter, Psychrobacter, and
Rhodoferax accounted for less than 1% of the total
bacterial diversity of the samples. Before freezing
these species could probably perform the functions of
converting organic matter, including proteins and chi-
tin in cold Spitsbergen ecosystems.

The isotopic composition of methane and carbon
dioxide in Bh 7 suggests that the sediments could be
formed under conditions of gases’ replenishment from
the Tertiary deposits.
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