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Numerous lakes and rivers of the boreal zone of
Russia and other countries of the northern hemisphere
are fed by humic acidic waters formed in swampy
catchment areas [2]. In our previous study, we found
that one milliliter of water of small acidic lakes located
in the swampy Mologa–Sheksna catchment area of
upper Volga contains up to 104 ultrasmall microbial
cells that pass through “bacterial” filters with a pore
size of 0.22 μm [1]. Molecular identification of these
cells showed that there were both bacteria and archaea
among them. The filterable bacteria of the lake water
primarily represented the genera Herbaspirillum, Her�
miniimonas, Curvibacter, and Burkholderia within the
class Betaproteobacteria. A minor bacterial fraction
was composed of representatives of the Alpha� and
Gammaproteobacteria, as well as Actinobacteria. In the
pool of filterable archaea, only Euryarchaeota repre�
sentatives were revealed, most of them belonging to
the new yet undescribed clade of archaea, convention�
ally designated by several researchers by the LDS
abbreviation (Lake Dagow Sediment) [3, 4]. The 16S
rRNA sequences of this archaeal clade have been

detected primarily in aerobic freshwater habitats [4];
however, these organisms remain uncultured so far,
and their physiology and metabolic potentials are
unknown.

It is noteworthy that for wetland ecosystems
located in river catchments on lowland territories,
predominance of small microbial cells is typical [5–7].
Cells measuring less than 0.5 μm comprised up to 80%
of the total microbial population revealed by DAPI
staining in the peat of Bakcharskoe bog in western
Siberia [5]. Because of the low fluorescence intensity,
these cells could hardly be identified by fluorescent in
situ hybridization (FISH) with the conventional set of
probes specific to the major groups of the Bacteria
domain. Interestingly, a polymerase chain reaction
with template DNA from the fraction of cells smaller
than 0.2 μm resulted in amplification of only archaeal
but not bacterial 16S rRNA genes [8]. The nucleotide
sequences determined in that work showed the affilia�
tion of bog ultramicroarchaea with undescribed
groups of the Archaea domain, which lack cultured
representatives. According to Lysak et al. [6], the
number of microbial cells that passed through 0.2 μm�
pore�size filters varied in the ombrotrophic peat bog
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from 1 × 108 to 5 × 108 cells per gram dry peat. Less
than a half of this filterable cell population could be
identified by FISH, and these were representatives of
Archaea and of the bacterial phyla Proteobacteria,
Bacteroidetes and Actinobacteria [6]. There have been
no studies aimed at more detailed identification of
microbial ultramicroforms in wetland ecosystems.

Thus, it remained unclear whether the waters
draining peatlands can influence the composition of
filterable microbial cells in aquatic ecosystems fed by
swampy catchments. The present work was initiated in
order to find an answer to this question by identifying
the prokaryotic ultramicroforms in the Sphagnum peat
of Obukhovskoe bog, located, like the lakes Motykino
and Dubrovskoe studied previously [1], in the
Mologa–Sheksna catchment area.

MATERIALS AND METHODS

Study site. This work used Sphagnum peat collected
from a depth of 5–15 cm in Obukhovskoe bog (Yaro�
slavl’ oblast, 58°14'N, 38°12'E) in May 2010.
Obukhovskoe bog is a typical component of the
swampy landscape in the Mologa–Sheksna catch�
ment area of upper Volga. The vegetation cover is com�
posed of Sphagnum angustifolium, Sph. fuscum, Carex
spp., Oxicoccus sp., and Vaccinium sp. Peat thickness
reaches 3 m. The bog water has a pH value of 4.2. The
water table at the time of sampling was at a depth of
5 cm.

Determination of filterable cell numbers by micros�
copy. For this analysis, 1 g wet peat (97% water con�
tent) was used. Microbial cells were desorbed with
MiniMix homogenizer (model 100, Interscience,
France) and the BagFilter sterile bags supplied
together with it. Each bag has two compartments sep�
arated by a filtering insert, which makes it possible to
separate the peat suspension from large (≥1 mm) par�
ticles of undecomposed plant debris. Wet peat (1 g)
was placed in one of the two compartments, suspended
in 20 mL of sterile water, and homogenized for 10 min.
After this, 1 mL of the suspension enriched with
microbial cells was taken from the other compart�
ment, fixed with ethanol added at 1 : 1 ratio, and
stored at –20°C. For determination of the total num�
ber of microbial cells, the fixed sample was diluted
with water to a volume of 15 mL, and a 0.3�mL aliquot
was filtered through a 0.22�μm�pore�size Millipore
filter with the use of a vacuum pump. For enumeration
of filterable cells, the remaining peat suspension was
passed through membrane filters with a pore size of
0.22 μm; the cells that passed through this filter were
trapped on filters with a pore size of 0.09 μm. The fil�
ters with trapped cells were cut into four sectors, which
were stained with a 0.5 μM solution of the DNA�spe�
cific fluorescent dye 4',6�diamidino�2�phenylindole
(DAPI) for 10 min, washed with distilled water, and
dried. The number of trapped cells was determined
using a Zeiss Axioplan 2 microscope (Carl Zeiss, Ger�

many) with a Zeiss 02 light filter specific for DAPI
staining. Cells were counted in 100 microscope fields
with subsequent calculation of their number in 1 g of
wet peat. The total microbial cell number and the
number of cells that passed through 0.22�μm�pore�
size filter were determined in three replicates.

Molecular identification of filterable forms of
prokaryotes. For molecular identification of filterable
prokaryotes, 2 g of peat was suspended in 20 mL of
sterile water, treated in a MiniMix homogenizer as
described above, and filtered through membrane fil�
ters with a pore size of 5 μm with the use of a vacuum
pump to get rid of large particles. The fraction of ultr�
asmall cells was collected by passing this filtrate
through 0.22�μm�pore�size nitrocellulose filters and
subsequent trapping of filterable cells on 0.1�μm�
pore�size filters. Two filters with trapped cells were
used to isolate total DNA with the use of a FastDNA
SPIN kit for soil (Biol 101, United States) according
to manufacturer’s recommendations. The obtained
total DNA was used as template in polymerase chain
reaction (PCR). Fragments (~1490 bp) of bacterial
16S rRNA genes were amplified in PCR with universal
bacterial primers 9f and 1492r [9], and fragments
(~800 bp) of 16S rRNA genes of archaea, with the
primers 109f and 915r [10]. PCR was run in a PE
GeneAmp PCR System 9700 thermal cycler (Perkin�
Elmer Applied Biosystems, United States). PCR
products were checked by electrophoresis in a 1.2%
agarose gel with subsequent staining with ethidium
bromide and visualization in a UV transilluminator.
The amplicons were cloned using a pGem�T Easy
Vector SystemII kit (Promega, United States).
Recombinant clones were selected by amplification of
the cloned fragments with the vector�specific primers
T7 and SP6. The clones were sorted by restriction
analysis using MspI and RsaI endonucleases for bacte�
rial amplicons and HhaI and BsuRI (HaeIII) endonu�
cleases for archaeal amplicons. Electrophoresis of the
restriction products was performed in a 2.5% agarose
gel.

Isolation and purification of plasmid DNA was
carried out using Wizard® Plus Minipreps DNA Puri�
fication System (Promega). Nucleotide sequences
were determined on an ABI 377A sequencer (Perkin�
Elmer Applied Biosystems, United States) and edited
using the SeqMan (Laser Gene 7.0; DNA Star Pack�
age) software. The comparison of sequences with
those available in the GenBank database was per�
formed using the Blast2 software (http://www.
ebi.ac.uk/Tools/blast2/). The clone libraries were
checked for the presence of chimeras with the use of
the Bellerophon 3.0 software (http://comp�
bio.anu.edu.au/bellerophon/bellerophon.pl). Phylo�
genetic dendrograms were constructed using the ARB
software package (http://www.arb�home.de). The sta�
tistical significance of the dendrograms was estimated
using Phylip software package by constructing
1000 alternative trees and bootstrap analysis.
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The newly determined nucleotide sequences of the
16S rRNA genes of filterable peat�inhabiting prokary�
otes have been deposited in GenBank under accession
numbers JQ697092–JQ697150.

RESULTS AND DISCUSSION

Filterable cell number. The total number of micro�
organisms revealed by DAPI staining in 1 g of wet peat
of Obukhovskoe bog was (8.06 ± 0.86) × 108 cells.
About 0.5% of these cells, (3.75 ± 0.42) × 106 L–1,
passed through 0.22 μm�pore�size filters. The values
obtained by Lysak et al. [6] are of the same order of
magnitude if recalculated per 1 g wet peat.

Molecular identification of filterable bacterial
forms. The clone library of 16S rRNA genes of filter�
able bacterial forms from peat included 100 clones, of
which 65 represented the phylum Proteobacteria and
35 represented the phylum Bacteroidetes (Fig. 1). Pro�
teobacteria were represented by two classes, Betapro�
teobacteria (44 clones) and Gammaproteobacteria
(21 clones), and the phylum Bacteroidetes was repre�
sented by the classes Flavobacteria (34 clones) and
Sphingobacteria (1 clone).

All cloned 16S rRNA gene sequences affiliated
with Betaproteobacteria exhibited highest similarity
(98–99%) to those of the bacteria from the genus Jan�
thinobacterium, particularly to J. lividum and to taxo�
nomically uncharacterized psychrophilic representa�
tives of this genus isolated from sediment of an Antarc�
tic lake [11].

The class Gammaproteobacteria was represented by
21 cloned sequences, of which 20 exhibited high
(99%) similarity to 16S rRNA genes of psychrophilic
representatives of the genus Pseudomonas: Ps. psychro�
phila, Ps. antarctica, and Antarctic isolates. One of the
cloned genes belonged to a representative of the genus
Acinetobacter and was closest (99%) to the gene of an
isolate of this genus from a melt water stream of an
Arctic glacier [12].

A large group of the cloned 16S rRNA sequences of
filterable peat�inhabiting bacteria belonged to the
class Flavobacteria (Fig. 1). Ten of such clones repre�
sented the genus Chryseobacterium, and 24 clones rep�
resented the genus Epilithonimonas. One clone exhib�
ited high (99%) similarity to the 16S rRNA gene of
Sphingobacterium faecium, isolated from an Alpine
glacier.

Thus, the diversity of filterable bacterial forms
revealed in the bog was lower than that in acidic lakes.
In both bogs and lakes, betaproteobacteria made up a
considerable fraction of filterable cells. However, in
the bog they were represented exclusively by members
of the genus Janthinobacterium, whereas in lakes, by
members of the genera Herbaspirillum, Herminiimo�
nas, Curvibacter, and Burkholderia [1]. Ultrasmall
pseudomonads were present in both lakes and the bog.
The major distinction of the pool of filterable prokary�
otes of the bog was the presence of Bacteroidetes repre�
sentatives: flavobacteria and sphingobacteria. Accord�
ing to Lysak et al. [6], representatives of this group of
bacteria made up 25% of all ultramicrobacteria identi�
fied in peat soil by FISH.

Clone POB 14 (8)
Clone POB 36 (22)

Clone POB 38 (6)
Janthinobacerium lividum, AF174648

Clone POB 23 (8)
Janthinobacerium sp., GU733463

Clone POB 21
Clone POB 50
Clone POB 106 (2)

Clone POB 11 (7)
Pseudomonas antarctica, FM955872
Clone POB 7 (9)

Pseudomonas fluorescens, AF506040
Acinetobacter lwoffii, AF188302

Clone POB 54
Chryseobacterium balustinum, M58771
Clone POB 25 (9)

Chryseobacterium scophthalmum, AJ271009
Chryseobacterium vrystaatense, AJ871398

Clone POB 110
Chryseobacterium formosense, NR_036872

Clone POB 15 (12)
Clone POB 17 (12)

Epilithonimonas lactis, EF204460
Clone POB 34
Sphingobacterium faecium, AJ438176

Betaproteobacteria

Gammaproteobacteria

Bacteroidetes

100

98

99
94

100

100
100

100

100

100

100
100
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73

0.10

Fig. 1. Phylogenetic dendrogram constructed based on comparative analysis of the 16S rRNA gene sequences of filterable bacteria
from Sphagnum peat and the 16S rRNA genes of some representatives of the Proteobacteria and Bacteroidetes. The clones
obtained from the peat of Obukhovskoe bog are designated by the letters POB. As outgroups, the 16S rRNA genes of Gemmata
obscuriglobus (X54522), Isophaera pallida (AJ231195), Schlesneria paludicola (AM162407), and Planctomyces limnophilus
(X62911) were used. Bar, 0.1 substitutions per nucleotide position.
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We failed to reveal filterable forms of actinobacteria
in the bog. Here, our results differ from FISH data [6],
according to which actinobacteria made up one�third
of all ultramicrobacteria identified in peat soil. Ultras�
mall forms of actinobacteria are known to be a typical
component of the bacterioplankton of oligotrophic
and oligomesotrophic lakes [13–15]; however, no
analogous taxa of Actinobacteria have so far been
revealed in peatlands.

All of the bacteria that we identified in the fraction
of filterable cells of the bog belonged to well�studied
taxa. However, it is worth noting that the taxonomic
descriptions of most of these bacteria (of the genera
Janthinobacterium, Pseudomonas and Epilithonimo�
nas) lack indications of the possible formation of ultr�
asmall cells. At the same time, filtered water has been
reported to contain pseudomonads along with other
microorganisms [16–18]. Notably, before establish�
ment of phylogenetic systematics, bacteria of the
genus Janthinobacterium were also considered to be
pseudomonads. Under substrate limitation and tem�
peratures unfavorable for growth, these bacteria most
probably form smaller cells than when grown on labo�
ratory media. As for our detection in the bog of filter�
able representatives of Chryseobacterium, it is worth
noting that one of the reports concerning the forma�
tion of ultrasmall cells (with and average volume of
~0.08 μm2) by bacteria described three representatives
of this genus obtained from deep Greenland ice core.
These isolates were subsequently characterized as rep�
resenting a new species, Chryseobacterium greenland�
ense [19]. One more communication was devoted to
ultrasmall Chryseobacterium representatives isolated
from Lake Baikal sediments and old oil sludge [20].

An interesting finding stemming from the analysis
of the phylogenetic affiliation of the filterable bacterial
forms found in the bog was that virtually all of their
closest relatives were isolated from low�temperature
ecosystems, particularly Antarctic lakes and waters
and sediments of melt water streams of Arctic and
high�altitude glaciers. Unfortunately, relevant publi�
cations do not provide information of on the cell size
ranges of these microorganisms.

Molecular identification of filterable archaeal
forms. The clone library of 16S rRNA genes of filter�
able archaea comprised 77 clones, of which 73 repre�
sented the Euryarchaeota phylum, and 4, the phylum
Thaumarchaeota. 

About half of the clones of 16S rRNA genes of eur�
yarchaea represented methanogens of the orders
Methanobacteriales, Methanomicrobiales, and Metha�
nosarcinales. A group that was particularly large
(41 clones) was comprised by 16S rRNA gene
sequences belonging to the order Methanomicrobiales
and exhibiting 97–98% identity with the 16S rRNA

gene of the acidophilic peat�inhabiting methanogen
Methanoregula boonei [21, 22], a typical inhabitant of
acidic wetland ecosystems, characterized by very small
cells with a diameter of 0.2–0.3 μm. The only clone
that represented the order Methanobacteriales
belonged to the phylogenetic lineage of Methanobac�
terium subterraneum, which has very thin (0.10–
0.15 μm) rod�shaped cells [23]. Representatives of the
order Methanosarcinales were detected by us both in
the water of acidic lakes [1] and in the peat of the bog.

The remaining half of the cloned 16S rRNA gene
sequences of filterable peat�inhabiting archaea
belonged to the as yet uncharacterized clades of meso�
philic Euryarchaeota, conventionally named LDS
(Lake Dagow Sediment) (22 clones) and RC�V (Rice
Cluster V) (5 clones) (Fig. 2). The similarity of these
cloned sequences with the 16S rRNA genes of taxo�
nomically characterized archaea did not exceed 75%.
The first clones belonging to the RC�V phylogenetic
group were obtained in 1998 from soil of flooded rice
microcosms [24]. The LDS phylogenetic clade was
formed later (in 2004) on the basis of a group of clones
retrieved from lake sediments [3]. In 2008, the LDS
and RC�V clades comprised about 370 and 500 nucle�
otide sequences, respectively [4]. Detailed analysis of
the parameters of ecosystems from which these clones
had been retrieved showed that the main habitats of
these uncultured groups of euryarchaea are oxic fresh
waters and freshwater sediments [4]. No data are pres�
ently available on the physiology and metabolism of
the representatives of these groups. Our studies show
that cells of LDS representatives have ultramicro
dimensions. The LDS�affiliated 16S rRNA gene
sequences retrieved from peat were highly similar to
those retrieved in our previous study from the waters of
acidic lakes Dubrovskoe and Motykino [1] and formed
common clusters with them (Fig. 2). These clusters
also included 16S rRNA gene sequences earlier
retrieved from waters of Arctic rivers, lakes, and bogs
[25–27], as well as from boreal peatlands [28].

Four of the retrieved 16S rRNA gene sequences of
filterable peat�inhabiting archaea represented the
Thaumarchaeota [29, 30]. This group of archaea
includes only a limited number of cultured and char�
acterized representatives; nevertheless, organisms
possessing ultrasmall cells are already known among
them. The typical inhabitant of seawater Candidatus
Nitrosopumilus maritimus has rod�shaped cells that
are only 0.17–0.22 μm thick [31]. However, the nucle�
otide sequences of thaumarchaeota obtained in our
work were closest (up to 99%) to clones earlier
retrieved from various wetland ecosystems [28, 32, 33].
Most probably, particular groups of Thaumarchaeota
are typical inhabitants of northern wetlands.
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As demonstrated by the present study, the compo�
sition of ultrasmall bacterial forms passing through
0.22�μm�size filters in the waters of lakes does not
exhibit considerable similarity to that in the surround�
ing peatland catchments. . By contrast, the pools of fil�
terable archaea of these two ecosystems are dominated
by one and the same group of ultrasmall Euryarchae�
ota representatives belonging to a new, as yet unde�
scribed class of archaea. Investigation of the biology
and physiology of these microorganisms is of consid�
erable theoretical and practical interest.

ACKNOWLEDGMENTS

This work was supported by the fundamental
research programs of the Presidium of the Russian

Academy of Sciences “Molecular and Cell Biology”
and “Environment and Climate Changes: Global
Catastrophes.”

REFERENCES

1. Fedotova, A.V., Belova, S.E., Kulichevskaya, I.S., and
Dedysh, S.N., Molecular Identification of Filterable
Bacteria and Archaea in the Water of Acidic Lakes of
Northern Russia, Microbiology, 2012, vol. 81, no. 3,
pp. 281–287.

2. Zavarzin, G.A. and Dedysh, S.N., Microbial Processes
in Wetland Ecosystems and Changes in Natural Waters
Caused by Microbial Activity, Environmental and Cli�
matic Changes and the Associated Technogenic Catastro�
phes, vol. 4: Biospheric Processes: Changes in Soils, Veg�
etation, and Territorial Waters of the Russian Federation

Clone POA 7, POA 19, POA 34, POA 79, POA 81
POA 97, POA 112, acidic lake archaea JN825226
and JN825285

Clone POA 77
“Mackenzie river” archaeon, EF014515

acidic lake archaeon, JN825289
Clone POA 110 (2)
acidic lake archaeon, JN825241

Clone POA 40, POA 62, POA 96, acidic lake
archaea JN825247 and  JN825286

acidic lake archaeon, JN825286
Clone POA 89

acidic lake archaeon, JN825238
acidic peat archaeon, AM712544

acidic lake archaeon, JN825286

acidic lake archaeon, EU782019

acidic lake archaeon, JN825228
Clone POA 6, POA 9 (3), POA 29 (3), POA 55

acidic lake archaeon, JN825281
“Lake Llebreta” archaeon, FR820727

boreal fen archaeon, AM905420
Clone POA 117

Clone POA 32
Clone POA 132

Clone POA 42
Clone POA 60
Clone POA 1 (6), POA 21 (2), POA 43, POA 47, POA 51 (2),

POA 57 (2), POA 58 (3), POA 67 (2), POA 84 (2), POA 93 (2),
POA 98 (4), POA 122 (3), POA 133 (7)

Clone POA 37 (2)
Clone POA 45 (2)

Methanoregula boonei, DQ282124
Methanosphaerula palustris, EU156000

Clone POA 109
Clone POA 59 (2)

Methanosphaerula lacustera, AF432127
Clone POA 73

boreal fen archaeon, AM905408
peat bog archaeon, FJ822548

Clone POA 139
Methanosphaerula subterraneum, X99045

wetland soil archaeon, AB570044
boreal fen archaeon, AM905394

peat bog archaeon, FJ822579
Clone POA 2

Clone POA 15
Clone POA 131 (2)

boreal forest archaeon, GU815337
Candidatus Nitrososphaera gargensis, EU281336

Cenarchaeum symbiosum, U51469
Nitrosopumilus maritimus, DQ085097

LDS cluster

RC�V

Methanomicrobiales

Methanosarcinales

Methanobacteriales

Thaumarchaeota
100

98

69
100

100

100
98

97

84

100

100

100

100

100

96
60

97

98 100

100

100

100

98

100

0.10

Fig. 2. Phylogenetic dendrogram constructed based on comparative analysis of the 16S rRNA gene sequences of filterable archaea
from Sphagnum peat, the 16S rRNA genes of some taxonomically characterized archaea, and a number of clones obtained in
molecular studies of various ecosystems. The clones obtained from the peat of Obukhovskoe bog are designated by the letters
POA. As outgroups, the 16S rRNA genes of Gemmata obscuriglobus (X54522), Isophaera pallida (AJ231195), Schlesneria palu�
dicola (AM162407), and Planctomyces limnophilus (X62911) were used. Bar, 0.1 substitutions per nucleotide position.



MICROBIOLOGY  Vol. 81  No. 5  2012

PROKARYOTIC ULTRAMICROFORMS IN A Sphagnum PEAT BOG 619

and Element Cycles Caused by Global Climatic Changes
and Catastrophic Processes, Zavarzin, G.A. and Kude�
yarov, V.N., Eds., Pushchino, Moscow: IFKh i BPP
RAN, IFZ RAN, 2008, pp. 80–96.

3. Glissman, K., Chin, K.�J., Casper, P., and Conrad, R.,
Methanogenic Pathway and Archaeal Community
Structure in the Sediment of Eutrophic Lake Dagow:
Effect of Temperature, FEMS Microbial Ecol., 2004,
vol. 48, pp. 389–399.

4. Barberán, A., Fernández�Guerra, A., Auguet, J.�C.,
Galand, P., and Casamayor, E.O., Phylogenetic Ecol�
ogy of Widespread Uncultured Clades of the Kingdom
Euryarchaeota, Molecular Ecol., 2011, vol. 20,
pp. 1988–1996.

5. Dedysh, S.N., Pankratov, T.A., Belova, S.E., Kulichev�
skaya, I.S., and Liesack, W., Phylogenetic Analysis and
In Situ Identification of Bacteria Community Compo�
sition in an Acidic Sphagnum Peat Bog, Appl. Environ.
Microbiol., 2006, vol. 72, pp. 2110–2117.

6. Lysak, L.V., Lapygina, E.V., Konova, I.A., and Zvyag�
intsev, D.G., Quantity and Taxonomic Composition of
Ultramicrobacteria in Soils, Microbiology, 2010,
vol. 79, no. 3, p. 408.

7. Kulichevskaya, I.S., Belova, S.E., Komov, V.T.,
Dedysh, S.N., and Zavarzin, G.A., Phylogenetic Com�
position of Bacterial Communities in Small Boreal
Lakes and Ombrotrophic Bogs of the Upper Volga
Basin, Microbiology, 2011, vol. 80, no. 4, pp. 549–558.

8. Panikov, N.S., Contribution of Nanosized Bacteria to
the Total Biomass and Activity of a Soil Microbial
Community, Adv. Appl Microbiol., 2005, vol. 57,
pp. 243–296.

9. Weisburg, W.G., Barns, S.M., Pelletier, D.A., and
Lane, D.J., 16S Ribosomal DNA Amplification for
Phylogenetic Study, J. Bacteriol., 1991, vol. 173,
pp. 697–703.

10. Großkopf, R., Janssen, P.H., and Liesack, W., Diversity
and Structure of the Methanogenic Community in
Anoxic Rice Paddy Soil Microcosms as Examined by
Cultivation and Direct 16S rRNA Gene Sequence
Retrieval, Appl. Environ. Microbiol., 1998, vol. 64,
pp. 960–969.

11. Shivaji, S., Kumari, K., Kishore, K.H., Pindi, P.K.,
Rao, P.S., Srinivas, T.N.R., Asthana, R., and
Ravindra, R., Vertical Distribution of Bacteria in a
Lake Sediment from Antarctica by Culture�Indepen�
dent and Culture�Dependent Approaches, Res. Micro�
biol., 2011, vol. 162, pp. 191–203.

12. Reddy, P.V.V., Rao, S.S.S.N., Pratibha, M.S.,
Sailaja, B., Kavya, B., Manorama, R.R., Singh, S.M.,
Srinivas, T.N.R., and Shivaji, S., Bacterial Diversity
and Bioprospecting for Cold�Active Enzymes from
Culturable Bacteria Associated with Sediment from a
Melt Water Stream of Midtre Lovenbreen Glacier, an
Arctic Glacier, Res. Microbiol., 2009, vol. 160, pp. 538–
546.

13. Hahn, M.W., Luensdorf, H., Wu, Q., Schauer, M.,
Hoefle, M.G., Boenigk, J., and Stadler, P., Isolation of
Novel Ultramicrobacteria Classified as Actinobacteria
from Five Freshwater Habitats in Europe and Asia,
Appl. Environ. Microbiol., 2003, vol. 69, pp. 1442–1451.

14. Hahn, M.W., Description of Seven Candidate Species
Affiliated with the Phylum Actinobacteria, Represent�
ing Planktonic Freshwater Bacteria, Int. J. Syst. Evol.
Microbiol., 2009, vol. 59, pp. 112–117.

15. Silbaq, F.S., Viable Ultramicrocells in Drinking Water,
J. Appl. Microbiol., 2009, vol. 106, pp. 106–117.

16. MacDonell, M.T. and Hood, M.A., Isolation and
Characterization of Ultramicrobacteria from a Gulf
Coast Estuary, Appl. Environ. Microbiol., 1982, vol. 43,
pp. 566–571.

17. Haller, C.M., Rölleke, S., Vybiral, D., Witte, A., and
Velimirov, B., Investigation of 0.2 μm Filterable Bacte�
ria from the Western Mediterranean Sea Using a
Molecular Approach: Dominance of Potential Starva�
tion Forms, FEMS Microbiol. Ecol., 1999, vol. 31,
pp. 153–161.

18. Naganuma, T., Miyoshi, T., and Kimura, H., Phylotype
Diversity of Deep�Sea Hydrothermal Vent Prokaryotes
Trapped by 0.2� and 0.1 μm�Pore�Size Filters, Extre�
mophiles, 2007, vol. 11, pp. 637–646.

19. Loveland�Kurtze, J., Miteva, V., and Brencheley, J.,
Novel Ultramicrobacterial Isolates from a Deep
Greenland Ice Core Represent a Proposed New Spe�
cies, Cryseobacterium greenlandense sp. nov., Extremo�
philes, 2010, vol. 14, pp. 61–69.

20. Suzina, N.E., Duda, V.I., Esikova, T.Z., Shorokhova, A.P.,
Gafarov, A.B., Oleinikov, R.R., Akimov, V.N., Abash�
ina, T.N., Polivtseva, V.N., and Boronin, A.M., Novel
Ultramicrobacteria, Strains NF4 and NF5, of the
Genus Chryseobacterium: Facultative Epibionts of
Bacillus subtilis, Microbiology, 2011, vol. 80, no. 4,
pp. 535–548.

21. Bräuer, S.L., Cadillo�Quiroz, H., Yashiro, E.,
Yavitt, J.B., and Zinder, S., Isolation of a Novel Acid�
iphilic Methanogen from an Acidic Peat Bog, Nature,
2006, vol. 442, pp. 192–194.

22. Bräuer, S.L., Cadillo�Quiroz, H., Ward, R.J.,
Yavitt, J.B., and Zinder, S., Methanoregula boonei gen.
nov., sp. nov., an Acidiphilic Methanogen Isolated from
an Acidic Peat Bog, Int. J. Syst. Evol. Microbiol., 2011,
vol. 61, pp. 45–52.

23. Kotelnikova, S., Macario, A.J.L., and Pedersen, K.,
Methanobacterium subterraneum sp. nov., a New Alka�
liphilic, Eurythermic and Halotolerant Methanogen
Isolated from Deep Granitic Groundwater, Int. J. Syst.
Evol. Microbiol., 1998, vol. 48, pp. 357–367.

24. Grosskopf, R., Stubner, S., and Liesack, W., Novel
Euryarchaeotal Lineages Detected on Rice Roots and
in the Anoxic Bulk Soil of Flooded Rice Microcosms,
Appl. Environ. Microbiol., 1998, vol. 64, no. 12,
pp. 4983–4989.

25. Galand, P.E., Lovejoy, C., Pouliot, J., and
Vincent, W.F., Heterogeneous Archaeal Communities
in the Particle�Rich Environment of an Arctic Shelf
Ecosystem, J. Mar. Syst., 2008, vol. 74, pp. 774–782.

26. Høj, L., Olsen, R.A. and Torsvik, V.L., Effects of Tem�
perature on the Diversity and Community Structure of
Known Methanogenic Groups and Other Archaea in
High Arctic Peat, ISME J., vol. 2, pp. 37–48.

27. Pouliot, J., Galand, P.E., Lovejoy, C., and
Vincent, W.F., Vertical Structure of Archaeal Commu�
nities and the Distribution of Ammonia Monooxygen�



620

MICROBIOLOGY  Vol. 81  No. 5  2012

BELOVA et al.

ase A Gene Variants in Two Meromictic High Arctic
Lakes, Environ. Microbiol., 2009, vol. 11, pp. 687–699.

28. Juottonen, H., Tuittila, E.�S., Juutinen, S., Fritze, H.,
and Yrjälä, K., Seasonality of rDNA� and rRNA�
Derived Archaeal Communities and Methanogenic
Potential in a Boreal Mire, ISME J., 2008, vol. 2,
pp. 1157–1168.

29. Brochier�Armanet, C., Boussau, B., Gribaldo, S., and
Forterre, P., Mesophilic Crenarchaeota: Proposal for a
Third Archaeal Phylum, the Thaumarchaeota, Nat.
Rev. Microbiol., 2008, vol. 6, pp. 245–252.

30. Pester, M., Schleper, C., and Wagner, M., The Thau�
marchaeota: An Emerging View of Their Phylogeny and
Ecophysiology, Curr. Opin. Microbiol., 2011, vol. 14,
no. 3, pp. 300–306.

31. Könneke, M., Bernhard, A.E., de la Torre, J.R.,
Walker, C.B., Waterbury, J.B., and Stahl, D.A., Isola�
tion of an Autotrophic Ammonia�Oxidizing Marine
Archaeon, Nature, 2005, vol. 437, pp. 543–546.

32. Cadillo�Quiroz, H., Yavitt, J.B., Zinder, S.H., and
Thies, J.E., Diversity and Community Structure of
Archaea Inhabiting the Rhizoplane of Two Contrasting
Plants from an Acidic Bog, Microb. Ecol., 2010, vol. 59,
pp. 757–767.

33. Narihiro, T., Hori, T., Nagata, O., Hoshino, T.,
Yumoto, I., and Kamagata, Y., The Impact of Aridifi�
cation and Vegetation Type on Changes in the Commu�
nity Structure of Methane�Cycling Microorganisms in
Japanese Wetland Soils, Biosci. Biotechnol. Biochem.,
2011, vol. 75, no. 9, pp. 1727–1737.


