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A novel strain of methanogenic archaea, designated MC-20", was isolated from the anoxic
sediment of a subsurface lake in Movile Cave, Mangalia, Romania. Cells were non-motile, Gram-
stain-negative rods 3.5—-4.0 pm in length and 0.6—0.7 pm in width, and occurred either singly or
in short chains. Strain MC-20" was able to utilize H,/CO,, formate, 2-propanol and 2-butanol as
substrate, but not acetate, methanol, ethanol, dimethyl sulfide, monomethylamine, dimethylamine
or trimethylamine. Neither trypticase peptone nor yeast extract was required for growth. The major
membrane lipids of strain MC-20" were archaeol phosphatidylethanolamine and diglycosyl
archaeol, while archaeol phosphatidylinositol and glycosyl archaeol were present only in minor
amounts. Optimal growth was observed at 33 °C, pH 7.4 and 0.08 M NaCl. Based on
phylogenetic analysis of 16S rRNA gene sequences, strain MC-20" was closely affiliated with
Methanobacterium oryzae FPI" (similarity 97.1 %) and Methanobacterium lacus 17A17 (97.0 %).
The G+ C content of the genomic DNA was 33.0 mol%. Based on phenotypic and genotypic
differences, strain MC-20" was assigned to a novel species of the genus Methanobacterium for
which the name Methanobacterium movilense sp. nov. is proposed. The type strain is MC-20"
(=DSM 26032"=JCM 18470").

Movile Cave is a groundwater system located close to the
city of Mangalia, a few kilometres from the Black Sea coast
of Romania. This karstic region is characterized by
numerous thermal springs (Sarbu & Popa, 1992). The
cave is developed in Sarmatian limestone on two levels, one
of which is dry while the other is submerged and forms a
siphon. Where the ceiling of the flooded gallery rises above

Abbreviations: GDGT, glycerol diphytanyl glycerol tetraether; HPLC-ESI-
MS, HPLC electrospray interface MS.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of Methanobacterium movilense MC-20" is JF812256.

Two supplementary figures are available with the online version of this
paper.

the level of the water, sealed spaces, called air bells, form.
Proven to be almost completely isolated from the surface
(Sarbu et al, 1996), one of the striking features of this
system is the constancy of its physical and chemical
parameters. Thus, the cave is known for its unique
subsurface ecosystem with groundwater rich in hydrogen
sulfide (up to 10 mg 17"), methane (up to 6 mg 1™") and
ammonium (up to 6 mg 1~ "), being anoxic from a depth
of 5 cm, and an atmospheric composition in the air bells of
7-10% O,, 2-3.5% CO, and 1-2 % CH, (Sarbu & Kane,
1995; Sarbu et al., 1996). The pH of the water is 7.4 while
its temperature is between 22 and 24 °C. In contrast to the
majority of the caves from the temperate zone in this area,
where temperatures match the mean annual external
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temperatures, namely around 10-12 °C, in Movile Cave,
due to the presence of mesothermal water and its lack of
openings, the temperature of the atmosphere reaches 20 °C
in the dry passages and slightly higher in the air bells. Life
in the cave has been separated from the -external
environment for the past 5.5 million years and it is based
exclusively on chemosynthesis such as sulfur oxidation
(Sarbu et al., 1996; Falniowski et al., 2008). This microbial
primary production acts as a food base for invertebrates,
such as leeches, spiders, scorpions and insects. In total, 48
novel species have been described from the cave, 33 of
which are endemic (Sarbu, 2000).

Recently, the general diversity of bacteria and archaea was
analysed by 16S rRNA gene sequence and functional gene
analyses, showing a large diversity of bacteria and archaea
in the cave (Chen et al., 2009). More detailed investigations
on microbial diversity were performed for the group of
methanotrophic bacteria by stable isotope probing, which
identified a diverse range of methanotrophs belonging to
the classes Alphaproteobacteria and Gammaproteobacteria
(Hutchens et al., 2004). Although the microbial com-
munities of Movile Cave have been of interest since the
ecosystem was discovered in 1986, to our knowledge only
one novel strain, Thiobacillus thioparus LV43, has been
isolated so far (Vlasceanu et al, 1997). This strain is
abundant in the microbial mats and characterized by
ribulose-1,5-biphosphate carboxylase activity (Sarbu et al.,
1994).

The genus Methanobacterium (WoRMS, 2013) comprises
numerous recognized species isolated from different envi-
ronments (e.g. Methanobacterium oryzae, rice field soil,
Joulian et al., 2000; Methanobacterium aarhusense, marine
sediment, Shlimon et al., 2004; Methanobacterium veterum,
permafrost, Krivushin et al, 2010; and Methanobacterium
lacus, lake sediment, Borrel et al, 2012), but not from a
groundwater ecosystem such as Movile Cave. Some strains
of the genus Methanobacterium are able to use secondary
alcohols as a substrate, such as Methanobacterium palustre
(Zellner et al., 1988) and Methanobacterium bryantii (Balch
et al., 1979).

In this study, we describe the characteristics of a novel
methanogenic archaeon, strain MC-20%, which was
enriched and isolated from anoxic sediment of the
subsurface lake in Movile Cave, Mangalia, south-east
Romania.

Strain MC-20" was isolated from anoxic, grey-coloured
sediment samples obtained in summer 2002. Enrichment of
the strain was performed with 2 g fresh sediment added to
50 ml of sterile anoxic medium of the following composition
(per litre): 0.15 g K,HPO,, 0.3 g KH,PO,, 0.6 g NaCl, 0.3 g
(NH4)ZSO4, 0.12 g MgSO4 . 7H20, 0.08 g CaClZ . 2H20, 40 g
NaHCOs;, 0.5 g Na,S.3H,0, 10 ml Wolfe’s trace element
solution (per litre: 30 mg MgSO, . 7H,0, 15 mg nitrilotri-
acetic acid, 5 mg MnSQO,.4H,0, 1 mg FeSO,.7H,0, 1 mg
CoCl,.6H,0, 1 mg ZnSO,.7H,0, 0.1 mg H3;BO;, 1 mg
NaMoO,.2H,0, 0.1 mg CuSO,.5H,0), 10 ml Wolfe’s

vitamin solution (per litre: 0.1 mg pyridoxine hydrochloride,
0.05 mg calcium D-(+ )-pantothenate, 0.05 mg lipoic acid,
0.05 mg nicotinic acid, 0.05 mg p-aminobenzoic acid,
0.05 mg thiamine hydrochloride, 0.02 mg biotin, 0.02 mg
folic acid, 0.001 mg vitamin B12) and 2 ml resazurin
indicator solution. pH was adjusted to 7.2. The bottles were
sealed with butyl rubber stoppers and secured with an
aluminium crimp collar. After flushing the headspace with
H,/CO, (80:20, v/v, 100 kPa) the bottles were pressurized
with N,/CO, (80: 20, v/v, 200 kPa) and incubated at 28 °Cin
the dark. After methane production was observed in the
headspace, 5 ml of the culture were transferred to a new
bottle with 50 ml of sterile anoxic medium, which was
additionally supplemented with the antibiotics phosphomy-
cin and erythromycin (each at 50 ul ml™') to suppress
growth of non-methanogenic micro-organisms (Hilpert
et al, 1981). This procedure was repeated until a pure
culture was obtained. All further incubations, including
purity checks, were done without any antibiotics. The purity
of the strain was confirmed by light microscope examination,
the absence of growth in rich medium containing (per litre)
4 g glucose, 2 g yeast extract and 2 g peptone, and
denaturing gradient gel electrophoresis analyses of DNA
extracts obtained from the culture. The strain was main-
tained by 3 months of transfer into liquid medium. After
regrowth at 28 °C the culture was stored at 5 °C. All
preparation steps were done under strictly anaerobic
conditions.

A light microscope (Axioskop 2; Zeiss) was used to perform
phase-contrast microscopy of cells in the exponential growth
phase. The results showed that cells of strain MC-20" were
short rods 3.5-4.0 um in length and 0.6-0.7 pm in width
(Fig. S1 available in IJSEM Online). Cells were non-motile
and stained Gram-negative. Lysis of the cells was not
observed in an SDS solution of up to 1% (w/v).

Growth and substrate utilization were determined by
culturing strain MC-20" in the medium described above
and growth rate was estimated by measuring the concen-
tration of methane in the gas phase (Powell, 1983). The
methane concentration was measured by GC as described
previously (Morozova & Wagner, 2007). All growth tests
were performed in triplicate at 28 °C. The effect of
temperature on growth was tested using H,/CO, (80:20,
v/v) as substrate at 0, 5, 10, 16, 22, 28, 33, 38, 44, 54 and
64 °C. Growth of strain MC-20" was observed at 0—44 °C
with optimum growth at 33 °C (Fig. S2a). The pH range
for growth was adjusted to pH 4.1-9.9 with 1 M HCI or
1 M NaOH. Growth was observed between pH 6.2 and 9.9
with optimum growth at pH 7.4 (Fig. S2b). The salinity
range was determined in medium with 0.02-0.6 M NaCl
Optimum growth was measured at 0.08 M and salt
concentrations of up to 0.3 M were tolerated (Fig. S2c¢).
The substrate spectrum of strain MC-20" was determined
by addition of the following carbon sources to the growth
medium: H,/CO, (80:20, v/v, 150 kPa), sodium formate
(80 mM), sodium acetate (40 mM), methanol (20 mM),
ethanol (20 mM), 2-propanol (10 mM), 2-butanol
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(20 mM), dimethyl sulfide (20 mM), monomethylamine
(20 mM), dimethylamine (20 mM) and trimethylamine
(20 mM). Cultures were incubated at 28 "C for 10 weeks
and growth was subsequently monitored through GC
measurements of methane in the headspace and by visual
analysis of increasing turbidity. Growth was observed with
H,/CO,, formate, 2-propanol and 2-butanol, but not with
acetate, methanol, ethanol, dimethyl sulfide, monomethyl-
amine, dimethylamine or trimethylamine (Table 1). The
generation time with H,/CO, at 28 °C was 3.340.2 days
(mean +sD).

Intact membrane lipids were examined for strain MC-20"
and its closest phylogenetic relatives, Methanobacterium
lacus 17A17 and Methanobacterium oryzae FPi' (see
below), using a method described by Zink & Mangelsdorf
(2004). The intact lipids were detected with a HPLC
electrospray interface MS (HPLC-ESI-MS) system. Strain
MC-20" contained a set of membrane diether lipids,
detected in the HPLC-ESI-MS negative and positive ion
mode. The major lipids were archaeol phosphatidyletha-
nolamine (at m/z=774 [M—H]~ or m/z=776 [M+H]")
and diglycosyl archaeol (at m/z=975 [M—H]— or m/z=999

Table 1. Characteristics of strain MC-20" and related species of the genus Methanobacterium

Strains: 1, MC-20" (data from this study); 2, Methanobacterium oryzae EPi’ (Joulian et al., 2000); 3, Methanobacterium lacus 17A1% (Borrel et al.,
2012); 4, Methanobacterium beijingense 8-2T (Ma et al., 2005). +, Positive; —, negative; 1, detected; §, moderately abundant; §, abundant; ND, not
determined. ArPE, archaeol phosphatidylethanolamine; Ar-PI, archaeol phosphatidylinositol; Ar-Gly, glycosyl archaeol; Ar-diGly, diglycosyl

archaeol; UK, unknown coumpound (diglycosyl-di- O-alkyl-glycerol); Gly-GDGT, glycosyl-glycerol diphythanyl glycerol tetraether; diGly-GDGT,
diglycosyl-GDGT; GlyP-GDGT, glycosyl-phosphatidyl-GDGT; diGlyP-GDGT, diglycosyl-phosphatidyl-GDGT or glycosyl-phosphatidyl-GDGT-

hexose; diGlyP-GDGT-Gly, diglycosyl-phosphatidyl-GDGT-hexose.

Characteristic 1 2 3 4
Source Subsurface lake sediment Rice field soil Lake sediment Anaerobic digester
Cell dimensions (um) 0.6-0.7 x 3.5-4.0 0.3-0.4 x 3-10 0.2-0.4 x 2—-15 0.4-0.5 x 3-5
Gram stain - ND - -
Temperature range ("C) 044 20-42 14-41 25-50
Optimum temperature (°C) 33 40 30 37
pH range 6.2-9.9 6.0-8.5 5-8.5 6.5-8.0
Optimum pH 7.4 7.0 6.5 7.2
Tolerance of NaCl (M) 0.02-0.6 0-0.4 0-0.4 0-0.5
Optimum NaCl for growth 0.08 0.08 0.1 ND
Utilization of:
H,/CO, + + + +
Methanol — —* (+H,) + -
Ethanol - —* —* -
2-Propanol + - - -
2-Butanol + - - -
Acetate - —* - -
Formate + + - +
Dimethyl sulfide - —* = -
Monomethylamine - * —* *
Dimethylamine - —* —* —*
Trimethylamine - —* - -
DNA G+ C content (mol%) 33.0 31.0 37.0 38.9
ArPE S N ¥ ND
Ar-PI T t t ND
Ar-Gly T T * ND
AR-diGly $ T S ND
UK - - N ND
Gly-GDGT - - T ND
diGly-GDGT - - t ND
GlyP-GDGT - T T ND
diGlyP-GDGT - - T ND
diGlyP-GDGT-Gly - T + ND
Generation time (days) at 28 °C 3.340.2 ND 0.9 ND

*Data obtained in this study.
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[M +Na] "), and the minor lipids were archaeol phosphati-
dylinositol (at m/z=893 [M—H]~ or m/z=895 [M+H]")
and glycosyl archaeol (at m/z=837 [M +Na]™; Table 1). The
two closest relatives, Methanobacterium lacus 17A17 and
Methanobacterium oryzae FPi', also contained these mem-
brane lipids. However, the two species contain some
additional tetraether membrane lipids (GDGT; glycerol
diphytanyl glycerol tetraether) in small amounts (Table 1),
which were not present in strain MC-20". Methanobacterium
lacus 17A1" additionally contained glycosyl-GDGT (m/z=1486
[M+Na]*), diglycosyl-GDGT (m/z=1648 [M+Na]*),
glycosyl-phosphatidyl-GDGT (m/z=1544 [M+H]") and
diglycosyl-phosphatidyl-GDGT (m/z=1728 [M+Na] ") or
glycosyl-phosphatidyl-GDGT-hexose (1m/z=1728 [M +Na] ")
and diglycosyl-phosphatidyl-GDGT-hexose  (m/z=1890
[M+H]™"). Methanobacterium oryzae FPi" additionally con-
tained only glycosyl-phosphatidyl-GDGT and diglycosyl-
phosphatidyl-GDGT-hexose. Furthermore, Methanobacterium
lacus 17A1" had, in relatively high amounts, an as yet
unknown diether lipid that is tentatively identified as
diglycosyl-di-O-alkyl-glycerol (m/z=1208 [M +Na]*). The
mixture of mainly diethers (forming bilayers) with minor
amounts of tetraethers (usually forming monolayers) points
to a partly ‘riveted’ membrane bilayer in Methanobacterium
lacus and Methanobacterium oryzaee as known also from
other methanogens (De Rosa et al., 1994).

For phylogenetic analysis, cells of strain MC-20" were
centrifuged and DNA was extracted using the UltraClean

Soil DNA kit (MO BIO Laboratories) according to the
manufacturer’s protocol. Amplification of the 16S rRNA
gene was carried out with primers ArUn4F (5'-TCY-
GGTTGATCCTGCCRG-3'; Hershberger et al., 1996) and
Arc1492R  (5'-GGCTACCTTGTTACGACTT-3’; DeLong,
1992). PCR fragments were purified using the QIAquick
PCR Purification kit (Qiagen) and sequenced by GATC
Biotech (Konstanz, Germany). Sequencing resulted in a
1347 bp gene product for strain MC-20" that was automati-
cally aligned with closely related sequences obtained from
GenBank using the integrated SINA aligner (Pruesse et al.,
2007) from the ARB-SILVA website (www.arb-silva.de/aligner)
and imported into ARB (Ludwig et al., 2004). After manual
refinement of the alignment, evolutionary distances were
calculated and a phylogenetic tree (Fig. 1) was reconstructed
using the neighbour-joining method (Saitou & Nei, 1987)
with a termini filter that is implemented in the ARB program.
To evaluate the tree topologies, a bootstrap analysis with
1000 replications was performed. Strain MC-20" showed
highest 16S rRNA gene sequence similarity with the type
strains of Methanobacterium oryzae FPi' (97.1%) and
Methanobacterium lacus 17A17  (97.0%). DNA-DNA
hybridization experiments were not carried out as the
sequence similarities to the nearest relatives were clearly
below 98.7 %, as recommended by Stackebrandt & Ebers
(2006). The genomic DNA G + C content of the novel strain
was determined through HPLC (Tamaoka & Komagata,
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Methanobacterium espanolae GP9T (AF095260)
Methanobacterium ivanovii DSM 26117 (AF095261)
Methanobacterium arcticum M2T (DQ517520)
Methanobacterium veterum MK4T (EFO16285)
Methanobacterium bryantii DSM 863T (M59124)
Methanobacterium uliginosum NBRC 1052327 (AB542914)
Methanobacterium oryzae FPIT (AF028690)
Methanobacterium movilense MC-20T (JF812256)
Methanobacterium kanagiense 1697 (AB368917)
Methanobacterium petrolearium Mic5¢c12T (AB542742)
Methanobacterium ferruginis Mic6c05T (AB542743)
Methanobacterium formicicum DSM 1535T (AF169245)
Methanobacterium palustre FT (AF093061)
Methanobacterium subterraneum A8pT (X99044)
Methanobacterium beijingense 8-2T (AY350742)
Methanobacterium congolense CT (AF233586)
Methanobacterium sp. SWAN-1T (CP002772)
100~ Methanobacterium lacus 17A1T (HQ110085)
Methanobacterium sp. AL-21T (CP002551)
Methanobacterium aarhusense H2-LRT (AY386124)
100 ¢ Methanobacterium alcaliphilum WeN4T (AB496639)

ey
100, Methanobacterium flexile GHT (EU333914)

Methanothermobacter defluvii DSM 74667 (X99046)
Methanopyrus kandleri AV19T (AE009439)

Methanobacterium movens TS-2T (EU366499)

Fig. 1. Neighbour-joining tree based on 16S rRNA gene sequences showing the phylogenetic position of strain MC-20" within
the genus Methanobacterium (and Methanopyrus kandleri AV19" as outgroup). Branches marked with open circles were also
found in the maximum-parsimony tree (Felsenstein, 1981) whereas branches with filled circles were also found in both
maximum-parsimony and maximum-likelihood trees (Fitch, 1971). Numbers at nodes indicate bootstrap percentages
(Felsenstein, 1985) based on a neighbour-joining analysis of 1000 replications; only values >50% are shown. Bar, 0.01

substitutions per nucleotide position.
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1984) and calculated from the ratio of deoxyguanosine and
thymidine according to the method of Mesbah et al. (1989).
The DNA G+ C content of strain MC-20" was 33.0 mol%.

Based on the phylogenetic and physiological characteristics
determined according to the minimal standards for the
description of new taxa of prokaryotic strains (Tindall et al.,
2010), strain MC-20" is considered to represent a novel
species of the genus Methanobacterium, for which the name
Methanobacterium movilense sp. nov. is proposed.

Description of Methanobacterium movilense
Sp. nov.

Methanobacterium movilense (mo.vil.en’se. N.L. neut. adj.
movilense of Movile, as a reference to Movile Cave, the
source of the type strain).

Cells are strictly anaerobic, Gram-stain-negative, non-
motile rods 0.6-0.7 pm in width and 3.5-4.0 pm in length,
that occur either as single cells or short chains. Cells grow
on H,/CO,, formate, 2-butanol and 2-propanol, but not on
acetate, methanol, monomethylamine, dimethylamine,
trimethylamine or dimethyl sulphide. Optimal growth
occurs at 33 °C (range 0-44 °C), pH 7.4 (pH 6.2-9.9) and
0.08 M NaCl (0.02-0.6 M). The major cell membrane
lipids are archaeol phosphatidylethanolamine and diglyco-
syl archaeol, with smaller amounts of archaeol phospha-
tidylinositol and glycosyl archaeol. The generation time is
3.340.2 days at 28 °C with hydrogen as substrate.

The type strain is MC-20" (=DSM 26032"=JCM 18470"),
isolated from sediment of the subsurface lake from Movile
Cave, near the city of Mangalia, Romania. The G+C
content of the genomic DNA of the type strain is
33.0 mol%.

Acknowledgements

This sampling campaign was made possible due to the generous
support of the ‘Group for Underwater and Speleological Exploration
(GESS)’ Bucharest and of the Emil Racovitd Institute of Speleology,
Bucharest. We thank Professor I. Lazar and Dr M. Stefdnescu from
the Institute of Biological Sciences, Bucharest, for their cooperation.
The help of Dr M. Krohn from the DLR-IB, WTZ Germany-Romania,
is gratefully acknowledged.

References

Balch, W. E., Fox, G. E., Magrum, L. J., Woese, C. R. & Wolfe, R. S.
(1979). Methanogens: reevaluation of a unique biological group.
Microbiol Rev 43, 260-296.

Borrel, G., Joblin, K., Guedon, A., Colombet, J., Tardy, V., Lehours,
A.-C. & Fonty, G. (2012). Methanobacterium lacus sp. nov., isolated
from the profundal sediment of a freshwater meromictic lake. Int J
Syst Evol Microbiol 62, 1625-1629.

Chen, Y., Wu, L, Boden, R, Hillebrand, A, Kumaresan, D.,
Moussard, H., Baciu, M., Lu, Y. & Murrell, J. C. (2009). Life without

light: microbial diversity and evidence of sulfur- and ammonium-
based chemolithotrophy in Movile Cave. ISME ] 3, 1093-1104.

De Rosa, M., Morana, A., Riccio, A., Gambacorta, A., Trincone, A. &
Incani, O. (1994). Lipids of the Archaea: a new tool for bioelectronics.
Biosens Bioelectron 9, 669—675.

Delong, E. F. (1992). Archaea in coastal marine environments. Proc
Natl Acad Sci U S A 89, 5685-5689.

Falniowski, A., Szarowska, M., Sirbu, I, Hillebrand, A. & Baciu, M.
(2008). Heleobia dobrogica (Grossu & Negrea, 1989) (Gastropoda:
Rissooidea: Cochliopidae), and the estimated time of its isolation in a
continental analogue of hydrothermal vents. Molluscan Res 28, 165-170.

Felsenstein, J. (1981). Evolutionary trees from DNA sequences: a
maximum likelihood approach. J Mol Evol 17, 368-376.

Felsenstein, J. (1985). Confidence limits on phylogenies: an approach
using the bootstrap. Evolution 39, 783-791.

Fitch, W. M. (1971). Toward defining the course of evolution:
minimum change for a specific tree topology. Syst Zool 20, 406—416.

Hershberger, K. L., Barns, S. M., Reysenbach, A.-L., Dawson, S. C. &
Pace, N. R. (1996). Wide diversity of Crenarchaeota. Nature 384, 420.

Hilpert, R, Winter, J, Hammes, W. & Kandler, O. (1981). The
sensitivity of archaebacteria to antibiotics. Zentralbl Bakteriol
Mikrobio Hygiene 2, 11-20.

Hutchens, E., Radajewski, S., Dumont, M. G., McDonald, I. R. &
Murrell, J. C. (2004). Analysis of methanotrophic bacteria in Movile
Cave by stable isotope probing. Environ Microbiol 6, 111-120.

Joulian, C., Patel, B. K. C., Ollivier, B., Garcia, J. L. & Roger, P. A. (2000).
Methanobacterium oryzae sp. nov., a novel methanogenic rod isolated
from a Philippines ricefield. Int J Syst Evol Microbiol 50, 525-528.

Krivushin, K. V., Shcherbakova, V. A., Petrovskaya, L. E. & Rivkina,
E. M. (2010). Methanobacterium veterum sp. nov., from ancient
Siberian permafrost. Int ] Syst Evol Microbiol 60, 455-459.

Ludwig, W., Strunk, O., Westram, R,, Richter, L., Meier, H., Yadhukumar,
Buchner, A, Lai, T., Steppi, S. & other authors (2004). ARB: a software
environment for sequence data. Nucleic Acids Res 32, 1363—1371.

Ma, K, Liu, X. L. & Dong, X. Z. (2005). Methanobacterium beijingense
sp. nov., a novel methanogen isolated from anaerobic digesters. Int J
Syst Evol Microbiol 55, 325-329.

Mesbah, M., Premachandran, U. & Whitman, W. (1989). Precise
measurement of the G+ C content of deoxyribonucleic acid by high-
performance liquid chromatography. Int J Syst Bacteriol 39, 159-167.

Morozova, D. & Wagner, D. (2007). Stress response of methanogenic
archaea from Siberian permafrost compared with methanogens from
nonpermafrost habitats. FEMS Microbiol Ecol 61, 16-25.

Powell, G. E. (1983). Interpreting gas kinetics of batch culture.
Biotechnol Lett 5, 437—440.

Pruesse, E., Quast, C., Knittel, K., Fuchs, B. M., Ludwig, W., Peplies,
J. & Gléckner, F. O. (2007). siLvA: a comprehensive online resource
for quality checked and aligned ribosomal RNA sequence data
compatible with ARB. Nucleic Acids Res 35, 7188-7196.

Saitou, N. & Nei, M. (1987). The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol Biol Evol 4, 406-425.

Sarbu, S. M. (2000). Movile Cave: a chemoautotrophically based
groundwater ecosystem. In Subterranean Ecosystems, pp. 319-343. Edited
by H. Wilkens, D. C. Culver & W. F. Humphreys. Amsterdam: Elsevier.
Sarbu, S. M. & Kane, T. C. (1995). A subterranean chemoautotro-
phically based ecosystem. NSS Bull 57, 91-98.

Sarbu, S. M. & Popa, R. (1992). A unique chemoautotrophically based cave
ecosystem. In The Natural History of Biospeleology, pp. 637—666. Edited by
A. I. Camacho. Monogr. Mus. Nac. Cienc. Natur. Madrid: C.S.I.C.
Sarbu, S. M,, Kinkle, B. K., Vlasceanu, L., Kane, T. C. & Popa, R.
(1994). Microbiological characterization of a sulfide-rich ground-
water ecosystem. Geomicrobiol J 12, 175-182.

526

International Journal of Systematic and Evolutionary Microbiology 64



Methanobacterium movilense sp. nov.

Sarbu, S. M., Kane, T. C. & Kinkle, B. K. (1996). A chemoauto-
trophically based cave ecosystem. Science 272, 1953-1955.

Shlimon, A. G., Friedrich, M. W., Niemann, H., Ramsing, N. B. &
Finster, K. (2004). Methanobacterium aarhusense sp. nov., a novel
methanogen isolated from a marine sediment (Aarhus Bay,
Denmark). Int J Syst Evol Microbiol 54, 759-763.

Stackebrandt, E. & Ebers, J. (2006). Taxonomic parameters revisited:
tarnished gold standards. Microbiol Today 4, 152-155.

Tamaoka, J. & Komagata, K. (1984). Determination of DNA base
composition by reversed-phase high-performance liquid chromato-
graphy. FEMS Microbiol Lett 25, 125-128.

Tindall, B. J., Rossell6-Mora, R., Busse, H.-J., Ludwig, W. & Kampfer,
P. (2010). Notes on the characterization of prokaryote strains for
taxonomic purposes. Int J Syst Evol Microbiol 60, 249-266.

Vlasceanu, L, Popa, R. & Kinkle, B. K. (1997). Characterization of
Thiobacillus thioparus LV43 and its distribution in a chemoautotrophically
based groundwater ecosystem. Appl Environ Microbiol 63, 3123-3127.

WOoRMS (2013). Methanobacterium Kluyver & van Niel, 1936. Accessed
through: World Register of Marine Species at http://www.marinespecies.
org/aphia.php?p=taxdetails&id=573630 on 20 September 2013.

Zellner, G, Bleicher, K., Braun, E., Kneifel, H., Tindall, B. J., Conway de
Macario, E. & Winter, J. (1988). Isolation and characterization of a new
mesophilic, secondary alcohol utilizing methanogen, Methanobacterium
palustre spec. nov., from a peat bog. Arch Microbiol 151, 1-9.

Zink, K.-G. & Mangelsdorf, K. (2004). Efficient and rapid method for
extraction of intact phospholipids from sediments combined with

molecular structure elucidation using LC-ESI-MS-MS analysis. Anal
Bioanal Chem 380, 798-812.

http://ijs.sgmjournals.org

527



	Table 1
	Fig 1
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33
	Reference 34

