TAXONOMIC DESCRIPTION
Oshkin et al., Int J Syst Evol Microbiol 2019;69:1195-1201

MICROBIOLOGY
, SOCIETY

DOI 10.1099/ijsem.0.003290

Granulicella sibirica sp. nov., a psychrotolerant acidobacterium
isolated from an organic soil layer in forested tundra, West

Siberia

Igor V. Oshkin," Irina S. Kulichevskaya," W. Irene C. Rijpstra,? Jaap S. Sinninghe Damsté,%* Andrey L. Rakitin,*

Nikolai V. Ravin® and Svetlana N. Dedysh"*

Abstract

An isolate of strictly aerobic, pale-pink pigmented bacteria, strain AF10", was obtained from an organic soil layer in forested
tundra, Nadym region, West Siberia. Cells of strain AF10" were Gram-negative, non-motile rods that produced an amorphous
extracellular polysaccharide-like substance and formed large cell aggregates in old cultures. These bacteria were
chemoorganotrophic, mildly acidophilic and psychrotolerant, and grew between pH 3.5 and 7.0 (optimum, pH 4.5-5.0) and at
temperatures between 2 and 30°C. The preferred growth substrates were sugars and some polysaccharides. The major
fatty acids were is0-Cq5.9, Ci4:0. C14.1A% c and 13,16-dimethyl octacosanedioic acid. The genome of strain AF10T was 6.14
Mbp in size and encoded a wide repertoire of carbohydrate active enzymes. The genomic DNA G+C content was 59.8 mol%.
Phylogenetic analysis indicated that strain AF10" is a member of the genus Granulicella, family Acidobacteriaceae, but
displays 94.4-98.0% 16S rRNA gene sequence similarity to currently described members of this genus. On the basis of
phenotypic, chemotaxonomic, phylogenetic and genomic analyses, we propose to classify this bacterium as representing a
novel species of the genus Granulicella, Granulicella sibirica sp. nov. Strain AF107 (=DSM 104461T=VKM B-3276") is the type

strain.

The genus Granulicella belongs to the family Acidobacteria-
ceae of the phylum Acidobacteria and accommodates mildly
acidophilic, strictly aerobic chemo-organotrophs, which
possess hydrolytic capabilities and produce amorphous
extracellular polysaccharide-like substances [1, 2]. At pres-
ent, this genus includes 10 species with validly published
names. Granulicella paludicola, Granulicella aggregans,
Granulicella pectinivorans and Granulicella rosea originated
from Sphagnum-dominated wetlands in northern Russia
[1]. Strains representing Granulicella arctica, Granulicella
sapmiensis, Granulicella mallensis and Granulicella tundri-
cola were obtained from tundra soils of north-western Fin-
land [3]. The type strains of Granulicella cerasi and
Granulicella acidiphila were isolated from cherry (Prunus
yedoensis) bark in Tsukuba, Japan [4] and the Guadiana pit
lake at the Herrerias mine, Spain [5], respectively. Members
of the genus Granulicella are common inhabitants of various
low-temperature  terrestrial environments, such as

Sphagnum-dominated wetlands [6, 7] and acidic tundra
soils [8-10]. In the course of our study on microbial diver-
sity in soils of forested tundra, a bacterium with Granuli-
cella-like cell morphology was isolated and designated strain
AF10". A partial 16S rRNA gene sequence obtained from
strain AF10" displayed high similarity (97-99 %) to a num-
ber of sequences retrieved in several cultivation-indepen-
dent studies from various cold environments, i.e. Arctic
glacier ice, highland grasslands and boreal forest soils (Gen-
Bank accession nos HQ622731, FJ624921, JN023629). At
the same time, this sequence was divergent (94.4-
98.0 % similarity) from 16S rRNA gene sequences of
described members of the genus Granulicella. This study,
therefore, was undertaken in order to determine the taxo-
nomic position of strain AF10" and to verify its capability
of growth at low temperatures.
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Strain AF107 was isolated from an acidic (pH 4.1-4.5)
organic soil layer in forested tundra, Nadym region, West
Siberia (65° 36" 51.6” N, 72° 43’ 35.5” E). The isolation was
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Fig. 1. Phase-contrast micrographs of cells of strain AF1 o' grown in
liguid medium for 7 days (a) and 20 days (b); bar, 10 um. (c) Electron
micrograph of ultrathin section of a cell of strain AF10"; bar, 1um.
CM, cytoplasmic membrane; OM, outer membrane; PG, peptidoglycan
layer; MV, membrane vesicles; EPS, extracellular polysaccharide-like
substance.
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performed using modified DSM medium No. 1284 contain-
ing (per litre distilled water): 0.6g glucose, 0.1g yeast
extract, 0.1 g casamino acids, 0.1 g NH,NO;, 0.04 g MgSO,
-7H,0, 0.02 g CaCl,-2H,0. The medium was solidified with
10g 17! phytagel (Sigma-Aldrich). The medium pH was
adjusted to 4.0-5.0 with 20-50 mg alginic acid 17", The
inoculated plates were incubated at 20°C for 4 weeks. One
particular type of colony that developed on this medium
was represented by small (1-2 mm in diameter after 4 weeks
of incubation), irregularly circular, pale-pink, opaque colo-
nies of gummy consistency that could be peeled from the
medium surface. Cell material from these colonies was fur-
ther re-streaked on the above described medium and the
plates were incubated under the same conditions until the
target bacterium, designated strain AF10", was obtained as
a pure culture.

Morphological observations and cell-size measurements
were made with a Zeiss Axioplan 2 microscope and Axiovi-
sion 4.2 software (Zeiss). Cell morphology was examined by
using batch cultures grown to the exponential and station-
ary growth phases. Cells of strain AF10" were Gram-nega-
tive, non-spore-forming, non-motile rods that divided by
binary fission, were 0.3-0.5um wide and 1.5-5pm long
(Fig. 1a). Young (up to 7-10days old) cultures contained
cells that occurred singly, in pairs or in short chains, and
produced an amorphous extracellular polysaccharide-like
substance (EPS), so that each cell was separated from other
cells due to the extensive EPS production (Fig. 1a). The cells
showed a tendency of forming aggregates upon ageing, so
that old cultures contained large conglomerates of cells
(Fig. 1b). Liquid cultures displayed white turbidity.

For preparation of ultrathin sections, cells of the exponen-
tially growing culture of strain AF10" were collected by cen-
trifugation and pre-fixed with 1.5 % (w/v) glutaraldehyde in
0.05 M cacodylate buffer (pH 6.5) for 1h at 4°C and then
fixed with 1% (w/v) OsQO, in the same buffer for 4h at
20°C. Capsule substances were contrasted by glutaralde-
hyde/osmium fixation in the presence of ruthenium red
[11]. After dehydration in an ethanol series, the samples
were embedded into Epon 812 (Sigma-Adrich) epoxy resin.
Thin sections were cut on an LKB-4800 microtome, stained
with 3% (w/v) uranyl acetate in 70 % (v/v) ethanol, and
then stained with lead citrate [12] at 20 °C for 4-5 min. The
specimen samples were examined with a JEM-1011 (JEOL)
transmission electron microscope. Examination of thin-sec-
tioned cells of strain AF10" revealed a typical Gram-nega-
tive structure of the cell wall. The cytoplasmic membrane,
peptidoglycan layer and outer membrane were evident in
ultrathin sections (Fig. 1c). The presence of outer-mem-
brane vesicles that are commonly produced by members of
the genus Granulicella was also detected. Staining of the
EPS produced by cells of strain AF10" with ruthenium red
[11] indicated that it was a polysaccharide-like substance.

Physiological tests were performed in tightly closed 120 ml
serum bottles containing 10ml liquid modified DSM
medium No. 1284 with 0.5gl™" glucose and 0.1 g1~ yeast
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extract. Growth of strain AF10” was monitored by measur-
ing ODgqp for 2 weeks under a variety of conditions, includ-
ing temperatures of 2-37°C, pH 3.0-9.5 and NaCl
concentrations of 0-5.0 % (w/v). Variations in the pH were
achieved by mixing 0.1 M solutions of H,S0, and KOH.
Strain AF10" grew in the pH range of pH 3.5-7.0, with the
optimum at pH 4.5-5.0. The temperature range for growth
was 2-30°C. The optimal growth with the specific growth
rate u=0.130 h™' was observed at 20-25 °C. However, strain
AF10" demonstrated good tolerance of low temperatures
and grew relatively well down to 4°C. The specific growth
rates measured at 4 and 10°C were 0.035 and 0.041h",
respectively. NaCl inhibited growth at concentrations above
1.5% (w/v).

Carbon source utilization and the ability of strain AF10" to
degrade different biopolymers were determined using liquid
mineral medium VL55 [13] with 50 mgl™" yeast extract in
which glucose was replaced with one of the respective car-
bon sources or polymer substrates in a concentration of
0.05% (w/v). The medium VL55 was chosen for these
experiments because it was used to characterize several psy-
chrotolerant members of the genus Granulicella isolated
from tundra soils [3]. Growth intensity was the same on the
modified DSM medium No. 1284 and the medium VL55.
Oxidative and fermentative utilization of carbohydrates was
determined by using the API 20 NE kit (bioMérieux). Cata-
lase was tested using method 1 described by Gerhardt [14].
Oxidase was tested using a commercial kit (bioMérieux).
Enzyme activities were examined by using the API ZYM kit
(bioMérieux). The culture was also tested for growth under
anoxic conditions in anaerobic jar by using AnaeroGen
anaerobic system envelopes (Oxoid). Strain AF10T was a
strictly aerobic chemoorganotroph that utilized a wide range
of sugars and some polysaccharides, such as laminarin,
lichenan, starch, pullulan and xylan (see Table 1 and the
species description). It was oxidase- and urease-negative,
but catalase-positive. No growth was observed under anoxic
conditions. The tests for nitrate respiration and glucose fer-
mentation were negative. The following enzyme activities
were present: acid and alkaline phosphatases, leucine aryla-
midase, valine arylamidase, naphthol-AS-BI-phosphohy-
drolase, a- and B-galactosidases, a- and B-glucosidases, N-
acetyl-B-glucosaminidase, 3-glucuronidase, a-mannosidase
and a-fucosidase. The following enzymatic activities were
negative: esterase (C4 and C8), lipase (C14), cystine aryla-
midase, trypsin and a-chymotrypsin.

Susceptibility to antibiotics was determined on VL55 agar
plates with 0.05% (w/v) glucose using discs containing the
following antibiotics (Oxoid): ampicillin (10 pg), gentamicin
(10 ug), kanamycin (30 pug), neomycin (10 pg), novobiocin
(30 ug), streptomycin (10 pg), chloramphenicol (30 pg), lin-
comycin (10 pug) and rifampicin (10 pg). Strain AF10” was
resistant to ampicillin, chloramphenicol, gentamicin, strep-
tomycin and neomycin, but susceptible to lincomycin,
novobiocin and kanamycin.
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For lipid analyses, strain AF10T was grown on modi-
fied DSM medium No. 1284 and harvested in the late
exponential growth phase. Lipids were analysed as
described by Sinninghe Damsté et al. [15]. The PLFA
(polar lipid derived fatty acids) profile of strain AF10"
and those of other Granulicella species were highly
similar and were defined by the predominance of
13,16-dimethyl octacosanedioic acid, is0-C;s.q, Ci6.1A9¢
and C6.o fatty acids (Table S1, available in the online
version of this article). This fatty acid pattern is char-
acteristic for all currently described members of the
genus Granulicella [2]. The only unique feature of the
PLFA profile in strain AF10" was the minor presence
of 6-methyl iso-diabolic acid, which, in addition to
strain AF10%, has so far only been found in Paludibac-
ulum fermentans P105% [15].

Isoprenoid quinones were extracted according to Collins
[16] and analyzed using tandem-type mass spectrometer
LCQ Advantage Max and ionization mass spectrometer Fin-
nigan Mat 8430. Similar to other taxonomically described
members of the family Acidobacteriaceae, strain AF10" con-
tained menaquinone-8 (MK-8) as the predominant isopren-
oid quinone.

The genome of strain AF10" was sequenced using the Tllu-
mina HiSeq2500 platform (Illumina Inc., USA). The
sequencing of a single-end (250bp reads) TruSeq DNA
library using HiSeq Rapid run version 2 sequencing reagents
generated 1774 910 reads. Upon adapter removal and qual-
ity trimming the reads were assembled into 16 contigs (N50
contig size of 1421513 bp; 54xaverage coverage) using
SPAdes Genome Assembler version 3.11.1 [17]. The esti-
mated genome size is 6 139630bp with an average G+C
content of 59.8 mol%. Gene search and annotation were
performed using the RAST server 2.0 [18], followed by man-
ual correction. The annotated genome sequence of strain
AF10" has been deposited in NcBI GenBank under the acces-
sion number RDSM00000000.

A total of 5289 protein-coding genes, two identical 16S-
23S-5S rRNA operons and 48 tRNA genes were identified.
The two 16S rRNA gene copies found in the genome were
identical to 16S rRNA gene sequence determined by the
Sanger sequencing of PCR-amplified gene fragment (Gen-
Bank accession number MK053657). The comparative anal-
ysis, which was carried out using the ARB program package
[19], placed 16S rRNA gene sequence from strain AF10 Tin
the clade defined by several Granulicella species, ie. G.
aggregans TPB6028T, G. arcitica MPSACTXZT, G. sapmien-
sis S6CTX5A", G. pectinivorans TPB6011", G. tundricola
MP5ACTX9" and G. rosea TPO1014" (Fig. 2). The phyloge-
netically closest type strains were G. pectinivorans
TPB6011" (97.96 % 16S rRNA gene sequence similarity), G.
sapmiensis S6CTX5A" (97.68%) and G. aggregans
TPB6028" (97.61 %). We did not find loci for clustered, reg-
ularly interspaced, short palindromic repeats (CRISPRs).
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Table 1. Characteristics that differentiate strain AF10"from phylogenetically related species of the genus Granulicella

Strain: 1, AF10"; 2, G. aggregans; 3, G. rosea; 4, G. pectinivorans (data from [1]); 5, G. tundricola; 6, G. sapmiensis; 7, G. arctica (data from [3]); 8, G. palu-
dicola (type species of this genus; data from [1]). +, Positive; — negative; w, weakly positive; v, variable; ND, not determined or not reported.

Characteristic 1 2 3 4 5 6 7 8

Morphology:
Cell length (um) 1.5-5.0 1.5-10 1.5-9.0 1.5-15 0.5-1.8 0.7-3.5 0.8-1.4 1.5-3.5
Cell width (um) 0.3-0.5 0.8-1.5 0.5-1.0 0.8-1.0 0.5 0.5-0.7 0.5 0.4-0.6
Colony colour Pale pink Pink Pink Red Red White Red Red

Growth range:

Temperature (°C) 2-30 2-33 2-33 2-33 4-28 4-26 4-28 2-33
pH 3.5-7 3-75 3-7.5 3-7.5 3.5-6.5 3.5-7 3.5-6.5 3-7.5
Utilization of:

Sugars
Galactose
Lactose
Lactulose
Maltose
Mannose

Melezitose

+ o+ o+ o+ o+ +
+
|
+ o+ + o+ o+ o+ o+
+ o+ o+ o+ A+ 4+ +
+ o+ o+ o+ 4+

Raffinose — — - —

+ o+ o+ o+ o+t +

Rhamnose +
Ribose —

¥
+

Salicin + + + — —
+

+

Sucrose +

+

Trehalose - — -

Cellobiose + — —

+ 4+ = o+ o+ 4+

Xylose + + +

+ o+ o+ o+ o+
+ o+ o+ o+ o+
+ o+ o+ o+ o+ +

N-acetyl-D-glucosamine + + -
Acids

Acetate — — -

+
|
|
|
|

Gluconate + + - + + — — +
Glucuronate — + + — — w _ v
Lactate — — — + — — — _
Malate — + + — — _ _ _
Pyruvate — + + — — — _ _
Succinate — — - + — — —_ _
Polyalcohols

Mannitol —
myo-Inositol —
Sorbitol -
Dulcitol —

Oxidase —

+ o+ o+ o+

|
|
+
|
|
|
¥

Enzyme activities:
Esterase (C4) -
Esterase (C8) —

Valine-arylamidase +

+ o+ o+ o+
+

a-Chymotrypsin -
a-Galactosidase + — _

a-Glucosidase

+
|

+ 4+ + =

+ + o+ < 4+

+ 4+ o+ o+

N-Acetyl-B-glucosaminidase + + —

Trypsin — - —
DNA G+C content (mol%) 59.8 59.3 58.3 5

O 4+ 4+ 4+ 4+ + + + =
O 4+ 4+ 4+ + + + + o+

—
w
Nl

56.0 57.5 57.3-57.4
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Granulicella arctica MPSACTX2' (HQ687089)
Granulicella sapmiensis SBCTX5A" (HQ687090)
Granulicella pectinivorans TPB6011" (AM887757)

Granulicella tundricola MPSACTX9' (HQ687088)
Granulicella rosea TPO1014" (AM887759)
Granulicella aggregans TPB6028" (AM887756)

Granulicella sibirica AF10"

cerasi Sakura1” (AB548308)
Granulicella paludicola OB1010" (AM7887758)
Granulicella mallensis MPSACTX8' (HQ88087)

Granulicella acidiphila MCF40" (KFO17281)
Edaphobacter aggregans Wbg-1" (DQ528761)
Edaphobacter flagellatus HZ411" (KY434002)
Edaphobacter modestus Jbg-1" (DQ528760)

Edaphobacter acidisoli 4G-K17" (KY457230)

bradus 4MSHO08" (MF150299)

95

DHFe' (KM083126) 1

77 Terriglobus roseus KBS63" (DQ660892)
Terriglobus saanensis SP1PR4" (HM214537)
83 Terriglobus aquaticus 038UJ4" (HQ436501)
97 Terriglobus tenax strain DRP35' (JN543507)
Terriglobus albidus Ac_26_B10" (KP334258)

92

Bryocella elongata SN10" (FR666706)

Occallatibacter riparius277" (HQ995653)
o 1¢" (HQ995661)

is 55" (KP120762)

bradus TPB6017" (AM887760)
Acidicapsa borealis KA1" (FR774763)

Acidicapsa ligni WH120" (EU780204)

Acidipila rosea AP8 (AB561884)

Acidipila DHOF10" (KM083127)

1617 (D26171)

ailaaui PMMR2' (KX306477)

‘Candidatus Koribacter versatilis' Ellin345 (AF498727)

89'

‘Candidatus Solibacter usitatus' Ellin6076 (AY234728)

105" (KJ461654) 2

Bry MPL3" (AM162405)

Fig. 2. 165 rRNA gene-based neighbour-joining tree showing the phylogenetic position of strain AF10" in relation to other representa-
tives of the families Acidobacteriaceae (1) and Bryobacteraceae (2). The significance levels of interior branch points obtained in neigh-
bour-joining analysis were determined by bootstrap analysis (1000 data resamplings). Bootstrap values of >70 % are shown. Black
circles indicate that the corresponding nodes were also recovered in the maximume-likelihood and maximum-parsimony trees. The
root (not shown) was composed of three 165 rRNA gene sequences from members of the Holophagae, that is Geothrix fermentans H-5"
(U41563), Holophaga foetida TMBS4T (X77215) and Acanthopleuribacter pedis FYK2218" (AB303221). Bar, 0.02 substitutions per nucleo-

tide position.

Following the proposed minimal standards for the use of
genome data for the taxonomy of prokaryotes [20], we
determined the overall genome similarities and the average
nucleotide identity (ANI) of strain AF10" and the closely
related organisms. Strain AF10" had the following overall
genome similarities to the four publicly available genomes
of Granulicella species: 20.8+2.3 % to G. pectinivorans DSM
210017, 20.8+2.3% to G. tundricola MPSACTX9", 20.4
+23% to G. mallensis MPSACTX8" and 21.4+2.3 to G.
rosea DSM 18704". These DNA-DNA hybridization values
were estimated using formula 2 of the Genome-to-Genome-
Distance-Calculator [21, 22] under parameter settings pro-
posed elsewhere and are below 70 % cut-off value for species
delineation with this method [23]. Accordingly, the ANI
values (determined using ANI calculator: http://enve-omics.
ce.gatech.edu/ani/) shared between the genome of strain
AF10" and the genomes of other four representatives of the
genus Granulicella are also below the threshold accepted for
species discrimination: 78 % (G. tundricola MP5ACTX9"),
78% (G. mallensis MP5ACTX8"), 79% (G. rosea DSM
18704") and 79 % (G. pectinivorans DSM 210017) [20, 24].

KEGG-based annotation of the strain AF10" genome
sequence classified 1881 proteins into 11 major func-
tional categories. Most abundant categories were repre-
sented by carbohydrates metabolism and genetic
information processing. The genes encoding metabolic
pathways common for chemoorganotrophic bacteria,
such as glycolysis, the citrate cycle, the pentose-

1199

were

phosphate pathway and oxidative phosphorylation,
identified in the genome of strain AF10".

The genome of strain AF10" encoded a wide repertoire of
carbohydrate-active enzymes (CAZymes) including 131 gly-
coside hydrolases (GH) and 63 glycosyltransferases (GT)
affiliated with 58 and 17 CAZy families, respectively. The
most-represented families were GH2, GH105, GH29, GT2,
GT4 and GT83. Utilization of aesculin, cellobiose, lactose,
maltose, trehalose, and xylan can be explained by the occur-
rence of genes encoding GH2, GH5, GH13, GH15, GH43 and
GH51-domain containing proteins. The cellulose synthase
besQABZC operon found in the genome of strain AF10”
could enable formation of observed amorphous extracellular
polysaccharide structures. The presence of trehalose synthase
and a pair of maltooligosyl trehalose synthase and maltooli-
gosyl trehalose trehalohydrolase indicated that trehalose can
be used as a storage polysaccharide and also contribute to
cold tolerance of strain AF10”. Protection against cold stress
could also be enabled by cold-shock proteins of the CspA
family, for which seven genes were identified in the genome.
Similar mechanisms of cold protection were found in several
other acidobacteria isolated from Arctic tundra soils [25].

In summary, strain AF10" displayed all features that are
characteristic for members of the genus Granulicella, includ-
ing moderate acidophily, good tolerance of low temperatures,
aerobic lifestyle, preference for sugars as growth substrates,
production of amorphous extracellular polysaccharide-like
substances, and hydrolytic capabilities. However, according
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to comparative 16S rRNA gene- and genome-based analyses,
our novel isolate was clearly distinct from earlier described
Granulicella species. Characteristics that differentiate strain
AF10" from the phylogenetically related species of the genus
Granulicella are listed in Table 1. Based on these differences,
we propose a novel species, Granulicella sibirica sp. nov., for
strain AF10".

DESCRIPTION OF GRANULICELLA SIBIRICASP.
NOV.

Granulicella sibirica (sibi'ri.ca. N.L. fem. adj. sibirica origi-
nating from Siberia, referring to the site of isolation).

Cells are Gram-negative, non-motile, strictly aerobic rods,
0.3-0.5um wide and 1.5-5um long. Produces copious
amounts of EPS. Tends to form large cell conglomerates in
old cultures. Colonies are circular, pale-pink, opaque and of
gummy consistency. Able to utilize the following carbon
sources (0.05 %, w/v): D-glucose, D-fructose, D-galactose, D-
mannose, melibiose, D-xylose, cellobiose, sucrose, N-
acetyl-D-glucosamine, lactose, lactulose, leucrose, maltose,
melezitose, D-rhamnose, salicin and gluconate. Unable to
utilize D-arabinose, D-ribose, trehalose, raffinose, D-sorbose,
D-fucose, arbutin, adonitol, sorbitol, dulcitol, mannitol, inu-
lin, myo-inositol, acetate, lactate, sodium D-galacturonate,
succinate, glucuronate, malate, pyruvate, butyrate, oxalate,
propionate, formiate, fumarate, capronate, citrate, valerate,
ethanol or methanol. Hydrolyses aesculin, laminarin,
lichenan, starch, pullulan and xylan, but not pectin, sodium
alginate,  carboxymethylcellulose,  cellulose,  chitin,
chitosan or fucoidan. Positive for acid and alkaline phos-
phatases, leucine arylamidase, valine arylamidase, naphthol-
AS-Bl-phosphohydrolase, - and -galactosidases, - and
B-glucosidases, N-acetyl-B-glucosaminidase, B-glucuroni-
dase, @-mannosidase, and «-fucosidase, but negative for
esterase (C4 and C8), lipase (C14), cystine arylamidase,
trypsin and a-chymotrypsin. Oxidase- and urease-negative,
but catalase-positive. Capable of growth at pH 3.0-7.0 (opti-
mum, pH 4.5-5.0) and at 2-30 "C (20-25 °C). NaCl inhibits
growth at concentrations above 1.5% (w/v). Resistant to
ampicillin, chloramphenicol, gentamicin, streptomycin and
neomycin, but susceptible to lincomycin, novobiocin and
kanamycin. Major fatty acids are 13,16-dimethyl octacosa-
nedioic acid, C;4.1 A9 ¢, is0-C;5 and Cyg. ¢.

The type strain, AF10" (=DSM 104461"=VKM B-3276"),
was isolated from an organic soil layer in forested tundra,
Nadym region, West Siberia (65° 36" 51.6” N, 72° 43’ 35.5”
E). The G+C content of the genomic DNA of the type strain
is 59.8 mol% (genome sequence).

EMBL/GenBank accession (16S rRNA gene): MK053657.
EMBL/GenBank accession (genome): RDSM00000000.
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