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Mucilaginibacter terrae sp. nov., isolated from Antarctic soil
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Abstract

A bacterial strain designated CCM 8645" was isolated from a soil sample collected nearby a mummified seal carcass in the
northern part of James Ross Island, Antarctica. The cells were short rods, Gram-stain-negative, non-motile, catalase and
oxidase positive, and produced a red-pink pigment on R2A agar. A polyphasic taxonomic approach based on 16S rRNA gene
sequencing, extensive biotyping using conventional tests and commercial identification kits and chemotaxonomic analyses
were applied to clarify its taxonomic position. Phylogenetic analysis based on the 165 rRNA gene placed strain CCM 8645 in
the genus Mucilaginibacter with the closest relative being Mucilaginibacter daejeonensis Jip 107, exhibiting 96.5% 165 rRNA
pairwise similarity which was clearly below the 97 % threshold value recommended for species demarcation. The major
components in fatty acid profiles were Summed feature 3 (C4.1w7¢/Cqg.1wbc), Ci5.9 iso and Cq7.¢ iso 30H. The cellular
quinone content was exclusively menaquinone MK-7. The major polyamine was sym-homospermidine and predominant polar
lipids were phosphatidylethanolamine and phosphatidylserine. Based on presented results, we propose a novel species for
which the name Mucilaginibacter terrae sp. nov. is suggested, with the type strain CCM 86457 (=LMG 294377).

The genus Mucilaginibacter is a member of the family
Sphingobacteriaceae [1, 2] within the phylum Bacteroidetes.
The genus Mucilaginibacter was proposed by Pankratov
et al. [2] and subsequently the genus description was
emended by Urai et al. [3], Baik et al. [4], and Chen et al.
[5]. In recent years numerous novel Mucilaginibacter spp.
have been discovered worldwide among environmental
bacteria and described as novel species [5-13]. Members of
the genus Mucilaginibacter are known to hydrolyse organic
matter such as xylan, pectin and laminarin, and produce
large amounts of extracellular polymeric substances [2, 14,
15]. Representatives of Mucilaginibacter spp. have been iso-
lated from various habitats of environment, e.g. from rhizo-
sphere of plants [14-16], fresh water [4, 6, 10], soil [8, 17,
18], marine sand [19] or moss [5]. The majority of mucila-
ginibacters are psychrotolerant organisms revealing good
growth at 4°C. However, they have not been reported to be
found in polar regions, except for Mucilaginibacter soli iso-
lated from Arctic tundra soil [17]. In the present taxo-
nomic study we report classification of strain CCM 8645"
representing a novel species of the genus Mucilaginibacter.

Strain CCM 8645" was isolated from a soil sample col-
lected nearby a mummified seal carcass on James Ross
Island, Antarctica (63°49’52” S, 57°49°55” W) in 2012. The
seal carcass was located at the bottom of V-shaped valley
well supplied by thawing water [20]. Thanks to local
microclimate and availability of nutrients, a small-in-area
vegetation spot (about 16m®) rich in terrestrial algae,
lichens and mosses had developed in the neighbourhood of
the carcass. Sampling was carried out by dispersing 1g of
soil sample in 5ml of sterile saline solution and 100 ul of
the suspension was spread on R2A agar (Oxoid) plate and
cultivated at 15°C for 4 days. Afterwards, individual red-
pink pigmented colonies were purified by repeated streak-
ing on R2A plates and incubation at 15°C, and the final
pure strain CCM 8645" was stored in R2A broth supple-
mented with 15 % glycerol (v/v) and maintained at -70°C
until analysed.

Extraction of DNA for molecular analyses by FastPrep Lys-
ing Matrix type B and FastPrep Homogenizer (MP Bio-
medicals), 16S rRNA gene amplification by PCR and
partial 16S rRNA gene sequencing (1472bp) was per-
formed as described previously [21]. The 16S rRNA gene
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sequences with the highest scores were identified by the cal-
culation of pairwise sequence similarity with strain CCM
8645" using a global alignment algorithm, which was
implemented at the EzBioCloud (http://www.ezbiocloud.
net/; [22]). Resulting 16S rRNA gene sequence similarities
demonstrated that strain CCM 8645 is a member of the
genus Mucilaginibacter and identified Mucilaginibacter dae-
jeonensis Jip 10" as its closest relative (96.5 %). Other Muci-
laginibacter species did not show higher sequence
similarities than 95.5 %. Since the nearest neighbours exhib-
ited similarity scores of <97 %, strain CCM 86457 was con-
sidered a candidate for a new species. Phylogenetic analysis
was performed using MEGA version 6 software [23]. Genetic
distances were calculated using Tamura and Nei [24] model
and the evolutionary history was inferred using the maxi-
mum-likelihood and neighbour-joining methods. Maxi-
mum-likelihood analysis (Fig. 1) matched the tree topology
obtained by the neighbour-joining clustering (Fig. S1, avail-
able in the online Supplementary Material) except the posi-
tion of Mucilaginibacter koreensis which was placed in
different clusters. Phylogenetically, strain CCM 8645"
formed a common branch with M. daejeonensis which is in
accordance with the highest value of 16S rRNA gene
sequence similarity.

The cell morphology of strain CCM 8645 was observed by
Gram-staining and by transmission electron microscopy
(Morgagni 268D Philips, FEI Company) using a sample
stained with 2 % ammonium molybdate (Fig. S2). The pres-
ence of flexirubin-type pigments was investigated using a
20 % (w/v) KOH solution [25]. Spectrophotometric charac-
terization of carotenoid pigments was done from the cells
grown on R2A agar for 72h at 20 °C [21]. The basic pheno-
typic classification was performed using key tests relevant
for Gram-negative rods. Catalase (ID colour Catalase, bio-
Mérieux) and oxidase (OXItest, Erba-Lachema) activity was
tested according to manufacturers’ instructions. Further
tests were done as follows: oxidation-fermentation (OF) test
[26], arginine dihydrolase, ornithine and lysine decarboxyl-
ase [27], urease [28], hydrolysis of aesculin, starch [29], gel-
atin, Tween 80 [30], casein, tyrosine [31], and DNA
(CM321, Oxoid), egg-yolk reaction [32], ONPG [33], nitrate
and nitrite reduction, growth on Simmon’s citrate agar [29],
utilization of acetamide [34] and sodium malonate [35].
Motility was observed in a glucose oxidation tube. Cells
grown at 20 °C for 48-72h on R2A agar were used to inocu-
late all tests during all experiments. Liquid culture was not
used because of the poor growth of the isolate CCM 8645
in broth media. Growth on several media such as Plate
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Fig. 1. Phylogenetic tree based on 165 rRNA gene sequence comparison showing the position of strain CCM 8645" within the genus
Mucilaginibacter. The evolutionary history was inferred by using the Maximum Likelihood method based on the Tamura-Nei model. The
tree with the highest log likelihood is shown. Bootstrap probability values (percentages of 500 tree replications) greater than 50 % are
indicated at branch points. There were a total of 1465 positions in the final dataset. Bar indicates number of substitutions per nucleo-
tide position. Sphingobacterium spiritivorum was used as an outgroup.

4003


http://www.ezbiocloud.net/
http://www.ezbiocloud.net/
https://doi.org/10.1601/nm.11437
https://doi.org/10.1601/nm.14302
https://doi.org/10.1601/nm.14302
https://doi.org/10.1601/nm.11437
https://doi.org/10.1601/nm.11437
https://doi.org/10.1601/nm.25656
https://doi.org/10.1601/nm.14302
https://doi.org/10.1601/nm.11437
https://doi.org/10.1601/nm.8224

Sedlacek et al., Int J Syst Evol Microbiol 2017;67:4002-4007

count agar (Oxoid), Tryptone soya agar (Oxoid), Nutrient
agar CM03 (Oxoid), MacConkey agar (Becton Dickinson)
and Brain heart infusion agar (Oxoid) at 20°C was evalu-
ated. Anaerobic growth on R2A agar was tested using the
Anaerocult A system (Merck) at 20°C for 72h and com-
pared with those cultivated in the ambient atmosphere.
Growth at different temperatures (1, 5, 10, 15, 20, 25, 30
and 35°C) and tolerance to various NaCl concentrations
(0.5, 1, 2, 3, 4 and 5 % w/v) were determined based on culti-
vation on R2A agar plates for up to 4 days. The pH range
for growth was tested on R2A agar plates adjusted to pH
5.0-10.0 by using the buffer system (pH 5.0-8.0, 0.1M
KH,P0O,/0.IM NaOH; pH 9.0-10.0, 0.IM NaHCO5/0.1M
Na,COg; at interval of 1 pH unit) for one week at 20 °C [36].
Further extended phenotyping using identification test kits
API ZYM (bioMérieux) and GN2 MicroPlate (Biolog) was
performed according to the manufacturers’ instructions and
enabled detailed characterization of the isolate. Inoculated
kits were incubated at 20 °C, and the results were read after
18h (API ZYM) or 24 and 48 h (GN2 MicroPlate). Antibi-
otic resistance pattern was assessed by the disc diffusion
method on R2A agar for 2 days at 20 °C. Sixteen antibiotic
discs generally used for Gram-negative rods [37, 38] were
chosen: ampicillin (10 pg), aztreonam (30 pg), carbenicillin
(100 ug), cefixim (5pg), ceftazidime (10pg), cephalothin
(30 ug), ciprofloxacin (5pg), gentamicin (10 pg), chloram-
phenicol (30 pg), imipenem (10 pg), kanamycin (30 pg), co-
trimoxazole (25ug), piperacillin (30 pg), polymyxin B
(300 U), streptomycin (10pg) and tetracycline (30 ug).
EUCAST/CLSI standards were strictly followed for cultiva-
tion and inhibition zone diameter reading.

Strain CCM 8645" represented psychrotolerant (growing
in the temperature range 5-25°C), Gram-stain-negative,
aerobic, catalase and oxidase positive non-fermenting short
rods and formed slimy colonies with a pink-red colour.
The extracted pigments were separated by HPLC, which
revealed at least five different compounds with absorbance
properties typical for carotenoids (Fig. S3). The red-shifted
spectrum of the most abundant pigment in CCM 8645"
resembled major carotenoid species of the recently
described Rufibacter ruber CCM 8646" strain [21] with
maxima at 482 and 506nm and a shoulder at 450 nm.
Nonetheless, HPLC mobility and absorbance spectra of
these pigments were slightly shifted, which suggests that
these carotenoids are similar but not identical (Fig. S3).
Strain CCM 8645" was susceptible to ciprofloxacin, imipe-
nem, co-trimoxazole, streptomycin and tetracycline, resis-
tant to ampicillin, aztreonam, carbenicillin, cefixim,
ceftazidime, gentamicin, chloramphenicol, kanamycin,
piperacillin and polymyxin B and intermediate result was
revealed for cephalothin.

Comprehensive morphological, biochemical and physiologi-
cal traits of strain CCM 8645" are summarized in the spe-
cies description given below. The tests distinguishing strain
CCM 8645" from the phylogenetically closest Mucilagini-
bacter spp. are shown in Table 1.
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Fatty acid methyl esters (FAME) analysis was performed
using cells grown on R2A agar (Difco) incubated at 20+1°C
for 72h, where the bacterial communities reached the
late exponential stage of growth according to the four quad-
rants streak method [39]. The extraction of fatty acids
methyl esters was performed according to a standard proto-
col of Sherlock Microbial Identification System [39]. Cellu-
lar fatty acid extract was analysed by GC (model 7890B,
Agilent) by using the rapid Sherlock Identification system
(MIS, version 6.2B, MIDI database: RTSBA6, MIDI Inc.).
The predominant fatty acids of CCM 8645 were Summed
feature 3 (Cig.1w7c/Cig.1w6¢) (37.0 %), Ci5.¢ iso (22.6 %)
and C,;.o iso 30H (13.4 %). Cellular contents of remaining
fatty acids detected in strain CCM 8645 were as follows:
Ci6.1w5¢ (8.3 %), Summed Feature 9 (Cy7.; 10-methyl/iso
w9c) (52%), Cis5.0 iso 30H (2.2%), Cig.;w9c (2.0%),
Summed Feature 4 (C;;.; anteiso B/iso I) (1.7 %), Ci7.¢
iso (1.6 %), and Cy¢.¢ (1.3 %). The FAME profile of CCM
8645" was similar to profiles of other Mucilaginibacter spe-
cies 2, 4].

Quinones and polar lipids were extracted from freeze-dried
biomass grown on R2A medium and analysed as described
previously [40-43]. The major respiratory quinone was
menaquinone MK-7, which is in agreement with the
description of the genus Mucilaginibacter [44]. The pre-
dominant polar lipids were phosphatidylethanolamine,
phosphatidylserine and an unidentified lipid (L4) lacking a
detectable functional group. Strain CCM 8645" also con-
tained moderate to minor amounts of nine unidentified lip-
ids L1-L3, L5-L10 lacking a functional group, four
unidentified aminolipids AL1-AL4, unidentified phospho-
lipid PL1 and unidentified glycolipid GL1 (Fig. S4). These
chemotaxonomic data were in agreement with the emended
description of the genus Mucilaginibacter [5]. The presence
of sphingolipids in strain CCM 8645" was investigated by
applying the method of Kato et al. [44]. After mild alkaline
hydrolysis, one-dimensional thin layer chromatography and
detection with ninhydrin one positive lipid spot was
detected which was negative after detection with molybde-
num blue. These results demonstrate that this alkaline-
stable lipid is not a sphingophospholipid as known to be
present in members of the genus Sphingobacterium. How-
ever, this observation is in agreement with findings in Muci-
laginibacter litoreus, Mucilaginibacter sabulilitorius and
Mucilaginibacter gallii [19, 45, 46]. The biomass subjected
to polyamine analysis was grown on R2A agar, scrapped off
the surface, freeze dried and then extracted according to
Busse and Auling [47] and analysed by HPLC as reported
by Busse et al. [48]. The HPLC equipment applied was
described by Stolz et al. [41]. Strain CCM 8645" contained
sym-homospermidine [26.5 pmol (g dry weight)~'] as the
main polyamine. Moreover, spermine [0.4 pmol (g dry
weight)_l], spermidine [1.7 pmol (g dry weight)_l] and
putrescine [0.1 pmol (g dry weight)”'] were present in
smaller amounts. Similar polyamine patterns with the major
compound sym-homospermidine have also been detected in


https://doi.org/10.1601/nm.29162
https://doi.org/10.1601/nm.11437
https://doi.org/10.1601/nm.11437
https://doi.org/10.1601/nm.11437
https://doi.org/10.1601/nm.8223
https://doi.org/10.1601/nm.23617
https://doi.org/10.1601/nm.23617
https://doi.org/10.1601/nm.11437
https://doi.org/10.1601/nm.11437

Sedlacek et al., Int J Syst Evol Microbiol 2017;67:4002-4007

Table 1. Phenotypic characteristics that differentiate Mucilaginibacter terrae sp. nov. from closely related Mucilaginibacter spp.

Strains: 1, M. terrae sp. nov. CCM 8645"; 2, M. daejeonensis Jip 10; 3, M. boryungensis BDR-9"; 4, M. lutimaris BR-3"; 5, M. jinjuensis YC7004"; 6, M. pol-

ytrichastri RG4-7". +, positive; w, weakly positive; —, negative; data for reference type strains were obtained from An et al. [49]; Kang et al. [18];

Kim et al. [50]; Khan et al. [51] and Chen et al. [5].
Characteristics 1 2 3 4 5 6
Pigment Red-pink Orange Light yellow Light pink Pale orange Orange
Growth at 5°C + — + + + +
Growth at 30°C — + + + + +
Growth in >1 % NaCl - + — — — +
a—galactosidase - + + + w +
Cystine arylamidase - + — - — _
Esterase (C4) + + — — _ +
N-acetyl-B-glucosaminidase — + + + +
a—mannosidase - — — + — _

Mucilaginibacter phyllosphaerae, Mucilaginibacter aubur-

nensis and M. gallii [7, 46].

All phenotypic, genotypic and chemotaxonomic results
obtained in the present taxonomic study demonstrated that
strain CCM 8645" isolated from soil in Antarctica repre-
sents a novel Mucilaginibacter species, for which the name
Mucilaginibacter terrae sp. nov. is proposed.

DESCRIPTION OF MUCILAGINIBACTER TERRAE
SP. NOV. (TER'RAE. L. GEN. N. TERRAE, OF
SOIL)

Cells are Gram-stain-negative short rod-shaped to coccoid
cells, occurring predominantly in pairs or in irregular clus-
ters and non-spore forming. Red-pink pigmented colonies
on R2A agar are circular, with whole margins, slightly
mucous, smooth, glistening, and 2 mm in diameter. Aerobic,
non-haemolytic on sheep blood agar. Grows on Plate count
agar, but not on Tryptone soya agar, Brain heart infusion
agar, MacConkey agar and CMO03 agar. No anaerobic
growth on R2A agar. Grows in the range from 5 to 25 ‘Cbut
not at 1 or 30 °C. Grows in the presence of up to 1% NaCl
and at pH range from 5 to 8. No fluorescein pigment on
King B medium. Hugh and Leifson OF fermentation test
negative. Catalase, oxidase (weak), DNase (weak), esterase
(C 4), esterase lipase (C 8) (weak), leucine arylamidase,
valine arylamidase, naphthol-AS-Bi-phosphohydrolase, -
galactosidase, a-glucosidase (weak), alkaline and acid phos-
phatase positive. Aesculin, ONPG, casein (weak) and starch
hydrolysis positive. Negative Simmons citrate, sodium mal-
onate, acetamide and hydrolysis of Tween 80, gelatine, tyro-
sine and lecithin (egg-yolk reaction). Urease, arginine
dihydrolase, lysine decarboxylase, ornithine decarboxylase,
lipase (C 14), cystine arylamidase, trypsin, chymotrypsin, a-
galactosidase, B-glucuronidase, B-glucosidase, N-acetyl-3-
glucosaminidase, «-mannosidase, «a-fucosidase, nitrate
reduction and nitrite reduction negative. Acid is produced
from glucose, fructose, xylose and maltose. Acid is not pro-
duced from mannitol.
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Strain CCM 8645" has the ability to use the following carbon
sources via respiration: a-cyclodextrin, dextrin, Tween 40, cel-
lobiose, D-galactose, a-D-glucose, a-lactose, lactulose, maltose,
D-mannose, trehalose, D-glucuronic acid and L-glutamic acid.
Negative utilization tests were revealed for glycogen, Tween
80, N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, adoni-
tol, L-arabinose D-arabitol, erythritol, m-inositol, b-mannitol,
melibiose, B-methyl-D-glucoside, D-psicose, raffinose, L-rham-
nose, D-sorbitol, sucrose, succinic acid monomethyl ester, ace-
tic acid, cis-aconitic acid, citric acid, formic acid, D-galactonic
acid lactone, D-gluconic acid, D-glucosaminic acid, a-hydroxy-
butyric acid, B-hydroxybutyric acid, y-hydroxybutyric acid,
p-hydroxy phenyl acetic acid, itaconic acid, a-keto butyric
acid, a-keto glutaric acid, a-keto valeric acid, D,L-lactic acid,
malonic acid, propionic acid, quinic acid, D-saccharic acid,
sebacic acid, succinic acid, bromosuccinic acid, succinamic
acid, glucuronamide, L-alaninamide, D-alanine, L-alanine, L-
alanyl-glycine, L-asparagine, L-aspartic acid, glycyl-L-aspartic
acid, L-histidine, hydroxy-L-proline, L-leucine, L-ornithine, L-
phenylalanine, L-pyroglutamic acid, D-serine, D,L-carnitine, y-
aminobutyric acid, urocanic acid, inosine, uridine, thymidine,
phenyl ethylamine, putrescine, 2-aminoethanol, 2,3-butane-
diol, glycerol, D,L-ar-glycerol phosphate, a-D-glucose-1-phos-
phate and D-glucose-6-phosphate. The borderline results were
obtained for utilization of D-fructose, L-fucose, gentiobiose,
turanose, xylitol, pyruvic acid methyl ester, D-galacturonic
acid, glycyl-L-glutamic acid, L-proline, L-serine and L-
threonine.

The quinone system consists exclusively of menaquinone
MK-7 and the major compound in the polyamine pat-
tern is sym-homospermidine. In the polar lipid profile
phosphatidylethanolamine, phosphatidylserine and an
unidentified lipid (L4) are predominant. In addition
moderate to minor amounts of nine unidentified lipids
(L1-L3, L5-L10) lacking a functional group, four uniden-
tified aminolipids (AL1-AL4), unidentified phospholipid
PL1 and unidentified glycolipid GL1 are present. One
alkali-stable aminolipid is present. The fatty acid profile
contains as major components Summed feature 3 (Cy4.,
w7c/Cig.1w6C), Cis.0 iso and C;;.q iso 30H.
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The type strain CCM 86457 (=LMG 29437%) was isolated
on James Ross Island, Antarctica, from a soil sample col-
lected nearby a mummified seal carcass.
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