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for which the name Spirosoma harenae sp. nov. is proposed. 
The type strain is 15J8-9T (= KCTC  52030T = JCM  31993T).
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Introduction

The genus Spirosoma,  belonging to the family 
Cytophagaceae, order Cytophagales, class Cytophagia and 
phylum Bacteroidetes, was originally proposed with Spiro-
soma linguale DSM  74T as the type species [21] and the 
genus description was later emended by Finster et al. [6] and 
Ahn et al. [1]. At the time of writing, the genus Spirosoma 
comprised fifteen species with validly published names, thir-
teen of which were directly listed in LPSN (http://www.bac-
terio.net/spirosoma.html), with the remaining two are await-
ing notification [13, 24]. Moreover, several other strains, 
such as ‘Spirosoma fluminis’ 15J17T [22], ‘Spirosoma lacus-
sanchae’ CPCC 100624 [25], and ‘Spirosoma luteolum’ 
16F6E [23] have recently been proposed as novel Spirosoma 
species and are awaiting validation. The type strains of Spi-
rosoma species have been recovered from a wide range of 
natural sources, including air [15, 16], dust [12], fresh water 
[2, 10, 24], soil [1, 13, 32, 37], plant xylem sap [8], and 
extreme environments such as high Arctic glacial till [4] or 
Arctic permafrost soil [6]. Members of the genus Spirosoma 
are Gram-negative, yellow- or orange-pigmented, non-spore-
forming, mostly rod-shaped bacteria that are characterized 
chemotaxonomically as having phosphatidylethanolamine 
(PE) as the major polar lipid, menaquinone MK-7 as the 
predominant quinone, and summed feature 3  (C16:1 ω6c/C16:1 
ω7c),  C16:1 ω5c,  C15:0 iso, and  C16:0 as the major fatty acids.

Abstract A Gram-stain-negative, non-motile, non-spore-
forming, rod-shaped, aerobic bacterium, designated 15J8-9T, 
was isolated from a sandy beach in Jeju Island, South Korea. 
The isolate was able to grow between 10 and 30 °C, pH 5–8, 
and in presence of 0–1% (w/v) NaCl. Based on 16S rRNA 
gene phylogenetic analysis, the novel strain was closely 
related to members of the genus Spirosoma (96.1–90.9% 
similarities) and showed highest sequence similarity to Spi-
rosoma panaciterrae DSM  21099T (96.1%). The G + C con-
tent of the genomic DNA of strain 15J8-9T was 45.1 mol%. 
The isolate contained menaquinone MK-7 as the predomi-
nant respiratory quinone, phosphatidylethanolamine as the 
major polar lipid, and summed feature 3  (C16:1 ω6c/C16:1 
ω7c; 28.0%),  C16:1 ω5c (23.4%), iso-C15:0 (13.5%), and  C16:0 
(11.5%) as the major fatty acids that supported the affiliation 
of strain 15J8-9T to the genus Spirosoma. The isolate could 
be differentiated clearly from recognized Spirosoma species 
on the basis of several phenotypic, genotypic and chemot-
axonomic features. Therefore, strain 15J8-9T is considered to 
represent a novel species of the genus the genus Spirosoma, 

Electronic supplementary material The online version of this 
article (doi:10.1007/s00284-017-1363-2) contains supplementary 
material, which is available to authorized users.

 * Hee-Young Jung 
 heeyoung@knu.ac.kr

1 School of Applied Biosciences, Kyungpook National 
University, Daegu 41566, Republic of Korea

2 Department of Environmental Engineering, Kyungpook 
National University, Daegu 41566, Republic of Korea

3 Department of Bio and Environmental Technology, Seoul 
Women’s University, Seoul 01797, Republic of Korea

4 Institute of Plant Medicine, Kyungpook National University, 
Daegu 41566, Republic of Korea

http://www.bacterio.net/spirosoma.html
http://www.bacterio.net/spirosoma.html
http://crossmark.crossref.org/dialog/?doi=10.1007/s00284-017-1363-2&domain=pdf
https://doi.org/10.1007/s00284-017-1363-2


180 L. N. Ten et al.

1 3

In the course of screening for novel bacteria, strain 15J8-
9T was isolated from a beach sand sample collected in Jeju 
Island, Korea. On the basis of a 16S rRNA gene sequence 
analysis, this isolate was considered to be a Spirosoma-like 
strain. Strain 15J8-9T was subjected to detailed investigation 
using a polyphasic taxonomic approach that included geno-
typic, chemotaxonomic, and phenotypic analyses. Based 
on the results obtained in this study, we propose that strain 
15J8-9T should be placed in the genus Spirosoma as the type 
strain of a novel species.

Materials and Methods

Isolation of Bacterial Strain and Culture Conditions

Strain 15J8-9T was isolated from a beach sand sample col-
lected in Jeju Island (29°51′61″ N, 126°27′08″ E), South 
Korea. The sample was suspended and serially diluted in 
distilled water. One hundred microliter of each dilution was 
spread onto R2A agar plates (Difco, USA) and incubated at 
25 °C for 1 week. Single colonies on the plates were puri-
fied by transfer onto fresh plates, followed by incubation 
under the same conditions. One yellow colony, designated 
15J8-9T, was routinely cultured on R2A agar at 25 °C and 
was maintained as a glycerol suspension (20%, w/v) at 
− 70 °C. The isolate was deposited in the Korean Collec-
tion for Type Cultures (KCTC) and the Japan Collection of 
Microorganisms (JCM). The reference type species Spiro-
soma linguale KACC  12156T and Spirosoma panaciterrae 
KCTC  22263T were obtained from the Korean Agricultural 
Culture Collection and the Korean Collection for Type Cul-
tures, respectively.

Phenotypic and Biochemical Characteristics

Gram reaction of strain 15J8-9T was examined using a stain-
ing method [30]. The morphology of the cells of strain 15J8-
9T, grown for 3 days at 25 °C on R2A agar, was observed 
under an Olympus light microscope (1000 × magnification) 
and a Hitachi HT7700 transmission electron microscope. 
Motility was investigated on 0.5% (w/v) semi-solid R2A 
agar and gliding motility was assessed by the microscopic 
hanging drop technique. Catalase activity was determined 
by assessing the production of bubbles in 3% (v/v)  H2O2, 
and oxidase activity was tested using 1% (w/v) tetramethyl-
p-phenylenediamine [3]. Growth was assessed on R2A agar, 
Luria–Bertani agar (LB), nutrient agar (NA), and trypticase 
soy agar (TSA), purchased from Difco, USA. The effect of 
pH on growth was evaluated in R2A broth using three dif-
ferent buffers (final concentration, 100 mM): sodium acetate 
buffer (for pH 4.0–6.0), potassium phosphate buffer (for pH 
7.0–8.0), and Tris buffer (for pH 9.0–10.0). Growth at 4, 10, 

15, 20, 25, 30, 37, and 42 °C was assessed on R2A agar after 
7 days of incubation. Salt tolerance was tested in R2A broth 
supplemented with 0.5, 1, 2, 3, 4, 5, and 10% (w/v) NaCl 
after 7 days of incubation. Enzyme activities, assimilation of 
carbon sources, acid production from substrates, and other 
physiological characteristics were determined by inoculating 
API ZYM, API 20 NE, API ID 32 GN, and API 50 CH strips 
according to the manufacturer’s instructions (bioMérieux).

16S rRNA Gene Sequencing and Phylogenetic Analysis

For the phylogenetic analysis, the 16S rRNA gene was 
amplified from chromosomal DNA using the universal bac-
terial primers, 27F and 1492R, as described previously [35], 
and the purified PCR products were sequenced by Genotech 
(Daejeon, South Korea). Phylogenetic neighbors were iden-
tified, and pairwise 16S rRNA gene sequence similarities 
were calculated using both the EzTaxon-e server [14] and 
BLAST search program at the NCBI website (http://blast.
ncbi.nlm.nih.gov/Blast.cgi). The 16S rRNA gene sequences 
of related taxa were obtained from GenBank and aligned 
with that of strain 15J8-9T using the program Clustal X [33]. 
Gaps and the 5′ and 3′ ends of the alignment were edited 
manually in BioEdit [9]. Tree topologies were inferred by 
neighbor-joining (NJ) [28], maximum-likelihood (ML) [5], 
and maximum-parsimony (MP) [7] methods in the program 
MEGA7 [19]. The NJ tree was constructed using Kimura’s 
two-parameter model with complete deletion [17]. The ML 
tree was inferred using the nearest neighbor interchange as 
the maximum-likelihood heuristic search method. The MP 
tree was inferred using subtree-pruning and regrafting. The 
option of complete deletion of gaps was applied for ML and 
MP tree construction. A bootstrap analysis with 1000 repli-
cate data sets was performed to assess support for clusters.

Chemotaxonomic Analyses

Cellular fatty acids of strain 15J8-9T, S. linguale KACC 
 12156T and S. panaciterrae KCTC  22263T were analyzed 
using cells grown on R2A agar for 3 days at 25 °C. The cel-
lular fatty acids were saponified, methylated, and extracted 
according to the Sherlock Microbial Identification System 
(MIDI) protocol. Fatty acid methyl esters were then analyzed 
by gas chromatography and Microbial Identification Soft-
ware (Sherlock TSBA, version 6.0) [29]. Polar lipids were 
extracted using the procedure described by Minnikin et al. 
[27] and identified by two-dimensional thin layer chroma-
tography (TLC), followed by spraying with the appropriate 
detection reagents [18]. The following spray reagents were 
used for detection: 5% molybdatophosphoric acid (Merck) 
in ethanol for total lipids; 0.2% ninhydrin in acetone for ami-
nolipids; molybdenum blue (Sigma) for phospholipids; and 
α-naphthol-sulfuric acid reagent for glycolipids. Isoprenoid 
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quinones were extracted with chloroform/methanol (2:1, 
v/v), evaporated under a vacuum, and re-extracted in n-hex-
ane/water (1:1, v/v). The extract was purified using Sep-Pak 
Silica Vac cartridges (Waters) and then analyzed by high 
performance liquid chromatography (HPLC) as described 
previously [11].

Genomic Analysis

Genomic DNA of strain 15J8-9T was extracted according 
to the standard CTAB/NaCl protocol [36]. Genomic DNA 
G + C content of strain 15J8-9T was determined by reverse-
phase HPLC analysis of individual nucleosides resulting 
from DNA hydrolysis and dephosphorylation using nucle-
ase P1 and alkaline phosphatase [26]. Single-stranded DNA 
from salmon testes (D7656; Sigma; DNA G + C content, 
41.2 mol%) was used as a standard.

DPD TaxonNumber and Nucleotide Sequence Accession 
Numbers

The Digital Protologue database TaxonNumber for strain 
15J8-9T is TA00195. The 16S rRNA gene sequence of 
strain 15J8-9T obtained in this study has been deposited in 
NCBI GenBank/EMBL/DDBJ under the accession number 
LC221817. The accession numbers of the reference strains 
closely related to strain 15J8-9T are indicated in Fig. 1.

Results and Discussion

Phylogenetic Analysis

A nearly complete 16S rRNA gene sequence of strain 
15J8-9T was a continuous stretch of 1416 bp. The sequence 
similarity search in the EzTaxon database revealed that this 
strain had highest similarity with Spirosoma panaciterrae 
Gsoil  1519T (96.1%) [32], followed by S. swuense JBM2-
3T (94.9%) [13], and S. aerolatum  PR1012KT (94.0%) [15]. 
Levels of sequence similarity to other members of Spiro-
soma ranged from 93.2 to 90.9% and to other genera (Fibri-
soma, Huanghella, Rudanella, and Larkinella) were less 
than 89%. The phylogenetic position of the new isolate, 
determined by various tree-making algorithms (NJ, ML, 
and MP), revealed that strain 15J8-9T clustered with mem-
bers of the genus Spirosoma, forming a subgroup with three 
above-mentioned Spirosoma species (Fig. 1). The gener-
ally accepted criteria for delineating bacterial species state 
that strains showing 16S rRNA gene sequence dissimilarity 
above 3% are considered to belong to a separate species [31, 
34]. Based on this definition, the above data indicate that 
strain 15J8-9T could not be assigned genetically to any rec-
ognized species within the genus Spirosoma and could be 

considered to represent a novel species of the genus Spiro-
soma. Based on phylogenetic analysis, its closest relative S. 
panaciterrae and the type species (S. linguale) of the genus 
Spirosoma were selected and used as reference strains in 
this study.

Morphological and Phenotypic Characteristics

Cells of strain 15J8-9T were Gram-stain-negative, aero-
bic, non-motile, non-spore-forming, and yellow pigment-
producing rods (0.9–1.1 µm wide and 3.5–5.2 µm long) 
without flagella (Supplementary Fig. S1). Cells were meso-
philic, growing at 10–30 °C, but not at 4 or 37 °C, with an 
optimum temperature of around 25 °C. The isolate did not 
require NaCl for growth, but tolerated it up to 1%. Growth 
occurred on NA, R2A, and weakly on TSA agar, but not on 
LB agar. Other physiological and biochemical properties of 
strain 15J8-9T are given in the species description. Pheno-
typic and chemotaxonomic characteristics that differentiated 
strain 15J8-9T from its relatives in the genus Spirosoma are 
listed in Table 1. In particular, strain 15J8-9T could be differ-
entiated from S. panaciterrae KCTC  22263T and S. linguale 
KACC  12156T by its ability to grow at 10 °C, to produce 
β-glucuronidase and α-mannosidase, to utilize l-fucose and 
d-sorbitol, and to produce acid from d-sorbose.

Chemotaxonomic Characteristics

The major fatty acids of strain 15J8-9T were summed fea-
ture 3  (C16:1 ω7c/C16:1 ω6c; 28.0%),  C16:1 ω5c (23.4%), iso-
C15:0 (13.5%), and  C16:0 (11.5%), representing 76.4% of the 
total fatty acids (Table 2). This cellular fatty acid profile is 
characteristic of members of the genus Spirosoma [6, 12, 
15, 16], supporting an affiliation of strain 15J8-9T with the 
genus Spirosoma. Under the same growth conditions, strain 
15J8-9T differed from S. panaciterrae KCTC  22263T and S. 
linguale KACC  12156T in terms of the proportions of major 
and some minor fatty acids. The major polar lipid found in 
strain 15J8-9T was phosphatidylethanolamine (PE), similar 
to that in other Spirosoma species [1, 2, 8, 15]. In addi-
tion, the polar lipid profile of the isolate included moderate 
amounts of two unidentified aminophospholipids  (APL1 and 
 APL2) and an unidentified lipid  (L1), minor amounts of four 
unidentified lipids  (L2–L5), and an unidentified aminolipid 
(AL) (Supplementary Fig. S2). The predominant isoprenoid 
quinone in strain 15J8-9T was menaquinone MK-7, which is 
also the major respiratory quinone found in other members 
of the genus Spirosoma [1, 2, 4, 12, 21, 32].

Genomic Characteristics

The DNA G + C content of strain 15J8-9T was 45.1 mol%, 
which is lower than values reported for Spirosoma species 
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(47.2–57.0 mol%) [1, 8, 21]. However, the value still lies 
within the range expected for members of the same genus 
and the G + C content range of the genus Spirosoma should 
be extended to take into account this result.

Taxonomic Conclusion

The phenotypic and phylogenetic data presented here indi-
cate that strain 15J8-9T belongs to the genus Spirosoma. 

Spirosoma linguale DSM 74T (CP001769)

Spirosoma fluviale MSd3T (LC019141)

Spirosoma aerophilum 5516J-17T (KR024033)

Spirosoma pulveris JSH5-14T (KP974819)

‘Spirosoma radiotolerans’ DG5A (KF303585)

Spirosoma endophyticum EX36T (GQ342559)

Spirosoma luteum SPM-10T (EF451726)

Spirosoma spitsbergense SPM-9T (EF451725)

Spirosoma arcticum R2-35T (KF999686)

Spirosoma rigui WPCB118T (EF507900)

Spirosoma aerolatum PR1012kT (JX089325)

Spirosoma panaciterrae Gsoil 1519T (EU370956)

Spirosoma swuense JBM2-3T (KU865688)

Spirosoma harenae 15J8-9T (LC221817)

‘Spirosoma luteolum’ 16F6E (KU758884)

‘Spirosoma montaniterrae’ DY10 (JQ958375)

‘Spirosoma fluminis’ 15J17T (LC148305)

Spirosoma knui 15J8-12T (LC148303)

‘Spirosoma lacussanchae’ CPCC 100624 (KX580025)
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Spirosoma oryzae RHs22T (KJ155688)

Fibrisoma limi BUZ 3T (CAIT01000009)

Huanghella arctica R9-9T (JQ303016)

Rudanella lutea 5715S-11T (EF635010)

Larkinella bovis M2T2B15T (GQ246692)
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Fig. 1  Neighbor-joining phylogenetic tree, based on 16S rRNA gene 
sequences, showing the phylogenetic position of Spirosoma hare-
nae 15J8-9T among related strains in the genus Spirosoma and rep-
resentatives of other members of phylum Bacteroidetes. Bootstrap 
values (based on 1000 replications) greater than 50% are shown at 
branch points. Filled circles indicate that the corresponding nodes 

were also recovered in trees generated with the maximum-likelihood 
and maximum-parsimony algorithms. Open circles indicate that the 
corresponding nodes were also recovered in the tree generated with 
the maximum-likelihood algorithm. The tree was rooted using Bac-
teroides fragilis ATCC  25285T (X83935) as an outgroup. Bar: 0.02 
substitutions per nucleotide position
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Phylogenetic distinctiveness confirmed that this isolate 
represents a species that is distinct from other members of 
the genus Spirosoma. Strain 15J8-9T can be differentiated 
from the phylogenetically closest relative S. panaciterrae 

and the type species of the genus Spirosoma, S. linguale, 
based on several phenotypic characteristics (Table 1). 
Therefore, on the basis of the data presented, strain 15J8-
9T is considered to represent a novel species of the genus 

Table 1  Differential phenotypic 
characteristics of strain 15J8-9T 
and phylogenetically related 
species of the genus Spirosoma 

All data were obtained in this study, unless otherwise noted
(+) positive reaction, (–) negative reaction, (w) weakly positive reaction
Strains: 1, 15J8-9T; 2, S. panaciterrae KCTC  22263T; 3, S. linguale KACC  12156T

All strains grew on NA, R2A, and TSA agar, but not on LB agar. All strains were positive for N-acetyl-
β-glucosaminidase, acid phosphatase, alkaline phosphatase, catalase, esterase (C4), esterase lipase (C8), 
β-galactosidase, α-glucosidase, β-glucosidase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase, 
and oxidase activities. All species were found negative for nitrite reduction, gelatin hydrolysis, arginine 
dihydrolase, α-fucosidase, lipase (C14), and urease activities. All strains produced acid from N-acetyl-
glucosamine, aesculin, d-cellobiose, d-galactose, d-maltose, d-mannose, salicin, and d-trehalose, but not 
from d-adonitol, dulcitol, erythritol, d-glucose, glycerol, inositol, or d-mannitol. All strains utilized d-glu-
cose, d-maltose, d-mannose, d-melibiose, and salicin, but not acetate, adipate, l-alanine, caprate, citrate, 
gluconate, glycogen, l-histidine, 4-hydroxybenzoate, dl-3-hydroxybutyrate, m-inositol, 2-ketogluconate, 
5-ketogluconate, dl-lactate, l-malate, malonate, d-mannitol, phenyl acetate, l-proline, propionate, d-ribose, 
l-serine, suberate, or n-valerate
a Data from Reference [32]
b Data from Reference [20]

Characteristic 1 2 3

Cell shape Rods Rodsa Rings,  coilsb

 Growth at 10 °C + − –
 Growth at 37 °C − + +
 Indole production − − +

Enzyme activity
 α-Chymotrypsin, cystine arylamidase + − w
 α-Fucosidase − w −
 β-Galactosidase + − w
 β-Glucuronidase w − −
 α-Mannosidase + − −
 Trypsin, valine arylamidase + − +

Assimilation of
 N-Acetyl-glucosamine w + −
 l-Arabinose − + −
 l-Fucose, d-sorbitol w − −
 3-Hydroxybenzoate, itaconate − − w
 l-Rhamnose w − w
 d-Sucrose + + −

Acid production from
 Amygdalin, glycogen, starch, d-tagatose w − +
 d-Arabinose, l-arabinose, arbutin, d-fructose, d-fucose, gentiobiose, 

d-lactose, d-melibiose, d-melezitose, methyl-α-d-glucopyranoside, 
methyl-α-d-mannopyranoside, d-raffinose, d-sucrose, d-xylose

+ − +

 d-Arabitol, l-arabitol, 5-ketogluconate, xylitol − − +
 l-Fucose, d-ribose w − w
 Gluconate, inulin, 2-ketogluconate − − w
 d-Lyxose, l-rhamnose, d-turanose + − w
 Methyl-β-d-xylopyranoside, l-xylose w − w
 d-Sorbitol − + −
 d-Sorbose w − −
 DNA G + C content (mol%) 45.1 50.1a 50.2b
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Spirosoma, for which the name Spirosoma harenae sp. 
nov. is proposed.

Description of Spirosoma harenae sp. nov

Spirosoma harenae (ha.re’nae. L. gen. n. harenae of sand, 
from where the organism was isolated).

Cells are Gram-stain-negative, non-motile, aerobic rods 
that are 0.9–1.1 µm wide and 3.5–5.2 µm long. After 3 days 
of incubation at 25 °C on R2A agar, colonies are convex, 
smooth, circular, yellow and approximately 1 mm in diam-
eter. Growth occurs at 10–30 °C and pH 5–8, with opti-
mal growth at 25 °C and pH 7. Tolerate 1% of NaCl but 
not 2%. Cells are positive for catalase and oxidase activi-
ties. In API 20 NE tests, positive for aesculin hydrolysis, 
but negative for gelatin hydrolysis, nitrate reduction, indole 
production, acid production from d-glucose, and urease 
and arginine dihydrolase activity. Utilizes N-acetyl-d-glu-
cosamine (weakly, w), l-fucose, d-glucose, d-maltose, 
d-mannose, d-melibiose, l-rhamnose (w), salicin, d-sorbitol 

(w), and d-sucrose, but not other substrates in API 32 GN 
and API 20 NE kits (Supplementary Table S1). In API 
ZYM tests, positive for N-acetyl-β-glucosaminidase, acid 
phosphatase, alkaline phosphatase, α-chymotrypsin, 
cysteine arylamidase, esterase (C4) (w), esterase lipase 
(C8), α-galactosidase, β-galactosidase, α-glucosidase, 
β-glucosidase, β-glucuronidase (w), leucine arylamidase, 
α-mannosidase, naphthol-AS-BI-phosphohydrolase, trypsin, 
and valine arylamidase; negative for other enzyme activities. 
Acid is produced from N-acetyl-glucosamine (weakly, w), 
aesculin, amygdalin (w), l-arabinose, d-arabinose, arbutin, 
d-cellobiose, d-fructose, d-fucose, l-fucose, d-galactose, 
gentiobiose, glycogen (w), d-lactose, d-lyxose, d-malt-
ose, d-mannose, d-melibiose, d-melezitose, methyl-α-d-
glucopyranoside, methyl-α-d-mannopyranoside, methyl-
β-d-xylopyranoside (w), d-raffinose, l-rhamnose, d-ribose 
(w), salicin, l-sorbose, starch, d-sucrose, d-tagatose (w), 
d-trehalose, d-turanose, d-xylose, and l-xylose, but not 
from other substrates tested in the API 50CH system. The 
major cellular fatty acids are summed feature 3  (C16:1 ω7c/
C16:1 ω6c),  C16:1 ω5c, iso  C15:0, and  C16:0. The predominant 
isoprenoid quinone is MK-7. Phosphatidylethanolamine is 
the major polar lipid. The DNA G + C content is 45.1 mol%. 
The type strain 15J8-9T (= KCTC  52030T = JCM  31993T) 
was isolated from beach sand sample collected in Jeju Island 
(29°51′61″ N, 126°27′08″ E), South Korea.

Acknowledgements This work was supported by the Human 
Resource Training Program for Regional Innovation and Creativity 
through the Ministry of Education and National Research Foundation 
(NRF) of Korea (NRF-2014H1C1A1066929), and the Brain Pool Pro-
gram of 2016 (Grant 162S-4-3-1727) through the Korean Federation 
of Science and Technology Societies (KOFST) funded by the Ministry 
of Science, ICT and Future Planning, Republic of Korea.

Compliance with Ethical Standards 

Conflict of interest The authors declare that there are no conflict of 
interest.

References

 1. Ahn JH, Weon HY, Kim SJ, Hong SB, Seok SJ, Kwon SW (2014) 
Spirosoma oryzae sp. nov., isolated from rice soil and emended 
description of the genus Spirosoma. Int J Syst Evol Microbiol 
64:3230–3234

 2. Baik KS, Kim MS, Park SC, Lee DW, Lee SD, Ka JO, Choi SK, 
Seong CN (2007) Spirosoma rigui sp. nov., isolated from fresh 
water. Int J Syst Evol Microbiol 57:2870–2873

 3. Cappuccino JG, Sherman N (2010) Microbiology: a laboratory 
manual, 9th edn. Benjamin Cummings, San Francisco

 4. Chang X, Jiang F, Wang T, Kan W, Qu Z, Ren L, Fang C, Peng 
F (2014) Spirosoma arcticum sp. nov., isolated from high arctic 
glacial till. Int J Syst Evol Microbiol 64:3230–3234

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

Table 2  Cellular fatty acid profiles of strain 15J8-9T and phylogenet-
ically related members of the genus Spirosoma 

All data are from the present study. All strains were grown on R2A 
agar at 25 °C for 3 days. Values are percentages of total fatty acids, 
and only fatty acids accounting for more than 1% in at least one of the 
strains are indicated
nd not detected, tr trace (< 1.0%)
Strains: 1, 15J8-9T; 2, S. panaciterrae KCTC  22263T; 3, S. linguale 
KACC  12156T

a Summed feature contained two or three fatty acids that could not be 
separated by gas–liquid chromatography (GLC) with the Sherlock 
Microbial Identification (MIDI) System. Summed feature 3 com-
prised  C16:1 ω6c and/or  C16:1 ω7c. Summed feature 4 comprised iso-
C17:1 I and/or anteiso-C17:1 B. Summed feature 9 comprised iso-C17:1 
ω9c and/or  C16:0 10-methyl

Fatty acids 1 2 3

Saturated
 Iso-C13:0 2.4 nd 2.2
 C14:0 1.3 2.0 tr
 Iso-C15:0 13.5 5.9 14.4
 Anteiso-C15:0 2.9 tr 4.6
 Iso-C15:0 3-OH 2.1 2.7 3.2
 C16:0 11.5 14.3 4.5
 C16:0 3-OH 1.5 3.7 tr
 Iso-C17:0 tr nd 1.3
 Iso-C17:0 3-OH 7.2 3.1 5.3
 C18:0 4.3 9.2 tr

Unsaturated
 C16:1 ω5c 23.4 24.6 24.9
 Summed feature  3a 28.0 30.6 28.7
 Summed feature  4a tr nd 1.2
 Summed feature  9a tr nd 2.5



185Spirosoma harenae sp. nov., a Bacterium Isolated from a Sandy Beach  

1 3

 6. Finster KW, Herbert RA, Lomstein BA (2009) Spirosoma spits-
bergense sp. nov. and Spirosoma luteum sp. nov., isolated from a 
high Arctic permafrost soil, and emended description of the genus 
Spirosoma. Int J Syst Evol Microbiol 59:839–844

 7. Fitch WM (1971) Toward defining the course of evolution: mini-
mum change for a specific tree topology. Syst Zool 20:406–416

 8. Fries J, Pfeiffer S, Kuffner M, Sessitsch A (2013) Spirosoma endo-
phyticum sp. nov., isolated from Zn- and Cd-accumulating Salix 
caprea. Int J Syst Evol Microbiol 63:4586–4590

 9. Hall TA (1999) BioEdit: a user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT. Nucleic 
Acids Symp Ser 41:95–98

 10. Hatayama K, Kuno T (2015) Spirosoma fluviale sp. nov., isolated 
from river water. Int J Syst Evol Microbiol 65:3447–3450

 11. Hiraishi A, Ueda Y, Ishihara J, Mori T (1996) Comparative lipo-
quinone analysis of influent sewage and activated sludge by high 
performance liquid chromatography and photodiode array detec-
tion. J Gen Appl Microbiol 42:457–469

 12. Joo ES, Lee JJ, Cha S, Jheong W, Seo T, Lim S, Jeong SW, Srini-
vasan S (2015) Spirosoma pulveris sp.nov., a bacterium isolated 
from a dust sample collected at Chungnam province, South Korea. 
J Microbiol 53:750–755

 13. Joo ES, Kim EB, Jeon SH, Srinivasan S, Kim MK (2017)) Spiro-
soma swuense sp. nov., a bacterium isolated from wet soil. Int J 
Syst Evol Microbiol 67:532–536

 14. Kim OS, Cho YJ, Lee K, Yoon SH, Kim M et al (2012)) Introduc-
ing EzTaxon-e: a prokaryotic 16S rRNA gene sequence database 
with phylotypes that represent uncultured species. Int J Syst Evol 
Microbiol 62:716–721

 15. Kim DU, Lee H, Kim SG, Ahn JH, Park SY, Ka JO (2015) Spiro-
soma aerolatum sp. nov., isolated from a motor car air condition-
ing system. Int J Syst Evol Microbiol 65:4003–4007

 16. Kim SJ, Ahn JH, Weon HY, Hong SB, Seok SJ, Kim JS, Kwon 
SW (2016) Spirosoma aerophilum sp. nov., isolated from an air 
sample. Int J Syst Evol Microbiol 66:2342–2346

 17. Kimura M (1980) A simple method for estimating evolutionary 
rates of base substitutions through comparative studies of nucleo-
tide sequences. J Mol Evol 16:111–120

 18. Komagata K, Suzuki KI (1987) Lipid and cell-wall analysis in 
bacterial systematics. Methods Microbiol 19:161–205

 19. Kumar S, Stecher G, Tamura K (2016) MEGA7: molecular evolu-
tionary genetics analysis version 7.0 for bigger datasets. Mol Biol 
Evol 33:1870–1874

 20. Lail K, Sikorski J, Saunders E, Lapidus A et al (2010) Complete 
genome sequence of Spirosoma linguale type strain  (1T). Stand 
Genomic Sci 2:176–185

 21. Larkin JM, Borrall R (1984) Family I. Spirosomaceae Larkin and 
Borrall 1978,  595AL. In: Krieg NR, Holt JG (eds) Bergey’s manual 
of systematic bacteriology, vol 1. Williams & Wilkins, Baltimore, 
pp 125–126

 22. Lee JJ, Lee YH, Park SJ, Lim S, Jeong SW, Lee SY, Cho YJ, 
Kim MK, Jung HY (2016) Spirosoma fluminis sp. nov., a gamma–
radiation resistant bacterium isolated from sediment of the Han 
River in South Korea. Curr Microbiol 73:689–695

 23. Lee JJ, Park SJ, Lee YH, Lee SY, Park S, Cho YJ, Kim MK, Ten 
LN, Jung HY (2017) Spirosoma luteolum sp. nov. isolated from 
water. J Microbiol 55:247–252

 24. Lee JJ, Lee YH, Park SJ, Lee SY, Kim BO, Ten LN, Kim MK, 
Jung HY (2017) Spirosoma knui sp. nov., a radiation-resistant 
bacterium isolated from the Han River. Int J Syst Evol Microbiol 
67:1359–1365

 25. Li Y, Ai MJ, Sun Y, Zhang YQ, Zhang JQ (2017) Spirosoma 
lacussanchae sp. nov., a phosphate-solubilizing bacterium iso-
lated from a fresh water reservoir. Int J Syst Evol Microbiol. 
doi:10.1099/ijsem.0.001778

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

 27. Minnikin DE, O’Donnella AG, Goodfellowb M, Aldersonb G, 
Athalyeb M, Schaala A, Parlett JH (1984) An integrated procedure 
for the extraction of bacterial isoprenoid quinones and polar lipids. 
J Microbiol Methods 2:233–241

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

 29. Sasser M (1990) Identification of bacteria by gas chromatogra-
phy of cellular fatty acids. MIDI Technical Note 101. MIDI Inc, 
Newark

 30. Smibert RM, Krieg NR (1994) Phenotypic characterization. In: 
Gerhardt P, Murray RGE, Wood WA, Krieg NR (eds) Methods for 
general and molecular bacteriology. American Society for Micro-
biology, Washington, DC, pp 607–654

 31. Stackebrandt E, Goebel BM (1994) Taxonomic note: a place for 
DNA-DNA reassociation and 16S rRNA sequence analysis in 
the present species definition in bacteriology. Int J Syst Bacteriol 
44:846–849

 32. Ten LN, Xu JL, Jin FX, Im WT, Oh HM, Lee ST (2009) Spiro-
soma panaciterrae sp. nov., isolated from soil. Int J Syst Evol 
Microbiol 59:331–335

 33. Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG 
(1997)) The CLUSTAL X windows interface: flexible strategies 
for multiple sequence alignment aided by quality analysis tools. 
Nucleic Acids Res 25:4876–4882

 34. Wayne LG, Brenner DJ, Colwell RR, Grimont PAD, Kandler O, 
Krichevsky MI, Moore LH, Moore WEC, Murray RGE, Stack-
ebrandt E, Starr MP, Trüper HG (1987) Report of the ad hoc com-
mittee on reconciliation of approaches to bacterial systematics. Int 
J Syst Bacteriol 37:463–464

 35. Weisburg WG, Barns SM, Pelletier DA, Lane DJ (1991) 16S 
ribosomal DNA amplification for phylogenetic study. J Bacteriol 
173:697–703

 36. Wilson K (1997) Preparation of Genomic DNA from Bacteria. In: 
Ausubel FM et al (ed) Current protocols in molecular biology, pp 
2–5. Wiley, Hoboken

 37. Yang S, Tang K, Zhang X, Wand J, Wang X, Feng F, LiH (2016) 
Spirosoma soli sp. nov., isolated from biological soil crusts. Int J 
Syst Evol Microbiol 66:5568–5574

https://doi.org/10.1099/ijsem.0.001778

	Spirosoma harenae sp. nov., a Bacterium Isolated from a Sandy Beach
	Abstract 
	Introduction
	Materials and Methods
	Isolation of Bacterial Strain and Culture Conditions
	Phenotypic and Biochemical Characteristics
	16S rRNA Gene Sequencing and Phylogenetic Analysis
	Chemotaxonomic Analyses
	Genomic Analysis
	DPD TaxonNumber and Nucleotide Sequence Accession Numbers

	Results and Discussion
	Phylogenetic Analysis
	Morphological and Phenotypic Characteristics
	Chemotaxonomic Characteristics
	Genomic Characteristics
	Taxonomic Conclusion
	Description of Spirosoma harenae sp. nov

	Acknowledgements 
	References


