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A novel, Gram-staining-positive, facultatively anaerobic, non-motile and coccus-shaped
bacterium, strain WL80T, was isolated from the gut of an abalone, Haliotis discus hannai,
collected from the northern coast of Jeju in Korea. Optimal growth occurred at 30 6C, pH 7–8
and with 1 % (w/v) NaCl. Phylogenetic analyses based on the 16S rRNA gene sequence revealed
that strain WL80T fell within the cluster of the genus Actinomyces, with highest sequence
similarity to the type strains of Actinomyces radicidentis (98.8 % similarity) and Actinomyces
urogenitalis (97.0 % similarity). The major cellular fatty acids were C18 : 1v9c and C16 : 0.
Menaquinone-10 (H4) was the major respiratory quinone. The genomic DNA G+C content of the
isolate was 70.4 mol%. DNA–DNA hybridization values with closely related strains indicated less
than 7.6 % genomic relatedness. The results of physiological, biochemical, chemotaxonomic and
genotypic analyses indicated that strain WL80T represents a novel species of the genus
Actinomyces, for which the name Actinomyces haliotis sp. nov. is proposed. The type strain is
WL80T (5KACC 17211T5JCM 18848T).

The genus Actinomyces is the type genus of the order
Actinomycetales within the phylum Actinobacteria. This
genus comprises a broad spectrum of anaerobic or
facultatively anaerobic, non-spore-forming, non-motile,
Gram-staining-positive micro-organisms with a high
DNA G+C content (Schaal, 1986). At the time of writing,
the genus Actinomyces contained 41 recognized species
(see http://www.bacterio.net/a/actinomyces.html). Common
habitats of members of the genus Actinomyces include the
mucous membranes of humans and animals, particularly the
oral mucosa or urogenital and intestinal tracts (Acevedo et
al., 2008). In recent years, several novel species of the genus
Actinomyces have been isolated from the oral cavity of a dog
(Hijazin et al., 2012), a human clinical osteoarticular sample
(Renvoise et al., 2010) and a wound swab from a human
patient (Funke et al., 2010).
The intestinal microbes of the abalone, Haliotis discus
hannai, are known to be closely linked to the abalone’s
physiology (Tanaka et al., 2003) and the efficiency of
abalone aquaculture (Sawabe et al., 2007). During an
attempt to investigate the intestinal bacterial diversity of H.
discus hannai, a novel bacterial strain, designated strain
WL80T, was isolated. The new strain was then subjected to
taxonomic characterization based on a polyphasic analysis.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain WL80T is KC196072.
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The abalone H. discus hannai was sampled from the
northern coast of Jeju in Korea. For isolation of the
intestinal bacteria, the intestinal tract was detached,
homogenized and serially diluted with 0.22 mm filtered
PBS buffer. Diluted samples (by 1021, 1022 and 1023) were
inoculated by spreading on brain heart infusion (BHI,
Bacto) agar plates and incubated at different temperatures
(20, 25 and 30 uC). Strain WL80T was isolated from a
1022-diluted sample after incubation at 30 uC for 72 h. The
isolate was purified by repeated subculture. The purified
isolate was stored at 280 uC as a suspension in BHI
containing 40 % (v/v) glycerol. All of the physiological,
biochemical, chemotaxonomic and genotypic analyses were
repeated at least three times.
Gram-staining, cell morphology and colony appearance
were tested with cells grown on BHI agar plates at 30 uC for
48 h. Gram-staining was performed with a Gram stain kit
(bioMérieux) according to the manufacturer’s instructions.
Gram-staining and cell morphology were observed by light
microscopy (Eclipse 50i, Nikon). Motility of the isolate was
assessed according to the methods of Tittsler & Sandholzer
(1936). Cells of strain WL80T were Gram-staining-positive,
non-motile and coccus-shaped (0.7–1.1 mm in diameter).
The isolate formed ivory coloured, convex, circular
colonies, 0.6–1.2 mm in diameter, with entire margins.
The minimum, maximum and optimum temperatures for
growth were tested in BHI at different temperatures (4, 10,
15, 20, 25, 30, 37, 45, 55 and 65 uC). The pH tolerance
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range and optimum pH for growth were tested at pH 4–11
(at intervals of 1.0 pH unit), with the pH of BHI adjusted
using 10 mM MES for pH 4–6, 10 mM TAPS for pH 7–8,
and 10 mM Na2HPO4 for pH 9–11. Growth in the
presence of different NaCl concentrations (0, 1, 2, 3, 4, 5,
8, 10, 12 and 15 %, w/v) was tested in BHI containing all
constituents except NaCl, with NaCl then added to yield
the appropriate concentration. The growth under each
condition was determined by measuring the turbidity of
each culture at OD600 using a spectrophotometer (Synergy
MX, BioTek) after 24 h, 48 h and 7 days of incubation.
Anaerobic growth of the isolate was examined after 7 days
of cultivation at 37 uC on BHI agar plates in an anaerobic
chamber filled with N2/CO2/H2 (90 : 5 : 5). Growth of strain
WL80T was observed at 20–37 uC, pH 6–9 and with 0–4 %
(w/v) NaCl. Optimum growth conditions were at 30 uC,
pH 7–8 and with 1 % (w/v) NaCl. Anaerobic growth of the
isolate was observed. Unless stated otherwise, all tests
characterizing strain WL80T were conducted under
optimal growth conditions.
A phylogenetic analysis was performed based on the 16S
rRNA gene sequences. The 16S rRNA gene sequence of
strain WL80T was amplified by colony PCR using a PCR
Premix (iNtRon Biotechnology) with two universal
bacterial primers: forward primer 8F (59-AGAGTTTGATCCTGGCTCAG-39) and reverse primer 1492R (59GGYTACCTTGTTACGACTT-39) (Lane, 1991). The 16S
rRNA gene amplicon was sequenced using a BigDye
Terminator Cycle Sequencing Ready Reaction kit (Applied
Biosystems), according to the manufacturer’s instructions.
The reaction mixtures were analysed using an automated
DNA analyser (3730xl DNA Analyser, Applied Biosystems).
The 16S rRNA gene sequences were assembled using
SeqMan (DNASTAR), and the assembled sequence of strain
WL80T was compared with other sequences of type strains in
the EzTaxon-e server (Kim et al., 2012). The results of the
16S rRNA gene sequence similarity analysis identified strain
WL80T as a member of the genus Actinomyces in the family
Actinomycetaceae. The closest relatives of the isolate were
Actinomyces radicidentis DSM 15433T (98.8 % similarity)
and Actinomyces urogenitalis DSM 15434T (97.0 % similarity). The phylogenetic relationships between strain WL80T
and closely related species were determined based on the 16S
rRNA gene sequences. The sequences were aligned using
the multiple sequence alignment program CLUSTAL W
(Thompson et al., 1994). Phylogenetic consensus trees were
reconstructed based on the aligned sequences using MEGA 5
(Tamura et al., 2011) with the neighbour-joining (Saitou &
Nei, 1987), maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) algorithms based on
1000 bootstrap replicates. On the basis of the 16S rRNA gene
sequences, phylogenetic consensus trees indicated that strain
WL80T was a member of a monophyletic branch containing
the recognized species of the genus Actinomyces (Fig. 1). To
perform a more comprehensive characterization of strain
WL80T, we selected A. radicidentis DSM 15433T (Collins
et al., 2000) and A. urogenitalis DSM 15434T (Nikolaitchouk
http://ijs.sgmjournals.org

et al., 2000) as reference species. The type strains of A.
radicidentis (DSM 15433T) and A. urogenitalis (DSM
15434T) were obtained from the Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH (DSMZ).
To characterize the biochemical properties of strain
WL80T, enzyme activities, assimilation of sole carbon
sources and acid production from various carbohydrates
were compared with those of the type strains of A.
radicidentis and A. urogenitalis. The biochemical assays
were performed after cultivation of strain WL80T and the
reference strains under optimum growth conditions for
48 h on BHI agar medium. Catalase and oxidase activities
were tested based on bubble production with 3 % (v/v)
hydrogen peroxide solution and indophenol blue production with 1 % (w/v) tetramethyl-p-phenylenediamine
(bioMérieux), respectively. Acid production from carbohydrates was examined using API 50 CH test strips
(bioMérieux) with 50 CHB/E medium, according to the
manufacturer’s instructions. Utilization of various sole
carbon sources was determined using GP2 MicroPlates
(Biolog) and GN/GP inoculating fluid (Biolog). The
enzyme activities were assessed using API ZYM test strips
(bioMérieux), according to the manufacturer’s instructions. Strain WL80T could be distinguished from A.
radicidentis DSM 15433T and A. urogenitalis DSM 15434T
by its ability/inability to produce acid from D-arabinose, Lxylose, methyl b-D-xyloside, L-rhamnose, inositol, Dmannitol, methyl a-D-mannoside, N-acetylglucosamine,
inulin and L-fucose (based on API 50 CH). It was further
distinguished by its ability/inabiliy to assimilate a-cyclodextrin, b-cyclodextrin, glycogen, inulin, Tween 40, Tween
80, N-acetyl-D-glucosamine, N-acetyl-b-D-mannosamine,
L-fucose, D-gluconic acid, D-mannitol, melezitose, methyl
a-D-galactoside, methyl b-D-galactoside, D-xylose, a-hydroxybutyric acid, D-lactic acid methyl ester, L-asparagine,
adenosine-59-monophosphate, thymidine-59-monophosphate,
uridine-59-monophosphate and D-L-a-glycerol phosphate
(based on Biolog GP2 MicroPlate) and enzyme activity for
esterase (C4), valine arylamidase, cystine arylamidase, Nacetyl-b-glucosaminidase and a-mannosidase (based on API
ZYM). The isolate was catalase-positive and oxidasenegative. The results of the biochemical tests are described
in the species description, and the differences in the biochemical characteristics of the isolate and the reference
strains are shown in Table 1.
To identify the chemotaxonomic characteristics of strain
WL80T, its cellular fatty acid profile and isoprenoid
quinone compositions were compared with those of the
reference species. Chemotaxonomic analyses were conducted using the cell biomass of the isolate and the
reference strains cultured on BHI agar plates at 30 uC for
48 h. The cellular fatty acids were extracted according to
the protocol of the Sherlock Microbial Identification
System (MIDI, 1999). The cellular fatty acid compositions
of the isolate and the reference species were identified by
GC (Agilent 6890, Agilent Technologies) and the Microbial
Identification software package (Sherlock version 6.2)
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Actinomyces viscosus NCTC 10951T (X82453)
-/75/74/74/- Actinomyces naeslundii NCTC 10301T (X81062)
97/84/- Actinomyces oris CCUG 34288T (AJ234053)

0.01

Actinomyces johnsonii ATCC 49338T (X81063)
Actinomyces slackii CCUG 32792T (AJ234067)
Actinomyces bowdenii M1327/96/1T (AJ234039)
Actinomyces howellii NCTC 11636T (X80411)
Actinomyces catuli CCUG 41709T (AJ276805)
Actinomyces weissii 2298T (FN552454)

78/-/-

Actinomyces bovis NCTC 11535T (X81061)
Actinomyces urogenitalis CCUG 38702T (ACFH01000038)
Actinomyces haliotis WL80T (KC196072)
100/97/96

Actinomyces radicidentis CCUG 36733T (AJ251986)
Actinomyces timonensis 7400942T (EU484334)

91/75/97/96/94

Actinomyces denticolens NCTC 11490T (X80412)
Actinomyces ruminicola B71T (DQ072005)
Actinomyces dentalis R18165T (AJ697609)

86/91/89
99/94/81

Actinomyces oricola CCUG 46090T (AJ507295)

80/-/-

Actinomyces massiliensis 4401292T (EF558367)
71/78/74
88/85/80

Actinomyces israelii CIP 103259T (X82450)
Actinomyces gerencseriae DSM 6844T (X80414)
Actinomyces graevenitzii CCUG 27294T (AJ540309)
Actinomyces radingae APL1T (X78719)
Actinomyces naturae BL-79T (FJ234421)

94/93/85

Actinomyces georgiae DSM 6843T (X80413)
Actinomyces canis CCUG 41706T (AJ243891)
Actinomyces turicensis APL10T (X78720)
Actinomyces odontolyticus CCUG 20536T (AJ234040)
Actinomyces meyeri CIP 103148T (X82451)
Actinomyces vaccimaxillae R10176T (AJ427451)
Actinomyces cardiffensis CCUG 44997T (AJ421779)
Actinomyces funkei CCUG 42773T (AJ404889)
Actinomyces suimastitidis CCUG 39276T (AJ277385)
Actinomyces hyovaginalis NCFB 2983T (X69616)

86/91/88

Actinomyces nasicola CCUG 46092T (AJ508455)
Actinomyces hordeovulneris CIP 103149T (X82448)

96/79/-

Actinomyces marimammalium CCUG 41710T (AJ276405)
Actinomyces hongkongensis HKU8T (AF433168)
100/100/100

Actinomyces neuii subsp. neuii 97/90T (X71861)
Actinomyces neuii subsp. anitratus DSM 8577T (AM084229)

88/71/-

Actinomyces coleocanis CCUG 41708T (AJ249326)
100/99/99

Actinomyces hominis 1094T (FJ617539)
Actinomyces europaeus CCUG 32789 AT (Y08828)
Bifidobacterium bifidum YIT 4039T (AB437356)

Fig. 1. Phylogenetic consensus tree based on 16S rRNA gene sequences, reconstructed using the neighbour-joining (NJ),
maximum-parsimony (MP) and maximum-likelihood (ML) methods, showing the phylogenetic position of strain WL80T with
respect to recognized species of the genus Actinomyces. Filled diamonds indicate identical branches generated by all three
methods. Numbers at the nodes represent bootstrap values (NJ/MP/ML) as percentages of 1000 replicates. Bifidobacterium
bifidum YIT 4039T was used as an outgroup. Bar, 0.01 accumulated changes per nucleotide.
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Table 1. Differential characteristics of strain WL80T and its closest phylogenetic relatives in the genus Actinomyces
Strains: 1, WL80T; 2, A. radicidentis DSM 15433T; 3, A. urogenitalis DSM 15434T. All data were obtained from the current study, except where
indicated. +, Positive or weakly positive; –, negative. All strains were positive for the following: catalase activity; acid production from glycerol, Dribose, D-galactose, D-glucose, D-fructose, D-mannose, methyl a-D-glucoside, amygdalin, arbutin, aesculin, salicin, cellobiose, maltose, lactose,
melibiose, sucrose, trehalose, melezitose, raffinose, starch, glycogen, gentiobiose, turanose, gluconate and 5-ketogluconate (API 50 CH); substrate
assimilation of dextrin, amygdalin, arbutin, cellobiose, D-fructose, D-galactose, gentiobiose, a-D-glucose, a-lactose, lactulose, maltose, maltotriose,
D-mannose, melibiose, methyl a-D-glucoside, methyl b-D-glucoside, palatinose, D-psicose, raffinose, D-ribose, salicin, stachyose, sucrose, trehalose,
turanose, L-lactic acid, pyruvic acid methyl ester, pyruvic acid, glycerol, adenosine, 29-deoxyadenosine, inosine, thymidine and uridine (Biolog
GP2); and enzyme activity of leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, aglucosidase and b-glucosidase (API ZYM). All strains were negative for the following: oxidase activity; acid production from erythritol, L-arabinose,
D-xylose, D-adonitol, L-sorbose, dulcitol, D-sorbitol, D-lyxose, D-tagatose, D-fucose, D-arabitol, L-arabitol and 2-ketogluconate (API 50 CH);
substrate assimilation of mannan, L-arabinose, D-arabitol, D-galacturonic acid, myo-inositol, 3-methyl glucose, methyl a-D-mannoside, L-rhamnose,
sedoheptulosan, D-sorbitol, D-tagatose, xylitol, acetic acid, b-hydroxybutyric acid, c-hydroxybutyric acid, p-hydroxyphenylacetic acid, aketoglutaric acid, a-ketovaleric acid, lactamide, D-malic acid, L-malic acid, succinic acid monomethyl ester, propionic acid, succinamic acid,
succinic acid, N-acetyl-L-glutamic acid, L-alaninamide, D-alanine, L-alanine, L-alanyl-glycine, L-glutamic acid, glycyl-L-glutamic acid, Lpyroglutamic acid, L-serine, putrescine, 2,3-butanediol, D-fructose 6-phosphate, a-D-glucose 1-phosphate and D-glucose 6-phosphate (Biolog
GP2); and enzyme activity of alkaline phosphatase, esterase lipase (C8), lipase (C14), trypsin, a-chymotrypsin, b-glucuronidase and a-fucosidase
(API ZYM).
Characteristic
Acid production (API 50 CH)
L-Xylose, inulin
N-Acetylglucosamine
D-Arabinose, D-mannitol, L-fucose, D-L-a-glycerol phosphate
Methyl b-D-xyloside, L-rhamnose, inositol, methyl a-D-mannoside
Substrate assimilation (Biolog GP2)
D-Gluconic acid, methyl a-D-galactoside, D-lactic acid methyl ester
Tween 40, Tween 80, melezitose, thymidine-59-monophosphate
N-Acetyl-D-glucosamine, N-acetyl-b-D-mannosamine, D-mannitol, methyl b-D-galactoside
a-Cyclodextrin, b-cyclodextrin, glycogen, adenosine-59-monophosphate, uridine-59monophosphate
Inulin, L-fucose, a-hydroxybutyric acid, L-asparagine, D-L-a-glycerol phosphate
D-Xylose
Enzyme activity (API ZYM)
Valine arylamidase
Esterase (C4)
Cystine arylamidase, N-acetyl-b-glucosaminidase, a-mannosidase

1

2

3

+
–
–
–

+
+
+
–

–
+
–
+

+
+
–
+

+
–
+
–

–
+
+
–

–
–

+
–

–
+

+
–
–

–
+
–

+
+(–*)
+

*Data from Nikolaitchouk et al. (2000).

based on the TSBA6 database (Sasser, 1990). The major
cellular fatty acids (.10 % of the total) in the isolate were
C18 : 1v9c (55.3 %) and C16 : 0 (24.3 %). Strain WL80T
shared two major cellular fatty acids, C18 : 1 v9c and
C16 : 0, with the two reference species. However, strain
WL80T differed in the proportion of C18 : 0 (1.2 %) from A.
urogenitalis, for which C18 : 0 was a major fatty acid
(10.3 %). The complete fatty acid profiles of the isolate
and the reference species are presented in Table 2. The
isoprenoid quinones of the isolate and the reference strains
were extracted according to the method of Collins & Jones
(1981a). The isoprenoid quinone extracts were purified by
one-dimensional TLC on a silica gel 60 F254 plate (Merck)
and identified by HPLC (Collins & Jones, 1981b) using a
reversed-phase Hydrosphere C18 (15062.0 mm) column.
For more comprehensive analysis of isoprenoid quinones,
http://ijs.sgmjournals.org

liquid chromatography (Ultimate 3000, Dionex) was also
used with an ion trap-mass spectrometer equipped with an
electrospray ionization probe (HCT, Bruker) according to
the protocol described by Taguchi et al. (2005). The
predominant quinone of strains WL80T and A. radicidentis
DSM 15433T was menaquinone-10 (H4) [MK-10 (H4)] but
that of A. urogenitalis DSM 15434T was menaquinone-10
(MK-10).
The DNA G+C content was measured and DNA–DNA
hybridization with the reference species was performed to
determine the genotypic characteristics of the isolate.
Genomic DNA of strain WL80T, A. radicidentis DSM
15433T and A. urogenitalis DSM 15434T was extracted as
described by Rochelle et al. (1992). The DNA G+C
content of the novel isolate was estimated by a fluorimetric
method with SYBR Gold I using the CFX96 Real-Time PCR
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Table 2. Cellular fatty acid contents of strain WL80T and the
type strains of closely related species in the genus
Actinomyces
Strains: 1, WL80T; 2, A. radicidentis DSM 15433T; 3, A. urogenitalis
DSM 15434T. All data were obtained from the current study. TR, Trace
level (,0.5 %); –, not detected.
Fatty acid (%)
Saturated acids
C10 : 0
C12 : 0
C14 : 0
C16 : 0
C18 : 0
Unsaturated acids
C16 : 1v9c
C17 : 1v9c
iso-C17 : 1v5c
C18 : 1v9c
iso-C19 : 1 I
Hydroxy acids
C16 : 0 3-OH
Summed features*
3
4
7
8
9

1

2

3

0.6
1.4
1.6
24.3
1.2

TR

1.0
1.1
1.6
42.1
10.3

3.9
1.3
0.9
55.3
1.3
TR

0.8
–
5.8
0.9
TR

1.0
1.4
37.7
3.9
1.4

A. urogenitalis, DNA–DNA hybridization was conducted
using a genome-probing microarray (Bae et al., 2005; Chang
et al., 2008). The DNA–DNA relatedness values were
calculated from the signal-to-noise ratio of the genomic
probes (Loy et al., 2005). The DNA–DNA relatedness values
between strain WL80T and the type strains of A. radicidentis
and A. urogenitalis were 7.6±0.4 % (5.0±0.9 % reciprocal)
and 6.3±0.4 % (3.7±0.9 % reciprocal), respectively (Table
3). This value was below the accepted threshold of 70 %.
Thus, strain WL80T was considered to be a distinct genomic
species (Wayne et al., 1987).
Based on the physiological, biochemical, chemotaxonomic
and genotypic analyses, it is suggested that strain WL80T
represents a novel species in the genus Actinomyces, for
which the name Actinomyces haliotis sp. nov. is proposed.

TR

1.4
–

TR

TR

49.5
1.5

39.5
0.7

Actinomyces haliotis (ha.li9o.tis. N.L. gen. n. haliotis of
Haliotis, the systematic name of a genus of abalone,
isolated from Haliotis discus hannai).

TR

0.8

0.5

TR

TR

1.2

–
–

TR

TR

–

TR

Cells are Gram-staining-positive, facultatively anaerobic,
non-motile and coccus-shaped (0.7–1.1 mm in diameter),
catalase-positive and oxidase-negative. Colonies on BHI
agar medium are ivory coloured, circular, convex with entire
margins, and 0.6–1.2 mm in diameter after 2 days at 30 uC.
Grows at 20–37 uC (optimum 30 uC), at pH 6–9 (optimum
pH 7–8) and with 0–4 % (w/v) NaCl (optimum 1 %). Acid
is produced from glycerol, D-ribose, L-xylose, D-galactose, Dglucose, D-fructose, D-mannose, methyl a-D-glucoside,
amygdalin, arbutin, aesculin, salicin, cellobiose, maltose,
lactose, melibiose, sucrose, trehalose, inulin, melezitose,
raffinose, starch, glycogen, gentiobiose, turanose, gluconate
and 5-ketogluconate (API 50 CH). Assimilates substrates
including a-cyclodextrin, b-cyclodextrin, dextrin, glycogen,
Tween 40, Tween 80, amygdalin, arbutin, cellobiose, Dfructose, D-galactose, gentiobiose, D-gluconic acid, a-Dglucose, a-lactose, lactulose, maltose, maltotriose, D-mannose, melezitose, melibiose, methyl a-D-galactoside, methyl
a-D-glucoside, methyl b-D-glucoside, palatinose (isomaltulose), D-psicose, raffinose, D-ribose, salicin, stachyose,
sucrose, trehalose, turanose, D-lactic acid methyl ester, Llactic acid, pyruvic acid methyl ester, pyruvic acid, glycerol,
adenosine, 29-deoxyadenosine, inosine, thymidine, uridine,
adenosine-59-monophosphate, thymidine-59-monophosphate

*Summed features refer to groups of two or three fatty acids that
could not be separated by the Microbial Identification System.
Summed feature 3 comprises C16 : 1v7c and/or C16 : 1 v6c; summed
feature 4 comprises iso-C17 : 1 I and/or anteiso-C17 : 1 B; summed
feature 7 comprises C19 : 1v6c and/or unknown ECL 18.446; summed
feature 8 comprises C18 : 1v7c and/or C18 : 1v6c; summed feature 9
comprises iso-C17 : 1v9c and/or 10-methyl C16 : 0.

Detection System (Bio-Rad) (Gonzalez & Saiz-Jimenez,
2002). Genomic DNA from Bacteroides thetaiotaomicron
VPI-5482T, Escherichia coli K-12, Ruegeria pomeroyi DSS-3T
and Bacteroides fragilis NCTC 9343T was used as calibration
references in the analysis. The DNA G+C content of strain
WL80T was 70.4 mol%, which was in the range for members
of the genus Actinomyces. To clarify the genetic relatedness
between the isolate and the type strains of A. radicidentis and
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Table 3. DNA–DNA hybridization values for strain WL80T and the type strains of closely related species in the genus Actinomyces
(based on reciprocal analyses)
Strain

DNA–DNA hybridization (%) with:

T

1. Strain WL80
2. A. radicidentis DSM 15433T
3. A. urogenitalis DSM 15434T

460

1

2

3

100.0±0
7.6±0.4
6.3±0.4

5.0±0.9
100.0±0
5.9±0.5

3.7±0.9
10.8±1.8
100.0±0
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and uridine-59-monophosphate (Biolog GP2). Positive for
leucine arylamidase, valine arylamidase, acid phosphatase,
naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase and b-glucosidase (API ZYM). The major
fatty acids are C18 : 1v9c and C16 : 0. The predominant
respiratory quinone is MK-10 (H4).
The type strain, WL80T (5KACC 17211T5JCM 18848T),
was isolated from the intestinal tract of an abalone, Haliotis
discus hannai, collected from the northern coast of Jeju in
Korea. The DNA G+C content of the type strain is
70.4 mol%.
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Baranyi, C., Lehner, A. & Wagner, M. (2005). 16S rRNA gene-based

oligonucleotide microarray for environmental monitoring of the betaproteobacterial order ‘‘Rhodocyclales’’. Appl Environ Microbiol 71, 1373–1386.
MIDI (1999). Sherlock Microbial Identification System Operating
Manual, version 3.0. Newark, DE: MIDI Inc.
Nikolaitchouk, N., Hoyles, L., Falsen, E., Grainger, J. M. & Collins,
M. D. (2000). Characterization of Actinomyces isolates from samples

from the human urogenital tract: description of Actinomyces urogenitalis
sp. nov. Int J Syst Evol Microbiol 50, 1649–1654.
Renvoise, A., Raoult, D. & Roux, V. (2010). Actinomyces timonensis sp.

nov., isolated from a human clinical osteo-articular sample. Int J Syst
Evol Microbiol 60, 1516–1521.
Rochelle, P. A., Fry, J. C., Parkes, R. J. & Weightman, A. J. (1992). DNA

References

extraction for 16S rRNA gene analysis to determine genetic diversity in
deep sediment communities. FEMS Microbiol Lett 79, 59–65.

Acevedo, F., Baudrand, R., Letelier, L. M. & Gaete, P. (2008).

Saitou, N. & Nei, M. (1987). The neighbor-joining method: a new

Actinomycosis: a great pretender. Case reports of unusual presentations and a review of the literature. Int J Infect Dis 12, 358–362.
Bae, J. W., Rhee, S. K., Park, J. R., Chung, W. H., Nam, Y. D., Lee, I.,
Kim, H. & Park, Y. H. (2005). Development and evaluation of genome-

probing microarrays for monitoring lactic acid bacteria. Appl Environ
Microbiol 71, 8825–8835.
Chang, H. W., Nam, Y. D., Jung, M. Y., Kim, K. H., Roh, S. W., Kim,
M. S., Jeon, C. O., Yoon, J. H. & Bae, J. W. (2008). Statistical

superiority of genome-probing microarrays as genomic DNA–DNA
hybridization in revealing the bacterial phylogenetic relationship
compared to conventional methods. J Microbiol Methods 75, 523–530.
Collins, M. D. & Jones, D. (1981a). Distribution of isoprenoid

method for reconstructing phylogenetic trees. Mol Biol Evol 4, 406–
425.
Sasser, M. (1990). Identification of bacteria by gas chromatography of

cellular fatty acids, MIDI Technical Note 101. Newark, DE: MIDI Inc.
Sawabe, T., Inoue, S., Fukui, Y., Yoshie, K., Nishihara, Y. & Miura, H.
(2007). Mass mortality of Japanese abalone Haliotis discus hannai

caused by Vibrio harveyi infection. Microbes Environ 22, 300–
308.
Schaal, K. P. (1986). Genus Actinomyces. In Bergey’s Manual of
Systematic Bacteriology, vol. 2, pp. 1383–1418. Edited by P. H. A. Sneath,
N. S. Mair, M. E. Sharpe & J. G. Holt. Baltimore: Williams & Wilkins.

quinone structural types in bacteria and their taxonomic implication.
Microbiol Rev 45, 316–354.

Taguchi, R., Houjou, T., Nakanishi, H., Yamazaki, T., Ishida, M., Imagawa,
M. & Shimizu, T. (2005). Focused lipidomics by tandem mass

Collins, M. D. & Jones, D. (1981b). A note on the separation of natural
mixtures of bacterial ubiquinones using reverse-phase partition thinlayer chromatography and high performance liquid chromatography.
J Appl Bacteriol 51, 129–134.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. & Kumar,
S. (2011). MEGA5: molecular evolutionary genetics analysis using

Collins, M. D., Hoyles, L., Kalfas, S., Sundquist, G., Monsen, T.,
Nikolaitchouk, N. & Falsen, E. (2000). Characterization of

Actinomyces isolates from infected root canals of teeth: description
of Actinomyces radicidentis sp. nov. J Clin Microbiol 38, 3399–3403.
Felsenstein, J. (1981). Evolutionary trees from DNA sequences: a

spectrometry. J Chromatogr B Analyt Technol Biomed Life Sci 823, 26–36.

maximum likelihood, evolutionary distance, and maximum parsimony methods. Mol Biol Evol 28, 2731–2739.
Tanaka, R., Sugimura, I., Sawabe, T., Yoshimizu, M. & Ezura, Y.
(2003). Gut microflora of abalone Haliotis discus hannai in culture

changes coincident with a change in diet. Fish Sci 69, 951–958.

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

CLUSTAL W:
improving the sensitivity of progressive multiple sequence alignment
through sequence weighting, position-specific gap penalties and
weight matrix choice. Nucleic Acids Res 22, 4673–4680.

Funke, G., Englert, R., Frodl, R., Bernard, K. A. & Stenger, S. (2010).

Tittsler, R. P. & Sandholzer, L. A. (1936). The use of semi-solid agar

Actinomyces hominis sp. nov., isolated from a wound swab. Int J Syst
Evol Microbiol 60, 1678–1681.

for the detection of bacterial motility. J Bacteriol 31, 575–580.

maximum likelihood approach. J Mol Evol 17, 368–376.

Gonzalez, J. M. & Saiz-Jimenez, C. (2002). A fluorimetric method for

the estimation of G+C mol% content in microorganisms by thermal
denaturation temperature. Environ Microbiol 4, 770–773.

http://ijs.sgmjournals.org

Thompson, J. D., Higgins, D. G. & Gibson, T. J. (1994).

Wayne, L. G., Brenner, D. J., Colwell, R. R., Grimont, P. A. D., Kandler, O.,
Krichevsky, M. I., Moore, L. H., Moore, W. E. C., Murray, R. G. E. & other
authors (1987). Report of the ad hoc committee on reconciliation of

approaches to bacterial systematics. Int J Syst Bacteriol 37, 463–464.

461

