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Two novel, Gram-positive, motile, coccal bacteria, strains
L1b-b9" and B5a-b5, were isolated from a potato cultivation
field in Ochang, Korea. These isolates grew at 10-45°C, pH
5.0-10.0, and in the presence of 8% (w/v) NaCl. The diag-
nostic diamino acid in the cell-wall peptidoglycan was meso-
diaminopimelic acid. The major menaquinone was MK-8(H,)
and the main cellular fatty acids were iso-Ci4o, i50-Cis.,
and anteiso-Cjs,. Polar lipids in strain L1b-b9" consisted of
diphosphatidylglycerol, phosphatidylglycerol, phospha-
tidylinositol, and an unknown glyco-amino lipid. The G+C
content of genomic DNA was 73.6 mol%. A phylogenetic
analysis based on 16S rRNA gene sequences showed that
strains L1b-b9" and B5a-b5 shared 99.36% similarity and
formed a robust clade with the type species of the genus
Phycicoccus. Strain L1b-b9" is related most closely to Phy-
cicoccus cremeus V2M29" (97.52% 16S rRNA gene sequence
similarity). On the basis of phylogenetic characteristics, the
name Phycicoccus ochangensis sp. nov. is proposed for
strain LIb-b9" (=KCTC 19694" =JCM 17595").

Keywords: Phycicoccus ochangensis, potato field, Intraspor-
angiaceae

LMOs (Living modified organisms) refer to any living orga-
nism that possesses a novel combination of genetic material
obtained through the use of modern biotechnology. Although,
there is no clear evidence, concerns have been raised that
LMOs may cause alteration of the microbial population in
their rhizosphere (Dunfield and Germida, 2001). During
the study of differences in the microbial population between
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an LM-potato cultivation field and a non-LM-potato culti-
vation field, two novel bacterial strains were isolated: strain
L1b-b9" from the LM-potato cultivation field and strain
B5a-b5 from the non-LM-potato cultivation field. The 16S
rRNA gene sequence analysis revealed that the strains
comprise a distinctive phylogenetic cluster associated with
species of the genus Phycicoccus, and have a high sequence
similarity to each other. At present, we are unable to find
any relevance of the strains to the LMOs; however, we report
these closely related isolates as an additional species within
the genus Phycicoccus.

The genus Phycicoccus was first proposed by Lee (2006)
and at the time of writing comprised six species, Phycicoccus
jejuensis (Lee, 2006), Phycicoccus dokdonensis (Yoon et al.,
2008), Phycicoccus bigeumemsis (Dastager et al., 2008), Phy-
cicoccus aerophilus (Weon et al., 2008), Phycicoccus cremeus
V2M29" (Zhang et al., 2011), and Phycicoccus ginsenosidi-
mutans BXN5-13" (Wang et al., 2011). The genus Phycicoccus
is a member of the family Intrasporangiaceae, suborder Micro-
coccineae (Lee, 2006). Members of the genus Phycicoccus are
Gram-positive, aerobic bacteria with meso-diaminopimelic
acid as the diamino acid of the peptidoglycan and MK-8(H,)
as the major menaquinone.

Strains L1b-b9" and B5a-b5 were isolated from soil samples
collected from a potato cultivation field in Ochang by plating
serial dilutions onto R2A agar (Difco). The plates were then
incubated at 25°C for 3 days. A pure culture was subsequently
isolated and stored in a glycerol solution (20%, v/v) at 70°C
until use. The stored cells were cultivated aerobically in trypic

Fig. 1. Scanning electron microscopy of strain L1b-b9" on R2A agar for
3 days at 25°C (A). Transmission electron micrograph (negative) of
strain L1b-b9™ on R2A agar for 3 days at 25°C, showing the presence of
flagella (B). Bar, 1 um (left), 500 nm (right).
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soy broth (TSB) or on tryptic soy agar (TSA) (Difco, USA)
for 3 days at 25°C, and then used to determine the physio-
logical characteristics of strains L1b-b9" and B5a-b5. Media
for growth of the isolates were TSA, nutrient agar (NA), and
MacConkey agar (all from Difco). All type strains of the four
recognized species of the genus Phycicoccus were obtained
from the KACC (Korean Agricultural Culture Collection),
KCTC (Korean Collection for Type Cultures), and NBRC
(NITE Biological Resource Center). Gram staining was per-
formed using a Difco Gram stain kit and motility was ex-

amined by culturing the isolates in R2A medium that con-
tained 0.5% (w/v) agar. The presence of oxidase activity was
determined using an Oxy-swab (bioMérieux, France), and
catalase activity was detected by placing drops of 3% (v/v)
H,0; on cultures growing on an R2A agar plate, followed
by observation of the production of oxygen bubbles. Cells
were cultured in pH-adjusted TSB (pH 4.0-11.0 in 0.5 unit
increments) at 25°C for 7 days to determine the pH range
suitable for growth; in different temperatures of R2A broth
ranging from 4 to 55°C for 7 days to determine the optimum

Table 1. Differential characteristics of strains L1b-b9", B5a-b5 and the type strains of species of the genus Phycicoccus

Strains: 1, L1b-b9" and B5a-b5; 2, P. cremeus V2M29'; 3, P. ginsenosidimutans BXN5-13"; 4, P. aerophilus 5516T-20"; 5, P. jejuensis KSW2-15"; 6, P. bigeumensis
MSL-03"; 7, P. dokdonensis DS-8". All data are from this study. +, Positive; w, weakly positive; -, negative. All strains were Gram-positive, catalase-positive,
and positive for hydrolysis of esculin, gelatin, and starch, and negative for indole production. In API 20NE and API ID 32GN, all strains assimilate mannose,
gluconate, malate, D-saccharose, D-maltose, D-mannitol, and D-glucose, but do not assimilate phenyl-acetate, L-rhamnose, itaconic acid, suberic acid, sodium
malonate, sodium acetate, potassium 5-ketogluconate, L-serine, L-arabinose, capric acid, 3-hydroxybutyric acid and L-proline. In API ZYM, all strains are
positive for a-glucosidase, but negative for trypsin, naphthol-AS-BI-phosphohydrolase, N-acetyl-B-glucosaminidase, and a-fucosidase.
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Soil
Coccus
Colony colour White
Motility + +
Oxidase - -
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+ _
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Cell morphology

Nitrate reduction

Hydrolysis of DNA
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Potassium 2-ketogluconate = =
4-Hydroxybenzoic acid - -
Enzyme activities: - -
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a-Chymotrypsin -
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DNA G+C content (mol%) 72.0
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Bagillus subtilis DSM 10" (AJ276351)
Janibacter terrae C5127 (AF176948)
Knoema subterranea DSM 123327 (AJ294413)
Terrabacter terrigena ON10 KCTC 196027 (FJ423552)
Terrabacter terrae PPLB" (AY944176)
Terrabacter lapilli KCTC 19199" (AMBS0744)
Terrabacter carboxydivorans PY2T (FJ717334)
Humihabitans oryzae KV-657" (AB282887)
Huma’baciﬂus xanthopallidus Kv-663" (AB282888)
Phycicoccus cremeus NBRC 104261" (FJ529696)
Phycicoccus aerophilus 5516T-20" (EF493847)
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Fig. 2. Neighbour-joining phylogenetic tree based on
16S rRNA gene sequences showing the positions of
strains L1b-b9", B5a-b5, and related taxa. Bootstrap
values (expressed as percentages of 1,000 replications)
> 50% are shown at branching points. Bar, 0.02 sub-
stitutions per nucleotide position.

a7

Phycicoccus ochangensis L1 b-b9" (GQ344405)
Phyecit ochangensis B5a-b5 (GQ344406)

0.02

growth temperature; and in the presence of NaCl concen-
trations ranging from 0-10% (w/v) for 7 days to determine
tolerance to NaCl in the nutrient broth. Growth was eval-
uated by measuring the optical density at 595 nm using a
microplate reader (Bio-Rad, USA).

The hydrolysis of starch, casein, xylan, pectin, phenylala-
nine, Tween 20, 40, 60, and 80, CM-cellulose, and DNA was
conducted as described by Smibert and Krieg (1994). API
20NE, API ID 32GN, and API ZYM test strips (bioMérieux)
were used to analyze the biochemical and physiological traits
and sugar assimilation patterns of bacterial strains accord-
ing to the manufacturer’s instructions. GP2 MicroPlates
(BIOLOG), containing 95 different carbon compounds, were
used to determine substrate oxidation. Anaerobic growth
was tested by plating the isolates on an R2A agar plate sup-
plemented with nitrate that was subsequently incubated in a
sealed container with a BBL GasPak Pouch (Becton Dickinson,
USA). All tests were conducted at 25°C (except API ZYM;
37°C). The morphology and size of the cells were examined
using phase-contrast microscopy, a Nikon Optiphot-2 light
microscope (Nikon, Japan), a scanning electron microscope
(HITACHI S4300N, Japan), and a transmission electron
microscope (Philips CM20, Netherlands)

Single cells of strain L1b-b9" were observed to be cocci
(0.5-1.0 um in diameter) (Fig. 1). Both strains L1b- b9" and
B5a-b5 were Gram-positive, motile (flagella present), ni-
trate-reducing, and capable of growth under aerobic con-
ditions. The strains were capable of growth on NB containing
0.5-8% NaCl; grew at temperatures from 10 to 45°C, with
optimum growth at 20-30°C, and at pH 5.0-10.0, with op-
timum growth at pH 6.0-8.0. On R2A medium, both strains
grew as white, circular, smooth, convex colonies, approxi-
mately 1 mm in diameter at one week. Cells grew on TSA,
NA, and MacConkey agar. Both isolates hydrolyzed casein,
starch, DNA, Tween 40 and Tween 80, but not Tween 20,
Tween 60, CM-cellulose, xylan, pectin, or phenylalanine.
The morphological, physiological and biochemical charac-

Phycicoccus ginsenosidimutans KCTC 194197 (EU332824)
Phycicoccus dokdonensis Ds-8' (EF555583)
—! 100
Phycicoccus bigeumensis KCTC 19266" (EF466128)

Phycicoccus jejuensis KSW2-15" (DQ345443)

teristics of strains L1b-b9" and B5a-b5 and the type strains
of related species are shown in Table 1.

Analyses of diaminopimelic acid and sugars were carried
out by cellulose TLC (Merck) according to Komagata and
Suzuki (1987). Isoprenoid quinones were extracted accord-
ing to the method of Collins and Jones (1981) and then pu-
rified using Sep-pak cartridges (silica cartridges; Waters).
Menaquinones were analyzed using HPLC (Hitachi L-50000)
equipped with a reversed-phase column (YMC pack ODS-A;
YMCQ), as described by Shin et al. (1996). Polar lipids were
extracted and analyzed by two-dimensional TLC according
to Minikin et al. (1984). The strains were grown on TSA
for 3 days at 25°C to analyze their fatty acid methyl esters,
which were extracted and prepared according to standard
protocols provided by the MIDI/Hewlett Packard Microbial
Identification System (Sasser, 1990). The fatty acids were
then analyzed using a gas chromatograph (model 6890N
and Auto-sampler 7683; Agilent) and were identified using
the Microbial Identification Sherlock software package
(classical method, MIDI Sherlock system 4.1, TSBA library
version 4.0). Genomic DNA of strain L1b-b9" was extracted
for analysis of G+C content and 16S rRNA gene sequences
according to the method described by Sambrook and
Russell (2001). The G+C content of genomic DNA was de-
termined using the method described by Tamaoka and
Komagata (1984). Briefly, chromosomal DNA was hydro-
lyzed into nucleosides with nuclease P1 and alkaline phos-
phatase. The resultant nucleosides were then analyzed by
HPLC using a reversed-phase column (Supelcosil LC-18-S;
Supelco).

The cell wall of strain L1b-b9" contained meso-diamino-
pimelic acid as the diamino acid, and glucose and ribose as
major cell wall sugars. The predominant menaquinone was
MK-8(H,) and the phospholipids were diphosphatidylgly-
cerol, phosphatidylglycerol, phosphatidylinositol, and an
unknown glyco-amino lipid (Fig. 3). The predominant fatty
acids of strains L1b-b9T and B5a-b5 were is0-Ca., is0-Cis0,
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Fig. 3. Two-dimensional TLC of
polar lipids from strain L1b-b9".
Abbreviations: DPG, diphospha-
tidylglycerol; PG, phosphatidyl-
glycerol; PI, phosphatidylinositol;
GAL, unknown glyco-amino lipid.

and anteiso-C;s, (Table 2). The DNA G+C content of strain
LIb-b9" was 73.6 mol%.

The phylogenetic relationships of strains L1b-b9", B5a-bs,
and other closely related species were inferred based on their
16S rRNA gene sequences. The 16S rRNA genes of strains
L1b-b9" and B5a-b5 were amplified by PCR using the uni-
versal primers 27F and 1492R, as previously described (Kim
et al., 2009). The 16S rRNA gene sequences of the isolates
were compared with available 16S rRNA gene sequences
from GenBank using the BLAST program (http://www.ncbi.
nlm.nih.gov/blast/) and EzTaxon server (Chun et al., 2007).
The 16S rRNA sequences of the isolates and their relatives
were aligned using CLUSTAL X (1.83) (Thompson et al.,

1997). Phylogenetic trees were constructed with the PHYLIP
program (Felsenstein, 2005) using neighbour-joining (Saitou
and Nei, 1987), maximum likelihood (Felsenstein, 1981) and
maximum parsimony (Fitch, 1971) methods. The topology
of the phylogenetic tree was evaluated with a bootstrap
analysis (Felsenstein, 1985) of the neighbour-joining data.
The nearly complete sequences of the 165 rRNA genes of
L1b-b9" and B5a-b5, which were 1,411 bp and 1,343 bp, re-
spectively, were determined and deposited in GenBank under
the accession numbers GQ344405 and GQ344406, respec-
tively. The high 16S rRNA gene sequence similarity (99.36%)
of the isolated strains to each other suggests that these strains
belong to the same species. P. cremeus V2M29" has the
highest sequence similarity (97. 52%) to the isolated strains
and P. ginsenosidimutans BXN5-13" is the next closest spe-
cies (97.29%); however, the isolates were phylogenetlcally
most closely related to P. jejuensis KSW2-15" in the tree
based on neighbour-joining and the maximum parsimony
algorithm (Fig. 2 and Supplementary data Fig. S1).
DNA-DNA hybridization was performed using the mi-
croplate method described by Ezaki et al. (1989). The DNA-
DNA hybridization values between the two novel strains
exceeded 90%; however, the values of DNA-DNA related-
ness between strains LIb-b9" and the other related type
strains were below 50% (Supplementary data Table SI).
Consequently, the DNA-DNA hybridization results sup-

Table 2. Cellular fatty acid compositions (%) of some Phycicoccus species, strain L1b-| b9T and strain B5a-b5
Strains: 1, L1b- b9 2, B5a-b5; 3, P. cremeus V2M29"; 4, P. ginsenosidimutans BXN5-13"; 5, P. aerophilus 5516T-20"; 6, P. jejuensis KSW2-15"; 7, P. bigeu-
mensis MSL-03"; 8, P. dokdonensis DS-8*. All the data were obtained in this study. -, Not detected; tr, trace amounts (< less than 1.0% of the total).

Fatty acid 1 2 3 4 5 6 7 8

Straight-chain fatty acid

Ciso 7.6 8.1 = = 59 8.2 = 3.0

Ciso tr tr tr tr 2.2 1.3 1.7 tr

Cizo 2.1 2.0 2.8 2.1 55 7.8 3.0 1.8
Unsaturated fatty acid

Cis:1 w6c 55 5.1 4.8 7.7 1.5 14 2.3 4.6

Ci71 w8c 4.6 4.8 16.1 11.5 21.2 20.1 33 5.6

Ci71 w6c tr 5.5 - 1.0 - 1.4 tr 1.4

Cig1 w9c - - 1.6 1.2 5.8 2.2 - 1.2
Branched fatty acid

is0-Ciz 1.2 2.0 1.3 1.6 tr - 1.4 1.1

is0-Ci40 15.2 20.0 8.3 12.3 4.8 4.8 14 8.5

is0-Cis 18.9 29.0 30.9 21.0 18.5 13.3 23.6 39.4

anteiso-C;s, 11.8 10.3 4.3 18.0 3.3 6.0 31.0 10.2

iso H-Cie. 33 2.9 1.5 - tr tr 1.0 2.4

is0-Cie0 9.2 5.7 12.9 3.4 17.3 9.9 6.9 6.7

is0-Ci70 - - 1.0 - - - tr -

anteiso-C,y, 1.2 1.2 1.5 - 1.5 1.0 3.6 1.1
10-Methyl fatty acid

Ciso 1.2 1.8 = = tr tr 1.1 1.6

Cizo 5.4 3.8 24 59 1.4 11.1 1.7 1.9
Hydroxy fatty acid

Ci70 3-OH 1.0 1.2 - - 2.4 3.8 tr tr
Summed feature*

1 tr 1.2 1.5 1.1 tr - tr 1.6

3 tr 1.4 2.7 2.9 3.3 1.5 2.0 3.7

6 - - - - tr 1.8 tr tr

* Summed feature 1 contains iso H-C;s,; and/or C;3,9 3-OH. Summed feature 3 contains Cis; w7c and/or iso C;s5,9 2-OH. Summed feature 6 contains Cyo,; w11c and/or Cyg; w9c.



ported the proposal of a novel Phycicoccus species.

On the basis of the phenotypic and phylogenetic data,
strains L1b-b9" and B5a-b5 should be classified as repre-
sentatives of a novel species within the genus Phycicoccus,
for which the name Phycicoccus ochangensis sp. nov. is
proposed.

Description of Phycicoccus ochangensis sp. nov.
Phycicoccus ochangensis (o.chang.en’sis. N.L. masc. adj.
ochangensis, pertaining to Ochang)

Cells are Gram-positive, aerobic, motile cocci (0.5-1.0 pm).
On R2A medium, colonies are white, round and convex.
Growth occurs at 10-45°C (optimum, 20-30°C), at pH 5.0
10.0 (optimum, 6.0-8.0), and in the presence of 0.5-8% (w/v)
NaCl. Casein, starch, DNA, Tween 40, and Tween 80 are
hydrolyzed, but Tween 20, Tween 60, CM-cellulose, xylan,
pectin, and phenylalanine are not. The following compounds
are utilized as sole carbon sources: dextrin, glycogen, L-ara-
binose, D-fructose, D-galactose, a-D-glucose, maltose, mal-
totriose, D-mannose, D-melezitose, D-melibiose, f-methyl-
D galactoside, 3-methyl glucose, palatinose, D-ribose, sta-
chyose, sucrose, turanose, D-xylose, acetic acid, a-ketoglu-
taric acid, a-ketovaleric acid, L-lactic acid, L-malic acid,
propionic acid, pyruvic acid, 2,3-butanediol, glycerol, ad-
enosine, 2’-deoxy adenosine, and thymidine. The cell wall
contains meso-diaminopimelic acid in the peptidoglycan.
The whole-cell sugars are glucose and ribose. The predom-
inant menaquinone is MK-8(H,). The major cellular fatty
acids are iso-Ci4y, 150-Cisg, and anteiso-Ciso. Polar lipids
include diphosphatidylglycerol, phosphatidylglycerol, phos-
phatidylinositol, and an unknown glyco-amino lipid. The
DNA G+C content of the tlype strain is 73.6 mol%.

The type strain is L1b-b9" (=KCTC 19694" =JCM17595"),
isolated from a potato cultivation field in Ochang. B5a-b5
(=KCTC 19695 =JCM 17594) is a second strain of the
species.

The GenBank/EMBL/DDBJ accession numbers for the
16S rRNA gene sequences of strain L1b-b9" and B5a-b5 are
GQ344405 and GQ344406, respectively.

This work was supported by a grant from KRIBB research
initiative program (KGMO0231133) and a National Research
Foundation of Korea (NRF) grant funded by the Korean
government (MEST, 2007-2001776).
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