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Abstract

A novel actinobacterial strain, designated EPI-77, was isolated on R2A agar from human skin (keratinocytes) and subjected to a
taxonomic study using a polyphasic approach. Strain EPI-77 showed a Gram-positive reaction, was non-motile, non-spore-
forming, and cells had a rod-shape. Colonies were round, convex and pale yellow. Phylogenetic analysis based on 16S rRNA
gene sequences showed that the novel isolate formed a cluster with several uncultured bacterial clones and with cultured
members of the genera Modestobacter and Sporichthya. The 16S rRNA gene sequence similarities with respect to the type
strains of recognized species from the above genera and other phylogenetic neighbours ranged from 92.6 to 93.4%. The
G+C content of the genomic DNA was 68.9 mol%. The only isoprenoid quinone was MK-9(H4), and the major fatty acids detected
were Cqy7.1w8¢, Cig.9, i50-Cq5.¢0 and summed feature 3. The major polar lipids were found to be phosphatidylethanolamine,
phosphatidylinositol, three unidentified phospholipids, phosphatidylglycerol, phosphatidylcholine, two unidentified amino lipids
and three unidentified lipids. The cell-wall peptidoglycan contained meso-diaminopimelic acid, glutamic acid and alanine.
Whole-cell sugars present included rhamnose, glucose and galactose. The combination of the genotypic and phenotypic data
allowed differentiation of strain EPI-7" from its closest phylogenetic neighbours and provided evidence that strain EPI-7"
represents a novel genus and species in the family Sporichthyaceae. The name Epidermidibacterium keratini gen. nov., sp. nov. is

proposed with the type strain being EPI-7" (=KCCM 902647=JCM 316447).

Humans live in symbiosis with a diverse community of
micro-organisms, the composition of which has evolved to
carry out many specific tasks that benefit the host as well as
to survive and thrive in sites that provide these micro-
organisms with a suitable nutrient-filled habitat [1]. The
skin is an intricate habitat for many bacteria; a sterile milieu
prenatally, human skin soon becomes host to resident bac-
teria after birth. The type and density of bacteria are deter-
mined by anatomic location, local humidity, the amount of
sebum and sweat production, and the host’s hormonal sta-
tus and age [2]. Bacterial skin microbiota are commensal,
symbiotic or parasitic relative to the host; although altera-
tions in host immune status are known to have a significant
impact, the type of relationship established is often inherent
to the bacteria [3]. The present study aimed to determine
the exact taxonomic position of strain EPI-7" isolated from
human epidermal keratinocytes. The 16S rRNA gene
sequence data suggested that the isolate was moderately
related to Modestobacter lapidis MON 3.17 [4], Sporichthya
polymorpha DSM 43042" [5] and Modestobacter marinus
42H12-1" [6], isolated from sandstone, cultivated soil and

deep-sea sediment, respectively. However, 16S rRNA gene
sequence similarity values between the novel strain and the
type strains of the above-mentioned species were less than
94 %, suggesting that strain EPI-7" represents a new genus
and novel species in the family Sporichthyaceae. At present,
the family Sporichthyaceae contains the single genus Spor-
ichthya with two species [7].

Strain EPI-7" was isolated from human epidermal keratino-
cytes from the Seongnam region, South Korea. The human
epidermal keratinocytes sampled had a pH of 6.5 and a total
aerobic microbial cell count of 6.4x 10> c.fu. ml~". For iso-
lation, serially diluted human epidermal keratinocyte sam-
ples were spread onto the following solid media (all from
Difco): nutrient, R2A, ISP 2 and trypticase soy agars. The
plates were incubated at 28 °C for 3 days, after which single
colonies were formed on R2A plates. One colony was picked
and subcultured on modified R2A agar (yeast extract, 0.5 g;
proteose peptone no. 3, 0.5g; casamino acids, 0.5g; dex-
trose, 0.5g; soluble starch, 0.5g; sodium pyruvate, 0.3 g;
dipotassium phosphate, 0.3 g; magnesium sulfate, 0.05g;
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agar, 15g; distilled water 11; pH 7.2). The purified strain
was designated EPI-7".

The genomic DNA of strain EPI-7" was extracted using an
InstaGene Matrix (Bio-Rad). PCR amplification (Bio-Rad)
of the 16S rRNA gene was carried out using the 27 F-1492R
universal primer pair. Identification of phylogenetic neigh-
bours and pairwise 16S rRNA gene sequence similarities
were calculated using the EzBioCloud database (http://
ezbiocloud.net/) [8]. Sequence data were aligned using the
software package BioEdit [9], and phylogenetic analyses
were conducted using MEGA software version 5.05 [10]. Phy-
logenetic trees were reconstructed using the neighbour-
joining [11], maximum-likelihood [12] and maximum
parsimony [13] algorithms using 1402 nucleotides as the
final dataset, with all positions containing gaps and missing
data eliminated. Evolutionary distances were computed
using the Kimura 2-parameter method [14], and bootstrap
analysis (1000 replications) was performed to determine the
stability of the branches.

Cell morphology of strain EPI-7" grown on R2A agar for
5days at 25°C was observed at x1000 with an Olympus
microscope (GX71). Motility was investigated using the
hanging-drop technique with fresh cells grown on R2A agar
[15]. Electron microscopy samples were treated as
described by Lee et al. [16], with cells dried at the critical
point in CO, and sputtered with gold in a sputter coater
(SC502, Polaron) and observed using a scanning electron
microscope (S4300N, Hitachi; installed in the Korea Basic
Science Institute). The Gram-reaction was determined using
a bioMérieux Gram stain kit according to the manufac-
turer’s instructions.

Strain EPI-7", M. lapidis DSM 100206", S. polymorpha
DSM 43042" and M. marinus DSM 45201" were studied in
parallel for the following phenotypic characteristics. Growth
at 4, 10, 25, 30, 35 and 40 °C and at pH 4.5-9 (at 0.5 pH unit
intervals) was assessed after 5days of incubation in R2A
broth. The pH was adjusted using the following buffer

systems [17]: sodium acetate/acetic acid (pH <6) and Tris/
HCI (pH 6-9).

Tolerance to salinity was tested in R2A broth supplemented
with 0-15.0% (w/v) NaCl at 0.5% intervals; results were
recorded after 5 days of incubation. Growth on nutrient, ISP
2 and trypticase soy agars was also evaluated at 25°C for
5 days. Catalase activity was determined by assessing bubble
production in 3% (v/v) H,O,, while oxidase activity was
determined using 1% (w/v) tetramethyl phenylenediamine.
Tests in the commercial systems BioLog GP2, BioLog Gen
III, and API 20NE and API ZYM (bioMérieux) were per-
formed in duplicate according to the manufacturers’
instructions. The API ZYM tests were read after 4 h of incu-
bation at 25°C, and the other API tests were read after at
least 48 h at 25°C. Anaerobic growth was tested in serum
bottles by adding sodium thioglycollate (1g 1™') to R2A
broth and substituting the upper airspace with nitrogen gas.
Tests for the degradation of DNA, casein, starch, Tween 80
[18] and carboxymethylcellulose [19] were performed and
evaluated after 7 days of incubation at 25°C.

To measure the G+C content of the chromosomal DNA, the
genomic DNA of strain EPI-7' and related taxa was
extracted and purified, as described by Price et al. [20] and
enzymically degraded to nucleotides. The DNA G+C con-
tent was determined as described by Mesbah et al. [21],
using reverse-phase HPLC (Young-lin, Korea). Cell mass for
menaquinone and polar lipid analyses of strain EPI-7" was
obtained from cells grown on R2A agar for 96h at 25°C.
The polar lipid profile of M. lapidis DSM 100206" and
S. polymorpha DSM 43042" grown under the same condi-
tions was also determined. Polar lipids were extracted using
the procedures described by Komagata and Suzuki [22] and
identified by two-dimensional TLC followed by spraying
with appropriate detection reagents [23]. Menaquinones
were analysed as described by Staneck and Roberts [24]
using reversed-phase HPLC. Analysis of the peptidoglycan
composition [25, 26] was done using freeze-dried cells, from
a 1-week-old culture in R2A medium.
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Fig. 1. Neighbour-joining tree based on 165 rRNA gene sequences of Epidermidibacterium keratini gen. nov., sp. nov. EPI-7' and
related taxa. Evolutionary distances were computed using the Kimura 2-parameter method. Bootstrap values greater than 70 % are

indicated. Bar, 0.01 substitutions per nucleotide position.
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The fatty acid profiles of strain EPI-7%, M. lapidis DSM
100206", M. marinus DSM 452017 and S. polymorpha DSM
43042" were determined under identical conditions. The
cells were grown on R2A agar for 5days at 25°C and col-
lected from the third streak quadrant to obtain cells of the
same physiological age. Samples were saponified, methyl-
ated and extracted according to the standard protocol of the
Sherlock Microbial Identification System [27]. The fatty
acids were analysed by gas chromatography (model 6890,
Hewlett Packard) and identified using the TSBA40 database
of the Microbial Identification software package (MIDI, ver-
sion 4.5). All experiments were performed in triplicate.

The almost-complete 16S rRNA gene sequence of strain
EPI-7" obtained was a continuous stretch of 1450 bp.
Sequence similarity calculations indicated that strain EPI-7"
is a member of the phylum Actinobacteria and related to
members of the families Geodermatophilaceae and Sporich-
thyaceae, with M. lapidis MON 3.17 (93.4 %), S. polymorpha
DSM 430427 (93.2%), M. marinus 42H12-1" (93.0 %),
Modestobacter roseus KLBMP 12797 (93.0 %) and Modesto-
bacter versicolor CP153-2" (92.9%) being the closest rela-
tives. As shown in Fig. 1, the phylogenetic tree based on the
neighbour-joining method shows strain EPI-7" forming a
deep and independent branch which then joins the cluster
formed by S. polymorpha and Sporichthya brevicatena. This
branch was recovered by all tree-making methods applied
and was supported by a bootstrap value of 80 %. The posi-
tion of strain EPI-7" suggests that the new isolate is related
to the family Sporichthyaceae and that it represents a new
genus.

The major fatty acids of strain EPI-7" were C,,.,w8c,
C16:0, iso-C15:0 and summed feature 3 (Table 1).
M. lapidis DSM 1002067, S. polymorpha DSM 43042" and
M. marinus DSM 45201" grown and analysed under identi-
cal conditions showed significant differences from strain
EPI-7" in the respective proportions of C;;.,w8¢, Cys. ¢, is0-
Ci5.0 and summed feature 3 (Cq4.;w6c and/or Ciq.,w7¢),
the presence of minor amounts of is0-Cyg. ¢, C;7.0, anteiso-
Ci5.0 Ci6:1w9¢, Cy5.1w8c and Cig.;w9¢, and the absence of
Ci9.0 and Cyy.o (Table 1). The DNA G+C content of strain
EPI-7" was 68.9 mol%. Strain EPI-7" contained tetrahydro-
genated menaquinone with nine units [MK-9(H4)] as the
only isoprenoid quinone; this profile was similar to that of
several species of the genus Modestobacter, but differed
from the profile reported for the two species of the genus
Sporichthya (Table 2). The polar lipids of strain EPI-7"
were found to be phosphatidylethanolamine (PE), phospha-
tidylinositol (PI), three unidentified phospholipids (UPLs),
phosphatidylglycerol (PG), phosphatidylcholine (PC), two
unidentified aminolipids and three unidentified lipids. In
turn, M. lapidis DSM 100206 contained PG, PI and several
UPLs, but differed in the presence of PC and phosphatidyli-
nositol mannosides (PIM). In the case of S. polymorpha
DSM 430427, PI, an UPL and two unidentified lipids were
detected, in addition to diphosphatidylglycerol (DPG) (Fig.
S1, available in the online version of this article). The

Table 1. Cellular fatty acid contents (percentages) of strain EPI-77 and
the type strains of related taxa

Strains: 1, EPI-7"; 2, M. lapidis DSM 100206"; 3, S. polymorpha DSM
430427, 4, M. marinus DSM 45201, Fatty acids that amount to <0.5 %
of the total fatty acids in all strains are not shown. —, Not detected. All
data from this study.

Fatty acid 1 2 3 4
i50-Ci4.0 1.9 - - 24
Cia.0 1.6 6.8 1.7 -
is0-Cy5.0 10.1 13.1 - 45
anteiso-Cys.¢ 32 1.6 - 6.5
Cys.1w8¢ 2.6 - - -
Cys.1w6¢C 1.1 - - 12
is0-Ci6.1 H 1.0 - 9.2
is0-C16.0 8.5 46 1.7 284
Cig.109¢ 32 - - -
Crs:0 18.4 14.2 224 5.1
is0-Cy7.0 1.6
anteiso-Cy5.¢ 2.1 6.1
Cy7.1w8¢ 19.9 5.8 21.2 11.8
Cir0 7.1 44 11.8 49
10-Methyl Cy7.9 - - 8.9 -
Cs.306¢(6,9,12) 1.4 -
Cig.1w9¢ 2.5 5.4 10.4 1.1
Cis-0 11 8.7 40

10-Methyl Cyg.¢ 4.7

Cro:0 - 36 - -
Cx:0 - 6.9 - -
Summed feature 3 10.0 13.3 9.2 5.4
Summed feature 7 - 1.6 -

Summed feature 8 12 1.9 1.4
Summed feature 9 - 1.8

Summed feature 3: Cq4.jwbc and/or Cqi4.qw7c.

Summed feature 7: Cq9.qwbc and/or Cq9.1w7c¢ and/or cyclo Cqg.q.
Summed feature 8: Cqg.jwbc.

Summed feature 9: iso-Cy7.qw9c.

peptidoglycan of strain EPI-7" was composed of meso-dia-
minopimelic acid (DAP), glutamic acid and alanine and it
was assigned to the Alvy type.

The chemotaxonomic results support the recognition of the
novel strain as a representative of a novel genus as this pro-
file is different from those of the genera Sporichthya and
Modestobacter, which is also supported by the sequence
data. A summary of the chemotaxonomic features of the
new isolate and related phylogenetic neighbours is provided
in Table 2.

Strain EPI-7" stained Gram-positive, was aerobic, heterotro-
phic and consisted of non-motile, non-spore-forming, rod-
shaped cells (Fig. S2). Good growth was obtained on R2A
agar but not on NA, ISP 2 or TSA. Several physiological/
biochemical tests were also useful for differentiating
between the novel strain and the species M. lapidis,
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M. marinus and S. polymorpha; these included enzymic
activities such as valine arylamidase and «- and -
glucosidase, and carbon source assimilation of maltotriose,
3-methyl glucose, D-galactose and D-mannose. Other physi-
ological characteristics of strain EPI-7" are summarized in
the species description, while comparison of several differ-
ential characteristics is given in Table S1.

DESCRIPTION OF EPIDERMIDIBACTERIUM
GEN. NOV.

Epidermidibacterium (E.pi.der.midibac.te’rium. N.L. n.
epidermis -idis skin; L. neut. n. bacterium a small rod or
staff; N.L. neut. Epidermidibacterium a small rod from the
skin).

Cells are rod-shaped, Gram-stain-positive, oxidase- and
catalase-negative, non-motile and non-spore-forming. Aer-
obic and chemoheterotrophic. MK-9(H4) is the only iso-
prenoid quinone detected. The main polar lipids are PE, PI,
PG and PC. The peptidoglycan is composed of m-DAP,
glutamic acid and alanine and is of type Aly. Whole-cell
sugars are rhamnose, glucose and galactose. Major fatty
acids are C;5.;w8c¢, Cig.0, i50-C;5.9 and summed feature 3.
The DNA G+C content of the type strain of the type species
is 68.9 mol%. Phylogenetically related to the family Sporich-
thyaceae in the phylum Actinobacteria. The type species is
Epidermidibacterium keratini.

DESCRIPTION OF EPIDERMIDIBACTERIUM
KERATINI SP. NOV.

Epidermidibacterium keratini (ke.ra.ti'ni. N.L. gen. neut. n.
keratini pertaining to keratin).

Possesses the following properties, in addition to those given
in the genus description. Cells are 0.7-1.0 pm in length and
0.3-0.5 um in diameter. Good growth occurs on R2A agar
but not on NA, ISP 2 or TSA. At 25°C, colonies on R2A
agar are circular, convex and pale yellow. On R2A agar,
growth occurs at 15-35°C (optimum, 25 °C), but not at 10
or 40 °C. Growth occurs at pH 5.0-8.5 and with NaCl con-
centrations of up to 10 %; growth is optimal at pH 6.0 in the
absence of NaCl. Nitrate is reduced to nitrite. Casein and
starch are degraded. DNA and carboxymethylcellulose are
not degraded. Results based on the commercial systems
BioLog GP2 and BioLog Gen III are given in Table SI.
According to the API ZYM gallery, esterase (C4), esterase
lipase (C8), leucine arylamidase, cystine arylamidase,
acid phosphatase, naphthol-AS-BI-phosphohydrolase and
a-chymotrypsin activities are positive; weakly positive activ-
ities for alkaline phosphatase and valine arylamidase; lipase
(C14), trypsin, a-galactosidase, 3-glucuronidase, B-glucosi-
dase, a-glucosidase, N-acetyl-B-glucosaminidase, -manno-
sidase and a-fucosidase activities are negative.

The type strain, EPI-7" (=KCCM 90264 =]JCM 31644"),
was isolated from human skin (keratinocytes) in Seong-nam
City, South Korea. The G+C content of the genomic DNA
of the type strain is 68.9 mol%.
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