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Rhodoferax koreense sp. nov, an obligately aerobic bacterium within 
the family Comamonadaceae, and emended description of the genus 
Rhodoferax§

Gram-staining-negative, uniflagellated, rod-shaped, designated 
as DCY110T, was isolated from sludge located in Gangwon 
province, Republic of Korea. The phylogenetic tree of 16S 
rRNA gene sequence showed that the strain DCY110T be-
longed to the genus Rhodoferax with a close similarity to Rho-
doferax saidenbachensis DSM 22694T (97.7%), Rhodoferax 
antarcticus DSM 24876T (97.5%), Rhodoferax ferrireducens 
DSM 15236T (97.3%), and Rhodoferax fermentans JCM 7819T 

(96.7%). The predominant isoprenoid quinine was ubiqui-
none (Q-8). DNA G + C content was 62.8 mol%. The major 
polar lipids were phosphatidylethanolamine and two un-
identified phospholipids. The major fatty acids (> 10%) were 
C12:0, C16:0, summed feature 3 (which comprised C16:1 ω7c 
and/or C16:1 ω6c). The DNA-DNA relatedness values between 
the strain DCY110T and the closely related relatives used in 
this study were lower than 70%. Based on the following poly-
phasic analysis, the strain DCY110T is considered as a novel 
species of the genus Rhodoferax, for which the name Rhodo-
ferax koreense sp. nov. is proposed. The type strain is DCY-
110T (= KCTC 52288T = JCM 31441T).

Keywords: taxonomy, Proteobacteria, Rhodoferax koreense 
sp. nov, sludge

Introduction

The genus Rhodoferax belongs to the family Comamonada-
ceae within the class beta-proteobacteria (Kuykendall, 2006). 
The type species, R. fermentans was considered previously 
as a Rhodocyclus gelatinosus-like bacterium, however the 

DNA-DNA relatedness analysis showed its low homology 
with the members of the genus Rhodocyclus (Hiraishi et al., 
1991). The genus Rhodoferax comprises Gram-negative mem-
bers with vibroid or slightly curved shaped cell. They speci-
ally characterized by the existence of ubiquinone Q-8 or the 
rhodoquinone Q-8 and the major fatty acids C16:1 ω7c and/or 
C16:1 ω6c, C16:0, and C18:1 (Hiraishi et al., 1991). Recently, four 
species of the genus Rhodoferax had been proposed. The 
genus Rhodoferax was initially proposed as purple, non-sulfur 
bacteria as the early descripted species are pigmented and able 
to grow phototrophically such as R. fermentans which iso-
lated from ditchwater and activated sludge (Hiraishi et al., 
1991) and R. antarcticus from Antarctic region (Madigan et 
al., 2000). But later, non-photosynthetic Rhodoferax species 
had been characterized such as R. ferrireducens from coastal 
sediment (Finneran et al., 2003), and R. saidenbachensis from 
drinking water sediment (Kaden et al., 2014). In this study, 
we proposed a non-photosynthetic strain designated as DCY-
110T as a novel species of the genus Rhodoferax, isolated from 
sludge located in Gangwon province, Republic of Korea.

Materials and Methods

Isolation and culture conditions
Sludge samples were collected from Hwacheon, Gangwon 
province, Republic of Korea, in April 2015, carefully kept 
in sterilized falcon tubes, directly brought to laboratory, 
and stored in 4°C until the time of the isolation. One gram 
of the sludge sample was mixed thoroughly with sterilized 
saline solution (0.85%, w/v) and then serially diluted to 10-7 
by using sterilized saline water (0.85%, w/v). Subsequently, 
100 μl of each dilution was plated on soil extract agar (SEA) 
prepared as described by (Hamaki et al., 2005). The medium 
was prepared using the mud of the same source in which 
isolation sample was taken. Then, the inoculated plates were 
incubated for two weeks at 25°C. The strain designated as 
DCY110T, was purified several times on the same medium 
and pure colonies were maintained in R2A (MB cell) broth 
supplied with glycerol (4:1, v/v).

Phylogenetic analysis
The genomic DNA of strain DCY110T was extracted and 
purified using GeneAll Exgene TM Clinic SV kit (GeneAll) 
according to the manufacturer’s instructions. The 16S rRNA 
gene sequence of strain DCY110T was amplified by using 
universal bacteria primers 27F, 1492R, 518F and 800R (Lane, 
1991; Anzai et al., 2000) and then sequenced using the same 
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Fig. 1. Maximum likelihood phylogenetic 
tree based on 16S rRNA gene sequences, 
showing the taxonomic position of strain 
DCY110T in the genus Rhodoferax. Filled 
circles indicate that the corresponding no-
des were also recovered in the tree gen-
erated with the maximum parsimony al-
gorithm. Bootstrap values > 70% based on 
1,000 replications are shown at branching 
points. Bar, 0.01 substitutions per nucleo-
tide position.

primers by Genotech company as described by Kim et al. 
(2005). Partial sequence (1,467 bp) of the 16S rRNA gene was 
assembled and corrected with SeqMan software version 4.1 
(DNASTAR Inc.) and compared with 16S rRNA gene se-
quence available in the GenBank database using the BLASTn 
searches on NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) 
and in the EzTaxon-e server (Kim et al., 2012). The 16S rRNA 
gene sequence of strain DCY110T along with the closely related 
species and genera were aligned together using CLASTAL_X 
(Thompson et al., 1997). Phylogenetic trees were constructed 
by maximum likelihood, maximum-parsimony (Fitch, 1971), 
and neighbor joining methods (Saitou and Nei, 1987) using 
the MEGA 5 program (Tamura et al., 2011). Bootstrap values 
were determined based on 1,000 replications (Felsenstein, 
1985).

Phenotypic analysis
Colony morphology was observed after growth on R2A agar 
(MB cell) at 25°C for 24 h, using light microscope. Motility 
test was performed using hanging-drop technique (Bernardet 
et al., 2002). Cells size, shape, and morphology were observed 
by transmission electron microscopy after grown on R2A agar 
(MB cell) for 24 h at 25°C. Gram reaction was determined by 
using a bioMérieux Gram staining kit according to the manu-
facturer’s instructions. Growth was tested using several me-
dia such as nutrient agar (NA), trypticase soya agar (TSA), 
R2A, Luria-Bertani (LB), potato dextrose agar (PDA, all from 
MB cell), pseudomonas agar F (Difco), and MacConkey agar 
(Difco) at 25°C. Growth at various temperatures (4, 10, 15, 
20, 25, 30, 37, and 40°C) was measured on the R2A agar. 
Salinity test was carried out on R2A broth supplemented with 
different concentrations of NaCl [0–10.0% (w/v), at 1.0% 

intervals] at 25°C. Growth at different pH values (3–10, at 
0.5 pH unit intervals) was evaluated in R2A broth supplied 
with 100 mM phosphate-citrate buffer (pH 3–7) and 50 mM 
Tris-Cl (pH 8–10). Catalase activity was performed by bubble 
production in H2O2 solution (3.0%, v/v). Oxidase activity 
was determined by using 1% (w/v) N,N,N,N,-tetramethyl- 
1,4-phenylenediamine reagent (bioMérieux) according to 
the manufacturer's instructions. Hydrolysis of starch, skim 
milk, aesculin, Tween 20, Tween 80, and gelatin were tested 
by the standard described methods (Prescott and Harley, 
2001). For anaerobic and phototrophic tests, the strain was 
grown on R2A agar medium at 25°C for 14 days under anae-
robic condition by using a BD GasPakTM EZ pouch (Becton 
Dickinson) with an anaerobe sachet in the pouch, in the pre-
sence and absence of light. Other additional physiological 
and biochemical tests were carried out by using the API 20NE, 
API 32GN, and API ZYM according to the manufacturer’s 
instruction (bioMérieux). The antibiotics susceptibility was 
estimated by using Oxoid antibiotic discs on Müller-Hinton 
agar plates (Bauer et al., 1966). The inhibition zone was mea-
sured following manufacturer’s manual (Oxoid). The anti-
biotic discs were used are carbenicillin (100 μg), vancomycin 
(30 μg), ceftazidime (30 μg), novobiocin (30 μg), neomycin 
(30 μg), tetracycline (30 μg), cephazolin (30 μg), erythromycin 
(15 μg), oleandomycin (15 μg), penicillin G (10 μg), rifampi-
cin (5 μg), and lincomycin (15 μg).

Chemotaxonomic and genomic analyses
Cell biomass of DCY110T and the closely related species R. 
saidenbachensis DSM 22694T, were prepared for isoprenozid 
quinones and polar lipids analysis as follows. Strain were 
grown in R2A broth (MB cell) at 25°C for 48 h, and then cen-
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Fig. 2. Transmission electron 
microscope (TEM) showing 
the cell morphology and flag-
ellation of the strain DCY110T.

       (A)                                                                       (B) Fig. 3. Two-dimensional TLC of the total 
polar lipids of; (A), DCY110T; (B), R. sai-
denbachensis DSM 22694T, stained with 5% 
ethanolic molybdophosphoric acid. Abbre-
viations: PE, phosphatidylethanolamine; 
AL, unidentified aminolipids; PL, uniden-
tified phospholipids; and L, unidentified 
lipids.

trifuged at 5,000 rpm for 15 min. The cell pellets were col-
lected and then freeze dried. The isoprenoid quinones of 
DCY110T and closely related species, R. saidenbachensis DSM 
22694T, were extracted and analyzed by using HPLC as de-
scribed by Collins and Jones (1981). The polar lipids of the 
strains DCY110T and R. saidenbachensis DSM 22694T were 
extracted and analyzed as described by Minnikin et al. (1984). 
Analysis of total fatty acids was performed as follows. Strain 
DCY110T and three references strains were grown on R2A 
agar for 72 h at 25°C. Then, cellular fatty acids were ex-
tracted, saponified, methylated, and purified according to 
the protocol of the Sherlock Microbial Identification System 
(Sasser, 1990). The fatty acid methyl esters were analyzed 
by GC (Hewlett Packard 6890) with Sherlock MIDI software 
(version 6.0) and a TSBA database (version 6.0). Analysis 
of the DNA G + C mol% content was performed as follows. 
The genomic DNA of strain DCY110T was isolated by using 
GeneAll Exgene TM Clinic SV kit (GeneAll). 10 μg of DNA 
was denatured by boiling in water bath for 5 min and then 
cooled in ice. The DNA solution was then degraded into 
nucleosides by the addition of 10 μl of nuclease P1 solution 
[nuclease P1 20 U/ml of 40 mM acetate buffer (pH 5.4)] 
and incubated at 50°C for 1 h. After that, 10μl of alkaline 
phosphatase (40 U/ml) was added to the sample mixture, 
and incubated for 1 h at 37°C (Mesbah et al., 1989). The nu-
cleosides were separated using a reversed-phase HPLC col-
umn YMC-Triart C18 (4.6 × 250 mm × 5 μm). The genomic 
DNA of Escherichia coli strain B (D4889, Sigma-Aldrich) was 
treated by the same procedures and used as standard. DNA- 
DNA relatedness was carried out as described by Ezaki et 
al. (1989). The optimal hybridization temperature was 50°C. 
The hybridization was performed using five replications. 
DNA-DNA relatedness values were expressed as a mean of 
the nearest three different replicates (mean ± SD).

Results and Discussion

Phylogenetic analysis
Comparative 16S rRNA gene sequence analysis, showed 
that the strain DCY110T was closely related to the members 
of genera Rhodoferax, Curvibacter, and Variovorax. The 

most closely related species of the genus Rhodoferax was 
Rhodoferax saidenbachensis DSM 22694T (97.7%) and Rho-
doferax antarcticus DSM 24876T (97.5%) while the most 
closely related members of the genera Curvibacter and Vario-
vorax were Curvibacter delicates (97.6%) and Variovorax 
defluvii (97.4%). However, the maximum-likelihood phylo-
genetic tree (Fig. 1) and neighbour-joining tree (Supplemen-
tary data Fig. S1) showed that the strain DCY110T clustered 
with the members of the genus Rhodoferax.

Phenotypic analysis
The colonies of the strain DCY110T were observed to be 
circular with entire edges, colorless, with diameter ranged 
approximately from 0.5 to 2 mm, and tightly attached to the 
surface of R2A agar medium after growing 24 h at 25°C. 
Cells were rod-shaped, (2.0–3.0) μm long and (1.2–2.0) μm 
wide, uniflagellated (Fig. 2), motile, strictly aerobic, non- 
photosynthetic, Gram-reaction-negative, catalase positive, 
and oxidase negative. The strain DCY110T was able to grow 
on all media listed above except LB and MacConkey agars. 
The growth of strain DCY110T occurred at 4 to 30°C. No 
growth was observed at 37 or 40°C. This temperature range 
is characteristic to members of Rhodoferax genus among 
the family Comamonadaceae (Hiraishi et al., 1991; 
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Table 1. Continued
Characteristic 1 2 3 4* 5 6* 7* 8* 9*

Malic acid - - - + + ND ND + +
Valeric acid - - - ND - ND ND + +
Trisodium citrate - - + + - ND ND - -
Phenylacetic acid - - + + - ND ND + -
D-Ribose + - + - w ND ND - -
Sucrose - - - + - ND ND - -
Itaconic acid - - - ND - ND ND + -
Suberic acid - - - ND - ND ND + +
Sodium malonate - - - ND - ND ND + -
Sodium acetate - - - + - ND ND + -
Lactic acid + + - + + ND ND + +
L-Alanine + - + ND + ND ND w -
Potassium 5-ketogluconate + - + ND + - + - -
Glycogen - - + ND - ND ND - -
3-Hydroxybenzoic acid + + - - - ND ND + +
L-Serine - - - ND + ND ND - -
D-Sorbitol - - - ND w ND ND - +
Propionic acid - - W - - ND ND + +
L-Histidine + - - ND - ND ND + +
Potassium 2-ketogluconate + - + ND + ND + + +
3-Hydroxybutyric acid + + + - + ND ND + +
4-Hydroxybenzoic acid + - - - - ND ND + +
L-Proline + + + ND + ND ND - -

Madigan et al., 2000; Finneran et al., 2003; Kaden et al., 2014). 
The strain DCY110T grew within the pH range 6 to 8 (opti-
mal at pH 7). Regarding salinity tolerance, the strain DCY-
110T could grow only on 1% of NaCl, however the growth 
was lower than that in NaCl-free broth medium. The strain 
DCY110T could hydrolyze starch, Tween 20 and 80 while 
could not hydrolyze aesculin, skim milk, and gelatin. The 
results of physiological and biochemical characteristics in-
dicated by API 20NE, API 32GN, and API ZYM are sum-
marized in the species description. The phenotypic charac-
teristics that distinguished the strain DCY110T from the other 
species of Rhodoferax as well as other taxa are summarized 
in Table 1. The strain DCY110T was resistant to vancomycin 
(30 μg), lincomycin (15 μg), penicillin G (10 μg), erythro-
mycin (15 μg), rifampicin (5 μg), novobiocin (30 μg), and 
oleandomycin (15 μg); intermediately sensitive to neomycin 
(30 μg); and completely sensitive to tetracycline (30 μg) and 
ceftazidime (30 μg), carbenicillin (100 μg), and cefazolin 
(30 μg).

Chemotaxonomic and genomic analyses
Ubiquinone was determined as the main isoprenoid qui-
nones of the strain DCY110T. This observation was similarly 
occurred in the reference strain, R. saidenbachensis DSM 
22694T (Kaden et al., 2014). The major polar lipids of the 
strain DCY110T were phosphatidylethanolamine (PE) and 
two unidentified phospholipids (PL1-2) which were typically 
similar to those of the closely related species, R. saiden-
bachensis DSM 22694T. Both strains also have similar minor 
polar lipids except the unidentified polar lipids (L3-4) which 
exist only in DCY110T, but absent in R. saidenbachensis 
DSM 22694T (Fig. 3). The major cellular fatty acids (> 10%) 

of the strain DCY110T were C12:0 (12.1%), C16:0 (22.1%), and 
summed feature 3 (26.1%). Same fatty acids were repre-
sented as majors in the reference strains except C12:0 which 
observed to be major only in the strain DCY110T. Some dif-
ferences were recorded regarding the minor fatty acids of all 
strains; the profile of the minor fatty acids of the strain DCY 
110T were mostly similar to those of the genus Rhodoferax 
rather than other taxa, such as the presence of C9:0, C10:0, 
C11:0, C14:1 ω5c, anteiso-C15:0, anteiso-C17:0, C8:0 3-OH, sum-
med feature 2 and 8 and the absence of C18:1 ω7c (Table 2). 
This is an indication to be a member of genus Rhodoferax. 
Nevertheless, the strain DCY 110T is differed from the mem-
ber of Rhodoferax by the presence of the minor fatty acids, 
C18:1 ω9c (2.4%), C10:0 3-OH (8.5%), and C17:0 cyclo (10.9%) 
and absence of C10:0 2-OH (Table 2). The DNA G + C of the 
strain DCY110T was 62.8 mol%. Based on the phylogenetic 
tree of 16S rRNA gene sequence, DNA-DNA relatedness ex-
periment was performed between the strain DCY110T and 
the closely related species R. saidenbachensis DSM 22694T, 
R. ferrireducens DSM 15236T, and R. fermentans JCM 7819T. 
The values obtained were 10.6 ± 0.2, 35.9 ± 8.5, and 14.2 ± 
3.1%. The presented DNA-DNA relatedness values, which 
are lower than 70%, between the strain DCY110T and the 
other reference strains, confirm that the strain DCY110T is 
distinct species of the genus Rhodoferax (Wayne et al., 1987). 
It was not able to obtain the DNA-DNA relatedness value 
between the strain DCY110T and R. antarcticus because of 
the cultivation difficulty of the strain R. antarcticus DSM 
24876T, however the anaerobic and phototrophic charac-
teristics of R. antarcticus DSM 24876T is enough to be dis-
criminated from our strictly aerobic, non-photosynthetic 
strain, DCY110T.
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Table 2. Fatty acid composition of strain DCY110T and related taxa
Strains: 1, DCY110T; 2, R. saidenbachensis DSM 22694T; 3, R. ferrireducens DSM 15236T; 4, R. fermentans JCM 7819T; 5, Curvibacter delicates IAM 14955T 
(Ding and Yokota, 2004); 6, Curvibacter fontanus CCUG 49444T (Ding and Yokota, 2010); 7, Variovorax defluvii 2C1-bT (Jin et al., 2012); 8, Variovorax 
soli NBRC 106424T (Kim et al., 2006). Data were obtained in this study unless indicated. tr, fatty acids less than 0.5%; -, not determined. *, data were ob-
tained from the reference study.

Fatty acids 1 2 3 4 5* 6* 7* 8*
Saturated

C9:0 0.6 0.45 0.8 0.7 - - - -
C10:0 1.4 tr 0.8 0.6 - - - -
C11:0 1.0 1.2 1.6 1.6 - - - -
C12:0 12.0 2.3 2.1 - 1.0 - 3.3 3.2
C14:0 0.9 0.6 1.1 1.0 - 4.1 2.0 -
C15: 0 - - - - - 11.4 1.1 -
C16:0 22.1 26.4 33.2 31.4 32.0 21.7 36.5 33.2
C17:0 - - - 0.9 2.0 3.4 0.8 1.0
C18:0 2.3 2.4 2.9 3.0 - - 1.1 -
C19:0 - - - - 8.0 - - -

Unsaturated
C14:1 ω5c 1.1 1.3 1.4 1.4 - - - -
C15:1 ω6c - - - 0.3 - 3.1 0.6 -
C17:1 ω6c - - - - - 3.3 - -
C18:1 ω7c - - - - 23.0 9.2 10.8 9.0
C18:1 ω9c 2.4 - - - - - - -

Branched-chain
iso-C16:0 - tr tr - - - - -
anteiso-C15:0 0.7 0.5 0.7 1.0 - - - -
anteiso-C17:0 0.5 0.4 0.4 0.9 - - - -

Hydroxy
C8:0 3-OH 1.4 1.3 1.9 1.9 Present - - -
C10:0 3-OH 8.5 - - - - 5.3 2.1 5.1
C10:0 2-OH - tr 0.5 0.5 - - - -

Branched hydroxyl
iso-C11:0 3-OH 0.6 0.9 - - - - - -

Cyclo
C17:0 cyclo 11.0 - - - - 5.7 11.8 15.9

Summed features**
2 0.7 1.0 1.4 1.5 - - -
3 26.1 54.4 49.1 51.5 35 29.4 27.8 29.3
7 - - - 0.7 - - - -
8 5.8 5.4 1.4 0.5 - - - -

**Summed feature 2 (unknown10.928), summed feature 3 (which comprises C16:1 ω7c and/or C16:1 ω6c), summed 7 (which comprises un 18.846 and/or 19:1 ω6c) and summed 
feature 8 (which comprises C18:1 ω7c and/or C18:1 ω6c).

Taxonomic conclusion
Based on the phylogenetic tree, the strain DCY110T was pro-
posed to belong to the genus Rhodoferax. The physiological, 
biochemical, and chemotaxonomic results distinguished 
the strain DCY110T from the closely related strains. Therefore, 
the strain DCY110T can be rendered as a novel species of the 
genus Rhodoferax, for which Rhodoferax koorense sp. nov 
has been proposed as a name for it.

Emended description of the genus Rhodoferax
The description of the genus Rhodoferax was first assigned 
by Hiraishi et al. (1991). Then, it was further emended by 
Kaden et al. (2014). Additionally, some species may be oxi-
dase negative. The major polar lipids are phosphatidyletha-
nolamine, and two unidentified phospholipids. The DNA 

G + C content is 59.5–62.8 mol%.

Description of Rhodoferax koorense sp. nov.
Rhodoferax koorense (ko.re.en’se. N.L. neut. adj. koreense 
of Korea, from where the novel organism was isolated).
  Cells are Gram-reaction-negative, strictly aerobic, catalase 
positive, oxidase negative, motile, uniflagellated, and rod- 
shaped (2–3) μm long and (1.2–2) μm wide. Colonies are 
circular with entire edges, colorless, and tightly attached to 
the surface of agar medium with a diameter approximately 
0.5 to 2 mm after incubation on R2A agar for 24 h at 25°C. 
Growth occurs at 4 to 30°C. The pH range for growth is 
6–8 (optimal at pH 7). Growth occurs in 1% NaCl. Strain 
DCY110T can hydrolyze Tween 20, 80, and starch, but aes-
culin, skim milk, and gelatin cannot. Cells are able to grow 
on NA, R2A, TSA, PDA, and Pseudomonas agar F, but not 
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on LB and MacConkey agars. According to the API ZYM 
test, positive results occur for alkaline phosphatase, ester-
ase lipase, leucine arylamidase, acid phosphatase, naphthol- 
AS-BI-phosphohydrolase, while negative results occur for 
esterase, lipase, valine arylamidase, cystine arylamidase, tryp-
sin, α-chymotrypsin, α-galactosidase, β-galactosidase, β-glu-
curonidase, α-glucosidase, β-glucosidase, N-acetyl-β-gluco-
saminidase, α-mannosidase, and α-fucosidase. According 
to the API20NE test, positive results occur for hydrolysis of 
urea and assimilation of D-glucose, L-arabinose, D-mannitol, 
and potassium gluconate while negative results occur for ni-
trate reduction, production of indole, fermentation of glu-
cose, hydrolysis of L-arginine, aesculin, gelatin, and PNPG; 
assimilation of D-mannose, N-acetyl-glucosamine, D-mal-
tose, capric acid, adipic acid, malic acid, trisodium citrate, 
and phenyl acetic acid. According to the API ID32 GN test, 
positive assimilations are obtained from D-ribose, lactic acid, 
L-alanine, potassium 5-ketogluconate, 3-hydroxybenzoic acid, 
D-mannitol, D-glucose, L-arabinose, L-histidine, potassium 
2-ketogluconate, 3-hydroxybutyric acid, 4-hydroxybenzoic 
acid, and L-proline; and negative assimilations are obtained 
from L-rhamnose, N-acetyl-glucosamine, myo-inositol, su-
crose, D-maltose, itaconic acid, suberic acid, sodium malo-
nate, sodium acetate, glycogen, L-serine, salicin, D-melibiose, 
L-fucose, D-sorbitol, propionic acid, capric acid, valeric acid, 
and trisodium citrate. The predominant isoprenoid quinone 
of strain DCY110T is ubiquinone (Q-8). The major polar 
lipids are phosphatidylethanolamine and two unidentified 
phospholipids. The major cellular fatty acids (> 10.0%) of 
strain DCY110T are C16:0, summed feature 3 (which com-
prises C16:1 ω7c and/or C16:1 ω6c), and the characteristic one, 
C12:0. Other characteristic minor fatty acids are C18:1 ω 9c, 
C10:0 3-OH, and C17:0 cyclo.
  The type strain is DCY110T (= KCTC 52288T = JCM 31441T), 
was isolated from sludge sample taken from Hwacheon, 
Gangwon province, Republic of Korea. The DNA G + C 
content is 62.8 mol%.
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