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In 2015 and 2017, the National Institute of Biological Resources has isolated four unrecorded prokaryotic
species designated as R-1-5, R-2-13, R-2-1, and R-1-8 from the peatland soil of Yongneup. Phylogenetic
analysis based on 16S rRNA gene sequence similarity determined the four strains (R-1-5, R-2-13, R-2-
1, R-1-8) were most closely related to Curvibacter lanceolatus (99.93%), Massilia brevitalea (98.7%),
Pseudomonas lini (99.54%), and Pseudomonas vancouverensis (99.93%), respectively. The four unrecorded
strains belong to the phylum Proteobacteria, in which the genera Curvibacter and Massilia are assigned to the
class Betaproteobacteria, and the genus Pseudomonas to the class Gammaproteobacteria. Since there are no
publications or official reports on these four strains, these four species are new records to Korea. The strains
were further characterized by Gram reaction, colony and cell morphology, basic biochemical properties, and
phylogenetic position. Descriptive information of the four unrecorded species is provided.

Keywords: 16S rRNA sequence, Burkholderiales, peatland, Proteobacteria, Pseudomonadales, unrecorded

bacterial species

© 2019 National Institute of Biological Resources
DOI:10.12651/JSR.2019.8.2.191

INTRODUCTION

Proteobacteria is a major phylum of Gram-negative
bacteria, which constitute the largest and most pheno-
typically diverse division among prokaryotes (Gupta,
2000). They represent nearly a half of the partial and
complete prokaryotic genomes hosted at the National
Center for Biotechnology Information (NCBI; ftp:// ftp.
ncbi.nlm.nih.gov/ genomes/ GENOME_REPORTS/ pro-
karyotes.txt) (Itdvaara et al., 2016). The phylum Proteo-
bacteria comprises 116 validated families according to
the List of Prokaryotic Names with Standing in Nomen-
clature (http://www.bacterio.net/).

The phylum was formally established, using phyloge-
netic analysis of 16S rRNA gene sequences by Garrity
et al. (2005a), with five constituent classes containing all
known Gram-negative bacteria: Alphaproteobacteria,
Betaproteobacteria, Gammaproteobacteria, Deltaproteo-
bacteria and Epsilonproteobacteria (William and Kelly,
2013). Further, the molecular analyses using complete

multigenome/multiprotein alignments added the sixth
(Zetaproteobacteria) and seventh class (Oligoflexis) to the
phylum Proteobacteria (Williams et al.,2010; Yutin et al.,
2012). The species of Proteobacteria are abundantly
present in various ecological niches such as soil (36.5%),
plants (62%), the atmosphere (77.9%), seawater (57.9%),
and freshwater (61.3%) (Woese et al., 1987; Shin et al.,
2015; Kim et al., 2017). Their major functional roles are
nitrogen fixation and oxidation of iron, sulfur, and meth-
ane (Gupta, 2000).

In Korea, the highest peatland moor is located in the
mountainous area of Yongneup (38°12'53'N 128°07'30'E)
in Mt. Daeam, Gangwon Province. Yongneup was desig-
nated as a natural reserve in July 1973 owing to its rare
and unique plant species (Kim et al., 2015). The peat
layers are about 150 cm thick, which have formed over
4,000-5,000 years. This region is characterized by a basic
pH, relatively low temperature, and limited environments
characterized by the organic matter, released by the plant
species in the peatland (Li et al., 2014). The Microor-
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Fig. 1. Transmission electron micrographs of the strains isolated in this study. Strains: (A) Curvibacter lanceolatus R-1-5; (B) Massilia
brevitalea R-2-13; (C) Pseudomonas lini R-2-1; and (D) Pseudomonas vancouverensis R-1-8.

Table 1. Summary of strains isolatéd belonging to the Proteobacteria and their taxonomic affiliations.

NIBRBA Most closel I ti
Phylum Class Order Genus Strain ID ¢ oSt ¢ osey % Medium ncut?é on
1D related species conditions
X Curvibacter
Curvibacter R-1-5 000499694 99.93 R2A 30°C, 3d
lanceolatus
Betaproteobacteria Burkholderiales
Massili
Massilia R-2-13 000500608  ort 98.7 R2A  30°C,3d
Proteobacteria brevitalea
Pseudomonas R-2-1 000500607 Pseudomonas lini  99.54 R2A 30°C, 3d
Gammaproteobacteria Pseudomonadales
Pseudomonas R-18 000500600 1 Seudomonas 9993  R2A  30°C,3d

vancouverensis

ganism Resources Division of the National Institute of
Biological Resources (NIBR) collected soil samples from
the Yongneup peatland and isolated unrecorded bacterial
species. The 16S rRNA sequence similarity provides ro-
bust evidence identifying four bacterial strains belonging
to the phylum Proteobacteria. In this report, we describe
these four bacterial species which are not previously re-
ported in Korea.

MATERIALS AND METHODS

Soil samples were collected from the Yongneup peat-
land under aseptic conditions and all the samples were
processed separately. Each sample was serially diluted,
spread on to R2A agar (Difco, Beckton, Dickinson, and
Co., Spake, MD, U.S.A.), and incubated at 30°C for
three days. The isolates colonies were deposited at NIBR,
where they were stored at —70°C until further examina-
tions. Colony morphology and cell size of the strains were
observed on R2A agar after cells grown for three days at
30°C by transmission electron microscopy (LIBRA 120,
Carl Zeiss). Transmission electron micrographs of the
strains are shown in Fig. 1. Gram staining was performed
using a Gram-Staining kit (Sigma-Aldrich). Biochemical
characteristics were tested by using API 20NE galleries
(bioMerieux) according to manufacturer’s instructions.

Genomic DNA was extracted using a DNA extraction
kit (AccuPrep Genomic DNA extraction kit, Bioneer,
Korea) and 16S rRNA was amplified with PCR (primer
sets 27F, 5'-AGAGTTTGATCCTGGCTCAG-3'; 1088R,
5'-GCTCGTTGCGGGACTTAACC-3', 518F, 5'-CCAG-
CAGCCGCGGTAATACG-3’; 800R, 5'-TACCAGG-
GTATCTAATCC-3") with 30 cycles of denaturation at
95°C for 30 sec, annealing at 57°C for 30 sec, and po-
lymerization at 72°C for 45 sec, and sequenced by Mac-
rogen (Daejeon, Korea). The 16STRNA gene sequences
of the closely related strains were obtained from Ez-
Taxon-e (http://eztaxon-e.ezbiocloud.net). Phylogenetic
trees were constructed using the neighbor-joining meth-
od (Saitou and Nei, 1987; Thompson et al., 1997) in
MEGAS (Tamura, 2013) with bootstrap values based on
1,000 replications (Felsenstein, 1985).

RESULTS AND DISCUSSION

The four bacterial species (R-1-5, R-2-13, R-2-1, R-1-
8) were isolated from peatland soil samples in Korea.
The taxonomic composition and identification results are
summarized in Table 1. Morphology and physiological
characteristics are shown in the species description sec-
tion. All the four strains belonged to the phylum Proteo-
bacteria, in which R-1-5 and R-2-13 were assigned to
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(A) 791 Acidovorax avenae ATCC 198607 (CP002521)
100} Acidovorax oryzae ATCC 198827 (JMKU01000065)
Acidovorax cattleyae DSM 171017 (jgi.1068058)
Acidovorax valerianellae DSM 166197 (jgi.1055375)
Acidovorax anthurii CFBP 32327 (AJ007013)
Acidovorax konjaci DSM 74817 (jgi.1068020)
Acidovorax lacteus M36T (KY287949)
Xylophilus ampelinus ATCC 339147 (AF078758)
Xenophilus aerolatus 5516S-2T (EF660342)
Variovorax ureilyticus UCM-2T (KU973602)
Variovorax humicola UC38T (KT301941)
Variovorax guangxiensis GXGD002" (JF495126)
Variovorax paradoxus NBRC 151497 (BCUT01000013)
Variovorax ginsengisoli Gsoil 31657 (AB245358)
Variovorax robiniae UCM-G35T (KU973604)
Variovorax rhizosphaerae UCMG28T (KU973603)
Caenimonas terrae SGM1-15T7 (GU181268)
Rhodoferax saidenbachensis ED16T (AWQR01000064)
Limnohabitans planktonicus 11-D5T (LFYT01000006)
Limnohabitans parvus 11-B4T (FM165536)
Limnohabitans australis MWH-BRAZ-DAM2DT (FM178226)
Limnohabitans curvus MWH-C5T (AJ938026)
Curvibacter delicatus NBRC 149197 (BCWP01000019)
Curvibacter fontanus AQ9™ (AB120963)
Curvibacter gracilis 7-17 (AB109889)
100 | Curvibacter lanceolatus ATCC 14669 (AB021390)
99'R-1-5
Pseudorhodoferax aquiterrae NAFc-7T (GU721026)
Hydrogenophaga laconesensis HWB-10T (KT756664)

4100[[Hydrogenophaga defluvii BSB 9.5T (AJ585993)

96% Hydrogenophaga atypica BSB 41.8T (AJ585992)
Burkholderia cepacia ATCC 254167 (AXBO01000009)
Escherichia coli ATCC 117757 (X80725)

100

96

100

0.02

Massilia pinisoli T33T (KU296190)

(B)

Massilia arvi THG-RS20T (KJ810584)

Massilia aerilata 5516S-11T (EF688526)
Massilia niastensis 5516S-1T (EU808005)
Massilia phosphatilytica 12-OD1T (KU647206)
Massilia haematophila CCUG 383187 (AM774589)
Massilia niabensis 5420S-26" (EU808006)
Massilia suwonensis 5414S-257 (FJ969487)
Massilia timonae CCUG 45783 (AGZ101000009)
Massilia varians CCUG 352997 (AM774587)
Massilia neuiana PTW21T (KX066866)

Massilia consociata CCUG 580107 (FN814307)

R-2-13

— Massilia aurea AP13T (AM231588)
4 Massilia brevitalea byr23-80T (EF546777)

8 Massilia jejuensis 5317J-18T (FJ969486)

Massilia oculi CCUG 43427AT (FR773700)

Janthinobacterium agaricidamnosum DSM 96287 (HG322949)

Burkholderia cepacia ATCC 254167 (AXBO01000009)

0.01

Fig. 2. Neighbor-joining phylogenetic tree based on 16S rRNA sequences shows the relationship between the strains isolated in this study
and their relatives in the genera Curvibacter (A), Massilia (B) and Pseudomonas (C). Bootstrap values (>70%) are shown above nodes for
the neighbor-joining. Scale bar: 0.01 changes per nucleotide.
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R-1-8

Pseudomonas vancouverensis ATCC 700688T (AJ011507)
Pseudomonas jessenii DSM 17150 (NIWT01000013)

0L Pseudomonas reinekei Mt-1T (AM293565)

Pseudomonas granadensis LMG 279407 (LT629778)
Pseudomonas koreensis Ps 9-14T (AF468452)
Pseudomonas moraviensis CCM 72807 (AY970952)
Pseudomonas baetica a390T (FM201274)

Pseudomonas umsongensis DSM 166117 (NIWU01000003)
Pseudomonas mohnii DSM 183277 (FNRV01000001)
Pseudomonas migulae CIP 1054707 (AF074383)

83

Pseudomonas thivervalensis DSM 131947 (LHVE01000021)

78r Pseudomonas chlororaphis subsp. aureofaciens NBRC 35217 (BBQB01000031)
Pseudomonas chlororaphis subsp. aurantiaca NCIB 100687 (DQ682655)
Pseudomonas chlororaphis subsp. piscium DSM 215097 (LHUZ01000017)
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R-2-1

—
0.005

Pseudomonas lini CFBP 57377 (AY035996)

99| Pseudomonas arsenicoxydans CECT 75437 (LT629705)
Pseudomonas prosekii LMG 268677 (LT629762)

Pseudomonas veronii DSM 113317 (JYLL01000074)
Pseudomonas extremaustralis 14-3T (AHIP01000073)
Azotobacter vinelandii 1AM 15004 (AB175657)

Fig. 2. Continued.

the class Betaproteobacteria, and R-2-1 and R-1-8 assi-
gned to the class Gammaproteobacteria. Based on the
16S rRNA phylogenetic analysis (Fig. 2), the strains R-1-
5, R-2-13, R-2-1 and R-1-8 had highest gene sequence
similarity with Curvibacter lanceolatus ATCC 14669"
(AB021390; 99.93%), Massilia brevitalea byr23-80T
(EF546777; 98.7%), Pseudomonas lini CFBP 5737"
(AY035996; 99.54%) and Pseudomonas vancouverensis
ATCC 700688" (AJO11507; 99.93%), respectively. Here
we report on these four unrecorded bacterial species be-
longing to the phylum Proteobacteria isolated from peat-
land soil in Korea.

Description of Curvibacter lanceolatus R-1-5

Cells are Gram-negative, non-flagellated, and rod-
shaped. Colonies are circular, raised, entire, and white
colored after 3 days of incubation on R2A agar at 30°C.
Oxidase and catalase positive. Using the API 20NE kit,
this strain was positive for urease, D-glucose, and glu-
conate; but negative for nitrate reduction, reduction of
nitrates to nitrogen, indole production, glucose acidifi-
cation, arginine dihydrolase, §-glucosidase, protease,
[-galactosidase, L-arabinose, D-mannose, D-mannitol,
N-acetyl-glucosamine, D-maltose, caprate, adipate,
malate, citrate, and phenyl-acetate. D-Glucose, propi-
onate, valerate, L-histidine, 3-hydroxy-butyrate, 4-hy-
droxy-benzoate, L-proline, suberate, acetate, DL-lac-
tate, L-alanine, 3-hydroxy-benzoate are utilized. Does

not utilize D-mannitol, salicin, D-melibiose, L-fucose,
D-sorbitol, L-arabinose, caprate, citrate, 2-ketogluco-
nate, L-rhamnose, N-acetyl-glucosamine, D-ribose, ino-
sitol, D-sucrose, D-maltose, itaconate, malonate, 5-ke-
togluconate, glycogen, and L-serine. DNA G+ C mol
is 59.1%. Strain R-1-5 (=NIBRBAC000499694) was
isolated from peatland soil, Gangwon Province, Korea.

Description of Massilia brevitalea R-2-13

Cells are Gram-negative, motile, and rod-shaped. Col-
onies are circular, raised, entire, and cream colored after
3 days on R2A agar at 30°C. Oxidase and catalase posi-
tive. Using the API 20NE Kkit, this strain was positive for
protease; but negative for nitrate reduction, reduction
of nitrates to nitrogen, indole production, glucose acid-
ification, arginine dihydrolase, urease, 3-glucosidase,
p-galactosidase, D-glucose, L-arabinose, D-mannose,
D-mannitol, N-acetyl-glucosamine, D-maltose, gluco-
nate, caprate, adipate, malate, citrate, and phenyl-ace-
tate. In API 32GN, carbon assimilation is positive for
salicin, propionate, valerate, L-histidine, 3-hydroxy-bu-
tyrate, D-sucrose, itaconate, acetate, DL-lactate, L-al-
anine, and 5-ketogluconate. Negative for D-mannitol,
D-glucose, D-melibiose, L-fucose, D-sorbitol, L-arabi-
nose, caprate, citrate, 2-ketogluconate, 4-hydroxy-ben-
zoate, L-proline, L-rhamnose, N-acetyl-glucosamine,
D-ribose, inositol, D-maltose, suberate, malonate, glyco-
gen, 3-hydroxy-benzoate, and L-serine. DNA G + C mol
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is 64.4%. Strain R-2-13 (=NIBRBAC000500608) was
isolated from peatland soil, Gangwon Province, Korea.

Description of Pseudomonas lini R-2-1

Cells are Gram-negative, motile, and rod-shaped. Col-
onies are circular, raised, entire, and white colored after 3
days on R2A agar at 30°C. Oxidase and catalase positive.
Using the API 20NE Kkit, this strain was positive for ni-
trate reduction, arginine dihydrolase, urease, D-glucose,
D-mannose, D-mannitol, N-acetyl-glucosamine, gluco-
nate, caprate, malate and citrate; but negative for indole
production, glucose acidification, 3-glucosidase, prote-
ase, 3-galactosidase, L-arabinose, D-maltose, adipate
and phenyl-acetate. In API 32GN, carbon assimilation is
positive for D-mannitol, D-glucose, D-sorbitol, propio-
nate, caprate, citrate, L-histidine, 2-ketogluconate, 3-hy-
droxy-butyrate, L-Proline, L-rhamnose, N-acetyl-glucos-
amine, acetate, DL-lactate, L-alanine and L-serine. Neg-
ative for salicin, D-melibiose, L-fucose, L-arabinose, val-
erate, 4-hydroxy-benzoate, D-ribose, inositol, D-sucrose,
D-maltose, itaconate, suberate, malonate, 5-ketogluco-
nate, glycogen and 3-hydroxy-benzoate. DNA G + C mol
is 58.4%. Strain R-2-1 (=NIBRBACO000500607) was
isolated from peatland soil, Gangwon Province, Korea.

Description of Pseudomonas vancouverensis R-1-8

Cells are Gram-negative, non-flagellated, and rod-
shaped. Colonies are circular, raised, entire, and cream
colored after 3 days on R2A agar at 30°C. Oxidase and
catalase positive. Using the API 20NE kit, this strain
was positive for arginine dihydrolase, urease, D-glucose,
L-arabinose, gluconate, caprate, malate, citrate and phe-
nyl-acetate; but negative for Nitrate reduction, reduction
of nitrates to nitrogen, indole production, glucose acidifi-
cation, 3-glucosidase, protease, 5-galactosidase, D-man-
nose, D-mannitol, N-acetyl-glucosamine, D-maltose and
adipate. In API 32GN, carbon assimilation is positive for
D-glucose, L-arabinose, propionate, caprate, valerate,
citrate, L-histidine, 2-ketogluconate, 3-hydroxy-butyr-
ate, 4-hydroxy-benzoate, L-proline, D-ribose, malonate,
acetate, DL-lactate, L-alanine, 3-hydroxy-benzoate and
L-serine. Negative for D-mannitol, salicin, D-melibiose,
L-fucose, D-sorbitol, L-rhamnose, N-acetyl-glucos-
amine, inositol, D-sucrose, D-maltose, itaconate, suber-
ate, 5-ketogluconate and glycogen. DNA G+ C mol is
60.8%. Strain R-1-8 (=NIBRBAC000500609) was iso-
lated from peatland soil, Gangwon Province, Korea.

ACKNOWLEDGEMENTS

This study was supported by research program from
National Institute of Biological Resources funded by the

Lee et al. Unrecorded bacterial species of Proteobacteria 195

Ministry of Environment (MOE) of the Republic of Ko-
rea (NIBR201601113 and NIBR201701107).

REFERENCES

Felsenstein, J. 1985. Confidence limits on phylogenies: an
approach using the bootstrap. Evolution 39:783-791.
Garrity, G.M., J.A. Bell and T. Lilburn. 2005. Phylum XIV.

Proteobacteria phyl. nov. class IIl. Gammaproteobacteria
class. nov. In: Brenner, DJ., Krieg, N.R., Staley, J.T and
Garrity G.M (ed.), Bergey’s Manual of Systematic Bacte-

riology (2nd ed) vol. 2, p. 1.

Gupta, R.S. 2000. The natural evolutionary relationships
among Prokaryotes. Journal of Critical Reviews in Mi-
crobiology 26(2):111-131.

Itdvaara, M., H. Salavirta, K. Marjamaa and T. Ruskeeniemi.
2016. Geomicrobiology and Metagenomics of Terrestrial
Deep Subsurface Microbiomes. Advances in Applied
Microbiology 94:1-77.

Kim, M.K., C.N. Seong, K. Jahng, CJ. Cha, K.S. Joh, J.W.
Bae, J.C. Cho, W.T. Im and S.B. Kim. 2017. Report of
21 unrecorded bacterial species in Korea belonging to
Betaproteobacteria and Epsilonproteobacteria. Journal
of Species Research 6(1):15-24.

Li, L., EK. Park, M.O. Park and B.H. Koo. 2014. Ecosys-
tem Analysis for Little Yongneup, Baby Yongneup in
Daeam-san in Korea. Journal of the Korea Society of
Environmental Restoration Technology 17(4):43-56.

Saitou, N. and M. Nei. 1987. The neighbor-joining method:
a new method for reconstructing phylogenetic trees. Mo-
lecular Biology and Evolution 4:406-425.

Shin, N.R., T.W. Whon and J.W. Bae. 2015. Proteobacte-
ria: microbial signature of dysbiosis in gut microbiota.
Trends in Biotechnology 33(9):496-503.

Tamura, K., G. Stecher, D. Peterson, A. Filipski and S. Ku-
mar. 2013. MEGAG6: Molecular Evolutionary Genetics
Analysis version 6.0. Molecular Biology and Evolution
30:2725-2729.

Thompson, J.D., T.J. Gibson, F. Plewniak, F. Plewniak, F.
Jeanmougin and D.G. Higgins. 1997. The CLUSTAL X
windows interface: flexible strategies for multiple se-
quence alignment aided by quality analysis tools. Nucle-
ic Acids Research 25(24):4876-4882.

Williams, K.P., J.J. Gillespie, B.W. Sobral, E.K. Nordberg,
E.E. Snyder, J.M. Shallom and A.W. Dickerman. 2010.
Phylogeny of Gammaproteobacteria. Journal of Bacteri-
ology 192:2305-2314.

Williams, K.P. and D.P. Kelly. 2013. Proposal for new class
within the phylum Proteobacteria, Acidithiobacilla claais
nov., with the type order Acidithiobacillales, and emended
description of the class Gammaproteobacteria. Interna-
tional Journal of Systematic and Evolutionary Microbiolo-
gy 63:2901-2906.

Woese, C.R. 1987. Bacterial evolution. Microbiological Re-



196 JOURNAL OF SPECIES RESEARCH Vol. 8, No. 2

views 51(2):221-271. Submitted: June 22, 2018
Yutin, N., P. Puigbo, E.V. Koonin and Y.I. Wolf. 2012. Phy- Revised: December 27, 2018
logenomics of prokaryotic ribosomal proteins. PLoS Accepted: January 7, 2019

ONE 7:36972.





