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Strain CPCC 100056, which was isolated from a soil sample collected from the Qinghai-Tibet
plateau, China, was subjected to a polyphasic taxonomic study. The organism was coccobacillus-
shaped, non-motile and formed vinaceous colonies on ISP2 agar medium. The respiratory quinone
was ubiquinone-10. The major fatty acids were Cyg.1w7c and Cyg.1w7c and/or Cyg.1w6c. The
G+ C content of the genomic DNA was 67.3 mol%. A comparison of sequences in GenBank
revealed that strain CPCC 100056" exhibited highest 16S rRNA gene sequence similarity (84.5—
95.5 %) with Roseomonas species. Strain CPCC 100056" could be distinguished from all
Roseomonas species with validly published names by differences in phenotypic and genotypic
properties. In view of the combined phenotypic, chemotaxonomic and phylogenetic data, strain
CPCC 100056" should be classified as a representative of a novel species in the genus
Roseomonas, Roseomonas vinacea sp. nov.; the type strain is CPCC 100056' (=KCTC 220457

=CCM 7468").

Members of the genus Roseomonas, which belong to the
class Alphaproteobacteria, are Gram-negative coccobacilli
with oxidative metabolism that are widely distributed in
nature and their colonies have a pink pigmentation (Jiang
et al., 2006). Currently, the genus Roseomonas comprises
the following species: Roseomonas cervicalis (Rihs et al.,
1993), Roseomonas gilardii (Han et al., 2003), divided into
R. gilardii subsp. gilardii and R. gilardii subsp. rosea,
Roseomonas mucosa (Han et al., 2003), Roseomonas lacus
(Jiang et al., 2006), Roseomonas aquatica (Gallego et al.,
2006) and Roseomonas terrae (Yoon et al., 2007). In this
study, a vinaceous Roseomonas-like coccobacillus, desig-
nated CPCC 1000567, was isolated from a soil sample
collected from the Qinghai-Tibet plateau, China.
Phenotypic characteristics and phylogenetic analyses

tThese authors contributed equally to this work.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain CPCC 100056" is EF368368.

Cellular fatty acid profiles of strain CPCC 100056" and type strains of
related species are available as supplementary material with the online
version of this paper.

demonstrated that the isolate should be assigned to a
novel species of the genus Roseomonas.

With the study of extremophiles gaining increasing
attention, more and more psychrophiles have been isolated
from both permanently and temporarily cold habitats. The
Qinghai-Tibet plateau provides a cold environment for
such microbes: the altitude is above 4000 m and the
temperature seldom or never reaches 10 °C. However,
during the course of a screening programme for new
antibiotics, rather more non-psychrophiles were discovered
from such environments. Strain CPCC 100056" was
isolated by using the dilution plating method on ISP2
agar medium (Shirling & Gottlieb, 1966) at 20 °C from a
soil sample collected from the Qinghai-Tibet plateau,
where there is very little rain throughout the year and the
mean monthly air temperature ranges from 0 °C during
January to 7 °C during July. The pH of the tested soil
sample was 7.8, with 7.6 % NaCl and 5.9 % KCl as the main
salts. The isolation medium contained [(1 distilled
water) " ']: yeast extract (Difco), 4.0 g malt extract
(Difco), 10.0 g; glucose (Difco), 4.0 g; and agar, 15.0 g;
pH 7.2. The strain was maintained on ISP2 agar slants at
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4 °C and as 20% (w/v) glycerol suspensions at —20 °C.
Biomass for chemical and molecular studies was obtained
by cultivation in shake flasks (about 150 r.p.m.) using ISP2
broth at 32 °C for 5 days.

Morphology and motility were examined by light micro-
scopy (model BH2; Olympus) and electron microscopy
(JEM-1010) using cells from exponentially growing
cultures. For transmission electron microscopic obser-
vation, cells were negatively stained with 1% (w/v)
phosphotungstic acid after air-drying. Colony morphology
was observed on ISP2 and ISP5 media (Shirling & Gottlieb,
1966) and R2A after incubation at 32 °C for 5 days. Colony
colour was determined with the ISCC-NBS colour charts
(Kelly, 1964). Gram staining and the KOH lysis test were
carried out according to Gram (1884) and Cerny (1978),
respectively. Growth was tested at 0, 4, 10, 20, 28-37 (at
intervals of 0.5 °C), 40, 45 and 55 °C on ISP2, trypticase
soy agar (TSA) and R2A media. The ability of the strain to
grow at different pH (pH 5.0-11.0, at intervals of 0.5 pH
units) and NaCl concentrations (0-20 %, w/v, at intervals
of 0.5 %) was examined using ISP2 or R2A (Difco) as basal
medium. The following buffer solutions were used to
adjust the pH: pH 5.0-8.5, NaOH/KH,PO,; pH 9.0-9.5,
borax/boric acid; pH 10.0-10.5, borax/NaOH; pH 11.0-
11.5, Na,HPO,/NaOH; pH 12.0-13.0, KCI/NaOH. Simm-
ons’ citrate test was carried out in Simmons’ citrate agar
(Sigma). Metabolic properties were determined using API
50CH, API 20E and API ZYM test kits (bioMérieux)
according to the manufacturer’s instructions. The utiliza-
tion of sugars and other compounds listed in API 50CH
and API 20E as carbon sources and acid production from
these sugars were reassessed on basal medium (Shirling &
Gottlieb, 1966) supplemented with 1% (w/v) of the tested
substrate and using the basal medium as a control. Growth
was monitored by measuring ODgoo using an Ultrospec
2000 photometer (Pharmacia Biotech); a decrease in the
pH to less than 6.0 was considered as evidence of acid
production. Catalase activity was determined by the
production of bubbles after the addition of a drop of 3%
H,0,. The ability of the strain to produce H,S, to
hydrolyse casein, starch and Tweens 20 and 80 and the
methyl red and Voges—Proskauer tests were assessed as
described by Smibert & Krieg (1981). Susceptibility to
antibiotics was determined by using the disc-diffusion plate
method. Discs containing the following amounts of
antibiotic were tested on R2A medium: amikacin (30 pg),
aureomycin (30 pg), ciprofloxacin (10 pg), chlorampheni-
col (30 pg), erythromycin (15 and 30 pg), gentamicin
sulfate (10 pg), kanamycin (15 pg), netilmicin (10 pg),
novobiocin (5 and 30 pg), oleandomycin (10 pg), penicil-
lin G (10 U), polymyxin B (10 and 300 U), streptomycin
sulfate (10 and 25 pg), terramycin (2.5 and 30 pg),
tetracycline (10 and 30 pg), tobramycin sulfate (10 pg)
and vancomycin (10 pg).

Coccobacillus cells were observed for strain CPCC
100056", but neither flagella nor spores were found.
Vinaceous colonies with smooth surfaces and a maximum

diameter of 1.0 mm were formed on ISP2 or R2A medium
after incubation for 3 days at 32 °C. Strain CPCC 100056"
was aerobic, stained Gram-negative and grew well at 30—
32 °C on ISP2, TSA, R2A, 5% defibrinated sheep blood
agar and nutrient agar, but very slowly at 4 and 40 °C.
Growth was observed at initial pH values between 6.5 and
8.0 and on ISP2 and R2A containing 0-2 % (w/v) NaClL
The strain grew optimally at pH 7.0-7.5 and in the
presence of 0-0.5% (w/v) NaCl. No growth occurred on
MacConkey agar. Other physiological and biochemical
characteristics of the strain are given in detail in Table 1
and in the species description.

Respiratory quinones were isolated, purified and analysed
as described by Lee et al. (2001). Analysis of the whole-cell
fatty acid pattern was carried out according to the
instructions of the MIDI system (Microbial ID)
(Kroppenstedt, 1985) using exponential phase cultures on
R2A medium. The respiratory quinone was ubiquinone-10
and the major fatty acids were Cyg.107¢ (33.6 %), Ci6.,07¢
and/or C4.,w6¢ (31.3%) and C;¢.o (13.0 %), all of which
support classification of strain CPCC 100056 as a member
of the genus Roseomonas. The cellular fatty acid profile of
strain CPCC 100056" was determined on R2A medium
using the same cultivation conditions used for the closely
related Roseomonas species identified in this study (see
Supplementary Table S1, available in IJSEM Online). The
significant differences in the amounts of the straight-chain
fatty acid Ci3.¢ and the hydroxyl fatty acid Cy5.; 2-OH
clearly separated strain CPCC 100056" from all tested
strains of Roseomonas species.

Extraction of genomic DNA and PCR amplification of the
16S rRNA gene were done as described by Li et al. (2007).
The G+ C content of the genomic DNA was determined
using the thermal denaturation method (Marmur & Doty,
1962). The 16S rRNA gene sequence of the tested strain was
compared with sequences in GenBank to find the best
matches; the BLAST result displayed the highest level of
similarity to those of Roseomonas species. Multiple
alignments with sequences of members of the most closely
related genera of the Alphaproteobacteria (such as
Roseomonas, Muricoccus, Paracraurococcus, Teichococcus
and Gluconobacter) and calculations of levels of sequence
similarity were carried out using CLUSTAL_X (Thompson
et al., 1997). A phylogenetic tree was constructed using the
neighbour-joining method of Saitou & Nei (1987) from
Koy values (Kimura, 1980) using MEGA version 2.1 (Kumar
et al, 2001). The topology of the phylogenetic tree was
evaluated by the bootstrap resampling method of
Felsenstein (1985) with 1000 replicates.

The results of 16S rRNA gene sequence (1421 bp)
comparison indicated that strain CPCC 100056" showed
a high similarity to Roseomonas, Muricoccus, Teichococcus,
Paracraurococcus, Acetobacter and Azospirillum species
within the Alphaproteobacteria. In the phylogenetic tree
based on 16S rRNA gene sequences, isolate CPCC
100056 formed a separate clade with R. aquatica

http://ijs.sgmjournals.org

2071



Y.-Q. Zhang and others

Table 1. Differential characteristics of strain CPCC 100056 and o

ther members of the genus Roseomonas

Strains: 1, CPCC 1000567, 2, R. aquatica CCM 7538%; 3, R. lacus CGMCC 1.3617"; 4, R. mucosa CCM 7177%; 5, R. gilardii subsp. gilardii CCM
4846%; 6, R. gilardii subsp. rosea CCM 71785 7, R. cervicalis CCM 4881". Data are from this study; sources of isolation of reference strains are from
Jiang et al. (2006), Han et al. (2003), Rihs et al. (1993) and Gallego et al. (2006).

Characteristic

Motility
Optimum growth temperature (°C)
Growth on NaCl (%)
Hydrolysis of urea
Reduction of nitrate
Utilization of:
D-Glucose
D-Mannose
D-Mannitol
L-Arabinose
Trisodium citrate
Fructose
Ribose
D-Galactose
D-Xylose
Glycerol
Isolation source

Soil sample Potable water

Fresh water

+

I+ 4+ + +
++ 4+ +
+ + +

+ + +
+ +

Lake sediment Blood Potable water Blood

TR53" (95.5% 165 rRNA gene sequence similarity)
within the genus Roseomonas (Fig. 1). In the tree shown
in Fig. 1, Azospirillum brasilense ATCC 49958 (Helsel
et al., 2006) (the type strain of Roseomonas fauriae) and
Roseomonas genomospecies 6 ATCC 49961 formed a
stable clade with the genus Azospirillum rather than with
Roseomonas, which supports a previous proposal to
remove Roseomonas genomospecies 6 from the genus
Roseomonas (Cohen et al., 2004; Han et al., 2003; Jiang
et al, 2006). Paracraurococcus ruber NS89' and
Muricoccus roseus 173/96" clustered together with mem-
bers of the genus Roseomonas. The former two genera
have coccus morphology (Kdmpfer et al., 2003), whereas
all members of the genus Roseomonas have coccobacillus
cells; isolate CPCC 100056% also had coccobacillus

morphology. In addition, the respiratory quinone (ubi-
quinone-10), DNA G+ C content (67.3 mol%) and major
fatty acid composition of the strain CPCC 100056"
corresponded with those of Roseomonas species, thus
supporting the classification of strain CPCC 100056" as a
member of the genus Roseomonas. However, the 16S
rRNA gene sequence similarity between strain CPCC
100056 and the other Roseomonas species (84.5-95.5%)
was significantly below 97 %, which demonstrated that
the strain represents a different genomic species
(Stackebrandt & Goebel, 1994). In addition, strain
CPCC 100056" could be distinguished from its closest
phylogenetic neighbour, R. aquatica CCM 7538", in some
phenotypic characteristics (Table 1) and by its fatty acid
profile (Supplementary Table S1).

Paracraurococcus ruber NS89 (D85827)
Muricoccus roseus 173/967 (AJ488505)
1go[~ Roseomonas mucosa MDA5527T (AF538712)

Roseomonas aquatica TR53T (AM231587)

100

JERoseomonas terrae DS-48" (EF363716)
Roseomonas lacus TH-G33T (AJ786000)

100 Gluconobacter cerinus ATCC 194417 (X80775)
100 Gluconobacter oxydans DSM 35037 (X73820)
99 Acetobacter aceti DSM 35087 (X74066)
Acetobacter lovaniensis IFO 137537 (AB0323:

100

98 Roseomonas genomospecies 6 ATCC 49961 (AY150050)
100 Azospirillum brasilense ATCC 49958 (AY150046)
98 Azospirillum largimobile ACM 20417 (X90759)
Azospirillum doebereinerae GSF717 (AJ238567)

Erythrobacter longus DSM 69977 (AF465835)

Roseomonas gilardii subsp. rosea ATCC 499567 (AY220740)
100-Roseomonas gilardii subsp. gilardiif MDA5605T (AY150045)
Roseomonas vinacea CPCC 100056" (EF368368)

Roseomonas genomospecies 4 ATCC 49959 (AY150048)
Roseomonas genomospecies 5 ATCC 49960 (AY150049)
Roseomonas cervicalis ATCC 499577 (AY150047)
Teichococcus ludipueritiae 170/967 (AJ488504)

Fig. 1. Phylogenetic tree obtained by distance
matrix analysis of 16S rRNA gene sequences,
showing the position of strain CPCC 100056"
among phylogenetic neighbours. Numbers on
branch nodes are bootstrap values (1000
resamplings). The sequence of Erythrobacter
longus DSM 69977 was used as an outgroup.
Bar, 2% sequence divergence.
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Therefore, based on the above phenotypic characteristics
and 16S rRNA gene sequence analysis, it is proposed that
isolate CPCC 100056" be classified as a representative of a
novel species of genus Roseomonas, for which the name
Roseomonas vinacea sp. nov. is proposed.

Description of Roseomonas vinacea sp. nov.

Roseomonas vinacea (vi.na'ce.a. L. fem. adj. vinacea of or
belonging to wine or to the grape, referring to the colony
colour).

Cells are Gram-negative, coccoid rods, 0.9-1.0 x 0.9—
2.2 uym, non-motile and non-spore-forming. The vina-
ceous colonies are circular, opaque and approximately
0.7-1.0 mm in diameter after 3 days at 32 "C. Grows at 4—
40 °C and pH 6.5-8.0, with optimal growth at 30-32 °C
and pH 7.0-7.5. Oxidase- and catalase-positive. Grows in
NaCl at concentrations up to 2 %. Nitrate is reduced to
nitrite, but nitrite is not reduced. Casein, gelatin, starch
and aesculin are not hydrolysed, but Tweens 80 and 20 are
hydrolysed. The Voges—Proskauer test and methyl red
reaction and tests for milk peptonization and coagulation
and H,S, indole and melanin production are negative.
Alkaline phosphatase, esterase (C4), esterase lipase (C8),
lipase (Cl14), cystine arylamidase and naphthol-AS-BI-
phosphohydrolase are present, but tests for urease, DNase,
acid phosphatase, leucine arylamidase, arginine dihydro-
lase, valine arylamidase, trypsin, a-chymotrypsin, «-galac-
tosidase, f3-galactosidase, f-glucuronidase, «-glucosidase,
f-glucosidase, N-acetyl-f-glucosaminidase, «-mannosidase
and o-fucosidase are negative. D-Glucose, D-ribose, L-
arabinose, L-rhamnose and melibiose can be utilized as sole
carbon sources and no acid is produced from any carbon
sources listed in the API 20E and API 50CH strips.
Resistant to amikacin, erythromycin, gentamicin sulfate,
penicillin G, streptomycin sulfate, vancomycin, polymyxin
B and ciprofloxacin, but sensitive to terramycin, aureo-
mycin, tetracycline, tobramycin sulfate, netilmicin, olean-
domycin, novobiocin, kanamycin, nalidixic acid and
chloramphenicol. The respiratory quinone is ubiquinone-
10. The cellular fatty acid profile consists of Cig. w7¢
(33.6%), Cig.1w7¢ and/or Cig.;06¢ (31.3%), Cis.0
(130 %), CIS:O (102 %), C18:1w5C (13 %), C19:0 CYCIO
8¢ (13 0/0), C16:1w5C (06 %), C18:1 2-OH (06 %), C14:0
(04 0/0), C17:1(J)7C (04 0/0) and C12:0 (01 0/0)

The type strain is CPCC 100056" (=KCTC 22045" =CCM
74681), isolated from a soil sample collected from the
Qinghai-Tibet plateau, north-west China. The DNA G+C
content of the type strain is 67.3 mol%.

Acknowledgements

The authors are grateful to Dr Dana Novakova (Czech Collection of
Microorganisms) and Dr Zhou Yu-Guang (China General
Microbiological Culture Collection Center) for kindly providing
reference type strains. This research was supported by the National
Facilities and Information Infrastructure for Science and Technology
(grant no. 2006DKA21203), National Basic Research Program of

China (project no. 2004CB719601), the Key Project of Chinese
Ministry of Education (no. 206139) and the National Natural Science
Foundation of China (project nos 30100001 and 30600001). W.-J. L.
was also supported by the Program for New Century Excellent Talent
in University (NCET).

References

Cerny, G. (1978). Studies on aminopeptidase for the distinction of
Gram-negative from Gram-positive bacteria. Eur J Appl Microbiol
Biotechnol 5, 113—-122.

Cohen, M. F., Han, X. Y. & Mazzola, M. (2004). Molecular and
physiological comparison of Azospirillum spp. isolated from
Rhizoctonia solani mycelia, wheat rhizosphere, and human skin
wounds. Can | Microbiol 50, 291-297.

Felsenstein, J. (1985). Confidence limits on phylogenies: an approach
using the bootstrap. Evolution 39, 783-791.

Gallego, V., Sanchez-Porro, C., Garcia, M. T. & Ventosa, A. (2006).
Roseomonas aquatica sp. nov., isolated from drinking water. Int J Syst
Evol Microbiol 56, 2291-2295.

Gram, H. C. (1884). Uber die isolierte Fiarbung der Schizomyceten in
Schnitt- und Trockenpréparaten. Fortschr Med 2, 185-189 (in German).

Han, X. Y., Pham, A. S, Tarrand, J. J,, Rolston, K. V., Helsel, L. O. & Levett,
P. N. (2003). Bacteriologic characterization of 36 strains of Roseomonas
species and proposal of Roseomonas mucosa sp. nov. and Roseomonas
gilardii subsp. rosea subsp. nov. Am J Clin Pathol 120, 256-264.

Helsel, L. O., Hollis, D. G., Steigerwalt, A. G. & Levett, P. N. (2006).
Reclassification of Roseomonas fauriae Rihs et al. 1998 as a later
heterotypic synonym of Azospirillum brasilense Tarrand et al. 1979.
Int J Syst Evol Microbiol 56, 2753-2755.

Jiang, C.-Y., Dai, X., Wang, B.-J,, Zhou, Y.-G. & Liu, S.-J. (2006).
Roseomonas lacus sp. nov., isolated from freshwater lake sediment. Int
] Syst Evol Microbiol 56, 25-28.

Kampfer, P., Andersson, M. A, Jackel, U. & Salkinoja-Salonen, M.
(2003). Teichococcus ludipueritiae gen. nov. sp. nov., and Muricoccus
roseus gen. nov. sp. nov. representing two new genera of the alpha-1
subclass of the Proteobacteria. Syst Appl Microbiol 26, 23-29.

Kelly, K. L. (1964). Inter-Society Color Council — National Bureau of
Standards Color Name Charts Illustrated with Centroid Colors.
Washington, DC: US Government Printing Office.

Kimura, M. (1980). A simple method for estimating evolutionary rates
of base substitutions through comparative studies of nucleotide
sequences. ] Mol Evol 16, 111-120.

Kroppenstedt, R. M. (1985). Fatty acid and menaquinone analysis of
actinomycetes and related organisms. In Chemical Methods in
Bacterial Systematics (Society for Applied Bacteriology Technical
Series vol. 20), pp. 173-199. Edited by M. Goodfellow & D. E.
Minnikin. New York: Academic Press.

Kumar, S., Tamura, K., Jakobsen, I.-B. & Nei, M. (2001). MEGA2:
molecular evolutionary genetics analysis software. Bioinformatics 17,
1244-1245.

Lee, J.-S., Shin, Y. K,, Yoon, J.-H., Takeuchi, M., Pyun, Y.-R. & Park,
Y.-H. (2001). Sphingomonas aquatilis sp. nov., Sphingomonas koreensis
sp. nov. and Sphingomonas taejonensis sp. nov., yellow-pigmented
bacteria isolated from natural mineral water. Int J Syst Evol Microbiol
51, 1491-1498.

Li, W.-J,, Xu, P., Schumann, P., Zhang, Y.-Q., Pukall, R., Xu, L.-H.,
Stackebrandt, E. & Jiang, C.-L. (2007). Georgenia ruanii sp. nov., a
novel actinobacterium isolated from forest soil in Yunnan (China),
and emended description of the genus Georgenia. Int ] Syst Evol
Microbiol 57, 1424-1428.

http://ijs.sgmjournals.org

2073



Y.-Q. Zhang and others

Marmur, J. & Doty, P. (1962). Determination of the base composition
of deoxyribonucleic acid from its thermal denaturation temperature.
] Mol Biol 5, 109-118.

Rihs, J. D., Brenner, D. J., Weaver, R. E., Steigerwalt, A. G., Hollis,
D. G. & Yu, V. L. (1993). Roseomonas, a new genus associated with
bacteremia and other human infections. J Clin Microbiol 31, 3275—
3283.

Saitou, N. & Nei, M. (1987). The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol Biol Evol 4, 406—425.
Shirling, E. B. & Gottlieb, D. (1966). Methods for characterization of
Streptomyces species. Int J Syst Bacteriol 16, 313-340.

Smibert, R. M. & Krieg, N. R. (1981). General characterization. In
Manual of Methods for General Microbiology, pp. 409—443. Edited by

P. Gerhardt, R. G. E. Murray, R. N. Costilow, E. W. Nester, W. A.
Wood, N. R. Krieg & G. B. Phillips. Washington, DC: American
Society for Microbiology.

Stackebrandt, E. & Goebel, B. M. (1994). Taxonomic note: a place for
DNA-DNA reassociation and 16S rRNA sequence analysis in the
present species definition in bacteriology. Int J Syst Bacteriol 44,
846-849.

Thompson, J. D.,, Gibson, T. J.,, Plewniak, F., Jeanmougin, F. &
Higgins, D. G. (1997). The crLustaL_X windows interface: flexible
strategies for multiple sequence alignment aided by quality analysis
tools. Nucleic Acids Res 25, 4876—4882.

Yoon, J. H, Kang, S. J,, Oh, H. W. & Oh, T. K. (2007). Roseomonas
terrae sp. nov. Int ] Evol Microbiol 57, 2485-2488.

2074

International Journal of Systematic and Evolutionary Microbiology 58



