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A Gram-stain-positive, non-motile actinomycete, designated strain YIM 488757, was isolated
from rhizosphere soil of Bletilla striata and its taxonomic position was established by using a
polyphasic approach. Phylogenetic analysis based on 16S rRNA gene sequence data showed
that strain YIM 48875" belonged to the genus Planosporangium, supported by a bootstrap value
of 100%. Cells of strain YIM 48875" showed two kinds of sporangia, which also supported its
classification in the genus Planosporangium. Strain YIM 48875" grew optimally at 28 °C, at
pH 6.0-8.0 and in the presence of 2% (w/v) NaCl. The level of 16S rRNA gene sequence
similarity between strain YIM 48875" and Planosporangium flavigriseum YIM 46034" was
98.6 %. Strain YIM 48875" exhibited a quinone system with menaquinones MK-9(H,4), MK-9(Hs)
and MK-9(Hg) as the predominant compounds, a polar lipid profile comprising
diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylinositol mannoside and the
major fatty acids iso-C1s.0 and iso-C1¢.0; these data were markedly different from those for

P. flavigriseum YIM 46034". The level of DNA-DNA relatedness between strain YIM 48875" and
P. flavigriseum YIM 46034" was 45.5 %. It is apparent from the genotypic and phenotypic data
that strain YIM 48875 represents a novel species of the genus Planosporangium, for which the

name Planosporangium mesophilum sp. nov. is proposed. The type strain is YIM 48875"
(=CCTCC AA 209049" =KCTC 19779").

The genus Planosporangium, belonging to the family
Micromonosporaceae, was proposed by Wiese et al
(2008) to accommodate Gram-positive actinomycetes that
had motile or non-motile spores. At the time of writing,
the genus comprises one recognized species, Plano-
sporangium flavigriseum (Wiese et al., 2008). In the
present polyphasic taxonomic study, a novel actinomy-
cete, designated strain YIM 488757, isolated from a
rhizosphere soil is shown to represent a novel species of
the genus Planosporangium.

During investigations into the selective isolation of
members of the genus Actinoplanes, strain YIM 48875"
was recovered from a Bletilla striata rhizosphere soil
collected from Xishuangbanna, Yunnan Province, south-
west China. One gram of the soil sample (dried for 7 days
at room temperature and then for 1 h at 100 °C) was first

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of strain YIM 48875 is GU126491.

A supplementary figure is available with the online version of this paper.

suspended in 9 ml sterilized distilled water in a small
plate, a capillary tube (Palleroni, 1980) full of pollen
(Hayakawa et al, 1991) solution was placed into the
plate, and this was then incubated at 28 °C for 1 h. The
solution in the capillary tube was extracted, diluted and
spread onto improved medium for the isolation of
Actinoplanes, which contained (per litre distilled water):
60 g oatmeal, 2.5 g yeast, 1 g K;HPO,, 0.5 g KCl, 0.5 g
MgSO,.7H,0O, 0.01 g FeSO,.7H,0 and 15 g agar
(pH 7.5). Nystatin (100 mg 1) and nalidixic acid
(25 mg ") were sterilized separately before being added
to the medium. Incubation for isolation was performed at
28 °C for 30 days. The strain thus isolated was main-
tained on medium YIM 38 (Jiang et al, 2007) at 28 °C
and showed a light orange-coloured substrate mycelium
on this medium, with white aerial hyphae. Biomass for
chemotaxonomic and molecular systematic studies was
derived from a 14-day-old (6-day-old for fatty acid
analysis) Bacto trypticase soy broth shake culture
incubated at 28 °C, harvested by centrifugation and
washed twice with distilled water.
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Extraction of genomic DNA, PCR-mediated amplification
of the 16S rRNA gene and purification of PCR products
were carried out as described previously (Li et al, 2007).
The resulting 16S rRNA gene sequence of strain YIM
48875 was aligned with available corresponding sequences
of type strains of members of the Micromonosporaceae
retrieved from the DDBJ/EMBL/GenBank databases by
using the EzTaxon server (http://www.eztaxon.org/) (Chun
et al., 2007). Multiple alignments of the data were
performed by using the cLUSTAL X program (Thompson
et al., 1997). Phylogenetic analysis was performed by using
the software packages PHYLIP (Felsenstein, 1993) and MEGA
version 3.1 (Kumar et al., 2004). Phylogenetic trees were
inferred by using the maximum-parsimony (Kluge &
Farris, 1969) and neighbour-joining (Saitou & Nei, 1987)
algorithms. Evolutionary distance matrices (distance
options according to Kimura’s two-parameter model) were
generated as described by Kimura (1980) and the tree
topology was evaluated by bootstrap analysis (Felsenstein,
1985) based on 1000 resamplings. 16S rRNA gene sequence
similarity calculations indicated that the closest relative of
strain ' YIM 48875" was P. flavigriseum YIM 46034"
(98.6%). DNA-DNA hybridization experiments between
strain YIM 48875 and P. flavigriseum YIM 46034" were
performed according to the method described by Ezaki
et al. (1989) and He et al. (2005). Genomic DNA for
analysis of G+ C content was extracted as described by
Marmur (1961). The G+C content of the DNA was
determined by HPLC (Mesbah et al., 1989).

In the neighbour-joining phylogenetic tree, strain YIM
48875" clustered with P. flavigriseurn YIM 46034" (Fig. 1).
This demonstrated that the novel strain belongs to the genus
Planosporangium, supported by a bootstrap value of 100 %,
although strain YIM 48875" formed a distinct phyletic line
in this genus. This relationship was also supported in the tree
generated with the maximum-parsimony method. Although
strain YIM 48875" shared 98.6 % 16S rRNA gene sequence
similarity with P. flavigriseurn YIM 46034", the level of
DNA-DNA relatedness between the two strains was only
45.5 %, which is below the 70 % cut-off point recommended
for the delineation of genomic species (Wayne et al., 1987).
The genomic G+ C content of the DNA of strain YIM
48875" was 71.6 mol%.

Gram staining was confirmed by using the standard Gram
reaction (Gram, 1884). Cell morphology was examined by
light microscopy (BH-2; Olympus) and scanning electron
microscopy (JSM 5600LV; JEOL) of 9-week cultures grown
on ISP 2 medium. Cell motility was confirmed by the
presence of turbidity throughout tubes containing semi-
solid medium (Leifson, 1960). Cultural characteristics were
observed on Czapek’s agar (Waksman, 1967), potato
dextrose agar (PDA) and ISP media 1-5 (Shirling &
Gottlieb, 1966) at 28 °C. Colony colours were recorded
with reference to Kelly (1964). The pH and temperature
ranges for growth were established as described by Xu et al.
(2005), and tolerance of NaCl was tested on ISP 2 medium.
Other physiological tests, including the determination of
enzyme activities, utilization of sole carbon sources and
decomposition of test substrates, were carried out as
described by Gordon et al. (1974). Formation of char-
acteristic sporangia was observed (Fig. 2) and spore
motility was not found. Both pestle-like and globose spores
(Fig. 2) were observed clearly. Strain YIM 48875 formed a
white aerial mycelium after 3 weeks on all the test media
except nutrient agar and PDA. The substrate mycelium of
strain YIM 48875" was white on Czapek’s agar and light
orange to light salmon pink on other test media. Good
growth occurred on ISP 2 and ISP 3, and weak growth on
Czapek’s agar, nutrient agar and PDA. No diffusible
pigment was produced on any of the test media. Other
physiological characteristics of strain YIM 48875" are given
in Table 1 and in the species description.

Standard procedures were used to extract and analyse the
cell-wall amino acids and sugars in whole-cell hydrolysates
(Hasegawa et al., 1983). Menaquinones (Collins et al.,
1977) were analysed by HPLC (Groth et al., 1997), fatty
acids by using the standard protocol of the MIDI/Hewlett
Packard Microbial Identification system (Sasser, 1990;
Kiampfer & Kroppenstedt, 1996) and polar lipids were
detected as described by Minnikin et al. (1979) and Collins
& Jones (1980). Strain YIM 48875" was characterized by a
cell wall containing meso-diaminopimelic acid and whole-
cell hydrolysates containing mannose, ribose, glucose and
galactose. The major menaquinones were MK-9(H,),
MK-9(Hg) and MK-9(Hg) and the polar lipids comprised
diphosphatidylglycerol, phosphatidylethanolamine and
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Fig. 1. Neighbour-joining tree based on nearly
complete 16S rRNA gene sequences showing
the relationships between strain YIM 488757
and the type strains of related members of
the Micromonosporaceae. Asterisks denote
branches that were also recovered by using
the maximum-parsimony method. Numbers at
nodes indicate levels of bootstrap support
based on a neighbour-joining analysis of 1000
resampled datasets; only values >50% are
given. Bar, 0.5 % sequence divergence.
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Fig. 2. Scanning electron micrographs of cells of strain YIM
48875" grown on ISP 2 medium for 9 weeks at 28 °C. (a) Pestle-
like spore; (b) globose spore. Bars, 2 pm.

Table 1. Phenotypic properties that serve to distinguish strain
YIM 48875 from P. flavigriseum YIM 460347

Data for P. flavigriseurn YIM 46034" were obtained in this study in
parallel experiments. w, Weakly positive.

Characteristic YIM 48875 P. flavigriseum
YIM 46034

Spore motility - +

Utilization of:
Galactitol - +
Inositol w -
Sorbitol - +
Lactose + -
L-Rhamnose - +
Cellobiose - +
D-Fructose + -
D-Galactose w +
Raffinose w +
Arabinose - +
Glucose w +
Sucrose - +
Sodium acetate + -
DL-Methionine w -

Polar lipid(s)* DPG, PE, PIM PE

Predominant 9(H,), 9(He), 9(Hg) 9(H,), 10(H,)

menaquinones
Major fatty acids i-Cis.0, 1-Ci6:0  a1-Cy7.05 1-Cig: 05
(>10%)t Cy7.108¢

*DPG, Diphosphatidylglycerol; PE, phosphatidylethanolamine; PIM,
phosphatidylinositol mannoside.
tai, Anteiso-branched; i, iso-branched.

phosphatidylinositol mannoside (see Supplementary Fig.
S1, available in IJSEM Online). The fatty acid profile was
dominated by is0-C;s.¢ (27.56 % of the total) and iso-
Cis:0 (20.47 %); anteiso-C;5.9 (6.50%), anteiso-C,;.q
(8.98%), summed feature 9 (iso-C;;.,w9¢ and/or 10-
methyl Ci¢.9, 8.98 %) and C;7. ;08¢ (5.20 %) were found as
minor components.

The morphological and chemical characteristics of strain
YIM 48875" together with data from phylogenetic analysis
indicated that it is a member of the genus Plano-
sporangium. However, it is evident that strain YIM 48875"
can be distinguished from the sole recognized species of the
genus, P. flavigriseum, by using a combination of phenotypic
properties. In contrast to P. flavigriseum YIM 46034", strain
YIM 48875 was able to utilize inositol, lactose, D-fructose
and sodium acetate as sole carbon sources, but not galactitol,
sorbitol, L-thamnose, cellobiose, arabinose or sucrose. Strain
YIM 48875 can be differentiated from P. flavigriseum YIM
46034" based on the presence of phosphatidylinositol
mannoside in the polar lipid profile. The profiles of major
menaquinones [MK-9(H,), MK-9(H,) and MK-9(Hg)] and
fatty acids (iso-C;s.¢ and iso-C4.¢) were highly significant
in distinguishing strain YIM 48875" from P. flavigriseum
YIM 46034". The level of DNA-DNA relatedness between
the two strains (45.5%) confirmed this separate species
status. It can be concluded from the genotypic and
phenotypic data that strain YIM 48875" represents a novel
species of the genus Planosporangium, for which the name
Planosporangium mesophilum sp. nov. is proposed.

Description of Planosporangium mesophilum
Sp. nov.

Planosporangium mesophilum [me.so'philum. Gr. adj.
mesos middle; Gr. adj. philos loving; N.L. neut. adj.
mesophilum middle (temperature)-loving, mesophilic].

Gram-stain-positive, non-motile actinomycete that pro-
duces pestle-like and globose spores. Forms a light orange to
light salmon-pink vegetative mycelium. Aerial mycelium is
white after 3 weeks and no diffusible pigment is produced.
Grows at pH 6-8 and 28-30 °C. Tolerates 2 % NaCl in the
culture medium. Catalase-positive and oxidase-negative.
Degrades Tweens 20, 40 and 60. Negative for urease activity,
H,S production, nitrate reduction, milk coagulation and
peptonization and hydrolysis of gelatin, cellulose, starch and
Tween 80. Utilizes inositol, lactose, D-fructose, D-galactose,
raffinose, glucose, sodium acetate, D-mannose, maltose, D-
xylose, D-ribose, calcium DL-malate, methanol and sodium
oxalate as sole carbon sources, but not dulcitol, mannitol,
sorbitol, L-rthamnose, cellobiose, sucrose, glycerol or arabi-
nose. Utilizes DL-methionine and L-leucine as sole nitrogen
sources, but not urea or L-histidine. The peptidoglycan
contains meso-diaminopimelic acid. Diagnostic sugars are
mannose, ribose, glucose and galactose. MK-9(H,), MK-
9(Hg) and MK-9(Hg) are the predominant menaquinones.
Polar lipids comprise diphosphatidylglycerol, phosphatidyl-
ethanolamine and phosphatidylinositol mannoside. Major
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fatty acids (>10%) are is0-Cs.( and is0-Cg.(; smaller
amounts (>5%) of anteiso-C,s5., anteiso-C;-.q, summed
feature 9 (iso-Cy7.;w9¢ and/or 10-methyl Ci4.0) and
Cy7.108¢ are found. The DNA G+ C content of the type
strain is 71.6 mol%.

The type strain, YIM 48875" (=CCTCC AA 209049"
=KCTC 197797), was isolated from a rhizosphere soil of
Bletilla striata in Xishuangbanna, Yunnan Province, China.

Acknowledgements

This research was supported by the National Natural Science
Foundation of China (nos 30900002 and 30560001) and the
International Cooperative Key Project of Ministry of Science and
Technology (2006DFA33550). We are grateful to Shu-Kun Tang and
Yun Chen for technical help.

References

Chun, J,, Lee, J. H,, Jung, Y., Kim, M., Kim, S., Kim, B. K. & Lim, Y. W.
(2007). EzTaxon: a web-based tool for the identification of
prokaryotes based on 16S ribosomal RNA gene sequences. Int | Syst
Evol Microbiol 57, 2259-2261.

Collins, M. D. & Jones, D. (1980). Lipids in the classification and
identification of coryneform bacteria containing peptidoglycans based
on 2,4-diaminobutyric acid. J Appl Bacteriol 48, 459-470.

Collins, M. D., Pirouz, T., Goodfellow, M. & Minnikin, D. E. (1977).
Distribution of menaquinones in actinomycetes and corynebacteria.
J Gen Microbiol 100, 221-230.

Ezaki, T., Hashimoto, Y. & Yabuuchi, E. (1989). Fluorometric
deoxyribonucleic acid-deoxyribonucleic acid hybridization in micro-
dilution wells as an alternative to membrane filter hybridization in
which radioisotopes are used to determine genetic relatedness among
bacterial strains. Int J Syst Bacteriol 39, 224-229.

Felsenstein, J. (1985). Confidence limits on phylogenies: an approach
using the bootstrap. Evolution 39, 783-789.

Felsenstein, J. (1993). pHyLIP (phylogeny inference package), version
3.5c. Distributed by the author. Department of Genome Sciences,
University of Washington, Seattle, USA.

Gordon, R. E., Barnett, D. A, Handerhan, J. E. & Pang, C. H.-N.
(1974). Nocardia coeliaca, Nocardia autotrophica, and the nocardin
strain. Int J Syst Bacteriol 24, 54—63.

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

Groth, I, Schumann, P., Rainey, F. A., Martin, K., Schuetze, B. &
Augsten, K. (1997). Demetria terragena gen. nov., sp. nov., a new
genus of actinomycetes isolated from compost soil. Int ] Syst Bacteriol
47, 1129-1133.

Hasegawa, T., Takizawa, M. & Tanida, S. (1983). A rapid analysis for
chemical grouping of aerobic actinomycetes. ] Gen Appl Microbiol 29,
319-322.

Hayakawa, M., Tamura, T., lino, H. & Nonomura, H. (1991). Pollen-
baiting and drying method for the highly selective isolation of
Actinoplanes spp. from soil. ] Ferment Bioeng 72, 433—438.

He, L, Li, W,, Huang, Y., Wang, L, Liu, Z,, Lanoot, B., Vancanneyt, M.
& Swings, J. (2005). Streptomyces jietaisiensis sp. nov., isolated from
soil in northern China. Int J Syst Evol Microbiol 55, 1939-1944.

Jiang, Y., Tang, S. K., Wiese, J., Xu, L. H., Imhoff, J. F. & Jiang, C. L.
(2007). Streptomyces hainanensis sp. nov., a novel member of the
genus Streptomyces. Int ] Syst Evol Microbiol 57, 2694-2698.

Kémpfer, P. & Kroppenstedt, R. M. (1996). Numerical analysis of
fatty acid patterns of coryneform bacteria and related taxa. Can
J Microbiol 42, 989—-1005.

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. J Mol Evol 16, 111-120.

Kluge, A. G. & Farris, F. S. (1969). Quantitative phyletics and the
evolution of anurans. Syst Zool 18, 1-32.

Kumar, S., Tamura, K. & Nei, M. (2004). MEGA3: integrated software
for molecular evolutionary genetics analysis and sequence alignment.
Brief Bioinform 5, 150-163.

Leifson, E. (1960). Atlas of Bacterial Flagellation. London: Academic Press.

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.

Marmur, J. (1961). A procedure for the isolation of deoxyribonucleic
acid from microorganisms. J Mol Biol 3, 208-218.

Mesbah, M., Premachandran, U. & Whitman, W. B. (1989). Precise
measurement of the G+ C content of deoxyribonucleic acid by high-
performance liquid chromatography. Int J Syst Bacteriol 39, 159-167.

Minnikin, D. E., Collins, M. D. & Goodfellow, M. (1979). Fatty acid and
polar lipid composition in the Cclassification of Cellulomonas,
Oerskovia and related taxa. ] Appl Bacteriol 47, 87-95.

Palleroni, N. J. (1980). A chemotactic method for the isolation of
Actinoplanaceae. Arch Microbiol 128, 53-55.

Saitou, N. & Nei, M. (1987). The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol Biol Evol 4, 406—425.

Sasser, M. (1990). Identification of bacteria by gas chromatography of
cellular fatty acids, MIDI Technical Note 101. Newark, DE: MIDI Inc.

Shirling, E. B. & Gottlieb, D. (1966). Methods for characterization of
Streptomyces species. Int ] Syst Bacteriol 16, 313—340.

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

Waksman, S. A. (1967). The Actinomycetes. A Summary of Current
Knowledge. New York: Ronald Press.

Wayne, L. G., Brenner, D. J,, Colwell, R. R., Grimont, P. A. D,, Kandler, O.,
Krichevsky, M. |., Moore, L. H., Moore, W. E. C., Murray, R. G. E. & other
authors (1987). International Committee on Systematic Bacteriology.
Report of the ad hoc committee on reconciliation of approaches to
bacterial systematics. Int ] Syst Bacteriol 37, 463—464.

Wiese, J, Jiang, Y., Tang, S. K,, Thiel, V., Schmaljohann, R., Xu, L. H.,
Jiang, C. L. & Imhoff, J. F. (2008). A new member of the family
Micromonosporaceae, Planosporangium flavigriseum gen. nov., sp. nov.
Int J Syst Evol Microbiol 58, 1324—1331.

Xu, P, Li, W. J,, Tang, S. K., Zhang, Y. Q., Chen, G. Z.,, Chen, H. H., Xu,
L. H. & Jiang, C. L. (2005). Naxibacter alkalitolerans gen. nov., sp. nov.,
a novel member of the family ‘Oxalobacteraceae’ isolated from China.
Int J Syst Evol Microbiol 55, 1149-1153.

http://ijs.sgmjournals.org

1333



	Fig 1
	Fig 2
	Table 1
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 7a
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31

