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Micromonospora globbae sp. nov., an endophytic actinomycete
isolated from roots of Globba winitii C. H. Wright
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Abstract
A novel endophytic actinomycete, strain WPS1-2T, isolated from a root of Globba winitii C. H. Wright, was characterized
taxonomically by using a polyphasic approach. Strain WPS1-2T exhibited identical characteristics to the members of the
genus Micromonospora. Single spores were observed directly on substrate mycelia. The cell-wall peptidoglycan of the strain
contained meso-diaminopimelic acid and 3-OH-meso-diaminopimelic acid. Whole-cell hydrolysates contained glucose, ribose,
arabinose and xylose. The predominant menaquinones were MK-10(H8) and MK-10(H10). The major cellular fatty acids
consisted of iso-C15 : 0, iso-C16 : 0 and anteiso-C15 : 0. According to the 16S rRNA gene sequence of the strain, WPS1-2T showed
highest similarity to Micromonospora costi CS1-12T (99.02 %). Phylogenetic analysis of the gyrase subunit B (gyrB) gene
indicated that the strain was related to M. costi CS1-12T. The DNA G+C content was 73.7 mol%. The strain could be
distinguished from closely related type strains by using a combination of morphological, chemotaxonomic, physiological and
biochemical data together with DNA–DNA relatedness values. Based on these observations, strain WPS1-2T is considered to
represent a novel species of the genus Micromonospora, for which the name Micromonospora globbae sp. nov. is proposed.
The type strain is WPS1-2T (=KCTC 39787T=NBRC 112325T=TISTR 2405T).

The genus Micromonospora, containing aerobic Gramstain-positive, filamentous bacteria which bear single, nonmotile spores directly on the substrate mycelium, was first
described by Ørskov [1]. Species of the genus Micromonospora are widely distributed in different environments: soils
[2], sea sands [3], near-shore sediment [4], marine sponge
[5], root nodules [6], roots of rice [7] and leaves of a medicinal plant [8]. To date, the genus Micromonospora consists
of 79 species with validly published names (http://www.bacterio.net/micromonospora.html). Strains representing species of the genus Micromonospora have been recognized as
an important source of bioactive secondary metabolites:
gentamicin, netamicin, lupinacidins A-C and tetrocracin A
[9, 10]. In this paper, we report on the isolation and taxonomy of a novel strain representing the genus Micromonospora WPS1-2T.

[11] and Qin et al. [12]. The root samples were cut to 2 cm
in length, then soaked in 75 % (v/v) ethanol for 3 min and
subsequently immersed in 3 % (v/v) NaOCl for 10 min. Surface-sterilized roots were washed three times with sterile
distilled water. The roots were soaked in 10 % (w/v)
NaHCO3 for 10 min to disrupt root tissues and delay the
growth of fungi. The roots were crushed with 4 % (w/v)
sucrose solution in a sterile motar. The crushed roots suspension was incubated at 60  C in a water bath for 10 min.
The suspension (0.1 ml) was spread onto starch casein gellan gum medium (SCG) [13] supplemented with 25 µg
nalidixic acid ml 1 and 50 µg cycloheximide ml 1 and incubated at 30  C for 21 days. Colonies of strain WPS1-2T were
purified on ISP2 medium [14]. The pure culture was maintained in 15 % (v/v) glycerol solution at 80  C and lyophilized for long-term preservation.

The roots of Globba winitii C. H. Wright, which were used
for the isolation of strain WPS1-2T, were collected from the
botanical garden of the Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok, Thailand. The excised
roots were washed with running tap water and surface-sterilized by using the modified methods of Coombs and Franco

Cultural characteristics of strain WPS1-2T were determined
following the standard method of the International Streptomyces Project [14]. The morphology of spores was observed
by scanning electron microscopy (JEOL, JSM-6610LV) after
the strain was grown on 10-fold-diluted yeast extract-malt
extract agar medium [0.2 % (w/v) yeast extract, 0.4 % (w/v)
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malt extract, 0.2 % (w/v) dextrose, and 1.5 % (w/v) agar] at
30  C for 21 days. The colour of the colony and diffusible
pigments was examined by using the ISCC-NBS colour system [15]. Biochemical and physiological properties were
determined according to the standard procedures of Arai
[16], and Williams and Cross [17]. The activities of enzymes
were determined using API ZYM (bioMerieux). The effects
of temperature (20–55  C), pH (4-9) and NaCl (1–7 %, w/v)
tolerance on growth were examined on ISP2 medium. The
utilization of various carbon sources was determined by
standard methods [14].
The freeze-dried cells of strain WPS1-2T, which were used
for chemotaxonomic studies, were obtained from culture
grown in yeast extract-dextrose broth [4] in an incubator
shaker (180 r.p.m.) at 30  C for 7 days. The isomers of diaminopimelic acid in the cell wall and whole-cell sugars composition were determined following the method of Staneck and
Roberts [18]. The N-acyl type of muramic acid in peptidoglycan was determined by the method of Uchida and Aida
[19]. The presence of mycolic acid was monitored by TLC
following the procedure of Tomiyasu [20]. Phospholipids in
cells were extracted and identified by using two-dimensional
TLC as previously described by Minnikin et al. [21]. Fatty
acid methyl esters were extracted using the method of Sasser
[22] and were analysed by gas chromatography (MIDI,
Sherlock Microbial Identification System, TSBA6 Sherlock
version 6.2B). Menaquinones were extracted and purified
following the method of Collins et al. [23] and were analysed by using HPLC with a µBondapak C18 column
(Waters).

smooth (Fig. S1, available in the online version of this article).
Colonies were vivid orange–yellow on ISP2 agar plates. The
cultural characteristics of strain WPS1-2Tare described in
Table S1. The strain grew well on ISP2, ISP6 and nutrient
agar, moderately on ISP3 and ISP4, and poorly on ISP5 and
ISP7. The strain grew well at pH 5.0–9.0, and weakly at pH
4.0. The temperature range for growth of strain WPS1-2T was
20–45  C (optimum at 30–37  C). No growth was observed at
50  C after incubation for 1 week. Other physiological and
biochemical characteristics of strain WPS1-2Twere compared
with those of the closely related species of the genus Micromonospora and revealed differences from Micromonospora
costi CS1-12T, Micromonospora fulviviridis NBRC 14026T
and Micromonospora krabiensis MA-2T (Table 1).
Chemotaxonomic properties of strain WPS1-2T revealed
typical characteristics of those members of the genus Micromonospora. It contained meso-diaminopimelic acid and 3OH-meso-diaminopimelic acid in cell-wall peptidoglycan and
contained arabinose, glucose, ribose and xylose in whole-cell
hydrolysates. According to the classification of Lechevalier
and Lechevalier [38], the presence of xylose and arabinose as
diagnostic sugars should be classified as sugar pattern D. The
Table 1. Differential phenotypic characteristics of strain WPS1-2T and
closely related type strains
Strains: 1, WPS1-2T; 2, M. costi CS1-12T; 3, M. fulviviridis NBRC 14026T;
4, M. krabiensis MA-2T. +, Positive; W, weakly positive; , negative. All
data are from this study.
Characteristic

1

2

3

4

T

Genomic DNA of strain WPS1-2 for PCR amplification of
16S rRNA and gyrase subunit B (gyrB) genes was extracted
by the method of Raeder and Broda [24]. Amplification of
the 16S rRNA gene was carried out as previously described
by Suriyachadkun et al. [25], and the gene was sequenced
(Macrogen, Korea) using universal primers [26]. The 16S
rRNA gene sequence was analysed using BioEdit software
[27]. The sequence similarity values between strain WPS12T and related type strains were determined using BLAST
analysis and the EzTaxon-e server [28]. The PCR amplification and sequencing of the gyrB gene were carried out following the method of Garcia et al. [29]. Phylogenetic
distances were calculated with the Kimura-2-parameter
model [30], and tree topologies were inferred by using the
neighbour-joining (NJ) [31], maximum-parsimony (MP)
[32] and maximum-likelihood (ML) [33] methods, with
trees reconstructed using the MEGA 6.0 program [34]. The
confidence values of the branch nodes were evaluated by
using the bootstrap resampling method with 1000 replications [35]. The DNA G+C content was determined using
HPLC [36]. DNA–DNA hybridization was performed as
previously described by Ezaki et al. [37].
T

Strain WPS1-2 produced substrate mycelium without fragmentation but did not produce aerial mycelium on various
agar media tested. Spores were borne singly on the tips of the
substrate mycelium (1.1–1.2 µm in size). Spore surface was

Spore morphology
Shape

Oval

Global

Global

Oval

Spore surface

Smooth

Rough

Rough

Maximum NaCl
tolerance (%, w/v)
Growth at 45  C

3

Rough and
nodulated
4

2

3

+

+

W

Utilization of:
Glycerol

W

myo-Inositol

+

Raffinose

+

D-Salicin

+

Sucrose

+

W

+
+

+

API ZYM
Acid phosphatase

W

+

+

Alkaline phosphatase

W

+

+

a-Chymotrypsin

+

+

+

Esterase (C4)

W

+

+

+

Esterase lipase (C8)

W

W

+

+

a-Galactosidase

+

+

+

b-Galactosidase

+

+

+

b-Glucosidase

W

W

+

Naphthol-AS-BIphosphohydrolase
Valine arylamidase

W

+

+

W

W

+

Cystine arylamidase
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N-acyl type of muramic acid was glycolyl. Mycolic acids were
absent. The polar lipids were phosphatidylethanolamine,
diphosphatidylglycerol, phosphatidylinositol, phosphatidylglycerol, three unidentified phospholipids, aminophospholipids, unidentified aminolipids and two unidentified
glycolipids (Fig. S2). The major fatty acids (>10 %) were isoC15 : 0 (27.6 %), iso-C16 : 0 (14.1 %) and anteiso-C15 : 0 (10.3 %).
Strain WPS1-2T showed a fatty acid profile similar to those of
M. costi CS1-12T and M. krabiensis MA-2T; nonetheless, the
amounts of each fatty acid were different, as shown in Table 2.
The major menaquinones were MK-10(H8) (59.9 %) and
MK-10(H10) (40.1 %). The DNA G+C content was 73.7
mol%.
The almost-complete 16S rRNA gene sequence (1457 nt) of
strain WPS1-2T showed the highest similarity to that of
M. costi CS1-12T (99.02 %; 14 nt difference at 1438). A subset of the closest phylogenetic relatives of strain WPS1-2T
based on the NJ method are presented in Fig. 1. The phylogenetic tree that includes all species of the genus Micromonospora with validly published names is available as Fig. S3.
Although the clade containing strain WPS1-2Tin the NJ tree
could be recovered in the tree reconstructed by the ML
method (Fig. S4), it could not be recovered in the MP phylogenetic tree (Fig. S5). To clarify the affiliation of strain
WPS1-2T to its closest phylogenetic neighbours, the gyrB
gene sequence (1117 nt) of strain WPS1-2T and representatives of closely related species in the genus Micromonospora
were compared. The level of gyrB gene sequence similarity
of strain WPS1-2T and all available sequences belonging to
the genus Micromonospora ranged from 91.0 to 95.0 %. The
phylogenetic tree of all available species of the genus Micromonospora based on gyrB gene sequence (Fig. S6) revealed
that strain WPS1-2T was recovered in a cluster with M. costi
CS1-12T, supported by a 97 % bootstrap value. The result
demonstrated that strain WPS1-2T was closely related to
M. costi CS1-12T. Based on the highest 16S rRNA gene
sequence similarity and phylogenetic tree analysis based on
the gyrB gene, M. costi CS1-12T, M. fulviviridis DSM 43906T
and M. krabiensis MA-2T were selected for comparative
purposes.
By the integration of morphological and chemotaxonomic
characteristics including 16S rRNA gene and gyrB gene
analysis as mentioned above, this novel strain could be classified in the genus Micromonospora. In comparison with the
closely related species of the genus Micromonospora, the
strain WPS1-2T could be distinguished from the type strains
M. costi CS1-12T, M. fulviviridis NBRC 14026T and M. krabiensis MA-2T by the morphology of spores, the whole-cell
sugars pattern and several phenotypic properties, especially
the utilization of carbon sources, enzyme activity and NaCl
tolerance (Table 1). Moreover, strain WPS1-2T showed
DNA–DNA relatedness values with M. costi CS1-12T (60.0
±2.1 %), M. fulviviridis NBRC 14026T (19.0±0.3 %) and
M. krabiensis MA-2T (43.1±0.3 %) which were lower than
70 %, the threshold value for assigning strains to the same
species [39].

Table 2. Cellular fatty acid contents (percentages) of strain WPS1-2T
and closely related type strains
Strains: 1, WPS1-2T; 2, M. costi CS1-12T; 3, M. fulviviridis NBRC 14026T;
4, M. krabiensis MA-2T. All data were analysed in this study. Fatty acids
amounting to less than 0.5 % in all strains were omitted.
Fatty acid

1

2

3

4

Saturated fatty acids
C14 : 0

–

0.6

–

0.7

C16 : 0

1.8

3.3

1.4

5.9

C17 : 0

5.5

6.3

2.1

5.4

C18 : 0

1.1

2.0

3.9

6.6

C19 : 0

–

0.5

–

–
0.5

Unsaturated fatty acids
C16 : 1 2-OH

0.5

–

–

C15 : 1!6c

0.6

–

–

–

C17 : 1!8c

5.6

2.2

–

0.8

C18 : 1!9c

1.0

0.7

1.8

0.9

3.4

1.0

–

2.4

–

–

–

0.5

iso-C16 : 1 G

2.3

0.4

–

3.8

iso-C17 : 1!5c

–

1.4

–

–

1.1

0.6

2.2

1.3

Unsaturated branched fatty acids
iso-C15 : 1 G
anteiso-C15 : 1 A

anteiso-C17 : 1!9c
Branched fatty acids
iso-C14 : 0

1.3

0.9

1.7

2.0

iso-C15 : 0

27.6

30.0

10.9

17.0

anteiso-C15 : 0

10.3

15.0

2.6

14.6

iso-C16 : 0

14.1

10.1

35.8

18.4

iso-C17 : 0

6.1

6.3

5.2

4.6

anteiso-C17 : 0

9.9

15.0

11.4

9.5

–

–

–

0.7

iso-C18 : 0
10-Methyl fatty acids
10-Methyl C17 : 0

1.5

1.3

4.7

0.7

Summed feature 3*

1.3

1.2

0.6

0.6

Summed feature 9*

1.4

–

7.2

0.9

*Summed feature 3 comprised C16 : 1!7c or C16 : 1!6c; summed feature
9 comprised 10-methyl C16 : 0 or iso-C17 : 1!9c.

On the basis of data from this taxonomic study using phenotypic characteristics, chemotaxonomic characteristics and
genotypic characteristics together with DNA–DNA relatedness, strain WPS1-2 should be classified as a representative
of a novel species of the genus Micromonospora, for which
the name Micromonospora globbae sp. nov. is proposed.

DESCRIPTION OF MICROMONOSPORA
GLOBBAE SP. NOV.
Micromonospora globbae (glob¢bae. N.L. gen. n. globbae of
Globba, a botanical genus).
Aerobic, Gram-stain-positive, mesophilic actinomycete
which forms single spores (1.1–1.2 µm) directly on substrate
mycelium. Substrate mycelium is well developed on ISP2
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Micromonospora endolithica DSM 44398T (AJ560635)
Micromonospora cremea CR30T (FN658654)
Micromonospora chersina DSM 44151T (X92628)
Micromonospora halotolerans CR18T (FN658652)
Micromonospora rosaria DSM 803T (X92631)
Micromonospora tulbaghiae TVU1T (EU196562)
Micromonospora globbae WPS1-2T (LC177396)
54
Micromonospora costi CS1-12T (AB981048)
Micromonospora eburnea LK2-10T (AB107231)
Micromonospora narathiwatensis BTG4-1T (AB193559)
Micromonospora spongicola S3-1T (AB645957)
Micromonospora sagamiensis DSM 43912T (X92624)
99
Micromonospora inyonensis DSM 46123T (X92629)
Micromonospora fluostatini PWB-003T (NR_144595)
Micromonospora echinaurantiaca DSM 43904T (X92618)
Micromonospora pallida DSM 43817T (X92608)
‘Micromonospora endophytica’ DCWR9-8-2 (AB981049)
Micromonospora chaiyaphumensis MC5-1T (AB196710)
Micromonospora citrea DSM 43903T (X92617)
Micromonospora humi P0402T (GU459068)
Catellatospora citrea subsp. citrea IMSNU 22008T (AF152106)
71

0.005

57

Fig. 1. Phylogenetic tree, based on NJ analysis of 16S rRNA gene sequences of strain WPS1-2T and the closely related members of
the genus Micromonospora. Numbers at branch nodes indicate bootstrap percentages derived from 1000 replications (only values
>50 % are shown at nodes). Bar, 0.005 substitutions per nucleotide position. An extended version of this tree containing all species of
the genus Micromonospora is available as Fig. S3.

medium, and the colony turns to vivid orange–yellow at
30  C after incubation for 14 days. No soluble pigment is
produced in any culture media. Optimum temperature for
growth is 30–37  C. Growth occurs at pH 5.0–9.0. The maximum NaCl concentration for growth is 3 % (w/v). Hydrolysis of starch and peptonization and coagulation of skimmed
milk are positive. Gelatin liquefaction is negative. Nitrate is
not reduced to nitrite. Utilizes glucose, glycerol, myo-inositol, D-mannitol, mannose, raffinose, D-salicin and sucrose as
sole carbon sources, but L-arabinose, cellobiose, D-fructose,
galactose, rhamnose, ribose, sorbose and D-xylose are not
utilized. Shows activities of a-chymotrypsin, a-galatosidase,
a-glucosidase, b-galactosidase, N-acetyl-b-glucosamidase,
leucine arylamidase and trypsin, but shows weakly positive
activities of alkaline phosphatase, esterase (C4), esterase
lipase (C8), valine arylamidase, acid phosphatase, naphtholAS-BI-phosphohydrolase and b-glucosidase, and shows no
activity of lipase (C14), cystine arylamidase, b-glucuronidase, a-mannosidase or a-fucosidase. Whole-cell hydrolysates contain ribose, xylose, arabinose and glucose. Cell-wall
peptidoglycan contains meso-diaminopimelic and 3-OHmeso-diamonopimelic acid. The acyl type of the cell wall is
glycolyl. The phospholipids are phosphatidylethanolamine,
diphosphatidylglycerol, phosphatidylinositol and phosphatidylglycerol. The predominant menaquinones are MK-10
(H8) and MK-10(H10). Major cellular fatty acids are composed of iso-C15 : 0, iso-C16 : 0 and anteiso-C15 : 0.

The type strain, WPS1-2T(=KCTC 39787T=NBRC 112325T
=TISTR 2405T), was isolated from roots of Globba winitii
C. H. Wright collected from the botanical garden of the Faculty of Pharmaceutical Sciences, Chulalongkorn University,
Bangkok, Thailand. The DNA G+C content of the type
strain is 73.7 mol%.
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