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Twelve actinomycete strains were isolated from lichens collected in Thailand. On the basis of their phenotypic
and chemotaxonomic characteristics including 16S rRNA gene sequence analysis, they were divided into 2
genera, Streptomyces (Group 1, 9 isolates) and Actinoplanes (Group 2, 3 isolates). Isolates LDG1-03 and
LDG1-15; LDG1-05 and LDG2-02; LDG1-08; LDG1-16; LDG2-09; LLG1-01; and LLG1-03 were closely
related to S. malaysiensis NBRC 16446" (98.95-99.85%); S. lomondensis NBRC' (99.77-99.78%); S.
graminearus NBRC 15420 (98.72 %); S. parvulus NBRC 13193" (100%); S. cinereoruber subsp. cinereoruber
NBRC 127567(99.11%); S. seoulensis NBRC 16668" (100%); and S. cinerochromogenes NBRC 13822 T
(99.17%) based on 16S rRNA gene sequence analysis, respectively. The isolates LDG1-06, LDG1-22A and
LDG1-22B are closely related to A. deccanensis IFO 139947 and A. nipponensis FH 2241 T (97.97-98.93 %),
respectively. The isolates in Group 1 contained LL-diaminopimelic acid in cell wall and had MK-9(Hs), MK-
9(Hs) and MK-9(Hy4) as the major menaquinones. The isolates in Group 2 contained meso-diaminopimelic acid
and had MK-9(Hs) and MK-9(Hs) as the major menaquinones. Four Streptomyces isolates exhibited
antimicrobial activity against Staphylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633, Kocuria
rhizophila ATCC 9341 and Candida albicans ATCC 27853 while Actinoplanes isolate LDG1-06 exhibited

against C. albicans ATCC 27853.

INTRODUCTION

Lichens are the symbiotic partnership between fungi
and green algae or cyanobacteria with a wide variety of
morphologies that are different from their parent (Jovan,2008;
Gonzélez et al.,2005; Boonprakob,2014). They live and grow on
extremophilic condition such as extremely hot or cold and high
ultraviolet radiation (Boonprakob,2014). Lichens as pioneers of
new terrestrial habitat that cause to change physical of the habitat
and develop the habitat by producing more organic compounds to
soil. This changing is let some organisms (animals and plants) to
effect the habitat and change it to ecosystem. (Gonzalez et al.,
2005; Boonprakob, 2014). Several lichens can be found on stones
(lithic), soil, or as epiphytes on plants (Gonzalez et al., 2005).
Some species of lichens are sensitive to climate change, so
research use them as biological indicator for the detection of air
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pollution and natural resource management (Jovan, 2008).
Actinomycetes are the most widely group of bacteria that well
known as antibiotic producer and other bioactive compounds which
primarily isolated from soils (Inderiati et al., 2008; Kumar et al.,
2010).

Interestingly, some actinomycetes are distributed in
lichens and can be divided into 7 families; Micromonosporaceae
(Actinoplanes, Micromonospora), Streptomycetaceae
(Streptomyces), Pseudonocardiaceae (Actinomycetospora,
Amycolatopsis, Pseudonocardia, Saccharopolyspora),
Nocardiaceae (Rhodococcus), Streptosporangiaceae
(Planobispora, Streptosporangium), Thermomonosporaceae
(Actinomadura) and Geodermatophilaceae (Geodermatophilus)
(Gonzélez et al., 2005; Yamamura et al., 2011). Amycolatopsis
strain is one of actinomycetes that found in lichens. A. mediterranei
strains produce rifamycin as an important antibiotic that has
antimicrobial activity against Mycobacterium tuberculosis and the
infection of HIV in patients (Gonzalez et al., 2005; Mejia et al.,
1998).

© 2015 Patcharin Saeng-in et al. This is an open access article distributed under the terms of the Creative Commons Attribution License -NonCommercial-
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In this investigation, actinomycete strains isolated from
lichens in Thailand were screened for the antimicrobial activity
and identified based on the phenotypic and chemotaxonomic
characteristics including 16S rRNA gene sequence analysis.

MATERIALS AND METHODS

Isolation and identification of isolates

Actinomycete strains were isolated from lichens
collected from Mahasarakham province, Thailand (16°1922"N
103°17'48"E) (Table 1) using an air dry and heat treatment method
(at 100°C for 1 h, Nonomura and Ohara,1971). Serial dilutions of
the samples were prepared by the 10-fold dilution method, 10-1,
10-2 and 10-3 dilutions of the suspension. The 0.1 ml of aliquot
was spreaded on surface of AV agar paltes (Nonomura and Ohara,
1969) and HV agar plates (Hayakawa and Nonomura, 1987)
supplemented with nalidixic acid (25 mg/l) cycloheximide (50
mg/l).

The agar plates were incubated at 30 C for 14-21 days
and a single colony was transferred and purified on yeast extract—
malt extract agar (International Streptomyces Project , ISP2
medium) as described by Shirling and Gottlieb (1996). The
purified isolates were cultivated at 30 °C for 14 days on ISP2 agar
plates and their cultural characteristics were observed. The colour
of upper colony, reverse colony and soluble pigments were
determined using the NBS/IBCC colour chart (Mundie, 1995).
Morphological observation was done by using a light microscope
and scanning electron microscope (JSM-5410LV, Japan) of the
cultures grown on ISP 2 or ISP 4 agar plates at 30 °C for 7, 14 or
21 days.

The phenotypic characteristics were determined as
described by Shirling and Gottlieb (1966) and Arai (1975). Cell
wall diaminopimelic acid (DAP) isomers was determined as
described by Kutzner (1981). Menaquinone system was analysed
as previous report (Komagata and Suzuki, 1987).

16S rRNA gene sequence and phylogenetic analyses

DNA of the strains was isolated from cells grown in
ISP2 medium and purified as described by Saito and Miura (1963).
The complete 16S rRNA gene was amplified by PCR using
primers, 8-27f and 1492r. The amplified 16S rRNA gene was
used as templates for sequencing with Big Dye Terminator
sequencing Kit (Perkin Elmer) and analyzed by AB1377
automated DNA sequencer (Perkin Elmer).

The sequencing reaction for each sample was performed
in DNA Thermal Cycler (Gene Amp PCR System 2400; Perkin
Elmer) by wusing primers, 8-27f (5-AGAGTTTGATC
(A/C)TGGCTCAG-3’), 530f (5’-GTGCCAGC(A/C)GCCGCGG-
3’) and 1114f (5’GCAACGAGCGCAACCC-3’). Homology
search was performed using the standard BLAST sequence
similarity searching from the web server,
http://www.ezbiocloud.net/eztaxon/identify  against  previously
reported sequence at the GenBank/EMBL/DDBJ database. The
sequence was multiply aligned with selected sequences obtained

from Genbank/EMBL/DDBJ by using the CLUSTAL_X
(Thompson et al., 1997). The alignment was manually verified and
adjusted prior to the construction of phylogenetic tree. The
phylogenetic tree was constructed by using neighbour-joining
(Saitou and Nei, 1987) in the MEGA program version 6 (Tamura
etal., 2013).

The confidence values of branches of the phylogenetic
tree were determined using the bootstrap analyses based on 1000
resamplings (Felsenstien, 1985). The 16S rRNA gene sequence of
Micromonospora siamensis TT2-4" is used as an outgroup. The
values for sequence similarity among the closely related
strains were determined using the EzTaxon-e server (Kim et al.,
2012).

Antimicrobial activities of isolates

Each isolate was cultured in 10 ml of 301 seed medium
(2.4% starch, 0.1% glucose, 0.3% peptone, 0.3% meat extract,
0.5% yeast extract, 0.4% CaCOs, pH 7.0) and cultivated on shaker
(180 rpm) at 30 °C for 3-7 days.

One percent of seed culture was transferred into 10 ml of
A16 medium (0.2%glucose, 1.5% pharmamedia, 0.3% CaCOs;, 1%
Diaion HP-20, pH 7.0), 54 medium (2% soluble starch, 0.5%
glycerol, 1% defatted wheat germ, 0.3 % meat extract,0.3% yeast
extract, 0.3% CaCO; tap water ) and I1SP2 medium (Glucose
0.4%, yeast extract 0.4%, malt extract 1%) and cultivated on
shaker (200 rpm) at 30 °C for 6 days. The 6 days old culture broth
was added with 10 ml of 50% ethanol and extracted by shaking
(200 rpm) for 1 h, mixed well and centrifuged (3,000 rpm) for 5
min.

The supernatant was collected and examined for its
antimicrobial activity against microorganisms such as
Stapylococcus aureus ATCC 25923, Bacillus subtilis ATCC 6633,
Kocuria rhizophila ATCC 9341, Eschrichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853 and Cadida albicans
ATCC 10231 by disc diffusion assay (20 pl/ disc) (Lorain, 1991).

RESULTS AND DISCUSSION

Isolation and identification of isolates

The actinomycete strains LLG1-01 and LLG1-03 were
isolated from lichen, Chrysothrix sp. and LDG1-03, LDG1-05,
LDG1-08, LDG1-15, LDG1-16, LDG2-02, LDG2-09, LDG1-06
and LDG1-22A and LDG1-22B were from Flavopamelia
capelata collected in Mahasarakham province, Thailand (Table 1).
On the basis of their morphological, cultural, physiological,
biochemical and chemotaxonomic characteristics including thel6S
rRNA gene sequence analysis, 12 isolates were identified as
Streptomyces ( 9 isolates, Group 1) and were identified as
Actinoplanes (3 isolates, Group 2) (Figure 1) as described here.

Group 1 contained 9 isolates (Table 1). The morphology
of isolates LLG1-01, LLG1-03, LDG1-08 grew on ISP2 medium
agar at 30 °C for 7 days while isolates LDG1-03, LDG1-05,
LDG1-15, LDG2-02, LDG2-09 grew on ISP2 medium agar for 14
days were showed as mature spore chains in Figure 2. Their
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colonies colour on ISP2 medium were described in Table 1. Most
isolates grew at pH 5-11 and hydrolysed starch, but did not grow
at 40- 45 °C.

Most of them showed peptonization reaction. Some
isolates reduced nitrate to nitrite and hydrolysed gelatin. Some
grew on 0-8 % NaCl. They did not utilized raffinose and the
variable utilization of carbon sources was showed in Table 2. The
tested isolates in this Group contained MK-9(Hs) (33.42-60.07
%), MK-9(Hg) (9.47-48.73 %), MK-9(H,) (1.31-33.26 %) and
MK-9(H,) (7.08-49.66) as menaquinones components and had LL-
diaminopimelic acid as cell wall peptidoglycan type (Tables 3).

Phylogenetic analysis of isolates LDG1-03, LDG1-05,
LDG1-08, LDG1-15, LDG1-16, LDG2-02, LDG2-09, LLG1-01
and LLG1-03 revealed that they were belonged to the genus
Streptomyces (Figure 4).

Isolates LDG1-03 and LDG1-15 were closely related to
each other and showed 98.95% and 99.85% similarility to S.
malaysiensis NBRC 16446" (Al-Tai et al.,1999). Isolates LDG1-
05 and LDG2-02 were closely related to each other and showed
99.78% and 99.77% similarility to S. lomondensis NBRC'
(Johnson and Dietz 1969). Isolate LDG1-08 was closely related to
S. graminearus NBRC 15420" (Preobrazhenskaya, 1986) (98.72
%). lIsolate LDG1-16 was closely related to S. parvulus NBRC
13193 (100%) (Reddy et al., 2011). Isolate LDG2-09 was closely
related to S. cinereoruber NBRC 12756 (Corbaz et al., 1957)
(99.11%).

Isolate LLG1-01 was closely related to S. seoulensis
NBRC 16668" (Chun et al., 1997) (100%). Isolate LLG1-03 was
closely related to S. cinerochromogenes NBRC 13822 " (Miyairi
et al., 1966) (99.17%). The percentage of 16S rRNA gene
sequence similarity of Streptomyces isolates compared to type
strains were showed in Table 3.

Group 2 contained 3 isolates (Table 1). The morphology
of isolates LDG1-06 and LDG1-22B grew on ISP2 medium agar
and isolate LDG1-22A grew on ISP4 medium agar at 30 °C for
21 days were showed as young mature sporangium (Figure 3). The
isolates grew at pH 5-12 but did not grow at 40- 45 °C. They
grew on 0-1% NaCl and hydrolysed starch but did not reduced
nitrate to nitrite.

They showed weakly on peptonization/ and showed
negative coagulation.  Only isolate LDG1-06 did hydrolyse
gelatin. They did not utilized raffinose and the variable utilization
of carbon sources was showed in Table 2. They contained MK-
9(He) (10.33-31.90 %) and MK-9(H,) (60.67-87.49%) were major
menaquinones while MK-9(H,) (5.57%) and MK-10(H,) (1.86%)
were minor menaquinones components. They contained meso-
diaminopimelic acid as cell wall peptidoglycan type (Table 3).
Phylogenetic analysis of strains LDG1-06, LDG1-22A and LDG1-
22B revealed that they were belonged to the genus
Actinoplanes (Figure 4). The percentage of 16S rRNA gene
sequence similarity of Actinoplanes strains to another strains were

showed in Table 3. Strain LDG1-06 was closely related to
Actinoplanes deccanensis IFO 13994" (Parenti et al., 1975)
(97.97%). The strains LDG1-22A and LDG1-22B were closely
related to each other and showed 98.92 %and 98.93 %
similarility with Actinoplanes nipponensis FH 22417 (Wink et.al.,
2013).

Antimicrobial activity of isolates

Isolates LDG1-03 and LDG1-15 exhibited antimicrobial
activity against S. aureus ATCC 25923, B.subtilis ATCC 6633, K.
rhizophila ATCC 9341and C.albicansATCC 10231. StrainLDG1-
16 exhibited B. subtilis ATCC 6633 and K. rhizophila ATCC
9341. StrainLLG1-03 exhibited B. subtilis ATCC 6633. All 5
strains did not showed activitiy against E. coli ATCC 25922, P.
aeruginosa ATCC 27853. Strain LDG1-06 exhibited C.albicans
ATCC 10231. Strain LDG1-05, LDG1-08, LDG2-02, LDG2-09,
LLG1-01, LDG1-22A and LDG1-22B did not show antimicrobial
activity.

This study, 7 isolates were identified as S. malaysiensis,
S. lomondensis, S. graminearus, S parvulus, S. cinereoruber, S.
seoulensis and S. cinerochromogenes while isolates LDG1-03 and
LDG1-08 were closely related to S. malaysiensis NBRC 16446"
(98.95%) and S. graminearus NBRC 154207 (98.72 %),
respectively. In addition isolate LDG1-06 was closely related to A.
deccanensis IFO 13994 (97.97%). LDG1-22A and LDG1-22B
were closely related to A. nipponensis FH 2241 T 98.92 %and
98.93 %, respectively. These isolates were required for further
study on DNA-DNA hybridization to propose them as the novel
species.

The strains of S. lomondensis could produce lomofungin
(Johnson and Dietz, 1969) while S. malaysiensis showed
antibacterial and antifungal (Al-Tai et.al., 1999), S. graminearus
produced gougerotin, a peptidyl nucleoside antibiotic that
possessed antitumor, antiviral, antibacterial, antimycoplasma,
anthelmintic, and acaricidal activities (Jiang et.al., 2013; Niu
etal.,, 2013) S. parvulus strains  produced actinomycin D
(Williams and Katz, 1977; Ochi and Katz, 1978). A. deccanensis
produced lipiarmycin, a metabolite of is highly active against
Gram-positive bacteria, including strains resistant to the medically
important antibiotics and protects mice experimentally infected
with Streptococcus haemolyticus. Liparmycin inhibits growth of
susceptible bacteria by interfering with RNA synthesis. (Coronelli
et.al.,1975).

In southern Thailand, S. siamensis, S. similanensis
(Sripreechasak et al., 2013a), S. exfoliates, S. vinaceusdrappus; S.
tendae, S. aureus, S. atriruber, S. olivochromogenes, S.
malaysiensis, S. purpeofuscus, S. sparsogenes, S. aldersoniae, S.
rapamycinicus and S. youssoufiensis; Nocardia niigatensis; A.
rifamycinica; and Kitasatospora saccharophila (Sripreechasak et
al., 2013b) were distributed in soils and only S. malaysiensis was
found as the same species.
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Table 1: Sources, isolation , isolate number, cultural characteristics of isolates.
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Treatment

Colony colour

Lichen J . Isolate no. Soluble pigment
medium Upper colony Reverse colony
. . LLG1-01 Bluish gray (191) Olive gray (113) -
Chrysothrixsp.  Airdry/AV. /g g Light bluish gray (190) to white Light olive brown (94) to deep yellow (85) }
LDG1-03 White to reddish black (24) Moderate yellow(87) to dark grayish yellowish -
brown (81)
Air dry /AV LDG1-05 Moderate yellowish brown (77) to white Strong yellowish brown (74) -
LDG1-06 Strong orange yellow (68) Brownish orange (54) -
Flavopamelia LDG1-08 Light b_luish gray (190) to white Light olive brown (94)_ to dark yellow (88) -
capelata LDG1-15 Brownish blac_k (65) ) Dark yellow (5_38) to olive gray (113) Br!ll!ant yellow green (116)
Heat dry JAV LDG1-16 Str_or_lg yellowish brown (74) to white St_ro_ng yellowish brown (74) Brilliant yellow (83)
LDG1-22A Brilliant orange yellow (70) Vivid orange yellow (67) -
LDG1-22B Brilliant orange yellow (70) Brilliant orange yellow (70) Brilliant yellow (83)
Air dry/HV LDG2-02 Light greenish gray (154) to white Strong brown (55) -
LDG2-09 Pale blue (185) Deep yellow (85) to deep yellowish brown (75) -

Table 2: Phenotypic characteristics of isolates.

Characteristics LDG1 LDG LDG LDG LDG LDG LDG LLG LLG LDG LDG LDG
-03 1-15 1-05 2-02 1-08 1-16 2-09 1-01 1-03 1-06 1-22A 1-22B
Max. NaCl (%,w/v) 7 8 7 8 6 8 6 6 8 1 0 0
pH range for growth 5-12 5-12 5-12 5-12 45-11 7-12 4.5-12 4.5-12 4.5-12 5-12 5-12 5-12
Gelatin liquefaction + + - - - - + + w + - -
Nitrate reduction + + - + + - - - -
Peptonization + + w + + + + + + - w w
Coagulation - - - + + + - - - - - -
Utilization of :
Amygdalin - + - - - + + - - - - -
meso-Erythritol - - - - - - + - - - - -
D-Fructose - - - - - + + - - - -
D-Galactose - - - + + + - - - - -
D-Glucose + - + - - + - - - - - -
myo-Inositol - - - + - - + + - -
D-Lactose - + - - + - - - + +
D-Mannitol + + - - - + - + + _ _ _
D-Melibiose + - - - - _ + _ _ _ R
D-Moltose - - - - - - + - - - + +
D-Xylose - - - - - - + - - - - -
L-Arabinose - - - - - - - - - + +
L-Rhamnose - - - - - - + + _ _ + i
Xylitol - - - - - - - + R + +
Table 3: Menaquinone components and cell wall peptidoglycan type of isolates.
Characteristics LDG1-15 LDG1-05 LDG1-08 LDG1-16 LLG1-01 LLG1-03 LDG1-06 LDG1-22A  LDG1-22B
Menaquinones (%)
MK-9(He) 49.95 59.5 60.07 42.06 33.42 59.12 10.33 31.90 22.07
MK-9(Hg) 48.73 40.5 27.15 17.60 9.47 40.88 2.18 - -
MK-9(Hy) 131 - 12.78 33.26 7.45 - 87.49 60.67 77.93
MK-9(H>) - - - 7.08 49.66 - - 557 -
MK-10(H4) - - - - - - - 1.86 -
Diaminopimelic acid LL-DAP LL-DAP LL-DAP LL-DAP LL-DAP LL-DAP meso-DAP meso-DAP meso-DAP
Table 4: Antimicrobial activity of isolates.
. o i . Inhibitory against indicator strains (mm)*
Isolate no. Nearest relatives (% identity) 216 mediom 54 medium 1SP 2 medium
Group 1
LDG1-03 Streptomyces malaysiensis NBRC 16446'(98.95%) K (11),S(9), B(9) K (34), S (25), B (25), Ca (16) K (30), S (25) B (21)
LDG1-15 Streptomyces malaysiensis NBRC 16446'(99.85%) - K (20),5(15),B (12) , Ca (15) K (20),5(15),B (11)
LDG1-05 Streptomyces lomondensis NBRC" (99.78%) - - -
LDG2-02 Streptomyces lomondensis NBRC 15426 (99.77%) - - -
LDG1-08 Streptomyces graminearus NBRC 154207 (98.72 %) - - -
LDG1-16 Streptomyces parvulus NBRC 13193 (100%) - K (14),B(10)
LDG2-09 Streptomyces cinereoruber subsp. cinereoruber - - -
NBRC 12756'(99.11%)
LLG1-01 Streptomyces seoulensisNBRC 16668 (100%) - - -
LLG1-03 Streptomyces cinerochromogenes NBRC 13822 " (99.17%) - B (06) -
Group 2
LDG1-06 Actinoplanes deccanensis IFO 13994 (97.97%) Ca (23)
LDG1-22A  Actinoplanes nipponensis FH 22417 (98.92 %) - - -
LDG1-22B  Actinoplanes nipponensis FH 22417 (98.93 %) - - -

B, Bacillus subtilis ATCC 6633; E, Eschrichia coli ATCC 25922; K, Kocuria rhizophila ATCC 9341; S, Stapylococcus aureus ATCC

25923; P, Pseudomonas aeruginosa ATCC 27853 and Ca, Cadida albicans ATCC 10231; -, no activity
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Fig. 2: Scanning electron micrograph of isolates in Group 1; LDG1-03 (A), LDG1-05 (B) , LDG1-08 (C), LDG1-15 (D),LDG2-02 (E), LDG2-09 (F), LLG1-01
(G) and LLG1-03(H).

1SkU K1S.800

C
Fig. 3: Scanning electron micrograph of isolates in Group 2; LDG1-06 (a), LDG1-22A (b), LDG1-22B(c).
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g6 LDG1-05
61'LDG2-02
68| — Streptomyces lomondensis NBRC 15426" (AB184673)

Streptomyces bellus ISP 5185"
9752 Streptomyces lusitanus NBRC 13464" (AB184424)
Streptomyces malachitospinus NBRC 101004T(AB249954)
Streptomyces pactum NBRC 13433" (AB184398)
86

98 | Streptomyces parvulus NBRC 13193" (AB184326)
99'LDG1-16
100 Streptomyces albidoflavus DSM 40455" (Z76676)
Streptomyces hydrogenans NBRC 13475" (AB184868)
ﬁ_[ Streptomyces cinerochromogenes NBRC 138227 (AB184121)
71 LLG1-03
Streptomyces griseoluteus NBRC 13375" (AB184363)
100 Streptomyces murinus NBRC 12799" (AB184155)
Streptomyces graminearus NBRC 15420 (AB184667)
LStreptomyces costaricanus NBRC 100773" (AB249939)
LDG1-08
92 10%: Streptomyces cinereoruber subsp. Cinereoruber NBRC 12756" (AB184121)
LDG2-09
81 —— Streptomyces similanensis KC-106" (AB773850)
Streptomyces griseoluteus NBRC 13375" (AB184363)
99 Streptomyces recifensis NBRC 12813" (AB184165)
75| Streptomyces seoulensis NBRC 16668" (AB249970)
86' LLG1-01
95— Streptomyces sporoclivatus NBRC 100767 (AB249934)
Streptomyces yatensis NBRC 101000" (AB249962)
Streptomyces samsunensis M1463" (EU077190)
Streptomyces malaysiensis NBRC 16446 (AB249918)
LDG1-03
59- LDG1-15
100 LDG1-22B
LDG1-22A
76 Actinoplanes nipponensis FH 22417 (AJ871310)
Actinoplanes friuliensis DSM 7358 (CP006272)
70 Actinoplanes humidus IFO 14915 (AB037004)
12 100 Actinoplanes consettensis JCM 76247 (AB048214)
82— Actinoplanes deccanensis IFO 13994 (AB036998)
Actinoplanes atraurantiacus Y16' (HQ839788)
69 LDG1-06
57| [ Actinoplanes brasiliensis DSM 43805" (X93185)
91 Actinoplanes abujensis A4029" (HQ157185)
Micromonospora siamensis TT2-4" (AB193565)

99

81

99

71

100

P
0.01

Fig. 4: Neighbour-joining tree showing actinomycete isolates based on 16S rRNA gene sequences. The numbers on the branches indicate the percentage
from 1,000 replicate bootstrap samplings (>50% are indicated). Bar, 0.01 substitutions per nucleotide position.
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CONCLUSION

The actinomycete strains LDG1-03, LDG1-05, LDG1-
08, LDG1-15, LDG1-16, LDG2-02, LDG2-09, LLG1-01 and
LLG1-03 were identified as Streptomyces and strains LDG1-06,
LDG1-22A, LDG1-22B were identified as Actinoplanes based on
their morphological, cultural, physiological and biochemical
characteristics including the 16S rRNA gene sequence analysis.
Four isolates in Group 1 exhibited antimicrobial activity against S.
aureus ATCC 25923, B. subtilis ATCC 6633, K. rhizophila ATCC
9341 and C. albicans ATCC 27853 while Actinoplanes isolate
LDG1-06 in Group 2 exhibited against C. albicans ATCC 27853.
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