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The ever increasing spectrum of microbial disease and emergence of life threatening antibiotic resistant
pathogen necessitates more intensive search for microbial antagonistic agents from diverse symbionts
and habitats. Lichens from various niches and its associated cohabitates promise derivation of such
antimicrobial compounds. In the present study conventionally and genetically identified Streptomyces
olivaceus LEP7, one among 36 isolates from tree bark inhabiting lichen Leptogium sp., was assessed for
its synthesis of antimicrobial bioactive compounds. Screening of antimicrobial activity was performed
as per standard procedures. In vitro production by shake flask culture, solvent based extraction, TLC
and GC–MS based separation, purification and identification revealed the presence of cyclopentene, an
effective antimicrobial compound against wound inhabiting pathogens.
E. coli, P. aeroginosa, S. aureus, Klebsiella sp., Acinetobacter sp., and Candida sp. MIC value of partially

purified compound was 7.81 lg/ml against E. coli and P. aeroginosa. In addition, TLC profile of the active
extract displayed four different spot with Rf values of 0.64, 0.78, 0.93 and 1.00. This initial lead will add to
antimicrobial arsenal on further research.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Actinomycetes are Gram-positive filamentous bacteria with
substrate and aerial mycelia. They are rich source of bio-active sec-
ondary metabolites like antibiotics, enzymes, enzyme inhibitors,
antioxidants, and others having restorative importance (Barka
et al., 2016). Fifty percent of approximately 22,000 microbial bio-
logically potent secondary metabolites and 40% of 160 microbes
originated antibiotics are from actinomycetes (Berdy, 2012). How-
ever, with often originating new uncharacterized etiological agent
and reemergence of old agents with more threatening multiple
drug resistance, there is an immediate need for discovery and
development of new drugs. In order to combat this challenge,
exploration of new strategies or a revisit of earlier methods is
required. Search of special ecological niches along with new meth-
ods of isolation of novel species of actinobacteria may lead to the
identification of new products (Xu et al., 2010). Marine habitats
(Wagner et al., 2014), animal gut (Li et al., 2014), insects (Kim
et al., 2014) and plants (Janso and Carter, 2010) are continuously
assessed for novel actinomycetes members which produce equally
novel bioactive compounds. Of utmost importance is the explo-
ration of often neglected and poorly studied habitats for the
derivation of novel bioactive producing taxa (Okoro et al., 2009;
Hong et al., 2009). One such ignored niche is lichens which hold
a prime place from ecological and biological point of view. Lichens
do have valuable bioactive elements and such elements from
lichen associated actinomycetes should provide novelty for the
benefit of human kind.

Lichens inhabit around 8% surface of the earth (Ahmadjian,
1995) with nearly 18,450 species (Boustie and Grube, 2005;
Feuerer and Hawksworth, 2007). Though ubiquitous, lichens are
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slow-growing organisms and hence serve as a niche for numerous
microorganisms, actinomycetes in particular. Cardinale et al.
(2006) have isolated seven different actinomycete strains and it’s
belonging to five genera ‘‘Streptomyces, Streptosporangium, Curto-
bacterium, Cellulomonas, and Micromonospora” from 11 distinct
lichen samples. Gonzalz et al., 2005 explored 337 actinomycetes
from twenty five lichens acquired in temperate and cold regions
and designated these strains to 11 different genera. In contrast,
Parrot et al. (2015) have isolated ten actinomycetes species from
marine and coastal ecosystem lichens. Similarly, according to
Coley (1988) slow developing organisms inhabiting low-resource
environments generate maximum amount of defensive metabo-
lites in order to protect themselves from innumerable consumers.
Thus on its part lichens are producing more than a 1000 diverse
potent secondary metabolites. Lichens and their metabolites pos-
sess multiple biological activities such as antiviral (Dülger et al.,
1997), antibacterial (Aslan et al., 2001), anticancer, allergenic, plant
growth inhibitors, antiherbivores, and enzyme inhibitors (Dülger
et al., 1998; Huneck, 1999). Furthermore, new antimicrobial drugs
from lichen accompanying Streptomyces spp., including uncialamy-
cin, cladoniamides A-G and angucycline, have been documented
(Davies et al., 2005; Williams et al., 2008; Motohashi et al.,
2010). Thus these symbionts of lichen and actinomycetes are nat-
urally an abode for beneficial bioactive compounds and our aim is
to assess bacterial partner’s role in producing such antimicrobial
elements.
2. Materials and methods

2.1. Sample collection and surface sterilization

Lichen samples were attained from the tree barks of the botan-
ical garden, Nilgiris, Tamilnadu. The collected lichen samples were
washed in water, followed by surface sterilization with 70% etha-
nol for 30 s, 4% sodium hypo chloride for 3 min and lastly it was
washed with sterile distilled water (Araújo et al., 2000). After ster-
ilization 3 g of sample was homogenized with 30 ml of sterile dis-
tilled water in a surface sterilized motor and pestle.

2.2. Isolation of actinomycetes

The homogenized lichen samples were used for isolation of acti-
nomycetes (Deng et al., 2015). One ml of homogenized sample was
serially diluted up to 10-5 dilution.

100 ml of sample from each dilution was inoculated into starch
casein nitrate (SCN) agar and incubated at 28 �C for 5 days. After
incubation, the colonies on SCN agar plates were re-streaked in a
fresh plate containing SCN medium to obtain a pure culture.

2.3. Screening of antimicrobial activity of actinomycete isolates

2.3.1. Screening by cross streak method
The cross streak procedure was accomplished to assess antimi-

crobial activity of actinomycetes (Ganesan et al., 2017). The Muller
Hinton Agar (MHA) plates were prepared and the actinomycetes
(LEP 01 to LEP 36) were streaked vertically and the test organisms,
Staphylococcus aureus ATCC 25904, Escherichia coli ATCC 25922,
Pseudomonas aeuroginosa ATCC 27584, Klebsiella sp. ATCC 700834,
Acinetobacter sp. ATCC 55587, and Candida sp. ATCC 28528, were
streaked perpendicular to actinomycete isolates. Inhibition of
pathogen growth after incubation was recorded.

2.3.2. Screening by agar well diffusion method
The secondary screening was performed by agar well diffusion

method (Nurkanto and Julistiono, 2014), in which the test organ-
isms were swabbed on MHA plates. The well was prepared in the
swabbed plates and 50 ml of the isolate LEP7 extract was added
in the well and incubated for 24 h at 37 �C.

2.4. Minimum inhibitory concentration (MIC)

Determination of MIC values using the 96-well plate or broth
micro-dilution is the most accurate method of determining the
MIC (Duraipandiyan and Ignacimuthu, 2009). The 0.5 McFarland
bacterial and fungi culture were prepared along with doubling
dilutions of the extracted compound. Hundredmicroliters of a ster-
ile MH broth was added to each well followed by addition of 50 Âml
of diluted extract compound. Five microliters of the both bacterial
and fungal suspension was inoculated to each well. All the micro-
titre plates were incubated at 37 �C for 24 h. The MIC was deter-
mined based on least concentration of the extracts that inhibited
bacterial and fungal growth.

2.5. Molecular characteristics of isolate LEP7

The DNA was separated from LEP7 and Polymerase Chain Reac-
tion (PCR) amplification performed with 16S rRNA primer 8F
AGAGTTTGATCCTGGCTCAG and 1541R AAGGAGGTGATC-
CAGCCGCA (Ganesan et al., 2017). The DNA sequence was assessed
through ABI PRISM BigDyeTM Terminator Cycle Sequencing
Kits with AmpliTaq DNA polymerase (FS enzyme) (Applied
Biosystems). The amplified PCR products were subjected to
electrophoresis in an ABI 3730xl sequencer (Applied Biosystems)
by re-suspending them in distilled water.

2.6. Production of bioactive metabolites from LEP7 strain

The isolate LEP7 sample was inoculated in the starch casein
media and it was incubated with shaker at 29 �C for two days, then
the 2% of pre-inoculation media was inoculated into the 8 L of pro-
duction media and incubated at 29 �C with periodical shaking for 8
to 12 days (Singh et al., 2012).

2.7. Extraction of bioactive metabolites

The extraction was accomplished as per the procedure desig-
nated by Tanvir et al. (2016).The filtrate of LEP7 culture and the
solvent ethyl acetate was mixed at 1:1 proportion and agitated
overnight. Then the separation was done in the separating funnel
and the upper layer containing bioactive compounds was collected.
Finally the collected upper layer was concentrated in vacuum rota-
tory evaporator to separate bioactive compound from the ethyl
acetate.

2.8. Separation of crude extract by thin layer chromatography (TLC)

The concentrated extracts were used for TLC analysis. TLC pro-
file of the extract was performed on glass plate (dimensions 12 cm
height and 4 cm width) coated with stationary phase silica gel (5 g
silica and 0.1 g calcium sulphate in 10 ml distilled water). The con-
centrated extract was loaded on the TLC plate and plate was placed
inside TLC chamber containing mobile phase (ethyl acetate: hex-
ane (1:1)). The plates were observed under normal white light
and UV light and also by exposure to iodine vapours (Kameník
et al., 2010).

2.9. GC–MS analysis

GC–MS analysis of extract was performed using Perkin-Elmer
GC Clarus 500 system and Gas chromatography mass spectrometry
(GC–MS) fortified with an Elite-I, fused silica capillary column
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(30 mm � 0.25 mm 1D � 1 ìMdf, consists of 100% Dimethyl poly
siloxane). The electron ionization system with ionizing energy of
70 eV was used for GC–MS detection. Mass spectrum was deter-
mined at 70 eV; with a scan interim of 0.5 s and the fractions
between 45 and 450 Da. The final results were interpreted with
National Institute of Standard and technology (NSIT) library.
3. Results and discussion

3.1. Actinomycetes isolation

The actinomycetes were isolated and identified with the aid of
morphological characters based on the colony appearance, sporu-
lation and pigment on the SCN agar medium. Total of thirty six
actinomycete strains were isolated. All the pure cultures were des-
ignated as LEP1 to LEP36. Among 36, the strains LEP7 showed rapid
growth and produced secondary metabolites on SCN agar medium.
These isolates were preserved in starch casein agar medium at
29 �C. Most of the publications reveal that the optimum tempera-
ture and the suitable culture medium for the isolation of the acti-
nomycetes were 28 �C and starch casein agar medium (Ganesan
et al., 2017). Cardinale et al. (2006) have documented seven iso-
lates of actinomycetes, associated with 5 genera ‘‘Micromonospora,
Streptomyces, Cellulomonas, Curtobacterium, and Streptospo-
rangium”, from various lichen samples. Parrot et al. (2015) have
isolated ten actinomycetes species from coastal lichens. These
findings are in accordance with our results wherein Streptomyces
spp., predominates other actinomycetes.
3.2. Preliminary screening for antimicrobial activity

The isolate LEP 7 were subjected to primary screening by cross
streak method to determine its ability to produce antimicrobial
compounds against tested wound infection causing microbial
pathogens. The isolate LEP7 showed a substantial antagonistic
activity against the tested microbial pathogens. The observed
results are depicted in Fig. 1. Earlier reports of Liu et al. (2017)
and Jiang et al. (2015) supports our results that the actinomycetes
particularly Streptomyces strains isolated from different sources
exhibits antimicrobial activity. This finding reaffirms the fact that
the actinomycetes isolated from the lichens exhibit antimicrobial
activity against tested wound infection causing microbial
pathogens.
Fig. 1. Cross streaking of LEP7 against microbial pathogens.
3.3. Morphological characterization of isolate LEP7

The colony morphology of the prospective isolate LEP 7 as per
colony colour, mycelium nature, colony margin, colony appear-
ance, Gram’s reaction and development of the colony on SCN agar
are presented in Table 1 and Fig. 2.

3.4. Molecular identification of isolate LEP7

The PCR amplified 16S rDNA product showed that the isolate
has the highest percentage of similarity with Streptomyces oliva-
ceous and the evolutionary tree shown in Fig. 3 represent the phy-
logenetic affiliation of isolate LEP7 with other Streptomyces
isolates. The results of molecular identification of isolate LEP7 by
16S rDNA gene sequencing has revealed Streptomyces olivaceous
with 99% homology value (Fig. 3).

3.5. Antimicrobial activity by agar well diffusion method

The culture free extract of isolate LEP7 was tested against all the
wound infection causing microbial pathogens. The isolate LEP7
showed an effective zone of inhibition against E. coli, S. aureus, P.
aeruginosa and Klebsiella sp. (Table 2 and Fig. 4). The zone of inhi-
bition was observed between 6 and 21 mm. However, no zone of
inhibition was observed against Acinetobacter sp., upto the concen-
tration of 25 ml extracts. The results of antimicrobial properties of
the isolate LEP7 supported are in accordance with the earlier
results of Valan et al. (2012).

3.6. Determination of MIC

The MIC endpoint was recorded after six hours of incubation
and the lowest concentration at which there is no visible growth
of the pathogenic strain was recorded as MIC value. The MIC values
of tested bacterial pathogens are presented in Table 3.

3.7. Production and extraction bioactive compound

The production was carried out for 15 days at 28 �C using starch
casein nitrate broth as a production medium. The clear filtrate con-
taining the active metabolite was then extracted with ethyl acetate
at the level of 7:4 (v/v). The crude extracts were dissolved in ethyl
acetate and it was used for further TLC and GC–MS analysis. Most
of the literature studies state that ethyl acetate is the prominent
solvent used for extraction of compound from fermentation
Table 1
Morphological characteristics of the actinomycetes isolate LEP7.

Morphological Characteristics on Starch casein nitrate agar

Colony
morphology

Aerial
mycelium

Substrate
mycelium

Gram reaction’s

Dry with pale Pale white Yellow Gram positive log
rods

Enzyme activities Observations
Amylase +
Protease +
Chitinase –
Catalase +
DNase +
Hydrolysis of esculin +
Lecithin hydrolysis –
H2S production –
Nitrate reduction +
Urea hydrolysis +
Lipid hydrolysis –



Fig. 3. a) 16S rRNA sequence of isolate LEP7. b) Phylogenetic tree showing the relationship between the isolate LEP7 and identified as Streptomyces olivaceus.

Fig. 2. Growth and colony morphology of actinomycetes isolate LEP 7. (a)Isolate LEP7 on Starch casein nitrate agar (b) Microscopic appearance of spore (1000�).
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Fig. 4. Antibacterial activity for isolate LEP7 against microbial pathogens by agar well diffusion. (a) E. coli ATCC 25922 b) S. aureus ATCC 25904 c) P. aeruginosa ATCC 27584.

Table 2
Antimicrobial activity against wound infection causing pathogens by agar well diffusion method.

Tested pathogens Zone of Inhibition(mm)/Concentration(ml)

5 15 25 50

Bacterial pathogens
S. aureus ATCC 25904 6.00 ± 0.2 8.00 ± 0.2 11.00 ± 0.2 13.00 ± 0.1
E. coli ATCC 25922 7.00 ± 0.4 10.00 ± 0.4 15.00 ± 0.4 21.00 ± 0.7
P. aeruginosa ATCC 25922 5.00 ± 0.2 7.00 ± 0.2 13.00 ± 0.6 17.00 ± 1.0
Klebsiella sp. ATCC 700834 6.00 ± 0.1 9.00 ± 0.4 12.00 ± 0.3 16.00 ± 0.5
Acinetobacter sp. ATCC 55587 ND ND ND 7.00 ± 0.2
Fungal pathogen
Candida sp. ATCC 28528 ND ND 8.00 ± 0.2 11.00 ± 0.1

Table 3
MIC determination of bioactive extract against wound infection causing pathogens.

Tested pathogens MIC value (mg)

Bioactive extract Streptomycin

Bacterial pathogens
S. aureus ATCC 25904 25.00 10.00
E. coli ATCC 25922 12.00 10.00
P. aeruginosa ATCC 25922 50.00 10.00
Klebsiella sp. ATCC 700834 25.00 10.00
Acinetobacter sp. ATCC 55587 >100 15.00
Fungal pathogen Nystatin
Candida sp. ATCC 28528 >100 10.00
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medium and also the solvent for the extraction of antimicrobial
bioactive compounds (Abdelfattah et al., 2016).

3.8. Purification of the bioactive compound

3.8.1. Thin layer chromatography
TLC profile of the active extract was accomplished with the mix-

ture of hexane and ethyl acetate in 1:1 ratio and it gave the discrete
profiling pattern. Using this mobile phase, concentrated crude
extract was run in silica plate and four different spots were visual-
ized on TLC from crude metabolite with Rf values of 0.64, 0.78, 0.93
and 1.00 respectively. The active fraction with Rf value 0.93 spot
was further analyzed with GC–MS.

3.8.2. GC–MS analysis
The dynamic fraction of ethyl acetate extract was analyzed with

GC–MS. The GC–MS result is shown in Fig. 5. GC–MS analysis
detected different peaks and molecules. The most abundant com-
pound was observed with retention time of 2.456. The compound
was related with mass spectrumwith NIST library constituents and
it was found to be a cyclopentene. The compound cyclopentene
(C6H8O) was identified from the bioactive extract of S. olivaceus
LEP7 (Fig. 5). The unique new antimicrobial elements from lichen
accompanying Streptomyces spp., containing uncialamycin, clado-
niamides A-G, and angucycline, have been recorded by Davies
et al. (2005), Williams et al. (2008) and Motohashi et al. (2010).
4. Conclusions

The findings in the current study reaffirms the fact that new
niches like lichen need to be explored intensively for the bioactive
element producing actinomycetes. Resource poor niches provide
cohabitants, lichens and actinobacteria, the required environmen-
tal induction which will ensure a novel antimicrobial agaent. Our
study provides a lead which with well-designed approach will
result in new antimicrobial drug which is the need of the hour. Sig-
nificant antimicrobial activity of the Streptomyces olivaceus against
the tested wound infection causing microbial pathogens and
derivation of cyclopentene from the Streptomyces olivaceus is the
first step in this direction.
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Fig. 5. GC–MS analysis of the partially purified active fraction (a) GC chromatogram, b) Mass spectrum of respective retention time of the compound.
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