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Western Ghats of India represents one of the global biodiversity hotspots. The present study
was carried out to isolate and determine antimicrobial, cytotoxic and antioxidant activity of
actinomycetes from soils of different regions of Western Ghats of Shivamogga district,
Karnataka, India. A total of 182 isolates were recovered from 57 soil samples collected at 13

different regions of Western Ghat region of Shivamogga district by serial dilution-plating

technique. Out of 182 isolates, 17 isolates were chosen for solvent extraction and to th}i,r‘:\:)?;gsétes
determine antimicrobial, cytotoxic and antioxidant activity. Solvent extracts of these isolates Streptomyces
exhibited varied antimicrobial potency against Gram positive and Gram negative bacteria, Western Ghats
yeasts and molds. Ethyl acetate was found to be best solvent for extraction of bioactive Antimicrobial
metabolites from most of isolates followed by butanol and hexane. Cytotoxic activity, as Cytotoxic
evaluated by brine shrimp lethality bioassay, revealed the potency of extracts to cause dose Antioxidant

dependent mortality of brine shrimp larvae. Solvent extracts exhibited dose dependent

antioxidant activity, as evaluated by DPPH, ABTS, Metal chelating and Ferric reducing
assays. Western Ghat actinomycetes appear to be promising resources of bioactive agents
and can be exploited industrially. Further studies on recovery of active constituents from
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solvent extracts and their bioactivity determinations are to be carried out.
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INTRODUCTION

Infectious diseases are the world’s leading cause of
premature deaths. Bacteria, viruses, fungi and other
parasites cause a huge number of diseases in humans
and these diseases are due to a complex interaction
between the pathogen, host and the environment. The
discovery of antibiotics and their subsequent use had
eradicated these infections which once threatened
mankind. These antibiotics saved countless lives.
However, the indiscriminate use of these antimicrobial
drugs led to the development of multidrug resistant
pathogens. Drug resistance is a serious challenge to the
field of medicine. Moreover, the pathogens have the
ability to acquire and transmit the resistance genes which
has made the situation ever worst. Many antibiotics such
as vancomycin, methicillin, penicillin, fluconazole etc., are
no longer effective against many pathogens. This has
necessitated a search for new antimicrobials (Parea and
Patterson, 2002; Davies and Davies, 2010; Pallavi et al.,
2013; Kekuda et al., 2013a).

Like infectious diseases, cancer is another serious
clinical problem posing a significant social and economic
impact on the health care system. Cancer is the second
largest cause of death in the world and it affects >200 cell
types. The major characteristic of cancer is the lack of

control of the cell proliferation, differentiation and death,
invading organs and tissues. Cancer affects millions of
patients worldwide even after advancements in diagnosis,
prevention and therapy and reduces the quality of life.
One of the most widely used approaches for treatment of
cancer is chemotherapy. Drugs have been used for the
treatment of various kinds of cancers. However,
development of resistance to chemotherapeutic drugs
affects the effective killing of the cancer cells, resulting in
tumor recurrence. Besides, the patients may also suffer
from side-effects such as cardiac and other toxicities.
Hence, finding newer drugs effective against cancer cells
is a major portion of current pharmacological research (de
Mesquita et al., 2009; Yaacob et al., 2010; Kumar et al.,
2011).

Living tissues derive energy from aerobic metabolism.
However, these organisms are under threat of oxidative
damage induced by reactive oxygen species such as
superoxide, hydroxyl, peroxyl and alkoxyl radicals,
hydrogen peroxide and singlet oxygen. Free radicals
possess single unpaired electron and are known to be
highly  reactive  against  biologically  important
macromolecules viz., carbohydrates, proteins, lipids and
nucleic acids. These oxygen species play an important
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role related to the degenerative or pathological processes
of various serious diseases such as aging, cancer,
coronary heart disease, Alzheimer's disease,
neurodegenerative disorders, atherosclerosis, cataracts
and inflammation. To counteract the threats posed by
these highly reactive species, cells are equipped with
antioxidant defense systems which include enzymes and
antioxidant molecules. However, during
pathophysiological conditions, there is an extra need for
antioxidants. Synthetic antioxidants such as BHT, BHA
and PG are suspected to have toxic or carcinogenic
effects. Hence, searching for antioxidants from natural
sources such as plants and microbes is of much interest
(Teow et al., 2007; Chang et al., 2007; Ebrahimzadeh et
al., 2010; Aiyegoro and Okoh, 2010; Kekuda et al.,
2013a).

Actinomycetes (order Actinomycetales) are Gram
positive bacteria characterized by the formation of
substrate and aerial mycelium, presence of spores and a
high GC content. Considerable attention has been paid to
this group notably after the discovery of streptomycin.
Actinomycetes are ubiquitous in distribution and are
physiologically diverse bacteria. They are responsible for
characteristic earthy odor of soil. They are
biotechnologically versatile prokaryotes and produce a
number of extracellular enzymes and other bioactive
agents, notably antibiotics. The biodegradation ability of
these actinomycetes is extremely significant in recycling
of materials in nature. Often, these organisms are
involved in the degradation of harmful chemicals such as
pesticides and herbicides. Besides, actinomycetes are
significant in agriculture in terms of their biocontrol and
nitrogen fixing ability (Kim et al., 1998; Gautham, 2012;
Kekuda et al., 2010a; Kekuda and Onkarappa, 2015).

The genus Streptomyces constitute the major
actinomycete genera. The species of Streptomyces are
filamentous, aerobic spore formers possessing rich GC
content (69-73 %) in their genome. They form extensive
branching substrate and aerial mycelia. The
morphological differentiation of Streptomyces involves the
formation of hyphae that differentiate into a chain of
spores. Streptomyces are ubiquitous in soil and contribute
significantly to the turnover of complex biopolymers such
as cellulose, lignin, pectin, hemicellulose, keratin and
chitin. The species of Streptomyces have produced >75%
bioactive  metabolites, mainly antibiotics. These
metabolites have found medicinal (human and veterinary)
and agricultural importance and are known to exhibit a
range of bioactivities (Kokare et al., 2004; Yadav et al.,
2008; ; Kekuda et al., 2010a; Priya et al., 2012; Procopio
et al., 2012).

Western Ghats of India are considered as one of the
global biodiversity hotspots. Although Western Ghats
cover an area of 1,80,000 km? which is just under 6% of
the land area of India, they contain >30% of all plant, fish,
herpeto-fauna, birds, and mammal species found in India.
The hill range runs through Gujarat, Maharashtra, Goa,
Karnataka and Kerala. The Western Ghats represents the
‘gene pool’ harboring numerous species of plants, animals
and microbes. The unique biodiversity of Western Ghats
are protected and conserved by biosphere reserves,
national parks and wildlife sanctuaries (Gautham, 2012;
Nampoothiri et al., 2013). Microbiological studies on soils
of various places of Western Ghats of Karnataka such as
Thirthahalli, Agumbe, Talakaveri, Kodachadri and
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Kudremukh have been carried out. It has been shown that
Western Ghat actinomycetes possess bioactivities such
as antimicrobial, antioxidant, enzyme inhibitory,
insecticidal, cytotoxic, anthelmintic, analgesic, anti-
inflammatory, CNS depressant and antipyretic activities
(Kekuda et al., 2010b; Shobha and Onkarappa, 2011;
Gautham et al., 2012; Manasa et al., 2012; Kekuda et al.,
2012; Kekuda et al., 2013a; Kekuda et al., 2013b;
Gautham et al., 2013; Junaid et al., 2013; Kekuda and
Onkarappa, 2014a; Kekuda et al., 2014b; Kekuda and
Onkarappa, 2015). The present study was conducted to
determine antimicrobial, antioxidant and cytotoxic efficacy
of solvent extracts from actinomycetes recovered from
soils of different regions of Western Ghats of Shivamogga
district, Karnataka, India.

MATERIALS AND METHODS

Collection of Soil Samples

A total of 57 rhizosphere soil samples were collected
from 13 places of Western Ghats of Shivamogga district,
Karnataka. The surface soil was removed to eliminate leaf
litter and other extraneous matter. The soil samples were
collected from a depth of 5-10cm in sterile plastic
pouches. The samples were brought to the laboratory and
dried at 40°C under aseptic conditions (Kekuda et al.,
2013a). The places of soil collection and the number of
soil samples collected is shown in Table 1.

Isolation of Actinomycetes

Serial dilution-plating method was employed to isolate
actinomycetes from soils samples. Soil samples were
serially diluted up to 107 followed by plating (by spread
plate method) on sterile Starch casein nitrate (SCN) agar
plates. The plates were incubated aerobically at 20°C for
up to 14 days. Well isolated colonies showing typical
characteristics of actinomycetes were subcultured and
maintained on SCN agar slants. The medium was
supplemented with fluconazole in order to prevent fungal
contamination (Aneja, 1996).

Primary Screening for Antimicrobial Activity

The isolated colonies were subjected to cross streak
method (for bacteria and yeasts) and dual inoculation
method (for molds). In brief, the actinomycetes isolates
were inoculated at the centre of sterile SCN agar plates
as a single streak followed by incubation of plates
aerobically at 30°C for 5-7 days. Nutrient broth cultures of
bacteria (Staphylococcus aureus, Bacillus cereus, B.
subtilis, Streptococcus pyogenes, Escherichia coli,
Pseudomonas aeruginosa, Shigella flexneri, Ralstonia
solanacearum) and Sabouraud dextrose broth cultures of
yeasts (Candida albicans, Cryptococcus neoformans)
were inoculated by streaking perpendicular to the growth
of actinomycetes but not touching the growth of
actinomycetes. The molds (Aspergillus niger, A.flavus,
Penicillium  notatum, Fusarium oxysporum) were
inoculated 1.5cm away from the actinomycete growth by
point inoculation. The plates were incubated at 37°C for
24 hours and 30°C for 48-72 hours for bacteria and fungi
respectively. Antimicrobial activity was determined by
observing the distance of growth inhibition of test
microorganisms from the growth of actinomycete isolates
(Gautham, 2012). The SCN agar medium was
supplemented with peptone (to facilitate the growth of test
bacteria) and dextrose (to facilitate the growth of test
fungi). Actinomycete isolates showing potent antagonistic
activity were selected for further studies.
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Characterization of Actinomycetes

Actinomycetes isolates showing potent antimicrobial
activity in primary screening were subjected to
characterization by morphological (color of aerial and
substrate mycelium, production of diffusible pigments),
microscopic (cover slip method), staining (Gram’s and
Acid-fast staining) and biochemical tests (Starch
hydrolysis, gelatin liquefaction, casein hydrolysis,
cellulose hydrolysis, catalase test, oxidase test, nitrate
reduction, H2S production, carbohydrate fermentation,
citrase test) (Aneja, 1996; Cappuccino and Sherman,
1999; Gautham, 2012).

Fermentation

Potent actinomycetes isolates were cultivated in
conical flasks containing sterile SCN broth medium. The
isolates were inoculated into broth medium aseptically
and incubated at 30°C for about 10 days. During
incubation, the flasks were observed constantly for
contamination, if any. After incubation, the contents of the
flasks were filtered aseptically through sterile Muslin cloth
followed by sterile Whatman filter paper No. 1 (Kekuda et
al., 2013a).

Solvent Extraction

The crude culture filtrates were then subjected for
solvent extraction in separation funnel using solvents viz.,
hexane, ethyl acetate and butanol. In separation funnel,
culture filtrate and solvent were taken in 1:1 proportion
and agitated well to ensure proper mixing of filtrate and
solvent. The separation funnel was left for about 15
minutes in order to allow separation of organic phase
(solvent) from aqueous phase (Alimuddin et al., 2011).
Further, the solvent layer was separated, dried and the
crude solvent extract was stored in sterile container.

Antimicrobial Activity of Solvent Extracts

Agar well diffusion method was performed to screen
antimicrobial efficacy of solvent extracts of selected
actinomycetes. In brief, the test bacteria (24 hours old
nutrient broth cultures of E. coli, Klebsiella pneumoniae,
Enterobacter aerogenes, Vibrio cholerae, P. aeruginosa,
Xanthomonas campestris, R. solanacearum, Shigella
dysenteriae, S. flexneri, S. aureus, B. subtilis, B. cereus
and S. pyogenes) and fungi (48 hours old Sabouraud’'s
dextrose broth cultures of yeasts viz., C. albicans and C.
neoformans and spore suspension of molds viz., A. niger,
A. flavus, P. notatum, Rhizopus stolonifer and F.
oxysporum) were swabbed uniformly over the surface of
sterile Nutrient agar plates and Sabouraud’'s dextrose
agar plates respectively using sterile cotton swabs. With
the help of sterile cork borer, wells of 6mm were punched
in the inoculated plates and the solvent extracts and
standard antibiotic were added to respectively labeled
wells. The plates were incubated at 37°C for 24 hours in
case of bacteria and 48-72 hours at 30°C in case of fungi.
The zones of inhibition formed around the wells were
measured (Kekuda et al., 2013a).

Cytotoxic Activity of Solvent Extracts of Selected
Actinomycetes

Among three solvent extracts, the solvent extract
showing marked antimicrobial activity was subjected to
Brine shrimp lethality assay according to the method of
McLaughlin (1991). The different concentrations of solvent
extracts (10-1000ug/ml) were prepared in methanol. Eggs
of brine shrimp Artemia salina (Nihon Animal
Pharmaceutical Inc., Tokyo, Japan) were hatched in a
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container filled with air-bubbled artificial sea water which
was prepared using 10g of a commercial salt mixture
(GEX Inc., Osaka, Japan) and 500 ml of distilled water.
After 36-48 h, the phototropic shrimps were collected by
pipette and used for bioassay. The different
concentrations of positive control (potassium dichromate)
and solvent extracts were tested in vials containing 5ml of
brine and 25 shrimps. Twenty five shrimps were
transferred to each vial, artificial sea water was added to
make up to 5 ml, incubated at 25°C and surviving shrimps
were counted microscopically after 24 hours. Mortality of
shrimps (%) was calculated. LCso (lethal concentration)
value was calculated using Origin 6 software. LCso refers
to the concentration of extract required to cause 50%
mortality of brine shrimp larvae.

Antioxidant Activity of Solvent Extracts of Selected
Actinomycetes

Among three solvent extracts, the solvent extract
showing promising antimicrobial activity was subjected to
antioxidant  activity by DPPH  (1,1-diphenyl-2-
picrylhydrazyl), ABTS (2,2'-azino-bis-3-ethylbenzthia
zoline-6-sulphonic acid), Metal chelating and Ferric
reducing assay.

DPPH Free Radical Scavenging Activity of Solvent
Extracts

In order to evaluate the radical scavenging activity of
solvent extracts of actinomycete isolates, DPPH free
radical scavenging assay was performed (Kekuda et al.,
2010b). Solvent extracts and DPPH were prepared in
methanol. Briefly, 2ml of DPPH solution (0.002% in
methanol) was mixed with 2ml of different concentrations
(0-200pg/ml) of solvent extracts and reference standard
(ascorbic acid) in separate tubes. The tubes were
incubated in dark at room temperature for 30 minutes and
the optical density was measured at 517nm using UV-
Visible spectrophotometer. The absorbance of the DPPH
control (2ml methanol+2ml DPPH) was noted. The
scavenging activity was calculated using the formula:

Scavenging activity (%) = [(A-B) / A] x 100,

where A is absorbance of DPPH control and B is
absorbance of DPPH in the presence of extract/standard.
ICso (Inhibitory Concentration) value was calculated by
Origin 6 software. The value denotes the concentration of
extract/standard required to scavenge 50% of free
radicals.

ABTS Radical Scavenging Activity of Solvent Extracts

The efficacy of solvent extracts to scavenge ABTS
radicals was determined using the protocol of Li et al.
(2011) with minor modifications. The ABTS radical was
generated by reacting 7mM ABTS stock solution with
2.45mM potassium persulfate and the mixture was left at
room temperature in the dark for 12-16 hours. The
resulting solution was then diluted with distilled water to
an absorbance of 0.70 at 730nm. 1ml of different
concentrations (0-200ug/ml) of solvent extracts was
added to 4ml of ABTS radical solution and the tubes were
incubated for 30 minutes followed by measuring the
absorbance at 730nm. Ascorbic acid was used as
reference standard. The radical-scavenging activity was
calculated using the formula:

Scavenging activity (%) = [(A —B) / A] x 100,
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Where A is the absorbance of the ABTS solution
without extract/standard and B is the absorbance of the
test sample. ICso value was calculated by Origin 6
software  which  denotes the concentration of
extract/standard required to scavenge 50% of free
radicals.

Metal Chelating Activity of Solvent Extracts

The chelating of ferrous ions by different
concentrations of solvent extracts and EDTA (reference
standard) was determined by following the protocol of
Dinis et al. (1994). In brief, different concentrations (O-
200pg/ml) of solvent extracts and standard were added to
a solution of FeCl, (2mM, 0.05ml). The reaction was
initiated by the addition of ferrozine (5mM, 0.2ml), the
reaction mixture was shaken vigorously and left standing
at room temperature for ten minutes. After the mixture
reached equilibrium, the absorbance of the solution was
measured at 562 nm in a spectrophotometer. The
percentage of inhibition of ferrozine-Fe®* complex
formation was given by the formula:

Percent inhibition = [(A —B) / A] x 100,

where A was the absorbance of the control, and B was
the absorbance in the presence of the extract and
standard. The control contains FeCl, and ferrozine. ICso
value was calculated by Origin 6 software which denotes
the concentration of extract/standard required to cause
50% chelation activity.

Ferric Reducing Activity of Solvent Extracts

The reducing effect of solvent extracts was tested by
Ferric reducing assay. In this assay, different
concentrations (0-200ug/ml) of solvent extracts of isolates
and ascorbic acid (reference standard) in 1ml of methanol
were mixed separately with 2.5ml of phosphate buffer
(200mM, pH 6.6) and 2.5ml of 1% potassium ferricyanide
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followed by incubating reaction mixtures at 50°C for 20
minutes in water bath. The tubes were cooled rapidly and
mixed with 2.5ml of 10% trichloroacetic acid and 0.5 ml of
0.1% ferric chloride. After 10 minutes, the quantity of iron
(I)-ferricyanide complex formed was determined by
measuring the formation of Perl’s Prussian blue at 700nm.
An increase in absorbance on increase in concentration
denotes increased reducing power (Kekuda et al., 2010b).

RESULTS

Isolation of Actinomycetes

A total of 182 isolates were isolated on SCN agar from
57 soil samples collected at 13 areas of Western Ghats of
Shivamogga district, Karnataka (Table 1). The isolates
were identified as actinomycetes based on typical colony
features. Figure 1 shows the dilution plates with colonies
of actinomycetes.

Table 1: Number of actinomycetes isolated from soil

samples
Pl Number of Number of
ace h ]
soil samples actinomycetes
Mandagadde 6 13 (S01-S13)
Maaluru 4 11 (S14-S24)
Tooduru 3 9 (S25-S33)
Mahishi 4 14 (S34-S47)
Bejjavalli 4 13 (S48-60)
Kudumallige 3 11 (S61-71)
Thirthahalli 6 22 (S72-93)
Kaimara 4 11 (S94-104)
Megaravalli 6 15 (S105-119)
Naaluru 5 16 (S120-S135)
Guddekeri 4 11 (S136-S146)
Kavarihaklu 5 19 (S147-165)
Agumbe 3 18 (S166-S182)
Total = 57 Total = 182

Primary Screening for Antimicrobial Activity

All the isolates were subjected for primary screening to
determine antimicrobial activity. On the basis of potent
inhibition of test microbes, 17 isolates were selected for
further studies and the isolates were designated as PO-01
to PO-16 and PO18. Table 2 shows the soil samples from
which the potent actinomycetes isolates were recovered.

Table 3 shows the result of inhibitory effect of selected
actinomycetes isolates against test bacteria in primary
screening. All isolates were found inhibitory against one or
more of the test bacteria. Three isolates viz., PO-05, PO-
10 and PO-13 caused inhibition of all test bacteria.

Figure 1: Actinomycetes colonies on SCN agar

Overall, susceptibility of Gram positive bacteria was
marked when compared to Gram negative bacteria. S.
aureus and P. aeruginosa were inhibited to high extent
among Gram positive and Gram negative bacteria
respectively.

Table 4 shows the result of inhibitory potential of
selected actinomycetes against test fungi in primary
screening. Out of 17 isolates, 2 isolates (PO-05 and PO-
11) inhibited all test fungi. Marked inhibitory activity was
observed in case of isolate PO-05. Overall, C.
neoformans and A. flavus were inhibited to higher extent
among yeasts and molds respectively.
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Table 2: Actinomycetes with potent antimicrobial activity

and their origin (soil)

Isolates Origin (soil)
PO-01, PO-02 Mandagadde
PO-03, PO-04 Mabhishi

PO-05 Bejjavalli
PO-06 Kudumallige
PO-07, PO-08 Maaluru
PO-09, PO-10  Thirthahalli
PO-11 Kaimara
PO-12 Megaravalli
PO-13 Kavarihaklu
PO-14, PO-15 Naaluru
PO-16, PO-18 Agumbe

Table 3: Primary screening for antibacterial activity of
selected actinomycetes

Extent of inhibition of test bacteria

Isolates

Sa Bc Bs Sp Ec Pa Sf Rs
PO-01 ++ + + + - + - +
PO-02 +++ + ++ + - + + -
PO-03 + + + + - + - -
PO-04 + + + + - + + +
PO-05 +++ ++ ++ o+ o+ +
PO-06 ++ o+t 4+ + - + + +
PO-07 + + + + - ++ o+ ++
PO-08 ++ + + ++ o+ + - -
PO-09 ++ + + + - ++ - -
PO-10  +++ + ++ o+ o+ o+ +
PO-11 ++ + + - + + + +
PO-12 ++ + ++ + + + - +
PO-13  +++ ++ +++ ++ + ++ + +
PO-14 ++ + + + + + -
PO-15 + + + + - + - -
PO-16 ++ ++ + + - + - -
PO-18 ++ + ++ ++ - + - +

Sa- S.aureus; Bc- B.cereus; Bs- B.subtilis; Sp- S.pyogenes;

Ec- E.coli; Pa- P.aeruginosa; Sf- S.flexneri; Rs- R.solanacearum

Table 4: Primary screening for antifungal activity of

selected actinomycetes

Extent of inhibition of test fungi

Isolates Ca Cn An Af Pn Fo
PO-01 + ++ - - - +
PO-02 + ++ + + - +
PO-03 - + + + + +
PO-04 + ++ + + - +
PO-05 ++  ++ + ++ + +
PO-06 - - + - - +
PO-07 + + - + - -
PO-08 - + - + - -
PO-09 + ++ + + - +
PO-10 + + + + - +
PO-11 + ++ + ++ + +
PO-12 + ++ - + - +
PO-13 -  + - - - -
PO-14 - ++ + + - +
PO-15 ++ ++ - + - -
PO-16 + ++ + + - +
PO-18 + + - - - -

Ca- C.albicans; Cn- C.neoformans; An- A.niger; Af- A.flavus;

Pn- P.notatum; Fo- F.oxysporum
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Characterization of Selected Actinomycetes

Cultural, Staining and Microscopic Characteristics of
Isolates

The cultural and microscopic characteristics of
selected actinomycetes isolates are shown in Table 5 and
Figure 2-6. The colonies exhibit characteristics such as
raised, powdery, rugose, radiating, discrete and velvety.
The colors of aerial mycelia were dark grey, grey, reddish
grey, grayish brown, white, grayish white and yellow. The
substrate mycelia were of different colors such as grey,
light grey, brown, red and white. Spore arrangements of
various kinds were observed in case of isolates. The
spore characteristics observed were spiral, loop, straight,
hook and flexibilis. Isolate PO-05 was found to produce
diffusible pigment which is light brown in color. All isolates
were Gram positive and non-acid fast.

Biochemical Characteristics of Isolates

Table 6 and Table 7 show the result of biochemical
characteristics of isolates. All isolates were positive for
starch hydrolysis and cellulose hydrolysis. All isolates
exhibited proteolytic activity as indicated by liquefaction of
gelatin or hydrolysis of casein or both. Catalse and nitrate
reduction tests were positive in case of all isolates. Out of
17 isolates, 10 and 14 isolates were positive for gelatin
liquefaction and casein hydrolysis respectively. Both
gelatin liquefaction and casein hydrolysis were positive in
case of 7 isolates. 15 out of 17 isolates were positive for
citrase production. 13 isolates produced H;S in SIM agar.
The isolates were found to cause fermentation of one or
more carbohydrates. Out of 17 isolates, 3 isolates
fermented all carbohydrates. Only acid production (yellow
color) was observed in case of glucose, fructose,
galactose and mannitol. Alkali production (pink color) was
observed in case of maltose and lactose. Gas production
was not observed.

Antibacterial Activity of Solvent Extracts

Inhibitory effect of solvent extracts of selected
actinomycetes against Gram positive and Gram negative
bacteria is shown in Table 8 and Table 9. Ethyl acetate
was found to be the best solvent for extraction of bioactive
metabolites from 12 isolates viz., PO-01, PO-02, PO-03,
PO-05, PO-06, PO-08, PO-09, PO-10, PO-12, PO-15,
PO-16 and PO-18 as the ethyl acetate extracts of these
isolates caused marked inhibitory activity against test
bacteria than other solvent extracts. Butanol extract of five
isolates viz.,, PO-04, PO-07, PO-11, PO-13 and PO-14
exhibited stronger inhibitory activity than other solvent
extracts. Least inhibitory effect was observed against test
bacteria by hexane extracts. Hexane extract from most of
the isolates did not inhibit any of the test bacteria. Overall,
Gram positive bacteria were more susceptible to solvent
extracts.

Antifungal Activity of Solvent Extracts

Table 10 and Table 11 depict inhibitory effect of
solvent extracts of selected actinomycetes against test
fungi. Butanol extract of 6 isolates (PO-04, PO-07, PO-11,
PO-13, PO-14 and PO-18) exhibited stronger antifungal
activity than other solvent extracts. However, ethyl acetate
extracts of 11 isolates caused higher inhibition of test
fungi than other solvent extracts. Hexane extracts of
isolates were least inhibitory against test fungi. Among
yeasts, susceptibility was marked in case of C.
neoformans when compared to C. albicans.
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Tsolate PO-04 Tsolate PO-0F
Figure 2: Culture and spore arrangement of isolates Figure 3: Culture and spore arrangement of isolates
(PO-01 to PO-04) (PO-05 to PO-08)

Isolate PO-11 Isolate PO-14

Figure 4: Culture and spore arrangement of isolates Figure 5: Culture and spore arrangement of isolates
(PO-09 to PO-11) (PO-12 to PO-14)
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Isolate PO-15

Isolate PO-16

Izolate PO-18

_x

Figure 6: Culture and spore arrangement of isolates (PO-15, PO-16 and PO-18)

Table 5: Cultural characteristics of selected actinomycetes

Isolate Colony Aerial mycelium Substrate P_igmt_ent Spore Tentative
mycelium (Diffusible) arrangement genera
PO-01 Powdery Dark grey Brown - Loop Streptomyces
PO-02 Powdery Grayish brown Brown - Hook Streptomyces
PO-03 Raised, compact White White - Spiral Streptomyces
PO-04 Radiating Yellow White - Spiral Streptomyces
PO-05 Discrete, radiating Grey Light grey Light brown Loop Streptomyces
PO-06  Radiating, rugose Grey White - Hook Streptomyces
PO-07 Rugose Grey White - Hook Streptomyces
PO-08 Radiating Grayish white White - Flexibilis Streptomyces
PO-09 Discrete, radiating Grey White - Straight Streptomyces
PO-10 Radiating White White - Spiral Streptomyces
PO-11 Radiating Grey White - Straight Streptomyces
PO-12 Discrete Grey Grey - Spiral Streptomyces
PO-13 Discrete Reddish grey Red - Hook Streptomyces
PO-14  Discrete, radiating Grey Grey - Hook Streptomyces
PO-15 Rugose Grey Grey - Straight Streptomyces
PO-16  Powdery, radiating Grey Brown - Spiral Streptomyces
PO-18  Discrete, radiating Grey Grey - Spiral Streptomyces
Table 6: Biochemical characteristics of selected actinomycetes isolates
Isolates Starch_ . Gelatir_l Casein_ Cellulosg Catalase Nitrage Citrate H.S )
hydrolysis liquefaction hydrolysis hydrolysis test reduction test production
PO-01 + + - + + + + +
PO-02 + - + + + + + +
PO-03 + + - + + + + -
PO-04 + - + + + + + +
PO-05 + + + + + + + +
PO-06 + - + + + + - +
PO-07 + + + + + + + +
PO-08 + + + + + + + +
PO-09 + + - + + + + +
PO-10 + + + + + + - -
PO-11 + - + + + + + +
PO-12 + - + + + + + +
PO-13 + + + + + + + +
PO-14 + - + + + + + -
PO-15 + + + + + + + +
PO-16 + + + + + + + +
PO-18 + - + + + + + -
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Table 7: Carbohydrate fermentation by selected actinomycetes isolates

Isolates

Glucose

Fructose

Galactose

Maltose

Lactose

Mannitol

PO-01
PO-02
PO-03
PO-04
PO-05
PO-06
PO-07
PO-08
PO-09
PO-10
PO-11
PO-12
PO-13
PO-14
PO-15
PO-16
PO-18

+
+
+

+ + + + + + + + + + + + +

+

+

+

+ o+ + o+

+ + + + + + + +

+

+ + + + + + +

+ + +

+
+

+

o+ o+ 4+

+ + +

+ + +

+

o+ o+ 4+

+ + +

‘+’ Fermentation; ‘- No fermentation

Table 8: Inhibitory activity of solvent extracts of selected actinomycetes (PO-01 to PO-09)

against test bacteria

Test bacteria/Zone of inhibition in cm (MeantSD)

! SE Ec Kp Ea Ve Pa Xc Rs Sd Sf Sa Bs Bc Sp

H 0.0£0.0 0.0t0.0 0.0£+0.0 0.0t0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8£#0.0 0.0+0.0 0.0+0.0 0.0+0.0

PO?_ EA 0.8+0.0 1.0+0.0 0.8%#0.0 1.2+00 1.2+0.1 1.0¢0.1 0.8+0.0 1.0+0.0 0.0#0.0 1.8%0.2 1.4%0.1 1400 1.6+0.2
0.0+0.0 0.8#0.0 0.0+0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8+0.0 1.0+0.0 1.2+0.0 0.8+0.0

0.0+0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0t0.0 0.0+0.0 0.0+0.0 0.0+0.0

F(’)Cz) EA 0.0£0.0 0.0t0.0 0.0£0.0 0.8t0.0 1.2+0.0 0.0+0.0 1.3+0.0 0.8+0.0 0.0+0.0 1.4+0.1 1.3t00 1.6£0.1 1.80.1
0.0t0.0 0.0£0.0 0.0¢0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.8#0.0 0.0+0.0 0.0+0.0 0.0t0.0 0.0+0.0 0.8t0.0 0.8+0.0

0.0+0.0 0.0#0.0 0.0+¢0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

PO% EA 0.8+0.0 0.0+00 0.8#0.0 1.0+0.0 1.0+0.0 0.0+00 0.8+0.0 0.8+0.0 0.0+0.0 1.3+0.0 1.1¥0.0 1.2+0.0 0.8+0.0
0.0t0.0 0.0£0.0 0.0¢0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8t0.0 0.0+0.0 0.0+0.0 0.8+0.0

0.0+0.0 0.8¢0.0 0.0+0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8t0.0 0.0+0.0 0.0+0.0 0.0+0.0

Po?t EA 0.0£0.0 0.8+0.0 0.0£0.0 0.0t0.0 0.8+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.8£#0.0 0.0+t0.0 0.0+0.0 0.0+0.0
B 0.0#0.0 1.2+¥00 0.0+0.0 0.8+0.0 1.2+0.0 0.8¢0.0 1.0+0.1 0.0+0.0 0.8+0.0 1.4+0.2 1.2+00 1.2#0.1 1.2+0.0

H 0.0#0.0 0.0¢00 0.0+#0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

F())O5 EA 0.0£0.0 0.0t00 0.0£0.0 0.8%t0.0 0.0+0.0 0.8t0.0 0.0£0.0 0.0+0.0 0.0+0.0 1.0+0.0 1.2¢0.0 0.0+0.0 0.8+0.0
0.0t0.0 0.0£0.0 0.0¢0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8t0.0 0.8#0.0 0.0+0.0 0.8+0.0

0.0t0.0 0.0£0.0 0.0¢0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8t0.0 0.0+0.0 0.0+0.0 0.8+0.0

F())Cé EA  0.0#0.0 0.0+0.0 0.0#0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.8#0.0 0.8+0.0 0.0+0.0 1.2+0.0
0.0+0.0 0.0#0.0 0.0#0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.840.0 0.0+0.0 0.0+0.0 0.8+0.0

0.0t0.0 0.0£0.0 0.0¢0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0t0.0 0.0+0.0 0.0+0.0 0.0+0.0

F(’)Q, EA 0.0£0.0 0.0t00 0.0£0.0 0.0t0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
0.0+0.0 0.0£0.0 0.0¢0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8t0.0 0.0+0.0 1.2+0.0 0.8+0.0

0.0+0.0 0.0+0.0 0.0#0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.840.0 0.0+0.0 0.0+0.0 0.8+0.0

F())Cé_ EA 0.8+00 1.2+00 0.840.0 0.8+0.0 1.4+0.0 0.840.0 1.2+0.0 0.8+0.0 0.0£0.0 1.4+0.0 1.2#00 1.6+0.0 1.4+0.0
0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8+#0.0 0.0+0.0 0.8+#0.0 0.0+0.0 0.0+0.0 1.0+0.0 0.8#0.0 0.8+0.0 0.8+0.0

0.0+0.0 0.0£0.0 0.0¢0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0t0.0 0.0+0.0 0.0+0.0 0.0+0.0

F(’)(; EA 0.0£0.0 0.0t00 0.0£0.0 0.8+0.0 1.2+0.1 0.0¢0.0 0.0£0.0 0.0+0.0 0.0+0.0 1.6£0.2 0.8+0.0 1.0+0.0 0.0+0.0
B 0.0¢0.0 0.0t00 0.0+0.0 0.0t00 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.8+0.0 0.0+0.0

I- Isolate; SE- Solvent Extract; H- Hexane; EA- Ethyl acetate; B- Butanol; Ec- E. coli; Kp- K. pneumoniae; Ea- E. aerogenes; Vc- V. cholerae; Pa- P.
aeruginosa; Xc- X. campestris; Rs- R. solanacearum; Sd- S. dysenteriae; Sf- S. flexneri; Sa- S. aureus; Bs- B. subtilis; Bc- B. cereus; Sp- S. pyogenes
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Table 9: Inhibitory activity of solvent extracts of selected actinomycetes (PO-10 to PO-16 and PO-18) against test
bacteria

Test bacteria/Zone of inhibition in cm (Mean%SD)

Ec Kp Ea Ve Pa Xc Rs Sd Sf Sa Bs Bc Sp

H 0.0¢0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

'19(?- EA 0.8+0.0 0.0£+00 0.8#0.0 1.0¢0.0 1.2¢0.2 0.0+00 0.840.0 0.0+0.0 0.0£#0.0 1.2#00 1.0£0.0 1.4+0.0 1.2+0.0
B 0.0£0.0 0.0+0.0 0.0+0.0 0.8#0.0 0.840.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.8+0.0 0.0+0.0 1.0+0.0 0.8+£0.0
0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

??_ EA 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.8#0.0 0.0£0.0 0.8£0.0 0.0+0.0
B 0.0£0.0 0.0+0.0 0.0+0.0 0.8#0.0 0.840.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 1.0+0.1 0.8+0.0 1.2+0.2 0.8+0.0
0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

’1920- EA 0.8+0.0 1.0+00 0.0£0.0 1.240.0 1.4%0.0 0.0+00 0.840.0 0.0+0.0 0.8#0.0 1.6£0.2 1.4+0.1 1.8+0.2 1.2+0.2
B 0.0¢0.0 0.8#0.0 0.0+0.0 0.0£00 0.8#0.0 0.0+0.0 0.8+0.0 0.0£0.0 0.0+0.0 0.8+0.0 0.8+0.0 1.2+0.1 0.8+0.0
0.0¢0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.8#0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.8+0.0 0.8+0.0 0.0+0.0

'13:?- EA 0.0£0.0 0.8+0.0 0.0¢0.0 0.0¢0.0 0.8t0.0 0.0£+0.0 0.0#0.0 0.0+0.0 0.0£#00 1.2#00 1.4+#0.0 0.8¢0.0 0.8%0.0
B 0.0£0.0 0.8+0.0 0.0+0.0 0.8#0.0 1.2#0.0 0.0+0.0 0.8+0.0 0.0£0.0 0.0+0.0 1.8+0.2 2.0+0.1 1.6+0.2 1.2#0.0
0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

?‘?_ EA 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.8#0.0 0.0£0.0 0.8£0.0 0.0+0.0
B 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.8#40.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.8+0.0 0.0+0.0 1.2+0.1  0.84£0.0
0.0£0.0 0.0+0.0 0.0#0.0 0.0£#0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

i_?- EA 1.0+0.1 0.8#00 0.840.0 1.2¢0.0 1.4%0.2 0.8#00 0.840.0 1.0+0.1 0.0£#0.0 1.8#0.0 1.6£0.0 1.4+0.0 1.6x0.0
B 0.0¢0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.8#0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.8+0.0
0.0¢0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

'13(?- EA 0.8+0.0 0.0£00 0.0¢0.0 0.0+0.0 0.8¢0.0 0.0£+0.0 0.0#0.0 0.0+0.0 0.0£#0.0 1.2#0.1 1.0£0.0 0.8#0.0 0.8%0.0
B 0.0¢0.0 0.0+0.0 0.0+0.0 0.8#0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0
0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

'135(3)_ EA 0.8+0.0 0.8+00 0.0£0.0 1.0+0.0 1.2+0.0 0.8#0.0 0.0+0.0 0.8+0.0 0.0£#0.0 1.2#00 1.4+#0.1 1.2+0.0 1.6%0.2

B 0.0£0.0 0.0+0.0 0.0+0.0 0.0+#0.0 0.840.0 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 1.0£0.1

|- Isolate; SE- Solvent Extract; H- Hexane; EA- Ethyl acetate; B- Butanol; Ec- E. coli; Kp- K. pneumoniae; Ea- E. aerogenes; Vc- V. cholerae; Pa- P.
aeruginosa; Xc- X. campestris; Rs- R. solanacearum; Sd- S. dysenteriae; Sf- S. flexneri; Sa- S. aureus; Bs- B. subtilis; Bc- B. cereus; Sp- S. pyogenes

Table 10: Inhibitory activity of solvent extracts of selected actinomycetes (PO-01 to PO-09) against test fungi

Isolate Solvent Test fungi/Zone of inhibition in cm (Mean*SD)
extract C. albicans C. neoformans A. niger A.flavus P. notatum R. stolonifer F. oxysporum
H 0.0£0.0 0.0£0.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.040.0
PO-01 EA 0.840.0 0.0£0.0 0.840.0 0.0£0.0 0.840.0 0.0£0.0 1.0+0.0
B 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
H 0.0+0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
PO-02 EA 0.8+0.0 1.240.1 1.0£0.1 0.0+0.0 0.8+0.0 0.0+0.0 1.0£0.0
B 0.0£0.0 0.840.0 0.840.0 0.810.0 0.0£0.0 0.0£0.0 0.8+0.0
H 0.0£0.0 0.0£0.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-03 EA 1.0£0.1 1.1£0.1 0.8+0.0 0.8+0.0 1.0£0.0 0.9+0.1 0.8+0.0
B 0.0£0.0 0.840.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.8+0.0
H 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-04 EA 0.8+0.0 0.9£0.1 0.8+0.0 1.2+0.0 0.8+0.0 0.0£0.0 0.8+0.0
B 0.8+0.0 1.240.2 1.1£0.1 1.440.1 1.0£0.0 0.8+0.0 1.240.2
H 0.0+0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
PO-05 EA 1.1£0.2 1.440.2 1.240.2 1.1£0.0 1.0£0.0 0.8+0.0 0.8+0.1
B 0.8+0.0 0.8+0.0 0.8+0.0 0.0£0.0 0.840.0 0.0£0.0 0.0+0.0
H 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-06 EA 1.0£0.0 1.240.0 0.8+0.0 1.0£0.0 1.0£0.0 0.0+0.0 1.240.0
B 0.840.0 0.840.0 0.840.0 0.8+0.0 0.840.0 0.0£0.0 0.8+0.0
H 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-07 EA 0.840.0 0.840.0 0.840.0 0.0£0.0 0.8+0.0 0.0£0.0 0.0+0.0
B 1.0£0.0 1.240.1 0.8+0.0 0.8+0.0 0.8+0.0 0.0+0.0 1.0£0.0
H 0.0+0.0 0.0+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
PO-08 EA 1.0£0.0 1.240.0 1.0£0.0 1.0£0.0 0.8+0.0 0.0+0.0 1.04£0.0
B 0.8+0.0 1.0£0.0 0.8+0.0 0.8+0.0 0.0+0.0 0.0+0.0 0.0+0.0
H 0.0£0.0 0.840.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0
PO-09 EA 1.340.2 1.340.1 1.0£0.0 0.8+0.0 0.8+0.0 0.8+0.0 1.240.2
B 0.0£0.0 0.0£0.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0

H- Hexane; EA- Ethyl acetate; B- Butanol
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Table 11: Inhibitory activity of solvent extracts of selected actinomycetes (PO-10 to PO-16 and PO-18) against test fungi

Isolate Solvent Test fungi/Zone of inhibition in cm (Mean+SD)
extract  C. albicans C. neoformans A. niger A.flavus P. notatum R. stolonifer F. oxysporum
H 0.840.0 0.810.0 0.810.0 0.810.0 0.0£0.0 0.0£0.0 0.8+0.0
PO-10 EA 1.2+0.0 1.3+0.0 0.8+0.0 1.0+0.0 0.8+0.0 0.8+0.0 1.2+0.2
B 1.0+0.0 0.810.0 0.810.0 0.810.0 0.0£0.0 0.0£0.0 0.8+0.0
H 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.040.0
PO-11 EA 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.8+0.0
B 0.8+0.0 1.0+0.0 0.8+0.0 0.0£0.0 0.0£0.0 0.0£0.0 1.2+0.0
H 0.0£0.0 0.0£0.0 0.8+0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-12 EA 1.0+0.0 1.4+0.2 1.0+0.0 0.8+0.0 0.0£0.0 0.8+0.0 1.2+0.0
B 0.840.0 1.0+0.2 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.8+0.0
H 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-13 EA 0.0£0.0 0.8+0.0 0.0£0.0 0.8+0.0 0.0£0.0 0.0£0.0 0.8+0.0
B 1.0+0.0 1.1+0.1 0.840.0 1.0+0.1 0.840.0 0.0£0.0 1.0£0.1
H 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-14 EA 0.840.0 1.0+0.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
B 1.2+0.2 1.4+0.2 1.0+0.0 0.8+0.0 0.8+0.0 0.8+0.0 0.8+0.0
H 0.0+£0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-15 EA 0.8+0.0 1.0+0.0 0.0£0.0 0.8+0.0 0.0+0.0 0.0£0.0 1.2+0.0
B 0.0£0.0 0.840.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.8+0.0
H 0.840.0 0.840.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-16 EA 1.2+0.0 1.5+0.1 1.0+0.0 0.8+0.0 0.8+0.0 0.0£0.0 1.2+0.0
B 0.840.0 0.840.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.8+0.0
H 0.0£0.0 0.0£0.0 0.840.0 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
PO-18 EA 0.840.0 0.840.0 0.0£0.0 0.8+0.0 0.0£0.0 0.0£0.0 0.8+0.0
B 1.1+0.0 1.2+0.1 0.0£0.0 0.8+0.1 1.0+0.0 0.0£0.0 1.0+0.1

H- Hexane; EA- Ethyl acetate; B- Butanol

Brine Shrimp Lethality of Solvent Extracts of Selected  efficacy. Mortality of larvae at 1000ug/ml concentration of

Actinomycetes extracts ranged between 10 and 80%. Among extracts,
The result of cytotoxic potential of solvent extracts  high cytotoxic potential was observed in case of extract of

selected actinomycetes in terms of brine shrimp lethality is  PO-09 as revealed by lower ICsy value (424.44ug/ml).

shown in Figure 7 and Table 12. At extract concentration Cytotoxic efficacy of standard (ICsp value (32.25ug/ml)

of 10ug/ml, none of the extracts caused mortality of brine ~ was higher than that of solvent extracts.

shrimp larvae. Most extracts showed weaker cytotoxic
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Figure 7: Mortality of brine shrimp larvae by solvent extracts of selected actinomycetes
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Table 12: ICso values of extracts (brine shrimp lethality

assay)

Extract ICso (Mg/ml) Extract 1Csp (ug/ml)
PO-01 906.78 PO-10 1350.00
PO-02 - PO-11 487.39
PO-03 808.33 PO-12 1261.36
PO-04 - PO-13 796.51
PO-05 447.72 PO-14 441.44
PO-06 1315.79 PO-15 1761.93
PO-07 1434.21 PO-16 1181.82
PO-08 - PO-18 743.43
PO-09 424 .44 Standard 32.25

Antioxidant Activity of Solvent Extracts of Selected
Actinomycetes

DPPH radical scavenging activity of solvent extracts
The result of DPPH radical scavenging potential of
solvent extracts of selected actinomycetes is shown in
Table 13 and Figure 8. The solvent extracts exhibited
concentration dependent scavenging of DPPH radicals
i.e., scavenging efficacy increased on increasing
concentration of extracts. At concentration 10ug/ml, none

Sci. Technol. Arts Res. )., April-June 2015, 4(2): 164-180

of the extracts showed scavenging activity. At
concentration 200ug/ml, the scavenging potential of
extracts ranged between 1551 to 34.14%. Among
extracts tested, extract of PO-12 showed marked
scavenging potential as indicated by lower ICso value
(309.61ug/ml). Least scavenging effect was exhibited by
extract of isolate PO-05 (ICso value 763.77ug/ml). The
ICso value for extracts ranged between 309.61 to
763.77ug/ml. Reference antioxidant i.e., ascorbic acid
exhibited stronger scavenging activity (ICso value
5.41ug/ml) when compared to solvent extracts.

Table 13: ICso values (DPPH assay) of solvent extracts

Extract ICso (ug/ml) Extract ICso (ug/ml)
PO-01 591.69 PO-10 763.27
PO-02 367.24 PO-11 353.20
PO-03 520.91 PO-12 309.61
PO-04 469.47 PO-13 575.54
PO-05 763.77 PO-14 634.61
PO-06 472.49 PO-15 339.53
PO-07 515.71 PO-16 627.97
PO-08 352.42 PO-18 479.70
PO-09 661.83 Standard 5.41
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Figure 8: Scavenging of DPPH radicals by solvent extracts

ABTS Radical Scavenging Activity of Solvent Extracts

The result of ABTS radical scavenging potential of
solvent extracts is shown in Table 14 and Figure 9. The
extracts displayed dose dependent scavenging of ABTS
radicals. At concentration 10ug/ml, none of the extracts
exhibited scavenging potential. At concentration
200upg/ml, the scavenging potential of extracts ranged
between 16.65 to 38.68%. The ICso value for extracts
ranged between 275.08 to 645.54ug/ml. Among extracts,
extract of PO-10 caused high scavenging of radicals as
revealed by lower ICso value (275.08ug/ml). Extract of
PO-03 showed least scavenging effect on radicals (ICso
value 645.54pg/ml). Reference antioxidant displayed
higher scavenging potential (ICso value 6.88ug/ml) than
solvent extracts.

Table 14: ICso values (ABTS assay) of solvent extracts

Extract ICs (ug/ml) Extract 1Cso (ug/ml)
PO-01 311.44 PO-10 275.08
PO-02 478.77 PO-11 375.03
PO-03 645.54 PO-12 432.09
PO-04 571.10 PO-13 482.26
PO-05 297.90 PO-14 553.64
PO-06 403.31 PO-15 537.16
PO-07 595.24 PO-16 344.89
PO-08 361.30 PO-18 403.88
PO-09 360.57 Standard 6.88
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Figure 9: Scavenging of ABTS radicals by solvent extracts of selected actinomycetes

Metal chelating activity of solvent extracts

Table 15 and Figure 10 shows the result of metal
chelating effect of solvent extracts. The extracts displayed
concentration dependent chelating activity. No chelating
activity was observed at 10ug/ml concentration of all
extracts. At concentration 200ug/ml, the chelating
potential of extracts ranged between 12.36 and 22.06%.
The ICsp value for extracts ranged between 529.36 and
961.22ug/ml. Among solvent extracts, extract of PO-03
displayed higher activity (ICso value 529.36pg/ml) and
extract of PO-13 showed least chelating activity (ICso
value 961.22ug/ml). Chelating effect of reference
standard (ICso value 9.29ug/ml) was higher than solvent
extracts.

Table 15: IC5 values (Metal chelating activity) of solvent

extracts

Extract ICso (ug/ml) Extract ICso (ug/ml)
PO-01 580.83 PO-10 541.23
PO-02 722.68 PO-11 573.92
PO-03 529.36 PO-12 718.64
PO-04 545.54 PO-13 961.22
PO-05 786.75 PO-14 571.53
PO-06 658.87 PO-15 531.05
PO-07 571.77 PO-16 529.55
PO-08 551.71 PO-18 541.69
PO-09 617.38 Standard 9.29
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Figure 10: Metal chelating activity of solvent extracts of selected actinomycetes

Ferric Reducing Activity of Solvent Extracts

Figure 11 shows the result of ferric reducing activity of
solvent extracts and reference standard. The absorbance
of reaction mixtures increased on increasing the

concentration of extract. Among extracts, extract of PO-10
displayed higher reducing activity. Reducing potential of
ascorbic acid was greater than that of solvent extracts of
actinomycetes.
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Figure 11: Ferric reducing activity of solvent extracts
DISCUSSION the isolates (Haque et al., 1996; Sahin and Ugur, 2003;

Soil is inhabited by a large number of organisms. The
rhizosphere is a unique biological niche present in vicinity
of plant roots. Rhizosphere is profoundly influenced by
exudates released from plant roots and the microbial
community is nutritionally favored by root exudates. Many
of soil microbes are useful as they produce a number of
bioactive metabolites, including clinically important
antibiotics. Actinomycetes are abundant in soil, species of
Streptomyces in particular. Streptomycetes represent the
dominant actinomycetes genera in soil and play an
important role in recycling of materials and production of
bioactive compounds (Ceylan et al., 2008; Gautham et al.,
2012; Junaid et al., 2013; Kekuda et al., 2013b). A variety
of media such as Glycerol-Yeast extract agar, Starch
casein agar, inorganic salts starch agar, Humic acid
Vitamin agar, Kuster's agar, Yeast extract-malt extract
agar, Oat meal agar, Actinomycetes isolation agar and
Glycerol aspargine agar are used for isolation of
actinomycetes. SCN agar is one of the most commonly
used media for isolation of actinomycetes from a variety of
samples (Xu et al., 1996; Moncheva et al., 2000-2002;
Rifaat, 2003; Anansiriwattana et al., 2006; Gautham,
2012; Kekuda et al., 2013a). The present study
concentrated on isolating actinomycetes from different
places of Western Ghat of Shivamogga. A total of 57 soil
samples were collected from 13 places. A total of 182
actinomycetes isolates were recovered on SCN agar.

The primary screening for antagonistic efficacy of
isolated actinomycetes was done by using cross streak
and dual inoculation technique. The primary screening
revealed broad and narrow spectrum antimicrobial activity
of the isolates. On the basis of the result of primary
screening, 17 isolates were chosen for further studies as
they exhibited marked inhibitory activity against bacteria
and fungi. Cross streak method is one of the widely used
preliminarily screening methods to detect the possible
antagonistic potential of actinomycetes isolates. This
technique forms the basis to delineate potent isolates for
secondary screening procedures. The absence of growth
or a less dense growth of test organisms near the
actinomycetes isolates was considered positive for
production and secretion of antimicrobial metabolite by

Nanjwade et al., 2010; Dasari et al., 2011; Gautham et al.,
2012). The isolates namely PO-05, PO-10 and PO-13
performed well in primary screening for antibacterial
activity. Isolates PO-05 and PO-11 inhibited fungi to
maximum extent.

In this study, 17 actinomycetes isolates showing
marked antimicrobial effect in primary screening were
characterized on the basis of cultural, microscopic,
staining and biochemical characteristics. The colonies of
isolates exhibited appearance such as raised, powdery,
rugose, radiating, discrete and velvety being characteristic
of actinomycetes. The colors of aerial mycelia and
substrate mycelia varied among isolates. Most of the
isolates belonged to grey series. Spore arrangements of
various kinds viz., spiral, loop, straight, hook and flexibilis
were observed. All isolates were Gram positive and non
acid-fast. The isolates were biochemically versatile in
terms of utilization of various sources. On the basis of
cultural characteristics, microscopic features together with
biochemical characteristics, all 17 isolates were found to
be species of the genus Streptomyces. Morphology plays
an important role in distinguishing Streptomyces from
other sporing actinomycetes and in the characterization of
Streptomycete species. The 3 features viz., vegetative
mycelium, aerial mycelium baring chains of spores and
the characteristics of spores themselves are key for
identification of Streptomycetes. The latter two features
are considered most diagnostic information (Anderson
and Wellington, 2001; Taddei et al., 2006). Information on
cultural features and characteristic spore arrangement
together with biochemical properties assists classification
of actinomycetes as members of the genus Streptomyces
(Cao et al., 2004; Oskay et al., 2004; Laidi et al., 2006;
Gautham et al., 2012; Kekuda et al., 2013a).

Solvent extracts of actinomycetes, in particular
Streptomyces species, exhibit antimicrobial activity
(Augustine et al., 2005; Taechowisan et al., 2005;
Gautham, 2012; Kekuda et al., 2013a). In the present
study, the bioactive isolates were grown in SCN broth and
the culture filtrate was extracted using solvents viz,
hexane, ethyl acetate and butanol. The solvent extracts
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were screened for antimicrobial activity by agar well
diffusion assay. Overall, ethyl acetate was found to be the
best solvent for extraction of bioactive metabolites as
ethyl acetate extract of most of the isolates caused
marked inhibitory activity against test bacteria and test
fungi. Next to ethyl acetate, butanol extract exhibited
stronger inhibitory activity against bacteria and fungi.
Least inhibitory effect was observed against test microbes
by hexane extracts of isolates. It has been shown that
various solvents are effectively used to extract bioactive
metabolites by actinomycetes. Solvents of different
polarity such as butanol, ethyl acetate, acetone, hexane,
ethanol and methanol have been shown to extract
metabolites efficiently (Sahin and Ugur, 2003; Augustine
et al., 2005; Gautham, 2012; Kekuda et al., 2013a).

It has been shown that Western Ghat actinomycetes of
Karnataka exhibit antimicrobial activity. The Streptomyces
species from Agumbe (Kekuda et al., 2012; Gautham et
al.,, 2012), Streptomyces species RAMPP-065 from
Kudremukh (Manasa et al., 2012) and Streptomyces
species SRDP-07 from Thirthahalli (Kekuda et al., 2013)
exhibited antibacterial activity. In the present study, it has
been observed that Gram positive bacteria, overall,
showed higher susceptibility than Gram negative bacteria
to solvent extracts of selected actinomycetes. Similar
results were observed in the studies of Kekuda et al.
(2012), Manasa et al. (2012), Kekuda et al. (2013) and
Kekuda and Onkarappa (2015) which reported stronger
inhibitory activity of extracts of Streptomyces species
against Gram positive bacteria when compared to Gram
negative bacteria. The low antibacterial activity of extracts
of selected actinomycetes against the Gram negative
bacteria could be ascribed to the presence of an outer
membrane that possess hydrophilic polysaccharides
chains and forms an additional barrier for extract as well
as antibiotics (Lodhia et al., 2009; Nalubega et al., 2011).
In earlier studies, Streptomyces species from Agumbe
(Gautham et al., 2012) and Kodachadri (Shobha and
Onkarappa, 2011) were shown to exhibit antifungal
activity. In the present study, the Streptomyces species
from various places of Western Ghats of Shivamogga
district displayed antifungal activity against yeasts and
molds. Antimicrobial activity of purified compounds from
Western Ghat actinomycetes has been investigated. In an
earlier study, Gautham (2012) isolated xyloglucose
disaccharide antibiotic from Streptomyces fradiae and
showed that the antibiotic had activity against bacteria
and fungi. More recently, Kekuda et al. (2014b) recovered
a glycoside compound from Streptomyces variabilis PO-
178 and showed its inhibitory activity against Gram
positive and Gram negative bacteria.

In the present study, the cytotoxic nature of solvent
extracts of selected actinomycetes was checked by brine
shrimp lethality bioassay. The assay is in vivo and
employs a simple zoologic organism as a convenient
monitor for screening, discovering and monitoring various
bioactivities of various samples. This test is more useful in
determining bioactivities such as cytotoxic, phototoxic,
pesticidal, trypanocidal, enzyme inhibition and ion
regulation activities. This assay can also be extrapolated
for cell-line toxicity and antitumor activity. The method is
simple, rapid as it utilizes only 24 hours, inexpensive,
needs no special equipment and does not require aseptic
conditions. The assay employs large number of
organisms for validation and a relatively small amount of
sample (McLaughlin, 1991; Luis et al., 2002; Hossain et
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al., 2009). It has been shown that solvent extracts and
purified compounds from actinomycetes possess cytotoxic
effect in terms of brine shrimp lethality effect (Sultan et al.,
2002; Manivasagan et al., 2009; Kesavan et al., 2011,
Sosovele et al., 2012; Kekuda et al., 2012; Sharmin et al.,
2013). In this study, the solvent extracts of selected
actinomycetes exhibited dose dependent cytotoxicity with
LCso ranging between 424.44 and 1761ug/ml. Potent
cytotoxicity was observed in case isolate PO-09. In similar
studies, Kekuda et al. (2011) and Kekuda et al. (2012)
and Kekuda and Onkarappa (2015) observed dose
dependent mortality of brine shrimp larvae by extracts of a
Streptomyces species isolated from Agumbe and their
cytotoxic effect was higher than that of result of present
study.

Among various in vitro radical scavenging assays, the
DPPH free radical scavenging assay is widely used to
evaluate antioxidant capacities of various kinds of
samples including solvent extracts or purified compounds
from actinomycetes. DPPH is an organic, stable, nitrogen
centred, purple colored free radical exhibiting absorption
maximum around 515-528nm in alcoholic solution. The
radical becomes a stable diamagnetic molecule upon
accepting an electron or hydrogen atom. Antioxidants
react with DPPH, transfers proton and results in
decolorization of radical (color change from purple to
yellow). The degree of discoloration depends on the ability
of antioxidant compound to donate hydrogen proton
(Braca et al., 2001; Sharma and Bhat, 2009; Kekuda et
al., 2010b; Sowndhararajan and Kang, 2013; Kekuda et
al., 2013; Subathradevi et al., 2014; Lee et al., 2014). In
this study, the absorbance of DPPH in the presence of
various concentrations of solvent extracts of selected
actinomycetes was measured at 517nm. The scavenging
of DPPH radicals was dose dependent. Extract of PO-12
and PO-05 displayed highest and least scavenging of
radicals. It was observed that the scavenging efficacy of
solvent extracts was lesser than that of ascorbic acid.
Similar observations were reported in earlier studies of
Kekuda et al. (2010b), Manasa et al. (2012), Kekuda et al.
(2013), Gautham and Onkarappa (2013) and Junaid et al.
(2013) in which Streptomyces species from different parts
of Western Ghats of Karnataka exhibited low to moderate
scavenging of DPPH radicals. Although the scavenging
abilities of extracts were lesser than that of ascorbic acid,
it was evident that the solvent extracts showed hydrogen
donating ability and the extract could serve as free radical
scavengers, acting possibly as primary antioxidants
(Chung et al., 2006). Several other studies have also
revealed the potential of actinomycetes to scavenge
DPPH radicals (Sowndhararajan and Kang, 2013;
Subathradevi et al., 2014; Lee et al., 2014).

Similar to DPPH assay, ABTS radical scavenging is
another popular in vitro assay which measures the radical
scavenging nature of several types of compounds. On
interaction with ABTS, compounds (antioxidants) either
transfer electrons or hydrogen atoms to ABTS and
thereby neutralizing its free radical character (Re et al.,
1999; Zhong et al., 2011, Li et al., 2011; Sowndhararajan
and Kang, 2013; Lee et al., 2014). ABTS is converted to
its radical cation by reacting it with sodium persulfate. The
ABTS radical is blue in color and absorbs light at 730nm.
The ABTS radical cation can react with most antioxidants.
On reaction, the blue ABTS radical cation is converted
into colorless. The extent of reaction is monitored
spectrophotometrically. In this study, we evaluated free
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radical scavenging effect of solvent extracts by ABTS
assay. The scavenging of radicals was dose dependent.
Extract of PO-10 and PO-03 showed high and least
scavenging efficacy. Ascorbic acid displayed higher
scavenging potential than solvent extracts. Crude solvent
extracts and purified compounds from actinomycetes
were shown to exhibit ABTS radical scavenging activity.
Extract of Streptomyces strain Eri12 (Zhong et al., 2011)
and Streptomyces sp. Strain MUM10778 (Lee et al., 2014)
scavenged ABTS radicals. Novobiocin isolated from
halophilic actinomycete Nocardiopsis gilva YIM 90087
displayed moderate scavenging of ABTS radicals (Tian et
al., 2013).

Iron can stimulate lipid peroxidation by the Fenton
reaction, and also accelerates peroxidation by
decomposing lipid hydroperoxides into peroxyl and alkoxyl
radicals that can themselves abstract hydrogen and
perpetuate the chain reaction of lipid peroxidation. Metal
chelating capacity is important since it reduces the
concentration of the catalysing transition metal in lipid
peroxidation. It was reported that chelating agents form
bonds with a metal and are effective as secondary
antioxidants because they reduce the redox potential
thereby stabilizing the oxidized form of the metal ion.
Ferrozine can quantitatively form complexes with FeZ. In
the presence of chelating agents, the complex formation
is disrupted and leads to fading of the red color of the
complex (Hseu et al., 2008; Jindal and Mohamad, 2012).
In this study, the formation of the Fe?*-ferrozine complex
was not completed in the presence of solvent extracts of
actinomycetes, indicating the potential of solvent extracts
to chelates the iron and capture ferrous ion before
ferrozine. It was observed that the absorbance of Fe?*-
ferrozine complex decreased dose-dependently. Extract
of PO-03 and PO-13 displayed high and least chelating
effect. The data obtained in this study reveals that the
solvent extracts demonstrate capacity for iron binding,
suggesting that their action as peroxidation protector may
be related to its iron binding capacity. However, the
chelating effect was weaker when compared to reference
agent. Similar results were obtained in an early study of
Gautham and Onkarappa (2013) where extract of
Streptomyces fradiae GOS1 isolated from Agumbe
showed weaker chelating potential.

In this study, the measurement of direct reduction of
Fe*¥}(CN)s to Fe"?(CN)s was employed in order to evaluate
the reducing power of solvent extracts of selected
actinomycetes. It is determined by measuring the
absorbance resulting from the formation of Perl’s Prussian
blue complex on addition of excess of ferric ions (Fe+3).
An increase in absorbance at 700nm on increase in
extract concentrations indicates reducing capacity and the
reducing properties are generally associated with the
presence of reductones. Ferric reducing assay has been
employed to evaluate antioxidant activity of compounds.
In this assay, the presence of reductants (antioxidants) in
the samples would result in the reduction of Fe™ to Fe'?
by donating an electron. The reducing capacity of a
compound may serve as a significant indicator of its
potential antioxidant activity (Hsu et al., 2006; Chung et
al., 2006; Kekuda et al., 2013a). In this study, the solvent
extracts of selected actinomycetes showed dose
dependent reducing power and the effect was lesser
when compared to ascorbic acid. Overall, the reducing
power of extract of isolate PO-10 was marked when
compared to solvent extracts of other isolates. Although
the effect observed is lesser, it is evident that the extracts
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possess reductive potential and could serve as electron
donors, terminating the radical chain reactions (Chung et
al., 2006). Similar results were observed in earlier studies
on Western Ghat actinomycetes in which solvent extracts
of Streptomyces species isolated from Thirthahalli
(Kekuda et al., 2013), Agumbe (Kekuda et al., 2010b;
Gautham and Onkarappa, 2013), Kudremukh (Manasa et
al., 2012) and Talakaveri (Junaid et al., 2013) displayed
low to moderate ferric reducing activity.

CONCLUSION

New screening programs have been developed for
isolation of new species and novel and biologically active
compounds. One such approach is to isolate and screen
actinomycetes from relatively unknown or unstudied
areas. In the present study, we isolated Streptomyces
species from different soil samples of Western Ghats of
Karnataka. The isolates have shown antimicrobial,
antioxidant and cytotoxic efficacies. The Western Ghat
actinomycetes are found to be promising resources for the
development of therapeutic agent. Further studies on
isolation of active components from the isolates and their
antimicrobial and cytotoxic activity determination are to be
carried out.
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