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Abstract: Twenty nine isolates of actinomycetes were isolated from 60 soil samples collected 
from sub-tropical regions of Tamil Nadu. These isolates exhibited a wide range of colony colours 
(dark grey, grey, red, violet, whitish and yellowish white). All the coloured isolates were purified 
and subjected to antimicrobial activity against selected bacterial pathogens. Among 29 isolates, 9 
isolates exhibited the antimicrobial activity against selected pathogens. Isolates TM3, TM4 and 
TM8 recorded for predominant antimicrobial activity against Salmonella typhi, Pseudomonas 
aeruginosa, Staphylococcus aureus, Klebsiella sp. and Shigella sp. Morphological microscopic 
observation, biochemical characterization confirmed as Streptomyces sp. The utilization for 
suitable biotechnological implementations will be investigated in future studies.  
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Introduction 
Actinomycetes are filamentous gram positive bacteria, characterized by a complex life cycle 
belonging to the phylum Actinobacteria, which represents one of the largest taxonomic units 
among the 18 major lineages currently recognized within the Domain Bacteria [1]. The major 
microbial population is present in soil and they produce active secondary metabolites. As there are 
geographic variations in Indian soil types and antibiotic producing actinomycetes also varies. 
Therefore, exploration of unexplored ecosystems for actinomycetes is necessary for the 
identification of novel antibacterial metabolites. 
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Natural organic compounds produced by microorganisms are important for screening to produce a 
variety of bioactive substances [2]. Compounds of actinomycete origin, in particular are valuable 
in the field of natural products [3]. 

Around 23,000 bioactive secondary metabolites produced by microorganisms have been reported 
from microorganism and over 10,000 compounds are produced by actinomycetes of which 
approximately 7600 compounds are obtained from Streptomyces species. Therefore several 
pharmaceutical companies are exploring on antibiotic producing actinomycetes particularly, 
Streptomyces [4].  A wide range of antibiotics in the market are being obtained from 
actinomycetes. They are capable of degrading a wide range of hydrocarbons, pesticides, and 
aliphatic and aromatic compounds and also have a property to perform microbial transformations 
of organic compounds, which are of great commercial value. They are being identification as 
promising tool for use in bioconversion of agriculture and urban waste into chemically vital 
products. Their metabolic potential offers a strong area for research. For novel drug delivery, 
scientists still explore the chemical and biological diversity from diverse actinomycetes group to 
maximize the possibility of successful discovery of novel strain in cost effective manner [5]. 

More than 70% of the naturally derived antibiotics, which are in clinical use were derived from 
soil actinomycetes [6]. Among the 140 described actinomycete genera, only a few are responsible 
for the production of over 20,000 microbial natural products. Particularly, the genus Streptomyces 
accounts for about 80% of the actinomycete natural products reported [7]. 

Actinomycetes represent a high proportion of the soil microbial population and have the capacity 
to produce a wide variety of antibiotics and extracellular enzymes [8]. Most of the known natural 
antibiotics are produced from actinomycetes [9]. The genus especially Streptomyces species  have 
been recognized as prolific producer of useful bioactive metabolite with broad spectrum of 
activities, which has antibacterial, antifungal, antibiotic, antiphrastic, antitumor, antiviral, 
insecticide, herbicide, immune modulators, antithrombotic properties [10].  

Thus screening and isolation of promising strains of actinomycetes with potential antibiotics is a 
thrust area of research for many years. Streptomycetes are widely used in industries due to their 
ability to produce numerous chemical compounds including antibiotics, enzymes and anti-tumor 
agents [11, 12]. Hence the present study was undertaken to isolate the actinomycetes from various 
regions of Tamil Nadu and to evaluate its antibacterial potentiality.  

Materials and Methods 
Soil samples (60 No.) were collected from various regions in and around Tamil Nadu. Soil 
samples were collected from 15 cm depth, transferred into sterile bags and brought to the 
laboratory. Actinomycetes were isolated by serial dilution and spread plate technique and plated 
on starch casein agar medium (SCA). Isolated colonies were preserved in glycerol added SCA 
medium and stored at 20 °C (Table. 1).  
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Table 1 Collection of Soil samples 

S.No Month  
& year 

Location No of soil  
and ID 

Sample  
region 

pH EC 
(dSm‐1) 

Temperature  
(°C) 

1 Dec, 2010 Sethumadai MCRC-AS-1  
to 18 

Vegetable  
crop soils 

4.3 to 5.8 0.07 ±0.1 27‐33 

2 May, 2011 Kodaikanal MCRC-AK-1  
to 30 

Vegetable  
crop soils 

5.2 to 6.9 0.07 ± 1.3 9‐13 

3 June, 2011 Perambalur 

 

MCRC-AP-1  
to 9 

After harvest 
sugar canes 
burned soils. 

7.9 to 8.3 0.47 ± 
1.10 

27-35 

4 Aug, 2011 MCRC MCRC-AM-1 Soils 7.3 0.38 27-35 

5 Aug, 2011 CFL MCRC-
ACFL-1and 2 

Soils 7.8 to 8 0.06 ± 0.1 27-35 

 

Table 2 Microbial Enumeration of soils 

S.No Location No of soil  
and ID 

Bacteria 
(CFU X 106 

colonies/g-1) 

Fungi 
(CFU X 106 

colonies/g-1) 

Rhizobium  
(CFU X 106 

colonies/g-1) 

Actinomycetes  
(CFU X 106  

colonies/g-1) 

1. Sethumadai MCRC-AS-1  
to 18 

194 ± 120 4 ± 1 90 ± 25 4 ± 1 

2. Kodaikanal MCRC-AK-1 
 to 30 

620 ± 350 6 ± 1 190 ± 46 1 ± 1 

3. Perambalur MCRC-AP-1  
to 9 

270 ± 160 4 ± 1 80 ± 20 4 ± 1 

4. MCRC MCRC-AM-1 110 1 10 1 

5. CFL MCRC-
ACFL-1 and 2 

100 ±  90 1 ± 1 90 ± 10 2 ± 1 

Enumeration and Isolation of actinomycetes 
Collected samples were processed and tested for physicochemical parameters such as pH, Electro 
conductivity and microbial enumeration. Soil and sugarcane samples were serially diluted with 
sterile distilled water from 10-2 to 10-6 and 0.1 mL from each dilution was inoculated on Nutrient 
Agar (NA), Rose Bengal Agar (RBA), Yeast Extract Mannitol Agar (YEMA) and Starch Casein 
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Agar (SCA) by spread plate method for the isolation of bacteria, fungi, rhizobium and 
actinomycetes respectively and incubated at 37 ± 2 °C. Based on the colony morphology, 
actinomycetes were selected and purified on SCA medium and stored at 4 °C for further study 
(Table. 2).  

Morphological and biochemical observations of actinomycetes 
Selected isolates from the spread plates were subjected to morphological identification. 
Morphological methods consists of microscopic and colony observations (Table. 3). The 
microscopic characterization was done by cover slip method [13] for potent isolates (Plate.1). The 
mycelium structure, colour and arrangement of spores were observed through the oil immersion 
under microscope at 100X, followed by Gram’s staining was performed. Various biochemical 
tests such as Methyl red, Indole production, Citrate utilization, Urease, Catalase, Lipase activity, 
Cellulose activity, Hydrolysis of starch, Hydrolysis of casein, Nitrate reduction were performed 
for the identification of the potent isolates (Table. 4). The observed structure was compared with 
Bergey’s Manual of Determinative Bacteriology [14] and genus of the isolate was identified.  

Production and extraction of antibacterial metabolites 
Different colonies isolated from the samples were picked and purified on SCA.  These isolates 
were grown on SCB for the production of intracellular bioactive metabolites. Culture was 
individually grown on 250 mL of flasks containing 100 mL of SC broth. The broth was inoculated 
with loopful of culture and incubated in the orbital shaker (200 rpm at 30 °C for 7 days). After 7 
days of incubation, the biomass was harvested by centrifugation at 10,000 rpm for 20 minutes, 
and then the mycelia were washed three times with sterile distilled water. The cells were then re-
suspended in 10 mL of methanol and pulverized with the help of a mortar and pestle. The extract 
was centrifuged at 10,000 rpm for 20 minutes and then the filtered supernatant was taken and 
concentrated by evaporation. The extract was stored at 4 °C. 

Screening for antibacterial activity 
The antimicrobial activity of isolated crude metabolites was performed by agar well diffusion 
method [15]. Petri plates were prepared with 20 mL of sterile Muller Hinton agar (MHA, 
HiMedia). Bacterial strains such as Pseudomonas aeruginosa, Salmonella typhi, Staphylococcus 
aureus, Klebsiella sp. and Shigella sp. were swabbed on the top of the solidified MHA media and 
allowed to dry for 10 minutes and wells were created.  The wells were loaded with 100μl of 
concentrated crude methanol extract and incubated for 24 hrs and recorded the zone of inhibition 
(mm). 
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Plate 1 Morphology of actinomycetes 

                

                
 
 

 

 

Plate 2 Actinomycetes isolates for antimicrobial Activity 

 

  

 

   

Spore chain arrangement –observed at 100 X. a) Cover slip methods for spore arrangement, 
b) TM3, c) TM4,  d)TM8 actinomycetes isolates 
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Fig 1 Antibacterial activity of actinomycetes isolated from soil 

 

Identification of actinomycetes isolates 
Selected isolates were identified through 16s rRNA gene sequencing carried out in GSBTM, 
Gujarat, India.  

Results  

Collection of soil samples from different regions of Tamil Nadu. 
Among them samples collected from Kodaikanal recoded the minimum temperature of 9 to 13°C, 
with the pH and EC range of 5.2 - 6.9 and 0.07 - 1.3 dSm‐1  respectively [16]. Maximum 
temperature was recorded at rest of the places between 27 - 35°C with the pH range of 4.3 - 2.4 
respectively (Table.1).  

Isolation of Actinomycetes 
Actinomycetes were isolated in accordance with differences in the colony morphology and similar 
colonies were not taken for study. The different colonies were purified and maintained in SC agar. 
Twenty-nine actinomycetes were isolated from different samples, in Starch casein agar (SCA). 
Pinpoint colonies were selected based on morphological characteristics and isolated colonies were 
purified from the Starch Casein Agar and stored at 4° C (Table: 3) by multiple streak method.  
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Morphological and biochemical observation 
Morphological identification was performed using microscopic technics for the selected isolated 
colonies were carried out. The isolate belongs to gram positive, branching and filamentous in 
structure. Macroscopic identification of the three potent isolates was performed by and using the 
culture morphology. It was found to powdery and earthy smell was observed. Microscopic 
observations revealed that isolates are bears spore chains and the aerial mycelium (Plate. 1). 

Biochemical characterization 
Biochemical characterization showed that the isolate TM3 recorded positive result for methyl red, 
citrate utilization and catalase and nitrate reduction. Isolate TM4 recorded positive result for 
indole production, citrate utilization, cellulose, starch hydrolysis, casein hydrolysis and catalase. 
Isolate TM8 recorded positive result for citrate utilization, catalase, lipase, starch hydrolysis and 
nitrate reduction (Table. 4). Based on the above morphological and biochemical results obtained it 
confirms that the above three isolates belong to Streptomyces sp.  

Results: 

Screening for Antibacterial Activity 
Out of 29 actinomycetes subjected for antibacterial activity, 9 isolates recorded potential 
antibacterial activity against the selected test pathogenic gram positive microorganisms. Most of 
them were active against Salmonella typhi, Pseudomonas aeruginosa and Klebsiella sp. Among 9  
strains, TM3, TM4 and TM8 had shown more inhibitory activity when compared to other six 
strains (Fig. 1 and Plate: 2). Based on this result the selected isolates were further subjected to 
molecular identification using 16S rRNA sequence and BLAST analysis done at Gujarat State 
biotechnology Mission at Gujarat, INDIA. Based on the above analysis, the isolates TM3, TM4 
and TM8 were confirmed as Streptomyces sp. 

Discussion: 
Actinomycetes are best known producing bioactive compounds. Due to its high value, screening 
for new bioactive substances continues from actinomycetes for the past few years.  In the present 
study, the cost effective bioactive compound was screened from collected soil samples. 

Enumerated colonies were calculated using colony forming unit one gram of soil sample. It is 
obvious to conclude that actinomycetes numbers generally decreased with heavy rainfall with 
great moisture content of soil. Actinomycetes preferred neutral or slightly alkaline soil to grow. It 
is found that actinomycetes number is less in the surface soil than 10cm deep. The number of 
actinomycetes in great amounts was found in agriculture soil (Table: 2). 
Actinomycetes were isolated from 60 soil samples. Out of 29 isolates, 9 recorded promising 
antibacterial activity against Salmonella typhi, Pseudomonas aeruginosa and Klebsiella sp. 
Among 9 strains, TM3, TM4 and TM8 had shown more inhibitory activity when compared to 
other six strains. The antimicrobial activity concluded that TM4 isolate recorded predominant 
antimicrobial activity (Fig: 2, Plate: 1). Based on the microscopic and biochemical 
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characterization, the above three isolates were belong to Streptomyces sp. Thakur et al. 2007 [17] 
reported antagonistic activity against test microorganisms from a total of 110 actinomycetes  

 
Table 3 Colony colour for selected Actinomycetes. 

S.No Location Isolation Number Colour of colonies 

1 Sethumadai 10A, 10B and 11 White and brown 

2 Kodaikanal 15A, 15B, 15C, 16A, 16B, 17A, 17B, 19A, 
19B, 20,27, 29 and 30 

Brown, grey, yellow, blue, 
pink, violet, red 

3 Perambalur 4A, 4B, 6A, 6B, 6C, 9, 10 and 11A Yellow, grey, white and green 

4 MCRC 1 Yellow 

5 CFL 1 Red 
 

Table 4 Biochemical test for actinomycetes isolates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  + positive    - negative 

Test TM3 TM4 TM8 

Methyl red + - - 

Indole production - + - 

Citrate utilization + + + 

Urease - + - 

Lipase activity - - + 

Cellulose activity - + - 

Hydrolysis of starch - + + 

Hydrolysis of casein - + - 

Catalase + + + 

Nitrate reduction + - + 



Antimicrobial Potentials of Selected Actinomycetes Collected ……..     41 

INDIAN JOURNAL OF APPLIED MICROBIOLOGY                                      Vol. 19 No. 1 Jan.- Jun. 2016 

isolated from the soil samples for developing new microbial metabolites. The reason for 
actinomycetes in inhibiting bacteria is due to the production of secondary metabolites. Using 
modern biotechnological tools these isolates were further cultured and the potent metabolites are 
isolated and identified for these industrial/value added activities, Jeffrey et al., 2008 [18] reported 
antagonistic reaction for F. palmivora, B. subtilis, R. solanacearum and P. dispersa and 
Duraipandiyan et al., 2010 reported [19] antagonistic activity against Bacillus subtilis (< 15.62 
mg/ml), Staphylococcus aureus (< 15.62 mg/ml), Escherichia coli (125 mg/ml) and Pseudomonas 
aeruginosa (500 mg/ml), Botrytis cinerea (500 mg/ml) and Trichophyton mentagrophytes (1000 
mg/ml). 

Further the selected isolates will be processed for the extraction of bioactive molecules, followed 
by separation and structural elucidation using NMR and LCMS spectroscopy. The selected 
compound will be used for suitable biotechnological/industrial application in future research. 
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