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Abstract: The emergence of antimicrobial resistance among pathogenic microorganisms has led 
to search for new antimicrobial agents. Actinobacteria prove themselves as reliable sources of 
novel antimicrobial compounds. The present study was made to screen antagonistic actinobacteria 
from Senganatham hills, Tamil nadu, India. Actinobacteria from the soil samples were isolated 
using Starch caesin agar. Ten morphologically different actinobacteria were selected for screening 
antagonistic activity by agar plug method against Staphylococcus aureus, Bacillus subtilis, 
Klebsiella pneumoniae and Escherichia coli. Strains DKM3 and DKM6 showed good 
antagonistic activity. Bioactive metabolites from DKM3 and DKM6 were produced by adopting 
submerged fermentation using International Streptomyces Project (ISP2) broth. In agar well 
diffusion method, the extract from DKM3 showed higher antimicrobial activity. The strains were 
identified based on cultural, morphological and biochemical characters and were confirmed as 
Streptomyces spp.  The extracts were analyzed by TLC to find out the Rf value of the metabolites 
and characterized by UV-Vis and FT-IR to confirm the absorption peaks. The findings of the 
present study revealed that the Streptomyces spp. isolated from Senganatham hills could be a 
potential source for bioprospecting. 
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Introduction 
Microorganisms are the nature’s treasure house for a variety of novel biologically active 
metabolites. Microorganisms serve as biological factories to produce metabolites of higher value. 
They are the easiest manipulated sources of products like drugs, therapeutic proteins, vaccines, 
diagnostics and others. Microbial bioprospecting starts from the collection of samples from 
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environment for the identification and application of specific bioproduct. Among the various 
industrially important microorganisms, actinobacteria are of prime importance due to the ability 
to produce wide range of bioactive secondary metabolites such as antibiotics, antitumour agents, 
immunosuppressive agents, enzymes [1], cosmetics, vitamins, nutritional materials, herbicides, 
pesticides [2]. There are very few reports on actinobacterial study from hills ecosystems. Hence 
the present investigation was made to screen the terrestrial actinobacteria for the production of 
antimicrobials from the soil of Senganatham hills, Vellore, Tamil Nadu, India which is an 
unscreened ecosystem.  

Materials and Methods 

Collection of soil samples  
Soil samples were collected from eight different places in Senganatham hills Vellore district, 
Tamil Nadu, India, Soil samples were collected in sterile polythene covers, transported to the 
laboratory aseptically and refrigerated until further use [3]. 

Isolation of actinobacteria 
One gram (1gm) of soil samples were transferred into 9 ml of sterile distilled water (10-1) and 
serially diluted up to 10-5 dilutions using each 9 ml of sterile distilled water blanks. Hundred 
microlitre of diluted soil sample from 10-3, 10-4 and 10-5 dilutions was spreaded on Starch casein 
agar (SCA) plates supplemented with nalidixic acid (20μg/ml) and Actidione (100μg/ml). Plating 
was done in triplicates and all the plates were incubated at 28ºC for 7 days. The individual 
actinobacterial colonies were selected and inoculated on ISP2 (International Streptomyces 
Project) agar plates and incubated for 7 days at 28o C. Morphologically distinct colonies were 
selected and subcultured on ISP2 agar slants and preserved at 4o C until further [4]. 

Screening of Actinobateria for antagonistic activity  
18 hrs broth cultures of test bacterial strains (Staphylococcus aureus, Bacillus subtilis, Klebsiella 
pneumonia and Escherichia coli) were swabbed individually into freshly prepared nutrient agar 
(NA) plates. 

Agar plug method 
Antagonistic activity of actinobacterial isolates were tested by adopting agar plug method. Agar 
plugs were removed with a 5 mm diameter core from 10 days grown cultures of the actinobacteria 
from ISP2 agar medium. The surface growth on agar was removed with sterile knife to obtain 
only the diffused microbial metabolites in the agar plugs. The agar plugs were placed on to the 
nutrient agar plate which was previously swabbed with the test bacterial pathogens (Salmonella 
paratyphi A, Bacillus subtilis, Klebsiella pneumonia and Escherichia coli) and the plates were 
incubated at 37oC for 24 hrs. Following incubation, antimicrobial activity was observed by the 
formation of an inhibition zone which indicated the diffused antimicrobial metabolites produced 
by the growing actinobacterial culture [5]. 
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Secondary screening of Actinomycetes for antibacterial activity 

Preparation of inoculum for fermentation process 
Starch casein broth (100 ml) was prepared and then under aseptic conditions a loop full of 
purified growth added in the Starch casein nitrate broth. This broth was incubated at 28°C in 
shaking incubator at 150 rpm for 5 days. After 5 days the inoculum for fermentation process was 
ready for use. 

Fermentation method 
100 ml of Starch casein broth was prepared and autoclaved. 10 ml of the prepared inoculum was 
added in the broth. The broth was incubated at 28°C for 5 days in shaking incubator at 150 rpm. 
The pH of the medium maintained at 7 and after the incubation extraction was done [6]. 

Method for extraction 
After fermentation, the medium was harvested and centrifuged to remove cells and debris. The 
supernatant was collected in a sterilized screw cap bottle. The supernatant was mixed with ethyl 
acetate in the ratio of 1:1 (v/v) and shaken vigorously for 1 hr in a solvent separating funnel. 

The solvent phase that contains antibacterial compound was separated from the aqueous phase. 
Solvent phase was evaporated to dryness in water bath at 80 – 90o C and the residue was used to 
check antimicrobial activity [7]. 

Testing of antimicrobial activity 

Well diffusion method 
The test bacterial cultures as mentioned in preliminary screening were inoculated into freshly 
prepared NA plates (bacterial strains) using sterile cotton swabs. Then wells were made (about 
5mm in diameter) in the inoculated plates using well cutter and each well was loaded with 100µl 
of cell-free culture supernatant. The plates containing bacterial strains were incubated at 37oC for 
24 hrs. After incubation, the zone of inhibition was measured and expressed as millimeter in 
diameter [5]. 

Characterization of crude extracts 

Thin layer chromatographic analysis of bioactive compound 
Silica gel plates, (10×20 cm, 1mm thick) were prepared by spreading the slurry of silica gel 
evenly on the plates. They were activated at 150o C for half an hour. The extracts were spotted on 
the baseline of the silica gel plates (stationary phase) at 1 cm and then allowed to dry at room 
temperature [6]. The plates were placed in TLC chamber, presaturated with the mobile phase as 
10% ethyl acetate in hexane (1:3). The chromatogram was developed and visualized under UV 
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light and in the iodine chamber, and then the spots were marked. Retention factor (Rf) of the 
compound was also determined by using the formula 

Rf    = Distance moved by the solute / distance moved by the solvent 

 UV Vis spectrophotometer analysis 
Different bioactive compounds have different absorbance spectra in UV and visible light that 
enable the characterization of secondary metabolites. λmax of secondary metabolites was 
determined by UV-Vis spectrophotometer (HITACHI-3210). The culture filtrates were scanned 
over a range of wavelength (200-900 nm) against Starch casein broth (SCB) as a reference. On 
the basis of the scanning graph, λmax was determined. 

Fourier transformed infrared spectroscopy analysis (FT-IR analysis) 
The infrared (IR) spectra of the crude extracts were measured (as KBr discs) from 400-4000 cm-1 
on Perkin Elmer 2000 FT-IR spectrophotometer. The spectrum was taken in the mid IR region of 
400-4000 cm-1 with 16-scan speed. The samples were mixed with spectroscopically pure 
chloroform in the ratio of 1:100 and pellets were fixed in the sample holder and the analyses were 
carried out. The important IR bands were studied to determine the presence of functional group in 
the ethyl acetate crude extracts [7]. The absorbance peak values obtained were compared with the 
standard values. 

Results  

Morphological identification 
In the course of screening 10 isolates were selected from SCA plate based on colony morphology 
and were labeled as DKM1 to DKM10. After 7 days of incubation, the typical characteristic 
colonies with white, cream, grey, pale brown, yellow, orange, pink, powdery appearance, flat 
surface with hard and difficult to scrap textures were observed (Table 1). Gram’s staining showed 
filamentous structure with conidia typical of actinobacteria. 

Screening of antagonistic activity 
Antagonistic activity of actinobacteria was preliminary screened by agar plug method against 
bacterial pathogen. Out of 10 isolates, 7 actinobacterial strains inhibited the test bacterial strains. 
Based on the antagonistic activity of actinobacteria in preliminary screening, two actinobacterial 
strains such as DKM3 and DKM6, which inhibited all the tested pathogens, were selected for the 
production of bioactive compounds. Active bioactive compounds recovered from the culture broth 
were used for the determination of antibacterial activity by agar well diffusion method. 

Antibacterial activity 
Antibacterial activity of actinobacteria culture filtrate was given in Table 2, culture filtrate from 
strain DKM3 showed activity against all the four test pathogens Klebsiella pneumoniae, E.coli, 
Bacillus subtilis and Salmonella paratyphi. The culture filtrate from strain DKM6 showed activity 
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against Bacillus subtilis and Salmonella paratyphi A, but not against E.coli and Klebsiella 
pneumoniae. Hence the culture filtrate from strain DKM3 showed highest zone of inhibition, the 
DKM3 was selected as potential strain. 

Characterization of bioactive compounds 
The production of bioactive compound by the strains was confirmed from the culture extract by 
performing TLC analysis and the Rf values were found to be 0.56 and 0.81(Figure 1).  

Absorption spectral analysis of culture filtrates predicts the nature of the metabolites. In this 
investigation, the absorption spectrum of the culture filtrate of actinobacteria displayed two major 
peaks, one at 256nm and the other at 247nm (Figure  2 & 3) the characteristics of absorption 
peaks indicate polyene nature of the metabolites. 

FT-IR measurements were carried out to identify the possible compounds present in the extracts. 
Representative spectra of the extract (Figure 3) manifests the absorption peaks located at about 
1242.16, 1759.08, 1056.99, 1375.25, 2983.88 and 929.69 cm-1. The FT-IR spectra revealed the 
presence of different functional groups like C-N, C-O/ O-H, C-H and R2C=CH2/C-H showed the 
presence of amines, alcohol, alkane and alkenes (Figure 4). Based on the cultural, morphological 
and biochemical characters the strains DKM 3 and DKM 6 were identified to be Streptomyces 
spp. (Table 3 & 4).    

        Table 1: Growth pattern of actinobacteria isolated from  

Senganatham hill soil on ISP 2 agar medium 

 

 

 

 

 

 

 

 
 
 

 

Characteristics Growth Pattern No. of Isolates 

Growth 

 

Good 10 

Moderate 8 

Consistency 

 

Powdery 7 

Leathery 3 

Aerial Mass Color 

 

 

 

White 5 

Gray 3 

Yellow 2 

Orange 2 

Reverse Side Pigment Brown 3 

Soluble Pigment Brown 4 
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Table 2: Antibacterial activity of DKM3 & DKM6 Strains 

Test Organism 

 

Zone of inhibition in mm 

(DKM3) 

Zone of inhibition in mm 

(DKM6) 

E. coli 12 6 

Klebsiella pneumoniae 16 6 

Bacillus subtilis 13 11 

Salmonella paratyphi A 12 13 

 

Table 3: Characteristics of potential actinobacteria DKM3 and DKM6 Strains 

Characters DKM3 DKM6 

Micromorphology   

Aerial mycelium + + 

Grams Staining Gram Positive Gram Positive 

Colony morphology 
Dry White, powdery 

colonies(M) 
Dry white, powdery 

colonies(S) 

Cultural characteristics   

Colony Consistancy Powdery Powdery 

Aerial mass color White White 

Reverse side pigment Brown Orange 

Soluble pigment   

Growth on different ISP 
medium   

ISP1 White colony Dry white colony 

ISP2 Dry white, powdery colonies Dry white, powdery colonies 

ISP3 
White around light brown 

coloured colonies 
White around light green 

coloured powdery colonies 

ISP6 White coloured colonies Dry, brown coloured colonies 
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As the highest activity was seen with DKM3 strain, the FT-IR analysis was performed only for 
the filtrates of strain DKM3. 

Discussion 
Eight different soil samples from Senganatham hill were taken to isolate actinobacteria. 
Pretreatment of soil by heat and the addition of antibiotic/other inhibitory substances may favour 
the growth of target actinobacteria by inhibiting the growth of unwanted microorganisms [8]. 

There are certain reports stated that the heat treatment of soil samples at 55oC for 10 minutes and 
the addition of nalidixic acid [20µg/ml] and actidione [100µg/ml] facilitates the growth of 
selective actinobacterial genera especially Streptomyces [9]. In addition, starch casein medium 
was used for the isolation and enumeration of actinobacteria from unusual ecosystems like desert 
and forest, respectively [10]. 

Isolates with morphological differences were chosen for studying the ability to produce 
antibacterial, antifungal, antioxidant activity and enzyme production. 

Screening of microbial strains for antagonistic activity is prerequisite for any natural product drug 
discovery programme. Some of the methods commonly used are crowded plate method, agar 
overlay method, cross streak method and agar plug method. But each and every method has its 
own merits and demerits. In the present study agar plug method was used for the detection of 
antagonistic activity. This method allowed utilizing very small amount of medium for the 
culturing and production of bioactive compounds and also for the detection of antimicrobial 
activity of more number of actinobacterial isolates against wide range of pathogens with less 
investment costs [11].  

It was observed that out of 10 isolates of actinobacteria 7 of them showed significant activity 
against bacteria. Out of the 10 isolates two isolates namely DKM3 and DKM6 exhibited good 
antibacterial activity. In most of the studies, the antimicrobial activity of crude compound was 
tested only after extraction from culture broth using solvent like ethyl acetate [11]. 

The Rf values of the bioactive compounds obtained from actinobacteria were calculated. Similar 
results were obtained from the cultural extract of marine sponges associated Streptomyces was 
reported by Dharmaraj and Sumantha, 2009 [12]. 

The UV-Vis spectral data for the ethyl acetate extract of the fermented broth produced maximum 
absorbance peaks ranged between 200-260nm and the characteristics of absorption peaks indicate 
a highly polyene nature of the metabolite. The spectral data are consistent with those obtained by 
Swaadoun et al., 1999 [13]. Similar observation has also been reported with Streptomyces 
coelicolor, which produced two antibiotics. It has also been reported that the actinobacteria often 
produce two (or) more metabolites simultaneously having different spectral peaks [14]. 

IR spectra of crude extract showed some different vibration peaks of these functional groups in 
the extract depicts that the diverse activity they exhibited against test organisms during the 
susceptibility screening. The distribution of the antibiotic inhibition phenotype of Streptomycetes 
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with great antibacterial activity which gave a similar spectra profile has also been reported [15]. 
Nevertheless, further investigation is needed in order to purify and determine the structure of the 
active components in the extracts. 

Actinobacteria isolates having broad spectrum of antimicrobial activity are of major importance 
for their study in the isolation of novel antimicrobial compounds. Thus the results showed that 
there is a hope for bioprospecting of antagonistic actinobacteria from Senganatham hill 
ecosystem. 

Conclusion 
The results showed that the strains DKM3 and DKM6 exhibited antagonistic activity against 
pathogenic bacteria. These strains have potential for new preparation with antibacterial and 
action. Further more intensive studies are needed to utilize the strain a potential source for the 
drug discovery. These significant results make strain suitable for further investigation and 
industrial exploitation. Findings of the present study conclude that Senganatham hill is the 
potential ecosystem for antagonistic actinobacteria which deserves for bioprospecting. 
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