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In order to obtain different actinomycetes isolates from the 

Visakhapatnam marine soils, an isolation study was carried out by 

using different growth media. A molecular taxonomic method, 16S 

rDNA gene sequencing, was applied to obtain high virulent isolate 

(DHB-603) isolated from Visakhapatnam marine soils. Phylogenetic 

dendrograms based on 16S rDNA nucleotide sequences were 

constructed by using neighbour-joining algorithm and maximum 

likelihood methods. In the light of phylogenetic analyses, it was 

determined that DHB-603 showed 99.5% similarity with Streptomyces 

phaeopurpureus, and in phylogenetic tree also DHB-603 and  

Streptomyces phaeopurpureus were in the same branch. Soil isolate 

obtained from this study contribute to taxonomy of Streptomyces and 

also many species will emerge. 
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Introduction:- 
Streptomyces species are abundant micro-organisms in soil and are well known for their ability to produce 

biologically active secondary metabolites, particularly antibiotics. Interestingly, only a small number of 

Streptomyces species are known to be plant or animal pathogens (Loria et al., 1997). Members of the genus 

Streptomyces are filamentous Gram positive soil bacteria with a typical base composition of 72-75 mol% G + C 

(Enquist & Bradley, 1971 ; Piepersberg, 1993). Streptomycetes undergo complex morphological differentiation 

including growth of substrate mycelia in the initial phase, followed by development of aerial mycelium and its 

subsequent conversion to spores (Piepersberg, 1993). 

 

Streptomycetes possess extensive secondary metabolic pathways leading to the production of a wide array of 

bioactive compounds including many commercially important substances such as antibiotics. The metabolic 

diversity of these indigenous soil micro-organisms has been widely exploited in industry and agriculture. Selective 

methods for detecting and identifying these micro-organisms are needed in order to gain insights into the population 

and genome dynamics of Streptomyes in natural environments, in particular the distribution of unstable genetic 

material such as the biosynthesis genes for antibiotic production (Piepersberg, 1993 ; Phillips & Wellington, 1992). 

 

Some organisms that are in advertently placed in an ineligible group are now classified appropriate owing to the 

advent of molecular techniques (Zhi et al., 2009). Recently, the identification of the species and phylogenies are 

commonly derived from 16S rDNA and the use of polymerase chain reaction (PCR) for sequence analyses (Wood et 

al., 2007; Zhi et al., 2009). Majority of actinomycetes are commonly found in both aquatic and terrestrial habitats 
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(Macagnan et al., 2006). The best known actinomycetes in soil is the genus Streptomyces although others, like 

Norcardia, Microbispora, Micromonospora, Actinomyces, Actinoplanes and Streptosporangium, have also been 

isolated from soil. The number and variety of actinomycetes present in any soil sample would be significantly 

influenced by geographical location, soil temperature; type and pH, organic matter content, agri-cultural activities, 

aeration, nutrient availability, moisture content and soil vegetation (Arifuzzaman et al., 2010). Presently, different 

antimicrobial compounds likely to be obtained are decreasing day by day from action-mycete groups. Nowadays, 

obtaining new antibiotics from rare actinomycetes is industrially important (Hayakawa, 2008). 

 

16S rRNA gene sequencing is a powerful method for elucidating phylogenetic relationships among prokaryotic 

organisms (Woese, 1987; Stackebrandt et al., 1997) and has been used to facilitate the differential identification of 

the genus Streptomyces (Mehling et al., 1995; Kreuze et al., 1999). Nevertheless, 16S rRNA gene sequences may be 

insufficient to define  phylogenetic relationships among closely related species and among strains belonging to a 

species because of the evolutionary conservation of 16S rRNA (Woese, 1987). In comparison with 16S rRNA gene 

sequences, sequences of 16S–23S rDNA internally transcribed spacer (ITS) regions are more variable and have been 

shown to be useful in inferring the phylogenetic relationships between closely related organisms (Gu¨rtler & 

Stanisich, 1996). Recently, the number, size and sequences of 16S–23S ITS regions were used for discrimination of 

Streptomyces albidoflavus strains (Hain et al., 1997), genetic analysis of the genus Nocardioides (Yoon et al., 1998) 

and clarification of the relationship between members of the family Thermomonosporaceae (Zhang et al., 2001). 

 

In the present study, we determined 16S rRNA gene sequences to classify high antibiotic producing strain of 

Streptomyces isolates from marine sediment of Visakhapatnam coast by using the neighbour joining and maximum 

likelihood methods. 

 

Materials and methods:- 
Collection and isolation of Marine Sediment Samples:- 

A marine sediment samples were collected from Visakhapatnam coast, India. These Actinobacteria were isolated 

from marine sediment samples by plating them on suitable agar media with different dilutions. Actinobacteria 

colonies can easily be distinguished on the plate from those of fungi and non-filamentous bacteria.  

 

Morphological Characteristics:- 

For the selected high active isolate DHB-603, macro, micro morphological features of colony, colour characteristics 

of the aerial mycelium, substrate mycelium, soluble pigments and biochemical characters were evaluated after 14 

days of incubation at 28°C. 

 

Molecular characterization:- 

Bacterial strains and culture conditions:- 
The strain used in this study were grown in shaking flasks containing GYM (Streptomyces medium; DSM Z 

Medium 65) at 28°C.  

 

Isolation of chromosomal DNA:- 
Chromosomal DNAs were isolated by a versatile quick-prep method for genomic DNA of Gram-positive bacteria 

(Pospiech & Neumann, 1995), with some modifications. Mycelia (1–2 ml) grown in a GYM broth shake culture 

were centrifuged, rinsed with TE and resuspended in 0.4 ml SET buffer (75 mM NaCl, 25 mM EDTA, 20 mM Tris, 

pH 7.5). Lysozyme was added to a concentration of 1 mg/ml and incubated at 37°C for 30 min–1 h. Then 0.1 vols 

10% SDS and 0.5 mg Proteinase K ml
-1

 were added and incubated at 55°C with occasional inversion for 2 h. One-

third volume 5 M NaCl and 1 vol. chloroform were added and incubated at room temperature for 30 min with 

frequent inversion. The mixture was centrifuged at 4500 g for 15 min and the aqueous phase was transferred to a 

new tube using a blunt-ended pipette tip. Chromosomal DNA was precipitated by the addition of 1 vol. 2-propanol 

with gentle inversion. The DNA was transferred to a new tube, rinsed with 70% ethanol, dried under vacuum and 

dissolved in a suitable volume (about 100 ml) of distilled water. The dissolved DNA was treated with 20 mg RNase-

A m
-1

 at 37°C for 1 h. Samples were extracted in the same volume of phenol/chloroform/isoamyl alcohol (25 : 24 : 

1) and precipitated with 2.5 vols cold ethanol and 0.1 vols 3 M sodium acetate. The pellets were washed with 70% 

ethanol, dried and dissolved in TE or distilled water. 
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16S rRNA gene sequence analysis:- 

With the above isolated genomic DNA, two universal primers 27F (5'AGAGTTTGATCMTGGCTCAG 3') and 5' 

TACGGYTACCTTGTTACGACTT 3' were used to amplify 16S rRNA genes.  PCR reaction mixture of 25 μl total 

volume, containing 1/10 volume 10× Taqbuffer, 2 mm MgCl2, 1  unit TaqDNA polymerase, 0.2 mMdNTP, 20 

pmolforward primer, 20 pmolreverse primer and 100 ng DNA. DNA amplification was carried out in a Biorad Mini 

thermocycler with the following procedure: an initial denaturing step at 94°C for 5 min; 40 cycles for 1 min at 94°C 

(denature), 1 min at 48°C (annealing), 2 min at 72°C (extension) and a final elongation step at 72°C for 5 min. PCR 

products were separated by electrophoresis on 1.5 % agarose gel containing 0.5 μg/ml ethidium bromide, and 

photographed. The standard DNA samples (100 bp DNA ladder marker) were used as molecular size marker. The 

purified PCR  products was subjected to Sanger’s di-deoxy sequencing, in both forward and reverse directions, 

using BigDye terminator v3.1 cycle sequencing kit on  ABI Prism3700 DNA Analyzer (Applied Biosystems Inc., 

USA) as per manufacturer’s instructions. 

 

The resulting 16S rDNA gene sequences (1.325-1.435 nucleotides) were used to search the GenBank/EMBL/DDBJ 

database with the BLAST program (http://www.ncbi.nlm.nih.gov/) to determine relative phylogenetic positions. 

Phylogenetic analysis was conducted using MEGA 6.0 (Tamura et al., 2011) by first generating a complete 

alignment of 16S rDNA gene sequences of the isolates and type strains of all valid species. A phylogenetic tree was 

inferred using neighbour-joining tree algorithms (Jukes and Cantor, 1969). 16S rDNA datasets were cooperatively 

analysed using MEGA 6.0 (Tamura et al., 2011) which was used to calculate evolutionary distances and similarity 

values. Topography of the constructed tree was evaluated by bootstrap analysis with 1000 replicates (Saitou and 

Nei, 1987). Only nodes with bootstrap values over 50% were considered to be significant. 

 

Phylogenetic analysis:- 
Multiple sequence alignment by CLUSTAL W 1.8 (Thompson et al., 1994). The resultant sequence alignment can 

then be used for the neighbour-joining (Saitou and Nei, 1987), maximum-parsimony (Fitch, 1971) and maximum-

likelihood (Felsenstein, 1981) methods using the MEGA 6.0 (Tamura et al., 2011) package; all were implemented 

within the server. The alignment can be exported for use by external programs including MEGA 6.0 (Tamura et al., 

2011) and BioEdit (version 7.2.0, Hall, 1999). An evolutionary distance matrix was generated for the neighbour-

joining as described by Jukes and Cantor (1969). The resultant tree topology was evaluated by a bootstrap analysis 

(Felsenstein, 1985) with 1000 resamplings from the neighbour-joining dataset using Seqboot and Consense from the 

Phylip package (Felsenstein, 1993). 

 

Result and discussion:- 
Studies were performed using several selective isolation techniques in order to assess the diversity of actinomycetes 

in different natural habitats (Goodfellow and Fiedler, 2010). In this study, various selective media have also been 

used for actinomycete isolation from plateau soil samples. Totally one hundred and one strain were isolated on 

humic acid-vitamin (HV), tryptone-yeast glucose extract (TYG) and glucose-yeast extract (GYEA) agars 

supplemented with nalidixic acid, rifampicin and cycloheximide (Yamamura et al., 2003). 

 

In the present study the isolated high active isolate DHB-603 was grey in colour, colonies were spiral shaped, 

vegetative mycelium was brown colour and it produce brown colour pigments.  Isolates putatively assigned to the 

rare Streptomyces on the basis of colony morphology-notably spore mass colour, substrate mycelial pigmentation 

and the colour of diffusible pigment were subcultured on oatmeal agar (Küster, 1959) and tryptone-yeast glucose 

extract agar (Blackall et al., 1989). Indication of different pigmentation of fifteen rare actinomycetes colonies were 

selected to study further molecular techniques. All of the strains were main-tained on glucose-yeast extract agar 

(GYEA; Gordon and Mihm, 1962). 

 

The 16S ribosomal RNA gene was amplified by using the PCR method with Taq DNA polymerase and primers 27f 

and 1492r. The molecular-based methods using polymerase chain reaction (PCR) is suitable for taxonomic studies. 

Samples of PCR product patterns of some representatives of test strains are given in Figure 1. During the analysis 

based on 16S rDNA gene se-quencing 800R, MG3f, MG5f, 1115r and 1492r primers were also used to get a nearly 

complete 16S rDNA sequence data of test strain.  
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Figure 1:- Agarose gel showing 1490 bp 16s r RNA gene amplified product 

 

16S rDNA gene sequence data was determined for the twelve test strains according to Blast analysis and a 1438 

nucleotide base pair was used for phylogenetic analysis and compared with 16S rDNA gene sequences of tree 

representatives of closely related type strains of Streptomyces (Figure 2). Isolate DHB-603 showed 99.5% similarity 

with Streptomyces phaeopurpureus, and in phylogenetic tree also DHB-603 and  Streptomyces phaeopurpureus 

were in the same branch. 

 

Evolutionary relationships of taxa:- 
The evolutionary history was inferred using the UPGMA method.   The optimal tree  with the sum of branch length 

= 0.02515357  is shown.   The tree is drawn to scale, with branch lengths  in the same units as those of the 

evolutionary distances used to infer the phylogenetic tree.   The evolutionary distances were computed using the 

Maximum Composite Likelihood method and are in the units of the number of base substitutions per site. The 

analysis involved 13 nucleotide sequences. All positions containing gaps and missing data were eliminated. There 

were a total of 1438 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 (Figure 1). 
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Figure 1:- UPGMA dendrogram 

 

Molecular Phylogenetic analysis by Maximum Likelihood method:- 
The evolutionary history was inferred by using the Maximum Likelihood method based on the Tamura-Nei model. 

The tree with the highest log likelihood (-2258.08) is shown. Initial tree(s) for the heuristic search were obtained 

automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the 

Maximum Composite Likelihood (MCL) approach, and then selecting the topology with superior log likelihood 

value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis 

involved 13 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a 

total of 1438 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 (Figure 2). 

 

Maximum Parsimony analysis of taxa:- 

The evolutionary history was inferred using the Maximum Parsimony method. Tree #1 out of 10 most parsimonious 

trees (length = 39) is shown. The consistency index is 0.897436 (0.862069), the retention index is 0.931034 

(0.931034), and the composite index is 0.835544 (0.802616) for all sites and parsimony-informative sites (in 

parentheses). The MP tree was obtained using the Subtree-Pruning-Regrafting (SPR) algorithm with search level 0 

in which the initial trees were obtained by the random addition of sequences (10 replicates). The analysis involved 

13 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 1438 

positions in the final dataset. Evolutionary analyses were conducted in MEGA7 (figure 2) 
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.  

Figure 2:- Maximum Likelihood Dendrogram 
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