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1.1 Introduction  

For decades, microbial natural products have been one of the major 

resources for discovery of novel drugs. Among the potential sources of natural 

products, bacteria have been proven to be a prolific source with a surprisingly 

small group of taxa accounting for the vast majority of compounds discovered. 

Of the 22,000 known microbial secondary metabolites, 70% are produced by 

actinomycetes, and two thirds of them are contributed by the genus 

Streptomyces (Subramani and Aalbersberg, 2012). 

Actinomycetes are Gram positive, filamentous bacteria, with high G+C 

content (69-78%) in DNA exhibiting highly differentiated developmental 

cycle (Williams et al., 1989), inhabiting a wide range of habitats. Unlike 

bacteria, actinomycetes are unique in their morphology with extensive 

branching substrate and aerial mycelium bearing chain of arthrospores. The 

substrate mycelium and spores can be pigmented, which makes them most 

colourful and attractive among microbes. On agar plates they form lichenoid, 

leathery or powdery colonies. They possess cell wall characteristic of bacteria 

and filamentous nature of fungi. They are recognized as prolific producers of 

secondary metabolites with diverse biological activities. Actinomycetes 
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contain about 40 families and over 170 genera and about 2000 species have 

been validly described and published (Harwani, 2013). 

 In the early 1950ôs, with the isolation of antibiotic actinomycin from the 

soil actinomycete Streptomyces antibioticus, stimulated extensive screening of 

terrestrial actinomycetes for novel drugs. Over the past 70 years, 

indiscriminate screening of actinomycetes has led to the re-isolation of known 

bioactive compounds from the terrestrial environment. Hence it became 

crucial that actinomycetes from unexplored habitats be pursued as a source of 

novel secondary metabolites (Fenical and Jensen, 2006; Hamedi et al., 2013). 

Over billions of years, oceans have been regarded as the origin of life on 

earth. Oceans include the largest range of habitats, hosting the most life forms. 

The complexity of marine environment, with variations in salinity, pH and 

temperature acts as powerful selective force, which has led to microbial 

evolution. The evolution prompted the marine microorganisms to generate 

multifarious enzymes and secondary metabolites to adapt to the complicated 

marine environments. It was reported that large numbers of actinomycetes are 

undoubtedly washed from shore into the sea (Goodfellow and Haynes, 1984). 

Accordingly, members of the genus Thermoactinomyces are useful markers of 

terrestrial wash in and give information about the distribution and survival of 

terrestrial microorganisms in marine environments (Goodfellow and Haynes, 

1984). Few natural product studies have assessed the taxonomic novelty of the 

marine strains, that have yielded exciting new molecules (Fehling et al., 2003; 

He et al., 2001) and have suggested that targeting the marine taxa would yield 

novel metabolites. Marine microorganisms, particularly actinomycetes, have 

evolved the greatest genomic and metabolic diversities. Therefore, effort 

should be directed towards exploring marine actinomycetes as a source for the 

discovery of novel secondary metabolites (Lam, 2006). 
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In recent years, actinomycetes isolated from the marine environment 

(sediments, sponges, tunicates, neuston etc.) have attracted considerable 

attention (Lane and Moore, 2011; Liu et al., 2010). Any appropriate 

exploitation of the chemical diversity of these microbial sources relies on 

proper understanding of their biological diversity and other related key factors 

that maximize the possibility of successful identification of novel molecules. 

1.2 Distribution of marine actinobacteria 

Marine actinomycetes have been isolated all around the globe ranging 

from shallow coastal sediments to the deepest sediments from Mariana trench. 

It appears that they are widely distributed throughout the ocean and found in 

intertidal zones (Goodfellow and Williams, 1983), seawater, animals (Ramesh 

and Mathivanan, 2009; Ramesh et al., 2006), plants (Castillo et al., 2005), 

sponges, sea weeds (Bull and Stach, 2007; Goodfellow and Fiedler, 2010; Sun 

et al., 2010; Zhang et al., 2008), and in ocean sediments (Das et al., 2008; 

Jensen et al., 2005a; Thornburg et al., 2010; Xiao et al., 2011). The ocean floor 

has been recently demonstrated as an ecosystem with many unique forms of 

actinomycetes requiring seawater for their growth (Fenical and Jensen, 2006; 

Jensen et al., 2005a, Jensen et al., 2007).This unique adaptation of 

actinomycetes in the marine environment is a source of interesting research for 

new species and a promising source of pharmaceutically important compounds 

(Fenical and Jensen, 2006). Metagenomic analysis of sea water column has 

also identified considerable number of actinomycete taxa (Venter et al., 2004). 

Actinomycetes have been isolated from unique marine environments, such as 

the marine organic aggregates of Wadden Sea (Kim et al., 2004) and deep sea 

gas hydrate reservoirs, where they were found to be the major components of 
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the microbial communities. Actinomycete phylotypes comprised up to 30-40% 

of clone libraries obtained from hydrate bearing sediments from the Gulf of 

Mexico (Parkes and Wellsbury, 2004) and the Nankai Trough near Japan 

(Inagaki et al., 2003). 

Novel actinomycete groups have been found in the Great Barrier Reef 

sponges Rhopaloeides odorabile, Pseudoceratina clavata and Candidaspongia 

flabellate, and the Mediterranean sponges Aplysina aerophoba and Theonella 

swinhoei (Burja and Hill, 2001; Hentschel et al., 2002; Kim et al., 2004; 

Webster et al., 2001). Unusual actinomycetes, belonging to Micrococcaceae, 

Dermatophilaceae and Gordoniaceae, have also been isolated from sponges 

(Hill, 2004). Novel bioactive metabolites have been obtained from these 

actinomycetes isolated from sponges (Jensen et al., 2005c). 

Cultivation of actinomycetes sampled from sediments (Kim et al., 2004; 

Takami et al., 1997) has expanded the diversity that has been detected and 

extended the data available for actinomycete classification and biogeography 

(Maldonado et al., 2005) and for the estimation of actinomycete numbers 

(Stach et al., 2003). This has also led to more novel marine actinobacteria 

being isolated and recognized (Magarvey et al., 2004). 

1.3 Diversity of actinomycetes in the marine environment 

 Actinomycete biodiversity is a goldmine for the biotechnology industry 

as it offers countless new genes and biochemical pathways to probe for 

commercially valuable bioactive molecules. Bio prospecting efforts focusing 

on the isolation and screening of actinobacteria from ocean habitats 

(Magarvey et al., 2004; Mincer et al., 2002) have added new biodiversity to 
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the order Actinomycetales and revealed a range of novel natural products of 

pharmacological value (Engelhardt et al., 2010). As marine environment is 

extremely different from terrestrial habitat, it is well documented that 

actinomycetes adapted to marine environment exhibit an unique metabolic 

diversity and enzymatic potentialities (Nakashima et al., 2005). 

Researchers around the world have concentrated to isolate and identify 

the actinobacteria from different marine habitats. Earlier it was reported that 

Streptomyces was the dominant genera in marine sediments while Nocardia 

and Micromonospora constitute about 20% of total isolates (Grein and 

Meyers, 1958). Contrary to these results, Micromonospora was found as the 

dominant genus in marine sediments (Jensen and Fenical, 1991; Mincer et al., 

2002). 

Actinomycetes isolated from marine sediments in neritic zone in the sea 

around Japan were compared with terrestrial isolates. Actinomycetes were 

identified by amplification of 16S rRNA gene sequences as belonging to 

genera Streptomyces and Micromonospora. Marine isolates of both genera 

were found to have higher sodium chloride (NaCl) tolerance than terrestrial 

ones. Around 37% of Streptomyces and 26% of Micromonospora that were 

isolated from the marine environment could tolerate up to 12% and 5% NaCl, 

respectively. It was suggested that the frequency of microorganisms with 

antimicrobial properties increased in the medium supplemented with seawater 

(Chiaki et al., 2010). Recently, among the 116 actinomycetes collected from 

marine sediments of the Yellow Sea, 56 grew slowly and appeared after 2ï3 

weeks of incubation. Phylogenetic analysis based on 16S rRNA gene of six 

representative isolates with different morphological characteristics identified 

the strains as belonging to the family Streptomycetaceae, Micrococcaceae and 

Nocardiopsaceae respectively (Zhang et al., 2012). 
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The Bay of Bengal has been targeted as a potential source of marine 

derived bacterial bioactive compounds by several investigators. Predominance 

of Streptomyces was also reported from marine sediments along Indian coast 

(Kokare et al., 2004; Lakshmanaperumalsamy, 1978; Sivakumar, 2001). 

Earlier it was reported that 72% of actinomycetes isolated from sediments of 

Bay of Bengal belonged to genus Streptomyces and 9% to genus 

Micromonospora (Peela et al., 2005). The diversity of actinomycetes in marine 

sediments of Bay of Bengal was investigated and Streptomyces was reported 

as the dominant genera with antifungal and cytotoxic activity (Ramesh and 

Mathivanan, 2009). Screening of marine sediment samples near the coast of 

Andaman Islands in the Bay of Bengal resulted in the isolation of numerous 

marine actinomycetes which belonged largely to the genus Streptomyces. 

Sediment samples from Alibag, Janjira and Goa was remarked as potent 

sources for the isolation of bioactive actinomycetes (Kokare et al., 2004). 

Most of the isolates from sediment samples were identified as Streptomyces. 

Diversity of bioactive actinomycetes investigated along the Puducherry coast 

of Bay of Bengal, India, revealed that out of 50 actinomycetes isolated from 

the marine sediments, majority belonged to Streptomyces (Suthindhiran and 

Kannabiran, 2010). Fifty three rare actinomycete strains isolated from 

mangrove sediments of Karwar identified by morphological and chemical 

properties belonged to the following genera viz., Micromonospora, 

Microbispora, Actinoplanes, and Actinomadura (Naikpatil and Rathod, 2011). 

Actinomycetes isolated from various sources especially sponges, sediments 

and seawater of different coastal regions of Arabian Sea identified 

Streptomyces sp. as the dominant and potential strain against pathogens 

(Ravikumar et al., 2010; Santhi et al., 2010; Gulve et al., 2012). 
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Phylogenetic diversity of actinomycetes cultured from coastal multi 

pond solar saltern in Tuticorin, India was investigated. Sequencing and 

analysis of 16S rDNA from chosen representative isolates displayed the 

presence of members affiliated to actinobacterial genera: Streptomyces, 

Micromonospora, Nocardia, Nocardiopsis, Saccharopolyspora and 

Nonomuraea. The genus Streptomyces was found to be the dominant among 

the isolates. Furthermore, rare actinomycete genus Nonomuraea was isolated 

for the first time from Indian solar salterns (Jose et al., 2012). Nocardiopsis 

spp. are distributed ubiquitously in the environment (Kroppenstedt and 

Evtushenko, 2002). The genus Nocardiopsis, a widespread group in phylum 

actinobacteria, has received much attention owing to its ecological versatility, 

and ability to produce a rich array of bioactive metabolites. Its high 

environmental adaptability might be attributable to its genome dynamics, 

which can be estimated through comparative genomic analysis targeting 

microorganisms with close phylogenetic relationships but different phenotypes 

(Li et al., 2013). 

1.4 Marine actinobacteria as a source of secondary 

metabolites 

Several reviews describing biologically active molecules isolated from 

marine actinomycetes have been published (Bull and Stach, 2007; Fenical and 

Jensen, 2006; Goodfellow and Fiedler, 2010; Mayer et al., 2011). Apparently, 

the trend of discovery of novel compounds from marine actinomycetes and 

their characterization is gaining momentum, which is not surprising 

considering the exhausted pipelines for discovery of new antibiotics and 

constant need for improved treatment of cancer, as well as chronic diseases. 
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Until recently, most antibiotics of microbial origin came from terrestrial 

bacteria belonging to one taxonomic group, the order Actinomycetales (Bull et 

al., 2005; Lam, 2006). Among the different microorganisms, actinomycetes 

are undoubtedly the largest producers of secondary metabolites. Of the 

presently known microbial metabolites, 45% (approximately 10,000 

compounds) were isolated from various Actinomycetales. Of these 

compounds, 75% were from Streptomyces and 25% from rare actinomycetes. 

The representation of rare actinomycete metabolites in the 20th century was 

only 5% (Berdy, 2005). However, Micromonospora, Actinomadura, 

Actinoplanes, Streptoverticillium, Nocardia, Saccharopolyspora and 

Streptosporangium spp. are increasingly playing a significant role in the 

production of a wide spectrum of antimicrobial metabolites and antibiotics 

(Lam, 2006). The rare actinomycetes produce diverse and unique, 

unprecedented, sometimes very complicated compounds exhibiting excellent 

bioactive potency and usually low toxicity (Kurtboke, 2010). 

Actinomycetes are physiologically diverse bacteria as evidenced by their 

production of numerous extracellular enzymes and other metabolic products 

(Kekuda et al., 2010). Biodegradation by actinomycetes plays an integral role 

in recycling of materials in nature. As a result of their great metabolic 

diversity, actinomycetes have great biotechnological potential for the 

production of pharmaceuticals and as bioremediators. Actinomycetes are 

reservoirs of many enzymes including cellulases, xylanases, amylases, lipases, 

collagenases, proteases, chitinases, ligninases etc. The secondary metabolites 

produced by actinomycetes have a broad spectrum of biological activities eg. 

antibacterial (streptomycin, tetracycline, chloramphenicol), antifungal 

(nystatin), antiviral (tunicamycin), antiparasitic (avermectin), 

immunosuppressive (rapamycin), antitumor (actinomycin, mitomycin-C, 
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anthracyclines), enzyme inhibitory (clavulanic acid) and insecticidal activities. 

They also synthesize and excrete pigments viz., melanins, carotenoids, 

phenazines etc., with pharmacological activities especially antitumour, 

antimicrobial and antioxidant activities. 

However, judging from the data by Mayer et al. (2011), only a small 

portion of the discovered marine natural products with antimicrobial, anti-

inflammatory, anticancer and neuromodulating activities originate from 

actinomycetes. The latter is probably due to the traditional approach to the 

search for medicines in the sea, which for many years have focused primarily 

on sponges, tunicates, corals and cyanobacteria. Considering the fact that 

many of the biologically active compounds isolated from marine fauna are 

probably synthesized by symbiotic or associated bacteria (Konig et al., 2006), 

the focus is currently shifting towards isolation of such bacteria and their 

sustainable cultivation. 

Streptomycetes are an economically important group of organisms 

among actinomycetes and they are the pivotal source for wide range of 

biologically active compounds (Berdy, 2005). About three quarters of all the 

known commercially and medicinally useful antibiotics (Kieser et al., 2000) 

and several agriculturally important compounds (Okami and Hotta, 1988) 

were obtained from streptomycetes. Streptomycetes have been shown to have 

the ability to synthesize antibacterial (Berdy, 2005; Ramesh et al., 2009), 

antifungal (Han et al., 2009; Prapagdee et al., 2008), insecticidal (Pimentel-

Elardo et al., 2010), antitumor  (Hong et al., 2009; Lam, 2006), anti-

inflammatory (Renner et al., 1999), antiviral (Sacramento et al., 2004), 

antifouling (Xu et al., 2010), anti-infective (Rahman et al., 2010) as well as 

many other agents such as enzyme inhibitors (Hong et al., 2009) and vitamins 
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(Atta, 2007) and hence, they are widely recognized as industrially important 

microorganisms (Higginbotham and Murphy, 2010). 

Few potential bioactive Nocardiopsis have been reported from marine 

sediment samples of Indian coast. i.e., a protease-producing, crude oil 

degrading marine Nocardiopsis sp. NCIM 5124 (Dixit and Pant, 2000) and bio 

surfactant producing marine Nocardiopsis sp. (Khopade et al., 2012; Selvin et 

al., 2009) which is a clear proof of existence of potential Nocardiopsis sp. 

along Indian coast. A sponge associated actinomycete, Nocardiopsis 

dassonvillei MAD 08 showing activity against multidrug resistant pathogens 

have been reported (Selvin et al., 2009). 

1.5 Systematics in biodiscovery 

Systematics helps in providing a road map to genes and hence products 

and new chemical entities are likely to be discovered in novel organisms. Very 

powerful tool for discovering novel enzymes of possible biotechnological 

interest is the exploration of marine microorganisms with unique physiological 

traits. This approach can complement the enormous amount of data on gene 

diversity in marine environments offered by metagenomics (Trincone, 2011). 

Biodiscovery is hampered by the shortage of professional systematists, 

particularly those with expertise in actinobacterial taxonomy, and of natural 

product chemists (Bull and Stach, 2007). A similar decline in the study of 

microbial physiology gives cause for further concern in the post genomics era. 

Actinomycetes taxonomy can be a very important and helpful tool in natural 

product screening. Also the postulated paradigm shift in biotechnology points 

out the importance of taxonomy in this important industrial field of research 



 General Introduction 

11 

(Bull et al., 2000). Natural product diversity is still the pool for new 

compounds filling the pipeline for drug discovery (Newman and Laird, 1999). 

As the number of isolates which have to be screened to detect new biologically 

active metabolites is rising, it is even more important to work with strains 

which have never been used for screening processes (Goodfellow and 

OôDonnell, 1989). This can be achieved by isolating microorganisms from 

unusual habitats, trying to cultivate organisms which are difficult to handle or 

isolate new species and genera (Baltz, 2008). In all these cases the taxonomic 

characterization of isolates plays an important role. 

1.6  Relevance of the Present Study 

Although terrestrial samples have been screened extensively,only a small 

fraction of the actinomycete taxons have been discovered (Baltz, 2007, 2005). 

Taxonomic characterization of actinomycetes producing novel metabolites is 

an important step in any screening program. In many instances, however, 

taxonomic study of the microorganism is initiated, only when the metabolite it 

produces is of great interest, i.e., when a description of the producing microbe 

is needed for the patent application. Identification of isolates to the species 

level will often give the researcher a clue as to whether or not a metabolite is 

novel (Labeda, 1987). Regarding the Indian peninsula, the marine ecosystems 

of Arabian Sea and Bay of Bengal are mostly unexplored, and may provide a 

rich source of actinomycetes producing novel and efficient bioactive 

molecules. Novel antimicrobial compounds are essential to control emerging 

diseases in aquaculture. Shrimp farming, a major source of revenue in Asian 

countries, particularly India, is being plagued by devastating bacterial diseases 

especially vibrios. Also there is an increasing demand for ecofriendly 
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alternatives for combating insect pests. In this regard the present study was 

undertaken with the following objectives. 

1.7 Objectives 

¶ Morphological and biochemical characterization of actinomycete 

isolates from the Arabian Sea and Bay of Bengal. 

¶ Molecular identification and phylogenetic analysis of the marine 

actinomycete isolates. 

¶ Functional characterization of the actinomycete isolates for exploring 

its bioactive potential for biotechnological applications. 

1.8 Outline of the Thesis 

The thesis is comprised of seven chapters. Chapter 1 gives a general 

introduction to marine actinomycetes; Chapter 2 gives an account on the 

morphological, biochemical and physiological characterization of marine 

actinomycetes. Comprehensive description of molecular identification and 

phylogenetic analysis of actinomycetes is dealt with in Chapter 3. The 

antimicrobial property with special reference to antivibrio activity is described 

in Chapter 4. Chapter 5 explores the melanin production ability of marine 

actinomycetes, characterization of melanin and evaluation of its bioactivity. 

Chapter 6 illustrates the study on chitinolytic Streptomyces as antifungal and 

insecticidal agents. Summary and Conclusion of the study is presented in 

Chapter 7, followed by References and Appendices.  
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2.1 Introduction  

Successful and effective exploitation of marine microbes relies on 

assessing their diversity in the marine environment. Diversity is considered as 

a key factor by pharma industries in the line of drug discovery process. 

Taxonomy is the key to explore biodiversity. Characterization studies indeed 

helps to understand the unexplored features of the organism, ecological, 

physiological and biochemical aspects. The characterization of these microbes 

is as important as studying their existence in the natural environments (Hirsch 

et al., 2010). Even though a large number of actinomycetes from marine 

environment have been screened for bioactive compounds, only a few  have 

been characterized. It is essential to understand the taxonomy and ecology of 

secondary metabolites producing actinomycetes to facilitate the exploration of 

the different strains for biotechnology (Adegboye and Babalola, 2012). 

Understanding and interpretation of knowledge derived from conventional 

studies conducted since the discovery of streptomycin, on the ecology, 

taxonomy, physiology and metabolism of actinomycetes is essential for 
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emergence of novel discoveries. Continuously advancing molecular tools will 

provide powerful platform to reveal taxonomical and chemical identities of 

previously undetected bioactive actinomycetes (Kurtboke, 2010). 

The Indian peninsula harbours its own diverse habitats which support the 

growth of various actinobacterial communities in specific microbial niches. 

Hence in India, actinobacterial diversity has been an important source for 

natural product discovery (Ballav et al., 2012). Streptomycetes, the largest 

taxon of actinobacteria, well known as a rich source of novel bioactive 

compounds have been subjected to intensive isolation and screening which has 

led to over speciation and taxonomic chaos within the genus (Guo et al., 

2008). 

2.1.1 The Polyphasic taxonomy 

Over the years, numerous methods have been applied with the aim of 

identifying, characterizing, and discriminating streptomycete strains. The 

primary aim of such investigations has been to develop the most rapid and 

accurate method for proving the novelty of newly isolated strains (Hain et al., 

1997). 

Polyphasic characterization integrates both phenotypic and genotypic 

traits and the term ópolyphasicô was first introduced to refer to classifications 

based on a consensus of all available methods: single character tests, as well as 

multiple character tests, including both phenotypic and genotypic data 

(Colwell, 1970). Polyphasic taxonomy was interpreted as, at the higher levels 

of phylum, division, class, order and family, taxa are ordered in phylogenetic 

terms (based on sequence analysis), but at lower levels, at species and perhaps 

genus levels, taxa are established as phenetic groups based on a consensus of 

phenotypic data (Young, 2001). 
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Genes and genomes do not function on its own and can only display 

their potential within the cell as the basic unit of evolution and hence 

taxonomy. Genes and genomes can only unfold their potential within a cell, 

and it is the phenotype that in combination with the natural selection ódrivesô 

evolution in a given environment (Kampfer and Glaeser, 2012). Hence 

interplay between genetic and phenotypic datasets provides a sound basis for 

appreciating and describing the diversity of prokaryotes and has the potential 

to become the foundation of a more stable, in depth taxonomy of the 

prokaryotes (Tindall et al., 2010). 

2.1.2 Taxonomy of Actinomycetes 

Interest in systematics of actinomycetes gained momentum with the 

extensive isolation and screening of actinomycetes since the discovery of 

antibiotics actinomycin and streptomycin from Streptomyces antibioticus and 

Streptomyces griseus (Waksman and Woodruff, 1941). The need for patenting 

of novel natural products led to an over classification of the genus and 

standard identification criteria and type strains were needed to prevent over 

speciation of the genera (Anderson and Wellington, 2001). 

The methods used for characterization of actinomycetes have evolved 

through several phases over the years, from morphological observations, to 

subsequent classifications based on numerical taxonomic analyses of 

standardized sets of physiologic and biochemical characters and, most 

recently, to the use of molecular phylogenetic analyses of gene sequences. 

Various approaches in the systematics of actinomycetes are given below. 
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2.1.2.1 Traditional approach 

Traditional or conventional approaches for classification make use of 

morphological, physiological, and biochemical characters. The classical 

method described in the identification key is used in the identification of 

actinomycetes (Nonomura, 1974; Shirling and Gottlieb, 1966). The problems 

facing streptomycete systematists were addressed in a series of cooperative 

studies, the most notable of which was the International Streptomyces Project 

(ISP). The ISP study like earlier attempts to classify streptomycetes was 

largely based on a limited number of features with heavy emphasis on 

morphology and pigmentation. Chromogenicity of aerial mycelium is 

considered an important character for grouping and identification (Pridham 

and Tresner, 1974) of actinomycetes. Carbohydrate utilization test play a 

prominent role in the taxonomic characterization of actinomycete strains 

(Pridham and Gottlieb, 1948). Chemotaxonomy is the study of chemical 

variation in organisms and the use of chemical characteristics in the 

classification and identification. It is one of the valuable methods to identify 

the genera of actinomycetes. Studies have established that actinomycetes have 

a cell wall composition akin to that of GramȤpositive bacteria, and also 

indicated that the chemical composition of the cell wall might furnish practical 

methods of differentiating various types of actinomycetes (Cummins and 

Harris, 1956).  Traditionally, chemotaxonomy is still considered useful in 

actinomycete taxonomy, but it is not always reliable as several genera exhibit 

similar chemical properties. These methods are not routinely used, as the 

technique is cumbersome, time consuming and considered to have limited 

diagnostic value (Wang et al., 1999). 

The first comprehensive numerical taxonomic study of the genus 

Streptomyces was undertaken by Williams et al. (1983a) who assigned the 
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type strains of Streptomyces  into 23 major, 20 minor (2-5 strains) and 25 

single membered clusters based on phenetic tests (Labeda et al., 2012). The 

minor and single membered clusters were considered as species and major 

cluster as species groups. The largest species-group is Streptomyces 

albidoflavus (cluster 1) Their phenetic characteristics included yellow grey 

pigmentation, no melanin production, smooth spores which grow in straight 

chains and resistance to a number of antibiotics including penicillin, 

lincomycin and cephaloridine. Many of the strains were patented as antibiotic 

producers (Goodfellow et al., 1992). The circumscription of most 

Streptomyces species described in Bergeyôs Manual of Systematic 

Bacteriology, volume 4 (Williams et al., 1989) is based on the numerical 

taxonomic survey of Williams et al. (1983a). Different tests were also used to 

define the major clusters, including an increased number of antibiotic 

resistances. The variability of antibiotic resistance within taxonomic groups 

defined was demonstrated using the identification matrix (Huddleston et al., 

1997). 

Serological methods (Ridell et al., 1986), phage typing (Korn-Wendisch 

and Schneider, 1992) and protein profiling (Ochi, 1995; Taguchi et al., 1996) 

have also been used in characterization and assigning an unknown isolate to 

the genus of Streptomycetes. However these methods have difficulties to 

discriminate the species at the intragenus level (Anderson and Wellington, 

2001). 

2.1.2.2 Molecular Approach 

Molecular systematics, which includes both classification and 

identification, has its origin in the early nucleic acid hybridization studies, but 

has achieved a new status following the introduction of nucleic acid 
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sequencing techniques (OôDonnell et al., 1993). Significance of phylogenetic 

studies based on 16S rDNA sequences is increasing in the systematics of 

bacteria and actinomycetes (Yokota, 1997). 

2.1.3 Actinomycete genera in marine sediments 

Preliminary works regarding the diversity of marine actinomycetes, 

reported that species of Mycobacterium, Actinomyces, Nocardia, 

Micromonospora and Streptomyces have been isolated from the marine 

sediments (Grein and Meyers, 1958; ZoBell, 1946; ZoBell and Upham, 1944). 

It is a well known fact that Streptomyces genera is the most dominant in any 

actinomycete population (Alexander, 1977; Ellaiah and Reddy, 1987). 

Contrary to these results, Jensen et al. (1991) and Mincer et al. (2002) reported 

Micromonospora as the dominant genus in marine sediments. Streptomyces, 

Micromonospora were reported as most common genera from various sites in 

Atlantic and Pacific Oceans and metal contaminated sediments of Baltimore, 

inner harbor (Fiedler et al., 2005; Ravel et al., 1998). Maldonado et al. (2005) 

contradicted that Micromonospora-Rhodococcus-Streptomyces group seems to 

be ubiquitous in cultured actinobacteria from marine environments. 

An investigation on the biodiversity of actinomycetes in Norwegian 

shallow water sediments revealed Streptomyces and Micromonospora as the 

predominant genera by macro and micro morphological and chemo 

taxonomical criteria. Rare actinomycete genera, viz., Rhodococcus (43.5%), 

followed by Nocardiopsis (17.9%), Streptosporangium (15.2%), Nocardia 

(1.5%), Knoellia (5.4%), Actinomadura (2.2%), Pseudonocardia (1.6%), 

Glycomyces (1.1%) and Nonomuraea (0.6%) were also identified from the 

shallow water sediments (Bredholdt et al., 2007). Contrary to these results, 

actinomycete strains isolated from marine sediments and sponges collected in 
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the Trondheim Fjord, Norway classified based on growth, morphology and 

16S rRNA gene analysis revealed the largest clade of seven isolates belonging 

to Nocardiopsis genus followed by Streptomyces and Micromonospora 

(Engelhardt et al., 2010) 

 Marine actinobacterial research in India have been reviewed and marine 

actinobacterial biodiversity and its potentials has been documented 

(Sivakumar et al., 2007). The study on isolation and characterization of 

actinomycetes from west coast of India showed that majority (47%) of the 

isolates belonged to the genera Streptomyces (Remya and Vijayakumar, 2008) 

followed by the rarer genera Glycomyces, Nocardiopsis (11%), Nocardia etc. 

Various genera  such as Streptomyces, Actinopolyspora, Actinomadura, 

Nocardiopsis, Micromonospora and Actinomyces are reported as 

actinobacterial diversity in water and sediment samples from the marine 

environment of Tamil Nadu (Manivasagan et al., 2009). Recently, in a 

comparative study of marine sediment actinomycetes from Pulicat estuary, 

Muttukadu estuary and Ennore estuary (Tamil Nadu), majority of the isolates  

were assigned to the genus Streptomyces (60%), followed by Actinopolyspora 

(35%), and genus Nocardiodes (5%) (Chacko et al., 2012). 

The actinomycete strain VITSVK5 identified as Nocardiopsis sp., 

isolated from the south east coast of India supported the evidence that marine 

sediment sample is an important source of potential non streptomycete genera 

(Vimal et al., 2009). The relevance of the non-streptomycete group of 

actinomycetes in this regard can also be demonstrated that many genera such 

as Micromonospora, Nocardia, Nocardiopsis, Saccharothrix, Actinomadura, 

Actinoplanes, Amycolatopsis, Saccharopolyspora and Streptosporangium also 

produce many interesting antibiotics (Genilloud et al., 2011).Streptomycetes, 

the ubiquitous genera within the class actinobacteria are especially prolific and 
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can produce around 80% of the total antibiotic products with other genera 

trailing numerically (Hopwood et al., 2000). 

2.1.4 Dominant genera - Streptomyces 

Streptomycetes, the most widely exploited group among actinomycetes 

is included in the suborder, Streptomycineae, family Streptomycetaceae 

(Kampfer, 2006). They have a type 1 cell wall and G + C content of around 69 

to 78 mol % (Farris et al., 2011). 

At present, over 500 species of Streptomyces have been described by 

Euzeby (2008). The odour of the moist earth is largely the result of the 

production of volatile substances such as geosmin by Streptomyces (Jiang et 

al., 2007). They are flexible nutritionally and can aerobically degrade complex 

substances such as pectin, lignin, chitin, keratin, latex and aromatic 

compounds (Shi et al., 2011). Streptomyces are best known for their synthesis 

of a vast array of antibiotics, some of which are useful in medicine and 

agriculture (Watve et al., 2001). The family previously consisted of ten genera 

including Actinopycnidium, Elytrosporangium, Actinosporangium, Kitasatoa, 

Chainia, Kitasatospora, Microellobosporia, Streptacidiphilus, Streptomyces 

and Streptoverticillium. The development of numerical taxonomic systems, 

which utilized phenotypic traits helped to resolve the inter-generic 

relationships within the family Streptomycetaceae and the changes resulted in 

the genus Streptomyces being the sole member of the family 

Streptomycetaceae (Kim et al., 2003; Logan, 1994; Stackebrandt et al.,1997). 

2.1.5 Nocardiopsis 

The genus Nocardiopsis first described by Meyer (1976) typically 

exhibit a branched substrate mycelium that fragments into rod shaped and 
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coccoid elements and abundant aerial hyphae that frequently form a zigzag 

morphology. They are frequently isolated from habitats with moderate to high 

salt concentrations such as saline soil or marine sediments (Al -Tai and Ji-

Sheng, 1994; Al-Zarban et al., 2002; Evtushenko et al., 2000) and salterns 

(Chun et al., 2000). The closest relatives of the genus Nocardiopsis are 

members of the genera Actinomadura, Thermomonospora, Streptosporangium, 

and Microtetraspora. Chemotaxonomically, Nocardiopsis species fall into two 

groups: those that synthesize mainly menaquinones with highly saturated 

isoprenoid side chains, Nocardiopsis dassonvillei subsp. dassonvillei, N. alba, 

Nocardiopsis kunsanensis, N. prasina, N. lucentensis, Nocardiopsis trehalosi, 

N. tropica and N. halophila; and others, including N. halotolerans, N. 

dassonvillei subsp. albirubida, N. listeri and N. synnemataformans, that 

contain non saturated isoprene units (Kroppenstedt and Evtushenko, 2002). 

The results of a 16S ribosomal DNA sequence analysis are generally 

consistent with the available chemotaxonomic, phenotypic, and DNA DNA 

hybridization data (Rainey et al., 1996). Differentiation of Nocardiopsis 

species is currently based on the color of the mycelium and the results of 

comparative physiological tests (Kroppenstedt, 1992). 

2.1.6 Biogranulation property  

Actinomycetes are filamentous and when cultured in shake flask 

cultures, the filaments entangle and aggregate to form bead like appearance or 

granules. These granules vary in size from tiny to large granules depending on 

the type of species. Even though the anaerobic granulation and granulation of 

fungus has been investigated by researchers, not much focus has been given to 

the granulation property of actinomycetes. The gross morphology of 

actinomycetes grown in submerged culture has received little attention, despite 

the importance of these organisms (Lawton et al., 1989). One of the first 
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descriptions of gross morphology of anaerobic actinomycete Actinomyces 

israelii was compact óbread crumbô, ócauliflowerô, or 'puffball' colonies, which 

settled out in static culture (Erikson, 1940). Small bead like colonies, granules, 

or flakes of actinomycetes was grown in submerged culture. In a study of five 

Streptomyces spp. loose open colonies, free hyphal colonies with dense central 

regions, and radiating hyphae as well as hyphal ropes was described. Pellets 

may originate from spores coagulating together, freshly germinated spores 

aggregating, or by mycelial entanglement (Williams et al., 1974). 

2.1.7 Antibacterial activity of marine actinomycetes 

Fiedler et al. (2005) screened actinomycetes (600 Nos.) isolated from 

various sites of Pacific and Atlantic Oceans for the production of bioactive 

secondary metabolites. Abyssomicin producing actinomycete belonging to the 

rare genus Verrucosisspora was isolated during the screening process. 

Streptomyces and rare actinomycetes isolated from sediments of Trondheim 

Fjord, Norway exhibited antibacterial and antifungal potential (Bredholdt et 

al., 2007). Gentamicin producing Micromonospora was isolated from 

sediment samples of Sunshine coast in Australia during the screening process 

for antibiotic producing microorganisms (Glen et al., 2008).  

Marine actinomycete strains isolated from coastal waters of 

Dhanushkodi (Ramanathapuram district, India) showed antibacterial and 

antifungal effect against selected human pathogens (Asha et al., 2006). Marine 

actinomycetes isolated from different locations of the Manakudi Estuary of 

Arabian Sea in Tamil Nadu, exhibited higher antagonistic activity against 

Staphylococcus aureus, Enterobacter sp., Salmonella typhi, Bacillus subtilis, 

Klebsiella pneumonia and Proteus vulgaris (Santhi et al., 2010). 



Morphological, Biochemical and Physiological Characterization of Marine Actinomycete Isolates 

23 

 A novel polyene type antimicrobial metabolite producing actinomycete, 

Streptomyces was isolated from marine sediments of Bay of Bengal along 

Andhra Pradesh coast of India (Valan et al., 2012a). The lowest minimum 

inhibitory concentration of ethyl acetate extracts of the metabolite against 

Escherichia coli and Curvularia lunata were 67.5 and 125 µg/ml, respectively. 

Similarly antimicrobial and antioxidant potential of the actinomycete isolate 

Streptomyces sp. VITSTK7 from marine sediments collected at the Bay of 

Bengal coast of Puducherry, India, was evaluated. Ethyl acetate extract 

showed moderate antibacterial activity against selected bacterial pathogens 

(Thenmozhi and Kannabiran, 2012). A study on antibacterial activity of 107 

marine actinomycetes isolated from near sea shore sediment and seawater 

from Konkan coast of Maharashtra identified Streptomyces sp. antagonistic to 

Bacillus subtilis, Staphylococcus aureus, Proteus vulgaris, Escherichia coli, 

Klebsiella aerogenes, Pseudomonas aeruginosa, Candida albicans and 

Aspergillus niger by agar well method (Gulve et al., 2012). 

2.1.8 Hydroly tic Enzymes 

Actinomycetes have long been credited as an important resource of 

enzymes and bioactive compounds. Marine actinobacteria elaborate a wide 

range of enzymes and secondary metabolites as an aid to their survival. The 

ecological features of habitat in which marine microbes thrive impact their 

metabolic functions enabling their bio molecular machinery (Trincone, 2011). 

Marine actinomycetes due to their diversity and proven ability to 

produce novel metabolites and other biologically active molecules rank a 

prominent position as targets in screening programs (Ellaiah et al., 2004). 

Actinomycetes have shown degradation of starch and casein besides the 

production of antimicrobial agents (Barcina et al., 1987; Zheng et al., 2000). 
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Ecological role of marine actinobacteria, like their terrestrial counterparts, are 

known to be degraders of recalcitrant organic compounds. Many of the marine 

actinomycete derived natural products possess unique structural features rarely 

or never found among the compounds isolated from the terrestrial sources. It is 

thus not surprising that their molecular modes of action are sometimes also 

unique, prompting their investigation as potential leads for drug development 

(Zotchev, 2012). The diverse range of enzymes produced by actinomycetes are 

capable of catalyzing various simple to complex biochemical reactions. 

Many researchers have reported the production and characterization of 

enzymes from Streptomyces and Nocardiopsis, mostly terrestrial, although few 

reports are available from marine isolates (Chakraborty et al., 2012; Goshev et 

al., 2005; Kavitha and Vijayalakshmi, 2011; Stamford et al., 2001; Tsujibo et 

al., 2003). In aquatic environments, microbial extracellular hydrolytic 

enzymes are the major biological mechanism for the decomposition of 

sedimentary particulate organic carbon and nitrogen (Brunnegard et al., 2004; 

Dang et al., 2009). There are reports on the multi enzyme activity of 

actinomycetes from marine sediments (Leon et al., 2007; Ramesh and 

Mathivanan, 2009). 

2.1.8.1 Amylases 

In a recent review on marine biocatalysts, marine amylases are gaining 

interest from a biotechnological perspective. Occurrence of amylases in 

actinobacteria is a characteristic commonly observed in Streptomyces (Vigal et 

al., 1991), although the enzyme has been isolated from other genera also. 

Selvam et al., (2011) reported marine actinomycetes isolated from sediments 

of south coast of India as producers of industrial enzymes, amylase and lipase. 
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Thermo stable amylolytic enzymes have been currently investigated to 

improve industrial processes of starch degradation (Manivasagan et al., 2013). 

A novel moderately thermo stable Ŭ-amylase from marine Streptomyces 

sp. D1 has also been reported with Ŭ 1ï4, Ŭ-1ï6 activity, wide range of pH 

stability, and potential widespread application in the detergent industry 

(Chakraborty et al., 2009). Production of Ŭ-amylase by Nocardiopsis sp., an 

endophytic actinobacterium was studied from yam bean (Stamford et al., 

2001). An actinobacterium strain AE-19 producing Ŭ -amylase, was isolated 

from a shrimp pond (Poornima et al., 2008). A haloalkaliphilic actinomycete, 

Saccharopolyspora sp. A9 isolated from marine sediments collected from west 

coast of India was found to produce a stable Ŭ-amylase (against  surfactants, 

oxidants and detergents) (Chakraborty et al., 2011). Detergent stable and 

calcium ion independent Ŭ -amylase from marine Streptomyces A3 has wide 

spread applications for detergent and pharmaceutical industry where higher 

salt concentration inhibits enzymatic conversions (Chakraborty et al., 2012). 

2.1.8.2 Proteases 

Proteases are used in the detergent industry, leather industry, and also for 

pharmaceutical applications, such as digestive and anti-inflammatory drugs 

((Demain and Zhang, 2005; Kumar et al., 2004;). In a previous report on 

screening of actinomycetes for proteolytic activity, Streptomyces exfoliatus 

CFS 1068 and Streptomyces sampsonii GS 1322 isolated from various 

terrestrial Indian habitats were found to possess high proteolytic activity (Jain 

et al., 2009). Among the actinobacteria (191no:) isolated from marine samples 

collected from the Bay of Bengal and associated mangrove habitats, it was 

found that 82% produced caseinase, 59% gelatinase and 56% produced both 

the enzymes (Ramesh and Mathivanan, 2009). An alkaline protease from 



Chapter 2 

26 

Nocardiopsis sp. NCIM 5124 has been purified and characterized (Dixit and 

Pant, 2000). 

2.1.8.3 Lipases 

Lipases are ubiquitous enzymes that catalyze the breakdown of fats and 

oils with subsequent release of free fatty acids, diacylglycerols, monoglycerols 

and glycerol. Besides this, lipases are also efficient in various reactions such 

as esterification, transesterification and aminolysis (Babu et al., 2008). Also, 

many microbial lipases are available as commercial products, the majority of 

which are used in detergents, paper production, cosmetic production, food 

flavouring, organic synthesis and other industrial applications (Chi et al., 

2009; Seiichi et al., 1991). A novel extracellular phospholipase C was purified 

from a marine streptomycete; its enzyme activity was optimal at pH 8.0 and 45 

ºC, and hydrolyzed phosphatidyl choline (Mo et al., 2009). 

In addition, actinomycetes are important for the production of enzymes, 

such as chitinases (eg: Streptomyces viridificans), cellulases (eg. 

Thermonospora spp.), xylanases (Microbispora spp.), ligninases (Nocardia 

autotrophica), sugar isomerases (Actinoplanes missouriensis), pectinases, 

hemicellulases and keratinases (Solans and Vobis, 2003). 

2.1.8.4 Pectinases 

Pectinases are a heterogenous group of related enzymes that hydrolyse 

the pectic substances, widely distributed in higher plants and microorganisms 

(Whitaker, 1992). They are of prime importance for plants as they help in cell 

wall extension and softening of some plant tissues during maturation and 

storage (Sakai et al., 1993). Pectinolytic enzymes reported from actinomycetes 

are mostly pectate lyases (Spooner and Hammerschmidt, 1989), identified 
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from Streptomyces viridochromogens (Agate et al., 1962). Pectinolytic 

enzymes from actinomycetes have been used for degumming of ramie bast 

fibres (Bruhlmann et al., 1994). The sediment strain Streptomyces lydicus was 

found to be a potent producer of polygalacturonase (Jacob et al., 2008). 

2.1.8.5 Chitinases 

Amongst actinobacteria, the genus Streptomyces is the best studied for 

chitinases and is mainly responsible for the recycling of chitinous matter in 

nature. Several chitinolytic enzymes have been identified in several 

Streptomyces spp. including S. antibioticus, S. griseus, S. plicatus, S. lividans, 

S. aureofaciens and S. halstedii (Joo, 2005; Taechowisan et al., 2003). Several 

chitinases have been reported from Streptomyces (Kavitha and Vijayalakshmi, 

2011) and Nocardiopsis sp. (Tsujibo et al., 2003). Antifungal and 

biodegradable properties of chitinase are useful for environmental, food 

technology and agriculture (Han et al., 2009). Purification, characterization of 

chitinase from Streptomyces venezuelae P10 was investigated and 

characterization studies revealed antifungal activity against fungal pathogens 

(Mukherjee and Sen, 2006). Although reisolation of known compounds is 

exploding, it has been predicted that only less than 10% of the Streptomycete 

bioactive metabolites have been discovered (Clardy et al., 2006; Watve et al., 

2001). 

Little is known about the diversity of actinobacteria in marine sediments 

of Arabian Sea and Bay of Bengal which still remains under explored. The 

present study was aimed at finding out the major actinomycetes in the   

sediments of Arabian Sea and Bay of Bengal and their bioactive potential in 

terms of antibacterial and hydrolytic property. 
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2.2 Materials and methods 

2.2.1 Microorganisms used for the study 

Actinobacteria (230 Nos.) isolated from the continental shelf and slope 

sediments of West and East coast of India and maintained in the Microbiology 

Laboratory of School of Marine Sciences, Cochin University of Science and 

Technology were used for the present study. The list of various cruises of 

Fisheries and Oceanographic Research Vessel (FORV) Sagar Sampada 

(Centre for Marine Living Resources and Ecology, Ministry of Earth Sciences, 

Govt of India) and the area of sample ( sediment) collection giving details of 

the source of isolation of actinomycetes used in the present study is given in 

Appendix 1. 

2.2.2 Purification of I solates 

Actinomycetes (230 Nos.) were purified by repeated streaking on 

nutrient agar vials and stocked in soft nutrient agar vials overlaid with sterile 

liquid paraffin. The working cultures were maintained in nutrient agar slants 

and kept refrigerated at 4°C for further studies. 

2.2.3 Morphological and Cultural C haracterization 

The actinomycetes comprise a ubiquitous order of bacteria, which 

exhibit wide morphological and physiological diversity. Morphological, 

physiological and biochemical properties of the strains were studied as per 

International Streptomyces Project (Shirling and Gottlieb, 1966) and Bergeyôs 

manual of systematic bacteriology (Williams et al., 1989). 

The isolates were streaked on to 1) Starch casein agar (starch 10.0 g; 

casein 1.0 g; K2HPO4 0.7 g; KH2PO4 0.3 g; MgSO4.7H2O 0.5 g; FeSO4.7H2O 
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0.01 g; ZnSO4  0.001 g; agar 20.0 g; seawater 1L pH 7.2) 2) Yeast extract malt 

extract agar (ISP 2) (yeast extract 4.0 g; malt extract 10.0 g; dextrose 4.0 g; 

seawater 1L; agar 20.0 g; pH 7.2) 3) Glycerol asparagine agar (ISP 5) (L-

asparagine 1.0 g; glycerol 10.0 g; K2HPO4 1 g; seawater 1 L; agar 20.0 g; pH 

7.2) and 4) Nutrient agar (peptone 0.5 g; beef extract 0.3 g; agar 2 g; seawater 

100 ml) and the colony characteristics were noted; colour of mature 

sporulating aerial mycelium, substrate mycelium, macromorphology, 

diffusible pigment, colony reverse colour, colony texture etc. were recorded 

after observing the plates under the Stereomicroscope (Tresner and Backus, 

1963). 

2.2.3.1 Cover slip Culture technique 

Coverslip culture is an important tool for studying the micromorphology 

of filamentous actinomycetes under undisturbed conditions. Spore chain 

morphology, fragmentation of substrate mycelium, aerial mycelium, shape and 

number of spores in spore chain etc. can be clearly studied by this technique. 

The isolates were inoculated in to Marine actinomycete broth and incubated at 

28 °C for 1-2 days. Plates containing Casein starch peptone yeast malt extract 

agar medium (Casein 3.0 g; maize starch 10.0 g; peptone 1.0 g; yeast extract 

1.0 g; malt extract 10.0 g; K2HPO4 0.5 g; sea water 1 L; pH 7.4; agar 20 g) 

were prepared. Sterile cover slips 3-4 were inserted at an angle of 45°C into 

the agar medium. A loopful of spore suspension of actinomycete was 

dispensed at the intersection of the medium and cover slip. The plates were 

incubated at 28°C for 4-8 days. The cover slips were removed at intervals of 2-

4 days and were observed under high power and oil immersion objectives. 

Morphology of aerial mycelium, substrate mycelium, arrangement of 
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sporogenous hyphae, their morphology (straight, flexuous, spiral shaped) were 

recorded according to ISP (Nonomura, 1974; Shirling and Gottlieb, 1966). 

2.2.4 Biochemical and Physiological characterization 

Biochemical and physiological characterization of the individual isolates 

is of utmost importance to understand the basic physiology of the marine 

actinomycete isolates. The physiological and biochemical tests for 

characterization of aerobic sporogenous actinomycetes was done according to 

Berd (1973), with slight modifications. 

2.2.4.1 Decomposition of organic substrates 

Decomposition of tyrosine, xanthine, hypoxanthine, casein and esculin 

was considered as a basic taxonomic criterion in the characterization of 

actinomycetes. 

a) Tyrosine: Tyrosine (0.5 g) was added to 10 ml of distilled water and 

autoclaved. This suspension was mixed with 100 ml of sterile nutrient agar 

media (peptone 5.0 g; beef extract 3.0 g; seawater 1 L; agar 20 g; pH 7.2) at 

50°C, thoroughly mixed and poured into petri plates. Clearing zone around the 

actinomycete colony were scored as positive. 

b) Hypoxanthine: Hypoxanthine (0.5 g) was added to 10ml of distilled water 

and autoclaved. This suspension was mixed with 100 ml of sterile basal media 

(nutrient agar) at 50°C, mixed well and poured into petri plates. Clearing zone 

around the colony were scored as positive. 

c) Xanthine: To check xanthine decomposition, 0.4 g xanthine was mixed 

with 10 ml of distilled water and autoclaved and this suspension was added to 

sterile nutrient agar media (100 ml) and poured into petriplates as above. Spot 
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inoculation of isolates was done in the respective media and the plates were 

incubated at 28°C for 5-7 days. Clearing zone around the colony were scored 

as positive. 

d) Casein: Decomposition of casein was done in skim milk agar prepared by 

autoclaving 10 g of skim milk in 100 ml distilled water. Two grams of agar 

was added to 100 ml of sea water and were autoclaved separately. Sterile skim 

milk and agar were mixed thoroughly and poured into petri dishes. Spot 

inoculation of isolates was done and the plates were incubated at 28°C for 5-7 

days. Clearing of skim milk agar around the colony was recorded as positive. 

e) Esculin: Esculin decomposition media was used to determine whether the 

actinomycete isolates have the ability to decompose glycoside esculin to 

esculetin and dextrose. Esculetin reacts with ferric ammonium citrate in the 

medium to produce a dark brown to black complex. Slants with esculin (0.1%) 

agar media (esculin 1 g; ferric ammonium citrate 0.5 g; peptone 10 g; seawater 

1 L; agar 20 g; pH 7.2) were inoculated with loopful of actinomycete spores 

and control slants with the same agar base without esculin were inoculated in 

the same manner. The tubes were incubated at 28°C for 1-2 weeks, and 

blackening of the slants was recorded as positive. 

2.2.4.2 Lysozyme resistance 

Sterile glycerol broth (peptone 5 g; glycerol 70 ml; sea water 1000 ml; 

pH 7.2) was mixed with 5 ml of lysozyme solution (100 mg of lysozyme 

[Himedia] in 100 ml of 0.01 N hydrochloric acid sterilized by seitz filtration), 

and the mixture was dispensed in test tubes. These tubes and controls 

containing glycerol broth without lysozyme were inoculated with one drop of 

culture suspension with a Pasteur pipette. Readings were made weekly for 2 

weeks. The result was considered positive if good growth was noted in both 



Chapter 2 

32 

tubes, negative if growth was good in the control tube but poor or absent in 

lysozyme broth. 

2.2.4.3 Urea hydrolysis 

Christensenôs urea agar medium (yeast extract 0.1 g; KH2PO4 9.1 g; 

Na2HPO4 9.5 g; NaCl 20 g; urea 20 g; agar 20 g; phenol red 4 ml of 0.25% 

solution; distilled water 1000 ml; pH 6.8) was used to test the production of 

urease. The above ingredients except urea were dissolved in 950 ml of distilled 

sea water and autoclaved at 15 lbs for 15 minutes. Urea was sterilised using 

diethyl ether and dissolved in 50 ml sterile distilled water. This urea was 

added to the basal medium, dispensed into test tubes (3 ml each) and slants 

were prepared. Cultures were inoculated and after incubation a change of 

colour in the medium to pink was noted as urea hydrolysis. The actinomycetes 

utilize urea and liberate ammonia, making the medium alkaline, which is 

indicated by a pink colour in the medium. 

2.2.4.4 Nitrate reduction test  

Nitrate broth is used to determine the ability of an organism to reduce 

nitrate (NO3) to nitrite (NO2) using the enzyme nitrate reductase. It also tests 

the ability of organisms to perform nitrification on nitrate and nitrite to 

produce molecular nitrogen. Nitrate reduction test was carried out in nitrate 

broth supplemented with 0.1% potassium nitrate and Durhamôs tube was 

introduced (inverted) into the medium (Peptone 5.0 g; beef extract 3.0 g; 

potassium nitrate 1.0 g; seawater 1000 ml; pH 7.2). Spore suspension of 

isolates were inoculated into the medium and incubated for one week. 

Uninoculated tubes were used as negative control. Nitrate reduction was 

detected by adding equal volumes of reagents A and B to the inoculated tubes. 
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A red coloration in the medium due to formation of azo dye indicates positive 

nitrate reduction test. If the suspension was colorless after the addition of 

reagents A (Ŭ-naphthyl amine 0.5 g; acetic acid (5 N) 100 ml) and reagent B 

(sulfanilic acid 0.8 g; acetic acid (5 N) 100 ml) a small pinch of zinc dust was 

added to the medium. If the medium remained colorless after the addition of 

zinc powder, the test result was considered positive. If the medium turns pink 

after the addition of zinc powder, the result was considered negative. 

2.2.4.5 Hydrogen sulfide production 

Hydrogen sulphide production was detected along with nitrate reduction 

test by inserting sterile lead acetate strips (5%) through the mouth of the test 

tube in the nitrate broth. Blackening of the strips was scored as positive. 

2.2.4.6 Citrate utilization test 

Utilization of sodium citrate (0.1%) as sole source of carbon was 

detected in Simmonôs citrate agar medium (Himedia) of the following 

composition: (sodium citrate 0.2 g; MgSO4.7H2O 0.02 g; NaCl 15.0 g; 

(NH4)2HPO4 1.0 g; K2HPO4 1.0 g; bromothymol blue 0.02 g; agar 20 g; 

seawater 1 L; pH 6.9). Change in colour of the medium from green to prussian 

blue was recorded as positive. 

2.2.4.7 Melanin production ability 

Melanin production ability of actinomycetes was tested using Peptone 

yeast extract iron agar (ISP6) (Peptone 15 g; proteose peptone 5 g; ferric 

ammonium citrate 0.5 g; dipotassium phosphate 1 g; sodium thiosulphate 0.08 

g; yeast extract 1.0 g; agar 20 g; pH 7.2; sea water 1L) and Tyrosine agar (ISP 

7) (Glycerol 15.0 g; L-tyrosine 0.5 g; L-asparagine 0.5 g; K2HPO4 0.5 g; 
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MgSO4.7H2O 0.5 g; FeSO4.7H2O 0.01 g; seawater 1 L; agar 20 g; pH 7.2). 

Loopful of spores were inoculated on to the agar slants and incubated at 28°C 

for 5-7 days. Brown to back diffusible pigment in the medium was scored as 

positive. Absence of brown to black colour, or total absence of diffusible 

pigment, was considered as negative for melanin production. 

2.2.4.8 Carbohydrate utilization test 

The ability of strains to utilize and produce acid from various carbon 

sources was studied by the method recommended in the International 

Streptomyces Project. Utilization of carbon sources like glucose, lactose, 

mannitol, sucrose, arabinose, trehalose, inositol, ribose, sorbitol and xylose 

were tested on basal carbohydrate utilization agar (ISP 9) ((NH4)2HPO4 1 g; 

KCl 0.02 g; MgSO4 .7H2O 0.2 g; agar 20 g; seawater 1 L). Fifteen milliliters 

of a 0.04% solution of bromocresol purple was added to each liter of basal 

medium, and the pH was adjusted to 7.0. Carbohydrate solution (1%) of each 

carbon source sterilized by seitz filtration was added to sterile basal media 

(Nonomura, 1974) and the media was dispensed into test tubes (3 ml) as agar 

slants. Basal media without supplemented carbon source was used as the 

control tube. The isolates were inoculated into respective carbohydrate agar 

slants and incubated at 28°C for 5-7 days. An acid reaction indicated by the 

change in colour of the carbohydrate medium from purple to yellow indicated 

a positive result. 

2.2.5 Screening of marine actinomycetes for biogranulation property 

The marine actinomycete isolates were tested for the ability to produce 

biogranules (self-immobilization). Spores from single colony of actinomycete 

isolates were inoculated into nutrient broth (50 ml) prepared with sea water. 
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The inoculated broth was placed on an incubator shaker set at 150 rpm, 28°C 

for 7 days. The culture broth was observed at regular intervals for the 

formation of biogranules of each strain. The size of the biogranules were 

measured and recorded as small (0.5-2mm), medium (2-4mm) and large 

(>4mm) based on the diameter of the granules. 

2.2.6 Screening of marine actinomycetes for antibacterial activity 

All the marine actinomycete isolates were tested for their ability to 

produce antibacterial activity. Spores of actinomycete cultures were inoculated 

into nutrient broth (50 ml) prepared with sea water, in a 250 ml conical flask. 

The inoculated broth was placed on an incubator shaker set at 150 rpm, 28°C 

for 7 days. The culture broth was centrifuged at 10,000 rpm at 4°C for 10 

minutes to obtain cell free supernatant. Cell free supernatant of the culture 

broth was used for antibacterial assay. 

The cell free supernatant of the actinomycete culture broth was tested 

mainly against aquaculture and a few human pathogens. The pathogens 

included both Gram positive and Gram negative bacteria procured from 

National Centre for Aquatic Animal Health, CUSAT. The pathogens selected 

for the study were Vibrio harveyi (BCCM 4044), Vibrio parahaemolyticus 

(MTCC 451), Vibrio alginolyticus (MTCC 4439),Vibrio fluvialis (BCCS 

11654) Vibrio proteolyticus (BCCM 3772), Vibrio cholera (MTCC 3906) 

Staphylococcus aureus (MTCC 3061)Bacillus cereus (MTCC 1272) 

Aeromonas hydrophila (MTCC 1739),Pseudomonas aeruginosa (MTCC 741) 

Escherichia coli (MTCC 1610) and Edwardsiella tarda (MTCC 2400). 

Kirby Bauer disc diffusion method was employed for testing 

antibacterial activity. Muller Hinton agar plates were prepared and swab 

inoculation of the pathogens was made on the surface to produce a lawn 
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culture. Sterile filter paper discs impregnated with cell free supernatant (20 µl) 

of the culture broth was placed on the surface of inoculated agar. The plates 

were incubated at 28°C for 24-48 hours and inhibition was observed as zone of 

clearance. Zone of inhibition was measured and recorded. 

2.2.7 Screening for hydrolytic enzyme production 

The marine actinomycete isolates (230 Nos.) were screened for the 

production of various hydrolytic enzymes, viz., amylase, lipase, protease, 

chitinase, aryl sulfatase, phosphatase, ligninase, pectinase, DNase and 

cellulase. 

2.2.7.1 Amylase, Protease, and Lipase: 

Nutrient agar medium (peptone 0.5 g; beef extract 0.3 g; agar 2 g; sea 

water 100 ml; pH 7.0) supplemented with starch (1%), gelatin (2%) and 

tributyrin (1%) were prepared separately for the respective enzyme assays. 

Plates were spot inoculated and incubated at room temperature (28 ± 2°C) for 

3 to 5 days and observations were made. Starch agar plates were flooded with 

grams iodine solution (Iodine 1 g; potassium iodide 2 g; distilled water 300 

ml) and gelatin agar plates with mercuric chloride solution (15%). Appearance 

of clearance zone around the colonies was noted as positive and the diameter 

of the zone was recorded. Tributyrin agar plates were noted for a clear zone 

around the colonies for lipase production. 

2.2.7.2 Pectinase: 

Pectin Agar (pectin 0.5g; CaCl2.2H2O 0.02g; NaCl 2g; FeCl3.6H2O 

0.001g; yeast extract 0.1g; agar 2g; seawater 100ml; pH 7.0) was used for 

testing the production of pectinase. The plates were spot inoculated and 
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incubated at room temperature (28 ± 2°C) for 5 to 7 days. After incubation, the 

plates were flooded with 1% cetavlon (cetyl trimethyl ammonium bromide), 

allowed to stand for 20-30 minutes and the zone of clearance was noted as 

positive. 

2.2.7.3 Cellulase: 

Cellulose agar (casein hydrolysate 0.05 g; yeast extract 0.05 g; NaNO3 

0.01 g; cellulose powder 0.5 g; agar 2 g; seawater 100 ml; pH 7.0) was used 

for testing cellulase production. The plates were spot inoculated and incubated 

at room temperature (28 ± 2°C) for 7 to 10 days. The zone of clearance around 

the colonies was noted as positive. 

2.2.7.4 DNase: 

The isolates were spot inoculated on DNAse agar (Tryptone 3 g; DNA 

0.2 g; agar 2 g; sea water 100 ml; pH 7.0). After incubation at 28 ± 2°C for 5 

days, the plates were flooded with 1 N HCL. Zone of clearance around the 

colonies were recorded as positive. 

2.2.7.5 Aryl sulfatase: 

Nutrient agar (peptone 0.5 g; yeast extract 0.1 g; ferric phosphate 0.002 

g; agar 2 g, seawater 100 ml, pH 7.0) supplemented with Tripotassium 

phenolphathalein disulfate (PDS) was used for the production of aryl sulfatase. 

The plates were spot inoculated and incubated at room temperature (28 ± 2°C) 

for 5-7 days. After incubation the agar plates were exposed to ammonia 

vapour, development of pink colour around the colonies due to the release of 

phenolphthalein from PDS was recorded as positive. 
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2.2.7.6 Phosphatase: 

The marine actinomycete isolates were spot inoculated on nutrient agar 

basal media supplemented with 0.01% phenophthalein diphosphate. Incubated 

at room temperature (28 ± 2°C) for 5-7 days. After incubation the agar plates 

were exposed to ammonia vapour, development of pink colour around the 

colonies due to the release of phenolphthalein from phenolphthalein 

diphosphate was recorded as positive. 

2.2.7.7 Ligninase: 

Crawfordôs agar (Glucose 0.1 g; yeast extract 0.15 g; Na2HPO4 0.45 g; 

KH2PO4 0.1 g; MgSO4 0.002 g; CaCl2 0.05 g; agar 2 g; sea water 100 ml; pH 

7.0) was used as the basal medium for testing lignin degradation. The basal 

medium was supplemented with 0.02% methylene blue and the plates were 

spot inoculated and incubated at room temperature (28 ± 2°C) for 5 to 14 days. 

Formation of halo zone or decolourisation of methylene blue was considered 

as positive. 

2.2.7.8 Chitinase: 

Chitinase activity of the isolates was tested by spot inoculation on chitin 

agar media prepared with 5% colloidal chitin in mineral basal media. The 

composition of the media is as follows: Colloidal chitin 5g; K2HPO4 0.07g; 

KH2PO4 0.03g; MgSO4.7H2O 0.05g; FeSO4.7H2O 0.001g; ZnSO4.4H2O 

0.0001g; MnCl2.4H2O 0.0001g; agar 2g; seawater 100 ml pH 7.0). Incubation 

of the plates was done at 28°C for 7-14 days and the zone of clearance was 

recorded. 
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2.2.7.8.1 Preparation of colloidal chitin  

Purified chitin (15 g) was dissolved in 50% H2SO4 (100 ml), and mixed 

by stirring in ice bath. After one hour, 2 L of distilled water was added to the 

dissolved chitin for precipitation. The suspension was kept overnight at 4°C, 

supernatant decanted and pH adjusted to neutral. Colloidal chitin collected by 

centrifuging at 5000 rpm for 10 minutes was stored at 4°C. 

2.3 Results 

2.3.1 Morphological and Cultural characterization  

The actinomycete isolates exhibited good growth in ISP medium (ISP  5) 

and starch casein agar. Majority of the isolates grew within 3-5 days and 

sporulation was noticed after 5-7 days. Approximately 12% isolates were slow 

growing, and distinct colony appearance was noticed only after 3 days. The 

colony texture of isolates in the ISP media varied from powdery, cottony, and 

velvety to leathery colonies. The appearance of colonies ranged from 

concentric, wrinkled, umbonate, and chrysanthemum (radial furrows) type 

(Fig. 2.1). The spore mass colour of actinomycetes is considered taxonomic 

criterion for grouping of actinomycetes. Among the 230 marine actinomycete 

isolates, 134 isolates produced white/off white spore mass, 48 isolates 

exhibited ash/grey, 20 produced yellow spore mass colour, 19 isolates had 

green spore mass and 9 isolates were in pink/red series (Fig. 2.2). Only six 

isolates produced a diffusible pigment in almost all the culture media viz., 

starch casein agar, glycerol asparagine agar and yeast extract malt extract agar 

and nutrient agar. The colour of the substrate mycelium in starch casein agar, 

glycerol asparagine agar, yeast extract malt extract agar and nutrient agar were 

observed and varied from off white to pink, red, grey, green and yellow. 
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  Fig. 2.1 Colony appearance of actinomycete isolates under stereomicroscope 

 

 

  Fig. 2.2 Percentage of actinomycete isolates with different spore mass colour 

 

The spore chain morphology of actinomycetes grown in coverslip 

observed under high power and oil immersion objectives revealed four types 

of spore chain morphology. The most prominent spore chain morphology was 

the spiral one, and 34% of the cultures exhibited spiral spore chain (mostly 

verticillate type) followed by 28% exhibiting rectiflexibiles (straight to 

flexuous) and 13.9% retinaculiaperti (open hooks, loops or spirals with one to 

two turns) spore chain morphology. (Fig.2.3 and Fig. 2.4) Remaining 23.9% of 

the isolates exhibited long chain of spores with zigzag fragmenting hyphae. 
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 Fig. 2.3 Microscopic appearance of spore chain morphology of actinomycete isolates 

 

 

  Fig. 2.4 Relative spore chain morphology of actinomycete isolates 
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2.3.2 Generic composition 

Based on the morphological and biochemical characteristics, the marine 

actinomycete isolates from Arabian Sea and Bay of Bengal were classified 

mainly into two genera, i.e., 175 isolates with characteristic spore chain 

morphology as belonging to genus Streptomyces and 55 isolates with long 

chain of spores and zigzag fragmenting aerial hyphae as Nocardiopsis (Fig. 

2.5). 

 

 

 

Fig. 2.5 Generic composition of actinomycetes in marine sediments of Arabian Sea and 

Bay of Bengal 
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2.3.3 Biochemical and physiological characterization 

Decomposition of various substrates such as xanthine, hypoxanthine and 

tyrosine carried out in respective agar media revealed that of the isolated 230 

strains of marine actinomycetes, 86.47% had the ability to decompose 

tyrosine, 77.39% isolates decomposed hypoxanthine and 67.42% decomposed 

xanthine. Decomposition of casein (1%) by actinomycete isolates were tested 

on skim milk agar. Of the total, 73.91% were able to decompose casein which 

was indicated by a clearing zone around the colonies. Esculin decomposition 

was carried out by 90.43% of the actinomycete isolates. 

Melanin production ability was exhibited by only 4% isolates on peptone 

yeast extract iron agar and tyrosine agar. Only Streptomyces isolates (4%) 

were able to produce melanin. None of the Nocardiopsis isolates produced 

melanin. Almost all the isolates were able to grow in the presence of 

lysozyme, i.e. lysozyme resistant. 94.35 % were able to hydrolyse urea with 

the production of urease enzyme. Nitrate reduction was carried out by 69.57% 

actinomycete isolates, while 59.13% was able to produce hydrogen sulphide 

indicated by blackening of lead acetate strips and only 13.48% isolates were 

able to utilize citrate as the sole carbon source (Fig. 2.6). 

Among the 175 Streptomyces isolates identified, 154 strains (88%) 

decomposed esculin, 117 (67%) decomposed tyrosine, 125 (71%) decomposed 

hypoxanthine, and 90 (51%) decomposed xanthine. Out of the 55 

Nocardiopsis isolates, 54 (98%) decomposed esculin, 39 (71%) decomposed 

casein, 30 (55%) decomposed tyrosine, 53 (96%) decomposed hypoxanthine 

and 30 (55%) isolates decomposed xanthine. Relative biochemical profile of 

Streptomyces and Nocardiopsis revealed almost equivocal reactions, with 
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slight increase in nitrate reduction ability for Streptomyces compared to 

Nocardiopsis (Fig. 2.7). 

 

                    Fig. 2.6 Biochemical profile of actinomycete isolates 

 

 

      Fig. 2.7 Biochemical profile of Streptomyces and Nocardiopsis isolates 
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2.3.3.1 Carbohydrate utilization test  

The entire carbohydrate source ranging from monosaccharides, 

disaccharides to sugar alcohols were utilized by actinomycete isolates. The 

carbon source most utilized by all the isolates was the hexose sugar glucose 

and the pentose sugar rhamnose. Rhamnose was utilized by 98.7% isolates 

followed by glucose (97.4%), trehalose (94.35%), inositol and galactose 

(92.61% each), arabinose (92.17%), mannitol (90.43%), sorbitol (85.22%), 

lactose (81.3%) and xylose (76.96%). Heavy growth and sporulation was 

observed for almost all cultures in media supplemented with pentose sugar 

rhamnose. Acid production from carbohydrates varied considerably among the 

isolates i.e., 81.3% of the isolates were capable of acid production from 

glucose followed by mannitol (74.35%), galactose (63.04%), rhamnose 

(58.70%), xylose (58.26%), lactose (54.78%), trehalose (53.04%), arabinose 

(51.3%), sorbitol (20.0%) and inositol (19.13%) (Fig. 2.8). Streptomyces spp. 

were found to be better in acid production (in terms of percentage of positive 

isolates) compared to Nocardiopsis spp. (Fig. 2.9). 

 

           Fig. 2.8 Carbohydrate utilization  profile of actinomycete isolates 
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      Fig. 2.9 Acid production ability of Streptomyces and Nocardiopsis isolates 

2.3.4 Screening of marine actinomycetes for biogranulation property 

Of the total 230 marine actinomycetes screened for biogranulation 

property, 82% isolates had the ability of biogranulation. 61% of the isolates 

produced small granules (0.5-2mm), 9% isolates produced medium sized 

granules (2-4mm) and 3% isolates produced large granules (>4mm). Mixed 

granules of different sizes were produced by 9% isolates and 18 % isolates did 

not produce granules (Fig 2.10). 

 

                           Fig. 2.10 Biogranulation in marine actinomycetes 
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2.3.5 Screening of marine actinomycetes for antibacterial activity 

The marine actinomycete isolates were screened for antibacterial activity 

by disc diffusion assay. Percentage of actinomycetes which inhibited Bacillus 

cereus was 24% isolates, followed by Staphylococcus aureus (18.8%), Vibrio 

alginolyticus (13.4%), Aeromonas hydrophila (8%) and Vibrio fluvialis (8%). 

Vibrio cholera, Vibrio parahaemolyticus and V.harveyi was inhibited by 5% 

of the actinomycete isolates (Fig. 2.11). Two percent of the isolates inhibited 

Pseudomonas aeruginosa and none of the isolates had activity against E. coli 

and Edwardsiella tarda. Actinomycete M56 isolated from sediments of Bay of 

Bengal exhibited broad spectrum activity against Gram positive and Gram 

negative bacteria especially Vibrio spp. 

 

 

        Fig. 2.11 Percentage of actinomycete isolates with antibacterial activity 
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2.3.6 Screening for hydrolytic enzyme potential 

 

 

 

           Fig. 2.12 Hydrolytic enzyme profile of marine actinomycete isolates 

 

The actinomycetes isolated from the marine sediments invariably had the 

potential to elaborate a wide array of enzymes, ranging from gelatinase 

(99.13%) to ligninase (15.22%). DNase activity was exhibited by 96.09%, 

followed by lipase (86.96%), phosphatase (84.78%), amylase (76.96%), 

chitinase (63.48%), pectinase (22.17%), and only very few isolates showed 

arylsulfatase activity (1.08%). None of the strains exhibited cellulase activity 

(Fig. 2.12 and Fig. 2.13). 
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Fig. 2.13 Hydrolytic enzyme activity of marine actinomycetes on respective agar media 

2.4 Discussion 

Microbial systematics, physiology and natural product chemistry are 

underpinning disciplines in unraveling biodiscovery of marine natural 

products (Bull and Stach, 2007). Maximizing the novel bio discovery process 

lies in the fact that understanding of the actinomycete systematics from the 

vast ocean realm is indispensable. Little is known about the actinomycete 

diversity in marine sediments, which is an inexhaustible resource that has not 

been properly exploited (Chacko et al., 2012; Karthik et al., 2010). 

Chromogenicity of aerial mycelium is considered an important character 

for grouping of actinomycetes (Pridham and Tresner, 1974). It was found that 

the actinomycete cultures, isolated from sediments of Arabian Sea and Bay of 

Bengal were morphologically distinct on the basis of spore mass colour, aerial, 

substrate mycelium, pigmentation, spore chain morphology etc. Majority of 

isolates were white, followed by grey, yellow, green, and pink spore mass 


































































































































































































































































































































































































































































