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ABSTRACT

Marine microorganisms widely distributed on our oceans of the earth and emerging as the great
source for the discovery of natural products. Marine Actinomycetes are virtually unlimited sources of novel
compounds with many therapeutic applications and hold a prominent position due to their diversity and
proven ability to produce novel bioactive compounds. Actinomycetes represent a high proportion of the soil
microbial biomass and have the capacity to produce a wide variety of antibiotics and of extracellular enzymes.
Several strains of actinomycetes have been found to protect plants against plant diseases. This review focuses
on the potential of marine actinomycetes as (a) source of agroactive compounds and biocontrol tools of plant
diseases.
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INTRODUCTION

Marine microorganisms have become an important source of study in the search for novel microbial
products (Gulve and Deshmukh 2011). Today both academic and industrial interest in marine microorganisms
is on the rise. Marin eactinomycetes are useful and suitable source of new bioactive natural products. The
discovery of new bioactive natural products from marine sources has become an important research area due
to the extraordinary chemical diversity and novelty found in marine natural products and their potential
applications as lead compounds in drug development (Molinski et al., 2009 and Mayer et al., 2011). The ocean
covers approximately 70% of the Earth’s surface and has the potential to provide a treasure trove of largely
unexplored biodiversity. In the past 30 years, bioprospecting for new marine natural products has yielded
several thousand chemically diverse compounds ; in 2009 to 2010 alone 2,014 novel marine natural products
were discovered (Blunt et al, 2011 and 2012). Clearly, such recent discoveries suggest that marine
microorganisms have the potential to be a massive resource for bioactive natural product discovery. The
genus Streptomyces is represented in nature by the largest number of species and varieties, which differ
greatly in their morphology, physiology, and biochemical activities. Streptomyces is a genus of 500 species of
gram positive, filamentous bacteria in the Phylum Actinobacteria, Order Streptomycetales, Family
Streptomycetaceae. Streptomyces are ubiquitous in soil habitats and aquatic sediments (Gontang et al.,,
2007). Streptomyces are a group of prokaryotes that are usually found in all types of ecosystems including
water and soil. Among their most notable features is their capacity to produce an extraordinary diversity of
antibiotics. Streptomyces have been estimated to produce up to 100,000 distinct antimicrobial compounds, of
which only a small number have been identified to date (Watve et al., 2001). Marine actinomycetes are a
potential source of novel compounds as the environmental conditions of the sea are entirely different from
the terrestrial conditions (Meiying and Zhicheng, 1998). Marine sediments represents rich in nutrition and
moisture, provides main source for producing antimicrobial metabolites (Takuji Nakashima et al., 2009).

Actinomycetes as source of Agroactive compounds

Actinomycetes are widely distributed group of microorganism in nature and have the capacity to
synthesise many biologically active secondary metabolites (Rao et al. 2013). The marine actinomycetes
produce variety of enzyme inhibitors, antibiotics and anticancer compounds. Many researchers have isolated
novel antibiotics from the marine environment (Sujatha et al., 2005; Charan et al., 2004). The marine
actinomycetes are the good source of enzyme inhibitors (Imade, 2005 and Pimentel-Elardo et al. 2010). Some
of the novel secondary metabolites from marine actinomycetes have been isolated recently include
Abyssomicin C, from Verrucosispora sp., a secondary metabolite with potent inhibitory action on para
aminobenzoic acid synthesis (Riedlinger et al., 2004). Salinosporamide A, an anticancer compound from
Salinispora sp. (Fehling et al., 2003) and a novel marinopyrroles from Streptomyces sp. (Hughes et al., 2008)
have been isolated. Sea water dependent actinomycete Salinispora sp. (Maldonado et al., 2005) proved that
the marine environment is still an untapped source of diverse group of actinomycetes with unique biological
functions. However, the reports on biodiversity of actinomycetes are very limited. Almost 60% of the
antibiotics discovered in the year 1990 and most of the antibiotics (Streptomycin related antibiotics) are from
the genus Streptomyces (Ramesh and William 2012). Further they are developing as therapeutic agents for
various plant diseases. Antibacterial (Ramesh and Mathivanan 2009, Berdy 2005), antifungal (Ramesh and
Mathivanan 2009; Prabavathy, et al.,2006), anti-parasitic (Pimentel-Elardo et al. 2010), antiviral and anti-
infective (Rahman et al. 2010 and 2012), insecticidal (Sacramento et al.2004), antitumor (Ramesh and
Mathivanan 2009), antiinflammatory, antioxidant (Teppei 2012) and herbicidal compounds (Sousa , 2008).

It is possible to isolate strains which substrates are pollutants which contribute to environmental
protection. Primarily, the advantage is a possibility of isolation a strain which metabolite product high value
product or finds a new metabolite which leading to the development of new products (Atta and Ahmad 2009
and Selvameenal et al., 2009). Actinomycetes have been a source of a numerous useful products including
pharmaceuticals, agrochemicals, enzymes for use in a number of industrial applications from food industry to
papermaking (Rao et al. 2013). About three quarters of all the known commercially and several agriculturally
important compounds were obtained from the streptomycetes. Further, they are well known for their
capability of producing various extracellular hydrolytic enzymes including ribonucleases (Brunakova et al.,
2004, Ramesh et al., 2009, Ramesh and Mathivanan, 2009 and Hong et al., 2009). The cellulolytic activity of
marine actinomycetes was described by Chandramohan et al. (1972), chitinolytic actinomycetes were
reported by Pisano et al. (1992) and various industrially important enzyme producing actinomycetes have
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been reported (Ramesh and Mathivanan 2009). Actinomycetes are also reported to contribute to the
breakdown and recycling of organic compounds (Goodfellow and Haynes 1984). In addition, they play a
significant role in mineralization of organic matter, immobilization of mineral nutrients, fixation of nitrogen,
improvement of physical parameters and environmental protection (Goodfellow and Williams 1983).

Streptomycetes as biofungicide

Fungal phytopathogens cause serious problems worldwide in the cultivation of economically
important plants. Chemical fungicides are extensively used in current agriculture. However, excessive use of
chemical fungicides in agriculture has led to deteriorating human health, environmental pollution, and
development of pathogen resistance to fungicide. Because of the worsening problems in fungal disease
control, a serious search is needed to identify alternative methods for plant protection, which are less
dependent on chemicals and are more environmentally friendly. Microbial antagonists are widely used for the
biocontrol of fungal plant diseases. Streptomyces have ability to produce extracellular antifungal metabolite(s)
against pathogens has been reported. Several members of the streptomycetes family have been reported as
potential biocontrol agents and as the potent producers of antifungal compounds (Haggag Wafaa and Elham
Abdallh 2012 ; Haggag Wafaa and Abdall, 2011 ; Hagga, Wafaa et al., 2012 )., indicating that these filamentous
bacteria possess a vast potential for producing antifungal metabolites. In search for antifungal agents,
Streptomyces strains have been isolated from various types of soils, including rice paddy, lake mud and water,
deciduous forest, tropical forest, wasteland, and cave soils (Jiang, and Xu, 1996, Kim, et al., 1998 and
Shomura, 1993).

Their natural habitat soil is nutritionally, biologically and physically complex and variable, demanding
their fast adaptation. As a consequence, they are able to perform a broad range of metabolic processes and to
produce an immense diversity of bioactive secondary metabolites. The antifungal potential of extracellular
metabolites produced by soil-borne Streptomyces isolates could be exploited for its future use as a
biofungicide. The chitinolytic actinomycetes were reported and various industrially important enzyme
producing actinomycetes have been reported (Ramesh and Mathivanan 2009). According to Peela et al.,
(2005) numerous marine actinomycetes have been isolated from the samples collected from Andaman coast
in Bay of Bengal and the majority of isolates belong to the genus Streptomyces with antibacterial and
antifungal activity.

A total of 160 isolates of marine actinomycetes were isolated from the sediment samples drawn from
mangroves, estuary, sand dune, and industrially polluted coast. Of these, mangrove sediments were rich
sources of marine actinomycetes. Each isolate was tested against four phytopathogenic fungi, viz. Rhizoctonia
solani, Pyricularia oryzae, Helminthosporium oryzae (causing sheath blight, blast and leaf spot diseases of rice)
and Colletotrichum falcatum (causing red rot disease of sugar cane) (Kathiresan et al., 2005). These isolates
appeared to produce high antifungal compounds at 120 hrs of incubation period of production medium
culture. These strains may prove to be the potent source for isolation of agrobased fungicides. ( Gunasekaran
Mohanraj and Thangavel Sekar 2013) . Marine sediments were collected from 28 points in the Bay of Bengal
and totally 52 actinomycetes were isolated using different isolation media. All the above isolates were
characterized and identified by microscopical and macroscopical observations. Identification of the isolates
revealed that all isolates belong to the genus Streptomyces. The isolated marine actinomycetes were screened
for their antimicrobial activity against the human bacterial pathogens Salmonella typhi, Escherichia coli,
Bacillus cereus, Staphylococcus aureus and Klebsiella pneumonia and fungal phytopathogens Rhizoctonia
solani, Macrophomina phaseolina, Fusarium udum and Fusarium oxysporum f. sp. lycopersici. Shantikumar
singh et al. (2006) reported 37 actinomycetes from lake sediments, out of them 21 isolates exhibited
antimicrobial activity especially 12 active isolates exhibited good antifungal activity. Among 52 isolates
performed for antifungal activity test, a total of 20 isolates possess antifungal activity, of which 2, 12, 8 and 10
are active against the Rhizoctonia solani, Fusarium udum, Fusarium oxysporum f. sp. lycopersici and
Macrophomina phaseolina respectively whereas 32 isolates showed no activity. Kathiresan et al. (2005)
isolated 160 marine actinomycetes and 31% of them are proved to be potential against Rhizoctonia solani.

Streptomyces capable of producing growth regulators or Indole Acetic Acid (IAA). Another mechanism
by which disease suppression occurs in foliage by rhizosfer bacteria is induced systemic resistance or ISR
(Choudhary et al., 2007). Plant resistance mechanism in this way involves the translocation of plant signal
from roots to foliage that activates plant resistance. Application of Streptomyces through seed coating may
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induce systemic resistance. Early colonizing roots of germinated seeds may activate natural plant resistance
mechanisms that will increase the capacity of plant defenses against multiple pathogens that will attack later.
Soaking seeds in Streptomyces suspension further increase the population of Streptomyces that can colonize
the roots.

Therefore, these Streptomyces can be considered for isolation of novel secondary metabolites which
may be of importance for various biocontrol and applications. Use of biocontrol agents such as these broad-
spectrum Streptomyces isolates will probably be one of the important tactics for plant disease management in
the near future as they allow the reduced use of pesticides and fertilizers that are potential pollutants of the
environment.

REFERENCES
Berdy J. (2005). Bioactive microbial metabolites. J Antibiot 58: 1-26.

Blunt JW, Copp BR, Keyzers RA, Munro MHG, Prinsep MR (2012) Marine natural products. Nat Prod Rep 29:
144-222.

Blunt JW, Copp BR, Munro MHG, Northcote PT, Prinsep MR (2011) Marine natural products. Nat Prod Rep 28:
196-268.

Brunakova, Z.; A. Godnay, J. Timko (2004). An extracellular endodeoxyribonuclease from Sterptomyces
aureofaciens Biochim Biophys Acta, 1721, pp. 116-123

Charan R D, Schlingmann G J, Janso V, Bernan X, Feng and Carter G T (2004). “Diazepinomicin, a New
Antimicrobial Alkaloid from a Marine Micromonospora sp.”, J. Nat. Prod., Vol. 67, pp. 143-1433.

Choudhary, D.K., A. Prakash and B.N. Johri, (2007). Induced Systemic Resistance (ISR) in plants: Mechanism of
action. Indian. J. Microbiol., 47: 289-297.

Fehling R H, Buchanan G O, Mincer T J, Kauffman C A, Jensen P R and Fenical W (2003). “Salinosporamide A: A
Highly Cytotoxic Proteasome Inhibitor From A Novel Microbial Source, A Marine Bacterium of the New Genus
Salinospora”, Angew Chem. Int. Ed., Vol. 42, pp 355-357.

Gontang, E.A., Fenical, W., Jensen, P.R., 2007. Phylogenetic diversity of gram-positive bacteria cultured from
marine sediments. Appl. Environ. Microbiol. 73, 3272e3282.

Gulve, R. and Deshmukh , A. (2011). Enzymatic activity of Actinomycetes isolated from marine sedimentes.
Recent Research in Science and Technology 2011, 3(5): 80-83.

Haggag Wafaa and Abdall, A. M. (2011). Foliar Application of Streptomyces Aureofaciens Improve Protection
in Mango against Post-Harvest Anthracnose and Enhances Fruit Yield. European Journal of Scientific Research
Vol.63 No.1, pp. 139-149

Haggag Wafaa M and ElhamG. Abdallh (2012). Purification and Characterization of Chitinase Produced by
Endophytic Streptomyces hygroscopicus Against Some Phytopathogens. Journal of Microbiology Research
2012, 2(5): 145-151

Haggag Wafaa, Enas, M. Mostafa , El Azzazy, A.M. (2011). Optimization and production of antifungal
hydrolysis enzymes by Streptomyces aureofaciens against Colletotrichum gloeosporioides of mango.

Agriculture Science; USA 2(2): 146-157

Hong, K.; A.H. Gao, Q.Y. Xie, H. Gao, L. Zhuang, H.P. Lin, (2009). Actinomycetes for marine drug discovery
isolated from mangrove soils and plants in China Mar Drugs, 7, pp. 24—-44

Hughes C Prieto Davo A, Jensen P R and Fenical W (2008). “The Marynopyrroles, Antibiotics of an
Unprecedented Structure Class from a Marine Streptomyces sp.”, Org. Lett., Vol. 10, pp. 629-631.

September - October RJPBCS 5(5) 2014 Page No. 654



ISSN: 0975-8585

Jiang, C.L.; Xu, L. (1996). Diversity of aquatic actinomycetes in lakes of the middle plateau, Yunnan, China.
Appl. Environ. Microbiol., 62, 249-253.

Kathiresan K, Balagurunathan R and Masilamani Selvam M (2005). “Fungicidal Activity of Marine
Actinomycetes against Phytopathogemic fungi”, Indian journal of Biotechnology, Vol. 4, pp. 271-276

Kathiresan’ K., R Balagurunathan and M Masilamani Selvam (2005). Fungicidal activity of marine
actinomycetes against phytopathogenic fungi. Indian Journal of Biotechnology Vol. 4, pp. 271-276

Kim, B.S.; Lee, J.Y.; Hwang, B.K. (1998). Diversity of actinomycetes antagonistic to plant pathogenic fungi in
cave and sea-mud soils of Korea. J. Microbiol., 36, 86-92.

Maldonado L, Fenical W, Jensen P R, Kauffman C, Mincer T, Ward A C, Bull A T and Goodfellow M (2005),
“Salinispora arenicola gen. nov., sp. nov. and Salinispora tropica sp. nov., Obligate Marine Actinomycetes
Belonging to the Family. Microbiol., Vol. 55, pp. 1759-1766.

Mayer AMS, Rodriguez AD, Berlinck RGS, Fusetani N (2011). Marine pharmacology in 2007-8: Marine
compounds with antibacterial, anticoagulant, antifungal, anti-inflammatory, antimalarial, antiprotozoal,
antituberculosis, and antiviral activities; affecting the immune and nervous system, and other miscellaneous
mechanisms of action. Comp Biochem Physiol C Toxicol Pharmacol 153: 191-222.

Meiying Z and Zhicheng Z (1998),“Identification of Marine Actinomycetes S- 216 Strain and Its Biosynthetic
Conditions of Antifungal Antibiotic”, J. Xiamen Univ. Nat. Sci., Vol. 37, pp. 109-114.

Molinski TF, Dalisay DS, Lievens SL, Saludes JP (2009) Drug development from marine natural products. Nat
Rev Drug Discov 8: 69-85.

Okami, Y.; K. Hotta (1988). Search and discovery of new antibiotics M. Goodfellow, S.T. Williams, M. Mordaski
(Eds.), Actinomycetes in biotechnology, Academic Press, London, pp. 33-67

Pimentel-Elardo SM, Kozytska S, Bugni TS, Ireland CM, Moll H, et al. (2010) Antiparasitic compounds from
Streptomyces sp.strains isolated from Mediterranean sponges. Mar Drugs 8: 373-380.

Pisano, M., M. Sommer, L. Taras (1992). Bioactivity of chitinolytic actinomycetes of marine origin Appl
Microbiol Biotechnol, 36 : 553-555

Prabavathy VR, Mathivanan N, Murugesan K (2006) . Control of blast and sheath blight diseases of rice using
antifungal metabolites produced by Streptomyces sp. PM5. Biol Control 39: 313-319.

Prabavathy, V.; N. Mathivanan, K. Murugesan (2006). Control of blast and sheath blight diseases of rice using
antifungal metabolites produced by Streptomyces sp. PM5 Biol Control, 39, pp. 313-319.

Rahman, H., Austin, B., Mitchell, W. J., Morris, P. C., Jamieson, D. J., Adams, D. R., Schweizer, M. (2010). Novel
anti-infective compounds from marine bacteria. Marine Drugs, 8(3), 498-518

Ramesh S, Mathivanan N (2009) Screening of marine actinomycetes isolated from the Bay of Bengal, India for
antimicrobial activity and industrial enzymes. World J MicrobiolBiotechnol25: 2103-2111.

Ramesh S, William A (2012) Marine actinomycetes: An ongoing source of novel bioactive metabolites.
Microbiol Res 167: 571-580.

Ramesh, S.; M. Rajesh, N. (2009). Mathivanan Characterization of a thermostable alkaline protease produced
by marine Streptomyces fungicidicus MML1614 Bioprocess Biosyst Eng, 32, pp. 791-800

Ramesh, S.; N. Mathivanan (2009). Screening of marine actinomycetes isolated from the Bay of Bengal, India
for antimicrobial activity and industrial enzymes World J Microbiol Biotechnol, 25 pp. 2103-2111

September - October RJPBCS 5(5) 2014 Page No. 655



ISSN: 0975-8585

Rao, K.V. and T. Raghava RAO (2013). Isolation and screening of antagonistic Actinomycetes from mangrove
soil . Innovare Journal of Life Science, Vol 1, Issue 3, 2013, 28-31

Riedlinger J, Reike A, Zahner H, Krismer B, Bull A T, Maldonado L A, Ward A C, Goodfellow M, Bister B, Bischoff
D and Fiedler H P (2004), “Abyssomicins, Inhibitors of the Para-aminobenzoic Acid”, J. Antibiot., Vol. 57, pp.
271-279.

Sacramento,D.; R.R.R. Coelho, M.D. Wigg, L.F.T.L. Linhares, M.G.M. Santos, LT.A.S. Semedo, et al.
Antimicrobial and antiviral activities of an actinomycete (Streptomyces sp.) isolated from a Brazilian tropical
forest soil World J Microbiol Biotechnol20: 225-229.

Shantikumar Singh L, Indra baruah and Bora T C (2006). “Actinomycetes of Loktak Habitat; Isolation and
Screening for Antimicrobial Activities”, Biotechnology, Vol. No. 2, pp. 217-221.

Shomura, T.(1993). Screening for new products of new species of Dactylosporangium and other
actinomycetes. Actinomycetol. 7, 88-98.

Sousa CS, Soares ACF, Garrido MS (2008) . Characterization of Streptomycetes with potential to promote plant
growth and biocontrol. SciAgric65: 50-55.

Sujatha P, Raju KVVSN and Ramana T (2005). “Studies on a New Marine streptomycete BT-408 Producing
Polyketide Antibiotic SBR-22 Effective Against Methicillin Resistant Staphylococcus aureus”, Microbiol. Res.,
Vol. 160, pp. 119-126

Sujatha,P., Bapi Raju KVVSN, T. Ramana (2005). Studies on a new marine Streptomycete BT-408 producing
polyketide antibiotic SBR-22 effective against methicillin resistant Staphylococcus aureus . Microbiol Res, 160
pp. 119-126

Takuji Nakashima, Kozue Anzal, Rieko Suzuki, Natsumi Kuwahara, Satoshi Takeshita et al. (2009). Productivity
of Bioactive compounds in Streptomyces species isolated from Nagasaki marine emvironments.
Actinomycetologica 23: 16—20.

Teppei K, Miho I, Misa O, Hideki Y, Masayuki H, et al. (2012) JBIR-94 and JBIR-125, Antioxidative Phenolic
Compounds from Streptomyces sp. R56-07. J Nat Prod 75: 107-110.

Thangavel Sekar and Gunasekaran Mohanraj, (2013) . Isolation and screening of actinomycetes from marine
sediments for their potential to produce antimicrobials. Int. J. LifeSc. Bt & Pharm. Res. Vol. 2, No.

http://www.ijlbpr.com/currentissue.php

Watve, M., Tickoo, R., Jog, M.M., Bhole, B. (2001). How many antibiotics are produced by the genus
Streptomyces? Arch. Microbiol. 176, 386-390.

Xu, L.H.; Li, Q.R.; Jiang, C.L. (1996). Diversity of soil actinomycetes in Yunnan, China. Appl. Environ. Microbiol.,
62, 244-248.

September - October RJPBCS 5(5) 2014 Page No. 656



