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ABSTRACT 

Objective: The objective of the present study was aimed to isolate actinobacteria from the marine environment and to screen the production and 
antifungal activity of chitinase enzyme against phytopathogenic fungi. 

Methods: The actinobacteria were isolated from twelve sediment samples of East Coast Regions (ECR) by spread plate technique on starch casein 
agar, and the actinobacteria isolates were identified by the methods of International Streptomyces Project (ISP). All the actinobacteria were tested 
for chitinase activities using enrichment chitin agar media (EMCA) by spot inoculation method, and the potential isolate was used for chitinase 
production by submerged fermentation technique using 1% colloidal chitin in liquid medium. The efficacy of chitinase activity was assessed by 
spectrophotometric method along with growth monitoring. The most potential isolate Streptomyces sp. ACT7 was evaluated for its antagonistic 
activity against phytopathogens namely F. oxysporum and Alternaria sp. by dual culture method.  

Results: Totally, 27 isolates of actinobacteria were isolated from marine sediments of ECR. Of them, 9 isolates had chitinase activity. Among the 
chitinase producers, the isolate ACT7 had prominent chitinase production after 7 days of incubation. The antagonistic activity of the isolate ACT7 
was effective in restricting the radial growth of phytopathogens such as F. oxysporum and Alternaria sp.  

Conclusion: 
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The actinobacteria has found to possess potent antifungal activity and it can be used as a promising biocontrol agent, thereby reducing 
the use of chemical fungicides. 

 

INTRODUCTION 

The Ocean covers over 70% of the earth's surface and provides the 
largest inhabitable space for microbial community [1]. The marine 
environment represents a rich and untapped reservoir for isolation of 
new microorganisms with novel natural products [2]. There are 
numerous biologically active secondary metabolites derived from 
various microbial sources possessing anti-microbial and anti-cancer 
effects and are commercially available in the market. Since last two 
decades, the discoveries of novel compounds from actinobacteria have 
yielded high numbers of pharmaceutically valuable secondary 
metabolites [3]. Currently, majorities of natural products are of marine 
bacterial origin and have arisen from a small number of taxonomic 
groups that include Streptomyces, Alteromonas, Pseudomonas, Vibrio, 
Agrobacterium and cyanobacteria [4, 5]. Among these, Streptomyces is 
commonly used in pharmaceuticals, agrochemicals industries and 
mainly has a great commercial value in the food industry. 

Chitin is the second most abundant linear polymer composed of β-1, 
4-linked N-acetylglucosamine (GlcNAc), and it is present in all major 
groups of microorganisms viz., bacteria, fungi, plants and animals 
[6]. Chitinase contains glycosyl hydrolases enzyme which catalyses 
the degradation of chitin to its oligomers (chitooligosaccharides) 
and monomers (N-acetylglucosamine). Chitooligosaccharides and 
their N-acetylated analogues are proven to possess specific 
biological activities such as antimicrobial activity, antitumor activity, 
immuno-enhancing effects [7]. Several chitinolytic enzymes have 
been identified from various Streptomyces sp., including, S. lividans 
[8], S. virdificans [9] and S. halstedii [10]. They are used widely in 
agricultural, biological and environmental sectors [11]. In recent 
years, natural microbial metabolites have become the viable 
biocontrol source to treat fungal disease in plants and are proven to 
be a more efficient source than synthetic fungicides. Thus, the 
present study dealt with the isolation, identification and 
characterizations of marine actino bacteria from the east coast 
region (ECR) for enzyme production and screening of their 
antifungal activity. 

MATERIALS AND METHODS 

Collection of soil samples 

Marine sediment samples were collected from an estuary of East 
Coast Regions (ECR) of Tamilnadu, South India. These samples were 
transferred into sterile polyethylene bags immediately after 
collection, sealed, labeled and stored in refrigerator. Then the 
samples were air dried and heat treated in an oven at 40°C to reduce 
the numbers of vegetative bacterial cells [12] and stored at 4°C for 
further use. Then the sample was serially diluted and spread plate 
technique was employed for the isolation of actinobacteria on 50% 
aged sea water in starch casein agar (SCA). The medium was added 
with cyclohexamide 25µg/ml and nalidixic acid 20µg/ml for the 
prevention of bacterial and fungal contaminations [13]. After 
incubation at 28ºC for 7 to 15 days, the actinobacterial colonies were 
purified and sub-cultured in SCA medium.  

Primary screening for enzyme production 

Spot inoculation method was used for screening of actinobacteria for 
its ability to produce chitinase on enrichment agar media [17] and 
the same were incubated at 30°C for 7-10 days. Colonies with zones 
of clearance against the creamy background were regarded as 
chitinase-producing actinobacteria and the colony diameter was 
recorded. The most efficient isolate (ACT7) was selected for further 
studies on the basis of the zone of hydrolysis. 

Extracellular chitinase activity 

The potential actinobacteria was inoculated in liquid chitin medium 
[18] and incubated at 30 °C with shaking at 160 rpm for 7-10 days. 
The supernatant was collected every two days in the subsequent 10 
days and filtered using Whatman No.1 filter paper. Chitinase activity 
in the supernatant was assayed using 0.6% colloidal chitin as 
substrate [19]. Then 700 μl of supernatant was added to 300 μl of 
2% colloidal chitin in 0.1 M potassium phosphate buffer at pH 7.0. 
Then the mixture was incubated at 40 °C for 3 h. One ml of 
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Somogyi’s reagent was added and the reaction mixture was boiled at 
100ºC for 10 min and then cooled to room temperature [20]. To the 
mixture 1 ml of Nelson’s reagent was added and the mixture was 
cooled to room temperature for 20 min. After centrifugation of the 
reaction mixture, the amount of N-acetyl glucosamine (GlcNAc) 
released into the supernatant was measured using 
spectrophotometer at 520 nm. The principle used was the formation 
of a colored complex due to the reaction between copper-oxidized 
sugar and arsenomolybdate [20]. One unit (U) of chitinase activity 
was defined as the amount of enzyme required to produce 1 µmol. of 
reducing sugar per minute under the conditions of the experiment. 
The cell growth was followed by measurement of the cells dry 
weight. After removing the supernatant for chitinase assay, the cell 
pellet was dried in an oven at 80 °C until a constant weight was 
obtained. All the measurements were performed in triplicate. 

Screening of actinobacteria for antifungal activity 

The isolate ACT7 was evaluated for its antagonistic activity against two 
fungal phytopathogens such as F. oxysporum and Alternaria sp. by dual 
culture method. An agar plug of 6 mm in diameter was taken from a 5 
days old colony of both the test fungus and was inoculated from 20 mm 
away from both sides to the original plug of 7 days old actinobacterial 
culture. The control plates were also maintained with test fungi alone 
without actinobacterial isolate. The plates were then incubated at 30 °C 
for 2-3 days, and the inhibition zone of fungal growth was measured. The 
results were noted with triplicative method. 

Characterization of actinobacteria  

Actinobacteria with superior chitinase activity was identified on 
the basis of their morphological (aerial spore mass color, reverse 
side and melanoid pigments and spore chain morphology), 
physiological and biochemical characteristics by standard 
methods of Jensen et al. [14] and ISP [15]. The purified colonies 
were streaked in SCA and incubated. Matured sporulating aerial 
mycelial color and reverse side pigment of the colonies, like 
distinctive (+) and not distinctive (-) were recorded. The spore 

bearing hyphae and spore chain morphology of the actinobacteria 
were determined by direct microscopic examination under 1000X 
magnification by cover slip method. The spore surface morphology 
of mycelium was observed using 7-10 days old culture under 
Scanning Electron Microscope (SEM) [16]. 

RESULTS AND DISCUSSION 

In the present study, a total of 101 actinobacterial colonies was 
isolated from marine sediments of ECR, Tamilnadu, India. From 
these 101 colonies, 27 were morphologically distinguished isolates. 
The actinobacterial isolates were produced powdery colonies with 
different aerial mass color and reverse side pigments (red, black, 
white, ash, brown and yellow/orange) (table 1). 

All the morphologically different isolates were primarily screened 
for the production of chitinase enzyme. Out of 27 morphologically 
different isolates, 9 (33.3%) isolates produced chitinase enzyme 
against the EMCA agar. Among these chitinase producing isolates, 
the isolate ACT7 produced remarkable largest clear zone on EMCA 
agar plate and it was identified as the most potent producer of 
chitinase enzyme. The potential isolate were produced in small to 
medium size, white, ash, green and brown colored, circle shaped, 
powdery with regular marginal colonies with gray, black, red and 
golden yellow colored reverse sides. Similarly, it was previously 
reported that different colored and sized actinobacteria colonies 
were isolated and reported [5]. The most potential isolate ACT7 
showed powdery yellowish white colored colonies and did not 
produce any reverse side pigments. The electron microscopic study 
revealed 21-50 numbers of smooth surfaced aerial spores and 
globose shaped rectiflexibles spore chain were observed. The isolate 
was positive for the biochemical characteristics such as production 
of citrase, amylase, cellulase, catalase and oxidase and negative for 
H2

 

S production, haemolysis and urease (table 2). Based on the 
above characterization, the isolate ACT7 was identified as 
Streptomyces sp. and the zone of clearance in enrichment agar media 
indicated that Streptomyces sp. ACT7 was the most potent strain 
chitinase producer than other isolates. 

Table 1: cultural characteristics of antifungal actinobacteria 

S. No. Isolate code Aerial mass color Reverse side pigment 
1 ACT1  White  - 
2 ACT3 Light ash yellow - 
3 ACT4  Ash Black 
4 ACT7 Yellowish white  - 
5 ACT16  Ash Yellow  
6 ACT21 White Red 
7 ACT25 White Yellow  
8 ACT27 Greenish ash Brownish black 

 

Table 2: Morphological characterization of potential actinobacterial isolate ACT7 

S. No. Characterization 
Morphological Result Biochemical Result 

1 Presence of aerial and substrate mycelia + Citrase + 
2 Spores in aerial mycelium + Amylase + 
3 No. of spores  21-50 Catalase + 
4 Shape of spores Globose oxidase - 
5 Spore chain morphology Rectiflexibles Cellulase + 
6 Spore surface Smooth H2 - S 
7 Aerial mycelium colour White Haemolysis - 
8 Reverse side colour - Urease - 

+Positive,-Negative 

 

The efficacy of the chitinase production by the isolate ACT7 was 
studied by submerged fermentation method using 1 % colloidal 
chitin. When chitinase activity of ACT7 was assessed, there was a 
gradual increase in chitinase production up to 168 h. (0.54±0.57-
1.10±0.14 U/ml) after which chitinase activity was decreased (table 
3). The initial pH of production medium was 8.0; it was declined to 

6.5 within the first 60 h. after which it was increased up to 8.5 
during 144 h. after the chitinase produciton. In nature chitinase is 
produced by actinobacteria in order to degrade complex nutrients 
present in the soil. As fungal cell wall structures largely contain 
chitin, chitinase produced by actinobacteria can be deleterious to 
both pathogens and pests [21]. 
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Table 3: chitinase production and cell dry weight of Streptomyces sp. ACT7 

S. No. Days Chitinase (U/ml) Cell dry weight (g/100 ml) 
1 0 0.00±0.00 0.04±0.05 
2 2 0.54±0.57 0.07±0.07 
3 4 0.80±0.83 0.09±0.10 
4 6 1.10±0.14 0.18±0.18 
5 8 1.05±0.18 0.15±0.15 
6 10 0.90±0.93 0.15±0.16 

Values in each column are the mean of three replicates±SD 

 

Antifungal activity 

The enzymatic activity of Streptomyces sp. ACT7 revealed that this 
isolate could effectively suppress the radial growth of 
phytopathogens viz. Fusarium oxysporum and Alternaria sp. The 
maximal growth inhibition was observed on the 9th

 

 day. The isolate 
Streptomyces sp. ACT7 showed highest inhibitory activity 
(11.33±0.47 mm) against Alternaria sp. than against F. oxysporum 
(10.66±0.94 mm) (fig. 1). Previous studies reported that the fungus 
showed different responses to chitinase from S. griseus [21]. The 
present study suggested that the protein composition in the cell 
walls of different pathogenic fungi might make some fungal cell 
walls more resistant to chitinolytic degradation. Thus, only the co-
culture containing F. oxysporum with Streptomyces sp. ACT7 and 
Alternaria sp. with Streptomyces sp. ACT7 was selected for SEM 
analysis. The scanning electron microscopic study showed that there 
were breakage of the cell walls of F. oxysporum and Alternaria sp. 
mycelia when acted upon by Streptomyces sp. ACT7 (fig. 2). The 
previous findings suggested that the extra-cellular secondary 
metabolites and hydrolytic enzymes, including chitinase play a 
crucial role in fungal growth inhibition. 

 

Fig. 1: Antifungal activity of actinobacteria ACT7 

 

 

Fig. 2: Scanning electron microscopic analysis of F. oxysporum 
co-cultured with Streptomyces sp. ACT7 

The antifungal activity of S. hygroscopicus was mainly due to 
hydrolytic enzymes and secondary thermostable compounds [22]. In 
addition, there was a report on a positive correlation between 
chitinolytic and antagonistic activities of Streptomyces against the 
fungi Collectotrichum sublineolum, Guignardia citricarpa, Rhizoctonia 
solani and Fusarium oxysporum [23]. 

CONCLUSION 

The present study and the related data revealed that the marine 
sediments of the ECR of India were the potential source of novel 
antagonistic actinobacteria they can act as a potential biocontrol 
agent against phytopathogenic fungi. The growth inhibition of 
phytopathogenic fungi F. oxysporum and Alternaria sp. by 
Streptomyces sp. ACT7 was observed and the data proves to be 
beneficial to treat fungal infections in a systematic manner. 
However, application of chemical fungicide has many demerits 
including the development of resistant pathogen and is toxic to soil 
microbes and animals. Hence, the actiobacteria as biocontrol agents 
are very good alternative to synthetic fungicides and ecologically 
friendly approach for the control of phytopathogen. 

ACKNOWLEDGEMENT 

The authors are thankful to the Management of SRM University, 
India for providing the necessary facilities and the Tamilnadu State 
Council for Science and Technology (TNSCAT), Government of 
Tamilnadu, Chennai for financial assistance. 

CONFLICT OF INTERESTS 

Declared None 

REFERENCES 

1. Surajit Das, Lyla PS, Ajmal Khan. Marine microbial diversity 
and ecology, importance and future perspectives. Curr Sci 
2006;90:1325-34. 

2. Dhanasekaran D, Panneerselvam A, Thajuddin N. Antifungal 
actinomycetes in marine soils of Tamil Nadu. Geobios 
2005;32:37-40. 

3. Mincer TJ, Jensen PR, Christopher AK, Fenical W. Widespread 
and persistent populations of a major new marine 
actinomycete taxon in ocean sediments. Appl Environ 
Microbiol 2002;68(3):5005-11. 

4. Burja AM, Banaigs B, Abou-Mansour E, Burgess JG, Wright PC. 
Marine cyanobacteria-a prolific source of natural products. 
Tetrahedron 2001;57(6):9347-77. 

5. Vijayakumar R, Panneerselvam K, Muthukumar C, Thajuddin N, 
Panneerselvam A, Saravanamuthu R. Antimicrobial potentiality 
of a halophilic strain of Streptomyces sp. VPTSA18 isolated 
from the salt pan environment of Vedaranyam, India. Annl 
Microbiol 2012;62:1039-47. 

6. Nopakarn p, Abhinya P, Yano S, Marunu W, Takashi T. Utilization 
of shrimp, shellfish waste as a substrate for solid-state cultivation 
of Aspergillus sp. S-1-13. J Biosci Bioeng 2002;93:550-6. 

7. Gohel V, Singh A, Vimal M, Ashwini P, Chhatapar HS. Review: 
Bioprospecting and antifungal potential of chitinolytic 
microorganisms. Afr J Biotechnol 2006;5:54-72. 

8. Miyashita K, Fujii T, Sawada Y. Molecular cloning and 
characterization of chitinase genes from Streptomyces 
lividans 66. J Gen Microbiol 1991;137:2065

9. Gupta R, Saxena RK, Chatuverdi P. Virdi JS. Chitinase 
production by Streptomyces viridificans: it’s potential in fungal 
cell wall lysis. J Appl Bacteriol 1995;78:378-83. 

-72. 



Thirumurugan et al. 
Int J Pharm Pharm Sci, Vol 7, Issue 5, 38-41 

41 

10. Joo JG. Purification and Characterization of an extracellular 
chitinase from the antifungal biocontrol agent Streptomyces 
halstedii. Biotechnol Lett 2005;27:1483-6. 

11. Chuan GK. Environmental management. Singap J Trop Geogr 
2006;13:14-24. 

12. Williams ST, Shameemullah M, Watson ET, Mayfield CI.

13. Ravel J, Amoroso MJ, Colwell RR, Hill RT. Mercury-resistant 
actinomycetes from the Chesapeake Bay. FEMS Microbiol Lett 
1998;162:177-84. 

 Studies 
on the ecology of the actinomycetes in soil, VI: The influence of 
moisture tension on growth and survival. Soil Biol Biochem 
1972;4:215-25. 

14. Jensen PR, Dwight R, Fenical W. Distribution of actinomycetes 
in near shore tropical marine sediments. Appl Environ 
Microbiol 1991;57:1102-08. 

15. Shirling EB, Gottlieb D. Methods for characterization of 
Streptomyces species. Int J Syst Bacteriol 1966;16(3):313-40. 

16. Das S, Lyla PS, Khan SA. Characterization and identification of 
marine actinomycetes existing systems, complexities and 
future directions. Natl Acad Sci Lett 2008;31(6):149-60. 

17. Wiwat C, Siwayaprahm P, Bhumiratana A. Purification and 
characterization of chitinase from Bacillus circulans No. 4.1. 
Curr Microbiol 1999;39:134-40. 

18. Hsu SC, Lockwood JL. Powdered chitin agar as a selective 
medium for enumeration of actinomycetes in water and soil. 
Appl Microbiol 1975;29:422-6. 

19. Taechowisan T, Peberdy JF, Lumyong S. Chitinase production by 
endophytic Streptomyces aureofaciens CMU Ac 130 and its 
antagonism against phytopathogenic fungi. Ann Microbiol 
2003;53:447-61. 

20. Green F, Clausen CA, Highley TL. Adaptation of the Nelson-
Somogyi reducing-sugar assay to a microassay using microtiter 
plates. Anal Biochem 1989;182:197-9. 

21. Anitha A, Rabeeth M. Degradation of fungal cell walls of 
phytopathogenic fungi by lytic enzyme of Streptomyces griseus. 
Afr J Plant Sci 2010;4:61-6. 

22. Prapagdee B, Kuekulvong C, Mongkolsuk S. Antifungal potential of 
extracellular metabolites produced by Streptomyces hygroscopicus 
against phytopathogenic fungi. Int J Biol Sci 2008;4:330-7. 

23. Quecine MC, Araujo WL, Marcon J Gai, CS Azevedo JL, Pizzirani-
Kleiner AA. Chitinolytic activity of endophytic Streptomyces and 
potential for biocontrol. Lett Appl Microbiol 2008;47:486-91. 

 


