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ABSTRACT 

A total of 105 marine actinobacteria were isolated from five different locations of 

Muthupet mangrove forest namely Jampavanodai, Mannakkattai, Sellimunai, 

Vovvalthotam and Xaviermunai during four seasons such as post-monsoon, summer, pre-

monsoon and monsoon of the year 2013 - 2014. Seasonal variations of the physico-

chemical parameters of the soil samples were determined by the standard methods. All 

the isolated actinobacteria were characterized to generic level by using their morphological 

properties including colonial (colours of aerial spore mass and reverse sides and 

production of diffusible pigments) and microscopically (formation of aerial and substrate 

mycelia, sporophore nature and arrangement). It was found that the majority of the 

actinobacterial isolates belonged to Streptomyces (82.85%), followed by Micromonospora 

(2.85%), Actinomadura (4.76%) and Nocardia (9.52%). Extra-cellular enzyme activities of 

the all actinobacterial isolates were screened and found that out of 105 actinobacteria, 

92.38% (n=97), 74.28% (n=78), 35.23% (n=37) and 1.9% (n=2) actinobacteria had amylase, 

protease, cellulase and keratinase activities respectively. The best enzymes producers 

were selected for further studies.  

KEYWORDS: Marine soil, Physico-chemical parameters, Actinobacteria, Amylase, 

Protease, Cellulase & Keratinase activity. 

 

INTRODUCTION 

Actinobacteria are aerobic, nonmotile, 

and Gram-positive bacteria with high guanosine 

and cytosine (GC) content (70–80%) in their 

DNA. Although originally considered an 

intermediate group between bacteria and fungi, 

they are now recognized as prokaryotic 

organisms. Gram-positive bacteria that have 

been placed within the phylum 

actinobacteriaceae, class actinobacteria, 

ISSN 2321-743X 

International Journal of Research in 

Engineering and Bioscience 
Volume 3 Issue 3 (Pages 62- 70)  

  

 

IJREB 

 



DIVERSITY AND SCREENING OF EXTRA-CELLULAR ENZYME ACTIVITY OF ACTINOBACTERIA ISOLATED FROM 
MUTHUPET MANGROVE SEDIMENTS, BAY OF BENGAL - G. Vaijayanthi and R. Vijayakumar 2015 Vol. 3 (Issue 3) Page 63 

subclass actinobacteridae, order 

actinomycetales which currently consists of 10 

suborders, more than 30 families and over 160 

genera. Actinobacteria are widely distributed in 

natural habitats, especially terrestrial and 

marine soil. Being a large group of microbial 

resources actinobacteria contribute around 70% 

of the sources of antibiotics and also produce 

numerous commercially important non-

antibiotic bioactive metabolites, such as 

enzymes, enzyme inhibitors, immunological 

regulators, anti-oxidation reagents, and 

antimicrobial compounds as well as antitumor 

agents of industrial interest.  

Actinobacteria in marine and mangrove 

soils have not been investigated extensively 

although their ubiquitous presence in marine 

sediments has been well documented 

(Takizawa et al., 1993). They were believed to 

be of terrestrial origin, transported to rivers by 

rain or irrigation water, and finally to the 

marine environment so that they are exposed to 

water with high salt concentrations and 

temperatures that differ from those of the 

terrestrial environment. As a result, some 

metabolic changes may occur in the 

actinobacteria, and it was observed that 50% of 

Streptomyces were isolated from the marine 

environment showed biological activity, and the 

percentage was found to be increased when 

tests were conducted in the presence of 

seawater. The marine environment harbors 

millions of species of microorganisms that play 

important role in mineralization of complex 

organic matter, degradation of dead plankton,  

plants, animals, degradation of pollutants and 

toxicants and primary and secondary 

productivity (Okazaki and Okami, 1976).  

Marine microorganisms have a diverse 

range of enzyme activity and capable of 

catalyzing various biochemical reaction with 

novel enzymes. Among the marine 

microorganisms actinobacteria comprises an 

important group with special interest, since they 

are capable of producing chemically diverse 

compounds with wide range of biological 

activities. Particularly, the marine 

actinobacteria have tremendous potential to 

synthesize various novel enzymes, but they 

have not been properly explored. There is an 

increasing demand for these enzymes in various 

industries such as leather industry, silk 

degumming, medical usage, pharmaceutical 

industry, photography industry, resolution of 

racemic chemicals, detergent industry. This 

enormous interest in the synthesis of 

developing enzymes with better properties such 

as raw resources degrading enzymes suitable 

for industrial applications and their cost 

effective production techniques. Thus, the 

present study has planned to isolate marine 

actinobacteria and screen their extra-cellular 

enzyme production potential from Muthupet 

mangrove soils, and preliminarily characterize 

the enzyme producers by morphological and 

cultural properties. 

MATERIALS AND METHODS 

Sample collection 
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 Soil samples were collected in sterile 

plastic containers from five different locations 

of Muthupet mangrove forest namely 

Jampavanodai, Mannakkattai, Sellimunai, 

Vovvalthotam and Xaviermunai during four 

seasons such as post-monsoon, summer, pre-

monsoon and monsoon of the year 2013 – 

2014. 

Physico-chemical analysis 

 The physico-chemical parameters of the 

soil samples were analyzed using the methods 

of Udo and Ogunwale (1986) and the 

Association of Official Analytical Chemists 

(AOAC, 1990). The collected soil samples were 

analyzed to determine various parameters such 

as pH, electrical conductivity (EC), texture, 

organic carbon (OC), available nitrogen (N), 

available phosphours (P) and available 

potassium (K), available zinc (Zn), copper 

(Cu), iron (Fe) and manganese (Mn), 

exchangeable bases including calcium (Ca), 

potassium (P) and heavy metals and contents of 

fine sand, coarse sand, silt and clay.   

Isolation of actinobacteria  

 Starch casein agar (SCA) medium [g/l: 

starch 10; casein 0.3; KNO3 2; NaCl 2; K2HPO4 

2; MgSO4. 7H2O 0.05; CaCO3, 0.02; FeSO4. 

7H2O 0.01; agar 15] was used for the isolation 

of actinobacteria and enumeration. The diluted 

sediment samples (0.1 ml) were spread over the 

medium with a sterilized bent (L) rod and plate 

spinner. The inoculated plates were incubated 

at 30ºC for 7-10 days. After incubation, 

colonies were purified using streak plate 

technique and maintained for further 

investigation (Kuster and Williams; 1964). 

Characterization of actinobacteria 

(Vijayakumar et al., 2007) 

Colony characterization: Colony 

morphology of actinobacteria was recorded 

with respect to the color of aerial mycelium, 

size and nature of colonies, reverse side color 

and pigmentation. Colour of spore mass was 

visually estimated by using the colour chart. 

 Microscopy of actinobacteria 

(Williams et al., 1989b): The morphology of 

the spore bearing hyphae with the entire spore 

chain, the structure and arrangement of the 

spore chain with the substrate and aerial 

mycelium of the actinobacteria were examined 

using slide culture technique and identified. 

After growth, the slide cultures were examined 

under light microscope.  

 Correlation co-efficient analysis: The 

correlation co-efficient analysis between 

physico-chemical partameters of soils and total 

actinobacteria populations (TAP) was also 

made using SPSS package. 

Screening of extracellular enzymes 

Amylase activity  

Starch agar medium (g/l: peptic digest 

of animal tissue 5; meat extract 3; starch 2; agar 

15) was prepared, sterilized at 121ºC in 15 lbs 

pressure for 15 min. and poured into sterile 

Petri dishes. A single line streak of the cultures 

were made on the medium and incubated at 

28ºC for 7 days. After incubation, the plates 
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were flooded with Lugol’s iodine. Hydrolysis 

zones were observed and the results were 

recorded (Ellaiah et al., 2002).  

Protease activity  

Casein agar medium (g/l: casein 10; 

peptone 5; beef extract 3; NaCl 5; agar 15; pH 

7.2) was prepared, sterilized and poured into 

sterile Petri dishes. A single line streak of the 

cultures were made and incubated for 7 days at 

28ºC. After incubation, the plates were flooded 

with 1 ml of HCl then the hydrolysis zones 

were observed and the results were recorded 

(Ellaiah et al., 2002). 

Cellulase activity 

  Mineral salt agar medium (g/l: 

ammonium sulphate 0.4; NaCl 0.6; Di-

potassium hydrogen phosphate 0.1; MgSO4 

0.01; CaCl2 0.01; carboxymethyl cellulose 0.5; 

agar 15) was prepared, sterilized poured into 

sterile Petri dishes. The actinobacterial cultures 

were inoculated on the medium and incubated 

at 28ºC for 7 days. After incubation, 5 ml of 1% 

KI was flooded on the plates and observed for 

hydrolysis zones and the results noted (Tai, 

1989). 

Keratinase activity  

Skim milk agar medium (g/l: peptone 5; 

yeast extract 3; dextrose 1; skim milk powder 

10, agar 15) was prepared and actinobacterial 

isolateswere inoculated into milk agar plates. 

After 4 days of incubation at room temperature 

the plates were examined for clear zone 

formation (Saha and Dhanasekaran 2010). 

RESULT AND DISCUSSION 

The physical and chemical parameters 

will be greatly influenced by the indigenous 

microbiota of the soil. Soil contains four main 

components inorganic material, organic matter, 

water, and air (Madavasamy and 

Panneerselvam, 2013). In the present study, the 

soil samples were collected from five different 

locations of Muthupet mangrove environment 

and analyzed for their physico-chemical 

properties. The maximum and minimum 

physico-chemical properties of the soil samples 

such as organic matter contents, 

macronutrients, micronutrients, soil fraction, 

pH values, etc. are given in table 1.  

Table 1. Physico-chemical parameters of Muthupet mangrove soil 

S. 

No. 

Name of the 

parameters 

Sampling stations 

I II III IV V 

1 pH 8.02 8.16 8.42 8.56 8.41 

2 EC (dsm
-1

) 2.36 2.58 1.96 2.36 2.48 

3 Calcium (Kg/acr) 12.6 13.2 15.6 13.2 12.3 

Macronutrients 

4 Organic carbon (%) 0.23 0.36 0.29 0.31 0.28 

5 Nitrogen (Kg/acr) 110.5 106.3 102.4 106.3 105.9 

6 Potassium (Kg/acr) 165 155 132 148 156 

7 Phosphorus (Kg/acr) 4.50 4.75 3.75 3.25 3.45 
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Micronutrients 

8 Iron (ppm) 9.64 8.79 8.65 9.62 7.65 

9 Manganese (ppm) 3.21 3.56 3.15 3.63 3.45 

10 Zinc (ppm) 1.23 1.20 1.21 1.25 1.32 

11 Copper (ppm) 1.20 1.09 1.45 1.36 1.25 

Soil texture 

12 Coarse sand (%) 42.36 41.23 40.21 41.36 42.36 

13 Fine sand (%) 21.45 22.36 21.58 21.45 20.41 

14 Silt sand (%) 9.49 10.26 11.20 11.10 10.56 

15 Clay (%) 26.09 26.15 27.01 26.70 26.69 

 

The maximum pH (8.56) of the soil was 

recorded at Vovvalthotam station of Muthupet 

mangrove, whereas minimum (8.02) was 

recorded at Jampavanodai. Maximum contents 

of EC (2.58 dsm
-1

) and Ca (15.6 Kg/acr) were 

recorded at Mannakkattai and Vovvalthotam 

stations respectively, whereas the minimum 

contents of EC (1.96 dsm
-1

) and Ca (12.3 

Kg/acr) were record at Sellimunai and 

Xaviermunai stations respectively. Likewise, 

maximum contents of another macronutrients 

such as OC (0.36 %) and N (110.5 Kg/acr) 

were showed at Mannakkattai and 

Jampavanodai stations, but the minimum 

contents of OC (0.23 %) and N (102.4 Kg/acr) 

were showed at Jampavanodai and Sellimunai 

stations. Maximum contents of another 

macronutrients such as K (165 Kg/acr) and P 

(4.75 Kg/acr), and minimum contents of K (132 

Kg/acr) and P (3.25 Kg/acr) were documented 

at Jampavanodai, Mannakkattai, Sellimunai and 

Vovvalthotam respectively. Maximum contents 

of micronutrients like Fe (9.64 ppm), Mn (3.63 

ppm), Zn (1.32 ppm) and Cu (1.45 ppm) were 

recorded at Jampavanodai, Vovvalthotam, 

Xaviermunai and Sellimunai stations 

respectively, however the minimum contents of  

Fe (7.65 ppm), Mn (3.15 ppm), Zn (1.20 ppm) 

and Cu (1.09 ppm) were recorded at 

Xaviermunai, Sellimunai and Mannakkattai 

stations respectively. Maximum content of soil 

texture like coarse sand (42.36 %) was 

documented at Jampavanodai and Xaviermunai 

stations soil whereas minimum (40.21 %) was 

recorded at Sellimunai station soil. The soil 

textures like Corse, find, silt sand clay were 

recorded maximum (42.36% and 22.36 %) at 

Jambavanodai, Mannakkattai. The Maximun 

slit (11.20 %) and clay (27.01%) recorded at 

Sellimunai. whereas minimum (40.21%, 

20.41%, 9.49 % and 26.09%) contents were 

recorded at Sellimunai, Xaviermunai, 

Jampavanodai and Manakkattai respectively. 

Correspondingly, Vijayakumar et al. (2007) 

and Vaijayanthi and Vijayakumar (2014) have 

reported the variations of physico-chemical 

properties of Palk Strait coastal and Muthupet 

mangrove soil samples respectively. 

The marine environment represents a 

largely untapped source for isolation of new 

microorganisms with potential biologically 

active secondary metabolites. Among such 

microorganisms, actinobacteria are of special 

interest, since they are known to produce 

chemically diverse compounds with a wide 
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range of biological activities. Undoubtedly, 

they are also well known as a rich source of 

antibiotics, enzymes and other bioactive 

molecules, and are of considerable importance 

in industry (Stutzenberger and Berdine, 1992).  

Figure 1. Percentage frequency of 

actinobacteria based on their aerial spore 

mass colour 

 
Figure  2. Percentage frequency of marine 

actinobacterial genera 

 
Figure 3. Percentage frequency of extra-

cellular enzymes produced by marine 

actinobacteria 

 

In the present study, a total of 105 

marine soil actinobacteria were isolated from 5 

different stations of Muthupet mangrove forest. 

All the isolates were morphologically 

differentiated with respect to color of aerial 

spore mass, colony size, reverse side color and 

diffusible pigment. White coloured aerial spore 

mass producing isolates was dominant than 

grey, pink, sandal and brown colour. Similarly, 

maximum number of isolates were produced 

brown coloured reverse side, followed by black,  

pink, yellow and sandal coloured reverse side 

was observed on the SCA medium after 10 days 

of incubation at 28ºC (Fig. 1). Frequencies of 

identified genera of actinobacteria, in different 

locations, were fluctuated. The frequency of the 

genus Streptomyces was 82.85%, followed by 

Micromonospora (2.85%), Actinomadura 

(4.76%) and Nocardia (9.52%). Among the 

genera recorded, in the present study, 

Streptomyces was the most predominant when 

compared to other genera (Fig. 2). The 

dominance of Streptomyces among the 

actinobacteria especially in soils has also been 

reported by many workers (Jensen et al., 1991). 

Inspite of the fact that the actinomycetes have 

wide distribution they show variation in their 

population dynamics. In the present study, it 

was found that there was correlation co-

efficient between physico-chemical properties 

of sediment and total TAP. It revealed that the 

significant positive correlation between TAP 

and EC (r = 0.948; p < 0.01%) and TAP and N 

(r = 0. 0.626; p < 0.05%), and negative 

correlation between TAP and Ca (r = -0. 757; p 
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< 0.05%), TAP and Cu (r = -0.967; p < 0.01%) 

and TAP and clay content (r = -0.651; p < 

0.05%) were observed. The significant positive 

correlation between Cu and pH; coarse sand 

and EC; Mn and EC; K and EC; SS and Ca; Cu 

and Ca; Mn and OC; CS and N; CS and K; SS 

and Cu were observed. The negative 

correlations between nutrients of the soil were 

recorded in Table 2. Similar type of study was 

reported by Saadoun and Al-Momoni (1996); 

Vijayakumar et al. (2007). 

Table 2. Correlation coefficient between phyisco-chemical parameters of the mangrove soil and 

total actinobacterial population 

 

* Correlation is significant at the < 0.05 level; **Correlation is significant at the < 0.01 level 

Several investigations have reported that 

actinobacteria from soil and water bodies 

possessed high number of enzymatically active. 

Patke and Dey (1996), Chaphalkar and Dey 

(1993) have reported protease activity of 

actinobacteria; amylase activity of 

actinobacteria was reported by Stanford et al. 

(2001) and Nawani et al. (2002); cellulase 

activity of actinobacteria by Lee and Fan 

(1981) keratinolytic activity of actinobacteria 

by Friedrich and Antranikian (1996) and Nam 

et al. (2002). In the present study, extra-cellular 

enzyme activities of the all actinobacterial 

isolates were screened, and found that out of 

105 actinobacteria, 92.38% (n = 97), 74.28% (n 

= 78), 35.23% (n = 37) and 1.9% (n = 2) 

actinobacteria were possessed amylase, 

protease, cellulase and keratinase activity 

respectively. 

Conclusively, the industrial enzyme 

market is one of the fastest growing revenue 

generating sectors in the world. Only 20 

enzymes are currently utilized on the industrial 

level indicating the need for further research 

and development of low cost enzymes and their 

production. Since very few enzymes have been 

potentially utilized at the industrial level; there 

is a huge scope for the development of robust 

and low cost enzymes. Actinobacteria are a 

reservoir of important enzymes and metabolites 

due to their versatile genetic diversity. Studies 
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on unique ecological environments could yield 

molecules that could become future harbingers 

of green technology. 
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