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Marine actinomycetes were isolated from the Alang Sea Water, Gujarat using various isolation strategies.  

The methods for the sample treatment and isolation included heat and CaCO3 treatment, enrichment of the samples and 

use of different growth media. Since the initial microbial load was quite high, the serial dilutions were used for the isolation 

of the actinomycetes. Morphotypes of different colony morphology and filamentous structure were detected and selected. A 

distinct variation in the occurrence of the morphotypes on various media using different techniques was evident. Among the 

three seasons; winter samples had highest number of the morphotypes. The heat treatment of the samples significantly 

affected the isolation and abundance of the morphotypes. Further, highest numbers of the actinomycetes were obtained on 

ISP-3 (International Streptomyces Project; Oatmeal agar), ISP-6 (Peptone-yeast extract iron agar) and ISP-2 (Yeast extract-

malt extract agar) media, suggesting its suitability for the growth of the marine actinomycetes. Over all, the study highlights 

the occurrence, cultivability and diversity of the actinomycetes of the Alang Sea water.  
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Introduction 

Indian subcontinent has vast geographical diversity. 

While most of the geographical regions are extensively 

explored for the biological diversity, the coastal and 

marine habitats need to be focused on this account
1-3

. 

Gujarat shares longest coastline of the country and it’s 

a hidden treasure of the microbial diversity as well as 

bioactive compounds
4,5

. While marine actinomycetes 

are studied for their antimicrobial activities, only 

limited attention has been focused on their diversity 

and enzymatic attributes. Ministry of Earth Science, 

Government of India has focused on studies related to 

“Drugs from the Sea” in the search of novel drugs  

and bioactive compounds from the Indian Coastline. 

During the recent years, enzymes from marine 

actinomycetes have been studied and reported in 

literature
6,7

. Certain novel properties and stability of 

the enzymes have been recently reported from the 

marine actinomycetes
8-10

. 

Alang is one of the largest ship breaking and 

recycling yard in globe and it’s also considered as the 

polluted coastal stretch
11

. Alang is well known for 

anthropogenic activities. The objective of this study 

was to examine the occurrence and distribution of the 

actinomycetes in sea water of this location. Further, 

this particular site is largely untapped with respect to 

the cultivable marine actinomycetes. Successive 

seasonal sampling from Alang was carried out to 

cultivate and access the diversity of the actinomycetes. 

Samples were processed using direct plating, serial 

dilution, heat treatment and calcium carbonate 

treatment methods. Ten different growth media with 

different compositions of carbon and nitrogen sources 

were used for the isolation and cultivation of the 

actinomycetes. Varying number of CFU counts and 

morphotypes were observed with respect to different 

techniques and media. 

 

Material and Methods 

 

Collection of samples 

Water and sediment samples were collected during 

winter, summer and monsoon seasons from Alang 

followed by the measurement of the pH and 

temperature. Various sample treatment strategies such 

as heat treatment, enrichment with variable salt 

concentrations and treatment of the sediment samples 

with calcium carbonate were carried out prior to the 

isolation of the actinomyctes using the dilution and 

plate technique. 
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Dilution and plating method  

Serial dilution of the water samples were aseptically 

done by adding 1 ml of the seawater into 9 ml of sterile 

distilled water (dilution 1:10). Further dilutions up to 

1:1000 were then prepared. Sediment samples were also 

subjected to the preparation of the dilutions. From each 

dilution, 0.1 ml of the water and sediment sample was 

spread over the plates of various media: Tryptone-yeast 

extract broth (ISP-1), Yeast extract-malt extract agar 

(ISP-2), Oatmeal agar (ISP-3), Inorganic salts-starch 

agar (ISP-4), Glycerol-asparagine agar (ISP-5), 

(Peptone-yeast extract iron agar (ISP-6), Tyrosine agar 

(ISP-7), Nutrient agar, Starch casein agar (SCA), 

Actinomycetes isolation agar (AIA)
12

. The pH of all 

media was adjusted to 9 by adding separately autoclaved 

Na2CO3 and salt concentrations in the range 0-15 %.  
 

Heat and Calcium carbonate Treatment 

Water and sediment samples without any prior 

dilution were subjected to heat treatment in a water 

bath at 60 ºC for 1 h to reduce the number of 

unicellular bacteria. After treatment, the samples were 

diluted and plated over different isolation media as 

described above and incubation was carried out at  

28 ºC for 2-8 weeks
13,14

. 

It is believed that the treatment of samples with 

CaCO3 promotes the formation of aerial mycelia in 

several actinomycetes enhancing the appearance of 

the actinomycetes on growth media
15

.  

Sediment samples were mixed with CaCO3 in 1:1 

ratio and incubated at 28 ºC for 10 days. After the 

treatment with calcium carbonate, the samples were 

sprinkled over different media mentioned in the 

dilution plating method. The treated samples also 

diluted up to 1:1000 and used for the isolation of 

actinomycetes
14

. 

 

Enrichment Method 

Water and sediment samples were enriched in 

Actinomycetes Broth with different concentrations of 

NaCl in the range of 0-15 % and incubated at 28 ºC 

for 7 days. The enriched samples were then subjected 

to dilution and plating for the isolation of the 

actinomycetes.  

Typical chalky white colony with rough surface 

was picked and subculture for getting pure isolates 

and maintained on their respective media slant at 4 
o
C 

and 20 % (w/v) glycerol suspensions at -20 
o
C. 

 

Results and discussion 

Colony forming units obtained from different 

seasonal isolation regimes were recorded. In all the 

seasons, among various techniques employed, lawn 

growth was observed in lower dilutions. With few 

exceptions, the CFU counts of the sediment samples 

were higher compared to seawater (Table 1), which 

might be due to the higher nutrient contents in 

sediments
16

. Variable differences were observed 

between the samples with various treatments and 

untreated samples at higher dilutions. Heat treatment 

reduced vegetative or heat sensitive entities, therefore, 

the CFU counts were less as compared to those 

without any prior treatment. Calcium carbonate acts 

as desiccating agent in sediment sample and hence it 

led to the reduced CFU load compared to untreated 

sediment samples. The trend, however, appears to be 

regulated by seasonal variation as enhanced CFU was 

recorded during winter. 

Actinomycetes were selected from the master 

plates. Majority of the isolates were taken as chalky 

white colonies for the actinomycetes selection  

(Fig. 1). These selected colonies were further purified 

and given serial transfer for maintenance. Some of  

the isolates showing pinkish pigmentation are shown 

in Figure 2. Further, microscopic examinations were 

carried out to determine the morphology and 

arrangements of the organisms. 

The light microscopic examinations of the isolates 

revealed long filamentous structure of the cells  

(Fig. 3). The growth of the actinomycetes was 

monitored at different time interval of the growth. 

Most of the isolates exhibited filamentous growth 

Table 1 — Overall Seasonal CFU counts of Water and Sediment samples 

Seasons Dilution Water Sediment 

Untreated Heated Untreated Heated CaCO3 Treated 

Winter 1:100 2.3×105 2.0×105 1.4×105 1.3×105 2.2×105 

1:1000 9.5×105 3.5×105 1.6×106 6.9×105 1.9×106 

Summer 1:100 8.9×105 8.4×105 3.3×106 2.9×106 2.28×106 

1:1000 8.7×106 7.7×106 1.76×107 2.11×106 2.2×106 

Monsoon 1:100 2.8×104 2.5×104 1.5×105 1.1×105 9.0×104 

1:1000 3.1×105 1.9×105 2.0×106 1.8×105 8.0×105 
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after 48 h of the incubation, while in few isolates, 

fragmentation of the filaments was observed after 72 

h of the incubation.  

Varying morphotypes were obtained using 

different techniques. It is reported that the 

pretreatment of samples with moist heat can reduce 

undesirable bacteria and enhance the isolation of the 

actinobacteria
17

. In the present study as well, heat 

treatment of the samples appears to eliminate or 

significantly reduce the bacterial load in terms of 

CFU count as reflected in Table 1. Heat treatment of 

the water samples was quite effective as compared to 

other treatment in winter season. While in case of 

sediment samples, heat treatment did not have any 

significant effect (Figs 4 and 5). Highest number  

of morphotypes was obtained in winter season 

employing heat treatment method. While the 

enrichment approach was effective only with the 

winter season isolation, the untreated samples yielded 

maximum number of isolates in winter season. 

Therefore, it can be conclude that the winter season 

samples yielded highest number of morphotypes 

 
 

Fig. 1 — Actinomycetes colonies on ISP-6 (A and B), ISP-2(C) and ISP-4(D) medium. 

 

 
 
Fig. 2 — Pure isolates of the Actinobacteria. A) Isolates with milky white colony B) Chalky white colony with dark brown substrate 

mycelium (C) Isolates with pinkish pigment (D) Pin pointed chalky white colony. 
 

 
 

Fig. 3 — Microscopic examinations of some selected actinomycetes 
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followed by those obtained from the monsoon and 

summer samples.  

Majority of the isolates were obtained with the 

untreated sediment samples of the winter season 

followed by monsoon and summer seasons. A 

combination of calcium carbonate treatment and 

rehydration by centrifugation techniques, rare 

actinobacteria from the medicinal plants were obtained 

by Qin et al.
18

. In case of seasonal sediment samples, 

calcium carbonate treatment was most effective with the 

summer season samples, while the enrichment method 

was only effective with the winter season (Fig. 5).  

On a larger note, if we compare Figures 4 and 5, it 

can be concluded that in both water and sediment 

samples, the winter season samples displayed highest 

number of the morphotypes compared to other 

seasons.  

Requirement of sodium chloride for the growth of the 

obligate marine actinobacteria has been suggested
19

. In 

our study, salt preferences of the obtained morphotypes 

and a seasonal comparison have been portrayed in 

Figure 6. Among the seasons, maximum number of 

morphotypes was obtained on the media lacking 

additional NaCl and with 5 % NaCl concentration at  

pH 9. None of the isolates were obtained from 10 and  

15 % salt concentrations in media used. 

Occurrence of morphotypes on different media of 

varying nutrient compositions reflects nutrient 

preferences of the selected organisms. Actinomycetes 

with different pigmentation and filamentous growth 

on different ISP series medium have been described
20

. 

For the isolation strategy, 10 different media of 

varying compositions were used to obtain diverse 

number of morphotypes. In case of winter season 

samples, the isolates were majorly obtained from ISP-

2 medium. While with respect to the monsoon and 

summer seasons, the ISP-6 and ISP-3 , respectively, 

emerged as most favored (Fig. 7).  

Figure 8 displays the seasonal comparison of 

actinomorphotypes showing significant variation. 

Samples of the winter season yielded maximum number 

of the isolates, whereas summer and monsoon seasons 

shared almost equal proportion. This variation in the 

actinobacterial population is likely to be due to the 

seasonal fluctuations of the nutritional status and 

physicochemical conditions prevailing in the sea water.  

This study depicts a wide occurrence and distribution 

of the actinomycetes in the sea water of Alang Coast 

line. The findings of the study suggest seasonal effect  

on the occurrence of the actinomycetes. Further, the 

research can be extended towards the biochemical  

and molecular characterization of the actinobacterial 

morphotypes, besides exploring their biotechnological 

potential. 

 
 

Fig. 4 — Distribution of the sea water isolates with respect to 

season and sample treatment 
 

 
 

Fig. 5 — Distribution of the sediment isolates with respect to 

season and sample treatment 
 

 
 

Fig. 6 — Seasonal distribution of the Alang isolates with respect 

to their salt preferences  
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Conclusion  

This study aims to assess the seasonal effect on the 

occurrence and cultivation of the actinomycetes of sea 

water. Various isolation strategies, media and salt 

concentrations were assessed for the isolation of the 

actinomycetes. Actinomycetes were observed within 

2-8 weeks of the incubation as they grow slowly. 

Highest numbers of isolates were obtained in winter 

season. Most of the actinomycetes appeared as chalky 

white colonies on the growth plates, displaying 

different patterns of pigmentation and filamentous 

growth. The numbers of actinomycetes varied with 

respect to the seasons and cultivation techniques. 

Over all, ISP-3, ISP-2 and ISP-6 media were most 

favored. The methods and media used in this study 

were quite effective for the selective cultivation of the 

slow growing actinobacteria.  
 

Acknowledgement 

Authors are grateful to the Ministry of Earth 

Sciences, ESTC Cell, New Delhi (grant No. MoES/16-

06-2013- RDEAS 11/11/2014) for the financial and 

manpower support. Financial and infrastructural 

supports from the Saurashtra University, UGC-CAS 

Programme (grant No. F.5-4.2012(SAP-II)), and DST-

FIST(grant No. SR/FST/LSI-033/2006) are also 

acknowledged.  

 

References 
1 Garg, S., Senevirathne, G., Wijayathilaka, N., Phuge, S., 

Deuti, K., Manamendra-Arachchi, K., Meegaskumbura, M. 

and Biju, S.D., An integrative taxonomic review of the South 

Asian microhylid genus Uperodon. Zootaxa, 4384 (2018):  

1-88. 

2 Ghosh, S. and Bhattacharya, T., A short-term survey report 

on the post-winter avian diversity in Corbett National Park 

and associated areas, Uttarakhand, India. J. Threat. Taxa, 10 

(2018): 11185-11191. 

3 Singh, S. P., Thumar, J. T., Gohel, S. D., Kikani, B., Shukla, 

R., Sharma, A., & Dangar, K., Actinomycetes from marine 

habitats and their enzymatic potential, in: Marine Enzymes 

for Biocatalysis,,(Woodhead Publishing) 2013, pp. 191-214.  

4 Shah, T., Toward a Managed Aquifer Recharge Strategy for 

Gujarat, India: An Economist’s Dialogue with Hydro-

geologists. In Clean and Sustainable Groundwater in India 

(2018): 139-171, Springer, Singapore.  

5 Lakhmapurkar, J. and Gavali, D., Coral reef structure at 

Kachhigarh, Gujarat, Indian J. Mar. Sci., (2018): 503-508. 

6 Kumar, R., Biswas, K., Solanki, V., Kumar, P., & Tarafdar, 

A., Actinomycetes: potential bioresource for human welfare: 

a review. Res. J. Chem. Environ. Sci., 2 (2014): 5-16. 

7 Gohel, S. D., Sharma, A. K., Dangar, K. G., Thakrar, F. J. & 

Singh, S. P., Biology and Applications of Halophilic and 

Haloalkaliphilic Actinobacteria, in: Extremophiles from 

Biology to Biotechnology, edited by R.V. Durvasula, D.V. 

Subba Rao, (CRC Press: Boca Raton,FL, USA) 2018,pp. 

103-136 

8 Yang, N. and Song, F., Bioprospecting of Novel and 

Bioactive Compounds from Marine Actinomycetes Isolated 

from South China Sea Sediments. Curr. Microbiol., 75 

(2018): 142-149. 

9 Gohel, S. D., & Singh, S. P., Thermodynamics of a Ca2+ 

dependent, highly thermostable and detergent compatible 

 
 

Fig. 7 — Seasonal distribution of the isolates in different media 
 

 
 

Fig. 8 — Seasonal comparison of the Alang isolates 
 



SHEIK
 
et al.: CULTIVATION AND CHARACTERISTICS OF THE MARINE ACTINOBACTERIA 

 

 

1901 

purified alkaline serine protease from Nocardiopsis 

xinjiangensis strain OM-6. Int. J. Biol. Macromol., 113 

(2018): 565-574. 

10 Sharma, A. K., & Singh, S. P., Effect of amino acids on the 

repression of alkaline protease synthesis in haloalkaliphilic 

Nocardiopsis dassonvillei. Biotechnol. Reports, 12 (2016): 

40-51. 

11 Patel, A.B., Mahala, K., Jain, K. and Madamwar, D., 

Development of mixed bacterial cultures DAK11 capable for 

degrading mixture of polycyclic aromatic hydrocarbons 

(PAHs). Bioresour. Technol., (2018): 288- 296. 

12 Shirling, E.B. and Gottlieb, D., Methods for characterization 

of Streptomyces species. Int. J. Syst. Bacteriol., 16 (1966): 

313- 340. 

13 Vijayakumar, R., Muthukumar, C., Thajuddin, N., 

Panneerselvam, A., & Saravanamuthu, R., Studies on the 

diversity of actinomycetes in the Palk Strait region of Bay of 

Bengal, India. Actinomycetologica, 21 (2007): 59-65. 

14 Subramani, R., and Aalbersberg, W., Culturable rare 

Actinomycetes: diversity, isolation and marine natural 

product discovery. Appl. Microbiol. Biotechnol., 97 (2013): 

9291-9321. 

 

15 Natsume, M., Yasui, K., & Marumo, S., Calcium ion 

regulates aerial mycelium formation in actinomycetes. J. 

Antibiot., 42 (1989): 440-447. 

16 Ghanem, N. B., Sabry, S. A., El-Sherif, Z. M., & El-Ela, G. 

A. A., Isolation and enumeration of marine actinomycetes 

from seawater and sediments in Alexandria. J. Gen. Appl. 

Microbiol., 46(2000): 105-111. 

17 Niyomvong, N., Pathom-aree, W., Thamchaipenet, A., & 

Duangmal, K., Actinomycetes from tropical limestone caves. 

Chiang Mai. J. Sci., 39 (2012): 373-388. 

18 Qin, S., Li, J., Chen, H. H., Zhao, G. Z., Zhu, W. Y., Jiang, 

C. L., Xu L.H. & Li, W. J., Isolation, diversity, and 

antimicrobial activity of rare actinobacteria from medicinal 

plants of tropical rain forests in Xishuangbanna, China. Appl. 

Environ. Microbiol., 75 (2009): 6176-6186. 

19 Mincer, T. J., Jensen, P. R., Kauffman, C. A., & Fenical, W., 

Widespread and persistent populations of a major new 

marine actinomycete taxon in ocean sediments. Appl. 

Environ. Microbiol., 68 (2002): 5005-5011. 

20 Basavaraj, K. N., Chandrashekhara, S., Shamarez, A. M., 

Goudanavar, P. S., & Manvi, F. V., Isolation and 

morphological characterization of antibiotic producing 

actinomycetes. Trop. J. Pharm. Res., 9 (2010): 231-236. 

 


