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This review summarizes the current diversity of halophilic bacteria and actinobacteria from Indian coastal region, salt lakes and their 

use in various biotechnological applications, including industrial, pharmaceutical, agricultural and environmental aspects.  Culture 

dependent as well as culture independent methods for isolation of halophiles should go hand in hand to provide the insight 

mechanism of halophilic adaptation and their future applications.  
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Introduction 

Saline habitats are frequently inhabited by an 

abundance of microbial communities adapted to 

these ecosystems. Among the microorganisms, the 

bacteria play a major role as important and 

dominant inhabitants of saline and hypersaline 

environments
1
. Microorganisms that thrive in these 

environments have been broadly classified into 

halophilic microorganisms and halotolerant 

microorganisms. Halophiles are the microorganisms 

requiring salt for their growth whereas; halotolerant 

microorganisms are able to grow in the absence as 

well as in the presence of salt. Halophiles can be 

further divided into three categories according to 

their halotolerance, slight halophiles that grow 

optimally in 3% (w/v) total salt, moderate 

halophiles with optimal growth at 3-15% (w/v) salt 

and extreme halophiles that grow optimally at 25% 

(w/v) salt
2
. The world of halophilic microorganisms 

is highly diverse. Halophilic and halotolerant 

microorganisms are found in all three domains of 

life: Archaea, Bacteria and Eucarya. Actinobacteria, 

are filamentous Gram positive prokaryotes with 67-

78% G + C content. Actinobacteria are considered 

as an intermediate group of bacteria and fungi and  

 

 

are recognized as prokaryotic organisms. Like 

bacteria, they are present in various ecological 

habitats and marine environments. Saline and 

hypersaline environments are found in wide variety 

of aquatic and terrestrial ecosystems. In terms of 

marine environment, India has coastline of about 

8000 Km
3
. India is known for its rich biodiversity 

especially in context with halophiles because; it is 

surrounded by Arabian Sea in the west, Bay of 

Bengal in the east and Indian Ocean in the south. 

Besides this there are many salt lakes present in 

India such as Sambhar Lake, Rajasthan, Chilika 

Lake, Orissa etc. which are excellent source for 

isolation of halophiles. Marine environment is the 

prime reservoir of biological diversity and the 

marine microorganisms are recognized to be rich 

sources of novel compounds. Recently, there is 

accelerated interest in the study of marine 

halophiles and actinobacteria, with the aim of 

providing the information on microbial diversity 

and their role in biogeochemical cycling in marine 

ecosystems and in exploiting their ability to produce 

novel enzymes and industrially important bioactive 

substance like biosurfactants, extracellular  
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polymeric substances (EPS), other crucial 

metabolites/compounds for biotechnological 

applications.  

The present work summarizes the current 

diversity of halophilic bacteria and actinobacteria 

from Indian coastal region, salt lakes as well as 

other saline habitats and their use in various 

biotechnological applications, including industrial, 

pharmaceutical, agricultural and environmental 

aspects. Briefly, the mechanisms of adaption in 

saline environments and the molecular approaches 

to assess the diversity of halophiles will be 

discussed.  

Diversity and habitat of halophiles 

Halophiles have a diverse habitat. They are 

distributed in natural saline areas as well as in 

hypersaline environments. The natural saline 

environments vary from aquatic (e.g. salt marshes, 

salt lakes) to terrestrial (e.g. saline lands) 
4,5

. 

Another important habitat for halophiles is artificial 

solar salterns used to mine salts from the sea, salt 

pans etc
6,7

. They are also present in association with 

the roots of halophytes and on surface of marine 

macroalgae
8,9

. Even, there are reports of halophiles 

in endosymbiotic association with trigger fish
10

. 

Bacteria characteristically include many 

kinds of halophilic and halotolerant microorganisms 

that are widespread in different phylogenetic 

subgroups.  In Indian coastal region and hypersaline 

environments halophiles are reported from wide 

range of Gram positive rods and cocci e.g. Bacillus 

spp., Staphylococcus spp., Micrococcus sp. and 

Salinicoccus sp.
11,12,13

 and Gram negative bacteria 

e.g. Halomonas sp., Vibrio sp. and Marinobacter 

sp.
12,14,15

. Gram-negative and Gram positive bacteria 

have been frequently isolated from saline 

environments including saline water and saline 

soils.  Actinomycetes/actinobacteria represents only 

a small fraction of the bacterial flora of saline soils
1
. 

There are reports of isolation of some halophilic 

actinomycetes such as Actinopolyspora sp., 

Streptomyces spp., Micromonospora sp. and 

Saccharopolyspora sp. from saline habitats of 

Indian coast regions
16,17,18

. There is ongoing interest 

in searching new bacterial and actinobacteria strains 

from various saline environments to study the 

mechanism of adaptation and enzymatic activity 

under saline conditions. The detailed habitats, 

isolation sites, isolate affiliation; NaCl tolerance 

and their application in diverse fields are shown in 

Table 1. 

Mechanism of adaptation in saline environment 

In order to adapt to the saline conditions, halophilic 

bacteria and actinobacteria have developed various 

strategies to their maintain cell structure and 

function
19

. There are two main strategies that 

halophiles have evolved to deal with high salt 

environments (i) “salt in” strategy and (ii) 

“compatible-solute” strategy. Bacterial cells 

maintain internal concentrations that are 

osmotically equivalent to their external 

environment. They maintain osmotically equivalent 

internal concentrations by accumulating high 

concentrations of KCl. For every three molecules of 

KCl accumulated, two ATP are hydrolyzed making 

this strategy more energy efficient than the 

“compatible solute” strategy. This mechanism is 

accompanied by certain physiological modifications 

which are required to protect all the metabolic and 

regulatory functions (e.g. enzymatic activity, 

synthesis of cellular components, and structure and 

function of some organelles) at high salinity
1
. The 

“salt in” strategy of osmoregulation is adopted by 

members from archaebacteria and eubacteria. 

In the “compatible solute” strategy cells 

maintain low concentrations of salt in their 

cytoplasm by balancing osmotic potential with 

organic, compatible solutes. Compatible solutes 

include polyols such as glycerol, sugars and their 

derivatives e.g. trehalose, sucrose; amino acids and 

their derivatives e.g. proline, glutamate and 

quaternary amines such as glycine betaine. 

Compatible solutes could be synthesized de novo 

or, if present in the medium, can be taken up by the 

organisms
20

. Osmoprotectants are defined as 

exogenously provided organic solutes that enhance 

bacterial growth in media having high osmolarlity. 

These substances may themselves be compatible 

solutes, or they may act as precursor molecules that 

can be enzymatically converted into these 

compounds. Compatible solutes regulate cells by 

accumulation of them up to molar concentrations; 

compatible solutes lower the cytosolic osmotic 

potential and hence make major contributions to the 

restoration and maintenance of turgor
21

. 

Energetically this is an expensive process. This 

strategy of adaptation is followed by many 

halophilic eubacteria and actinobacteria. In addition 

to their well studied function as osmoprotectants, 

compatible solutes also have protein-stabilizing 

properties that support the correct folding of 

polypeptides under denaturing conditions both in 

vitro and in vivo
22

.  
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Besides these strategies, bacteria have 

evolved some other possible mechanisms to adapt 

to saline environments by changing the composition 

of their cell envelope especially the 

exopolysaccharides. Sandhya et al.
23

 reported that 

Pseudomonas, a halotolerant bacteria could survive 

under stress condition by producing 

exopolysaccharides, which protects them from 

fluctuations in water potential by increasing water 

retention and maintaining the diffusion of carbon 

sources in microbial environment. Similarly, 

Halomonas variabilis and Planococcus rifietoensis 

were reported to survive under salinity stress by 

exopolysaccharide production
24

. The Chemical 

composition of cell membranes is also occasionally 

modified and synthesis pattern of proteins, lipids, 

fatty acids and peptidoglycan are changed with a  

moderate increase in salinity. Various mechanisms 

of adaptation in saline conditions by bacteria and 

actinobacteria are summarized in Fig. 1. 

 

Fig. 1. Mechanisms of adaptation of halophiles and 

actinobacteria in saline environment 

 
Table 1. Diversity of halophilic bacteria and actinobacteria from India 

S.No. Isolation sites Source of 

isolation 

Isolate affiliations NaCl tolerance 

(w/v) 

Applications References 

Bacteria 

1 Mithapur, 

Gujarat & 

Sambhar Salt 

Lake, Rajasthan 

Marine 

salterns 

Halobacterium MSW5, 

Haloferax, 

Natronobacterium 

22.5% - 4  

2 Veraval Gujarat,  Soil Bacillus sp. 20% Protease 11 

3 Solar saltern, 

Tuticorin, 

Tamilnadu, 

Soil Halogeometricum 

borinquense 

20% Protease, 

Serine protease 

66,67  

4 Saltpan of  Port 

Okha, Gujarat 

Soil Bacillus okhensis 0-10% Amylases, proteases, 

gelatinase 

 38  

5 Lonar Lake 

Maharashtra 

Sediment and 

water 

Halomonas campisalis 23% Lipase and 

polyhydroxyalkanoic acid 

(PHA) granules 

35  

6 Andaman and 

Nicobar Islands 

Sea water  Bacillus circulans 3.5% Biosurfactant 5  

7 Solar saltern,  

Tamil Nadu  

Water Haloferax lucentensis 

 

19.7% Protease 6  

8 Salterns and 

coastal regions 

of  Kumta, 

Karnataka 

Soil and 

water 

Bacillus aquimaris 3% Protease 68  

9 Salt farm, 

Bhavnagar, 

Gujarat 

Sediment Bacillus pumilus 3-15% Xylanase 7  

10 Eastern  regions 

of  Uttar 

Pradesh  

Soil Bacillus cereus 0-10% Protease 34  

11 Chorao island of 

Mandovi 

estuary, Goa 

Sediment Bacillus subtilis 3% Xylanase 42  

12 Coastal region 

of Diu, India 

Seawater Vibrio parahaemolyticus 3.5% Extracellular polymeric 

substances (EPS) 

production 

46  

13 Kovalam 

Saltpans in 

Water Vibrio fischeri,Halobacillus 

salinus, Halobacterium 

4-25% Amylases, proteases, 

gelatinase 

12  
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Kanyakumari, 

Tamil Nadu 

salinarum, Halococcus 

salifodinae, Bacillus 

subtilis, Natranobacterium 

sp., Staphylococcus 

epidermidis, Staphylococcus 

intermedius and 

Staphylococcus citreus 

14 Veraval, Gujarat Gracilaria 

dura (brown 

algae) 

Bacillus licheniformis 3.5% Extracellular polymeric 

substances (EPS) 

production 

9  

15 Kumta Coast 

Karnataka 

Soil and 

water 

 Halomonas hydrothermalis 0-21% - 69 

16 Somnath Coast, 

Gujarat 

Sea water Virgibacillus sp. 3.5% Protease 70 

17 West coast of 

Karnataka 

Soil Salinicoccus sp. 2-25% Amylase, Protease, 

Inulinase and Gelatinase 

13 

18 Salt Pan 

Ribander, Goa 

Sea water Alkalibacillus sp. 

Virgibacillus panthotheticus 

15% Protease 27  

19 Salt pan, 

Khambhat, 

Gujarat 

Soil Staphylococcus epidermidis, 

Bacillus sp., Halomonas 

shengliensis, Halomonas 

koreensis, and Virgibacillus 

5-15% Bioremediation of metals 

(Cd) 

60  

20. Coastal regions 

of Gujarat, Goa, 

Kerala and 

Sambhar Salt 

Lake, 

Rajashthan 

Soil and 

water 

 Marinobacter, 

Virgibacillus, Halobacillus, 

Geomicrobium, 

Chromohalobacter, 

Oceanobacillus, Bacillus 

and Halomonas  

 3-20% Amylases, lipases and 

proteases 

14  

21 Kutch, Gujarat Sea water and 

soil 

Halomonas salina 35% Lipase 36  

 Saltern pond of 

Tuticorin, 

Tamilnadu 

Soil Chromohalobacter sp. 15-25% Xylanase 43  

22 Chandigarh, 

Punjab 

Soil Bacillus subtilis 14% Antimicrobial peptides 71  

23 Kanyakumari, 

Tamil Nadu 

Sea water Halomonas sp. 2-20% Biosurfactant 15  

24 Vizhinjam Bay, 

Kerala  

Trigger fish Halomonas aquamarina, 

Halomonas marina 

5-15% - 10  

25 Kanyakumari, 

Tamilnadu 

Water Bacillus sp. 5-20% Biosurfactant, 

Antimicrobial, 

anticancerous metabolites 

48  

26 Salt pan, 

Bhavnagar, 

Gujarat 

Soil Kocuria rosea 0-20% Bioremediation of dyes 61  

27 Bhitarkanika 

coast of Orissa 

Soil Bacillus spp.,  Microccocus 

luteus 

5-15% Gelatinase, amylase 72  

28 Kanyakumari, 

Tamil Nadu 

Sea water Kocuria marina 5-15% Biosurfactant 50  

29 Solar salterns of 

Mulund, 

Maharashtra 

Sea water Halobacillus, Salicola, 

Halomonas, Pseudomonas, 

Haloferax 

0-20% - 73  

30 Solar salterns of 

Gujarat, Orissa, 

and West 

Bengal 

Soil and 

water 

Halomonas, 

Salinicoccus,Bacillus, 

Aidingimonas, Alteromonas, 

and Chromohalobacter 

5-15% Extracellular polymeric 

substances (EPS) 

production 

47  

31 Chilika lake, 

Odisha 

Water Staphylococcus sp. 5-15% - 74  

32 Parangipettai 

saltpan, 

Tamil Nadu 

Sediment Bacillus sp., Halobacterium 

sp, Halobacillus sp., 

Halobacterium sp., 

Staphylococcus aureus, 

Halobacterium salinarum, 

3.5% Antimicrobial metabolites 57  
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and Halobacillus salinus 

33 Marakkanam 

saltpan Tamil 

Nadu 

Sediment  Bacillus sp. 3.5% Probiotics 54  

34 Birbhum 

District, West 

Bengal 

Soil Bacillus flexus 20% Bioremediation of florides 62  

35 Muttukaadu, 

Chennai,  Tamil 

Nadu 

Sediment Bacillus subtilis, Bacillus 

endophyticus 

13% Cellulase 44  

36 Wayanad, 

Kerala 

Soil samples Klebsiella pneumoniae - Polyhydroxy-alkanoates 

production 

91 

37 Okha-Madhi,  

Gujarat 

Salt enriched 

soil 

Oceanobacillus iheyensis 

O.M.A18 and  

Haloalkaliphilic 

bacterium O.M.E12 

- Serine proteases 92 

38 Kangra, 

Himachal 

Pradesh 

Soil samples Halobacillus, Shewanella, 

Halomonas and 

Marinomonas 

3%  93 

39 Bakreshwar, 

West Bengal, 

Hot spring Bacillus cereus 3–11% Esterase production 94 

40 Marakkanam, 

Tamil Nadu 

Sediment 

samples  

 

Bacillus subtilis  Amylase Production 95 

41 Kannur, Kerala Mangrove 

area 

Bacillus sp. MG12 - Biopolymer production 96 

Actinobacteria 

42 Alibag coast, 

Maharashtra 

Marine 

sediment 

Actinopolyspora sp. 10 to 15% Antimicrobial metabolites 16  

43 Saurashtra 

University 

Campus, Rajkot, 

Gujarat 

Soil Streptomyces sannanensis 5-7% Antibiotic production 75  

44 Mithapur, 

Gujarat 

Soil Streptomyces clavuligerus 0-10% Protease production 33  

45 West coast of 

Kerala 

Soil Streptomyces spp. 1-4% Antimicrobial metabolites 55  

46 Vellar estuary,  

Tamil Nadu 

Suaeda salt 

marsh 

Actinopolyspora 15-25% Osmolyte production 8  

47 Alibagh, 

Mumbai, 

Maharastra and 

Goa 

Marine 

sediments 

Streptomyces sp. 7% Amylase 39 

48 The Bay of 

Bengal coast of 

India 

Marine 

sediments 

Saccharopolyspora salina 1-26% Antimicrobial metabolites 76 

49 Marakkanam 

coast of Tamil 

Nadu 

Sediments Streptomyces 15% Antimicrobial metabolites 77 

50 Vellar Estuary, 

Tamil Nadu  

Soil Streptomyces bikiniensis 7% Antimicrobial metabolites 78 

51 Ennore saltpan, 

Tamil Nadu 

Soil Streptomyces sp. 3.5% Antimicrobial metabolites, 

Chitinase, Biosurfactant 

79,80  

52 Okha,  Gujarat Salt enriched 

soil 

Nocardiopsis alba - Alkaline protease 

production 

97 

53 Kanyakumari, 

Tamilnadu 

Mangrove 

sediments 

Streptomyces sp. 3.5% Anticancer metabolites 56  

54 Tamil Nadu Marine water Streptomyces acrimycini, 

Streptomyces albogriseolus 

and Streptomyces variabilis  

3.5% Bioremediation of 

Xenobiotics (Carbaryl) and 

heavy metals (Zn, Cu) 

59  

55 Tuticorin, Tamil 

Nadu 

Soil Streptomyces spp.,  

Nonomuraea sp., and 

4% Antimicrobial metabolites 17  
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Micromonospora sp. 

56 Bay of Bengal, 

Tamil Nadu 

Marine 

sediment 

 Streptomyces sp.  3.5% L-asparaginase production 81  

57 Andaman and 

Nicobar 

Sediment 

sample 

Saccharopolyspora, 

Streptomyces, 

Streptoverticillium, 

Nocardiopsis, 

Actinopolyspora, 

Microtetraspora 

5-30% Biosurfactant, amylase,  

protease, cellulase and  

Antimicrobial metabolites 

18  

58 Ribandar 

saltern, Goa, 

Sediment 

samples 

Streptomyces spp, 

Nocardiopsis, 

Micromonospora and 

Kocuria spp. 

32, 50, 75, 

100% 

Anti-bacterial metabolites 

production 

98 

 

Molecular approaches to assess the diversity of 

bacteria and actinobacteria 

Molecular phylogeny is a very useful tool to 

analyze microbial populations. A number of 

molecular techniques are known for identifying and 

analyzing the biodiversity of bacterial strains, such 

as random amplified polymorphic DNA (RAPD), 

amplified ribosomal DNA restriction analysis 

(ARDRA), and 16S rRNA gene analysis. The 

comparison of 16S rRNA gene sequences is a 

powerful tool for deducing phylogenetic and 

evolutionary relationships among bacteria
25

. Small-

subunit of rDNA gene (16S rDNA) is widely used 

to establish phylogenetic relationship among 

bacteria because this gene is universally present, 

sufficiently small to be easily sequenced and a large 

database for it is available. Furthermore, rDNA that 

encodes rRNA comprises of highly conserved 

regions, crucial for structure and function, flanked 

by highly variable stretch, which varies among 

various species
26

. Identification and phylogenetic 

analysis of halophilic bacteria using 16S rDNA 

genes amplification has been extensively 

implemented by many authors
15,27

. 16S rDNA 

primers and probes for specific identification of 

actinomycetes and especially for streptomycetes 

were designed by Stackebrandt et al.
28

 (1991) and 

Mehling et al.
29

 (1995). ARDRA and 16S rRNA 

gene sequencing have been applied to characterize 

many actinobacteria
18,30

. Additionally, there are 

degenerate primers for genes encoding polyketide 

synthases (PKS-1 and PKS-2) and non ribosomal 

peptide synthetase (NRPS) which are used to screen 

the biosynthetic potential in terms of natural 

product drug discovery as identification of these 

genes provides indirect evidence of potential 

chemical diversity among the actinobacteria
31,32

. 

 

 

 
Applications of Halophiles 

In the recent years, studies on halophilic 

microorganisms have significantly increased.  

Halophiles directly or their products such as 

enzymes, antimicrobial compounds, 

exopolysaccharides, biosurfactants etc. finds vital 

application in diversified fields ranging from 

industries, pharmaceuticals, food industries, 

environment and agriculture (Fig. 2). The bacterial 

strains and their respective industrial, 

pharmaceutical and environmental applications are 

mentioned in Table 1.Industrial applications 
 

 

Fig. 2. Multifarious applications of halophiles and 

actinobacteria 

 

Enzymes 

Recently, the scientific interest has been shifted 

towards enzymes derived from halophilic bacteria 

due to their potential industrial applications. These 

enzymes are stable and actively function under 

extreme conditions. Halophilic bacteria and 

actinobacteria are known to produce diverse range 

of industrially important enzymes such as proteases, 

gelatinases, amylases, lipases, inulinase, cellulases 

etc.  
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Marine bacteria and actinobacteria are capable of 

producing enzymes with good stability at higher 

temperature and alkaline conditions. 
 

Proteases: Halophilic proteases are widely used in 

the detergent and food industries. They have been 

also extensively employed in the baking, dairy and 

leather industries. Proteolytic activity with potential 

industrial applications has been characterized in 

many halophilic bacteria and actinobacteria from 

Indian coasts such as Bacillus sp., Haloferax 

lucentensis, Bacillus cereus, Streptomyces 

clavuligerus
6,11,33,34

. 
 

Lipase: Halophilic lipases are broadly used as 

detergent additives, in food and paper industries and 

as enantioselective biocatalysts for the production 

of optically pure chemicals. These enzymes have 

also been used as ingredients in laundry detergents 

for the removal of oil/grease stains. Lipolytic 

activity with prospective in industrial applications 

has been known from many halophilic bacteria from 

Indian coasts such as Halomonas campisalis, 

Marinobacter sp. and Halomonas salina
14,35,36

. 

Amylase: Amylases are widely employed in 

different biotechnological applications including the 

food industry in bread and baking industry to 

improve the volume of dough, colour and crumb 

softness. They are also applied in detergents to 

promote stain removal and in the paper and pulp 

industry for the modification of starches for coated 

paper and in the textile industry during the de-sizing 

process
37

. Amylase activity with definitive 

industrial applications has been known from many 

halophilic bacteria and actinomycetes from Indian 

coasts such as Bacillus okhensis, Vibrio fischeri, 

Streptomyces sp. and Actinopolyspora
12,18,38,39

. 

Xylanase: Xylanases play an important role in the 

degradation of xylan. They are used in the 

manufacture of coffee, livestock feeds and in 

baking industry to improve the properties of 

dough
40

. They can also be used in place of chlorine 

bleaching (biobleaching) for the removal of residual 

lignin from pulp. They are also employed in green 

energy production, assisting in the conversion of 

biomass to bioethanol and biodiesel
41

. Xylanase 

activity has been reported from only few halophilic 

bacteria from India such as Bacillus pumilus, 

Bacillus subtilis and Chromohalobacter sp.
7,42,43

. 

Cellulase: Cellulases are mainly applied in textile 

industry for biopolishing of fabrics and in laundry 

detergents for fabric softening and brightening, 

saccharification of agricultural and industrial wastes 

and in animal feeds
44

. They are also utilized in the 

production of bioethanol as the enzymes are used to 

hydrolyse pretreated cellulosic materials to 

fermentable sugars
45

. Currently, halophilic 

cellulases have been derived from Bacillus subtilis, 

Bacillus endophyticus and Saccharopolyspora from 

Indian coastal regions
18,44

. 

Exopolysaccharides (EPS) 

Exopolysaccharides are biosynthetic polymers 

mainly consisting of carbohydrates secreted by 

bacteria. Bacterial extracellular polysaccharides 

have found different applications as gelling agents 

and emulsifiers in food industry, microbially 

enhanced oil recovery in petroleum industry, 

pharmaceutical and bioremediation agents in 

environment management system
9
. They are also 

used as adhesives in detergents, textiles, papers, 

paints and beverages industries. Several halophilic 

microorganisms produce such EPS in profuse 

amounts and therefore are commercially exploited. 

Several EPS producing halophiles have been 

reported from Indian coastal areas such as Vibrio 

parahaemolyticus, Bacillus licheniformis, 

Salinicoccus sp. and Chromohalobacter sp.
46,47

.  

Similarly, poly-β-hydroxyalkanoate (PHA), a 

polymer containing β-hydroxybutyrate and β-

hydroxyvalerate units, is accumulated by many 

prokaryotes. It is used for the production of 

biodegradable plastics. Some halophilic bacteria of 

Indian origin also produce PHA e.g. Halomonas 

campisalis
35

.  

Biosurfactant  

Biosurfactants are biological surface-active 

compounds released by microorganisms that have 

some influence on interfaces
48

. They are 

amphiphilic compounds produced on microbial cell 

surfaces or excreted extracellularly and contain 

hydrophobic and hydrophilic moieties. The wide 

range of structural diversity in biosurfactants, 

results in a broad spectrum of potential industrial 

applications including production of food, 

cosmetics and pharmaceuticals, agriculture, 

herbicide and pesticide formulations, detergents, 

pulp and paper. They also find important 

application in mining, enhanced oil recovery, 

transportation of crude oil and soil remediation
49

. 

There are reports of biosurfactant production by 

many halophilic bacteria/actinobacteria such as 

Bacillus circulans, Kocuria marina Halomonas 

sp.
5,14,50

. 
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Food industry 

Various halophilic enzymes such as protease, 

amylase, xylanase and lipase have been extensively 

utilized in different step of food processing which 

have been discussed in section 5.1.1. Other 

applications of halophiles in food industry are 

mention below. 

Fermented food 

The industrial production of fermented products, 

like soy sauce and fish sauce that uses the 

degradative properties of halophiles. The 

fermentation of salty foods such as Chinese 

fermented beans, salted cod, 

salted anchovies, sauerkraut, often involves 

halobacteria as essential ingredients. Halophiles 

including Halobacteria, Halococci and 

Natronococci have been isolated from various food 

sources including fermented foods and sauces, 

including kimchi and Thai fish sauce
51

. A culture 

independent method of isolation of bacteria 

diversity from kimchi showed the presence of many 

halophilic bacteria including lactic acid bacteria
52

. 

Probiotics 

Probiotics are live microorganisms thought to be 

beneficial to the host organism. These are 

commonly consumed as part of fermented foods 

with specially added active live cultures. Recently, 

halophilic lactic acid bacteria Tetragenococcus 

halophilus was isolated from soy sauce and showed 

to possess an immunomodulatory activity that 

promotes T helper type 1 immunity in humans. 

Thus this strain can be efficiently used as probiotics 

for humans
53

. Similarly, the use of halophilic 

Bacillus sp. as probiotics for shrimps has been 

reported from India
54

. 

Pharmaceutical applications 

The mechanism of drug resistance among the 

pathogenic microorganisms lessens the efficacy of 

available antibiotics and this in turn strengthens the 

need to search new antibiotics. Marine microbes are 

continuously explored for production of novel 

antimicrobial compounds. Bioactive compounds 

from halophilic bacteria and actinobacteria have 

typical features because of their varied 

environmental conditions (pH, temperature, salinity, 

pressure, etc). Among marine microorganisms, 

actionbacteria are recognized as most promising 

prokaryote for novel bioactive metabolite 

production. There are several reports of production 

of antimicrobial metabolites, antimicrobial 

biosurfactants and anticancer agents by halophilic 

bacteria and actinobacteria such as Staphylococcus 

aureus, Bacillus sp., Streptomyces spp.
48,55,56,57

. 

Environmental applications 

The large numbers of contamination sites are often 

saline to hypersaline and halophiles are prevalent in 

such environments making their significant 

utilization in bioremediation of contaminants. The 

accelerated industrial activities such as mining and 

metal plating resulting in pollution, due to the 

release of the high amount of organic and heavy 

metals into the environments. These toxic 

compounds are often found in runways and 

accumulate near seashores. Due to the evaporitic 

nature of hypersaline environments, heavy metals 

are frequently found in concentrated brine. As a 

result, many halophiles have developed tolerance to 

heavy metals
58

. There are some reports of utilization 

of halophiles for bioremediation of xenobiotic 

compound like carbaryl, a potent insecticide and 

heavy metals like Zn and Cu by actinobacteria like 

Streptomyces acrimycini, Streptomyces 

albogriseolus and Streptomyces variabilis
59

. In 

addition, the use of halophilic bacteria and 

actinobacteria for bioremediation of Cd has been 

reported by Solanki and Kothari
60

. The textile 

industry produces a large quantity of polluted 

wastewater containing azo dyes, phenol and other 

toxic anions. These effluents are highly saline with 

typical salt concentrations of 15-20%. Recently, a 

halophlic bacterium Kocuria rosea has been 

reported to decolorize triphenyl methane dyes like 

malachite green, crystal violet and methyl violet
61

.  

Similarly, fluorides are prevalent in environment 

and have cytotoxic effect on humans. A halophilic 

bacteria Bacillus flexus has been reported to reduce 

fluoride concentration up to 67.45% in 

contaminated soil
62

. These halophilic microbes play 

a bioremediative role by transforming these anions 

and xenobiotics into less toxic forms. 

Agricultural applications  

Soil salinity is a naturally occurring problem in 

various parts of the world, but the exhaustive use of 

chemical fertilizers, inadequate cultivation 

practices, and improper irrigation schemes 

management have resulted in exacerbated salt 

concentrations in soil. Salinity is one of the 

important abiotic stresses that limit the plant growth 

and crop productivity. In addition, salinity also 

affects nutrient uptake by plants. Agriculture under 

saline conditions already presents major challenges 
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in many countries. Application of halotolerant plant 

growth promoting rhizobacteria (PGPR) is an 

important strategy by which cultivation in saline 

soils can be improved
63

. Many reports have been 

published stating the beneficial effects of 

inoculation of halotolerant bacteria on plant growth  

 

under salt stress conditions such as Micrococcus sp. 

on cowpea, Brachybacterium saurashtrense on 

groundnut etc
64,65

.  Few of the halotolerant bacterial 

strains isolated from India and their plant growth 

promotion effect on respective plants are mentioned 

in Table 2. 

 

 

  

 

 

 

 

Table 2. Halotolerant bacteria and their role in plant growth promotion under saline conditions 

S. 

No. 

Source of isolation Isolate affiliations NaCl 

tolerance 

Plant growth promoting 

activity 

Interaction 

with plant 

Reference 

1 Roots of mangrove-associated 

wild rice, Tamil Nadu 

Swaminathania salitolerans  

 

3% N2 fixation and phosphate 

solubilizing 

- 82  

2 Roots of mangrove plants 

Pichavaram, India 

Azotobacter chroococcum, 

A. virelandii and A. 

beijerinckii 

3% N2 fixation, IAA 

production 

Rhizophora 83  

3. Rhizosphere soil samples 

from coastal ecosystems of 

Tamil Nadu 

Pseudomonas fluorescens 0.7% ACC- deaminase activity Arachis 

hypogaea 

84  

4. Rhizospheric soil of wheat 

from Varanasi, Mau, Ballia, 

and Ghazipur of Uttar 

Pradesh 

Bacillus sp., Arthrobacter 

sp. 

0-8%  Phosphate solubilization, 

IAA and Gibberellin 

production, siderophore,  

- 85  

5 Root-free soil, west coast of 

India 

Micrococcus sp. 7% Phosphate solubilization, 

IAA production, ACC-

deaminase activity, 

siderophore 

Cowpea 64  

6 Coastal areas of Gujarat Pseudomonas fluorescens,  

P. aeruginosa, P. stutzeri 

6% Phosphate solubilization, 

IAA production, ACC 

deaminase activity, 

siderophore 

Tomato 86  

7  Roots of Salicornia 

brachiata,  coastal area of 

Gujarat 

Agrobacterium 

tumefaciens, 

Zhinguelliuella somnathii, 

Vibrio, Brachybacterium 

saurashtrense, 

Brevibacterium casei, 

Haererohalobacter sp. 

1-15% N2 fixation, phosphate 

solubilization, IAA 

production, ACC-

deaminase activity, 

siderophore 

Salicornia,  

Arachis 

hypogaea 

63, 87, 

65, 99  

 

8 Rhizospheric soil of wheat 

from Mau, Ghazipur , Ballia, 

U.P. and Sambhar salt lake, 

Rajasthan 

Bacillus pumilus, 

Pseudomonas 

mendocina, Arthrobacter 

sp., Halomonas sp., and 

Nitrinicola lacisaponensis 

0-22% Phosphate solubilization, 

IAA production, 

siderophore, and ammonia 

production 

Wheat 88  

9 Soil sample Jaisalmer, water 

from Sambhar and Pushkar 

lake, Rajasthan 

Bacillus sp. and 

Hallobacillus sp. 

5-25% phosphate solubilization, 

IAA production, 

siderophore 

Wheat 89  

10 Rhizopheric soil of Grass, 

Rae Bareilly, Uttar Pradesh 

Bacillus pumilus, 

Halomonas desiderata, 

Exiguobacterium 

oxidotolerans 

2.5% Phosphate solubilization, 

IAA production, ACC-

deaminase activity, 

siderophore 

Mentha 

arvensis 

90  

11 Rhizospheric soil of Sorghum 

bicolor Rajasthan, India 

Klebsiella sp. 0-10% Phosphate solubilization, 

IAA production, ACC-

deaminase activity 

Wheat 100 
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Conclusion  
In the current scenario, both academic and 

industrial research mainly focuses on marine 

microorganisms due to its impulsive potential. 

The importance of halophilic bacteria and 

actinobacteria as potential applications has been 

recognized in various fields. This review 

presents the current status of research on the 

biology of halophilic bacteria and actinobacteria 

from Indian coastal areas and salt lakes. The 

diversity and distribution of these bacteria and 

actinobacteria are quite interesting ranging from 

different ecosystems such soil, water, 

association with plants, macroalgae and animals. 

These diverse ecosystems are potentially very 

useful sources for novel enzymes, metabolites 

with unique properties and have great 

biotechnological potential. These halophilic 

microbes from Indian coastal areas have 

extensive applications in industries, environment 

and agriculture. Still continuous efforts must be 

made to isolate new halophiles with efficient 

osmolyte production and other applications such 

as bioremediation of heavy oils and metals. 

Research efforts are necessary in order to 

estimate the prospective of these 

microorganisms to be applied in industrial, 

pharmaceutical and environmental processes. 

 

Acknowledgments 
The author I.G.M. thankfully acknowledges 

financial support received from Science and 

Engineering Research Board (Grant # 

SB/FT/LS-374/2012), Department of Science 

and Technology, New Delhi, India. 

 

References 
1. Zahran H.H., Diversity, adaptation and activity of the 

bacterial flora in saline environments. Biol. Fertil. 

Soils, 25(1997):211–223 

2. Ventosa A., Joaquin J.N., and Oren A., Biology of 

moderately halophilic aerobic bacteria. Microbiol. 

Mol. Rev., 62(1998):504-544 

3. Venkataraman K., and Wafar M., Costal and marine 

biodiversity of India. Ind. J. Mar. Sci., 34(2005):57-75  

4. Upasani V.N., Desai S.G., Moldoveanu N., and Kates 

M., Lipids of extremely halophilic archaeobacteria 

from saline environments in India: a novel glycolipid 

in Natronobacteriurn strains. Microbiology, 

140(1994):1959-1966 

5. Das P., Mukherjee S., and Sen R., Antimicrobial 

potential of a lipopeptide biosurfactant derived from a 

marine Bacillus circulans. J. Appl. Microbiol., 

104(2008):1675-1684 

6. Manikandan M., Pasic L., and Kannan V., Purification 

and biological characterization of a halophilic 

thermostable protease from Haloferax 

lucentensis VKMM 007. World J. Microbiol. 

Biotechnol., 25(2009):2247-2256 

7. Menon G., Mody K., Keshri J., and Jha B., Isolation, 

purification, and characterization of haloalkaline 

xylanase from a marine Bacillus pumilus strain, 

GESF-1. Biotechnol. Bioprocess Eng., 15(2010):998-

1005 

8. Kundu S., Das S., Mondal N., Lyla P.S., and Khan 

S.A., Evaluation of halophilic actinomycete 

Antinopolyspora sp. for osmolyte production. Res. J. 

Microbiol., 3(2008):47-50 

9. Singh R.P., Shukla M.K., Mishra A., Kumari P., 

Reddy C.R.K., and Jha B., Isolation and 

characterization of exopolysaccharides from seaweed 

associated bacteria Bacillus licheniformis. Carbohydr. 

Polym., 84(2011):1019–1026 

10. Joseph I., Susmitha V., and Mathew A., Isolation and 

characteriation of extreme halophiles Halomonas 

aquamarina and Halomonas marina from trigger fish, 

Abalistes stellaris (Bloch & Schneider, 1801). Ind. J. 

Fish, 60(2013):107-112 

11. Patel R., Dodia M., and Singh S.P., Extracellular 

alkaline protease from a newly isolated 

haloalkaliphilic Bacillus sp.: Production and 

optimization. Process Biochem., 40(2005):3569-3575 

12. Saju K.A., MichaelBabu M., Murugan M., and 

ThiraviaRaj S., Survey on halophilic microbial 

diversity of Kovalam saltpans in Kanyakumari district 

and its industrial applications. J. Appl. Pharm. Sci., 

01(2011):160-163 

13. Jayachandra S.Y., Anil K.S., Merley D.P., and 

Sulochana M.B., Isolation and characterization of 

extreme halophilic bacterium Salinicoccus sp. JAS4 

producing extracellular hydrolytic enzymes. Recent 

Res. Sci. Tech., 4(2012):46-49 

14. Kumar S., Karan R., Kapoor S., Singh S.P., Khare 

S.K., Screening and isolation of halophilic bacteria 

producing industrially important enzymes.  Braz. J. 

Microbiol., 43(2012):1595-1603 

15. Donio M.B.S., Ronica F.A., Viji V.T., Velmurugan S., 

Jenifer J.S.C.A., Michaelbabu M., Dhar P., and 

Citarasu T., Halomonas sp. BS4, a biosurfactant 

producing halophilic bacterium isolated from solar salt 

works in India and their biomedical importance. 

SpringerPlus 2(2013):149-158 

16. Kokare C.R., Mahadik K.R., Kadam S.S., and 

Chopade B.A., Isolation, characterization and 

antimicrobial activity of marine halophilic 

Actinopolyspora species AH1 from the west coast of 

India. Curr. Sci., 86(2004):593-597 

17. Jose P.A., and Jebakumar S.R.D., Diverse 

actinomycetes from Indian coastal solar salterns- a 

resource for antimicrobial screening. J. Pure Appl. 

Microbiol., 7(2013):2569-2575 

18. Meena B., Rajan L.A., Vinithkumar N.V., and 

Kirubagaran R., Novel marine actinobacteria from 

emerald Andaman & Nicobar Islands: a prospective 

source for industrial and pharmaceutical byproducts. 

BMC Microbiology, 13(2013):145-161 

1584 



MISHRA et al.: DIVERSITY OF HALOPHILIC BACTERIA AND ACTINOBACTERIA FROM INDIA 

19. Setati M.E., Diversity and industrial potential of 

hydrolase producing halophilic/halotolerant 

eubacteria. Afr. J. Biotechnol., 9(2010):1555-1560 

20. Gontia-Mishra I., and Sharma A., Exogenously 

supplied osmoprotectants confer enhanced salinity 

tolerance in rhizobacteria. J. Ecobiotechnol., 

4(2012):11-13 

21. Kempf B., and Bremer E., Uptake and synthesis of 

compatible solutes as microbial stress responses to 

high osmolality environments. Arch. Microbiol., 

170(1998):319-330 

22. Paul D., and Lade H., Plant-growth-promoting 

rhizobacteria to improve crop growth in saline soils: a 

review. Agron. Sustain. Dev., 34(2014):737-752 

23. Sandhya V., Ali S.K.Z., Grover M., Reddy G., and 

Venkateswarlu B., Alleviation of drought stress effects 

in sunflower seedlings by the exopolysaccharides 

producing Pseudomonas putida strain GAPP45. Biol. 

Fertil. Soils, 46(2009):17–26 

24. Qurashi A.W., and Sabri A.N., Bacterial 

exopolysaccharide and biofilm formation stimulate 

chickpea growth and soil aggregation under salt stress. 

Braz. J. Microbiol., 43(2012):1183-1191 

25. Weisburg W.G., Barns S.M., Pelletier D.A., and Lane 

D.J., 16S ribosomal DNA amplification for 

phylogenetic study. J. Bacteriol., 173(1991):697-703 

26. Maidak B.L., Larsen N., McCaughey M.J., Overbeek 

R., Olsen G.K., Fogel K., Blandy J., and Woese C.R., 

The ribosomal database project. Nucleic Acid Res., 

22(1994):3485-3488 

27. Surve V.V., Patil M.U., and Dharmadekari S.M., 

Moderately halophilic bacteria from solar salt pans of 

Ribander, Goa: a comparative study. Int. J. Adv. 

Biotechnol. Res., 3(2012):635-643 

28. Stackebrandt E., Witt D., Kemmerling C., 

Kroppenstedt R., and Liesack W., Designation of 

Streptomycete 16S and 23S rRNA-based target regions 

for oligonucleotide probes. Appl. Environ. Microbiol., 

57(1991):1468-1477 

29. Mehling A., Wehmeier U.F., and Piepersberg W., 

Nucleotide sequences of Streptomycete 16S ribosomal 

DNA: towards a specific identification system for 

streptomycetes using PCR. Microbiology, 

141(1995):2139-2147 

30. Jose P.A., and Jebakumar S.R.D., Phylogenetic 

diversity of actinomycetes cultured from coastal 

multipond solar saltern in Tuticorin, India. Aquat. 

Biosyst., 8(2012):23-31 

31. Jiang S., Li X., Zhang L., Sun W., Dai S., Xie L., Liu 

Y., and Lee K.J., Culturable actinobacteria isolated 

from marine sponge Lotrochota sp. Mar. Biol., 

153(2008): 945-952  

32. Jose P.A., Santhi V.S., and Jebakumar S.R.D., 

Phylogenetic-affiliation, antimicrobial potential and 

PKS gene sequence analysis of moderately halophilic 

Streptomyces sp. inhabiting an Indian saltpan. J. Basic 

Microbiol., 51(2011):348-356 

33. Thumar J.T., and Singh S.P., Secretion of an alkaline 

protease from a salt- tolerant and alkaliphilic, 

Streptomyces clavuligerus strain Mit-1. Braz. J. 

Microbiol., 38(2007):766-772 

34. Singh S.K., Tripathi V.R., Jain R.K., Vikram S., and 

Garg S.K., An antibiotic, heavy metal resistant and 

halotolerant Bacillus cereus SIU1 and its 

thermoalkaline protease. Microb. Cell Fact., 

9(2010):59-65 

35. Joshi A.A., Kanekar P.P., Kelkar A.S., Sarnaik S.S.,  

Shouche Y., and Wani A., Moderately halophilic, 

alkalitolerant Halomonas campisalis MCM B-365 

from Lonar Lake, India. J. Basic Microbiol., 

47(2007):213–221 

36. Khunt M., Pandhi N., and Rana A. Media optimization 

for lipase from Halomonas salina ku-19, an extreme 

halophiles isolated from Little Rann of Kutch. Int. J. 

Bio. Pharma. Res., 3(2012):218-222  

37. Gupta R., Gigras P., Mohapatran H., Goswami K.V., 

and Chauhan B., Microbial a-amylase: a 

biotechnological perspective. Process Biochem., 

38(2003):1599-1616 

38. Nowlan B., Dodia M.S., Singh S.P., and Patel B.K.C., 

Bacillus okhensis sp. nov., a halotolerant and 

alkalitolerant bacterium from an Indian saltpan. Int. J. 

Syst. Evol. Microbiol., 56(2006):1073-1077 

39. Chakraborty S., Khopade A., Kokare C., Mahadik K., 

and Chopade B., Isolation and characterization of 

novel-amylase from marine Streptomyces sp. D1. J. 

Mol. Catalysis B: Enzymatic, 58(2009):17-23 

40. Butt M.S., Tahir-Nadeem M., Ahmad Z., and Sultan 

M.T., Xylanases and their applications in baking 

industry. Food Technol. Biotechnol., 46(2008):22-31 

41. Zhong C., Lau M.W., Balan V., Dale B.E., and Yuan 

Y.J., Optimization of enzymatic hydrolysis and 

ethanol fermentation from AFEX-treated rice straw. 

Appl. Microbiol. Biotechnol., 84(2009):667-76 

42. Khandeparker R., Verma P., and Deobagkar D., A 

novel halotolerant xylanase from marine isolate 

Bacillus subtilis cho40: gene cloning and sequencing. 

New Biotechnol., 28(2011):814-821 

43. Prakash B., Vidyasagar M., Jayalakshmi S.K., and 

Sreeramulu K., Purification and some properties of 

low-molecular-weight extreme halophilic xylanase 

from Chromohalobacter sp. TPSV 101. J. Mol. 

Catalysis B: Enzymatic, 74(2012):192-198 

44. Venkatachalam S., Sivaprakash M., Gowdaman V., 

and Prabagaran S.R., Bioprospecting of cellulase 

producing extremophilic bacterial isolates from India. 

Br. Microbiol. Res. J., 4(2014):142-154 

45. Wang C.Y., Hsieh Y.R., Ng C.C., Chan H., Lin H.T., 

Tzeng W.S., and Shyu Y.T., Purification and 

characterization of a novel halostable cellulase from 

Salinivibrio sp. strain NTU-05. Enzyme Microb. 

Technol., 44(2009):373-379 

46. Kavita K., Mishra A., and Jha B., Isolation and 

physico-chemical characterisation of extracellular 

polymeric substances produced by the marine 

bacterium Vibrio parahaemolyticus. Biofouling, 

27(2011):309-317 

47. Biswas J., and Paul A.K., Production of extracellular 

polymeric substances by halophilic bacteria of solar 

salterns. Chinese J. Biol., 2014(2014):1-12 

48. Donio M.B.S., Ronica S.F.A., Viji V.T., Velmurugan 

S., Jenifer J.A., Michaelbabu M., and Citarasu T., 

Isolation and characterization of halophilic Bacillus 

sp. BS3 able to produce pharmacologically important 

biosurfactants. Asian Pac. J. Trop. Med., 3(2013):876-

883 

1585 



INDIAN J. MAR. SCI., VOL. 46, NO. 08, AUGUST 2017 

49. Banat I.M., Franzetti A., Gandolfi I., Bestetti G., 

Martinotti M.G., Fracchia L., Smyth T.J., and 

Marchant R., Microbial biosurfactants production, 

applications and future potential. Appl. Microbiol. 

Biotechnol., 87(2010):427–444  

50. Sarafin Y., Donio M.B.S., Velmurugan S., 

Michaelbabu M., and Citarasu T., Kocuria marina BS-

15 a biosurfactant producing halophilic bacteria 

isolated from solar salt works in India. Saudi J Biol 

Sci., 21(2014):511–519 

51. Namwong S., Tanasupawat S., Visessanguan W., 

Kudo T., and Itoh T., Halococcus thailandensis sp. 

nov., from fish sauce in Thailand. Int. J. Syst. Evol. 

Microbiol., 57(2007):2199-2203 

52. Chang H.W., Kim K.H., Nam Y.D., Roh S.W., Kim 

M.S., Jeon C.O., Oh H.M., and Bae J.W., Analysis of 

yeast and archaeal population dynamics in kimchi 

using denaturing gradient gel electrophoresis. Int. J. 

Food Microbiol., 126(2008):159-166 

53. Nishimura I., Igarashi T., Enomoto T., Dake Y., 

Okuno Y., and Obata A., Clinical Efficacy of 

halophilic lactic acid bacterium Tetragenococcus 

halophilus Th221 from soy sauce moromi for 

perennial allergic rhinitis. Allergol. Int., 58(2009):179-

185 

54. Ashokkumar S., and Mayavu P., Screening, 

identification and antagonistic activity of halo stable 

Bacillus sp. Mk22 used as probiotic in Penaeus 

monodon Fabricius, 1798. Afr. J. Food Sci., 

8(2014):48-53 

55. Remya M., and Vijayakumar R., Isolation and 

characterization of marine antagonistic actinomycetes 

from west coast of India. Facta Universitatis, 

15(2008):13-19 

56. Ravikumar S., Fredimoses M., and Gnanadesigan M., 

Anticancer property of sediment actinomycetes 

against MCF-7 and MDA-MB-231 cell lines. Asian 

Pac. J. Trop. Biomed., 2(2012):92-96 

57. Mayavu P., Sugesh S., Suriya M., and Sundaram S., 

Enumeration of halophilic forms in Parangipettai 

saltpan and its antagonistic activities against Vibrio sp. 

J. App. Biol. Biotech., 2(2014):19-21 

58. Dassarma P., Coker J.A., Huse V., and Dassarma S., 

Halophiles, industrial applications. Encyclopedia of 

Industrial Biotechnology: Bioprocess, Bioseparation 

and Cell Technology, edited by Michael C. Flickinger, 

John Wiley & Sons. Inc. (2010) 

59. Selvam K., and Vishnupriya B., Bioremediation of 

xenobiotic compound and heavy metals by the novel 

marine actinobacteria. Int. J.  Pharm.  Chem. Sci., 

2(2013):1589-1597 

60. Solanki P., and Kothari V., Metal tolerance in 

halotolerant bacteria isolated from saline soil of 

Khambhat. Res. Biotechnol., 3(2012):01-11 

61. Shihora N.A., Isolation and characterizations of 

halotolerant bacteria and identification by FAME 

analysis. Ind. J. Appl. Res., 3(2013):51-53 

62. Pal K.C., Mondal N.K., Chatterjee S., Ghosh T.S., and 

Datta J.K., Characterization of fluoride-tolerant 

halophilic Bacillus flexus NM25 (HQ875778) isolated 

from fluoride-affected soil in Birbhum District, West 

Bengal, India. Environ. Monit. Assess, 186(2014):699-

709 

63. Jha B., Gontia I., and Hartmann A., The roots of the 

halophyte Salicornia brachiata are a source of new 

halotolerant diazotrophic bacteria with plant growth 

promoting potential. Plant Soil, 356(2012):265–277 

64. Dastager S.G., Deepa C.K., and Pandey A., Isolation 

and characterization of novel plant growth promoting 

Micrococcus sp NII-0909 and its interaction with 

cowpea. Plant Physiol. Biochem., 48(2010):987-992 

65. Shukla P.S., Agarwal P.K., and Jha B., Improved 

salinity tolerance of Arachis hypogaea (L.) by the 

interaction of halotolerant plant-growth-promoting 

rhizobacteria. J. Plant Growth Regul., 31(2012):195-

206  

66. Vidyasagar M., Prakash S.B., and Sreeramulu K., 

Optimization of culture conditions for the production 

of haloalkaliphilic thermostable protease from an 

extremely halophilic archaeon Halogeometricum sp. 

TSS101. Lett. Appl. Microbiol., 43(2006):385-391 

67. Vidyasagar M., Prakash S., Lithfield C., and 

Sreeramulu K., Purification and characterization of a 

thermostable, haloalkaliphilic extracellular serine 

protease from the extreme halophilic archaeon 

Halogeometricum borinquense strain TSS101. 

Archaea, 2(2006):51–57 

68. Shivanand P., and Jayaraman G., Production of 

extracellular protease from halotolerant bacterium, 

Bacillus aquimaris strain VITP4 isolated from Kumta 

coast. Process Biochem., 44(2009):1088–1094 

69. Rameshpathy M., Jayaraman G., Devi R.V., Vickram 

A.S., and Sridharan T.B., Emergence of a multidrug 

resistant Halomonas hydrothermalis strain VITP09, 

producing a class-a β-lactamase, isolated from Kumta 

coast. Int. J. Pharm. Sci., 4(2012):639-644 

70. Sinha R., and Khare S.K., Isolation of a halophillic 

Virgibacillus sp. EMB13; characterization of its 

protease for detergent application. Ind. J. Biotechnol., 

11(2012):416-426 

71. Baindara P., Mandal S.M., Chawla N., Singh P.K., 

Pinnaka A.K., and Korpole S., Characterization of two 

antimicrobial peptides produced by a halotolerant 

Bacillus subtilis strain SKDU4 isolated from a 

rhizosphere soil sample. AMB Express, 3(2013):1-11 

72. Solomon F.E., and Viswalingam K., Isolation, 

characterization of halotolerant bacteria and its 

biotechnological potentials. Int. J. Sci. Eng. Res., 

4(2013):1-7 

73. Sardar A.G., and Pathak A.P., Exploring the 

microbiota of solar salterns of Mulund, Mumbai, 

India. Ind. J. Geo-Mar. Sci., 43(2014):634-641 

74. Mahapatra P.D. and Mishra B.B., Isolation and 

molecular identification of extreme an halotolerant 

Staphylococcus sp. 13cc from brackish water of 

Chilika Lake. Biosci. Biotechnol. Res. Asia, 

11(2014):277-282 

75. Vasavada S.H., Thumar J.T., and Singh S.P., Secretion 

of a potent antibiotic by salt-tolerant and alkaliphilic 

actinomycete Streptomyces sannanensis strain RJT-1. 

Curr. Sci., 91(2006):1393-1397 

76. Suthindhiran K., and Kannabiran K., Cytotoxic and 

antimicrobial potential of Actinomycete species 

Saccharopolyspora saline VITSDK4 isolated from the 

Bay of Bengal coast of India. Am. J. Infect. Dis., 

5(2009):90-98 

1586 



MISHRA et al.: DIVERSITY OF HALOPHILIC BACTERIA AND ACTINOBACTERIA FROM INDIA 

77. Suthindhiran K., and Kannabiran K., Hemolytic 

activity of Streptomyces VITSDK1 spp. isolated from 

marine sediments in Southern India. J. Med. Mycol., 

19(2009):77-86 

78. Dhanasekaran D., Selvamani S., Panneerselvam A., 

and Thajuddin N., Isolation and characterization of 

actinomycetes in Vellar Estuary, Annagkoil, Tamil 

Nadu. Afr. J. Biotechnol., 8(2009):4159-4162 

79. Deepika L., and Kannabiran K., Isolation and 

characterization of antagonistic actinomycetes from 

marine. Soil J. Microb. Biochem. Technol., 

2(2010):001-006 

80. Lakshmipathy T.D., Prasad A.S.A., and Kannabiran 

K., Production of biosurfactant and heavy metal 

resistance activity of Streptomyces sp. VITDDK3-a 

novel halo tolerant actinomycetes isolated from 

saltpan soil. Adv. Biol. Res., 4(2010):108-115 

81. Sivasankar P., Sugesh S., Vijayanand P., Sivakumar 

K., Vijayalakshmi S., Thangavel B., Mayavu P., 

Efficient production of L-asparaginase by marine 

Streptomyces sp. isolated from Bay of Bengal, India. 

Afr. J. Microbiol. Res., 7(2013):4015-4021 

82. Loganathan P., and Nair S., Swaminathania 

salitolerans gen. nov., sp. nov., a salt-tolerant, 

nitrogen-fixing and phosphate-solubilizing bacterium 

from wild rice (Porteresia coarctata Tateoka). Int. J. 

Syst. Evol. Microbiol., 54(2004):1185–1190 

83. Ravikumar S., Kathiresan  K., Ignatiammal S.T.M., 

Selvam M.B., and Shanthy S., Nitrogen-fixing 

azotobacters from mangrove habitat and their utility as 

marine biofertilizers. J. Exp. Mar. Biol. Ecol., 

312(2004):5-17 

84. Saravanakumar D., and Samiyappan R., ACC 

deaminase from Pseudomonas fluorescens mediated 

saline resistance in groundnut (Arachis hypogea) 

plants. J. Appl. Microbiol., 102(2007):1283-1292 

85. Upadhyay S.K., Singh D.P., and Saikia R., Genetic 

diversity of plant growth promoting rhizobacteria 

isolated from rhizospheric soil of wheat under saline 

condition. Curr. Microbiol., 59(2009):489-496 

86. Tank N., and Saraf M., Salinity-resistant plant growth 

promoting rhizobacteria ameliorates sodium chloride 

stress on tomato plants. J. Plant Interact., 5(2010):51-

58 

87.  Gontia I., Kavita K., Schmid M., Hartmann A., and 

Jha B., Brachybacterium saurashtrense sp. nov., a 

halotolerant root-associated bacterium with plant 

growth promoting potential. Int. J. Syst. Evol. 

Microbiol., 61(2011): 2799-2804  

88. Tiwari S., Singh P., Tiwari R., Meena K.K., Yandigeri 

M., Singh D.P., and Arora D.K., Salt-tolerant 

rhizobacteria-mediated induced tolerance in wheat 

(Triticum aestivum) and chemical diversity in 

rhizosphere enhance plant growth. Biol. Fertil. Soils, 

47(2011): 907-916 

89. Ramadoss D., Lakkineni V.K., Bose P., Ali S., and 

Annapurna K., Mitigation of salt stress in wheat 

seedlings by halotolerant bacteria isolat.ed from saline 

habitats. SpringerPlus, 2(2013):1-7 

90. Bharti N., Barnawal D., Awasthi A., Yadav A., and 

Kalra A., Plant growth promoting rhizobacteria 

alleviate salinity induced negative effects on growth, 

oil content and physiological status in Mentha 

arvensis. Acta Physiol. Plant, 36(2014):45–60 

91. Apparao U., and Krishnaswamy V.G., Production of 

polyhydroxyalkanoate (PHA) by a moderately 

halotolerant bacterium Klebsiella pneumoniae U1 

isolated from rubber plantation area. Int. J. Environ. 

Bioremediation & Biodegradation, 3(2015):54-61 

92. Purohit M.K., and Singh S.P., Cloning, over 

expression and functional attributes of serine proteases 

from Oceanobacillus iheyensis O.M.A18 and 

Haloalkaliphilic bacterium O.M.E12. Process 

Biochem., 49(2014):61-68 

93. Gupta S., Sharma P., Dev K., Srivastava M., and 

Sourirajan A., A diverse group of halophilic bacteria 

exist in Lunsu, a natural salt water body of Himachal 

Pradesh, India. SpringerPlus, 4(2015):274. DOI 

10.1186/s40064-015-1028-1 

94. Ghati A., and Paul G., Purification and 

characterization of a thermo-halophilic, alkali-stable 

and extremely benzene tolerant esterase from a 

thermo-halo tolerant Bacillus cereus strain AGP-03, 

isolated from „Bakreshwar‟ hot spring, India. Process 

Biochem., 50(2015):771-78 

95. Shanmugasundaram S., Eswar A., Mayavu P., Surya 

M., and Anbarasu R., Screening and Identification of 

Amylase Producing Bacteria from Marakkanam 

Saltpan Environment, Tamil Nadu, India. Asian J. 

Biomed. Pharma Sci., 5(2015):35-37 

96. Moorkoth D., and Nampoothiri K.M., Production and 

characterization of poly (3-hydroxy butyrate-co-3 

hydroxyvalerate) (PHBV) by a novel halotolerant 

mangrove isolate. Biores. Technol., 201(2016):253-

260 

97. Gohel S.D., and Singh S.P., Purification strategies, 

characteristics and thermodynamic analysis of a highly 

thermostable alkaline protease from a salt-tolerant 

alkaliphilic actinomycete, Nocardiopsis alba OK-5. J. 

Chromatography B, 889-890(2012):61– 68 

98. Ballav S., Kerkar S., Thomas S., and Augustine N., 

Halophilic and halotolerant actinomycetes from a 

marine saltern of Goa, India producing anti-bacterial 

metabolites. J. Biosci Bioeng., 119(2015):323-330 

99. Jha B., Singh V.K., Weiss A., Hartmann A., and 

Schmid M., Zhihengliuella somnathii sp. nov., a 

halotolerant actinobacterium from the rhizosphere of a 

halophyte Salicornia brachiata. Int. J. Syst. Evol. 

Microbiol., 65(2015): 3137–3142 

100. Singh R.P., Jha P., and Jha P.N., The plant-growth-

promoting bacterium Klebsiella sp. SBP-8 confers 

induced systemic tolerance in wheat (Triticum 

aestivum) under salt stress. J. Plant Physiol. 184 

(2015):57-6 

 

1587 


