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ABSTRACT: Marine environment is a complex habitat defined by a wide 

fluctuation in conditions such as pH, temperature, nutrient availability, 

osmotic pressure and salinity. Because of these various extreme 

environmental conditions, it harbors varieties of biodiversity such as 

bacteria, algae, fungi, coral reefs and sea weeds, as compared to terrestrial 

environment. For adaptation in these conditions marine organisms developed 

new adaptative strategies like synthesis of secondary metabolites. 

Exopolysaccharides (EPSs) is one of the important secondary metabolites 

produced by marine organisms. The present study focuses on the isolation of 

marine bacteria from different sites of Bhavnagar coast Gujarat, India and 

screening for EPSs producing marine bacteria by various approaches viz., 

using fluorescent Calcofluor white dye, Congo-red and trypan-blue agar 

plate assay method. Quantification of EPSs was done by using phenol-

sulphuric acid method for total carbohydrate content. In this work marine 

bacterial isolate Terribacillus saccharophilus strain PS - 47 gave copious 

amount of EPSs 1052 µg/ml. Isolate will be further selected for use in 

various biotechnological applications. 

INTRODUCTION: Life on earth mainly depends 

on the oceans and about 71% of the surface 

covered by marine environment which is a complex 

habitat defined by a wide range of physical, 

chemical, and geological variations. It exhibits high 

biodiversity as bacteria, algae, fungi, coral reefs 

and sea weeds as compared to terrestrial 

environment. Marine deep sea environment 

contains majority of biodiversity but due to 

difficulty in deep sea study, these environments are 

less exploited.  
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Marine organisms not only maintain the pristine 

nature of the environment, but also serve as 

biological mediators through their involvement in 

the biogeochemical processes. Marine bacteria are 

remarkably adapted to diverse environmental 

conditions because they encounter a far greater 

variety of habitats and environmental conditions.   
 

These environments are extreme conditions where 

organisms have developed new adaptative 

strategies like synthesis of secondary metabolites 

for survival in their surrounding microenvironment. 

Many of these compounds are produced by marine 

bacteria, without an apparent function in their 

growth and development. They are potent sources 

of various industrially important secondary 

metabolites including exopolysaccharides (EPSs), 

siderophores, biosurfactants, antibacterial, antiviral 

and anticancer compounds. 
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Extracellular polymeric substances are one of the 

important secondary metabolites which are 

produced mainly by marine bacteria for survival in 

extreme marine habitat. These compounds mainly 

contain 40 - 95% of polysaccharides, proteins, 

nucleic acid, lipid and humic acid substances. Most 

bacterial polysaccharides are synthesized 

intracellularly by substrate uptake, central 

metabolic pathways and polysaccharide production. 

These polysaccharides are exported to the extra-

cellular environment as exopolysaccharides (EPSs) 

in the form of macromolecules. Bacterial EPSs 

mainly occur in two forms; as capsular 

polysaccharides (CPSs) and slime polysaccharides. 

CPSs are covalently or rigidly bound to the cell 

surface whereas slime polysaccharides are loosely 

attached. 

The term EPSs was first used by Sutherland (1972) 

who described EPSs as high molecular weight 

carbohydrate polymers, which exhibits wide range 

of chemical structures. EPSs are hetero-

polysaccharides, containing three or four different 

monosaccharides arranged in groups with repeating 

units. Monosaccharides most commonly found in 

marine EPSs are pentoses (D-aerabinose, D-ribose, 

D- xylose), hexoses (D-glucose, D-galactose, D-

mannose, D-allose, L-rhamnose, L-fucose), amino 

sugars (D- glucosamine, D- galactosamine), and 

uronic acid (D- glucuronic acid, D- galacturonic 

acid). EPSs have average molecular weight ranging 

from 1 × 10
5
 to 3 × 10

5
 Da. Some EPSs are neutral 

molecules but majority are polyanioinic in nature 

because of the presence of uronic acids, inorganic 

residues such as phosphate, sulphate or pyruvic 

acids. The linkages  that have been most commonly 

found are 1,4-β- or 1,3-β- in the backbones 

characterized by strong rigidity between 

monosaccharides and 1, 2-α- or 1, 6-α- linkages in 

the more flexible or loose bond to cell surface. 

EPSs production requires about 70% energy, 

representing a significant carbon investment for 

marine bacteria. However, the usefulness 

concerning EPSs are significantly higher than the 

cost of its synthesis. The benefit of EPSs includes 

increased growth and survival under adverse 

conditions. Most marine bacteria produce 

maximum EPSs either in stationary or exponential 

phase, under nutrient (e.g. nitrogen, phosphate, 

sulphate, potassium etc.) depletion conditions or in 

response to other environmental stresses. These 

stresses are characterized by osmotic pressure, 

temperature, salinity, against possible predators as 

well as under high levels of heavy metals. EPSs 

have several functions including protection from 

desiccation, cryoprotection, stabilization of 

enzymes by buffering pH, salinity fluctuation, 

nutrient storage and in temperature changes. 

Because of their diverse structural and physico-

chemical properties, they are employed in several 

industries, having a variety of biotechnological 

applications ranging from pharmaceutical 

industries, immunomodulatory, antiviral effects, 

bone regeneration, food-processing industries for 

their gelling and thickening properties. Some EPSs 

are employed as bioflocculant in waste water 

treatment and as biosurfactant in bioremediation 

processes 
1 - 4

. 

The present study focuses on the isolation of 

marine bacteria from different sites of Bhavnagar 

coast Gujarat - India and screening the isolates for 

EPSs production using fast and reliable screening 

approaches and identification of most potent EPSs 

producer PS - 47. EPSs have also been quantified 

for the selection of the potential isolate that could 

be used for various biotechnological applications. 

MATERIAL AND METHODS: 

Study Site and Sample Collection: Water and 

sediment samples were collected from Alang, 

Koliyak, Ghogha and New-Port around Bhavnagar 

coast, Gujarat India (21°46’N - 72°11’E). The 

samples were collected at quarterly intervals during 

Sep - 2014 to June - 2015. Water samples were 

collected in sterile glass bottles and sediment 

samples were collected in polythene zip bags. The 

samples were transferred to the laboratory within 6 

hours and stored at 4 °C until further analysis.  

Isolation of Marine-Bacteria: Water and sediment 

samples were serially diluted up to 10
-4

 with sterile 

distilled water and subsequently. 0.1 ml from all 

dilutions were spread on different media viz. Basal 

salt supplement (BSS), Natural seawater medium 

(NSWM), Yeast malt glucose agar medium (YMG) 

and Zobell marine agar medium (ZMA). The plates 

were incubated at 30 °C for 24 hours 
5 - 8

. YMG 

medium supported maximum number of isolates 

hence was used for further studies. 
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Screening for EPSs Producing Marine Bacteria: 

Morphologically distinct bacterial isolates obtained 

on above selective media. These isolates were 

further screened for the production EPSs using 

various approaches as below:  

Calcofluor White Dye: Calcofluor white dye was 

used to detect EPSs production by the ability of the 

bacterial strains to developed fluorescent colonies 

as determined by emission of blue-green 

fluorescence under UV light. 0.02% solution was 

sterilized separately and 20 µg/L concentration was 

added in YMG medium after autoclave. After 24 

hour, grown colonies were suspended in 10% KOH 

solution and observed under UV illuminator. 

Calcofluor White dye known to combine with 

polysaccharides and gives intense blue-green 

fluorescence under UV illuminator 
9, 10

. 

Congo-Red and Trypan-Blue Agar Plate Assay 

Method: Screening for EPSs production was 

further carried out by using other dyes viz., Congo-

red and trypan-blue agar plate assays. Isolates were 

cultivated on YMG at 30 ºC for 24 h having Congo 

red and trypan blue (with 250 µg/L dye 

concentration). Dye solution was sterilized 

separately and added to the medium after 

autoclaving. These dyes are more sensitive than 

calcofluor white dye as Calcofluor white dye binds 

only with externally secreted EPSs in the medium 

whereas Congo-red and trypan-blue dye increases 

the mucoidness of the colonies 
11 - 15

. 

Quantification of EPSs Production: The isolates 

obtained as above were quantified for EPSs 

production using methods as mentioned below: 

Precipitation: 50 ml of YMG medium was 

dispensed in 250 ml Erlenmeyer flask and sterilized 

at 121 ºC for 15 minutes. After sterilization, the 

medium was inoculated with 1 ml of inoculum 

(OD-1.0 at A600 SHIMADZU UV-Spectro-

photometer) and incubated on an environmental 

shaker (Thermo-Scientific MaxQ) at 30 ºC for 24 

hours. After incubation, the broth culture was 

inactivated at 100 ºC for 20 min. The cells were 

harvested by centrifugation at 10,000 rpm for 20 

min and the supernatant was subjected for 

deproteination using Sevag method. The 

polysaccharides were mixed with Sevag reagent, 

5:1 (v: v) CHCl3: n-BuOH and stirred for 30 min. 

Then, the mixture was centrifuged and the upper 

polysaccharide solution was collected. The 

polysaccharide solution was further deproteinized 

with Sevag reagent for 5 times until the absence of 

white layer between polysaccharide solutions, 

ensuring that the polysaccharide was free from 

proteins. After removal of the Sevag reagent, the 

resulting polysaccharide solution was precipitated 

by adding double volume of chilled ethanol and the 

final mixture was kept at 4 °C overnight. After 

incubation, the precipitates were collected by 

centrifugation at 10,000 rpm for 20 min and the 

precipitated EPSs were quantified by phenol-

sulfuric acid assay after drying for three days at 

80°C 
2, 16 - 18

. 

Carbohydrate Screening Assay: The phenol-

sulfuric-acid-method still represents the common 

procedure for the fast determination of total 

carbohydrate content of bacterial and plant 

polysaccharides. This method was first described 

by Dubois et al., 1956 
19

. Orsod et al., 2012 
20

 and 

Seedevi et al., 2013 
21

. Who also support these 

methodology for quantification of total 

carbohydrate content. Extracted dry EPSs were 

dissolved in distilled water and measured for total 

carbohydrate content by phenol-sulfuric acid assay 

using glucose as standard. Aliquots of dissolved 

EPSs, 1 ml of 5% (w/v) phenol and 5 ml of H2SO4 

were taken in test-tubes. The mixture was 

incubated at 30 ºC for 20min and EPSs were 

quantified by its absorbance at 490 nm 
22

. 

Identification of Potential EPSs Producing 

Isolate PS - 47: The most potent EPSs producing 

bacterial isolate PS - 47 was isolated from 

Bhavnagar coast, Gujarat-India and it identified 

based on their morphological and molecular 

characterization 16S rDNA analysis sequencing. 

Phylogenetic analyses of the aligned sequences 

were performed with the help of program MEGA. 

RESULTS AND DISCUSSION: Present study 

aimed at Exopolysaccharides (EPSs) producing 

marine bacteria isolated from Bhavnagar coast, 

Gujarat, India. The EPSs producing bacterial 

isolates were essentially selected basis on the 

development of mucoidness of the colonies. This 

characteristic, as stated by Rühmann et al., (2015) 
3
 

and Fang and Catchmark (2015) 
23

, who studied the 

production of EPSs, in unexplored diversity of 
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microbial exopolysaccharides. Evans (2015) 
24

 and 

Patil and Shirsath (2015) 
25

 have selected EPSs 

producing strains on the basis of the mucoidness of 

bacterial colonies cultured on solid medium. 

Screening of EPSs production using “mucoid” and 

“slimy” morphology has also been carried out by 

Subair (2015) 
26

. Four different sites of Bhavnagar 

coast Gujarat viz, Alang, Ghogha, Koliyak and 

New-Port were selected for the present study. Fig. 

1B indicated the count of morphologically distinct 

99 marine bacterial isolates obtained from various 

sites of Bhavnagar Coast. The results indicated that 

maximum 35 EPSs producing isolates were 

obtained from New-Port, 26 isolates from Alang, 

21 from ghogha and least i.e. found 17 from 

Koliyak. Fig. 2 represents the count of 

morphologically distinct bacterial isolates obtained 

during various seasonal variations Sep - 2014 to 

Jun - 2015. The results indicated that maximum 

EPSs producing isolates were obtained in Mar-

2015, i.e. 29 from sea-water samples and 12 from 

sediment samples, followed by Dec - 2014, 17 were 

from sea-water samples and 17 from sediment and 

least EPSs producers were found in Jun-2015 and 

September - 2014.  

As shown in Fig. 2 sea water samples showed more 

number of isolates (60) then sediment samples (39), 

Thus, The overall results indicated that sea-water 

harbored more bacterial diversity than sediment 

samples.  Highest bacterial count was found in sea 

water than sediments samples in the season of 

March - 2015. For the isolation of EPSs producing 

marine bacteria various media viz., BSS, NSW, 

YMG and ZMA were used and 99 morphologically 

distinct isolates were designated as PS 1 to PS 99. 

The isolates were selected on the basis of their 

slimy and mucoid appearance on the above media. 

Maximum numbers of isolates 49 were obtained on 

YMG medium followed by 31 on ZMA medium, 

11 on NSW medium and least i.e., 8 were on BSS 

medium. Thus, maximum numbers of marine 

isolates were obtained on YMG medium as shown 

in Fig. 1A.  

Batteries of 99 different morphologically distinct 

isolates were obtained on various media as shown 

in Fig. 1A. YMG is the most suitable media for 

isolation of EPSs producing marine bacteria. 

Merma et al., (2017) 
27

, have examined the 

production of EPSs producing isolates 

Rhodococcus opacus on YMG media, however, 

work on Grifola frondosa on YMG medium 

display highest polysaccharide production which 

was done by Latha and Baskar (2014) 
28 

and Yeon-

Ran Kim. (2003) 
29

, Sung-Hwan Ko et al., (2000) 
30

 also used YMG as a suitable medium for EPSs 

production. This trend was followed by the present 

finding which suggested maximum EPSs 

production on YMG medium most suitable medium 

as per Mehta et al., (2014) 
31

. NSW and BSS media 

were not well reported for in as EPSs production 

media but as supporting reference of Iwabuchi N 

(2002) 
5
, used NSW medium and S. 

Bragadeeswaran et al., (2011) 
32

, used BSS as EPSs 

producing medium for their research. On the basis 

of results found as shown in Fig. 1B New-Port 

exhibits as maximum numbers of  EPSs producing 

bacterial isolates site because as it being hyper 

saline environment with extreme salinity and pH 

As stated by Kumar et al., (2007) 
33

 which support 

this result that there is no single set of culture 

conditions that guarantees for high EPSs 

production, as bacteria differ in the critical factors: 

carbon and nitrogen source utilization, mineral 

requirements, temperature and optimal pH, salinity 

for their growth and EPSs production.  

Alang is ship breaking yard, previously reported for 

the ship-breaking activities and making this site as 

heavy polluted site. Second highest EPSs 

producing bacterial count were found in alang, 

being polluted and coastal marine site as supported 

by Iwabuchi N et al., (2002) 
5 

examined on 

extracellular polysaccharides produced by marine 

R. rhodochrous S-2 (S-2 EPS), the rough strains of 

rhodococci acquired resistance to the hydrocarbons. 

EPSs production is affected mainly by the seasonal 

variations, stress conditions in which bacteria 

harbor and nutrient stress conditions. 

In this present study high EPSs producing diversity 

was found in March - 2015 in sea water samples 

which is a summer season as shown in Fig. 2. In 

December - 2014 also found noticeable isolation of 

EPSs producing isolates followed by September-

2014 and least were found in July - 2015. By 

Overall study from sea-water samples obtained 

more distinct Isolates than sediment.  These results 

are supported by Passarelli et al., (2015) 
34

 who 

stated both bound and colloidal carbohydrates 

displayed seasonal variations in their 
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monosaccharide composition. Glucose was mainly 

responsible for seasonal differences; it accumulated 

in summer and was recorded in lower proportions 

in other seasons. 

 
FIG. 1A AND 1B: A - MORPHOLOGICAL DISTINCT 

MARINE BACTERIA OBTAINED ON VARIOUS 

MEDIA; B - MORPHOLOGICAL DISTINCT MARINE 

BACTERIA OBTAINED FROM VARIOUS SITES OF 

BHAVNAGAR COAST GUJARAT, INDIA 

 
FIG. 2: MORPHOLOGICAL DISTINCT MARINE 

BACTERIA OBTAINED DURING SEP - 2014 TO JUL - 

2015 FROM VARIOUS SAMPLES 

 

EPSs producing isolates were primarily screened 

by Calcofluor white dye method in which dye 

directly binds with EPSs which is externally 

secreted in the medium. Amongst 99 isolates 57 

gave positive results by green-blue fluorescence 

under UV light. These 57 isolates were further 

screened by more accurate and responsive dyes 

viz., congo red and trypan blue dye. Out of 57 

isolates 35 showed positive results on above three 

dyes Fig. 3 and 4. Total 35 EPSs producing isolates 

were subjected for secondary screening in which 

precipitation of EPSs were done using ethanol. 

Most EPSs are decidedly soluble in aqueous 

solutions, whereas the solubility can be acutely 

dropped off by using water miscible solvents. For 

the precipitation of EPSs, a solvent like ethanol 

was used in this work. The efficiency of 

precipitation of polymers depends on their 

chemical structure, molecular weight, the final 

concentration of polymer and alcohol used for the 

precipitation.  

Quantification of total carbohydrate content 

presence in precipitated EPSs was done by phenol-

sulphuric acid assay. This method detects virtually 

all classes of carbohydrates. High EPSs production 

was achieved by isolate PS-47 i.e. 1.052 mg/ml 

Table 1.  

TABLE 1: QUANTIFICATION OF EPSs BY 35 

MARINE BACTERIA 

S. no. Isolates Quantification (µg/ml) 

1 PS 1 877 

2 PS 3 714 

3 PS 4 266 

4 PS 6 406 

5 PS 7 406 

6 PS 8 112 

7 PS 11 644 

8 PS 12 755 

9 PS 14 294 

10 PS 15 77 

11 PS 16 56 

12 PS 17 742 

13 PS 20 896 

14 PS 22 126 

15 PS 26 224 

16 PS 27 555 

17 PS 28 663 

18 PS 31 238 

19 PS 33 91 

20 PS 34 270 

21 PS 37 728 

22 PS 38 602 

23 PS 40 881 

24 PS 41 595 

25 PS 42 161 

26 PS 43 960 

27 PS 45 49 

28 PS 47 1052 

29 PS 48 238 

30 PS 49 602 

31 PS 50 951 

32 PS 52 126 

33 PS 53 168 

34 PS 56 910 

35 PS 57 633 
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FIG. 3: EXOPOLYSACHHARIDES PRODUCTION BY T. SACCHAROPHILUS STRAIN PS - 47 USING CALCO-

FLOUR DYE 

 
FIG. 4: EXOPOLYSACHHARIDES PRODUCTION BY USING CONGO RED AND TRYPAN BLUE DYES BY T. 

SACCHAROPHILUS STRAIN PS 47 

EPSs producing isolates were screened by 

Calcofluor white dye which is fast EPSs detecting 

method. As reported by Kaufusi et al., (2004) 
35

, 

who studied the detection of EPSs using this dye, 

change fluorescence negative colonies can easily be 

identified. Further confirmatory screening assays 

were done by other dyes viz., Congo- red and 

Trypan-blue, is known to interact with β-(1-3) - and 

β-(1-4) - glucans and was successfully used to 

identify biofilm formation by EPSs from different 

Staphylococci strains. Some alternative method of 

screening EPSs formation by Congo-Red Dye, 

Castellane et al., (2014) 
36

 and Liu et al., (2013) 
37

 

who studied the EPSs production by these dye.  

Quantification was done by measurement of total 

carbohydrate content by phenol-sulphuric acid 

assay. This result supported by Vijaybhaskar P et 

al., (2011) 
2
 who obtained around 0.23 mg/ml and 

Saravanan P et al., (2007) 
38

 obtained 1.8 mg/ml of 

EPSs.  

In present study from a battery of 99 isolates 

screening were undertaken by using various 

approaches for obtained EPSs producing bacterial 

isolates. Results revealed that PS - 47 was highest 

EPSs producer followed by followed by PS 46 i.e. 

0.960 mg/ml and PS 50 i.e. 0.951 mg/ml produced 

copious amounts of EPS in culture medium. 
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EPSs producing marine strain PS - 47 was selected 

on the basis of their purity of bacterium, uniform 

colony morphology and observed to be the most 

potent EPSs producer from the study site 

Bhavnagar coast and hence further studied for 

molecular identification. Marine bacterium strain 

PS-47 was found to be a gram-positive and rod-

shaped and formed smooth, white gummy mucoid 

colony after 24 h of incubation at 30 ºC on YMG 

agar medium plates. Identification using 16S rDNA 

gene sequence analysis (The sequence has been 

deposited in NCBI GEN Bank with accession No. 

KX788920). Approximately 1.1 kb 16S rDNA 

partial fragments were blast against database. Blast 

result showed 99% similar to Terribacillus 

saccharophilus (T); 002 - 048; AB243845 with 

1415 unique common oligomers. Phylogenetic 

analysis neighbor joining revealed that marine 

bacterium strain PS - 47 closely related to 

Terribacillus saccharophilus (T); 002 - 048; 

AB243845 and Terribacillus saccharophilus; 

RB589; AB243847 Fig. 5. 

 
FIG. 5: PHYLOGENETIC TREE FOR THE T. SACCHAROPHILUS STRAIN PS 47 

Characterization of various EPSs were separated on 

the basis of their functions viz., adsorptive, 

informative, surface-active, structural, nutritive, 

active, informative and redox- active. Four of 

functional molecules were present in Bacillus Sp. 

(Flemming 2007) 
39

. An active type of EPSs is 

dominantly produced by Bacillus Sp. (Marvasi 

2010) 
40

. EPSs from Bacillus amyloliquefaciens, 

Bacillus thuringiensis, Bacillus licheniformis, 

Bacillus subtilis and Paenibacillus favisporus were 

mainly researched for plant growth promoting 

compounds, anti oxidant activities and effect of 

different stresses (Vardharajula 2011) 
41

.  

In Bacillus subtilis have been demonstrated 

motility-to-biofilm transition. In Bacillus subtillus 

the reason of motility that a single protein EpsE 

present in EPS operon which is mainly work as 

flegger clutch.  (Guttenplan 2010) 
42

. Bacillus 

subtilis were also get attention for building of 

biofilm on substratum (Vlamakis 2013, Beauregard 

2013) 
43, 44

, EPSs of Bacillus licheniformis were 

gave markable immunological activity (Liu 2010) 

45
, and recently various spp of Paenibacillus were 

identified for its high yield of EPSs and 

Terribacillus saccharophilus (T); 002-048 was 

isolated from field soil of Japan (An SY  2007) 
46

. 

CONCLUSION: EPSs producing organisms are 

widely distributed in marine environment. EPSs 

function as an anchor between organisms and its 

environment for survival. The present study is a 

step towards understanding of isolation EPSs 

producing marine bacteria in the area around 

Bhavnagar coast, Gujarat, India and screening of 

these bacteria for EPSs production by various 

screening approaches and its quantification. Novel 

gram positive T. saccharophilus strain PS - 47 

proved to be potential EPSs producer. Further study 

on optimization, chemistry and structure of 

bacterial EPSs will be carried out because most of 

marine bacteria and their metabolites are yet 

unexplored. This novel natural biological product is 

further utilized used in several industries like 

pharmaceutical, food industry and in environmental 

protection of natural habitats. 



Shukla and Dave, IJPSR, 2018; Vol. 9(7): 2973-2981.                                   E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2980 

ACKNOWLEDGEMENT: Authors are thankful 

to Department of Science and Technology, New-

Delhi 110016 for financial support as DST-Inspire 

Fellowship (IF-140644).  

CONFLICT OF INTEREST: The authors declare 

no conflicts of interest. 

REFERENCES: 

1. Poli A, Anzelmo G and Nicolaus B: Bacterial 

exopolysaccharides from extreme marine habitats: 

production, characterization and biological activities. Marine 

drugs 2010; 8(6):1779-802. 

2. Vijayabaskar P, Babinastarlin S, Shankar T, Sivakumar T 

and Anandapandian KT: Quantification and characterization 

of exopolysaccharides from Bacillus subtilis (MTCC 121). 

Advance in Biological Research 2011; 5(2):71-6. 

3. Rühmann B, Schmid J and Sieber V: Methods to identify the 

unexplored diversity of microbial exopolysaccharides. 

Frontiers in microbiology 2015;6. 

4. Shukla P, Nathani N and Dave BP: Marine bacterial 

exopolysaccharides [EPSs] from extreme environments and 

their biotechnological applications. International Journal of 

Research in BioSciences 2017; 6(4): 20-32.  

5. Schwedt A, Seidel M, Dittmar T, Simon M, Bondarev V, 

Romano S, Lavik G and Schulz-Vogt HN: Substrate use of 

Pseudovibrio sp. growing in ultra-oligotrophic seawater. 

PloS one 2015; 10(3): 0121675. 

6. Darmawan R, Nakata H, Ohta H, Niidome T, Takikawa K 

and Morimura S: Isolation and evaluation of PAH degrading 

bacteria. Journal of Bioremediation & Biodegredation 2015; 

6(3):1. 

7. Jayadev A, Lekshmi M, Sreelekshmi V, Lakshmi S and 

Franceena M: Marine bacteria: a potential bioresource for 

multiple applications. International Journal of Scientific & 

Engineering Research 2015; 6(9). 

8. Sinha RK, Krishnan KP, Singh A, Thomas FA, Jain A and 

Kurian PJ: Alteromonas pelagimontana sp. nov., a marine 

exopolysaccharide-producing bacterium isolated from the 

Southwest Indian Ridge. International journal of systematic 

and evolutionary microbiology 2017; 67(10):4032-8. 

9. Hawkins JP, Geddes BA and Oresnik IJ: Common dyes used 

to determine bacterial polysaccharides on agar are affected 

by medium acidification. Canadian J of Microbiology 2017. 

10. Flores-Félix JD, Menéndez E, Marcos-García M, Celador-

Lera L and Rivas R: Calcofluor white, an alternative to 

propidium iodide for plant tissues staining in studies of root 

colonization by fluorescent-tagged rhizobia. Journal of 

advances in biology & biotechnology 2015;2:65-70. 

11. Cross C: Analysis of exopolysaccharide production and 

nodulation phenotypes of non-mucoid Burkholderia tuberum 

transposon insertion mutants. 2016. 

12. Yegorenkova IV, Tregubova KV and Schelud’ko AV: 

Motility in liquid and semisolid media of Paenibacillus 

polymyxa associative rhizobacteria differing in 

exopolysaccharide yield and properties. Symbiosis 2017;1-2. 

13. Mondal D, Islam MS, Hoque MF, Rafiq M and Ahsan SM: 

Screening and Isolation of Salt Tolerant Bacteria from Tidal 

Floodplain Soils of Bangladesh. Octa Journal of Biosciences 

2016; 4(1). 

14. Bible AN, Khalsa-Moyers GK, Mukherjee T, Green CS, 

Mishra P, Purcell A, Aksenova A, Hurst GB and Alexandre 

G: Metabolic adaptations of Azospirillum brasilense to 

oxygen stress by cell-to-cell clumping and flocculation. 

Applied and environmental microbiology. 2015; 

81(24):8346-57. 

15. Moak PL, Black WP, Wallace RA, Li Z and Yang Z: The 

Hsp70-like StkA functions between T4P and Dif signaling 

proteins as a negative regulator of exopolysaccharide in 

Myxococcus xanthus. PeerJ 2015; 3:747. 

16. Staub AM: Removal of protein-Sevag method. Methods in 

carbohydrate chemistry 1965; 5(2):5-6.  

17. Luo A and Fan Y: In vitro antioxidant of a water-soluble 

polysaccharide from Dendrobium fimhriatum Hook. var. 

oculatum Hook. International journal of molecular sciences 

2011; 12(6):4068-79. 

18. Kumar MA, Anandapandian KT and Parthiban K: Production 

and characterization of exopolysaccharides (EPS) from 

biofilm forming marine bacterium. Brazilian Archives of 

Biology and Technology 2011; 54(2):259-65. 

19. DuBois M, Gilles KA, Hamilton JK, Rebers PT and Smith F: 

Colorimetric method for determination of sugars and related 

substances. Analytical chemistry 1956; 28(3):350-6. 

20. Orsod M, Joseph M and Huyop F: Characterization of 

exopolysaccharides produced by Bacillus cereus and 

Brachybacterium sp. isolated from Asian sea bass (Lates 

calcarifer). Malaysian Journal of Microbiology 2012; 

8(3):170-4. 

21. Seedevi P, Sudharsan S, Kumar SV, Srinivasan A, Vairamani 

S and Shanmugan A: Isolation and characterization of 

sulphated polysaccharides from Codium tomentosum (J. 

Stackhouse, 1797) collected from southeast coast of India. 

Advances in applied sciences and research 2013; 4:72-7. 

22.  Pawar ST, Bhosale AA, Gawade TB and Nale TR: Isolation, 

screening and optimization of exopolysaccharide producing 

bacterium from saline soil. Journal of Microbiology and 

Biotechnology Research 2017; 3(3): 24-31. 

23. Fang L and Catchmark JM: Characterization of cellulose and 

other exopolysaccharides produced from Gluconacetobacter 

strains. Carbohydrate polymers. 2015; 115:663-9. 

24. Evans TJ: Small colony variants of Pseudomonas aeruginosa 

in chronic bacterial infection of the lung in cystic fibrosis. 

Future microbiology 2015; 10(2):231-9. 

25. Patil SP and Shirsath LP: Production of exopolysaccharide 

by an osmotolerant, thermostable and metal resistant Bacillus 

subtilis. International Journal of Current Microbiology and 

Applied Sciences 2015; 4(2):965-71. 

26. Subair H: Isolation and Screening Bacterial 

Exopolysaccharide (EPS) from Potato Rhizosphere in 

Highland and the Potential as a Producer Indole Acetic Acid 

(IAA). Procedia Food Science 2015; 3:74-81. 

27. Merma AG, Hacha RR and Torem ML: Cellular Adaptation: 

Culture conditions of R. opacus and bioflotation of apatite 

and quartz. REM-International Engineering Journal 2017; 

70(1):67-76. 

28. Latha K, Baskar R and Singh M: Comparative study on the 

production, purification and characterization of 

exopolysaccharides from oyster mushrooms, Pleurotus 

florida and Hypsizygus ulmarius and their applications. In 

Proceedings of 8th International Conference on Mushroom 

Biology and Mushroom Products (ICMBMP8), New Delhi, 

India, Volume I & II 2014 Nov (pp. 192-198). ICAR-

Directorate of Mushroom Research 2014. 

29. Mehta A, Sidhu C, Pinnaka AK and Choudhury AR: 

Extracellular polysaccharide production by a novel 

osmotolerant marine strain of Alteromonas macleodii and its 

application towards biomineralization of silver. PloS one 

2014; 9(6):98798.  

30. Yeon-Ran Kim: Production of Polysaccharide by the edible 

mushroom Grifola frondosa.   Mycobiology 2003; 31(4): 

205-208. 



Shukla and Dave, IJPSR, 2018; Vol. 9(7): 2973-2981.                                   E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2981 

31. Ko SH, Lee HS, Park SH and Lee HK: Optimal conditions 

for the production of exopolysaccharide by marine 

microorganism Hahella chejuensis. Biotechnology and 

Bioprocess Engineering 2000; 5(3):181-5. 

32. Iwabuchi N, Sunairi M, Urai M, Itoh C, Anzai H, Nakajima 

M and Harayama S: Extracellular polysaccharides of 

Rhodococcus rhodochrous S-2 stimulate the degradation of 

aromatic components in crude oil by indigenous marine 

bacteria. Applied and environmental microbiology 2002; 

68(5):2337-43. 

33. Bragadeeswaran S, Jeevapriya R, Prabhu K, Rani SS, 

Priyadharsini S and Balasubramanian T: Exopolysaccharide 

production by Bacillus cereus GU812900, a fouling marine 

bacterium. African Journal of Microbiology Research 2011; 

5(24):4124-32. 

34. Suresh Kumar A, Mody K and Jha B: Bacterial 

exopolysaccharides–a perception. Journal of basic 

microbiology 2007; 47(2):103-17. 

35. Passarelli C, Meziane T, Thiney N, Boeuf D, Jesus B, Ruivo 

M, Jeanthon C and Hubas C: Seasonal variations of the 

composition of microbial biofilms in sandy tidal flats: Focus 

of fatty acids, pigments and exopolymers. Estuarine, Coastal 

and Shelf Science 2015; 153:29-37.  

36. Kaufusi PH, Forsberg LS, Tittabutr P and Borthakur D: 

Regulation of exopolysaccharide synthesis in Rhizobium sp. 

strain TAL1145 involves an alternative sigma factor gene, 

rpoH2. Microbiology 2004; 150(10):3473-82. 

37. Castellane TC, Lemos MV and de Macedo LEG: Evaluation 

of the biotechnological potential of Rhizobium tropici strains 

for exopolysaccharide production. Carbohydrate polymers 

2014; 111:191-7. 

38. Liu SB, Chen XL, He HL, Zhang XY, Xie BB, Yu Y, Chen 

B, Zhou BC and Zhang YZ: Structure and ecological roles of 

a novel exopolysaccharide from the Arctic sea ice bacterium 

Pseudoalteromonas sp. strain SM20310. Applied and 

environmental microbiology 2013; 79(1):224-30. 

39. Saravanan P and Jayachandran S: Preliminary 

characterization of exopolysaccharides produced by a marine 

biofilm‐forming bacterium Pseudoalteromonas ruthenica 

(SBT 033). Letters in applied microbiology 2008; 46(1):1-6. 

40. An SY, Asahara M, Goto K, Kasai H and Yokota A: 

Terribacillus saccharophilus gen. nov., sp. nov. and 

Terribacillus halophilus sp. nov., spore-forming bacteria 

isolated from field soil in Japan. International journal of 

systematic and evolutionary microbiology 2007; 57(1):51-5. 

41. Flemming HC, Neu TR and Wozniak DJ: The EPS matrix: 

the “house of biofilm cells”. Journal of bacteriology 2007; 

189(22):7945-7.  

42. Marvasi M, Visscher PT and Casillas Martinez L: 

Exopolymeric substances (EPS) from Bacillus subtilis: 

polymers and genes encoding their synthesis. FEMS 

microbiology letters 2010; 313(1):1-9.  

43. Vardharajula S, Zulfikar Ali S, Grover M, Reddy G and 

Bandi V:  Drought-tolerant plant growth promoting Bacillus 

spp.: effect on growth, osmolytes, and antioxidant status of 

maize under drought stress. Journal of Plant Interactions 

2011; 6(1):1-4. 

44. Guttenplan SB, Blair KM and Kearns DB: The EpsE flagellar 

clutch is bifunctional and synergizes with EPS biosynthesis 

to promote Bacillus subtilis biofilm formation. PLoS genetics 

2010; 6(12):e1001243. 

45. Vlamakis H, Chai Y, Beauregard P, Losick R and Kolter R: 

Sticking together: building a biofilm the Bacillus subtilis 

way. Nature reviews microbiology 2013; 11(3):157. 

46. Beauregard PB, Chai Y, Vlamakis H, Losick R and Kolter R: 

Bacillus subtilis biofilm induction by plant polysaccharides. 

Proceedings of the National Academy of Sciences 2013; 

110(17):E1621-30.  

47. Liu C, Lu J, Lu L, Liu Y, Wang F and Xiao M: Isolation, 

structural characterization and immunological activity of an 

exopolysaccharide produced by Bacillus licheniformis 8-37-

0-1. Bioresource technology 2010; 101(14):5528-33. 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Shukla PJ and Dave BP: Screening and molecular identification of potential Exopoly-saccharides (EPSs) producing marine bacteria from 

the Bhavnagar coast, Gujarat. Int J Pharm Sci & Res 2018; 9(7): 2973-81. doi: 10.13040/IJPSR.0975-8232.9(7).2973-81. 

 

 

 


