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Abstract 

Marine bacteria are an important and relatively unexplored resource for novel           
microbial products such as drugs, chemicals, different types of useful lipids, enzymes of unusual 
resistance etc. In  the present work, eight different bacterial cultures from different marine samples 
(two from the Indian Ocean and four from Antarctica) have been isolated and screened  for the 
presence of bioactive compounds such as industrial enzymes (amylase and lipase),  exopolysaccharides 
(EPS), biosurfactant and intracellular lipid granules. Interestingly, five out of eight isolates produced 
multiple compounds of industrial importance. All the cultures (i) were Gram  negative  rods,  (ii) 
showed optimum pH of 7- 8, (iii) grew well at 30 ◦C and (iv) tolerated NaCl upto 25%. Three of them 
were catalase positive and citrate was used as carbon source by five of them. MBRI 2 and BRI 27 were 
amylase positive while BRI 11, BRI 13, BRI 28 and BRI 29 were lipase positive. MBRI 2 was the only 
isolate which showed positive result when screened for EPS using YMG agar. Six isolates viz. MBRI 2, 
BRI 11, BRI 13, BRI 16, BRI 27 and BRI 29 were able to produce biosurfactant as observed in drop 
collapsing test. MBRI 2 and BRI 29 showed presence of intracellular lipid granules in Sudan Black B 
staining. In the light of our observations, bacterial isolates from marine samples are novel sources of 
industrial enzymes and other bioactive compounds, capable of producing them at high salt 
concentration. Moreover, research on the interactive effects of salt concentration, pH and temperature 
will be useful to understand their true potentialities for industrial applications. 
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Introduction 
 
        The ocean covers 71% of the surface of the earth and has great depth. Marine 
environment is thought to be completely different from terrestrial environment. It is obvious 
that the marine environment and various extreme habitats (a hydrothermal vent, cold seeps 
etc.) are huge resources of hitherto unknown and uncultivated bacteria which produce new 
bioactive compounds [1]. The general biochemical role of these bioactive compounds in the 
sea is similar to that in the other aquatic environment. However  chemical  and  hydrographic  
discontinuities  in  the  sea  such  as  fronts,  boundary  layers,  oxygen,  nutrients,  salinity  
gradients  etc.  are  known  to  cause  drastic  changes  in  microbial  species  diversity  and  
bioactive  properties. 
Various bioactive compounds include enzymes, exopolysaccharides (EPS), biosurfactants, 
antibacterial, antiviral, anticancer compounds etc. All of them are widely used in industries  
such as food, beverage, starch, confectionaries, textile and leather processing, 
pharmaceuticals,  waste treatment etc. In industry, enzymes are frequently used for process 
improvement and for improving the physical properties of the material so that it can be more 
easily processed. Microbial enzymes are preferred since they are more stable than 
corresponding enzymes derived from plants or animals. Furthermore they provide a greater 
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diversity of catalytic activities and manipulating bacterial chromosomes is easy with genetic 
engineering techniques. The main advantages of marine bacterial enzymes for industrial 
utilization are (i) their optimum activity at high salinity, making these enzymes utilizable in 
many harsh industrial processes, where the   concentrated salt solutions used would otherwise 
inhibit many enzymatic transformations and  (ii) their high thermotolerance [2]. Recently we 
have reported industrially useful enzymes produced by halotolerant organisms from food 
samples [3] and wall scrapings of a historical building in India [4]. 
          In aqueous environments, both fresh water and marine, adhesion is mediated by 
extracellular polymers [5]. Analysis of bacteria isolated from these environments has shown 
that the polymers are mainly composed of acidic polysaccharides [6]. These EPS have wide 
applications in industries which include emulsifications, thickness, absorption, film 
formation, gel formation, anticancer treatment etc. 
           Biosurfactants are found as extracellular compounds or localized on the cell surface of 
micro organisms. These biosurfactants are capable of increasing the bioavailability of poorly 
soluble polycyclic aromatic hydrocarbons [7] and resins [8]. Therefore, the use of 
biosurfactants improves biodegradation of hydrocarbons. This is one of their promising 
applications since pollution of the sea by crude oil, mostly caused by standing of tankers, is 
one of the serious environmental issues over the world.   
          Marine microorganisms are frequently exposed to fluctuating conditions such as 
increased carbon source and availability of nutrients. Hence they have developed a variety of 
strategies for their survival in these variable environments and an accumulation of storage 
lipids is one of them. Storage compounds occur normally as intracellular inclusions in 
bacteria. Bacteria usually accumulate specialized lipids such as poly 3-hydroxybutyric acid 
(PHB) or other polyhydroxyalkanoic acids (PHA). These polymers are mainly used in the 
production of biodegradable plastics.  
           Considering the commercial importance of all the bioactive compounds mentioned 
above,  the aim of the present work was to (i) isolate and characterize different 
microorganisms from  marine samples from the India Ocean as well as from Antarctica and 
(ii) screen them for  extracellular enzymes, exopolysaccharides, biosurfactants and lipid 
storage granules.     
    
Materials and methods 
       
 All the chemicals used were purchased from Hi Media and Merck, and all were of 
analytical grade. Standard bacterial cultures were procured from National Chemical 
Laboratory (NCL), Pune, India. 
Sampling 
          Seawater samples were collected from different locations (Table 1). Samples 1 and 2 
were from  the Indian Ocean while samples 3, 4, 5 and 6 were from Antarctica. 
Isolation and characterization of microorganisms 
          10 % of each individual sample was inoculated in marine salt medium (MSM) 
(Composition per litre: 81.0 g NaCl, 10.0 g yeast extract, 9.6 g MgSO4, 7.0 g MgCl2, 5.0 g 
protease peptone no.3, 2.0 g KCl, 1.0 g glucose, 0.36 g CaCl2, 0.06 g NaHCO3 and 0.026 g 
NaBr with pH adjusted to 7.0 + 0.2) and incubated at 300 C, 120 rpm for 48 hours. After 48 
hours, 0.1 ml of each sample was spread on MSM agar plates and incubated for another 48 
hours. The isolated colonies were maintained on MSM agar slants. The isolates were 
characterized morphologically and physiologically. They were studied for their salt-tolerance 
(8 % and above) and also examined for temperature tolerance by incubating at temperatures 
ranging from 150 C to 450 C for 24 hours. Citrate utilization and catalase production tests 
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were performed. For all further experiments, overnight grown cultures (107 cells/ml) in MSM 
media were used. 
Screening for amylase and lipase: 
          Starch agar (Composition per liter: 10.0 g starch, 3.0 g yeast extract, 5.0 g peptone, 
80.0 g NaCl  and 15.0 g agar) was used to observe the hydrolytic activity of amylase [9]. The 
cultures were spot inoculated on starch agar plates and incubated at 300 C for 24 hours and 
the plates were then  flooded with iodine to confirm the result.  
          Egg yolk agar (Composition per liter: 80.0 g sodium chloride, 5.0 g peptone, 3.0 g 
yeast extract,  15.0 g agar, 150 ml egg yolk suspension) plates were used [10] to screen the 
organisms for lipase activity. All the isolates were inoculated on these plates from an actively 
growing broth culture. Plates were incubated for 48 hr at 300 C and then flooded with 
saturated solution of copper sulfate, to observe opalescence.    
Production of exoploysaccharide: 
         The cultures were streaked on YMG agar (Composition per litre: 10.0 g glucose, 3.0 g 
yeast  extract, 3.0 g malt extract, 5.0 g peptone, pH 7.0) plates. After incubating at 300C for 
48 hours the plates were examined for the presence of mucoid colonies. Bacillus subtilis 
(NCIM 2920) was used as positive control) and E.coli (NCIM 2065) were used as positive 
and negative control respectively in all experiments. 
Biosurfactant activity: 
          The isolates were screened for the production of biosurfactant using drop collapsing 
test [11]. 100 µl of mineral oil was added to wells of 96 well microtitre plate. The lid was 
equilibrated for one hour at room temperature, and then 250 µl of cultural supernatants were 
added to the surface of the oil. The shape of the drop on the oil surface was inspected after 
one minute. Biosurfactant producing cultures giving flat drops were scored as positive. Those 
cultures that gave rounded drops were scored as negative, indicative of the lack of 
biosurfactant production.        
Intracellular lipid granules 
          The cultures were screened for intracellular lipids. The  smears of bacterial suspensions   
were  stained  with  Sudan’s  Black B  (0.3  g  in  100  ml  of  70%  ethyl  alcohol)  and  left  
at  room  temperature for 15 minutes. The excess stain was drained off, air dried and rinsed 
with xylol. Finally they were counterstained with 0.5% aqueous safranin for 5-10 seconds, 
and then rinsed with tap water, blot dried and observed under oil immersion [12]. 
 
Results and discussion 
 
           In present study six different marine samples (two from the Indian Ocean and four 
from Antarctica) were used to isolate bacterial cultures (Table 1). A total of 8 cultures was 
isolated from  six  samples and were  named  as  MBRI 1 (from sample 1),  MBRI 2 (from 
sample 2), BRI 11, BRI 27,  BRI 29 (from sample 3), BRI 13 (from  sample 4), BRI 16 ( 
from sample 5) and BRI  28 (from sample 6). They were characterized morphologically and 
physiologically (Table 2). All   of them were Gram negative rods with optimum pH of 7-8 
and grew well at 300C. BRI 11, BRI 16 and BRI 29 were catalase positive. Citrate was used 
as carbon source by MBRI 1, MBRI 2, BRI 16, BRI 27 and BRI 29. 
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Table 1. Sampling Location 
   

Sample      Latitude   Longitude Depth 
  (m)        

pH Temperature
      (◦C) 

Salinity 
  (ppt) 

Dissolved   
Oxygen 
  (mg/l)       
 

  Isolates 

    1 18050’9.0”N   7250’0.0”E     13.5 8.48       30.1   71.73    4.14 MBRI 1 
    2 15033.01”6”N 7356.58”0”E    9.5 7.62       31.8   27.05    4.72 MBRI 2 
    3 59040’24.6”S  7356.58”0”E    ND 7.8       -0.7   ND     ND BRI 11, 

BRI 27, 
BRI 29 

    4 56032’03.6”S    63005’57.9”E   ND 7.8      -0.7   ND     ND BRI 13 
    5 69024’29.7”S  7356.58”0”E    ND 8.5      -2.1   ND     ND BRI 16 
    6 69025’37.4”S   7356.58”0”E    ND 8.9      -2.7   ND     ND BRI 28 

ND-  Not  determined 
 
 
Table  2. Characteristics  of  the  isolates 

Characteristics MBRI 
     1       

MBRI  
     2 

BRI 11   BRI 13  BRI 16  BRI 27  BRI 28   BRI 29 

Tolerance to 
(i) NaCl (%)            2-15        2-15        8-25        8-20         8-25       8-20         8-25        8-25 
(ii) pH                      6-8         6-10        5-11        5-11         5-11       7-8         5-9    3-11   
iii)Temperature  
       (◦C)      

  28-37     28-45      15-30      15-45      15-30      15-45      15-30      15-30    

Citrate       +     +     -     -       +      +       + 
Catalase     -     -     +     -     +      -      -      + 

+: positive,   -:  negative 
 
          Out of eight isolates, MBRI 2 and BRI 27 showed positive results on starch agar plates, 
indicating the presence of amylase activity (Fig. 1), while BRI 11, BRI 13, BRI 28 and BRI 
29 exhibited blue-green colored opalescence on egg yolk agar, indicating lipase activity (Fig. 
2). Amylases and lipases have wide industrial applications. The preferable sources for these 
enzymes are marine microorganisms as mentioned earlier. All our isolates were halotolerant 
and exhibited enzyme activity in presence of high salt concentration. Hence, they prove to be 
potential sources of these industrially useful enzymes. BRI 11, BRI 13, BRI 28 and BRI 29 
were isolated from the Antarctic samples of the temperature in the range of -2.7 to -0.70 C . 
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a                          b                           c                          d 

Figure 1. Amylase positive cultures showing zone of hydrolysis on starch agar plate.              
 (a) MBRI 2, (b) BRI 27, (c) negative control and (d) positive control.                                                                                 
 
 

       
a                                                b                                                  c 

      
                        e                                                    f                                               g 
Figure 2. Lipase  positive cultures showing blue-green colored opalescence on egg yolk agar plate.  (a) BRI 11, 
(b) BRI 13, (c) BRI 28 (d) BRI 29, (e) positive  control, (f) negative control.      
 
         Antarctica is a promising environment as a source of psychrotrophic and psychrophilic 
lipolytic bacteria. The cold adaptation of these psychrotolerant organisms may be partly due 
to their ability to produce such cold active enzymes, exhibiting higher catalytic activity at low 
temperature than their mesophilic and thermophilic counterparts [13]. They could be utilized 
as additives in the detergent and cosmetic industry, food industry or in bioremediation 
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processes, minimizing energy consumption, reducing the risk of microbial contamination and 
avoiding the temperature instability of reactants or products. The isolation and 
characterization of lipolytic enzyme producers that are able to efficiently remove lipids at low 
temperatures will provide insight into the possibility to use different cold-adapted bacteria as 
a source of extremophilic enzymes. Furthermore, nutritional requirements of lipolytic 
bacteria could be usefully applied in developing strategies for bioremediation of fat-
contaminated aqueous systems [14].   
          Out of 8 isolates only one, i.e. MBRI 2, showed positive result for exopolysaccharides 
on YMG agar (Fig. 3). The production of EPS by bacteria in natural systems has been 
described as a strategy for growth [15]. EPSs play important roles in the attachment of 
bacterial cells to a surface and in building and maintaining the three-dimensional, complex 
structure of bacterial biofilms. Our result of MBRI 2 showing EPS production is in line with 
these findings. However, absence of EPS in other marine isolates is difficult to rationalize. 
Besides high concentrations of EPS in the brine channels may provide buffering against  high 
salinity [16]. These EPSs    have shown a wide range of industrial applications as mentioned 
before. The advantages of microbial EPSs over plants or marine algal polysaccharides are 
their novel functions, constant chemical and physical properties and a stable supply. 
 

                 
                  a                                              b                                             c               
 
Figure 3. EPS producing cultures showing mucoid growth on YMG agar plate. (a) MBRI 2, (b) positive control 
and (c) negative control. 
 
          Out of 8 isolates, six viz. MBRI 2, BRI 11, BRI 13, BRI 16, BRI 27, BRI 29 exhibited 
positive results for biosurfactant activity. Drop collapsing test, a sensitive and rapid method, 
was used to detect the activity (Fig. 4). Drops of cell suspensions of surfactant-producing 
colonies collapsed on oil-coated surface [17]. Biosurfactants are also characterized for several 
biotechnological applications. 
 Two isolates, MBRI 2 and BRI 29 showed positive results for intracellular lipid granules 
(Fig.  5). Accumulation of lipids in form of PHA in oil utilizing psychrophilic marine 
organisms was  reported [18]. These polyesters were deposited in the form of highly refractive 
granules in the  cells. Since PHA polymers are thermoplastic, UV stable and show a low 
permeation of water, they have important applications in biodegradable plastics. These 
inclusions are known  to  contain the (i) polyester,  (ii) water  and  fatty  acids  which  help  to 
prevent  crystallization  of   the  PHA  inside  the  cell,  (iii) proteins  which  appear  to  function  
as  scaffolding  materials,  (iv) enzymes  for  synthesizing  the  PHA  and  (v) depolymerases  
for  breaking  it  down  into monomers. 
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             a               b                 c                d                          e                     f                  g                                    
Figure 4. Biosurfactant producing cultures. (a) MBRI 2, (b) BRI 11, (c) BRI 13, (d) BRI 16, (e)  BRI 27, (f) 
BRI 29 and (g) negative control. 
 

                                
               a                                                      b                                                 c       
Figure  5. Intracellular  lipid  storage  granules  stained  with  Sudan  Black  B.  (a)  MBRI  2,  (b)  BRI  29  and  
(c)  negative control.    
 
Table  3. Summary of isolates screening for  bioactive  compounds. 
 

Compounds MBRI1 MBRI 2 
               

BRI 11  BRI 13   BRI 16   BRI 27   BRI 28   BRI 29     

Amylase       -       +       -       -       -       +       -       - 
Lipase       -       -       +       +       -       -       +      + 
EPS       -       +       -       -       -       -       -       - 
Biosurfactants       -       +             +       +       +       +       -       + 
Lipid Granules           -       +       -       -      ND      ND      ND       + 

+: positive;  - :  negative;  ND:  not  determined 
 
          Thus, among all isolates, BRI 11, BRI 13, BRI 27, BRI 29 and MBRI 2 showed the 
presence of   multiple bioactive compounds (Table 3), suggesting that they are the promising 
cultures for  different biotechnological applications. The data obtained in this study can be 
utilized to optimize the production of these   compounds so that they can be chemically and 
structurally analyzed. 
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