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INTRODUCTION 

The Marine ecosystem, which is considered as the ‘Mother of origin of life’, is also a source of structurally unique natural products which are mainly 

accumulated in living organisms. Several of these compounds show unique pharmacological activities and are helpful in the invention and discovery of 

bioactive compounds that are mainly found abundantly in microorganisms, algae and invertebrates and vertebrates. Modern technologies have opened 

vast areas of research for the extraction of biomedical compounds from marine sources to treat deadly diseases. The number of natural products 

isolated from marine organisms increases rapidly and now exceeds 18,000, with hundreds of new compounds being discovered every year. A large 

proportion of these natural compounds have been extracted from marine invertebrates, especially sponges, ascidians, bryozoans and molluscs, and 

some of them are currently in clinical trials. 

 

Nature has been a source of medicinal agents for thousands of years. An impressive number of modern drugs have been isolated from microorganisms, 

mainly based on their use in traditional medicine. In the past century, however, an increasing role has been played by microorganisms in the production 

of antibiotics and other drugs (Fenical, 1993). 

 

Most of the current antimicrobial drugs are the derivatives of the earlier generation and microbial resistance against them further intensified the need 

for new drug discovery. Acceptable options available are the metabolites of plants or animal origin which are biocompatible, biodegradable and non-

toxic in nature.   

For more than two decades, there has been an ongoing quest to discover new drugs from the sea (Anand et al., 2006). Most efforts have been directed 

towards chemical studies of marine invertebrates (Chin et al., 2006). Although these studies have indeed proven that marine invertebrates are an 

important source of new biomedical leads, a fact well demonstrated by the number of compounds currently in clinical trials, it has proven notoriously 

difficult to obtain adequate, reliable supplies of these compounds from nature. Because of these problems, a new avenue of study focusing on marine 

microorganisms has been gaining considerable attention (Faulkner, 2002). At first sight thus, the expectable enormous biodiversity of marine 

microorganisms might have been the reason for the interest in their study (McCarthy et al., 2004). Although marine microorganisms are not well 

defined taxonomically, preliminary studies indicate that the wealth of microbial diversity in the world's oceans, make this a promising frontier for the 

discovery of new medicines (Blunt et al., 2004). 

Marine bacteria are most generally defined by their requirements of seawater, or more specifically sodium for growth. In the case of marine fungi, 

which in general do not display specific ion requirements, obligate marine species are generally considered to be those that grow and sporulate 

exclusively in a marine habitat. Although such definitions can prove useful, they tend to select for a subset of the microorganisms that can be isolated 

from any one environment. This problem is compounded in the case of near - shore or estuarine samples where a large percentage of the resident 

microbes are adapted to varying degrees of marine exposure. For the purpose of microbial drug discovery, it seems only logical to study all microbes 

that can be isolated from the marine environment. Based on the species studied, most of the new compounds reported from marine microorganisms 

were obtained from species that can, in principle, be isolated from both land and sea. Although these facultative marine species are clearly a good 

source of novel metabolites, their ecological roles and degrees of adaptation to the marine environment is largely unknown (Bush, 2004). 
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Screening of marine bacteria isolated from the surface of marine algae and invertebrates has shown that a high percentage produce antimicrobial 

metabolites (Bergess et al., 1999). The first antibiotic from marine bacterium was identified and characterized in 1966 (Burkholder et al., 1966). In 

addition, bacteria in biofilms formed on the surface of marine organisms have been documented to contain a high proportion of antibiotic producing 

bacteria than some other marine environment (Lemos et al., 1985; Anand et al., 2006). A number of surface associated marine bacteria have also been 

found to produce antibiotics (Holmstrom and Kjelleberg 1999; Hans et al., 2004). 

 

Searching of novel antimicrobial secondary metabolites from marine environment is gaining momentum in recent years. The Indian marine 

environment is rich in biodiversity, especially microorganisms. However, the wealth of marine micro-flora has not been fully investigated (Ramesh, 

2009). Searching for previously unknown microbial strains is an effective approach, which would yield biologically novel active substances. It is known 

that the antimicrobial activity of the metabolic products of aquatic bacterial strains is not weaker than the corresponding activity of soil strains (Sponga 

et al., 1999). In addition, the limited attempts have been made on marine organisms and their metabolites in India (Sivakumar et al., 2007; Ramesh and 

Mathivanan 2009; Ramesh et al., 2009). Importantly investigation of marine environment with reference to bioactive molecule production in India is 

still at its infancy. Therefore, exploration of marine microbes for secondary metabolites production is worthy task. The bioactive molecules derived 

from these microbes could be used as therapeutic drugs for the treatments of various ailments in human and animals and as agrochemicals for the 

management of insect pests, diseases and weeds in agriculture, etc. as suggested by Lange and Sanchez Lopez (1996) and  Prabavathy et al. (2009). 

 

Seas and Oceans receive the brunt of human waste, whether it is by deliberate dumping or by natural run-off from the land. In fact over 80% of all 

marine pollution comes from land-based activities and many pollutants are deposited in estuaries and coastal waters.  

 

Other major menace of sea pollution is oil spilling from the cargo ships. Oil spills affect many species of plants and animals in the environment, as well 

as humans. The search for effective and efficient methods of oil removal from contaminated sites has intensified in recent years, in part due to the 

enormous publicity of the Exxon Valdez spill. 

 

In quantitative terms, crude oil is one of the most important organic pollutants in marine environment and it has been estimated that worldwide 

somewhere between 1.7- 8.8×106 tons of petroleum hydrocarbons impact marine waters and estuaries annually. 

 

In the last two decades there have been increased public concerns on the adverse effect of oil exploration on the environment. The toxic effects of crude 

oil and refined petroleum oils on plants, animals, humans and the environment are devastating [1]. Oil pollution persistence and its transport in water, 

subsoil and groundwater aquifers is monitored to predict impacts, assess the impacts and audit such effects with a view to mitigate impacts. 

 

Incidence of spills resulting from auto crash involving trucks carrying refined petroleum products  (petrol, kerosene, diesel, etc) are common in Nigeria. 

The Spilled products are not recovered but find their way to streams and rivers in addition to sinking into soil. The impact of these kinds of spills on 

microbial components of the ecosystem is largely un-assessed. The ecological roles of bacteria make it important that there should be information on 

the likely effect of such spill. 
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Exploration of the sea due to anthropological causes like industrialization, tourism, human inhabitation of the sea coasts etc., has lead to fatally polluted 

conditions in the sea waters. However, several techniques have been evolved to identify, isolate and extract several industrially useful enzymes 

 

Hence, the present study was undertaken to isolate culturable indigenous marine bacteria from the Bay of Bengal, around the coastal area of 

Machilipatnam, Andhra Pradesh with an emphasis to isolate and characterize oil degrading bacteria. The isolated organisms were further evaluated for 

their ability to produce bio-products having antimicrobial activity. 

 

. Objectives of the study: 

 

The main objectives of the study are: 

1. Isolation of bacteria from marine water bodies from Machilipatnam and study their biodiversity. 

2. Study the cultural and biochemical characters and identification of culturable marine bacteria. 

3. Screening of the isolates for their antimicrobial, lipolytic and enzyme production abilities.   

4. Determination of the enzyme yields by the isolates in defined media.  

 

Biodiversity encompasses the variety of all life forms on earth. It includes variability among living organisms from all sources including interalia, 

terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part. This covers diversity within species, between 

species and of the ecosystems (The Biological Diversity Act, 2002). Another simple and useful definition for biodiversity given by the International 

Union for Conservation of Nature and Natural Resources states that biodiversity encompasses all life forms, ecosystems and ecological processes and 

acknowledges the hierarchy at genetic, taxon and ecosystem levels (Kapur and Jain, 2004).  

 

2.1. Marine biodiversity: 

Of the total estimated area of 150 million sq.kms of the earth, about 70.68% is occupied by the oceans. 90% of the world’s biodiversity is contributed by 

the marine forms which represent a vast potential of exploitable resources, most of which is yet to be explored. India is one among the 12-mega diverse 

countries and 25 hot spots of the highly endangered ecoregions of the world. India has a coastal line of ~8000 Kms., including the Andaman and Nicobar 

Islands and continental shelf of about 504,000 sq. Kms. Among the Asian countries, India has the longest record of inventories of coastal and marine 

biodiversity dating back to at least two centuries (Rao, 2005, Venkataraman and Wafar, 2005). 

 

Microorganisms with their diverse structure, physiology and metabolism survive in extreme halophilic, thermophilic and acidophilic conditions. 

Halophiles are an interesting class of extremophiles, which have adapted to harsh, hypersaline conditions. They are able to compete successfully for 

water and resist the denaturing effects of salts. Halophiles and Halotolerant microorganisms can grow over a wide range of salt concentrations 

inhabiting natural hypersaline brine in arid, coastal and deepsea locations as well as in artificial salterns used to mine salts from the sea. 

Halophiles include both prokaryotic and eukaryotic microorganisms. Among eukaryotic microforms, algae, protozoa, yeast and fungi are prominent. 
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An important ecological function of the halophilic bacteria is bioremediation. In marine environment they recycle nutrients, degrade and / or detoxify 

chemical substances including metals, petroleum products, aliphatic and aromatic hydrocarbons, industrial solvents, pesticides and their metabolites. 

There has been a great interest in studying the diversity of indigenous halophilic organisms capable of degrading pollutants and also as 

a source for valuable biomolecules of pharmaceutical importance. 

 

It is increasingly realized that the marine environment is an inexhaustible resource of biomolecules of commercial importance including antibiotics, 

enzymes and antimicrobial compounds to just name a few. Diverse range of enzymes and novel biomolecules derived from marine sources are capable 

of functioning under conditions that lead to precipitation of most proteins. The enzymes and antibiotics isolated from  halophiles are alsoconsidered to 

be safer for human therapeutics with less toxicity or side effect as the saline conditions optimum for their activity are closer to blood plasma conditions. 

 

There is vast chemical diversity in biomolecules extracted from marine environment as halophiles often incorporate halogens (like F, Cl, Br, I) into their 

chemical structures, a feature that is rarely seen in terrestrial organism. 

 

Oil degrading activity: 

In 2011, Ian M. Head, et al., worked on micro-organisms degrading oil in marine environment and found that hundreds of millions of litres of petroleum 

enter the environment from both natural and anthropogenic sources every year. The input from natural marine oil seeps alone would be enough to 

cover all of the world's oceans in a layer of oil 20 molecules thick.  

Nuzhat Ahmed et al in 2008 isolated marine bacteria with  potency of free-living and animal and plant associated marine bacteria to produce 

antimicrobial substances from different samples of Arabian Sea of Pakistan coast and found isolates showing antibacterial activity against Aeromonas 

punctata, Kokuria marina, Rothia marina, Vibrio cholerae, Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Staphylococcus aureus, 

methicillin resistant Staphylococcus aureus and Proteus vulgaris. 

Kritika Sakalle and Shalini Rajkumar in 2009 isolated  Crude Oil Degrading Marine Bacteria  from a ship yard at Alang coast, Gujarat  and found the 

isolates belonging to the genus Acinetobacter, Marinococcus,Micrococcus, Planococcus. 

In the Encyclopedia of Earth dated 2010, Mallory Nomack worked on bioremediation  to remove spilled oil in marine environment by   naturally 

occurring indigenous bacteria 

Since the contaminants of concern in crude oil are readily biodegradable under appropriate conditions, the success of oil-spill bioremediation depends 

on our ability to establish those conditions in the contaminated environment. According to him, the most important requirement is that bacteria with 

appropriate metabolic capabilities must be present. If they are, their rates of growth and hydrocarbon biodegradation can be maximized by ensuring 

that adequate concentrations of nutrients and oxygen are present and that the pH is between about 6 and 9. The physical and chemical characteristics of 

the oil are also important determinants of bioremediation success. Heavy crude oils that contain large amounts of resin and asphaltene compounds are 

http://www.eoearth.org/articles/view/155107/
http://www.eoearth.org/articles/view/158383/
http://www.eoearth.org/articles/view/158383/
http://www.eoearth.org/articles/view/158383/
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less amenable to bioremediation than are light-or medium-weight crude oils that are rich in aliphatic components. Finally, the oil surface area is 

extremely important because growth of oil degraders occurs almost exclusively at the oil-water interface.  

3.1. SAMPLE COLLECTION:- 

Samples were collected from Bay of Bengal near Manginapudi beach about 20 km from Machilipatnam, Andhra Pradesh. Water samples were collected 

in sterile containers at 20 meters off the shore line at a depth of about 30cm from the top. Also water samples were collected from the surfaces of rocks 

and invertebrate shells by surface scraping.  

3.2. SAMPLE TECHNIQUES:- 

             Samples collected were of two types. 

1. Sea water:-  

A half liter oil contaminated sea water sample was collected at a depth of 20 meters (Lat. 14o 45.46'N. Long. 0740 02.84’E) from shoreline 

manually.                

2. Scrapings:- 

Algal scrapings from submerged sea rocks at a depth of 10 meters from sea level were scraped and used as test samples. 

3.3. TRANSPORTATION OF SAMPLES:- 

After sample collection, the samples were carefully added in sterile Artificial Sea Water (ASW) to mimic the marine environment. Samples collected 

from scrapings were also transported in sterile ASW while surface water samples were transported directly. The samples were kept in icebox and 

transported to the laboratory for the isolation and characterization of the bacteria. 

 

3.4. PROCESSING AND CULTURING OF BACTERIA FROM MARINE SAMPLE:- 

 About 1ml of the each collected sample was mixed with GP/10 medium and incubated on a rotary shaker set at 200 rpm for 48 hrs.   

 

Serial dilution method: 

The cell suspension obtained after 48hrs of incubation of the samples was serially diluted by serial dilution method which was described below. 

1 ml of the cell suspension obtained from the above step was diluted into 9 ml of sterile saline. This was further diluted till a dilution of 10-9 was 

achieved.  
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From the required dilutions 0.1ml of suspension was pipette out and streaked on GP/10 medium in petri plates. 

Plates were incubated for 48 hours at room temperature. 

3.5. IDENTIFICATION OF BACTERIAL ISOLATES: 

 Bacterial isolates were characterized based on their morphological, cultural and biochemical properties and biodiversity of the marine samples was 

studied. 

 

Morphological characterization:  

 

Initial identification of isolates was carried out by studying morphological characters after incubating the plates for 3-5 days at 27°C. The colony 

morphology, pigment production and its diffusibility were observed and morphologically distinct colonies were selected for staining. The staining 

properties and bacterial morphology was studied using modified Gram’s Staining Method (Leifson, 1951). Pure cultures of morphologically 

distinguishable isolates were obtained by subsequent sub-culturing thrice and cultures obtained were preserved as stab cultures in GP/10 media. 
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Gram staining procedure: 

 

a) A loop full of microbial colony from a 24hr culture slant was smeared on clean glass slide and heat fixed. 

b) The smear was flooded with Crystal violet and incubated for 30 seconds.  

c) The slide is drained off and washed with running tap water. 

d) The slide was then flooded with Gram’s Iodine and the slide was left undisturbed for 30 seconds and washed with water. 

e) The slide was decolorized with Acetone by allowing the solution to drain off by keeping the slide in slanting position. 

f) The smear was washed with tap water continuously until no color remains. 

g) The slide was counter stained with saffranin for 60 seconds. 

h) The smear was washed with tap water and blotted dry. 

i) The slide was then observed under a microscope with a 100X oil immersion lens. 

 

Cultural Characteristics:  

        The cultural characters of the selected isolates were determined by studying the  following parameters.  

a. Growth at different temperatures 

b. Tolerance to pH and salinity 

c. Oxygen requirement for growth 

d. Motility and spore production. 

 

Growth at different temperatures: 

 

The limits of growth for the isolates were determined at different temperatures between 4°C and 45°C (Baumann et al., 1971). Tubes with 5ml GP/10 

broth were inoculated with 0.5ml of 48hrs. Culture and incubated at different temperatures for 3-5 days. The tubes were observed for visible turbidity 

at 24hr intervals and optimum temperature for growth was recorded. 

 

Growth at different salt concentrations:  

The ability of the organisms to grow at different salt concentrations (0%, 1.2%, 2.5%, 5%, 10%, 15% and 20%) was studied by adopting the method of 

Novick and Tyler, 1985. Tubes of sterile GP/10 broth supplemented with the respective salt concentration were prepared and inoculated with a 48hr 

culture. After incubation for 3-5 days at 27°C, the turbidity of the tubes was observed. The salt tolerance of the isolates was recorded as increase in the 

turbidity at different salt concentrations. The tubes showing negative growth were streaked on GP/10 agar media to confirm inhibition of growth. The 

organisms that could grow upto 5% were categorized as moderately halophilic whereas the other isolates tolerating >10% were considered halophiles. 
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Growth at different pH: 

 

The ability of the isolate to grow at different pH was tested by inoculating the culture into GP/10 media tubes adjusted to different pH in the ranges of 

4.5 - 10.5 (Holmstrom et al., 1998). The samples were incubated at 27°C for 48-72hrs and observed for growth and growth range and optimum pH was 

determined for each isolate. 

 

Biochemical characterization:  

Characterization of the isolates were carried out by performing various biochemical tests adopting standard protocols as described in “Practical Medical 

Microbiology Manual” (Mackie and McCartney, 1989), unless otherwise specially mentioned. The procedure in all the cases was suitably modified by 

using GP/10 medium or supplementing the required media with 1.2% NaCl to facilitate the growth of halophilic bacteria. Known positive and negative 

organisms for the various biochemical tests performed were included as controls. 

 

Sugar utilization test:  

The ability of the isolates to utilize different substrates as carbon source was determined by the method of Novick and Tyler, 1985. Phenol red (0.005%) 

was selected as indicator as it was found to be less toxic effect than bromothymol blue indicator to many marine bacteria. Artificial seawater 

supplemented with 0.1% NH4Cl, 0.005Mphosphate buffer (pH 7.0) was used as basal medium for sugar utilization and 10μl of Phenol Red was added 

for every 5ml media. 5% stock solutions of various carbohydrates were prepared and sterilized at 10lbs.  The stock solutions were added to 5ml of the 

basal medium to get a final concentration of 0.5% of the respective sugars. The tubes were inoculated with 0.1ml of 48hr old culture (~105 cells/ml) 

and incubated at 27°C for 24-48hrs. The utilization of sugars along with the production of acid/gas was recorded. 

 

Indole test: 

The ability of the isolates to convert the amino acid tryptophan to indole was tested by adding 0.5ml of Kovac’s reagent to 48hr old culture of the 

isolates in peptone water supplemented with 1.2% NaCl. The production of red color in the alcohol layer indicates a positive Indole reaction. 

 

Methyl Red (MR) test:  

The ability of the isolates to ferment glucose and produce acid was determined using Glucose Phosphate Peptone medium (GPP) supplemented with 

1.2% NaCl.  Methyl red indicator (2-3 drops) was added to 48hr old culture tubes and results were recorded immediately. Appearance of bright red 

color in the medium indicated a positive reaction. E. coli and K. pneumoniae were used as positive and negative controls respectively for MR and VP 

tests. 

 

Voges – Proskauer (VP) test:  

The ability of the isolates to produce acetoin as the end product was detected by adding 0.5ml of O’ meara reagent to 48hr old culture tubes of the 

marine isolates in GPP media. The development of eosin pink color indicates a positive reaction. 
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Citrate utilization test: 

The ability of the organism to utilize citrate as the sole source of carbon and energy for growth and an ammonium salt as the sole source of nitrogen was 

determined by streaking Isolates on Simmon’s Citrate Agar slant (pH 6.8) and incubating for 96hrs at 27°C. A positive test indicated change in the colour 

of the medium from green to blue and appearance of a streak of growth. K. pneumoniae and E. coli were used as positive and negative controls for VP 

and Citrate tests. 

 

Catalase Test:  

The production of catalase enzyme, which mediates the release of oxygen from hydrogen peroxide, was tested by picking up single colony from a 48hrs 

old plate culture and introducing into 1ml of 37% of hydrogen peroxide. The appearance of effervescence / gas bubbles from the surface of the liquid 

indicated a positive test. Staphylococcus aureus and Streptococcus pneumoniae were used as positive and negative controls for the test respectively. 

 

H2S production test:  

Production of  Hydrogen Sulphide was tested by inoculating 48hrs old culture of test organism into GP/10 broth having lead acetate strip inserted from 

the top of the test tube. The tubes were incubated at 27°C for 48-72 hrs. Blackening of the strip was considered as a positive reaction. 

 

Urease test:  

The production of urease enzyme was tested by streaking the culture on Christensen’s medium supplemented with 1.2% NaCl (pH 6.8-6.9). The 

appearance of purple pink color growth indicated a positive reaction. Proteus vulgaris and E.coli were used as positive and negative controls for H2S 

production and Urease tests. 

  

Hydrolysis of gelatin:  

The hydrolysis of gelatin by the isolates was tested by inoculating the culture onto a nutrient gelatin agar medium supplemented with 1.2% NaCl. The 

plates were incubated at 27°C for 3-5 days followed by flooding the plates with 1% tannic acid solution. Excess solution was drained off after a few 

minutes and the plates were observed immediately for reduction of relative opacity around gelatin liquefying colonies. 

 

Hydrolysis of starch:  

The ability of the bacterial isolates to hydrolyze starch was tested on nutrient agar plates supplemented with 0.2% soluble starch and 1.2% NaCl. The 

plates were streaked with the isolates and incubated at 27°C for 3-5 days. After incubation the plates were flooded with Iodine Solution and the zone of 

clearance around amylase producers was recorded. 

 

Hydrolysis of casein: 

Milk agar was prepared by adding 1% sterile skimmed milk (autoclaved at 10lbs for 10min.) to salt supplemented nutrient agar medium cooled at 50°C. 

The plates prepared were inoculated with single colony of each isolate and incubated for 3-5 days at 27°C. Hydrolysis of milk protein was seen as a zone 

of clearing around the colony. 
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The identification of bacteria was carried out using numerical Probabilistic and Taxonomy methods. The initial identification of the organism was 

performed with the PIBWin version (Bryant, 1995). The computer program includes data matrices suitable for identification of various groups of 

bacteria. The characters that could not be confirmed just by PIBWin data matrices were compared with the additional data matrices, Bergey’s manual of 

Determinative bacteriology (Sneath et al., 1986) in addition to recent literature searches. The data was analysed using the package Numerical 

Taxonomy and Multivariant Analysis System (NTSYS 61 package version 2.0) which displays structure in multivariant data, for differential grouping of 

the isolates into phena using numerical taxonomy approach (Rohlf, 1994, Rohlf, 1998). 

 

3.5. ANTIMICROBIAL ACTIVITY: 

The ability of the marine isolates to exhibit antimicrobial activity against both bacterial and fungal strains was tested by using concentrated bacterial 

supernatant by adopting disc diffusion technique (James et al., 1996, Mearns-Sprag et al., 1998). 

 

Preparation of concentrated Bacterial Pellet: 

Concentrated Bacterial Pellet was prepared by modified method of James et al., 1996. Cells from a 48hrs old culture grown in GP/10 medium were 

pelleted by centrifugation at 9000g for 20 minutes and re-suspended into half strength artificial seawater to get a density of 0.6 g/ml. The suspension 

was incubated for 24hrs at 27°C. The cells were harvested by centrifuging at 15,000g for 30min. The supernatant was filter sterilized and used for 

testing antimicrobial and antifouling activities. 

 

Antibacterial activity: 

The antibacterial activity was tested against one gram negative test strain ( E.coli) and one gram positive strain (B.subtilis) using disc diffusion method 

(Mearns-Sprag et al., 1998). 100μl of a 24hrs old test culture (~105 CFU/ml) was spread evenly on nutrient agar plates using sterile cotton swab. 

Whatmann No.1 filter paper discs (sterile) were placed on the plates. Each disc was impregnated with 10μl of the CBP prepared from each marine 

isolate, so that it is completely absorbed. The plates were incubated for 48hrs at 27°C and observed for the formation of zones. The results were 

compared with the control disc prepared with distilled water. The relative activity index of the zones was calculated as per the method of Singh et al., 

2002 using the formula.  

 

                          Zone of inhibition in mm of test sample 

Activity index =      -------------------------------------------------------------------------- 

                                   Zone of inhibition in mm of standard organism value 

 

Antifungal activity:  

The antifungal activity against three fungi Aspergillus flavus, Trichoderma viridae, Aspergillus oryzae and Aspergillus niger was studied, by using pour 

plate method (Aneja, 1993). Inoculum of the fungal test cultures was prepared by growing the strains on potato dextrose broth for 5 days with shaking 

until the mat formation. Spores of the cultures were collected and suspended in saline to get a final titre of 5 X105/ml. 500μl of the inoculum was added 

to 20ml of Potato Dextrose Agar (PDA) medium maintained at 50°C and the plates were prepared. After solidification, sterile Whatmann No.1 filter 
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paper discs (sterile) were placed on the plates and impregnated with 10μl of the CBS as described above. The growth of the fungi was monitored over a 

period of 10 days incubation at 27°C and the antifungal activity was determined by measuring the zone of inhibition around the discs. 

 

3.7. ENZYMATIC ASSAY OF THE ISOLATES:   

Enzyme assay:   

The isolates showing amylase activity were further screened for the amount of enzymatic activity. 48 hours grown cultures were centrifuged at 16000 

rpm for 10 minutes and the cell free supernatant (CFS) was used as the enzyme extract. The CFS was diluted 10 times with Buffer and used for enzyme 

assay.  

Alpha amylase enzyme activity in the CFS was determined by the starch digestion method of Windish and Mhatre (1965). In brief  1.0% soluble starch 

dissolved in phosphate buffer (pH 6.5). One tenth (0.1ml) of test solution was added to 1ml of substrate. After incubation for 30min at 50ºc the reaction 

mixture was stopped by adding 1 drop of Glacial Acetic acid. The reaction mixture was incubated at 30ºc for 10min. Then 10ml of distilled water was 

added to the solution. After allowing the reaction mixture to stand for 5 min at room temperature the absorbance was measured at 600nm.One unit of 

amylase was defined as the amount of enzyme which digested 1milligram of starch per minute in this assay system.  

Proteolytic assay: 

3.8. DEMONSTRATION OF CRUDE OIL DEGRADING ACTIVITY OF            MARINE ISOLATES 

Crude oil biodegradation experiment was performed by modifying the technique described by Pirnik et al. (9) by adding the inoculating cells of density 

108 mL-1 to the basal media with 1% crude oil added as sole carbon source. 

 To study effect of Tween 80 on biodegradation of crude oil an experiment was performed with 0.1% Tween 80and 0.2% oil was added to the flask (10). 

The estimation of crude oil degradation was accomplished by overlay method by adding 50µl of cells of density 108 mL-1 was added and incubated for 

370C for 48hrs. 

The oil degrading activity was demonstrated by flooding the plates with 0.5% Congo red and observed for the emulsification of oil around the oil 

degrading colonies. 

Marine samples collected from the coast of Bay of Bengal at Machilipatnam, Andhra Pradesh were processed for isolation of marine microbes. Two 

samples were collected from oil contaminated sea water and scrapings from submerged rocks. 

 Sample Collection: 

  The samples collected were processed to obtain pure cultures of microbes by culturing them on selective media i.e., GP/10 media. 

 



RESEARCH ARTICLE                                    L.K.Mahalakshmi et al, IJRRPAS, 2013, FEB,  3(1) 1-44                            ISSN 2249-1236 

 

13 
Available on www.ijrrpas.com 

 
Figure 1: samples 

 

Characterization of the bacterial isolates:  

 Most of the marine isolates, being slow growers, formed discrete colonies only after incubating for 3-5 days. Morphologically distinguishable colonies 

were selected and were subjected to morphological characterization. 

 

Morphological characterization: 

Based on distinguishable colony morphology and gram staining, 20 isolates were selected from the 2 marine samples. Pure cultures of the isolates were 

obtained by repeated sub culturing for three times. The isolates were designated as MB1-20, where MB indicated marine bacteria. Based on the colony 

morphology and pigmentation, the isolates could be broadly grouped into   distinct morphological types with colony size ranging from 1-4 mm in 

diameter in majority of cases where as few punctiforms were also obtained.  

Thus among the 20 isolates, 5 were gram positive bacilli, 4 gram positive cocci, 2 gram negative  cocci, 2 gram negative coccobacilli, 1 gram positive 

diplobacilli, 1 gram positive spore forming bacilli, 3 yeast and 1 budding yeast (Table - 1). These isolates were selected for further cultural and 

biochemical characterization. 
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Figure 2: Pure cultures of marine isolates 

Cultural characterization:  

The cultural characters of the distinct morphological isolates were studied to determine the conditions of growth. Growth of the isolates was studied at 

different temperatures (4-45°C) and pH range (4.5-10.5). The tolerance to salt concentration (in the range 1.2-20%).The results are shown in Table 2. 

 

Among the 20 gram negative isolates, 7 isolates (MB 1, 4, 6, 13, 14, 15 and 17) were able to grow between 4°C – 45°C. 3 isolates (MB 2, 5 and 8) grew 

between         4°C – 27°C, 2 (MB 3 and 7) isolates showed growth at 37 °C only, 7 isolates (MB 9, 11, 12, 16, 18, 19 and 20)grew between 27°C -37°C and 

isolate MB 10 was able to grew at 4°C -37°C. 

 

Of the 20 isolates tested for salt tolerance, 8 isolates tolerated upto 1.2%-15% salinity and the remaining isolates tolerated upto only 5% of salt 

tolerance.  In terms of pH 6 isolates were able to grow between pH 5.5-10.5. The remaining 14 isolates exhibited growth over the pH range tested in 

between 5.5-7.5.  
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             COLONY MORPHOLOGY     ISOLATES                                  MICROSCOPIC OBSERVATION 

White colonies, circular, with entire margins measuring 1-

3mm in diameter. 

1,4 

 

Gram negative bacilli 

 

 

White colonies, circular, with entire margins minute in 

diameter. 

5, 7,10,17,20 

 

 

Gram negative bacilli 

White colonies with green pigment, circular, with entire 

margins measuring 1-2 mm in diameter. 

13,18 Gram negative  bacilli 

Yellow colonies, circular, with entire margins minute in 

diameter.  

2,6,14 

 

Gram negative  bacilli 

Lemon yellow colonies, circular, with entire margins 

minute in diameter. 

3 Gram negative bacilli 

Golden yellow colonies, circular, with entire margins 

minute in diameter. 

9 Gram negative bacilli 

Orange colonies, circular, with entire margins measuring 

0.5-1mm in diameter. 

8,12,15,16 

 

Gram negative cocobacilli 

 

Orange colonies, circular, with entire margins measuring 

0.5-3 mm in diameter. 

15 Gram negative bacilli 

Orange colonies, circular, with entire margins measuring 

1-4 mm in diameter 

11 Gram negative bacilli 

 

Table 1: Morphological characters of marine isolates 
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Table 2: Cultural characteristics of marine isolates 

Biochemical characterization: 

Initial characterizations of the 20 isolates were carried out by conducting sugar utilization tests, IMViC and other biochemical tests. The results are 

tabulated in Table - 3 and Figure -2,3,4,5, . Based on the morphological and biochemical characters attempts were made to categorize the isolates up to 

genus level. 

 

The biochemical characters of 20 isolates are given in Table – 3. It was observed that MB 1 was identified as  gram negative bacilli, aerobic, sporulating 

rods. The isolate was positive for catalase, citrate  and urease and negative for MR. Based on the morphological and biochemical characters, the isolate 

TEST 

 

                                                           ISOLATES 

                                              SAMPLE 1 SAMPLE 2 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

GROWTH AT     

DIFFERENT 

TEMPERATURES 

4 + + - + + + - + - + - - + + + - + - - - 

27 + + - + + + - + + + + + + + + + + + + + 

37 + - + + - + + - + + + + + + + + + + + + 

45 + - - + - + - - - - + - + + + + + + - + 

 

SALT  TOLERANCE IN  

(%) 

1.2 + + + + + + + + + + + + + + + + + + + + 

2.4 + + + + + + + + + + + + + + + + + + + + 

5.0 + + - + + - - + + + + + + + + + + + + + 

10.0 + - - + - - - + + - + - + + + + + + - + 

15.0 + - - + - - - + + - + - - - - + - + - + 

 20.0 - - - - - - - - - - + - - - - + - - - + 

 

PH 

 

 

4.5 - - - - - - - - - - - + - - + - + - + - 

5.5 + - + + - - + + + - + + - - + + + + + + 

6.5 + - + + - - + + + + + + - - + + + + + + 

7.5 + + + + + - + + + + + + - - + + + + - + 

8.5 - + + - + + + + + + + - + + + + + + - + 

9.5 - - + - - + + + + - - - + + + - + - - - 

10.5 - - - - - + - + + - - - + + + - + - + - 
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could be characterized to be belonging to the genus Chromobacterium . Further grouping of the isolate was done based on the biochemical characters 

including sugar fermentation, salt tolerance etc. 

  

It was observed that 2 isolates (MB 2 and 13) were aerobic, gram negative bacilli which were showing positive results for catalase, citrate and urease 

and negative for H2s production.   Based on these morphological and biochemical characters, the isolates could be characterized to be belonging to the 

genus Serratia. Further, grouping of the isolates was done based on the biochemical characters including sugar fermentation, salt tolerance etc.  

 

The isolate MB 3 was observed as gram negative bacilli. The isolate showed negative results for all the biochemical tests. Based on these morphological 

and biochemical characters, the isolates could be characterized to be belonging to the genus Edwarsiella. 

 

It was observed that isolate (MB 4) were gram negative motile rods, which were indole positive, and catalase positive ,citrate positive, VP positive and 

MR positive. Based on these morphological and biochemical characters, the isolates could be characterized to be belonging to the genus Aeromonas. 

Further grouping of the isolates was done based on the biochemical characters including sugar fermentation, salt tolerance etc.  

was observed that 4 isolates (MB 5, 9, 15 and 16) were identified as gram negative rods which  were positive for indole, catalase, citrate and MR and 

negative for VP negative. Based on these morphological and biochemical characters, the isolates could be characterized to be belonging to the genus 

Acinetobacter. Further grouping of the isolates was done based on the biochemical characters including sugar fermentation, salt tolerance etc. 

 

The 2 isolates (MB 6 and 18) were identified as gram negative rods which  were showing positive for urease, catalase, citrate and VP and showing 

negative reactions for  H2S production, indole and MR. Based on these morphological and biochemical characters, the isolates could be characterized to 

be belonging to the genus Klebsiella. Further grouping of the isolates was done based on the biochemical characters including sugar fermentation, salt 

tolerance etc. 

 

5 isolates (MB 7, 10, 14, 17 and 19) were gram negative rods which  were showing positive results for indole,  catalase, citrate, H2S production and VP 

and negative for MR. Based on these morphological and biochemical characters, the isolates could be characterized to be belonging to the genus 

Klebsiella. Further grouping of the isolates was done based on the biochemical characters including sugar fermentation, salt tolerance etc. 

 

It was observed that isolate (MB 8) was identified as  gram negative coccobacilli rods which  was positive for  indole, catalase and negative for  citrate 

MR and VP. Based on these morphological and biochemical characters, the isolate could be characterized to be belonging to the genus Pasteurella. 

Further grouping of the isolates was done based on the biochemical characters including sugar fermentation, salt tolerance etc. 

 

The isolate MB 11 was identified as gram negative rods which  was urease, MR and VP negative and positive for indole, catalase, citrate. Based on these 

morphological and biochemical characters, the isolates could be characterized to be belonging to the genus Providencia. Further grouping of the isolates 

was done based on the biochemical characters including sugar fermentation, salt tolerance etc. 
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It was observed that isolate, MB 12 was gram negative coccobacilli  rods which  was positive for  urease, indole and  catalase and negative for citrate MR 

and VP. Based on these morphological and biochemical characters, the isolates could be characterized to be belonging to the genus Pasteurella . Further 

grouping of the isolates was done based on the biochemical characters including sugar fermentation, salt tolerance etc. 

 

It was observed that isolate MB 20 was gram negative rod which was indole, citrate, MR and VP  negative and positive for catalase. Based on these 

morphological and biochemical characters, the isolates could be characterized to be belonging to the genus Actinobacillus. Further grouping of the 

isolates was done based on the biochemical characters including sugar fermentation, salt tolerance etc. 

 

                                                                                          Negative        Positive                              Negative       Positive 

                Figure 3: MR test           Figure 4: citrate utilization test 

 

 
Figure 5: Indole test                                          Negative       Positive          Positive            Negative 
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                                                                          Figure 6: Urease test                      Figure 7:  H2S pr 

 

 

 

TEST                                                                        ISOLATES 

 SAMPLE 1 SAMPLE 2  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

INDOLE + - - + - - + + - + + + - + + + + - + - 

METHYL RED - - - + - + - - - - - - - + - - - - - - 

VOGES PROSKAEUR + - - + - + + - - + - - + + - - + + + - 

CITRATE + + - + + - + - + + + - + + - - - + + - 

UREASE + + - - + + + - + + - + + + - + + + + + 

H2S PRODUCTION - + - + - - - - - - + - - - + - + - - - 

CATALASE + + - + + + + + + + + + + + + + + + + + 

 

Table 3: Biochemical characters of marine isolates 
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Figure 8: Sugar fermentation test 
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Table 4: SUGAR FERMENTATION TEST 

Identification of the isolates to probable species level:  

Further  characterization of the isolates to species level was carried out using PIBWin package, which is windows based software with the major 

function of identification of unknown isolates. To identify the isolates using this package, identification matrix for each of the isolate was generated by 

entering the results of characteristics obtained by experimental test as given in Tables1,2,3,and 7. The parameters of “select best tests” and “calculate 

matrix ID scores” were used for distinguishing one taxon from another taxa or all taxa from each other. The reliable identification was indicated when 

the ID score was ≥0.999 and model likelihood was ≥0.01. The matrix ID scores obtained reflect percentage probability for each taxon identification and 

these were used to assess reliability of identification. The field area entry of an organism and the parameters used for analysis are shown in Figures – 7- 

8. 

Among the 20 isolates  MB 1 belonging to Chromobacterium, was further characterized based on PiBWin package to species level based on biochemical 

characterization like catalase positive, indole negative and non fermentative as Chromobacterium violaceum. 

 

The  isolates MB 2 and 13 belonging to Serratia genus were grouped to species level based on catalase positive,H2S production negative, enzymatic 

characters positive and fermentative organism as Serratia mercescens. 

   TEST                                                                       ISOLATES 

                                                   SAMPLE 1 SAMPLE 2 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

DEXTROSE A + - - + + + + - - + - + + - - + - - + + 

G - - - - - + - - - - - - - - - - - - - - 

MANNITOL A + - - + - + - - - - + + - - + - + - - - 

 G - - - - - - - - - - - - - - - - - - - - 

STARCH A + - - + + + - + + - - - + + + + + + + - 

 G - - - + - - - - - - - - - - - - - - - - 

SUCROSE A + - - + - + + - - + + - - - - - - + - + 

 G - - - - - - - - - - - - - - - - - - - - 

GLYCEROL A - - - + - + - + + + - - - + - - - - - + 

 G - - - + - - - - - - - - - - - - - - - - 
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The isolate MB 3 Edwardsiella was characterized as Edwarsiella ictaluri based on catalase negative, non fermentative, enzymatic characters negative. 

 

MB 4 belonging to the genus Aeromonas was grouped upto species as Aeromonas hydrophila based on urease negative, fermentative organism, VP and 

MR positive. 

 

The isolates MB 5, 9, 15 and 16  were grouped to Acinetobacter calcoaceticus based on urease positive,H2S production negative and non fermentative. 

 

The isolates MB 6 and 18 were grouped to Klebsiella pneumonia subsp aerogenes based on fermentative for sugar production  and indole negative and 

positive for enzyme  production. 

 

The isolates MB 7, 10, 14, 17 and 19 were grouped from genus Klebsiella to species level as Klebsiella oxytoca based on H2S production and enzymatic 

activity   negative and indole positive. 

 

MB 8 was further characterized from genus Pasturella to the species Pasteurella multocida based on urease, H2S production and enzyme production 

negative. 

 

MB 11 was grouped to species level Providencia alcalifaciens based on biochemical characters like negative for enzyme production, urease and VP and 

positive for  indole. 

 

The isolate MB 12 was characterized to be belonging to the species Pasteurella pneumotropica based on negative for enzyme production,VP and MR and 

positive for urease.  

 

Finally, MB 20 was grouped to Actinobacillus suis based on negative for enzyme production and H2S production and positive for catalase.  

 

 

 

 

 

 

 

 

 

 

 



RESEARCH ARTICLE                                    L.K.Mahalakshmi et al, IJRRPAS, 2013, FEB,  3(1) 1-44                            ISSN 2249-1236 

 

23 
Available on www.ijrrpas.com 

 

 
 

FIGURE 9: Field areas entry for generation of identification matrix 
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Figure 10: Identification thresholds and score of MB 1 
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Antimicrobial activity:  

The antimicrobial activity of the 20 isolates was tested against 2 bacterial and 3 fungal species and the results are given in Tables 4 & 5and Figures – 

10,11,12,13and 14. 

 

Among the 20 isolates, 13 isolates did not showed any antimicrobial activity.5 of them have shown antibacterial activity against E.coli (gram negative 

bacteria), while 3 of them exhibited antibacterial activity against B.subtilis (gram positive bacteria). The isolates, MB 13 and 18, showed the ability to 

degrade both E.coli and B.subtilis. MB 10 & 13 isolates exhibited antimicrobial activity against both bacteria and fungi. 7 isolates showed only antifungal 

activity. MB 10 showed highest activity against bacteria and fungi (Table - 26a and b). 

 

 
Figure 11: Antibacterial activity against B.subtilis 

 
Figure 12: Antifungal activity of A.oryzae                        Figure 13: Antifungal activity of A. flavus 
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          Figure 14: Antifungal activity of T.viridae  Figure 15: Antifungal activity of A.niger 

 

 

Table 5: Antibacterial activity of marine isolates 

 

 

 

 

 

 

TEST 

                                                                             ISOLATES 

                                                             SAMPLE 1     SAMPLE 2 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Escherichia coli - - - - - 0.7 - - - - - - 1.4 1.6 - - 0.5 0.7 - - 

Bacillus subtilis - - - - - - - - - 2.5 - - 1.8 - - - - 0.6 - - 
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Table 6: Antifungal activity of marine isolates 

Enzymatic characters of marine isolates:  

The enzymatic characters of 20 isolates were tested for the production of enzymes like amylase, caseinase, gelatinase and the results are given in Tables 

4 & 5and Figures – 15, 16 and 17. Among the 20 isolates, MB 1, 4 and 13 showed enzymatic activity on all three substrates, whereas MB 2,10,14,17 and 

18 showed activity on only one substrate. 

ASSAY FOR α AMYLASE ACTIVITY BY AMYLASE PRODUCING ISOLATES: 

 Among  the  20 isolates  identified for the production of amylase activity only six isolates (MB 1, 4, 10, 13, 14, 18) were identified to be positive for 

amylase production. Of them only three isolates showed (MB 1, 4, 18) the maximum zones of hydrolysis in the range of 1.3-1.8cm .  

 

The isolates with maximum activity were further selected and tested for their enzymatic activity using  Starch iodide method, among which only 

isolates MB 1 and 18 have shown the maximum amount of enzymatic activity of 230.522 U/ml, 104 U/ml, respectively. 

  

 

 

 

 

 

TEST ISOLATES 

 SAMPLE  1 SAMPLE  2 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Aspergillus niger - - - 1.2 - - - - - 1.5 - - 1.5 - - - - - - - 

Aspergillus flavus - - - 1.1 - - - - - - - - 0.8 - - - - - - - 

Aspergillus oryzae - - 3.5 - - - - - - - - - 2 - - - - - - - 

Trichoderma viridae - - - - - - - - - 1.8 - - 1.6 - - - - - - - 
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CALCULATION:  

 

     MB 1:  

 Abs. of SB  = 0.415 

                Abs. of Sample                 = 0.128 

                  Δ Abs             =          0.287 

Therefore total starch digested =      69.15 mg by 0.01 ml of enzyme. 

Alpha Amylase activity (SDU) =    230.522 U/ml. 

 

 

 

 

Figure 16: Hydrolysis of starch                      Figure 17: Hydrolysis of gelatin 

 

Figure 18: Hydrolysis of casein 
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Table 7:  Enzymatic characters of marine isolates 

Sample id Buffer(ml) Starch(ml) Enzyme(ml) Reagent(ml) Acetic 

acid 

Distilled 

water 

OD at 

595nm 

Enzyme 

activity(u/

ml) 

Reagent blank  2  -  - 3 1-2 drops 10   

Enzyme blank 1.9 - 0.1 3 1-2 drops 10   

Substrate 

blank 

1 1 - 3 1-2 drops 10 0.415  

Sample 1 0.9 1 0.1 3 1-2 drops 10 0.128 230 

Sample 2 0.9 1  0.1 3 1-2 drops 10 0.425  

Sample 3 0.9 1 0.1 3 1-2 drops 10 0.285 104 

Table 8: ASSAY FOR α AMYLASE ACTIVITY BY AMYLASE PRODUCING ISOLATES 

 

 

 

TEST 

                                                                                   ISOLATES 

SAMPLE 1 SAMPLE 2 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

AMYLASE 1.8 - - 1.6 - - - - - 0.6 - - 0.8 0.6 - - - 1.3 - - 

CASEINASE 0.9 - - 0.8 - - - - - - - - 1.1 - - - - - - - 

GELATINASE 1.8 1.6 - 2.5 - - - - - - - - 3.0 - - - 2.4 - - - 
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 Estimation of crude oil biodegradation:  

The results from experimental flasks indicated 40% isolates were showing oil degradation activity of crude oil from the medium. Highest crude oil 

biodegradation was observed with isolates MB 7, 12, 13, 14 and 15 with 60% degradation with 1% crude oil in the medium. A comparatively lower 

biodegradation of 30-40% was found in MB 8 and MB 9 isolates. Least biodegradation of 20% was recorded with isolates MB11 and MB 16. 

 

 

 
     

                                                                             MB 13     MB 12                                

                                      
                          

MB 14      MB 9 

Figure 19: Oil degrading activity of oil degrading bacteria 
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  Marine bacteria are isolated from surfaces of oil contaminated sea water from 20 meters depth of the open ocean and also from marine living or non-

living marine surfaces. Halophiles have emerged as a renewed source for the discovery of novel biologically active compounds (Fenical, 1993 and 1997, 

Burgess et al., 2003, Longeon et al., 2004). Many free living and sediment inhabiting bacteria have been shown to produce secondary metabolites that 

display antimicrobial activity and several other biological properties. 

 

Characterization and identification of marine isolates:  

 Two water samples were collected from 20 m depth from oil contaminated sea and from scrapings from living and non-living surfaces. 

 Morphologically  distinct  colonies  were  characterized  by  Gram staining  and  20 isolates were selected from the 2 marine samples. 

 The characterization of the MB isolates was carried out, by studying their cultural and biochemical characters. Biochemical characterization based on 

the carbohydrate metabolism tests is vital to distinguish groups of marine bacteria for many years. Bacterial metabolism of carbohydrates can be 

broadly divided into two different mechanisms. The oxidation of carbohydrates can be strictly aerobic process or an anaerobic process, the later also 

called as fermentation (Hugh and Leifson, 1953).  

 

Seawater normally has a pH of around 8 and as its buffer potentials are low, the pH variations are considerable on storage. Hence, it was found 

advantageous to buffer the medium slightly with 0.005M phosphate buffer (Leifson, 1963). Further the composition of seawater varies with the place of 

collection and season. Hence, to get uniformity, media prepared in ASW are preferred over those made with seawater (Novick and Tyler, 1985). Studies 

of Leifson, (1963), showed that for the sugar utilization tests of halophilic bacteria, preparation of O-F medium using either natural sea water or 

artificial sea water containing bromothymol blue failed to support the growth of a number of marine bacteria. The bromothymol blue indicator was 

found to be toxic for many of marine organisms. Several indicators were compared and Andrade’s and phenol red indicator were found to be 

satisfactory, as they appeared to have least toxicity on halophiles. These factors were taken into consideration while performing the sugar utilization 

test and media prepared in ASW with Phenol red indicator were used in the present study. 

 

Initial characterization of the 20 isolates was carried out, by conducting sugar utilization tests, IMViC and other biochemical tests. Based on the 

morphological, cultural and biochemical characters, attempts were made to categorize the isolates upto genus level. 

 

It was observed that among the 20 isolates obtained, gram negative bacilli constituted 80% followed by gram negative coccobacilli rods (20%) 

 

Biological activity of the isolates: 

The growing interests in marine microbiology is partly due to the existence of species with varied metabolic properties that enable them to survive and 

grow under unfavorable conditions and produce several secondary metabolites. Rosenfeld and Zobell (1947) first demonstrated that marine bacteria 

produce antimicrobial substances. The first documented bioactive marine bacterial metabolite was the highly brominated pyrrole antibiotic, isolated 

from a bacterium obtained from the surface of the Caribbean Sea grass Thalassia (Burkholder et al., 1966). In recent years it has been increasingly 

realized that biofilms contain a higher proportion of often pigmented, antibiotic producing bacteria than other regions (Lemos et al., 1986, Burgess et 

al., 2003). 
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Clinical microbiologists use paper disk method as a popular means to determine susceptibility of bacteria to antibiotics and chemotherapeutic agents. 

The standard filter paper used for the antibiotic disc assays is composed of cellulose. The free hydroxyl groups present on each of the glucose residue 

render the surface of the disc hydrophilic. Studies of Braithwaite and Smith (1990) showed that as bioactive compounds produced by most of the 

marine bacteria are cationic, they have better adsorption to surface of the disc and slowly diffuse into the medium. Hence, disc diffusion method was 

found to be quite suitable for initial screening of marine isolates. However, as more than one type of bioactive compounds of different nature can be 

produced by same organism, further characterization of the potential organisms may need testing using other approaches or employing different disc 

materials to facilitate discovery of any additional compounds (Braithwaite and Smith, 1990). 

  

Antimicrobial activity: 

Among the 20 isolates, 65% isolates haven’t shown any antimicrobial activity.25 % of them have shown antibacterial activity against E.coli (gram 

negative bacteria),while 15% of them exhibited antibacterial activity against B.subtilis (gram positive bacteria).The isolates MB 13 and 18 showed 

antibacterial activity on  both  E.coli and  B.subtilis. MB 10 & 13 isolates exhibited antimicrobial activity against both bacteria and fungi. 35% isolates 

showed only antifungal activity. MB 10 showed highest activity against bacteria and fungi. 

Isolation and screening of crude oil degrading bacteria: 

Complex processes of oil transformation in the marine environment start developing from the first seconds of oil's contact with seawater. The 

progression, duration, and result of these transformations depend on the properties and composition of the oil itself, parameters of the actual oil spill, 

and environmental conditions.  

 

Spills of non-petroleum hydrocarbons including vegetable oils and fish oils are of environmental concern because of their potential to cause serious 

effects on marine life and coastal environments. Biodegradation by indigenous microorganisms is an important and potentially ubiquitous process 

affecting both the chemical composition and physical properties of contaminant oils. Data on the environmental persistence of non-petroleum oils is 

now required for risk assessments and decision making by spill responders. This article investigates the biodegradability of various vegetable and fish 

oils under the influence of natural bacteria in seawater. 

 

The influence of nutrients and microbial environment on changes in bacterial numbers and the extent and rate of degradation for various test oils 

(olive, mustard, canola and cod liver oils) were studied over time. Time-series visual and microscopic observations were made to characterize physical 

changes in the residual oils, formation of floating and precipitate particles, oil droplets and dispersion. 

The fate of most petroleum substances in the marine environment is ultimately defined by their transformation and degradation due to microbial 

activity. About a hundred known species of bacteria and fungi are able to use oil components to sustain their growth and metabolism. In pristine areas, 

their proportions usually do not exceed 0.1-1.0% of the total abundance of heterotrophic bacterial communities. In areas polluted by oil, however, this 

portion increases to 1-10%. 
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When petroleum is spilled into the sea, it spreads over the surface of the water. It is subjected to many modifications, and the composition of the 

petroleum changes with time. This process is called weathering, and is mainly due to evaporation of the low- molecular-weight fractions, dissolution of 

the water-soluble components, mixing of the oil droplets with seawater, photochemical oxidation, and biodegradation. 

Oil aggregates look like light gray, brown, dark brown, or black sticky lumps. They have an uneven shape and vary from 1 mm to 10 cm in size 

(sometimes reaching up to 50 cm). Their surface serves as a substrate for developing bacteria, unicellular algae, and other microorganisms. Besides, 

many invertebrates (e.g., gastropods, polychaetes, and crustaceans) resistant to oil's impacts often use them as a shelter. 

Many oil spills in the sea cause shoreline pollution, despite efforts to prevent the drift of a spill toward the coastline. Cleaning up a polluted coastline by 

enhancing microbial activities was first attempted in 1989 after the spill from the Exxon Valdez. The initial measure taken after this accident was 

physical washing with high-pressure water. 

Biochemical processes of oil degradation with microorganism participation include several types of enzyme reactions based on oxygenases, 

dehydrogenases, and hydrolases. These cause aromatic and aliphatic hydrooxidation, oxidative deamination, hydrolysis, and other biochemical 

transformations of the original oil substances and the intermediate products of their degradation. 

 In conclusion, application of oil degrading bacteria in the contaminated sea water is a proven alternative treatment tool that can be used to treat certain 

aerobic oil-contaminated environments. Typically, it is used as a polishing step after conventional mechanical cleanup options have been applied. It can 

be very cost – effective, although an in depth economic analysis has not been conducted to date. It has the advantage that the toxic hydrocarbon 

compounds are destroyed rather than simply moved to another environment. This method is not considered a primary response tool, although it could 

be so used if the spilled oil does not exist as free product and if the area is remote enough not to require immediate cleanup to satisfy a tourism 

industry. If the affected environment is a high energy shore line, the usage of degrading bacteria will be less likely effective than on a lower shoreline.   

In conclusion the results obtained during this study indicated that the antimicrobial activity was due to the production of antibacterial compound in 

case  of B. subtilis and fungal cultures of Aspergillus flavus, Aspergillus oryzae, Aspergillus niger, Trichoderma viridae.  The compound could be 

extracted from growth medium by extraction with organic solvents whereas crude extract of antibacterial activity producing strain E.coli did not show 

any activity. This investigation reveals the importance of marine bacteria in the evaluation of antibacterial activity. 

 The biodegradation process of oil contaminated sea water was significantly influenced by environmental conditions, with a higher rate and extent of 

biodegradation observed in seawater amended with nutrients and wastewater that contained elevated numbers of bacteria and nutrients. All results 

clearly revealed a significant response of the samples to oil-contaminated seawater environments. Observations on changes in the physical properties 

of the residual oil may be important in the context of oil spill response strategies. 

Further it may be investigated that different oils respond in different rates and extents to biodegradation depending on their stability, viscosity and 

compositions. 



RESEARCH ARTICLE                                    L.K.Mahalakshmi et al, IJRRPAS, 2013, FEB,  3(1) 1-44                            ISSN 2249-1236 

 

34 
Available on www.ijrrpas.com 

 Aneja, K.R. 1993. Experiments In Microbiology, Plant pathology and Tissue culture 3rd Edition. Wishroa Prakasham Publication. pp.74-127. 

 Acebal, C., L. M. Cañedo, J. L. F. Puentes, J. P. Baz, F. Romero, F. De La Calle, M. D. G. Grávalos, and P. Rodrigues.1999. Agrochelin, a new cytotoxic 

antibiotic from a marine Agrobacterium. Taxonomy, fermentation, isolation, physicochemical properties and biological activity. Journal of  

Antibiotics. 52: 983-987.   

 Alanis, A. J. 2005. Resistance to antibiotics: are we in the post-antibiotic era? Archieves in  Medical  Research. 36(6):697-705.  

 Anand, TP., AW. Bhat, YS. Shouche, U. Roy, J. Siddharth, S.P. Sarma.2006. Antimicrobial activity of marine bacteria associated with sponges from 

the waters off the coast of South East. India. Microbiological  Reviews. 161(3): 252-62.  

 Atlas, R.M, 1981. Microbial degradation of petroleum hydrocarbons: an environmental perspective. Microbiological reviews. 45: 180-209. 

 Al-Tahhan RA, Sandrin TR, Bodour AA, Maier RM, 2000. Rhamnolipidinduced removal of lipopolysaccharide from Pseudomonas aeruginosa: 

Effect on cell surface properties and interaction with hydrophobic substrates. Applied and Environmental  Microbiology. 66 (8):3262-3268. 

 Berdy J, (2005). Bioactive microbial metabolites. Journal of  Antibiotechnol. (Tokyo), 58: 1-26. 

 Baltz RH, (2006). Combinatorial biosynthesis of novel antibiotics and other secondary metabolites in actinomycetes. SIM News 56: 148-158. 

 Blunt JW, Prinsep MR, (2006). Marine natural products. Natural  Productive Reproductivity. 23: 26-78. 

 Becker BM, Lechavier HA, (1964). Rapid differentiation between Nocardia and Streptomyces by paper chromatography of whole cell 

hydrolysates. Applied  Microbiology. 12: 421-423. 

 Bergey's manual of determinative bacteriology (2000). Actinomycetales, 9th edition. Bull AT, Stach JEM (2005). Marine actinobacteria: 

perspectives, challenges, future directions. Antonie Van Leeuwenhoek, 87: 65-79. 

 Bernan,V. S., M. Greenstein, W. M. Maiese, (1997). Marine microorganisms as a source of new natural products. Advances in  Applied. 

Microbiology. 43: 57-89.  

 Blunt, J. W., B. R. Copp, M. H. G. Munro, P. T. Northcote, and M. R. Prinsep, (2004). Marine natural products. Natural  Productivity Research. 21 

(1): 1 - 49.  

 Burgess, J. G., E. M. Jordan, M. Bregu, A. Mearns-Spragg, K. G. Boyd, (1999). Microbial antagonism: A neglected avenue of natural products 

research. Journal of Biotechnology. 70 (1-3): 27 - 32.  

 Burkholder, P. R., P. Fisher, R. M. Leitz,  (1996). Production of a pyrrole antibiotic by a marine bacterium. Applied  Microbiology. 14: 649-653.  

 Bush, K. (2004) Antibacterial drug discovery in the 21st century. Clinical  Microbiological  Infectivity.10 (4): 10 - 17.   

 Balba, M.T., Y. AL-Shayji, N. Al-Awadhi, and A. Yateem, 2002. Isolation and characterization of biosurfactant-producing bacteria from oil 

contaminated soil. Soil and sediment contamination, 11: 41-55. 

 

 Bragg, J. R. R.C. Prince, J.B. Wilkinson, and R.M. 1992. Atlas Bioremediation for shoreline cleanup following the 1989 Alaskan oil spill.Houston, 

TX : Exxon co.24:345-354 

 Barkay T, Navon–Venezia S, Ron EZ, Rosenberg E (1999). Enhancement of solubilisation and biodegradation of polyaromatic hydrocarbons by 

the bioemulsifier alasan. Applied and  Environmental  Microbiology. 65 (6):2697-2702.  



RESEARCH ARTICLE                                    L.K.Mahalakshmi et al, IJRRPAS, 2013, FEB,  3(1) 1-44                            ISSN 2249-1236 

 

35 
Available on www.ijrrpas.com 

 Bogardt AH, Hemmingsen BB 1992. Enumeration of phenanthrene degrading bacteria by an overlayer technique and its use in evaluation of 

petroleum contaminated sites. Applied and  Environmental  Microbiology. 58 (8):2579-2582.  

 Bodour AA, Miller-Maier RM (1998). Application of a modified drop collapse technique for surfactant quantitation and screening of 

biosurfactant-producing microorganisms. J Microbiol Meth ; 32 (3): 273-280.  

 Bein, S.J. 1954. A study of certain chromogenic bacteria isolated from ‘red tide’ water with a description of a new species. Bulletein Marine 

Science Gulf Science. 4:110 – 119. 

 Cragg GM, Newman DJ (2005). Anticancer Agents from Natural Products. Taylor & Francis. Freshney RI (2006). Culture of Animal Cells: A 

Manual of Basic Technique. (Fifth Ed.) New Jersey:Wiley Liss, Inc. Hayakawa M, Nonomura H (1993). New actinomycete selective isolation 

medium HV agar. (In Selective isolation of terrestrial actinomycete) pp. 4-25. 

 Chin YW, MJ. Balunas, HB. Chain, AD Kinghorn (2006). Drug discovery from natural sources. AAPS J. 14; 8 (2): 239-53.  

 Cooper DG, Goldenberg BG. Surface active agents from two bacillus species. Appl Environ Microbiol 1987; 53(2):224-229. Carrillo PG, Mardaraz 

C, Pitta-Alvarez SI, Giulietti AM. Isolation and selection biosurfactant-producing bacteria. World J Microbiol Biotechnol 1996; 12 (1):82-84.  

 Christofi N, Ivshina IB (2002). Microbial surfactants and their use in field studies of soil remediation. Journal of Applied Microbiology. 

93(6):915-929. 

 Cappucino, J.G. and Sharma, N. 1999. Denitrfication. In: Microbiology a laboratory manual international student edition. 4th edition. Addison 

Wesely Publication. pp.313 

 Chandramohan, D. 1997. Recent advances in marine microbiology: The Indian  Scenario. Journal of Marine Biotechnology.5: 73-81 

 Dean SM, Jin Y, Cha DK, Wilson SV, Radosevich M. (2001), Phenanthrene degradation in soils co-inoculated with phenanthrene degrading and 

biosurfactant producing bacteria. Journal of  Environmental  Quality. 30(4):1126-1133.  

 Desai JD, Banat IM. (1997) Microbial production of surfactants and their commercial potential. Microbiology and  Molecular  Biology Reviews.  

61(1):47-64.  

 Donia, M., and M. T. Hamann, (2003).  Marine natural products and their potential applications as anti-infective agents. Lancet Infect. Dis. 3 (6): 

338 - 348.  

 Engel, S., Jensen, P.R., Fenical, W. 2002. Chemical ecology of marine microbial defense. Journal of Chemical Ecology. 28: 1971 – 1985. 

 Faulkner, D.J. (2002) Marine natural products. Natural  Product Reproductivity. 19, 1-48.  

 Fenical, W. (1993) Chemical studies of marine bacteria: developing a new resource. Chemical  Reviews. 1673-1683.   

 Feng J, Zeng Y, Ma C, Cai X, Zhang Q, Tong M et al.(2006). The surfactant tween 80 enhances biodesulphurization. Applied and  Environmental  

Microbiology.  72(11):7390-7393.  

 Fennical, W. 1997. New pharmaceuticals from marine organisms. Trends in Biotechnology. 15: 339-34.  

 Gerard, J., M. P., P. Haden, M. T. Kelly, and R. J. Andersen. Loloatins A-D,(1999) cyclic decapeptide antibiotics produced in culture by a tropical 

marine bacterium. Journal of Natural  Productivity. 62: 80-85.  

 Garrity, G.M. Johnson, K.L., Bell, J. and Searles, D.B. 2002. Taxonomic onfline of the prokaryotes. In Bergey’s Manual of Systematic Bacteriology, 

2nd edn.Release 3.0. July 2002. New York: Springer. 



RESEARCH ARTICLE                                    L.K.Mahalakshmi et al, IJRRPAS, 2013, FEB,  3(1) 1-44                            ISSN 2249-1236 

 

36 
Available on www.ijrrpas.com 

 

 Gauthier, M.J. 1977. Alteromonas ulvae, a new gram negative, yellow pigmented species from sea water. International Journal of Systematic 

Bacteriology. 27: 349 – 354. 

 

 Gopal, B. and Zutshi, D.P. 1998. Fifty years of hydrobiological research in India.Hydrobiologia.384: 267-274. 

 

 Gunn, N., Woods, D.C., Blunn, G., Fletcher, R.L. and Jones, E.B.G. 1987. Problems associated with marine microbial fouling. In “Microbial 

Problems in the Offshore Oil Industry” (E.C.Hill, J.L. Sherman and R.J. Walkinson, edn), Wiley, London. pp. 175-200 

 Hans-Peter, G., S. Andrea, B. Michael, S. Meinhard, B. Thorsten. (2004) Antagonistic activity of bacteria isolated from organic aggregates of the 

German Wadden Sea. FEMS Microbiology Ecology 1619: 1-11.  

 Holmstrom, C., and S. Kjelleberg(1999). Marine Pseudoalteromonas species are associated with higher organisms and produce biologically 

active extra cellular agents. FEMS Microbiology  Ecology. 30 (4): 285 - 293.   

 Head IM, Swanell RPJ(1999). Bioremediation of petroleum hydrocarbon contaminants in marine habitats. Current Opinion Biotechnology. 

10(3): 234-239.  

 Horowitz A, Gutnick D, Rosenberg E.(1975) Sequential growth of bacteria on crude oil. Applied  Microbiology. 30(1):10-19.  

 Holt, J.G., Krieg, N.R., Sneath, P.H.A., Staley, J.J. and Williams, S.T. 1994. Bergey’s Manual of Determinative Bacteriology, 9th edn., Williams and 

Wilkins, Baltimore, M.D, pp. 65-69. 

 

 Hyde, K.D., Jones, E.B.G., Leano, E., Pointing, S.B., Poonyth, A.D. and Vrijmoed, L.L.P. 1998. Role of fungi in marine ecosystems. Biodiversity and 

Conservation. 7:1147-1161. 

 Iwabuchi N, Sunairi M, Anzai H, Nakajima M, Harayama S(2000). Relationships between colony morphotypes and oil tolerance in Rhodococcus 

rhodochrous. Applied and  Environmental  Microbiology. 66 (11):5073-5077.  

 Imada C, Okami Y (1998). A novel marine Bacillus with multiple amino acid analog resistance and selenomethionine-dependent antibiotic 

productivity. Journal of Marine Biotechnology. 6: 189-192. 

 Imamura, N., M. Nishijima, T. Takadera, K. Adachi, M. Sakai, and H. Sano. (1997). New anticancer antibiotics, pelagiomicins produced by a new 

marine bacterium Pelagiobacter variabilis. Journal of Antibiotibiotics. 50: 8-12.  

 Isnansetyo A, and Y. Kamei(2003). Pseudoalteromonas phenolica sp. nov., a novel marine bacterium that produces phenolic anti-methicillin-

resistant Staphylococcus aureus substances. International Journal of Systematic and Evolutionary Microbiology. 53(Pt 2): 583-8.  

 Itoh, S. and T. Suzuki, 1972. Effect of Rhamnolipids on growth of Pseudomonas aeruginosa. Mutant deficient in n-paraffinutilizing ability. 

Agricultural  biological chemistry.36:2233-2235. 

 Jayaswal, K. Radheshyam, Marcel, A, (1990). Fernandez Isolation and characterization of Pseudomonas strain that restrict growth of various 

phytopathogenic fungi. Applied Environmental  Microbiology. 56: 1053-1058.  



RESEARCH ARTICLE                                    L.K.Mahalakshmi et al, IJRRPAS, 2013, FEB,  3(1) 1-44                            ISSN 2249-1236 

 

37 
Available on www.ijrrpas.com 

 Jensen, P.R. and Fenical, W. 1994. Strategies for the discovery of secondary metabolites from marine bacteria : ecological perspectives. Annual 

Review of Microbiology. 48: 559-584. 

 Jones, E.B.G. 1994. Fungal adhesion. Mycological Research. 98: 961-981  

 

 Kim TK, Garson MJ (2005). Marine actinomycetes related to the ‘Salinospora' group from the Great Barrier Reef sponge Pseudoceratina clavata. 

Environmental Microbiology. 7: 509-518. 

 

 Kiyohara H, Nagao K, Yana K(1982). Rapid screening for bacteria degrading water insoluble solid hydrocarbon on agar plates. Appl Environ 

Microbiol ; 43(2):454-457.  

 Krieg NR, Holt JG, 1984. Bergey’s manual of systemic bacteriology. Vol. 1. Baltimore: Williams and Wilkins;   

 Kritika Sakalle and Shalini Rajkumar,. 2009. Isolation of Crude Oil Degrading Marine Bacteria and Assessment for Biosurfactant Production. 

Journal of Microbiology.7(2):21-35 

 Leahy JG, Colwell RR, 1990. Microbial. Degradation of hydrocarbons in the environment. Microbial  Reviews. 54(3):305-315.  

 Lemos, M. L., A. E. Toranzo and J. L. Barja, 1985. Antibiotic activity of epiphytic bacteria isolated from intertidal seaweeds. Microbiology  

Ecology. 11: 149-163.   

 Lam KS (2006). Discovery of novel metabolites from marine actinomycetes. Current  Opinion in Microbiology. 9: 245-251. 

 Leifson, 1951. Staining, Shape and Arrangement of bacterial flagella. Journal of Bacteriology. 62:377-389. 

 

 Leifson, E.1963. Determination of carbohydrate metabolism of marine bacteria. Journal of Bacteriology. 85: 1183 – 1184. 

 Mann J (2001). Natural products as immunosuppressive agents. Natural  Proceedings Reproductive. 18: 417-430. 

 Masayuki H, Hideo N (1987). Humic Acid-Vitamin Agar, a New Medium for the Selective Isolation of Soil Actinomycetes. Journal of  

Fermentation Technol. 65: 501-509. 

 McCarthy, S. A., R.M. Johnson, and D. Kakimoto, (1994). Characterization of an antibiotic produced by Alteromonas luteoviolacea Gauthier 1982, 

85 isolated from Kinko Bay. Japanese Journal of  Applied  Bacteriology. 77: 426-432.  

 Monteiro, L, (2002). Produção de substâncias bioativas de Bacillus spp. contra Xanthomonas campestris pv. campestris. MSc Thesis, 

Universidade Federal de Pernambuco, Brazil.  

 Morikawa M, Daido H, Takao T, Murata S, Shimonishi Y, Imanaka T, 1993 . A new lipopeptide biosurfactant produced by Arthrobacter sp. strain 

MIS 38. Journal of Bacteriology. 175(20):6459-6466. 

 Mackie and McCartney. 1989. Practical Medical Microbiology. (Collee, G., Duguid, J.P.,Fraser, A.G. and Marmion, B.P. Eds.). 13th Edition. 

Churchill Livingstone,Edinburgh, London,Melbourne and New York. 2: pp. 43 – 160. 

 



RESEARCH ARTICLE                                    L.K.Mahalakshmi et al, IJRRPAS, 2013, FEB,  3(1) 1-44                            ISSN 2249-1236 

 

38 
Available on www.ijrrpas.com 

 Marquez, M.C., Ventosa, A. Ruiz-Berraquero, F. 1987. A taxonomic study of heterotrophic halophilic and non-halophilic bacteria from a solar 

saltern. Journal of General Microbiology. 133: 45-56. 

 

 Matsuura Y, Kusunoki M, Harada W, Kakudo M (1984). Structure and possible  catalytic residues of taka-amylase A. Journal of  Biochemistry. 

95: 697. 

 

 Mearns-Sprag, A., Bregu, M., Boyel, K.G., Burgess, J.G. 1998. Cross species induction and enhancement of antimicrobial activity produced by 

epibiotic bacteria from marine algae and invertebrates, after exposure to terrestrial bacteria. Letters in Applied Microbiology. 27: 142-146. 

 

 M.J.E.C. van der Maarel, B. van der Veen, J.C.M. Uitdehaag, H. Leemhuis, L. Dijkhuizen, (2002), Properties and applications of starch-converting 

enzymes of the a-amylase family, Journal of  Biotechnology. 94   137–155. 

 

 Nair, S. and Simidu, U. 1987. Distribution and significance of heterotrophic marine bacteria with antibacterial activity. Applied and 

Environmental Microbiology. 53: 2957-2962. 

 Oloke JK, Glick BR, (2005). Production of bioemulsifier by an unusual isolate of salmon/red melanin containing Rhodotorula glutinis. African 

Journal of  Biotechnology. 4(2):164-171.  

 Pirnik MP, Atlas RM, Bartha R, 1974. Hydrocarbon metabolism by Brevibacterium erythrogenes: Normal and Branched alkanes. Journal of  

Bacteriology. 119(3):868-878.  

 Phillips GJM, Stewart JE, 1974. Effect of four dispersants on biodegradation and growth of bacteria on crude oil. Applied  Microbiology. 284 

(40):547-552.  

 Peppiatt, C.J., Armstrong, A., Pisacane, A. and Burges, J.G. 2000. Antibacterial activity of resin based coatings containing marine microbial 

extracts. Biofouling. 16:225-234. 

 Poonam N, Dalel S (1995). Enzyme and microbial systems involved in starch processing. Enzyme Microbiology and  Technology. 17: 770-778. 

 Ron EZ, Rosenberg E, 2001. Natural roles of biosurfactants. Environmental Microbiology. 3(4):229-236.  

 Rouse JD, Sabatini DA, Suflita JM, Harwell JH, 1994. Influence of surfactants on microbial degradation of organic compounds. Critics in Review 

Environmental Science and Technology. 24(4):325-270.  

 Raghukumar, S. and Anil, A.C. 2003. Marine biodiversity and ecosystem functioning: A perspective. Current Science. 84: 884-892. 

 Strohl WR (2004). Antimicrobials In Microbial Diversity and Bioprospecting. Edited by Bulletin AT. ASM Press: 336-355. 

 Shiomi KT, Takeuchi (1990). New antibiotic produced by Micromonospora globosa. J.  of Antibiotechnol. 43: 1000-1005. 

 Shiozawa, H., T. Kagasaki, T. Kinoshita, and H. Haruyama,  (1993). Thiomarinol, a new hybrid antimicrobial antibiotic produced by marine 

bacterium. Journal of Antibiotics. 46: 1834-1841.  



RESEARCH ARTICLE                                    L.K.Mahalakshmi et al, IJRRPAS, 2013, FEB,  3(1) 1-44                            ISSN 2249-1236 

 

39 
Available on www.ijrrpas.com 

 Singh MP, F. Kong, J. E. Janso, D. A. Arias, P. J. Petersen, P. Suarez, VS. Bernan, G. Carter, M, (2003). and Greenstein. Novel ?-Pyrones Produced by 

a Marine Pseudomonas sp. F92S91: Taxonomy and Biological Activities. The Journal of Antibiotics. 56 (12): 1033 - 1044.  

 Sneath PA, Mau NS, Sharpe ME, Holt JG, 1986. Bergey’s manual of systemic bacteriology. Vol II. Baltimore: Williams and Wilkins;   

 Sarma, S.D. and Arora, P. 2001. Halophiles. Encyclopedia of life Sciences. pp. 1-9. 

 Sneath, P.H.A., Nair, N.S., Sharpe, M.E., Holt, J.G. 1986. Bergey’s Manual of Systemic Bacteriology. vol I-IV. Williams and Wilkins, Baltimore. 

 Thavasi R, Jayalaksmi S, Balasubramanium T, Banat IM,  2007. Bio surfactant production by Corynebacterium kutscheri from waste motor 

lubricant oil and peanut oil cake. Letters in  Applied  Microbiology. 45(6):686-691) 

 Uzair B., N. Ahmed, V. Ahmed, F. Kousar,  (2006). A new antibacterial compound produced by indigenous marine bacteria; fermentation, 

isolation and biological activity. Natural  Proceedings  Research. 20 (14): 1326-1331.   

 Urum, K, T. Pekdemir, and M. Gopur, 2003.Optimum conditions for washing of crude oilcontaminated soil with biosurfactant solutions. Process 

safety and environm. protec.: Transacive of the Institute of chemical  engineering. 81:203-209. 

 

 Van der Maarel MJEC, van der Veen B, Uitdehaag JCM, Leemhuis H, Dijkhuizen L (2002). Properties and applications of starchconverting 

enzymes of the α-amylase family. Journal of  Biotechnology. 94:137-155 

 

 Venkataraman, K. and Wafar, M.V.M. 2005. Coastal and marine biodiversity of India. Indian Journal of Marine Sciences. 34: 57-75. 

 

 Ventosa, A., Nieto, J.J. and Oren, A. 1998. Biology of moderately halophilic aerobic bacteria. Microbial and Molecular Biological Review. 62: 504 – 

544. 

 

 Woese, C.R. 1987. Bacterial Evolution. Microbiology Reviews. 51: 221-271. 

 Witte, W, (1999). Antibiotic resistance in Gram positive bacteria: epidemiological aspects. J. Antimicroial. Chemotheaphy. 44(1): 1-9.   

 Windish WW, Mhatre NS (1965). Microbial amylases. In; Wayne WU, editor. Advances in Applied Microbiology 7:273-304. 

 Wouter, H.N, and B.J. Dick, 2002. Rhamnolipid stimulates up-take of hydrophobic compounds by Pseudomonas aeruginosa. Applied and 

Environmental Microbioogy. 68:4502-4508. 

 Whyte LG, Slagman SJ, Pietratonio F, Bourbonniere L, Koval SF, Lawrence JR et al (1999) Physiological adaptations involved in alkane 

assimilation at a low temperature by Rhodococcus sp. Strain Q15. Applied and Environmental Microbioogy 65(7):2961-2968.  

 Zhang Y, Miller RM (1992). Enhanced octadecane dispersion and biodegradation by a Pseudomonas rhamnolipid surfactant (biosurfactant). 

Applied and Environmental Microbioogy 58(10): 3276-3282.  

 

 



RESEARCH ARTICLE                                    L.K.Mahalakshmi et al, IJRRPAS, 2013, FEB,  3(1) 1-44                            ISSN 2249-1236 

 

40 
Available on www.ijrrpas.com 

Artificial Sea water (ASW) 

 

Sodium chloride   -   6 g 

Potassium chloride   -   0.170 g 

Magnesium chloride         -   1.3 g 

Magnesium sulphate   -   1.75 g 

Distilled water   -   1000 ml 

 

 

Christensen’s medium 

 

Peptone    -   0.1 g 

Sodium chloride   -   1.2 g 

Dipostassium hydrogen 

phosphate    -   0.2 g 

Phenol red    -   0.002% 

Glucose 10%    -   1 g in 10 ml - 1 ml 

Urea 20%    -   2 g in 10 ml - 2 ml pH: 6.8-6.9 

Agar     -   2 g 

Distilled water    -   100 ml 

 

 

Glucose phosphate peptone medium 

 

 

Peptone    -   0.5 g 

Dipotassium hydrogen phosphate -   0.5 g 

NaCl     -   1.2 g 

Glucose 10%    -   5 ml (1 g in 10 ml) 

Distilled water    -   100 ml 
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GP/10 medium 

 

Gelatin     -   2.5 g 

Tryptone    -   0.5 g 

Yeast extract    -   0.05 g 

ASW     -   1000 ml 

 

 

GP/10 Agar 

 

 

GP/10 media with 2% Agar 

 

Milk medium 

 

Nutrient agar with 1.2% NaCl    -   100 ml – (87.5 ml) 

Skimmed milk       -   1% 

NaCl        -   1.2 g 

pH - 7.0 + 0.2 

 

Nutrient agar 

 

Peptone      -   5 g 

Beef extract      -   3 g 

NaCl       -   12 g 

Agar       -   20 g 

Distilled water        -   1000 ml 

 

Nitrate broth 

Potassium nitrate   -   0.02 mg 

Sodium chloride   -   1.2 g 

Peptone    -   0.5 mg 

Distilled water    -   100 ml 
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Nutrient-Gelatin agar medium 

 

                              Potassium dihydrogen phosphate -   0.5 g 

Dipotassium hydrogen phosphate -   1.5 g 

Gelatin              -   4 g 

Glucose        -   0.05 g 

NaCl         -   12 g 

Nutrient agar            -   1000ml 

 

Nutrient - Starch agar medium 

 

Soluble starch        -   0.2g 

NaCl      -   1.2 g 

Nutrient agar        -   100 ml 

 

Peptone water 

 

Peptone       -   2 g 

Sodium chloride      -   1.2 g 

Distilled water          -   100 ml 

 

Potato dextrose agar 

                              Potatoes                     -   200 g 

Dextrose       -   20 g 

Agar        -   20 g 

Distilled water          -   1000 ml 

Simmon’s citrate 

                             Magnesium sulphate    -   0.20 g 

Ammonium hydrogen phosphate -   1.0 g 

Dipotassium phosphate      -   1.0 g 

Sodium citrate       -   2.0 g 

Sodium chloride     -   12 g 

Bromo thymol blue     -   0.08 g 

Agar       -   15 g 
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Distilled water       -   1000 ml 

 

REAGENTS: 

Andrade’s Indicator 

 

 

Acid fuschin   -   0.5 g 

Distilled water   -   100 ml 

1N NaOH solution was added until the colour changes to yellow. 

 

 

Gram’s Stain 

 

(i) Crystal violet 

Sol A - Crystal violet   –   1 g 

Alcohol 95%    -   20 ml 

Sol B - Ammonium oxalate  –   0.8 g 

Distilled water    –   80 ml 

   Mix A + B 

 

(ii) Gram’s iodine 

 

Iodine     -   1 g 

Potassium iodide   -   2 g 

Distilled water    -   300 ml 

 

(iii) Saffranin solution 

 

Saffranin    -   1 g 

Distilled water    -   100 ml 
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Kovac’s reagent 

 

 

P-dimethyl amino benzaldehyde -   5 g 

Amyl alcohol    -   75 ml 

Conc. HCl    -   25 ml 

 

Lead acetate strips 

 

Whatmann No : 1 filter paper strips were soaked in freshly prepared lead acetate strips (0.5 g of lead acetate in 10 ml of distilled water and allow them 

to dry and store). 

 

Methyl red indicator 

 

Methyl red    -   0.1 g 

Ethanol    -   300 ml 

Distilled water    -   200 ml 

 

O’ meara reagent 

 

40% Potassium hydroxide  -   0.5 ml 

Creatine    -   0.3 g 

Sabrauds Broth 

 

Dextrose   -  2g   

Yeast extract   -  1g   

Peptone   -  1.5g 

Distilled water   -  100ml 

Tannic acid solution 

 

Tannic acid    -   1 g 

Distilled water    -   100 ml 

 

 


