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Marine microorganisms have unique properties since they have to adapt to extreme 
marine environment conditions, which lead to a rich biological and genetic diversity. 
These specific microorganisms have special properties. The marine environment has 
recently become a striking research area for many investigators, because of its wealthy 
biodiversity. Plant growth promoting bacteria are the potential tools for future of 
sustainable agriculture. Plant Growth Promoting Bacteria (PGPB) plays an important role 
in agricultural field by controlling the growth of phytopathogenic fungi. The present 
study was mainly focused to screen the novel extracellular enzyme producing and 
antagonistic bacteria from the unexplored marine environment. 
KEYWORDS: Marine microorganism, Agriculture, Plant growth promoting bacteria, 
Enzyme 
INTRODUCTION 
The microbial universe is the greatest unexplored pool of biodiversity on Earth and it 
represent about 60% of the total biomass (Demain and Sanchez, 2009). Microorganisms 
play a significant role in the sustainability and maintenance of any ecosystem as they 
have the ability for rapid adjustment towards environmental changes and degradation. 
Microorganisms modulate the composition of the atmosphere, recycle nutrients, affect 
climate and degrade pollutants (Huse et al., 2008). The marine environment provides a 
wide range of habitats including extremes of temperature, salinity, light and pressure and 
sediment rich in organics encountered by life (Vijayan et al., 2012).  
Prospecting the marine natural biodiversity – Marine bioprospecting – the systematic and 
targeted investigation in marine microorganisms to discover new natural products, genes 
or proteins with biomedical, agricultural or biotechnological potential. There are 
numerous studies reported in the recent years about the biological activities such as 
antibacterial, antiviral, anticancer and anti-inflammatory activities of metabolites from 
marine organisms (Bhadury et al., 2006; Newman and Hill 2006).  
In the context of growing concern for food and environmental quality, the application of 
plant growth promoting bacteria [PGPB] is potentially an important remedy for 
minimizing chemical inputs to agriculture. Growth enhancement through enzymatic 
activity is another mechanism used by plant growth promoting bacteria. Lysis by 
hydrolytic enzymes excreted by microorganisms is a well-known feature of 
mycoparasitism. Some biocontrol PGPB strains have been found to produce hydrolytic 
enzymes including chitinase, protease, cellulase or beta1,3-glucanase, one of the chief 
components of fungal cell wall were shown to suppress plant diseases. 
 

Abstract 
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MATERIALS AND METHODS 

Isolation of Total Heterotrophic Bacteria from Marine Sediment Samples 

Twenty wet sediment samples were collected from different sites of Arabian Sea, off the 
coast of Thiruvananthapuram. These samples were used for the qualitative and 
quantitative bacteriological examination and Standard Plate Count (SPC) or Total Plate 
Count (TPC) method was adopted for the enumeration of total heterotrophic bacteria 
present in the sediment samples. 

Enumeration of Total Heterotrophic Bacteria from marine Sediment Samples by 
Standard Plate Count Method [SPC] 

One gram of each sediment sample was aseptically transferred to 10ml of sterile 
physiological saline blank set and mixed thoroughly. This gives a 10 times dilution (10-1). 
1ml of the 10-1 dilution was transferred to second set of test tubes with 9ml sterile sea 
water diluent. This gives 100 times dilution (10-2). In a similar way dilutions were 
continued upto10-6 serially. 0.1ml of sample from each dilution was aseptically 
transferred to sterile dried Zobell Marine Agar [ZMA]  [2216- HiMedia, M384] plates. 
The samples were carefully spreaded over the entire media surface using sterile L-rod. 
The plates were incubated for 24-48 hours at room temperature. The number of bacterial 
colonies formed on the plates was counted. Then the number of bacteria present per gram 
of original sample was enumerated using the given formula: -  

The number of Colony Forming Units (CFUs) per gm of sample = The number of  

colonies (30-300 plate) X The dilution factor of the plate counted.  

Extracellular Enzyme Characteristics of Bacterial Isolates 

Catalase Test  

This test was performed by adopting the method described by (Schaad, 1992) with little 
modification. Bacterial cultures were grown in sterile Zobell marine agar plates at 30ºC 
for 24 hour to detect the catalase activity. Few drops of 3.0% hydrogen peroxide (H2O2) 
were added to the bacterial colony taken on clean glass slides using sterile tooth-pick. 
The formation of effervescence indicated the presence of catalase enzyme. 

Oxidase Test  

The method described by (Gaby and Hadley, 1957) with slight modification was adopted 
for this assay. Small amount of bacterial cultures were rubbed on the reagent impregnated 
sterile disc (HIMEDIA- DD018) using sterile glass rod. Formation of dark purple colour 
within few seconds indicated oxidase activity. 

Amylase (starch hydrolysis) Test 

This test was carried out by using the method of (Collin, 1995) with slight modification. 
The bacterial isolates were spot inoculated on to sterile starch agar plates and incubated 
the plates at 30°C for 48 hours. At the end of incubation period, the plates were flooded 
with iodine solution, kept for a minute and then poured off excess iodine solution. 
Formation of clear zone surrounding the colonies against blue-black background 
indicates starch hydrolysis by the production of amylase enzyme.  
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Protease (Caseinase) Test 

The qualitative assay for extracellular protease production was performed by adopting the 
method of (Chaiharn et al., 2008) with little modification. Each bacterial isolate was spot 
inoculated onto the skim milk agar plates and incubated at 30ºC for 24 hour. 
Development of clear zone around the bacterial colony was considered as positive for 
protease production.  

Gelatinase Test 

This test was carried out by using the method described by (Collins et al., 1995) with 
slight modification. The bacterial isolates were aseptically stabbed on to sterile nutrient 
gelatin medium and an uninoculated tube was also kept as control. All the tubes were 
incubated at 25oC for 72 hours. The tubes were then refrigerated at 4oC for 30 minutes 
and examined for gelatin liquefaction. The cultures which produce gelatinase remain 
liquefied while others become solid due to the presence of gelatin. 

Lipase Test 

The bacterial cultures were streaked on to sterile tributyrene agar plates and incubated the 
plates at 30°C for 72 hours. Development of clear zone around the bacterial colonies 
indicated lipid utilization by lipase activity. 

Cellulase Test 

Cellulose agar plates with carboxy methyl cellulose [CMC] as the sole carbon source was 
used for this enzyme assay by adopting the method described by (Cappucino and 
Sherman, 2002) with little modification. The bacterial isolates were inoculated onto 
sterile CMC agar plates and allowed to incubate at 30°C for 5 days. Then the plates were 
stained with 0.1% Congo red solution and kept for 30 minutes at room temperature. Then 
the plates were destained with 1M NaCl for 15 minutes. The zone of cellulose hydrolysis 
was appeared as a clear zone surrounding the colonies against the congo red stain 
background.  

Chitinase Test 

Chitinase production was determined by the method of (Renwick et al., 1991) with slight 
modification and it was carried out in colloidal chitin agar medium. Bacterial cultures 
were streaked on to sterile solidified agar plates and incubated at 30°C for 7 days. The 
ability of chitinase production was shown by a clear halo around the bacterial colonies. 

ACC Deaminase Test 

ACC deaminase activity was determined by the method described by (Glick et al., 1995) 
with slight modification. The bacterial cultures were inoculated onto both nitrogen free 
agar plates and plates having ACC as the unique nitrogen source. Plates were incubated 
for 5 days at 30°C and observed daily for formation of colony. Newly formed colonies on 
agar plates with ACC were considered positive for ACC deaminase activity. 
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In Vitro Antagonistic Assay of Marine Bacteria against Phyto Pathogenic Fungi by 
Dual Culture Method 

Fungal Pathogens  
The various fungal pathogens isolated from infected crops and proven as pathogens like 
Curularia sp., Diploida sp., Colletotrichum sp., Rhizoctonia solani, Fusarium solani and 
Aspergillus niger grown in Potato Dextrose agar (PDA) plates were collected from the 
Plant Pathology Department, Kerala Agriculture University, Mannuthy, Kerala. 
Antifungal Activity 
The selected bacterial isolates were screened for in-vitro antagonistic activity against 
fungal phytopathogens by employing dual culture method described by (Das et al., 2015) 
with slight modification, using Potato Dextrose Agar [PDA, HIMEDIA-M096] plates. A 
loopful of 24 hour old bacterial culture grown in nutrient agar media was streaked on 
both sides of sterile PDA plates leaving 1cm from the margin. Then the mycelial agar 
discs (5mm diameter) from 5 day old actively growing culture of fungal pathogens were 
placed aseptically at the centre of the PDA plates. Plates inoculated with fungal cultures 
without bacterial antagonist served as control. The plates were incubated at 28°C for 3 
days. The antifungal activity was estimated from the inhibition of the mycelial growth of 
fungal pathogens towards the direction of actively growing bacteria. 
The percent inhibition was calculated using the formula:  
% inhibition = (R - r) / R ×100 
Where ‘R’ is the radial growth of the pathogen in control plate ‘r’ is radial growth of the 
fungal colony opposite the bacterial colony and, (Idris et al., 2007). 
RESULTS AND DISCUSSION 
Isolation and Enumeration of Bacteria from Marine Sediment Samples 
The total plate count of heterotrophic bacteria obtained from 20 different sediment 
samples were illustrated in Table 1. The number of bacterial colonies obtained was 
expressed in terms of CFU/g of sediment sample. The selected bacteria were designated 
as Marine Bacteria 1 to 26 [MB 1 – MB 26]. 

Extracellular Enzyme Assays  

The extracellular enzyme characteristics shown by the bacterial isolates were illustrated 
in Table 2. Catalase enzyme production was detected as formation of effervescence after 
the addition of H2O2. All the selected isolates were catalase positive. Among 26 isolates 
tested 14 shows oxidase reaction, 11 shows amylase activity, 15 were protease positive, 
10 shows gelatinse production, 12 were lipase positive, 8 isolates recorded cellulase and 
chitinase production and 18 isolates were positive for ACC deaminase enzyme. In this 
study, the marine bacteria were also assessed for their potential for enzyme production. It 
is well known that extracellular hydrolases provide some sort of antimicrobial potential to 
antagonists. Some earlier studies reported that synthesis of extracellular hydrolases 
correlates with antifungal potential because these hydrolytic enzymes are involved in the 
cell wall degradation of phytopathogenic fungi (Wu et al., 2014).  
In-Vitro Antifungal Activity 
The In-vitro antifungal activity of marine bacteria was illustrated in Table 3. Among the 
26 strains studied, 23 isolates showed significant antagonistic activity against diverse 
pathogens tested. The strain MB9 showed 100% antifungal activity against the pathogens 
tested. The strain MB 24 exhibited 83.3% inhibitory activity. 7.7% of tested bacteria 
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showed inhibition against 4 pathogens, 30.7% of bacterial strains exhibited inhibition 
against 3 pathogens, 19.2% isolates showed antifungal activity against two pathogens and 
11.5% isolates showed inhibition against single pathogens only. The screening was 
performed with the idea that, these potent marine strains with extraordinary potentials can 
be used for the control of plant diseases caused by some known pathogenic fungi and 
thereby enhancing the plant growth. 
CONCLUSION  

In the present study marine sediment samples were collected from different sites of 
Arabian Sea, off the coast of Thiruvananthapuram. Among the numerous heterotrophic 
bacteria obtained, morphologically distinct and frequently observed 26 isoaltes were 
selected for the study. The potent marine bacterial strains were screened for the 
production of various hydrolytic enzymes like catalase, oxidase, amylase, protease, 
lipase, gelatinase, cellulase, chitinase, pectinase and ACC deaminase. Biological control 
of plant pathogens has been a relevant research area in recent years. Biocontrol is a new 
efficient approach for controlling the deleterious effects caused by fungal pathogens. For 
this aspect, we also analyze the biocontrol efficiency of potent marine bacterial strains. 
Here the promising bacterial strains isolated from marine environment, showed 
significant in vitro antagonistic activity toward more than three phytopathogenic fungi 
tested. One promising strain [MB-9] exhibited antagonistic activity against all the fungal 
pathogens tested.  
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Table 1:    Enumeration of Total Heterotrophic Bacteria  

           From Different Marine Sediment Samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample 
Number 

Number of Bacterial Colonies 
(x105 CFU/g) 

1 27.2 
2 37.5 
3 33.9 
4 28.5 
5 27.9 
6 26.6 
7 36.5 
8 42.2 
9 27.6 
10 35.9 
11 22.2 
12 27.6 
13 26.8 
14 28.9 
15 36.5 
16 26.8 
17 34.5 
18 37.4 
19 30.6 
20 25.8 
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Table 2:    Enzyme Characteristics of Marine Bacteria 

 

+ Positive, - Negative 
 

 

 

 

 

 

Bacteri
al 

Strains 

Enzyme Characteristics 
Catalas

e 
Oxidas

e 
Amylas

e 
Proteas

e 
Gelatina

se 
Lipas

e 
Cellulas

e 
Chitina

se 
ACC 

deamina
se 

MB1 + + + - - + - - + 
MB2 + + - - + - - - + 
MB3 + + + - - - + + - 
MB4 + + - - - + - + + 
MB5 + - + + + + - + - 
MB6 + - + - + + - - + 
MB7 + - - + - - - - + 
MB8 + - - + - - - - + 
MB9 + - - + + + + + + 
MB10 + - - + + - - - - 
MB11 + + - + - + - - - 
MB12 + + + + + - + - - 
MB13 + + + + - - + - + 
MB14 + + + - - - + + + 
MB15 + - + - + + - - - 
MB16 + + - + + + - + - 
MB17 + + + - + - + - + 
MB18 + + - - + - - - + 
MB19 + - - + + + - - + 
MB20 + + - + - - - + + 
MB21 + - - + - + - - + 
MB22 + - + - - + - - + 
MB23 + - + + - - - - + 
MB24 + - - + + + + + + 
MB25 + + - - + - - - - 

 MB26 + + - + - - + - + 
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Table 3:    In-vitro Antifungal Activity of Marine Bacterial Strains against 
Phytopathogens 

S. 
No 

Bacteri
al 

Strains 

Growth Inhibition [%]* 
Curvularia 

sp. 
Diplodia 

sp. 
Colletotrichum 

sp. 
Rhizoctonia 

solani 
Fusarium 

solani 
Aspergillus 

niger 
1 MB1 38.62 + 0.51 NI 24.59 + 0.41 NI NI NI 
2 MB2 NI NI NI 26.84 + 0.68 34.81 + 1.09 56.06 + 0.72 
3 MB3 NI 26.22 + 

0.58 
NI 43.64 + 1.20 50.55 + 1.12 NI 

4 MB4 27.46 + 1.24 NI NI 43.38 + 1.06 50.67 + 1.26 NI 
5 MB5 NI NI 47.35 + 0.17 37.08 + 1.17 27.77 + 1.10 NI 
6 MB6 34.88 + 1.17 NI 24.79 + 1.23 NI NI NI 
7 MB7 NI NI NI NI NI NI 
8 MB8 NI NI NI 24.10 + 1.72 NI NI 
9 MB9 66.96 + 1.34 48.09 + 

1.11 
68.91 + 0.39 83.52 + 2.31 87.81 + 0.68 74.87 + 1.30 

10 MB10 NI NI NI NI NI NI 
11 MB11 NI NI NI NI NI NI 
12 MB12 NI NI NI 23.82 + 1.05 26.04 + 1.20 NI 
13 MB13 NI 22.22 + 

0.79 
56.18 + 0.74 NI 32.51 + 1.11 NI 

14 MB14 NI NI 42.17 + 0.66 47.54 + 0.77 25.06 + 1.19 NI 
15 MB15 35.79 + 1.18 NI 25.98 + 0.41 NI NI  NI 
16 MB16 NI NI NI NI 34.14 + 0.71 24.49 + 0.11 
17 MB17 34.12 + 0.49 NI 32.05 + 1.43 NI 40.16 + 0.44 22.67 + 1.16 
18 MB18 NI 30.79 + 

0.88 
NI NI 35.27 + 0.91 25.81 + 0.59 

19 MB19 29.92 +  
1.33 

NI NI NI NI NI 

20 MB20 NI NI 32.85 + 0.68 33.99 + 1.63 27.18 + 1.28 32.91 + 1.10 
21 MB21 NI 23.33 + 

0.41 
NI 35.92 + 1.74 23.29 + 0.99 NI 

22 MB22 25.55  + 
1.10 

NI NI NI  NI NI 

23 MB23 NI NI 46.83 + 0.91 57.19 + 0.51 48.24 +  1.17 32.89 + .25 
24 MB24 35.91 + 0.66 32.15 + 

1.22 
45.19 + 0.68 59.77 + 0.42 53.87 + 0.40 NI 

25 MB25 NI 33.95 + 
1.44 

NI NI 35.85 +  0.43 24.29 + 0.70 

26 MB26 27.41 + 1.05 NI NI NI 25.02 + 1.08 NI 
 

* Values are mean ± SD of three replications 

 NI – No Inhibition 


