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Table 1.The biochemical characteristics of microbial isolates. 
 

Biochemical parameters 
 Suggested Genera Gram 

Staining 
Motility Indole Oxidase CH2O 

Penicillin 
sensitivity 

Pigmentation 

G- + - - - - - ***Pseudomonas sp. 
G- + + + AG - - **Aeromonas sp. 
G- + + - AG - - **Enterobacter sp. 
G+ + + - - - - *Bacillus sp. 
G+ - - - - - - *Micrococcus  sp. 
G- + - - - - Orange *Flavobacterium sp. 
G- + - - - + Yellow *Cytophaga sp. 

 

*** Dominated groups; ** Moderate; * presence; AG – acid and gas. 
 
 
 
Table 2. The seawater physicochemical parameters for the study 
area. 
 

Parameter Tuticorin -  Open sea 

Salinity (‰) 35.00 
pH 7.8 
Dissolved oxygen (mg/l) 4.05 
Inorganic phosphate (µmol/l) 0.725 
Nitrite (µmol/) 0.0150 
Nitrate (µmol/) 3.37 
Ammonia (µmol/) 2.25 
Calcium (mg/l) 400 
Magnesium (mg/l) 1275 
Total phosphorus (µmol/l) 3.27 

 
 
 
products was carried out with a GC-MS (SHIMADZU, QP 2010) for 
identification of the mass proportion of active fractions (Bhattarai et 
al., 2007). 
 
 
Crystal violet binding assay 
 
The overnight culture of biofilm bacteria Pseudomonas sp. was 
diluted to about 1×106CFU/ml with fresh sterile medium. The 
antifouling potential of each metabolite from single and co-culture 
system was tested against Pseudomonas sp. using 96-well 
microtiter, the plates were gently shaken to permit growth and 
encourage biofilm formation. After an incubation period of 24 h, the 
plates were washed with PBS buffer, air dried and stained with 
0.2% crystal violet solution. The plates were then again washed 
thoroughly to remove any unbound crystal violet dye. Ethyl 
alcoholwas (99.0%) then added to the wells in order to elute the 
crystal violet dye adhering to the biofilm (Thenmozhi et al., 2009). 
 
 
RESULTS AND DISCUSSION 
 
Seawater characteristics and bacterial identification  
 
The isolated and identified marine bacterial isolates are 

Pseudomonas sp., Aeromonas sp., Enterobacter sp., 
Cytophaga sp., Micrococcus sp., Bacillus sp., 
Flavobacterium sp. Among the isolates, Pseudomonas 
sp. is found in dominant and initial biofilm forming bacteria 
followed by Aeromonas sp. and Enterobacter sp. (Table 
1). The physico-chemical characters of the Tuticorin coastal 
water samples were found in normal (Table 2).  
 
 
Growth kinetics of the bacteriocin producing biofilm 
bacteria 
 
The growth pattern among the single and co-culture system, 
the mixed cultures of Aeromonas sp. and Enterobacter 
sp. showed increased growth rate. In both culture, bac-
teriocin production starts high during the exponential phase 
(12 h) and increased bacterial growth rate was observed 
in stationary phase (Boe, 1996; Bizani and Brandelli, 2002). 

The high bacteriocin production in exponential phase is due 
to increased bacterial growth rate as observed in sta-
tionary phase (Boe, 1996). It was also noted that co-cul-
tures system shows significant increased growth rate 
where as single culture system shows the decrease level 
of growth rate. The bacteriocin from mixed culture system 
shows significant antagonistic activity against marine biofilm 
forming Pseudomonas sp. (Figure 2) is due to presence 
of more antibiofilm compounds in comparison with single 
cell culture system (Table 3). The prevention of the bac-
terial adhesion at the very initial stage, can considerably 
reduce the risk of further biofilm formation.  
 
 
Bacteriocin activity  
 
Bacteria from marine environment are known for their rich 
source of bioactive molecules, but the reports are scanty 
for their antibiofilm metabolites (Thenmozh et al., 2011; 
Bakkiyaraj and Pandian, 2010; Nithya et al., 2010).  
Moreover, several studies suggest many marine bacteria 
are capable of producing novel antibiofilm compound(s)  
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