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The marine biofilm bacteria were isolated on polyvinyl chloride (PVC) sheet immersed from offshore
platform of Central Electrochemical Research Center (CECRI), Tuticorin, Tami Nadu. The isolated marine
biofilm bacteriasuch as Pseudomonas sp.,Aeromonas sp., Enterobacter sp.,Bacillus spp., Flavobacterium
sp., Microccocus sp. and Cytophaga sp were identified up to generic level. The Pseudomonas sp. was
the dominant, primary biofilm forming bacteria. The cell free crude extract of single (Aeromonas sp.)
and co-cultured (Aeromonas sp. + Enterobacter sp.) system showed the significant repellent activity
against Pseudomonas sp. Thecrudefractionswerecharacterized by FTIR for functional group identification
and GC-MS for compound identification. The results of FTIR shows different peaks like 3302.16, 2816.56,
1227.44 and 2724.02 cm™ indicating the presence of bromine, amine, and phenolic, hydroxyl, amino,
carbonyl and phosphoryl functional groups. It was also noted that mixed culture system produced
increased level of bacteriocin as compared to single culture system. The chemical characterizations of
the inhibitory molecules such as nonane, is common to both single as well as co-culture system. The
higher inhibitory activity observed in co-culture systemis dueto the presence of nonadecane, heneicosane
and cholestane compounds. The natural biogenic compounds from the marine bacteria studied have the
potential to be used as a substitute to commercial biocides for anti-microfouling.
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INTRODUCTION

Marine structures such as ships, marine platforms, offshore
rigs and jetties are under constant attack from the marine
environment by fouling organisms. These structures need
to be protected from the influences of the key elements of
the marine environment such as saltwater, temperature

fluctuations and biofouling (Chambers et al., 2006). Bio-
fouling is one of the major significant problems and ubi-
quitous in the marine environment. It is a natural process
of colonization of submerged surfaces, either living or arti-
ficial, involving a wide range of micro and macro organisms
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Figure 1. The Biofilm development rack.

(Briand, 2009). The attachment of microorganisms like bac-
teria, algae, diatoms and fungi are called microfouling (bio-
film), which initiates the macrofouling. The problem of
biofouling is so severe that worldwide the expenditure
incurred on antifouling measures alone is approximately
US$ 6.5 billion a year (Bhadury and Wright, 2004). Appli-
cation of antifouling coatings like self- polishing copoly-
mer antifouling paints (SPCs) with tributyl tin (TBT) as
biocide and copper-based paints were widely employed
for controlling fouling on marine structures (Chamberset
al., 2006; Claisse and Alzieu, 1993; Batley et al., 1994).
However, the toxicity of TBT and copper to marine
organisms cause bioaccumulation of metal, imposex, etc.
Nowadays, natural products from marine organisms can
be used as replacements for the chemicals commonly
used in antifouling coatings (Clare, 1996). Bacteriocins
are antimicrobial compounds produced by bacteria that
can kill closely related strains of the same species. Marine
bacteria, primarily belonging to the Pseudoalteromonas
genus, the Vibrionaceae family, and the Roseobacter
clade, excrete compounds that can reduce bacterial
biofilm formation and settlement by microorganisms on
surfaces suggesting their suitability as antifouling bacteria
(Bowman, 2007; Dobretsov and Qian, 2004). The
chemotaxis activity of the bacteriocins toward the
microfouling bacteria to prevent the initial biofilm formation,

accordingly the prevention of biofilm would be a safe and
effective way to prevent the macrofouling through eco-
friendly (Armstrong et al., 2000). The main purpose of the
present study was to screen the antifouling potential of
marine bacterial metabolites against primary biofilm forming
bacteria. Finally, chemical characterization of bacteriocin
obtained from the co-culture of Aeromonas sp. and
Enterobacter sp. was done.

MATERIALS AND METHODS
Marine biofilm bacterial strain

Polyvinyl chloride (PVC) sheet was cut into the dimension of 12"
x12" and the sheets were degreased using acetone and mounted
on a wooden rack having the total size of 75" x 15", using brass bolt
and nut. The rack was immersed at 2 m depth from the mean
surface seawater below the offshore platform of Central Electro
Chemical Research Institute (CECRI) at Tuticorin unit, Tamilnadu,
India for 24 h (Figure 1). After 24 h, the biofilm was scrapped from
PVC sheets using sterile brush and transferred to glass tube
containing sterile seawater. Further the scrubbed biofilm samples
was serially diluted and spread on Zobell Marine Agar and the
plates were incubate up to 24 h at 37°C. The isolated biofilm
bacteria were characterized using various morphological and
biochemical tests (Allegrucci and Sauer, 2007; Balasubramanian et
al., 2012).

Bacteriocin activity

For bacteriocin production, the isolates were inoculated by means
of (i) single cell culture by Aeromonas sp. and co-culture by
Aeromonassp + Enterobacter sp. were prepared in Zobellmarine
broth and incubated at 37°C for 24-48 h in orbital shaker at 120 rpm
over night. The growth kinetics of the single as wells co-culture
systems has been monitored by taking the ODgq starting from 0, 1,
2,3,4,5,10, 15, 20 and 24 h respectively (Sher et al, 2011). The
bacteriocins were extracted after 48 h of culture, because the
production rate is high during the exponential phase and late
stationary (Hammami et al., 2009).

The cultures were centrifuged at 6000g and the supernatant was
precipitated with ammonium sulfate at 80% saturation under chilled
conditions for 18-24 h. The precipitated bacteriocins were collected
by centrifugation (10,000 g, 30 min) and the pellet was dissolved in
50 mMTris-HCI (Lili et al., 2006). The agar well diffusion method
was used for detection of bacteriocin activity in crude cell-free
supernatants from single and co-culture systems against primary
biofilm forming bacteria Pseudomonas sp. All the plates were
incubated at 37°C for 24 h; the zone of inhibition was observed
(Todorov and Dicks, 2005).

Analysis of natural products

The qualitative analysis by FTIR (Model RX) spectrometry has
enabled us to make an identification of functional groups present in
the sample of the crude extracts. The crude extracts were subjected
to column chromatography over silica gel (Merck, mesh size 100-
200pm) and eluted with an n-hexane/ethyl acetate combination
(8:2). The major bioactive fractions of n-hexane-ethyl acetate were
repeatedly run over the silica gel and these crude fractions were
separated and subjected to GC-MS analysis. Analysis of natural



Table 1.The biochemical characteristics of microbial isolates.
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Biochemical parameters

Gfam Motility Indole Oxidase CH.0 Penl_c_lll_ln Pigmentation Suggested Genera
Staining sensitivity

G + - - - - - “Pseudomonas sp.
G + + + AG - - “Aeromonas sp.
G + + - AG . - “Enterobacter sp.
Gt + + - - - - *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 (%o) 35.00

pH 7.8
Dissolved oxygen (mg/l) 4.05
Inorganic phosphate (umol/l) 0.725

Nitrite (umol/) 0.0150

Nitrate (umol/) 3.37
Ammonia (umol/) 2.25

Calcium (mg/l) 400
Magnesium (mg/l) 1275
Total phosphorus (umol/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 1x10°CFU/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 significantantagonistic 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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Figure 2. The growth kinetics of bacteriocin producing marine bacteria.
Table 3. FTIR spectrum of the single and co culture extracts.
SIN Frequency (cm™)  Functional group assignment References

Single culture

1 3302.16 H, Free NH, CH stretching vibrations,=C-H Dumas and Miller®

2 2816.56 C-H of CH3,CH2,CH
C-C=C-C=CH stretching 36

3 2084.11 vibrations of ~CH>CH Guo

4 1354.57 C70 Stuart®

Co culture

1 3428.16 O-H AND N-H stretching vibration Guo®

2 2094.80 C-C=C—-C=CH

3 2811.70 C-H stretching vibrations of -CH3>CH> Stuart®

4 1601.07 C—N stretching Guo™®

5 1353.34 C-H of CH3, CH2 groups and ys C-O of COO- Wolkers®
groups

6 1227.44 C-N stretching Yee et al®®

Figure 3. The bacteriocin activity against Pseudomonas sp.

which have not been tapped from terrestrial environment
(EI-Gendy et al., 2008; Selvin et al. 2009). In the present
study, bacteriocin extracts obtained from marine biofilm
bacteria were used to test against primary biofilm forming
bacteria Pseudomonas sp. by using agar well method.
The zone of inhibition was high in bacteriocin obtained
from co-culture system as compared to single culture
(Figure 3). A few anti-biofilm metabolites secreted by
bacteria and devoid of antibacterial activity against free
living cells were previously reported as in E. coli strains
producing group |l capsules that release a soluble
polysaccharide in their environment, preventing biofilm
formation by a wide range of Gram-positive and negative
bacteria (Valleet al., 2006).



A- Single Culture Bactariocin
B- Co-culture Bacteriocin
C- Without Bacteriocin (CTRL)

Figure 4. Biofilm stained with crystal violet.

Crystal violet binding assay

The 96-well polystyrene microtiter plate assays is a simple
means of testing bacterial biofilm formation; it is a rapid
and quantitative method which permits the direct
quantification of adhered marine bacteria in a microtiter
plate. This basic assay can be adapted readily to study
several aspects of biofilm formation (Jianget al., 2011).
The result of the 96-well reveals the bacteriocins from
both culture systems shows significant decreased biofilm
formation (Figure 4), the dark well indicates biofilm posi-
tive and light well shows biofilm negative. The well con-
tains the culture of Pseudomonas sp. along with bac-
teriocin showing light colour when dye with crystal violet
is due to the presence of anti-adherent compound in
bacteriocin. The culture of Pseudomonas sp. alone in the
well shows dark colour when dye with crystal violet indi-
cate the biofilm formation in 96-well (Thenmozhi et al.,
2011).

FTIR spectrum of the bacterial metabolites

FT-IR spectroscopy defines the chemical composition of
single as well as co-culture system of the marine bac-
terial isolates exhibited various active metabolites (Figure
5). The functional groups spectral region (4000-4OOcm'1)
obtained from single culture systems exhibits four major
peaks whereas six major peaks are observed in co-
culture systems (Table3).The higher antibiofilm activity
against Pseudomonas sp. observed in the bacteriocin of
co-culture system is due to the presence of additional
functional peaks like 1227.44 and 2724.02 cm™ could
have been active against the marine biofilm bacteria.

GC-MS analysis of the crude cell extract

The results pertaining to GC-MS analysis leads to
theidentification of number of compounds from hexane
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and ethyl acetate extract (8:2) of single culture (Aeromonas
sp.) and co-culture strains (Aeromonas sp. + Enterobacter
sp.) clearly revealed the presence of several organic
metabolites acts as a anti-biofilm in nature. Chemical
characteristics of active fraction on the basis of spectral
data by GC-MS were found to be a mixture of various
biogenic compounds. The characterization of the inhibitory
molecules exhibited in secondary metabolites such as
nonane, pentadecane and hexadecane is common to both
single as well as co-culture system. The compounds 3-
eicosanone, cyclohexane, undecane, octadecane and
docosane were exhibited in single culture system likewise
iron, nonadecane, heneicosane, cholestane were exhibited
in co-culture system (Table 4 and Figure 6). The higher
antibiofim activity associated with co-culture’s bacteriocin
is due to the presence of iron, nonadecane, heneicosane
and cholestane.

Sponge associated marine bacteria produced octe-
decaneand their antibacterial and antilarval- settlement
activity was for possible new sources of less toxic
bioactive antifoulants (Dash et al., 2009). The chloroform
extract of Andrographis paniculata exhibits the octe-
decane, hexacosane, eicosane, heptadecane observed
to be active against the opportunistic and pathogenic
Gram negative bacteria (Roy et al., 2010). Previous
report showed antimicrobial activity of nonane extracted
from individual and mixed fractions of dill, cilantro,
coriander and eucalyptus essential oils (Pascalet al.,
2002).

In the present study, the bacteriocin produced in the co-
culture system shows good anti-biofilm activity against
Gram negative pioneering marine biofilm forming bacteria
Pseudomonas sp. Accordingly, the Gram negative bac-
terium Pseudomonas sp. was found to be the pioneer
bacteria to colonize the marine structure. Marine bac-
terium Pseudomonas rhizosphaerae could produce potent
antibacterial and antilarval secondary metabolites. The
antibacterial compounds including cyclo-(Tyr-Pro), cyclo-
(Tyr-lle), cyclo-(Phe-Pro), cyclo-(Val-Pro), 3-phenyl-2-pro-
penoic acid and uracil had various antibacterial activities
towards five marine fouling bacteria (Qi et al., 2009). Our
prime purpose was not only the identification of
antibacterial activity, but also to screen the anti-biofilm
activity expressed by marine bacteria producing bac-
teriocins. The present study suggests that marine
bacterial isolates are the potential source for isolation of
anti-biofilm agents as they have broad spectrum of
activity against the target organisms. These metabolites
can be further exploited for the use of antifouling
compounds against biofouling through eco-friendly
manner.
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Figure 6b. The GC-MS spectrum of antibiofilm compounds in co-culture systems.

Table 4. Chemical compounds characterized by GC-MS (QP 2010 SHIMADZU).

Peak R. Time Area Height Compound Base (m/z)

Single culture

1 7.607 9849940 7375197 Nonane 57.05

2 8.478 599376 325846 3-Eicosanone 85.05

3 10.157 552440 368021 Undecane 57.05

4 13.651 545566 333792 Octadecane 57.00

5 16.641 515295 323444 Docosane 57.05

7 17.033 406779 216232 Pentadecane 57.10

7 19.261 490355 304833 Hexadecane 57.10

8 19.808 551578 328270 Docosane 57.00

9 30.392 3012664 684368 4-Bromo-2,6-bis(3,5-di-tert-butly-4-hydroxy) 57.05

Co-culture

1 7.607 25707907 19331280 Nonane 57.05

2 17.027 4597973 3069066 Pentadecane 57.05

3 18.314 6196065 4086885 Hexadecane 57.05

4 19.407 2213676 1078919 Pentadecane 57.05

5 19.532 6331828 4343250 Iron 57.05

6 20.686 6321679 4070423 Nonadecane 57.05

7 21.783 5025673 3586753 Nonadecane 57.05

8 22.827 4050007 25662719 Nonadecane 57.05

9 23.824 2445399 1773641 Heneicosane 57.05

10 31.769 2561988 1202010 Cholestane 81.05
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analysis of bacteriocin samples.
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