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Introduction

Biofouling can be defined as adsorption of any
biological material onto solid surfaces upon their immersion
in a biological fluid (Gademann, 2007). Biofilms are
ubiquitous in nature and can be found on rocks and pebbles at
the bottom of most streams, rivers or stagnant pools of water.
Biofilm consists of several microorganisms which are held
together by excretion of extracellular polymeric matrix
(EPM) leading to permanent localization of organisms
(Nikolaev and Plakunov, 2007).

It has been reported that biofilms are primarily
formed by bacteria which may be secondarily invaded by
other group of bacteria, algae and fungi (Nikolaev and
Plakunov, 2007). Owing to their genetic and chemical
diversity they could invade any aquatic environment (

2007). The different mechanisms adopted for their
establishment and the extraordinary resistance they exhibit
towards chemical agents and stress factors enable them to
sustain any environmental conditions (Nikolaev and
Plakunov, 2007). Besides, biofilm forming bacteria establish
themselves, remain integrated and sustain for longer periods
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Biofouling is considered as a main issue of concern in aquatic environment causing severe
economic loss and pollution. The aim of the present study was to isolate marine fungus
antagonistic to biofouling bacteria and to define antifouling compounds present in it. Using
standard plate method five predominant biofouling bacteria viz., ,

, , and were isolated from
marine solid substances on Zobell's agar. Tolerance range of these bacteria to NaCl was 2-10%.
Isolation of fungi from mangrove and estuarine sediments and their screening identified

EF4 as a potential isolate. This isolate caused inhibition of all the five test bacterial
cultures measuring zone diameters respectively of 11, 16, 12, 13 and 11mm. Subsequent to
submerged fermentation using shaking flask method this fungus produced bioactive compounds
within 5 days. The culture parameters optimized were raffinose as carbon source, yeast extract as
lone nitrogen source, pH up to 9.0 and temperature up to 40°C. Antifouling compounds of culture
filtrate were separated and detected by a three-step procedure involving thin layer
chromatography, bioautography and preparative TLC. The assay involving glass slide-
wooden stick-biofilm method revealed that these compounds could cause inhibition and
destruction of bacteria to an extent of 2.16 x 10 CFU ml and 2.46 x 10 CFU ml respectively
while growth of bacteria in control beaker was enumerated to be 4.41 x 10 CFU ml . High
performance liquid chromatography of culture filtrate indicated probable principal antifouling
compound as Fumonisin B2. Isolation of antagonistic marine fungus from Indian coast and
detection of its antifouling compound would help in planning effective strategies for controlling
biofouling in marine environment.
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by exhibiting stronger cell-cell communication, outcome
other invading bacteria by producing antibacterial substances
(Wietz, 2013). Density dependent cell to cell communication
process 'Quorum sensing' play a critical role in establishment
and sustenance of biofilms (Mieszkin 2013).

Formation of biofilm is considered as a serious
problem in view of the environmental issue and the economic
loss they cause. Fouling causes huge material and economic
costs in maintenance of mariculture, shipping industries,
naval vessels and seawater pipelines. This sets off a chain of
problems including fossil fuels that releases carbon dioxide
thus contributing to global warming. Governments and
industries spend more than US$ 5.7 billion annually to
prevent and control marine biofouling (Flemming, 2002).
Biofouling, although viewed as one of the alarming problems
in marine environment, the reports on their causes, effect on
solid structures and their impact on the environment in Indian
context are scanty.

In the last 40 years, many physical, chemical and
biological methods have been adopted for the prevention and
control of biofouling. The physico-chemical methods are
contraindicated with constraints in long run. The physical
methods are viewed as expensive, less effective and not user
friendly in most cases. On the other hand, research studies
conducted in recent years (Alzieu, 2000; Yamada, 2006;
Omae, 2006) have portrayed bioaccumulation and toxic
effect caused by chemical antifouling agents on aquatic
environment and risks to human health. Therefore, there has
been a search for finding alternative non-toxic and eco-
friendly antifouling substances and convenient laboratory
assay systems to evaluate them (Vetere 1999; Omae,
2006).

Occurrence of natural antifouling compounds in
mangrove plant, bacteria, algae, sponge associated fungus,
marine actinomycetes, marine sponge, seaweeds have been
reported ( Kanagasabhapathy
2005; Gademann, 2007; Barbosa 2007).

antifouling metabolites had described that these compounds
possess the potential of inhibiting bacterial quorum sensing
and larval settlement.

In recent years, studies have
reported bioactive compounds of pharmacological
significance synthesized by marine fungi including
anticancer, antibacterial, antiplasmodial, anti-inflammatory
and antiviral agents (Bhadury 2006). Cuomo

et al.,

et al.,

et al.,

et al.,

et al., et al.

Marine fungi have been recognized as a rich source of
bioactive natural products and secondary metabolites, which
help in their adaptation in competitive environments and
exhibit chemical defense against invading organisms
competing for substrates.

Selvin and Lipton, 2004;
Fusetani

(2011) subsequent to his review on different natural

(1995), subsequent to a comparative study with 1500 cultures
of marine isolates and 1450 cultures of terrestrial fungi
concluded that a substantial amount of antimicrobial activity
is associated with marine isolates.

7-deacetoxyyanuthone A ( ), Enniatin
B ( ), etc. (Bhadury 2006). Although, the
number of fungi recorded in India exceeds 27,000 species
(Manoharachary 2005) only few research studies have
been attempted on isolation of marine fungi exhibiting
antifouling potential. The existence of marine-borne fungi
endowed with antimicrobial activity has been reported by
Christophersen (1999), Bugni and Ireland (2004),

(2006), (2007) and Qi (2009).

Biofouling is viewed as a growing problem of global
concern. As the physical and chemical methods encounter
economic and environmental issues a sustainable,
ecofriendly, cost effective control measure becomes an
immense need. As marine fungi have promising property of
producing antimicrobial substances, the present study was
carried out with the objectives of isolation and
characterization of marine fungi, and
separation of its antifouling compound for removal of fouling
characteristics of marine bacteria.

A total of 50 samples of biofilm were collected
from the immersed surfaces of boats, oysters and other hard
materials found in marine water from the coastal area of
Parangipettai, Tamil Nadu state of India. Biofouling bacteria
were isolated by serial dilution and standard spread plate
method using Zobell's marine agar

at 28 2 C for up to 2-4 days and the isolates were sub-
cultured on nutrient agar (with 2% NaCl). Screening of
bacterial isolates was done through testing their adherence
property (Niemira, 2010). Pre-cleaned glass slides were half
immersed in nutrient broth (with 2% NaCl) culture of each
isolate and incubated for 48 hr at 28 2 C. The slides were then
subjected to simple staining and microscopic observation.
Isolates which formed dense layer were identified using
standard bacteriological procedures in accordance with
Bergey's manual of systematic bacteriology (Bergey and Holt,
2000). These isolates were further tested on their salt tolerance
by culturing them in aliquots of nutrient broth prepared with
different concentrations of NaCl (0%, 2%, 5%, 7.5% & 10%).
Bacterial isolate that showed tolerance to maximal
concentration of NaCl was selected for further studies.

Wet soil sediment samples collected from

Penicillium sp.

Fusarium sp. et al.,

et al.,

et al.

et al.

Aspergillus sp.

Materials and Methods

Isolation, screening and characterization of biofouling

bacteria :

Isolation, screening and characterization of antagonistic

marine fungi :

+

+

o

o

Some of the important
antibacterial compounds of marine fungi include
Aspergillitine ( ), Lunatin (

),

Kwong Yang

Aspergillus versicolor Curvularia

lunata

et al. et al.

(Dhanasekaran
2009)

et al.,

S. Thiyagarajan et al.896
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Pichavaram mangrove and Valliyar estuary, Tamilnadu state
of India were spread plated onto Sabouraud's dextrose agar
(SDA) and incubated at 28 2ºC for 3-5 days. Fungal colonies
of different morphologies were selected and sub-cultured
separately on SDA supplemented with 2% NaCl.
Antagonistic activity of each fungal isolate was tested by agar
overlay method (Chen 2010). Well grown fungal
cultures on SDA plates were removed and agar plugs of 6 mm
diameter were cut out using a sterile cork borer. Six to nine
pieces of these plugs were placed on a nutrient agar plate pre-
swabbed with the culture of biofouling bacteria and
incubated at 28 2ºC for 24 hr. Inhibition of bacterial growth
for 5 mm of zone size was considered positive for
antagonistic activity. Potential fungal isolate which showed
higher degree of antagonistic activity was identified based on
staining and biochemical characteristics.

Submerged fermentation by shaking
flask fermentation method (Qi 2009) was carried out by
inoculating the mycelia of potential isolate into 100 ml of
production medium (glucose, 10 g l ; tryptone, 5 g l ; yeast
extract, 5 g l ; pH 5±0.2) in a conical flask and kept in shaking
at 120 rpm for 120 hr at 28 2ºC. At the end of fermentation,
the spent media was mixed with an equal volume of ethyl
acetate in a separating funnel, shaken at 200 rpm for 1 hr and
then the upper layer (excess solvents) and bottom layer
(fungal debris) were discarded. The middle layer containing
antifouling compounds was then concentrated by
evaporation.

For the purpose of achieving
maximal production of antifouling compounds by
antagonistic fungus, optimization of culture parameters was
carried out (Younis 2004; Adejoye 2006). Sterile
SDA medium independently added with different carbon (5
nos.) and nitrogen sources (5 nos.) and set with different pH
(5, 7, 9, and 11) was prepared in sterile petri dishes,
inoculated with antagonistic fungi and incubated at 28 2˚C.
Growth of fungi was observed for 4 to 5 days and optimal
parameters favouring maximal growth and antifouling
compound production were confirmed by agar over lay
method. Following this, optimization of fungal growth was
carried out at different temperatures (20ºC, 30ºC, 40ºC and
50ºC).

This
was done through a three-step-procedure as follows: The first
step, analytical thin layer chromatography (Qi 2009),
tested nine different proportions of ethyl acetate: n-hexane
solvent system (viz., 10:90, 20:80, 30:70, 40:60, 50:50,
60:40, 70:30, 80:20 and 90:10) and the best one which
yielded maximum separation of compounds was chosen for

+

+
>

+

+

et al.,

et al.,

et al., et al.,

et al.,

Production and extraction of antifouling compounds

from potential fungi :

Optimization of culture parameters for production of

antifouling compound :

Separation and detection of antifouling compounds :

-1 -1

-1

further studies. The second step, bioautography (Rahalison
1994), involved detection of active compounds separated

by TLC by placing the chromatogram over bioassay chamber
(nutrient agar plate) seeded with the culture of biofouling
bacteria. Spot encompassing antifouling compound was
identified by zone of growth inhibition around it. The third
step, preparative TLC (modified method of Rahalison
1994), was performed by scraping out spots of compounds of
culture extract separated on TLC chromatogram,
individually mixing them with ethyl acetate (1.5 ml) and
centrifuging them at 3000 rpm for 15 min. Supernatant was
collected, evaporated and dissolved in ethyl acetate. Filter
paper disc (5 mm diameter) impregnated with this partially
purified compound were tested for inhibition of growth of
biofouling bacteria on nutrient agar at 28 2 ºC for 24 hr.

A modified method of
You (2007) involving three sterile glass beakers
(marked as control, inhibition and destruction) was followed.
Test materials were added to each of these beakers as per the
scheme given in Table 1, covered with aluminium foil and
kept for incubation at room temperature. After 24 hr of
incubation the glass slides were removed from all the three
beakers, stained with 0.4% crystal violet and observed under
bright field microscope. The occurrence of bacteria on the
control and test slides were recorded. After one week of time,
scrapings from wooden sticks were collected and spread
plated on nutrient agar and incubated at 28 2 C for 24 hr and
the growth of bacterial colonies were enumerated.

In order to
identify the chemical compounds that are presumed to confer
antifouling activity partially purified culture filtrate of the
antagonistic fungi EF4 was subjected to high
performance liquid chromatography (HPLC) Shimadzu
make with UV-VIS detector and LC-18 column: 25 cm x 4.6
mm, 5 m). The gradient was set from 15% acetonitrile and
maintained up to 100%. HPLC was operated with a flow rate
of 0.3 ml min and back pressure of 250 psi for 20 min. The
chromatogram was read at 223 nm for identification of
compounds.

Isolation of bacteria through spread plating of biofilm
samples on Zobell's marine agar medium yielded the growth
of bacteria averaging 4.83×10 CFU g . They were isolated in
substantial numbers even at higher dilutions up to 10 . A total
of 22 different bacterial isolates possessing distinct colony
morphology were isolated. Screening of these isolated
indicated that 12 among these possessed adherence property
and five best isolates which showed maximal growth on glass
slide were selected. Subsequent to preliminary and
biochemical characterization these isolates were identified as

et

al.,

et al.,

et al.

Aspergillus sp.

+

+

In vitro assay of antifouling activity :

Identification of antifouling compounds :

(

o

-1

4 -1

-5

Results and Discussion

Antifouling activity by marine fungi Aspergillus sp.
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Table 1 :

Assay Test materials added

chamber
Sterile Broth culture Glass slide Wooden stick Culture filtrate of

nutrient Biofouling (Half immersed) (Half immersed) antifouling fungus

Scheme of addition of test materials for i assay of antifouling activity

Control 200 ml 20 ml Sterile glass slide Sterile clean wooden stick ***
Inhibition 200 ml 20 ml Sterile glass slide Sterile clean wooden stick 4 ml
Destruction 200 ml *** Glass slide with Wooden stick with preformed 4 ml

preformed biofilm biofilm

*** No addition of materials

n vitro

of

broth bacteria

Table 2

Characteristics Bacterial isolates

B4 B6 B8 B9 B11

: Characteristics of selected biofouling bacteria

Gram staining G cocci G rods G cocci G rods G rods
Motility - - + + +
Endospore staining - - - - -
Nutrient agar White Pale red yellow pink Colourless
MacConkey agar - - - - NLF
Cetrimide agar - - - - Green
TCBS agar - - - - -
MSA agar - - - - -
Catalase + + + + +
Oxidase - + - + +
IMViC ---- ---- ND --++ ---+
TSI Alkaline slant Acid slant ND Acid slant Alkaline slant
Organism identified

“+” Positive; “-” Negative; ND: Not Determined; NLF: Non lactose fermenting

- - + - -

Methylococcus sp. Flavobacterium sp. Marinococcus sp. Serratia sp. Pseudomonas sp.

Methylococcus sp. Flavobacterium sp. Marinococcus sp.

Serratia sp. Pseudomonas sp.

Serratia sp.

et al.

Vibrio sp., Shewanella

sp., Pseudomonas sp., Escherichia sp. Bacillus sp.

et al.

et al.

Aspergillus sp.

, , ,
and (Table 2). The test on salt

tolerance indicated that all of them tolerated the salinity up to
5%, however, bacteria exhibited extraordinary
salt tolerance by growing well even at 10% salinity (Table 3).
Few studies have earlier reported the occurrence of biofilm
forming bacteria in coastal areas of India. Dhanasekaran
(2009) had isolated bacteria such as

and from
different coastal regions of India. Kwon (2002) and Lee

(2008) reported isolation of various types of marine
borne biofouling bacteria from other parts of the world.

A total of 16 morphologically distinct fungi including
six from mangrove forest (MF1 to MF6) and ten from
estuarine area (EF1 to EF10) were isolated. The agar overlay
method based screening test revealed that all of the isolates
except one possess antagonistic activity (Table 4). The fungal
isolate EF4 was identified as potential strain as it inhibited
growth of all the five selected biofouling bacteria isolated in
the present study (11 – 16 mm). Subsequent to morphological
and biochemical characterization, this strain was identified as

(Table 5). Review of literature indicated that

no Indian reports are available on isolation of antifouling
marine fungi till date. Only few earlier reports, especially
from China, are available on the isolation of antifouling
compound producing marine fungi. The fungi thus reported
had been ),

(Qi 2009) both isolated from marine
water and ( 2007)
isolated from marine sponge, and

( . However,
EF4 in the present study has been isolated

from soil sediments of estuary.

In recent years there is a renewed interest on marine-
derived fungi as they have been reported to produce
compounds of significant biological potentials. Marine-
derived fungi are a source of substantial chemical diversity
and this fact is supported by 272 new compounds that have
been isolated and described, thus far (Bugni and Ireland,
2004). Fungi present in estuarine and mangrove habitat play
an important ecological role in the recycling of nutrients.
Aspergillus despite being ubiquitous in nature, is seldom
reported for its occurrence in marine environment. Although,

are normally considered of terrestrial

Ampelomyces sp.

Cladosporium sp.

et al.,

Aspergilus sp. Alternaria

sp.

Aspergillus sp.

Aspergillus spp.

(Kwong 2006

Yang

et al.,

et al.,

Letendraea helminthicola

Li 2013) isolated from coralset al.,

S. Thiyagarajan et al.898
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Table 3 :

NaCl concentration Bacterial isolates

B4 B4 B8 B9 B11

Salt tolerance of biofouling bacteria

0% +++ +++ +++ +++ +++
2% +++ +++ +++ +++ +++
5% - ++ +++ +++ -
7.5% - - + +++ -
10% - - - +++ -

“+++” Maximum growth; “++” Medium growth; “+” minimum growth; “-” No growth

Table 4 :

Isolate no. Screening Bacterial isolate tested and zone of growth inhibition (in mm)

of fungi code
B4 B6 B8 B9 B11

Antagonistic activity of marine fungi against biofouling bacteria

MF1 A1 - - - 8 -
MF2 A2 10 8 - 14 10
MF3 A3 - 10 - 10 -
MF4 B1 10 15 - 14 12
MF5 B2 8 - - 10 10
MF6 B3 10 - - 11 13
EF1 C1 - 17 - - -
EF2 C2 - 9 - 8 12
EF3 C3 - 10 - - 13
EF4 D1 11 16 12 13 11
EF5 D2 14 12 - - -
EF6 D3 - 15 - - -
EF7 E1 - 12 - 13 -
EF8 E2 - - - - -
EF9 E3 - 11 - - -
EF10 F1 - - - - 8

“-” No activity

899

habitat, the genus is tolerant to high salt concentrations and
low water activity and are capable of growing fast. Many

and spp. of marine origin are known
to produce wide variety of bioactive compounds (Bugni and
Ireland, 2004). The marine nature of EF4,
isolated in the present study, was confirmed from its
halophilic characteristic of tolerating salt up to 10% NaCl
concentration.

In order to observe the efficiency of producing
antifouling compounds by EF4, submerged
fermentation was carried out for a maximum period of 5 days
until complete mycelial growth was observed in the production
medium. Production of antifouling agent was checked
periodically and was confirmed by TLC followed by
bioautography method (Rahalison 1994). The
fermentation process followed in present study consumed
comparatively lesser time than that followed by Qi
(2009), which took 14 days for the production of antifouling

Aspergillus Penicillium

Aspergillus sp.

Aspergillus sp.

et al.,

et al.

compounds from marine borne Similarly,
the fermentation process carried out with other fungi such as

( and
( 2007), respectively, took 21days

and 14 days for the production of antifouling compounds.
Interestingly, isolate EF4, in the present study,
showed comparatively better efficiency of producing
antifouling compounds in a relatively shorter time (4 to 5 days).

The separation procedure by analytical TLC
indicated that ethyl acetate: n-hexane solvent system at 90:10
proportion caused maximum separation of compounds from
the crude extract of fungal culture filtrate. A total of six clear
spots with Rf values of 0.12, 0.18, 0.37, 0.61, 0.82 and 0.97
were separated from the crude extract. Further,
bioautographic and preparative TLC studies identified that
the sixth spot (from the bottom of the silica gel) encompassed
the antifouling compound as it caused maximum inhibition of
test biofouling bacteria.

Cladosporium sp.

Ampelomyces sp. et al.,

et al.,

Aspergillus sp.

Kwong 2006)
Yang

Letendraea

helminthicola

Antifouling activity by marine fungi Aspergillus sp.
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Table 5 :

Characteristics Results recorded

Growth on SDA

Microscopic Observation

Carbon utilization Reaction observed

Acid Gas

pH tolerance Reaction observed

Temperature tolerance (ºC) Reaction observed

Salt tolerance (%) Reaction observed

Growth characteristics of fungal strain EF4

Profuse mycelial growth with yellow spores. Brown base at the reverse side
Septate branching hyphae bearing conidiospores

Glucose + -
Fructose + -
Sucrose + -
Lactose + -
Mannose Colour change -
Mannitol Colour change -
Inositol + -
Arabinose Colour change -
Rhamnose Colour change -
Raffinose Colour change -

5 +++
7 +++
9 +++
11 ++

20 +++
30 +++
40 +++
50 -

0 +++
2 +++
5 +++
7.5 +++
10 +++
Sea water +++

“+” Positive; “-” Negative

Aspergillus sp.

Journal of Environmental Biology, September 2016

Optimization of fermentation was focused on
determining suitable culture parameters for production of
antifouling compounds. Although all the carbon sources
favored growth of potential fungal strain, maximal
production of antifouling compound was best achieved with
raffinose. In contrast, the yeast extract was observed to be
lone nitrogen source supporting the production while others
exhibited insignificant effect. The antifouling compound
production took place up to maximal pH of 9.0 and
temperature of 40°C. There occurred complete cessation of
production at 50°C (Table 6). The findings of the present
study are in consistent with the studies of Yang (2007),
who attempted optimizing the culture of a sponge associated
marine fungus

>
et al.

Letendraea helminthicola for the production
of antifouling compounds. It was reported that the
temperature in the range of 18-30 C and the optimal initial pH
of 5.5 to 6.5 increased the mycelial growth. pH of 3.5 and 4.5,
glucose and xylose (as carbon sources), yeast extract and
peptone (as nitrogen sources) maximized the production of
mycelial biomass and antifouling compounds.

o

The assay, glass slide-wooden stick-biofilm
method, conducted with the culture filtrate of fungal strain

EF4 indicated the presence of bioactive
compounds in it. While the average number of colonies in
control was 4.41 x 10 CFU ml , there was a substantial
reduction in bacterial count in inhibition and destruction set
ups (Table 7). The average number of bacteria in the other
two set ups were 2.16 x 10 CFU ml and 2.46 x 10 CFU ml ,
respectively. The inhibition and destruction of biofilm were
further confirmed by microscopic technique. Thus, results of
the assay clearly demonstrated the antagonistic activity of
fungal isolate against the biofouling bacteria as it could cause
inhibition and destruction of biofilm formed (Table
7) There was an absolute inhibition of test organism namely

by the partially purified fungal culture
filtrate. Previous studies with (Qi
2009), and

( 2007) carried out only
preliminary screening test to demonstrate their
antibiofouling activity. However, in the present study a

in vitro

Aspergillus sp.

in vitro

.

Marinococcus sp.

Cladosporium sp. et al.,

Ampelomyces sp. et al.,

et al.,

4 -1

4 -1 4 -1

(Kwong 2006)
YangLetendraea helminthicola

S. Thiyagarajan et al.900
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Table 7

Test no. Test set up and colony count

Control Inhibition test Destruction test

: assay of antifouling activity

1. 4.13 x 10 CFU ml 2.27 x 10 CFU ml 2.68 x 10 CFU ml
2. 4.45 x 10 CFU ml 2.16 x 10 CFU ml 2.45 x 10 CFU ml
3. 4.67 x 10 CFU ml 2.05 x 10 CFU ml 2.24 x 10 CFU ml

In vitro

4 -1 4 -1 4 -1

4 -1 4 -1 4 -1

4 -1 4 -1 4 -1

901

comprehensive attempt was made to elucidate the antifouling
activity of marine fungus EF4.

, , and isolated

As
EF4 isolated in the present study showed

substantial inhibitory activity on biofouling bacteria, it could
be considered as a rare marine fungus possessing antifouling
potential.

The HPLC analysis of positive culture extract of
EF4 showed a peak at a retention time

identical to that of standard OA. The identity of OA peak was
confirmed by spiking the extract with OA. The highest peak
caused by compounds of test sample exhibited close
resemblance with a particular standard compound. With
reference to retention time (6.22 vs. 6.21), as recorded in the
chromatogram, the bioactive compound synthesized by
fungal strain was identified as Fumonisin B2. Few earlier
studies had deciphered the occurrence of antifouling
compounds from marine fungi. Smetanina (2005)
demonstrated occurrence of three bioactive compounds
endowed with antibacterial and antitoxic potentials isolated

Aspergillus sp.

Aspergillus Penicillium Mucor Fusarium

Aspergillus sp.

Aspergillus sp.

et al.

Recently, Rajasekar (2012) demonstrated the
antibacterial activity of 30 isolates of marine fungi of genus

from
mangrove and estuarine environments. However, the
bacteria tested in their study were clinical isolates.

et al.

from a marine fungi KMM4630. The
chemical structure of these compounds were determined by
NMR spectroscopy. In addition, the GC-MS analysis of
active fraction of culture filtrate indicated that it contained
chlorogentisyl alcohol and its amudol isomer. Another study
carried out with marine derived fungus

(

Besides, antifouling compounds have been isolated
from other marine sources including bacteria. Limna Mol

(2009) demonstrated the antifouling activity of bis-1-
oxaquinolizidine alkaloids derived from marine sponge,

, against seven strains of fouling bacteria.
The study conducted with marine bacterium

SCH0402 isolated two compounds, 2-
hydroxymyristic acid (HMA) and cis-9-oleic acid (COA)
which exhibited antagonistic activity against fouling bacteria

and (Bhattarai
2007).

The findings of the present study threw light on
existence of marine fungi that could efficiently control the
biofouling bacteria . The compound, Fumonisin B4,

Aspergillus varians

et

al.

Haliclona exigua

Shewanella

oneidensis

Alteromonas marina Bacillus atrophaeus et

al.,

in vitro

Amoelomyces sp.

Staphylococcus

aurues Vibrio harveyi Moraxella sp. Shewanella sp.

et al.,

reported inhibition of fouling bacteria
, , , , etc.

by 3-chloro-2,5-dihydroxybenzyl alcohol Kwong
2006).

Antifouling activity by marine fungi Aspergillus sp.

Table 6 :

Culture Growth of Production of Culture Growth of Production of

parameter fungus antifoulant parameter fungus antifoulant

(Bacterial growth (Bacterial growth

inhibition in mm) inhibition in mm)

Carbon source Nitrogen source

pH Temp. (ºC)

Effect of carbon and nitrogen sources on fungal growth and antifoulant production

Glucose +++ 9 – 13 Urea ++ -
Fructose +++ 8 – 14 Potassium nitrate + -
Mannose ++ - Ammonium sulphate ++ -
Arabinose ++ 8 - 12 Yeast extract +++ 7 – 12
Raffinose +++ 9 - 14 Ammonium nitrate ++ -

5 +++ 11 - 14 20 ++ 11 – 16
7 +++ 10 - 13 30 +++ 10 – 15
9 +++ 11 - 15 40 +++ 12 – 16
11 + - 50 + -

“+++” Maximum growth, “++” Medium growth, “+” minimum growth, “-” No growth
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isolated from marine borne antagonistic fungi
EF4 needs further evaluation on its efficacy. If proved to
possess promising antifouling potential, this compound
could be well explored on a large scale basis for effective and
sustainable control of biofouling in the marine environment.

The authors thank the management and Principal of
Asan Memorial College of Arts & Science, Chennai, India
for providing necessary facilities to carry out the research
work.

Aspergillus sp.
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