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ABSTRACT

Background: Marine biofouling indicates the accumulation of marine microorganisms, algae
and other organisms on the immersed surfaces of boats and ships. Biofouling causes severe
problems to marine industries and shipping in worldwide which leads to huge economic loss and
technical problems. To reduce these problems some synthetic organic compounds are used as
antifouling coatings. But these antifoulants are found to be toxic and lethal to marine life forms
and could pollute the marine environment.

Objective: Based on these perseptives it is necessary to identify an ecofriendly novel antifoulant
from marine microbes.

Methods: To investigate the antifouling activity, the bacterial strains were isolated from the
Vizhinjam harbor and the isolated strains were subjected to screening of antifouling activity
using cross streak, cover slip and microtiter assays. The extracellular protein of bacterial strain
which showed remarkable antifouling activity was purified using TLC and column
chromatography and the compounds were identified using LC-MS.

Result: The antifouling activity was found to be higher in A7, Staphylococcus sp. among  the
selected strains. The bioactive compounds present in the strains were Phytone synthase, 1-3—
diphosphoglycerate, Benzophenone 2-3 cyclooctane and 2, 2 diphenyl-1- picryldrazyl. The
current study revealed that the A7, Staphylococcus sp. could produce potent antifoulant which
can be used to control biofouling in marine environment.

Novelty: The present findings indicate that marine microorganisms could provide a promising
source for antifouling compounds. With the improvement of cultivation and isolation methods
novel antifoulants may be obtained which will provide more candidates for the marine coating
industries.
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1. INTRODUCTION

Marine biofouling is a complex assemblage of micro and macro organisms on artificial
structures comprising microcolonies that are attached to a surface and shielded themselves in an
extracellular matrix of polysaccharide, protein and nucleic acids 2. Marine biofouling is a
serious worldwide problem affecting marine industries and manmade structure exposed to
marine environment such as ships, pipelines, oil platforms, fish cages and fishing nets!l
increases the hydrodynamic drag and decreases the maneuverability in naval and merchant ships
and cause more than $200 billion loss/annum.Inorder to overcome the biofouling problems
antifouling paints for marine structures have been developed. Antifouling paints based on
tributyltin and otherorganotin compounds as the active agents pose a seriousthreat to the marine
environment™" Tributyltin hasbeen found to be harmful and toxic to non-target organisms and is
not easily degraded in the environment®®.Consequently, because of the above-mentioned
problems, International Maritime Organization banned theuse of tributyltin since September
2008!®). Many substitutes for TBT was introduced such as Irgarol1051 and Diuron, have been
found to be harmful to many nontarget organisms. One of the organotin compound, Tributyltin
oxide (TBTO) is still used as a biocide and has been used as reference or positive control for the
evaluation of antifouling activity of new natural compounds. The other common biocides are 10-
B-formamidokalihinol-A and kalihinol A, polymeric 3-alkylpyridinium salts, terpens and
pyrrole-imidazole alkaloids, succinic acid, taurine acid substituted bromopyrrole alkaloids and
dibromophakellin derivatives, 3-phenyl-2-propenoic acid, 2- hydroxymyristic acid and cis-9-
oleic acid 1.

Inorder to overcome these drawbacks researchers now focused on natural antifouling
compounds from the marine organisms. Diketopiperazines were identified from a deep-sea
bacterium, Streptomyces fungicidicus, showed promising antifouling
activity'Formamidokalihinol-A and kalihinol A, which are isolated and purified from the marine
sponge Acanthella cavernosa, inhibit bacterial growth, suppress larval settlement, and exhibit
antifouling properties!In this context an attempt has been made to identify the potent
antifoulant from marine microbes.

2. MATERIALS AND METHODS
2.1 Sample collection

The marine water samples were collected from boat harbouring area from VizhinjamHarbour,
Thiruvananthapuram and brought to the laboratory in sterile polythene bags for further
investigation.

2.2 Isolation of marine bacteria

The collected sample was subjected to vigorous vortexing for 5 min and serially diluted using
sterilized seawater. A volume of 100 pl of the diluents was spread on sterile Zobell’s Marine
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Agar 2216 (Himedia, Mumbai) and incubated at 37°C for 24-48 h. After incubation, the selected
bacterial colonies were isolated and subcultured in Zobell Marine agar medium for further
analysis 1!,

2.3 Morphological and Biochemical characterization of bacteria

The isolated colonies were purified by repeated streaking on Zobell marine agar plates and it was
maintained on Zobell marine agar slants at 4°C for further test. The isolated colonies were
identified through morphological and biochemical tests based on the Bergey’s manual of
Determinative Bacteriology, Ninth edition (2000) ©°!.

2.4 Screening of biofouling activity by coverslip method

All the bacterial isolates were tested for adherence property by inoculating into sterile nutrient
broth containing glass cover slips in the test tubes. After 24 hours, the cover slips were removed
and stained with 0.4% crystal violet to check the adherence of bacteria. Bacterial isolates which
form a slimy layer on the cover slips were selected for further characterization 1%

2.4.1 Screening of biofouling activity by microtiter plate assay

The isolated bacterial aliquots (3ul) were inoculated in 96 well microtiter plates. Then the
plate was incubated at 37° C for 72 hours. After the incubation the wells were rinsed with
physiological saline to remove the detached bacterial cells and fixed with 2ul of 99.99% ethanol
for 10 min. The attached bacterial strain was then stained by adding 2l of crystal violet (2%) for
20 min. The plates were rinsed with tap water and amounts of attached cells were observed 12,

2.4.2 Screening of antifouling activity of A2 and A7 strain

The antifouling activity of antifouling strains were preliminarily screened by cross streaking
method!****. A single line streak of bacterial strains were made on the surface of the modified
nutrient agar medium separately and incubated overnight. After observing ribbon like growth on
the surface of the plates the biofouling bacterial strains were streaked at right angles to the
original streak and incubated at 37°C for 24-48 h. Based on the presence and absence of
inhibition zone, the antifoulant producing bacterial strains were selected.

2.5. Extraction of Extracellular polymeric substances (EPS)

For the extraction of EPS, 2 ml bacterial aliquot was added to sterile centrifuge tubes. The
contents were homogenized for about 30 seconds and spun at 3500 x g for 5 minutes at 4°C. The
supernatants were transferred to sterile centrifuge tubes and further spun at 9000 x g for 30
minutes at 4°C. Pellets were resuspended in 2 ml distilled water, freeze dried and dissolved in
Phosphate and Tris-Maleate buffers. Dissolved pellets were filtered through 0.8/0.2 um filters.
Filtrates were assayed for EPS composition [*%),
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2.5.1 Estimation of the carbohydrate concentration in the EPS

The carbohydrate concentration was determined according to Anthrone method. According to
this method pellets were dissolved in 1 ml of phosphate and Tris-Maleate buffers. Freshly
prepared Anthrone solution (1ml) was added in each test tube. The mixture was incubated in a
water bath at 95° C for 15 min. After incubation, the mixture was allowed to cool to room
temperature. Cooled aliquots (200ul) were transferred to microtitreplate wells and read at 620
nm using a plate reader ™.

2.5.2 Estimation of the protein concentration in the EPS

Protein concentration was determined by the modified method of Lowry’s method. 10ul of
extracellular polymeric substances (EPS) were added into wells of a microtiter plate. Control
wells were added with phosphate buffer and 3ulof Coomassie reagent. The plate was incubated
at room temperature for 10min. After incubation, absorbance was read at 595 nm using a plate
readert!™],

2.6 Extraction of antifouling compounds

The antifoulant bacterial strain was grown at 28°C at150 rev/min for 5 days in Zobell marine
broth. The culture was centrifuged at 8,000 rev/min at 4°C for 20 minutes. The supernatant was
thoroughly extracted three times with an equal volume of chloroform. All the extracts were
pooled, and the solvent was removed at low pressure at 45°C until the extract was completely
dry!*® The extracted compounds were subjected to further analysis.

2.6.1 Purification and identification of antifouling compounds

The extracted compounds were purified using thin layer and column chromatography over silica
gel and eluted with an ethyl acetate/methanol combination with increasing polarity (0-100%).
Fractions were collected separately in different test tubes and numbered consecutively. The
collected eluents were subjected to the identification of antifoulants™®.

2.6.2 LC- MS analysis

LC-MS analysis was carried out on a Restekstabilwax instrument. The column used was DB 35-
MS Capillary standard non-polar column measuring 30 m x 0.25 mm with a film thickness of
0.25 pm composed of 50% aqueous acetonitrile. The carrier gas used was Helium at a flow rate
of 35 cm/sec. 1ul sample injection volume was utilized. The inlet temperature was maintained as
250°C. The oven temperature was programmed initially at 100°C for 1 min, then an increase to
250°C at 10 ° C/min and hold for 4.00 min. Total run time was 20 min. LC-MS was analyzed
using electron impact ionization at 70 eV and data was evaluated using total ion count (TIC) for
compound identification and quantification. The spectrums of the components were compared
with the database of spectrum of known components stored in the LC-MS library. Measurement
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of peak areas and data processing were carried out by NIST Quantitative Infrared Database
search(??.

3. RESULTS
3.1 Isolation, Characterization and Identification of bacterial strains

The present study evaluates the isolation and identification of antifoulant from marine microbes
collected from marine water samples, VizhinjamHarbour, Thiruvananthapuram, using Zobell
Marine agar. Totally seven bacterial strains were isolated and named as Al, A2, A3, A4, A5, A6
and A7. The isolated strains were characterized morphologically and biochemically based on the
Bergey’s manual of Determinative Bacteriology, Ninth edition (2000) and identified as
Pseudomonas sp, Mycobacterium sp, Staphylococcus sp, Shigella sp, Neisseria spand
Lactobacillussp.

3.2 Screening of Biofouling activity using assays

The isolated bacteriaial strains were subjected to preliminary screening to check the biofouling
efficacy. During preliminary screening the bacterial strains A2 and A7 showed absence of
adherence in the coverslip and microtitre plate and produce zone of inhibition and hence, A2 and
AT are considered as antifoulants. The bacterial strains Al, A3, A4, A5 and A6 showed
attachment in the surface of coverslip, microtitre and fails to produce zone of inhibition and are
considered as biofouling strains. Among the selected strains, A2 and A7 showed remarkable
antifouling activity. Hence the A2 and A7 strains were subjected to secondary screening such as
cross streak using biofouling strains A4 and A®6.

3.3 Estimation of carbohydrate and protein concentration

The A2 and A7 strains were subjected to protein and carbohydrate estimation and the result
showed that the A7 strain possess 0.45 pg/ml of protein and 0.43pg/ml of carbohydrate and A2
strain possess 0.29 pug/ml of protein and 0.35 pg/ml of carbohydrate respectively (Table 1).

3.4 Identification of Antifouling compound by LC- MS Analysis

The antifoulant compounds present in the A7 strain was detected using LC-MS analysis. Totally
four compounds were identified which include Phytone synthase, 1-3 — diphosphoglycerate,
Benzophenone 2-3 cyclooctane and 2,2 diphenyl-1- picryldrazyl and the most predominant one
is Benzophenone 2-3cyclo octane (Table 2 and Fig 1). The result showed that the isolated
compounds are responsible for antifouling activity which can be used as an antifouling agent in
marine sector.
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4. DISCUSSION

Marine derived secondary metabolites may constitute one of the most promising alternatives to
the toxic and harmful synthetic antifoulants. Previous reports suggested that the synthetic
antifoulants may hazardous to marine life and cause lot of environmental pollutions. So there is a
need for the extensive research for the continuous exploration of marine organisms for novel
antifoulants is worthy due to the growing technological or economical concerns associated with
fouling organisms. So the present study mainly focuses on isolation and identification of
potential antifouling metabolites effective against marine biofouling organisms. Specifically this
study reports the isolation, screening and identification of potent antifouling compound
Benzophenone 2-3 cyclooctane from Staphylococcus sp. isolated from water samples. In this
present study seven bacterial strains were isolated and among that A2 and A7 strains showed
remarkable antifouling activity.

Diana et al., in the year 2016 isolated eight biofouling isolates showed the ability to form
biofilm from the boat surfaces in Segara Ayu Beach, Indonesia®. Viju et al., in 2014 isolated 9
bacterial strain from the sea weed and screened for their antibacterial activity against three
biofilm forming bacteria and all the 9 strains were inhibited the growth of biofilm forming
bacteria and the best potent strains were selected for further in vitro and in vivo assays??.
Dhanasekaran et al., in 2009 isolated 11 isolates from three ships from Royapuramharbour,
Chennai, Tamil Nadu, India. Among the 11 isolates only DR4 showed maximum biofouling
activity in the microtiter plate assay with a significant optical density of 0.596 %,

Bhosale et al., (2002) used the glass cover slip on Zobell marine broth contains the bacterial
strain to check the adherence of bacteria to screening the biofouling strains. The biofouling
strains were isolated by the staining of cover slip by crystal violet and the adherence of strains
was checked by microscopic analysist'®. In 1996 Clare isolated antifouling natural products from
marine sources and identified a number of bioactive compounds with antifouling activities 241,
These are biodegradable and less toxic to the environment. Most of the bacteria present in the
biofilms are embedded with extracellular polymeric substance!?®. The extracellular polymeric
substance also serves many other functions such as adhesive foundations, structural integrity;
inter cellular communication and bacterial protection.

Bhattarai et al., (2006) reported that paints that contain antifouling agent was suitable to prevent
both microfouling and macrofouling'®®. In 2019 Venugopal Gopikrishnan et al., reported 214
natural metabolites and 23 of synthetic derivatives with antifoulant activity . Structural
analyses of these natural or synthetic compounds revealed that 82 compounds were novel, which
highlights the efficiency of marine organisms to produce antifouling metabolites. Marine
microbes are being explored as potential sources for the production of environmental friendly
antifouling metabolites.
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Similarly, Darya et al in 2020 evaluated the antifouling and antibacterial activities of bioactive
extracts from different organs of sea cucumber, Holothuria leucospilota™®. Doghri et al in 2019
determined the antibiofilm activity in the culture supernatant of a marine Pseudomonas sp.
bacterium™®. Venugopal et al in 2019 isolated taxifolin from mangrove-derived Streptomycin
samponii PM33 and evaluated its antifouling potential®!. Maria et al in 2019 evaluated the
antifouling potential and ecotoxicity of secondary metabolites derived from red algae of the
genus Laurencial®.

5. CONCLUSION

Marine microbes are taxonomically diverse and unique, which makes them as potential source
for discovery of novel bioactive molecules. The microbial association with living surfaces in the
marine environment provides ample opportunities for bioprospecting natural products. The main
mechanism of antibiofilm activities of microbial strains includes antibiotic activity affects the
extracellular polymers production which is essential for biofilm formation. However, most of the
studies were conducted under laboratory conditions and failed to test the compounds in natural
water for commercial applications. In the present study, the metabolites which showed
antifouling and antimicrobial activities were investigated through different antifouling assays
using various target species. This form of crude extracts would have high application potential as
a source of useful compounds for antifouling technology. The bacteria which were isolated from
marine biofilms, were found to produce potential antifouling compound and it was identified by
LC-MS analysis. These findings strengthen the applications of antifoulants isolated from
Staphylococcus sp. From this work it is concluded that the microbes associated with marine
macroorganisms are an untapped source for natural product antifouling compounds and many
more novel compounds.
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Table 1: Estimation of biomolecules in antifouling strain.

Serial Sample Estimation of carbohydrates Estimation of protein

No
oD at | Conc of carbohydrate | OD at | Conc of Protein
620nm (ng/ml) 595nm (ng/ml)

1 A2 0.172 0.35 0.117 0.29

2 A7 0.142 0.43 0.181 0.45

Table 2: Bioactive compound or Antifouling bacterial metabolite illustrated by LC-MS

Analysis
Hit Compound Name Mol . Wt. Formula
Analytes
1 Phytoene Synthase 544,952 CaoHea
2 1,3-diphosp hoglycerate 266.035 C3HeO10P2
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3 Benzophenone 2-3  Cyclo | 191.112 CgHysBr
Octane
4 2,2-diphenyl-1-picrylhydrazyl | 394-32 C18H12Ns506

Fig 1: LC-MS of antifouling bacterial isolate
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