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ABSTRACT

Devel opment of microbial biofilms and the recruitment of propagules on the surfaces of man-made structuresin the
marine environment cause serious problems for the marine industries around the world. Current antifouling
technology is based on the application of toxic substances that can be harmful to the natural environment. The ban
of previously employed tributyltin coatings by international organizations further aggravated this issue. A bio-
inspired approach to address this problem constitutes the use of natural products as antifouling agents. Natural
products are the promising candidate for the development of non-toxic antifoulants. Extracts, partially purified and
purified metabolites from plants, microbes and marine organisms are reported as active against micro and
macrofouling organisms. However, still the number of microbes explored for antifouling compounds is very less.
Among the microbial resources, actinobacteria, especially those which are from marine ecosystems are less
explored for antifouling compounds. In this literature review, we described the antifouling activity of extracts and
compounds from bacteria, fungi and actinobacteria. There is a great opportunity to isolate promising antifouling
compounds from natural resources. However the joints efforts of biologists and natural product chemists is highly
warranted.
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INTRODUCTION

Biofouling

Marine biofouling is the undesired accumulationoafanic molecules, microorganisms, plants, aninetsl, their
by-products on an ocean-submerged surface. Tharadation of biological material on all surfaces igrsed in
biological fluids is a serious challenge for mariressels, fresh water treatment and industrialtglf. In the 4
century B.C. Aristotle, the Greek Philosopher, lastructed that the barnacles coverage in shipshu#ire the
causative agent for slowing down of ships [2]. e tmarine environment, natural and artificial scefs when
contact with the marine water, are quickly colodiby microfoulers like bacteria, algae, protozod aracrofoulers
like barnacles, bryozoans and tubeworms [3, 4]. Nowlays biofouling is an major biosecurity risk fibre
aquaculture industry, which includes direct impamtscultured species (e.g. smothering, competfigorspace and
food), deterioration of farm infrastructure (immegsstructures such as cages, netting and pontaodsgffects on
natural ecosystem functioning of adjacent area6][5,
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M echanism of biofouling

The succession of fouling organisms is generalhsaered in five main stages [7]:

> In the first stage, when the surface immersed e ater, it immediately adsorbed by organic andganic

macromolecules, forming the primary film;

> In the second stage, microbial cells are adhereti@surface and the immobilization of bacterigtmsurface;

» Third stage, extracellular polymer (EPS) is produatter bacterial attachment on the substratumfamding a

microbial film on the surface;

» Fourth stage corresponds to the development of i@ mamplex community made up of multicellular spsgi
microalgae, debris, sediments, etc. on the surface;

> Last stage is the attachment of larger marine tebeates such as barnacles, mussels and macro-algae
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Figure 1. Schematic diagram of biofouling process[7]

Detrimental effects of biofouling

Fouling costs the shipping industry millions of ldos every year worldwide due to vessels beingobugervice in
order to have fouling removed, costly repairs arghrhours lost. The first obvious effect is the @ase in the
frictional drag, thus slowing down the vessel ia thater and leading to increased fuel consumptiandintain the
same speed. Additionally, engine equipments musgg tebour harder, increasing wear, stress andutighese
adverse effects will be significantly increase, whke ships route is via tropical/sub-tropical z@&d lead to
significant increase in the cost of maritime trarsation, which in terms of tonnage as it handlesua 90 % of the
global exchange of goods. Another detrimental ¢féédiofouling on ship’s hulls is the increasedissions of gas
(CO,, CO, SQ and NQ) into the atmosphere correlated with the augmiemtaif fuel consumption. Considering
that at a given time most vessels are relativey sbore, this implies that consequently the ppialcamount of gas
emitted is along the coastline mainly in the Nomthélemisphere, along the West and East coast oUthited
States, in Northern Europe and in the North Paffic

Another significant environmental damage whichiriked to the colonisation of man-made surfacebésspecies
translocation from a geographical zone to anotimer during the ship voyage either falling off naliyrégn a new
habitat or after the cleaning of the ship’s hulk For example, Williams and Smith (2007) [10]iestted that 277
species of algae have been introduced in new emvieat with a total of 408 introductions. Among thesnly 60
% of the introduction vectors are known and 77 msewere reported to be introduced by ship hulhdpeort.
Marine macro algae are a significant componentaifme alien taxa [11] and invasions can resultniraléeration of
the environment through modification of the habhitatcompetition with indigenous species, resulimgmportant
ecological (competition with native biota, effech digher trophic level), evolutionary (change ofosgstem
processes, genetic effects), economic and soqiat of loss of ecosystem functions, impacts ovirenmental
amenity and on human health, management costskismpi, 13].

Biofouling on vessels increases hull roughness ladtodynamic drag, which leads to decreases indspae
maneuverability, an increase in fossil fuel constiompand as a result increased emission of greesghgases. The
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estimated costs due to fouling for the US Navytfle@éich represents only one-half of 1% of the wdiket in
terms of number of ships, is between $180 millind 260 million per year [14].

Antifouling strategies

Mariners from ancient times were aware of the potd resulting from boring and other fouling orgarss Copper
has been in general use by the British Navy sink@) %o control biofouling. However, copper bindsstdphur-
containing cell constituents, leading to a varigtyesponses associated with heavy metal toxi€ig major types
of toxic antifouling paints in use today are sokibtatrix paints, also known as conventional pamitéative paints
(modern versions of conventional paints) and selifshing systems. The majority of antifouling painre
pigmented with copper, usually as cuprous oxide@FuThe self-polishing copolymer (SPC) paints,adtced in
1974, were so called to indicate the ‘polishindeef as the polymer dissolves away during normasgkoperation,
releasing tributyltin (TBT). TBT kills settling fding organisms and, at the same time, the surfammrhes
smoother. Being very lipid soluble, it is rapidbken up by the cells, where it inhibits energy $fanprocesses in
respiration and photosynthesis. The SPC systermrextasmely successful, but TBT was shown to effect-target
organisms, including a number of shellfish, at Isvenuch lower than ever envisaged. The most seesiti
invertebrate species, the dog whelkicella lapillus, exhibits imposex (imposition of male sexual chagezbn the
female) at concentrations below 1 ng/l, and itsygiiearance from rocky shores in areas of high tgaittivity has
been attributed to the presence of TBT from anlifigupaints. TBT is now prohibited in many partstbé world
and it is anticipated that the International Manii Organisation (IMO) will impose a worldwide bam the use of
TBT-containing paints on any type of vessel fromukay 2003.

Furthermore, the discharge of copper from antifaylpaints is currently under scrutiny, especiaflyGalifornia.
The impact of TBT on the aquatic environment has &d to an increase in the regulations affedtireguse of all
other antifouling biocides, and only a few a@vnemployed. Most commonly used are Sea-Nine 2hl (a
isothiazolone), zinc pyrithione (an anti-dandrufinficide) and Irgarol 1051 (a triazine herbicid&). of these
compounds are used mainly as co-biocides to cogsgecially to increase efficacy against algaghéncurrent
climate, registration of new active ingredients fise in antifouling paints is a very costly andtpacted business.
Increasing regulatory, environmental and produdtgastandards have all increased the cost and riageired to
develop a new antifoulant. Thus, there is inteesearch activity to seek novel, environmentallyigpemethods of
fouling control. Figure 1 shows the strategiesrdffauling compounds generation.
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Figure la. Strategiesof antifouling compounds
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Natural product antifoulants

Toxic effects of tin and copper antifouling compdarhave highlighted the need of new environmenfaiindly
antifouling coatings [15]. Marine natural produftsm microbes can be a better replacements forckiemicals
commonly used in antifouling coatings [16]. Manyssite marine animals are free from biofouling amddpice
metabolites that demonstrate antifouling propert@esumably as a means of protection from coltivisaby
fouling organisms or to reduce competition for spachighly competitive environments [17].

For the past 40 years, several physical, mecharibamical and biological methods used for the @néwn of
marine biofouling have been tested [18]. Recerithgénic compounds produced by the microorganissmea@ally
marine microbes are most promising against of neafouling. Many marine organisms microalgae andimear
invertebrates produced biogenic agents with antdlsid, antifungal, antialgal, antiprotozoan, ldcidal and
molluscidal properties to defend themselves agaetttement in the marine environment. Some ofalsegondary
metabolites possess potent antifouling activity 4], but their antifouling activity under labooay and field
conditions are unknown.

Natural product antifoulants (NPAs) are globallgegted and one of the most promising environmegntahign

option to control marine biofouling. Secondary nbefges of marine organisms play a vital role totrol the

fouling. Sessile soft-bodied marine organisms aény inherent antifouling property, i.e. they puocd secondary
metabolites as a chemical means of warfare, pioteftom predation, competition for space, prevemtof over

growth/biofouling, combat poisoning and fight infieas. Natural product antifoulants are mainly &etl from

bryozoans, ascidians, sponges, soft corals, maagr®eaweeds and bacteria. They are mainly conaes time

chemical classes of terpenoids, steroids, caradsnphenolics, furanones, alkaloids, peptides acihes. Phyletic
distribution of 160 reviewed marine species fromachtpotential antifouling natural products extratct®f the 160
potential NPAs, 76% are from sponges, algae ardhdains [19].

A recent review by Qian et al., [20] covered 214ifanling marine natural compounds and 23 of ttssinthetic
analogs, which were discovered and/or synthesizech fmid-2009 to August 2014. The antifouling (AF)
compounds reported have medium to high bioactigitith a threshold of EC50 < 15.0 mg ™! Among these
compounds, 82 natural compounds were identifieches structures. All the compounds are marine-ddrive
demonstrating that marine organisms are prolifid promising sources of natural products that magédesloped
as environmentally friendly antifoulants.

Antifouling compounds from plants

In the 1980s, terrestrial plants were explored asoarce of AF compounds [21], but were superseded b
investigations on marine organisms in the 1990sceR#y, terrestrial natural products, pharmaceigiand
enzymes have been recognized as important soufecemdoxic antifoulants. When compared to micr@vigms
and marine organisms, reports on antifouling compsufrom plants are very few, which may be an alier
source naturally available.

From several thousand years plants have been uasgdditional medicine. Around 80% of the world’'sqgple
depend on traditional medicine for their primanalte care needs, according to the World Health Gimgdion
(WHO) [22]. India has more than one fourth (8000)tkee World’s known medicinal plant species (30,006f
which 90% are found in forests. A enormous amodtimhany novel biological active compounds are praduby
plant species, as very few plants species have theeaughly investigated for their medicinal prdpes. Thus,
there is a renewing interest in phytomedicine dutast decade and now many medicinal plant spesiedeing
screened for pharmacological activities [23]. Adstd highlighted the promising antifouling activity an active
compound fromA. paniculata plant extracts showed against marine fouling bac{ed].

Recent years marine aquatic plants have been explkar overcome the antifouling problems. The potéht
compounds such as brominated furanones and etataentified from seaweeds [25], this group ofpdahas been
actively explored for AF compounds [26,27, 28, 30, 31, 32]. Antifouling activity of Seagrasses andngrove
plants have also been evaluated and the develophepplications containing zosteric acid, a sesgraetabolite,
as a non-toxic antifoulant has been attempted [BBiee meroditerpenoids 16-18 isolated from thewvhralga
Halidrys siliquosa inhibited settlement of cyprids d&&. amphitrite [34]. Floridoside , isolated from the red alga
Grateloupia turuturu, showed potent anti-barnacle activity,but was taie to nauplii, whereas co-occurring
isethionic acid was less active, but more toxic][3% mixture of compounds inhibited Noctanoyl horedee
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lactone-mediated QS, showed inhibitory activity ]JB6compound Luteolin-40-glucuronide isolated fraime
seagras&nhalus acoroides, was a potent less toxic inhibitor of settlemenBoneritina larvae [37].

Eleven flavonoids were isolated from the leavethefhalophytédpocynum venetum. Among them, the isolation of
plumbocatechin A, 8-O-methylretusin and kaempf&@-(600-O-acetyl)-b-D-galactopyranoside was regmbifor
the first time from this plant. In addition, thetiéouling activities of these compounds against tharine fouling
bacteria,Bacillus thuringiensis, Pseudoalteromonas elyakovii and Pseudomonas aeruginosa, have been evaluated
[38].

The use of modified tannin from black wattle tresedi as an antifouling pigment and its formulatedntifouling
coating exposure in a marine environment for 7 fm@nWater contact angle analysis showed the hydioph
characteristic of the tannin antifouling coatingfage. Immersion tests at Badalona Port in the Medinean Sea
shows the high antifouling efficiency of the TANatimg, comparable to commercial paint, until 7 nhenfThe use
of natural black wattle tannin, without its comp¢ion with metals, can eliminate the release ofatsednd other
toxic biocides to the marine environment [39].

Antifouling compounds from Microbes

Bacteria

A variety of conditions (culture media, inoculacifation temperatures) are employed in antifoutegjs with
marine bacteriaShewanella algae was selected as model organism to evaluate tleeteff these parameters on
bacterial growth, biofilm formation, the activityf smodel antifoulants, and the development and naobranical
properties of the biofilms. All the parameters digantly affected the ability o&. algae to grow and form biofilms,
as well as the activity of antifouling moleculesdAtailed study has been carried out in order tabéish a biofilm
model for further assays. The morphology and nambigcs ofS algae biofilms were markedly influenced by the
nutritional environments in which they were develdpAs strategies for biofilm formation inhibiti@nd biofilm
detachment are of particular interest in antifogiliasearch, the present findings also highlightiied for a careful
selection of the assay conditions.

Two compounds, 2-hydroxymyristic acid (HMA) and-8imleic acid (COA), were isolated from a chlorafor
extract of the marine bacteriurshewanella oneidensis SCH0402. In a spectrophotometer based chemotssay/a
HMA completely eliminated the optical density (ODBf Alteromonas marina SCH0401 andBacillus atrophaeus
SCHO0408, motile, fouling bacteria, at 100 and 1@p@nl-1, respectively. COA similarly decreased @ of A.
marina and B. atrophaeus by 100% at 1000 Ig mil The commercially available, highly toxic anti-fiog
compound, tributyltin oxide (TBTO) never reducece tbD of the target bacteria by 100% even at higher
concentration. Instead, all the test bacterialscelére killed at higher than 1000 Ig ™bf concentration. Both
HMA and COA inhibited germination dfilva pertusa spores completely at 10 and 100 Igmiespectively, while
TBTO inhibited germination at 0.01 Ig Fhl However, in field assays, both HMA and COA shoveetifouling
activities as potent as TBTO against a wide ranfydooling organisms, including micro- and macroasg
barnacles, and mussels. The average fouling cosesaghe surface of the control panel was 93 + @#r 4.5
years but no fouling was observed on the surfact¢heftest panel onto which each compound was applie
separately. Thus, bacterial repellent compoundsbeamsed as substitutes for potent toxic anti-fauompounds,
resulting in higher standards of environmentaltyafgthout loss of anti-fouling performance [40].

Bernbom et al., 2011 [41] carried out a study ttedaine if marine bacteria from danish coastal v&afgoduce
antifouling compounds and if antifouling bacter@uld be ascribed to specific niches or seasonsfueer assess

if antibacterial effect is a good proxy for antifimg activity. We isolated 110 bacteria with aktbrio activity from
different sample types and locations during a I-y&ampling from Danish coastal waters. The straimse
identified asPseudoalteromonas, Phaeobacter, andVibrio naceae based on phenotypic tests and partial 16S rRNA
gene sequence similarity. The numbers of bioadbiaeteria were significantly higher in warmer thancolder
months. While some species were isolated at allpBaglocations, others were niche specific. Weesdpdly
isolatedPhaeobacter gallaeciensis at surfaces from one site aRskudoalteromonas tunicate at two others.

Twenty-two strains, representing the major taxorognoups, different seasons, and isolation strasegvere tested
for antiadhesive effect against the marine biofiblming bacteriumPseudoalteromonas sp. strain S91 and
zoospores of the green algtva australis. The antiadhesive effects were assessed by quiagtithe number of
strain S91 obJlva spores attaching to a preformed biofilm of eachhef 22 strains. The strongest antifouling
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activity was found irPseudoalteromonas strains. Biofilms ofPseudoalteromonas piscicida, Pseudoalteromonas
tunicata, andPseudoalteromonas ulvae preventedPseudoalteromonas S91 from attaching to steel surfaces.
piscicida killed S91 bacteria in the suspension culturereasP. tunicata andP. ulvae did not; however, they did
prevent adhesion by nonbactericidal mechanismé&jer@Pseudoalteromonas species, includin®. piscicida andP.
tunicata, reduced the number of settlibjva zoospores to less than 10% of the number setilingontrol surfaces.
The antifoulingalpP gene was detected only b tunicata strains (with purple and yellow pigmentation),aber
compounds/mechanisms must be present in the Beadoalteromonas strains with antifouling activity.

Fungi

Qi et al., [42] investigated the antifouling secand metabolites from marine-derived fungi, we uéohssay
guided column chromatography techniques, such dsCHB separate and purify compounds fr@hadosporium
sp. F14. Extensive spectral analyses including MRNspectra and MS were employed for structure dhtan of
the compounds. Antilarval activity of the compoundss evaluated in settlement inhibition assays Veittoratory
rearedBalanus amphitrite andBugula neritina larvae, while antibacterial activity was assess@ét disc diffusion
bioassay on growth inhibition of six marine baakspecies. In total, nine compounds were obtaiAetbng them,
3-phenyl-2-propenoic acid, cyclo-(Phe-Pro) and ay¢Val-Pro) had various antibacterial activitiggaist three
fouling bacteria, furthermore, 3-phenyl-2-propena@id and bis(2-ethylhexyl)phthalate effectivelyibvited larval
settlement ofB. neritina and B. amphitrite larvae, respectively,indicating that the two comnpads are potential
natural antifouling agents.

Fungus Aureobasidium pullulans, was isolated from marine biofilm and identifi@dbioassay-guided fractionation
procedure was developed to isolate and purify anlfiifig compounds from. pullulans HN. The procedure was
fermentation broth—aeration and addition of soditosulfate—graduated pH and liquid—liquid extract-SPE
purification—GC-MS analysis. Firstly, the fermeitat broth was tested for its toxicity. Then it wasated with
aeration and addition of sodium thiosulfate, asdaiicity was almost not changed. Lastly, antifiogiicompounds
were extracted at different pH, the extract hadhhigxicity at pH 2 but almost no toxicity at pH 1@hich
suggested the toxicants should be fatty acids. H@,of the extract againSkeletonema costatumwas
90.9ug mi, and its LG, againsBalanus amphitrete larvae was 22.3g mI™.. After purified by HLB SPE column,
the EG, of the extract again& costatum was 49.41g mi*. The myristic and palmitic acids were found asrtian
toxicants by GC-MS [43].

Three new 14-membered resorcylic acid lactoned)limonycins D—F, 1-3, and eight known analogues,14-wiere
isolated from the sea anemone-derived fun@achliobolus lunatus. Compounds 1-4 are diastereomers differing
from each other by the absolute configurationshef 4,5'-diol chiral centers. The absolute configuratiofsl-e4
were established by the CD exciton chirality metand TDDFT ECD calculations. In antifouling assals3-6,
and 6a exhibited potent antifouling activities aghithe larval settlement of the barnaBanus amphitrite at
nontoxic concentrations, with EC50 values rangirgmf 1.82 to 22.5ug/mL. Noticeably, fungicide whole-plant
assays indicated that 6 showed excellent activityttte Plasmopara viticola preventative test at 6 ppm and
concentration-dependent activity on the Phytoptahofestans preventative application at 200, 6@, 200 ppm.
Preliminary structure—activity relationships arscatliscussed [44].

Actinobacteria

Actinomycetes are the well recognized as the ricBesrce of bioactive compounds including clinigaliseful

antibiotics, anti cancer agents and cell functioodoiators and hence of high pharmacological andnoercial

interest [45]. They are widely distributed in varionormal and extreme ecosystems, due to theirraitgled

ability to degrade wide range of complex substrates withstand extreme physico-chemical conditig6$. Based
on the hypothesis “poorly researched habitats déer better prospects for discovering new natunaldpcts”,

actinomycetes from such habitats are currentlyou$ of considerable scientific interest [47]. Marcovers more
than 70% of the earth’s surface which contains glext space for living microorganisms especialtyraenycetes.
Actinomycetes are a large group of bacteria pradyciovel secondary metabolites especially antitgotirhese
Gram positive high GC bacteria are widely distrdaltn soils, but can be found in different marimeieonments
like surface sea water, lower or abyssal depttoagtal to offshore region, and other general ocearga [48, 49].
The increasing numbers of literatures on novel bwies and the diversity of marine actinomycetesrgly

support the view that the marine environment iggaificant source for the search and discovery athtdiversity
and secondary metabolites [50,52tinomyces, Actinopolyspora, Micromonospora, Micropolyspora, Nocardia,
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Rhodococcus, Salinispora, Serinicoccus, Streptomyces, Streptosporangium, Streptoverticillium, and Solwaraspora
are the major actinobacterial genera were repdrtad marine sediments [48, 52, 53].

Nowadays, the number of discovery of new metatmlitem terrestrial actinomycetes has been decre&sedhe
other hand, there is an increase in the rate ablaion of known compounds [54]. Therefore, thgtouhe
examination of new groups of actinomycetes basedumexplored habitations as sources of fresh bieacti
secondary metabolites proves crucial.

Many novel actinobacteria were isolated from maengironments which produced novel secondary métabo
with different biological activities were recentlgported [55, 56,57, 58, 59]. In India also, thare many reports

on bioprospecting of actinobacteria from marinesgstems with special reference to antimicrobial angdymatic
activities [60,61, 62]. The reports stated thatrenthan 41 species of actinobacteria which are Imaomes under

the genera Streptomyces, Nocardia, Micromonospoig Actinopolyspora are isolated from Indian marine
ecosystems. In this regard, antifouling compounketdipiperazine was reported from deep sea bacterium
Streptomyces fungicidicus [63]. Marine derivedStreptomyces albus inhibited theVibrio biofilm formation [24].
Five structurally similar compounds from the crusldract of a marine&treptomyces strain contain antifouling
activities against major fouling organisms [64]. wver bioprospecting of actinobacteria from Indiaarine
ecosystems with special reference to antifoulinggounds are very few [65, 66, 67].

Overall, marine actinobacteria could provide a sewf biologically active metabolites for the aatifing industry
and other biotechnological applications. With thepiovement of isolation and cultivation techniquesl the
availability of molecular tools for uncultivablerains, it may be possible to detect more isoldtesjentify more
novel antifouling compounds and to engineer “eanmentally friendly” biotechnologies against biafmg.

Enzymes as an antifoulants

Over the last few decades, attention of researster®in the search for new bioactive substancet) as enzymes
and biocides to be used in major sectors of thédwazonomy, including the agricultural, chemicalod, textile,
pharmaceutical, bioenergy and cosmetic industiepecially industrial enzymes value was nearly 4S$billion
in global market in the year 2013 and it is expg¢tereach US$ 7.1 billion by 2018 according to BRE&search
(BCC Research 2014)[68]. Besides their economigeahicrobial enzymes are applied in technologiepleying
eco-friendly processes [69].

Some of the novel enzymes explored for antifoulawgivity include oxidoreductases, transferasesirdigses,
lyases, isomerases ligases etc [27,45,70]. Quoramnsirsy an important factor in biofim formation. Mcyl
homoserine lactones (AHL) is reported play an vitéd in quorum sensing and repelling zoosporedlea sp [3].
AHL acylases is also potential for broad antifoglactivity in addition to several proteases, glytases and oxido
reductases acylase. Spore adhesion strength dhedreatt ofUlva zoospores the settlementBdlanus amphitrite
cyprid larvae has been shown to be significantihhi inhibited by serine-protease at laboratory &ietll level
experiments by incorporating in paints [45, 71,70].

Nano particles as an antifoulants:

Marine natural products, like seaweeds [72], spsr{@8] and mangrove plants [74], have the abildyréduce
metallic silver to AgNPs. The biogenic AgNPs havevide range of applications like antibacterial [7&jd

antifungal agents [76].Poly-phenols, proteins atfttoactive phytochemical in the seaweeds havealilgy to

reduce and stabilize noble metals like silver, gpldtinum, and lead [77]. The application of metahoparticles to
prevent marine biofouling is inadequate. Thoughdaiting occurs in any material immersed in natiwaawater,
there is a substrate-specific variation in foulilogd [78]. The most commonly used material in teaveater
includes, concrete for the building of marine stuwes, mild steel in power plant cooling system¥CPand

stainless steel, in oceanographic research equipemgumaculture cages, and ship hulls, wood areyhgibjected to
fouling communities and cause severe technicallenad and environmental issues.

A novel eco-friendly antifouling product against nn& biofouling is the need of the hour. The apmtien of
biogenic AgNPs as an effective anti-micro-foulingeat against marine biofilm consortia has not besported
elsewhere in the literature barring the work ofdkéndan et al., [73] and V Ramkumar et al., [78].nhture,
biofilm is composed of varieties of bacteria, bgimg to both gram-positive and gram-negative baterhe
growth of gram-negative bacteria was more profoyndhibited by the AgNPs than that of the gram-pesi
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bacteria [80]. Inbakandan et al., [73] demonstrater species-to-species variation in the antibedtactivity of
AgNPs synthesized from sponges.

Actinobacteria - mediated synthesis of silver namtples (AgNPs) is a reliable, eco-friendly ancportant aspect
of nanobiotechnology. In this study, aqueous siiegrs, which were exposed to an actinobacteriaimbigs of
Streptomyces naganishii (MA7), were reduced to form stable AgNPs undeiimjzied conditions. The microbially
synthesized AgNPs were characterized by UV-Vis spscopy, Fourier transform infrared (FT-IR) spestiopy,
X-ray diffraction (XRD), selected area electronfidi€tion (SAED), energy dispersive X-ray spectrggc¢EDX),
scanning electron microscopy (SEM), atomic forceroscopy (AFM) and high- resolution transmissioection
microscopy (HR-TEM). The size (5-50 nm) and shapehérical) of the AgNPs were determined. The
biosynthesised AgNPs exhibited good bactericidai;@ofouling, antioxidant and cytotoxic effectstivregards to
the HelLa cell line [81].

Among the eleven seaweeds studied, the yield ofPgblynthesized by.lactuca was high and exhibited excellent
micro-fouling activities. The biogenic AgNPs coated PVC coupons exposed for 45 days in natural ataw
which has inhibited the micro-fouling. The applicat of biogenic AgNPs as an effective anti-foulagainst
consortia of marine biofilms has not been repoeisdwhere in the literature [82].

CONCLUSION

This review highlights the impacts of biofoulingdapotential of NPAs as alternatives to TBT-basetifauling
coatings. Considering that marine microbes remaénlargest untapped source of natural productscidud and
gainful utilization microbes from marine ecosystelaad to the isolation of novel natural productifantants.
There is a great opportunity to isolate promisintifauling compounds from natural resources. Howekie joints
efforts of biologists and natural product chemistsighly warranted.
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