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ABSTRACT

Competition amongst microbes for space and nutrients in the marine environment is a powerful selective force
which has led to the evolution of a variety of effective strategies for colonizing and growing on surfaces. As the
primary role of antimicrobial activity can be to antagonize competitors, bacteria may also produce antimicrobial
compounds when they sense the presence of competing organisms. Bacterium - bacterium antagonistic interactions
involving antibiotics are well documented in soils but work relating to this in marine environment is scanty. In this
present study marine bacterial strains were induced for enhancement as well as for antibiotic production. In the
present study out of the 75 antibiotic non-producer strains used for inducement study, 20 strains were induced.
Inducements of antibiotic production by the bacterial strains were carried with heat killed and live Escherichia coli
and Pseudomonas aeroginosa cells.
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INTRODUCTION

The definition and function of secondary metabslit@ve been a controversy for decades. It was Bk'[l] who
first explicitly applied the term " Secondary mathte" in microbiology and defined it as, "Givenetlyenerally
acceptable view that there are basic patterns rérgé metabolism on which the variety of organistegns imposes
relatively minor modifications, we can define sedary metabolites as having, by contrast, a resttidistribution
(which is also species specific) and no obviousfion in general metabolism". Secondary metaboktes often
unique to a particular species or group of orgasiamd, while many act as antifeedents, sex attrecta antibiotic
agents and many have no apparent biological rdleN@vertheless numerous secondary metabolitesmgark
known selective advantages on producers primarilaro ecological role. Bacterium - bacterium antagtn
interactions involving antibiotics are well docurteah in soils. In situ production of antibiotics $oil has been
detected only in association with organically nafcroenvironments like seeds, rhizospheres and/dteggments in
soil [3-6].

Marine microorganisms have developed unique me@akaoid physiological capabilities that not only enes
survival in extreme habitats but also offer theeptiall for the production of metabolites, which wbunot be
observed, from terrestrial organisms [7] [8-10] n@xetition amongst microbes for space and nutrigntise marine
environment is a powerful selective force, whicts had to the evolution of a variety of effectiveastgies for
colonizing and growing on surfaces [11]. As thenmaiy role of antimicrobial activity can be to ardage
competitors, bacteria may also produce antimictobanpounds when they sense the presence of cargpeti
organisms [12]. Certain marine bacteria can bedaduto produce antibiotics, however few attempteehaeen
made to study such chemical communications betvei@rent bacterial species or how this might afffdee
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secretion of antimicrobial compounds [13-14].

In this present study marine bacterial strains {pmuducers in control) were induced for antibigiroduction. This
type of study may help to find more novel molecwded screening can be widened to include non-prerduaiso.

EXPERIMNTAL SECTION

Inducement of non-producer strains

A total 75 non-producer strains were chosen forathgbiotic inducement study. Clinical isolatesEo€oli and P.
aeruginosa were the terrestrial strains used for the assalyth® study was carried out following the method of
Spragget al., [14]. Five days cultures d&. coli andP. aeruginosa in nutrient broth were used to induce production
of antimicrobial activity in the marine strainsteit as living or heat killed cells (121 °C, 15min).

Marine strains were inoculated separately in gtk into three 30ml glass tubes containing 5 nmrhafine broth
2216E (Himedia, Bombay, India). Heat killed or liizecoli cells (1ml) were placed inside a dialysis tubingl an
placed in contact with each marine strain in ttst tebes. The control bottle contained only mabnath, marine
producer strain and 1ml nutrient broth inside dydia tube. Similar set-up and experiment was edrgut forP.
aeruginosa.

Antibiotic activity screening

Antibiotic activity was screened in duplicate emyia the standard disc diffusion ass&ycoli andP. aeruginosa
were used as the test organisms. Paper discs (\dha&@mm) were saturated with centrifuged (5000 r@nmins)
supernatant fluid (200 ul) from the test tubes plaadted onto nutrient agar plates inoculated withtdst organism.
Plates were then incubated overnight at room teatpes. Production of antimicrobial compounds wateithined
by measuring the inhibition zones from the edgthefdisc to the edge of the clear zone.

RESULTS

Out of the 75 non-producer strains screened, 2instgot induced for antibiotic production eithgrlive or deack.
coli cells andP. aeruginosa. Potential (above 7mm) activity was exhibited by AABB7, AE5, AF10, Al4,
OBSA14 and BFA2 (Fig. 1 — 4). The induced straifs1AAA6, AB7, AE5, AF10, H1, AK1 AL4 were isolated
form seaweeds. The strain AA1 exhibited maximunugeinent of 7 mm (Live cells) agairistcoli and 5mm (Live
cells) againsP. aeruginosa. The strain AA6 exhibited a maximum inducement ofi (Live cells) and 8 mm
(Heat killed cells) againgt. coli and Paeruginosa respectively. A maximum inducement of 9.2 mm (Loadls)
againstE. coli and no activity (no inducement) was noticed agafasruginosa in the strain AB7. The strain AE5
maximum inducement of 8 mm (Live cells) agaiastoli and 6.5mm (Live cells) Beruginosa was observed.

The strain AF10 exhibited maximum inducement of51tm (Live cells) againsE.coli and 7mm (Live cells)
against Paeruginosa. Maximum of inducement of 6 mm(Live cells) and 7 riideat killed cells) forE. coli and
Paeruginosa was noted in the strain AH1. In the strain AH8 aximmaum inducement of 7 mm (Live cells) agalast
coli and 4.2mm (Live cells) againstderuginosa was observed. The strain AK11exhibited a maximududement
between 6.5 mm (live cells) and 7 mm (Heat killedls) for E. coli and Paeruginosa respectively (Fig 31). The
strain AL4 exhibited amaximum activity (inducemefd) 5.5 (Live cells) and 8 mm (Heat killed celsjainst E.
coli and Paeruginosa and the strain OBSA 3 exhibited a maximum inducenoé®mm (Live cells) against Eoli
and 7 mm (Heat killed cells) againsadPuginosa. A maximum inducement of 7.5 mm (Heat killed) agaiBscoli
andémm (Heat killed) against &ruginosa was noted in the strain OBSA5 . In thestrain OBSA&aximum
inducement of 5 mm (Live cells) and 2 mm (Live siainst Ecoli and Paeruginosa was observed. The strain
OBSA14 exhibited amaximum inducement of 9 mm (Heled) against Ecoli and 5 mm (Heat killed) against P.
aeruginosa and the strain OBSB6 was only induced againaéfginosa and the maximum inducement was 5 mm
(Live cells). In the strain OBSB10 the inducememat 6.5 mm (Live cells) and 6.5 mm (Heat killedaiagt Ecoli
and Raeruginosa respectively. The OBSA , OBSB and BFA, BFB straiese isolated from Opisthobranch surface
and biofilm. The BFA2 strain exhibited a maximunaicement of 8.5 mm (Heat killed) and 4 mm (Hedéed)
against Ecoli and Raeruginosa respectively. A maximum inducement of 7 mm (Hedled) and 6.5 mm (Live
cells) against Ecoli and Paeruginosa was noted in BFA20 strain. The BFA22 strain exleisiinducement only
against Paeruginosa, a maximum of 5 mm (Heat killed) activity was obssty The strain BFA 19 exhibited
maximum inducement of 5 mm (Heat killed) and 7 nihedt killed) against Eoli and Paeruginosa respectively
and in the strain BFB20 inducement was observeg agpinst Ecoli (Live cells).
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Fig.1 Antibiotic inducement of non-producer strains AA6 & AB7 against E.coli and P.aeruginosa using heat killed and live cells of E.coli
and P.aeruginosa
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Fig.2 Antibiotic inducement of non-producer strains AE5 & AF10 against E.coli and P.aeruginosa using heat killed and live cells of E.coli
and P.aeruginosa
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Fig.3 Antibiotic inducement of non-producer strainsBFA2 & OBSA14 against E.coli and P.aeruginosa using heat killed and live cells of
E.coli and P.aeruginosa
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Fig.4 Antibiotic inducement of non-producer strain Al4 against E.coli and P.aeruginosa using heat killed and live cells of E.coli and
P.aeruginosa
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DISCUSSION

The production of antimicrobial compounds by marbeteria is usually assayed under straightforvwgamivth
conditions and only strains, which constitutivelsogluce such compounds, can be successfully screddgd
However, as the primary role of antimicrobial aitjivcan be to antagonize competitors, bacteria aisy produce
antimicrobial compounds when they sense competiggnisms. However few attempts have been madeutty st
such chemical communication between different badtespecies or how this might affect the secretimhn
antimicrobial compounds [14-16].

In the present study out of the 75 non-produceirstused for inducement study, 20 strains weredaduPotential
(above 7mm) activity was exhibited by AA6, AB7, AESF10, Al4, OBSA14 and BFA2. Variations in inducent
of strains were noted against the two pathogenssang: strains were induced to produce antimicratmaipounds
against both or against either one of the pathogEims strains responded against both the pathogers AA1,
AA6, AE5, F10, AH1, AH8, AK11, AL4, OBSA5, OBSA149BSB 10, BFA2 and BFA 20. The strains responded
only againstE.coli were AB7 and BFB20 and agair3iaeroginosa was BFA22 and OBSB6, Burgessal., [17]
reported inducement of antibiotic production byasts which did not normally produce antibiotics.eYtused cell
free supernatants to enhance antimicrobial produas well as for inducement of antibiotic prodoictiThis type
of studies was limited and their importance wasssted by both Spraggal., [14] and Burgesst al., [18]. Long
and Azam [19] reported production of inhibitory qooonds by attached and free living bacteria anchdou
significantly greater percentage of attached bacthan free living bacteria produced inhibitoryngmounds (66.7
and 40.7 %). But the actual antibiotic-producingtbaa may be higher if inducement consideratiaestaken into
account.

Once again the point emphasized by Sprtgd., [14,20] can be repeated, "in order to find moreel@iructures,
new way of screening for these compounds must Ipéeaf and inducement studies can thus become giaat
screening program.
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