N-acylhomoserine lactone-degrading bacteria isolated from hatchery bivalve larval cultures
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Abstract

Quorum sensing (QS) systems, which depend on N-acylhomoserine lactone (AHL) signal molecules, mediate the production of
virulence factors inmany pathogenic microorganisms. One hundredand forty-six bacterialstrains, isolated fromabivalvehatchery,
were screened for their capacity to degrade five synthetic AHLs [N-butyryl-dl-homoserine lactone (Cs-HSL), N-hexanoyl-dl-
homoserinelactone (Cs-HSL),N-octanoyl-dl-homoserinelactone(Cs-HSL),N-decanoyl-dl-homoserinelactone(Cio-HSL) andN-
dodecanoyl-dl-homoserine lactone (Ci2-HSL)] using well diffusion agar-plate assays with three biosensors, Chromobacterium
violaceum CV026, C. violaceum VIR07 and Agrobacterium tumefaciens NTL4 (pZLR4). The results of these assays led to our
choosingfourstrains (PP2-67,PP2-459,PP2-644and PP2-663)thatwereabletodegradeallfivesynthetic AHLs,thusshowingawide
spectrumofquorum quenching (QQ)activity. We subsequently confirmed and measured the QQ activity of the fourstrains by high-
performance liquid chromatography plus mass-spectrometry analysis (HPLC-MS). One of the strains which showed the highest
AHL-degrading activity, PP2-459, identified as being a member ofthe genus Thalassomonas was chosen for further study. Finally,
using thin-layer chromatography (TLC), we went on to confirm this strain’s capacity to degrade the AHLs produced by other non-

pathogenicand pathogenicbacterianottaxonomicallyrelated.

1. Introduction

Bacterial diseases in bivalve hatcheries are a considerable limiting factor in
commercialaquacultureandresultinsubstantialeconomiclosses. Formanyyears
treatmentwithantibiotics hasbeentheonlyviablestrategytotacklethe problem.
Nevertheless, their use does nothing to guarantee the ultimate success of larval
cultures and their overuse has resulted in the development of resistance. The
seriousness of the situation has recently promoted the exploration of novel
strategies to control marine pathogens, butonly some ofthem, such astheuse of
probiotics, are applicable to bivalve aquaculture (Defoirdt et al. 2007a, 2011a;
Pradoetal.2010; Verschuereetal.2000).Oneofthemost promisingalternativesis
based on the inhibition of the expression of virulence genes, regulated in many
aquaculture pathogens by bacterial cell-to-cell signalling, known as quorum
sensing(QS)
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(Bjamsholtetal.2011; Dongetal.2007; Gonzalezand Keshavan 2006; Natrahetal.
2011). QS is a population-density-dependent gene-expression mechanism which
involves the production of signal molecules known as autoinducers, a ubiquitous
phenomenon in bacteria (Gonzalez and Marketon 2003). The most thoroughly
characterized Gram-negative, bacterial intraspecific autoinducers are N-
acylhomoserine lactones (AHLs), which have been reported to accumulate in the
culture medium as the density of the population increases, and onreachingacritical
threshold concentration bind to an AHL-receptor protein belonging to the LuxR
family of transcriptional regulators. The activated LuxR/AHL complex then binds
specific DNA sequences, resulting in the activation or repression of target genes,
includinginmanycasestheactivationofimportantvirulencephenotypes(Eberhardet
al.1991;Fuquaetal.1994; Natrahetal.2011).
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Ithasbeenreported that some aquatic organisms suchas micro-algae, macro-algae,
invertebrates and also other bacteria have the potential to disrupt QS by means of
variousdifferent mechanisms(Natrahetal.2011).Onesuchmechanisminvolves the
productionofcompoundsthatinterfere withthedetection ofsignalmolecules;these
compounds, known asquorumsensing inhibitors (QSIs), were firstdescribed inthe
redmarinealgaDelisea pulchra. Thisalgasynthesizeshalogenatedfuranones,which
protectbothfishandshrimpfromvibriosis(Givskovetal.1996;Rasch etal.2004). The
samemechanismthatinhibits QSinaquaculture pathogenshasbeendescribedinthe
marine bacterium Halobacillus salinus (Teasdale et al. 2008). A second strategy,
known as quorum quenching (QQ), is the enzymatic inactivation of AHLs by the
productionofacylasesorlactonases,asdescribedelsewhere withreferencetothefish
pathogenTenacibaculummaritimum (Defoirdtetal.2011b;Romeroetal.2010,2011;
Taitetal.2005). Thus,theuseofAHL-degradingbacteriahaveobtainedsuccess when
cultures from the intestinal tract of healthy shrimp and fish enriched in AHL-
degrading enzymes increase the survival rate of turbot larvae (Scophthalmus
maximus) (Tinh et al. 2008) and of giant freshwater prawns (Macrobrachium
rosenbergii)(Nhanetal. 2010).

Within this context we have studied the capacity ofanumber of marine bacteria
isolated from a bivalve hatchery to disrupt AHLmediated QS systems in bivalve
pathogens.

2. Materialsandmethods
2.1.Bacterialstrainsandcultureconditions

The 146strainstested inthis study wereisolated fromsuccessful larval cultures of
differentbivalvespeciesatabivalve hatcheryinGalicia(NW Spain)andbelongtothe
culturecollection oftheresearch group ofthe University of Santiago de Compostela
involved in this work (Table 1). They are all Gram-negative rods with respiratory
metabolism and grow best at about 2.5-3% NaCl (w/v), classified according to
KushnerandKamekura(1988)as marinebacteria.

These 146 marine bacteria and Vibrio anguillarum ATCC 192647

were routinely cultured at 20-C in marine broth (MB, Difco). Halomonas
anticariensis FP35T (CECT 5854") (Martinez-Cénovas

etal.2004)wasculturedat32-CinMY medium (3 gmaltextract, 3 gyeastextract,10g
glucose and 5 g peptone per litre) (Haynes etal. 1955; Moraine and Rogovin 1966)
modified with a balanced mixture of sea salts (Rodriguez-Valera et al. 1981).
Agrobacterium tumefaciens NTL4 (pZLR4) (Shaw etal. 1997; Chiltonetal. 1974)
wasculturedat32-CinLuriaBertani(LB)medium(10gtryptone, 5 gyeastextractand
10gNaClperlitre)supplemented with

2.5mmoll-! CaCl and2.5mmoll-! MgSO (LB/MC), in MGM min-

4

imalmedium(11 gNa,HPO,,3 gKH,PO,,0.5gNaCl, 1 gglutamate, 10gmannitol, 1
mgbiotin,27.8mgCaCl, and246mgMgSO;, per litre)orABmedium(3gK,HPO,,1g
Na,H,PO4, 1 g NH4Cl, 0.3 g MgS0,-7H,0, 0.15 g KCI, 0.01 g CaCl,, 0.0025 g
FeSO,7H,0 and 5 g glucose per litre) containing 50g gentamycinml-',

Chromobac-

teriumviolaceumCV026(McCleanetal.1997)andC.violaceum VIR07(Morohoshi
et al. 2008) were grown at 32-C in LB medium supplemented with kanamycin
(50gml-1).

2.2.ScreeningforAHL-degradationactivityusingsynthetic AHLs

Thepotential QQactivityofthe 146isolateswastestedby welldiffusionagar-plate
assaysasdescribedelsewhere(Romero et al. 2011). Briefly, synthetic AHLs were
added at 10moll-'to

500 1 of an overnight culture of each marine bacterial strain in MB medium and
incubated for24 hat20-Cand 150 rpmrotary shaking. The same quantities of AHLs
were added to 500 1 of cellfree MB media and incubated for 24 h at 20-C as negative
controls. Inparallel, eachmarinebacterial strain wasalso cultivatedinMB medium
withnoexogenous AHLsadded for24hat20-Ctodetect itsownproductionof AHLs.
The AHLsineachovernightculture weredetectedonagarplatescovered with5mlof
semi-solidLB agarcontaining500lofovernightculturesofindicatorstrains.
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Fig. 1. Well diffusion agar-plate assay to detect AHL using indicator strains. Degradation of synthetic AHLs (10moll-') after 24h incubation was revealed by the suppression

ofviolaceinproductioninChromobacteriumviolaceumCV026(A)andC.violaceum VIR07(B)andabsenceofbluecolourinAgrobacteriumtumefaciensNTL4(pZLR4)(C)compared tothesyntheticAHL
compoundsCs-HSL(10moll-),Cio-HSL(10moll- )andCi,-HSL(10moll- Jusedasnegativecontrols. Detectionoftheproductionof AHLsinthe
1

1

four AHL-degradingstrainsusing AgrobacteriumtumefaciensNTL4(pZLR4)asbiosensor(D).
LB/MC agarplates were used for C. violaceum CV026 and C. violaceum VIR07
indicatorstrainsand ABagarplatessupplemented with80gof5-bromo-4-chloro-
3-indolyl-b-d-galactopyranoside (X-Gal) per ml were used for A. tumefaciens
NTL4 (pZLR4). Once the plates have solidified, 100 1 aliquots of culture
supernatantswere putinwellshollowedintothesurfaceofthemedium. Theplates
werethenincubatedat32-C for24 htocheck fortheappearance ofacolouredhalo
around the wells. The strains that showed positive activity against all the AHLs
tested were those thatdidnot activate the indicator strains and were selected for
furtherstudies. Wereferredthemas AHL-degradingstrains.

The synthetic AHLs tested were the following: C4-HSL (N-butyryl-dl-
homoserine lactone), C-HSL (N-hexanoyl-dlhomoserine lactone), Cs-HSL (N-
octanoyl-dl-homoserine lactone), C;;-HSL (N-decanoyl-dl-homoserine
lactone)andC,,-HSL (N-dodecanoyl-dl-homoserine lactone) (Sigma®).

2.3.ConfirmationofAHL degradationactivityby HPLC-MS

Toconfirmthequorumquenchingactivityrevealedinthe welldiffusionagar-
plate assays by the AHL-degrading strains we used high-performance liquid
chromatography plus massspectrometry analysis (HPLC-MS) (Romero et al.
2011). C4-HSL, C4-HSL, Cs-HSL or C;p-HSL were added to 500 1 samples of
overnight cultures of AHL-degrading strains in MB medium to a final

1

concentration of 10moll-' and incubated for a further 24hat20-Cand 150rpm
rotary shaking. Thecultureswerethen centrifugedat2000xgfor5min,extracted
twice with an equal volume of ethyl-acetate, evaporated under nitrogen flux at
50-C and resuspended in 400 | of acetonitrile for HPLC-MS analysis and
quantification. As negative controls, AHLs (10moll-') were

addedtofreshMBmediumandprocessedandextractedinthesame way.

AnalyseswerecarriedoutwithaHPLC 1100series (Agilent) equippedwithaC8
pre-column (2.1 mmx 12.5mm, S mparticlesize)andaZORBAX Eclipse XDB-C18
2.1 mm x 150 mm column (5 m particle size) kept at 45-C. The mobile phase was
composed of 0.1% (v/v) formic acid in water (A) and 0.1% (v/v) formic acid in
acetonitrile(B)(Ortorietal.2007). Theelutionconditionsare describedbyRomeroet
al.(2011). MS experiments were conducted onan AP14000 triple-quadrupole mass
spectrometer (Applied Biosystems, CA) equipped with a Turbolon source using
positiveion electrospray, multiple-reaction monitoring (MRM) mode. The MRM
signalswereusedtogeneraterelativequantificationinformationbycomparisonwitha
calibration curve constructed for molecular-ion abundance, using each of the
appropriate AHLsyntheticstandards(Miltonetal.2001).

2.4.Identificationofthe AHL degradationenzymaticactivity

TodeterminewhethertheQQactivitywasrelatedornotto hydrolysisofthelactone
ringcausedbylactonases(Yatesetal. 2002;Romeroetal.2011)parallelextractionsof



AHL were carried out under acidic conditions following the same procedure
described above. In this case we chose two AHLs with mediumand long fatty-acid
chains (Ce-HSL or C;p-HSL), which wereadded to 500 1ofovernight cultures ofthe
marinestrainsinMBmedium to a final concentration of 10moll-' and incubated for
a fur-

ther24hat20-Cand 1 50rpmrotaryshaking. Thecultureswere thencentrifugedat2000
xgforSmin. Then,thesupernatant wasacidifiedwithHCltopH2andincubatedfor24h
at20-C and200rpmrotaryshakingbeforeextractingthe AHLs.Finally, theremaining
AHLsweresubjectedtoanalyzeandquantifyby HPLC-MS.

2.5.StudyofQQactivityuponcrude AHL extractsfrom non-pathogenicand
pathogenicbacteria

AHL molecules were collected in crude extracts from 5 mlof cultures of non-
pathogenic (H. anticariensis FP35") and pathogenic

(V. anguillarum ATCC 19264") bacteria following the technique

describedinpreviousstudies(Llamasetal.2005; Marketonetal. 2002).Briefly,51of
eachcrudeextractswereaddedto50001of overnightculturesdiluted 1:1000fan AHL-
degrading strain in MB medium and incubated for 24 h at 20-C and 150 rpm rotary
shaking. The same quantity of crude extracts were added to 5000 1 of cell-free MB
mediumandincubatedfor24hat20-Casnegative controls. Theremaining AHLswere
extractedtwicewithequalvolumesofdichloromethane,driedandfinallysuspendedin
201of 70% (v/v) methanol. To detect AHLs an overnight culture of one of the AHL
indicator strain A. tumefaciens NTL4 (pZLR4) was diluted 1:100 in 5 ml of the
corresponding mediumandpouredonto AB mediumsupplemented with 80 g X-Gal
perml.Oncetheplates weredry, paperdisks S mmindiameterwereplaced ontothem
andthe20lofthe AHL samplesapplied. Theassayplateswere incubatedovernightat
32-Ctoallowtheindicatororganismsto grow and surroundthepaperdiskswithblue
haloes(Tahriouietal. 2013). Then,tocharacterizethepatternsoftheremainingAHLs
of eachculture the samples (20 1) were subjected to analytical and preparative thin-
layerchromatography (TLC)followingtheprocedure described below (Llamasetal.
2005;Marketonetal.2002).

2.6.AHLsanalysisofthe AHL-degradingstrainsbythin-layer chromatogragphy

Tocharacterizethe AHLsthesamplesweresubjectedtoanalyticalandpreparative
thin-layer chromatography (TLC)asdescribed inourprevious studies (Marketonet
al.2002;Llamasetal.2005). Briefly,5mlculturesweregrownuntiltheearlystationary
phase (opticaldensityofapproximately2.8at600nm)andthenextracted twicewith
equal volumes ofdichloromethane. The extracts were dried and suspendedin201of
70% (v/v)methanol. AHL samples andstandards were spotted ontoa TLC plate and
developedwith 70%(v/v)methanolinwater. Theplatewasair-driedandoverlaid with
top agar containing the A. tumefaciensNTL4 (pZLR4) indicator strainbeforebeing
incubated at32-C. Forthe A. tumefaciensNTL4 (pZLR4)overlay,a6-8hculturein
MGM mediumwas mixed with anequal volume of freshmedium, 1.5% (w/v)Bacto
Agarand80g of X-Galperml.

2.7 Identificationofthemarinestrains

GenomicDNAwasextractedasdescribedelsewhere(Prado etal.2005). A>1400
bp fragment of the 16S rRNA gene was amplified from the extracted DNA using
bacterial universal primers specific to the 16S rRNA gene (27F and 1510R) (Lane
1991). The 16S rRNA genes were amplified using Ready To Go PCR beads

(Amersham Pharmacia Biotech). The resulting sequences were analyzed with the
DNAstar Lasergene Seqman program (Madison, WI, USA). The comparative
analysis was carried outin the EzZTaxon-e Server (http://eztaxon-e.ezbiocloud.net/;
Kimetal.2012)andBLAST (Altschuletal.1997).Neighbourjoining(NJ)(Saitouand
Neil987) wasdoneusingMEGA4software(Tamuraetal.2007)usingthe Kimura-2-
parametersmodelusing 1000bootstrapreplicatesin bothcases.

3. Results
3.1.ChoiceofAHL-degradingstrains

The 146 strains studied in this work were chosen froma collection of isolates
commonlyassociated withbivalvelarval cultures withhighsurvivalrates(Table
1).Moreover,allofthesemarine bacteriahaverespiratorymetabolismtoruleout
the most frequent pathogens associated with aquaculture, which are mainly
fermentativebacteriabelongingtothegenus Vibrio.

‘We undertook an initial screening of the 146 isolates by well diffusion agar-
plate assays in the presence of five commercial AHLs with fatty-acid chains of
differentlengths(C4-HSLCo-HSL,Cs-HSL, Co-HSLandC,,-HSL)(seeSection
2). The AHLsremaininginthe mediaweredetectedusingtheindicatorstrainsC.
violaceum CV026 (Fig. 1A)which produces violacein in the presence of AHLs
with shortand medium fatty-acid chains, C. violaceum VIR07 (Fig. 1B) which
originates a violacein pigment in the presence of C1o-HSL and A. tumefaciens
NTL4(pZRL4),whichturnsblueinthepresence ofAHLswithmediumandlong
fatty-acidchains(Fig. 1 C). Wefound thatfouroutofthe 146strainstested(PP2-67,
PP2-459, PP2-644 and PP2-663) were able to degrade all the AHLs tested;
suppressing the activation ofthe three indicator strains. These experiments have
been carried out three times and the same results have been obtained. The four
bacteriawerechosenas AHL-degradingstrains forsubsequentstudies(Table1).

A parallel analysis to determine the production of AHLs of the four AHL-
degradingstrainswasdoneusingthewelldiffusionagarplateassay(seeSection2).
Our results indicated that only the PP2-663 strain synthesized AHLs which
activated the A. tumefaciens NTL4 (pZLR4) (Fig. 1D) and the C. violaceum
indicatorstrains (datanotshown).

To confirm and characterize the nature of the AHLs produced by PP2-663
strain,weanalyzedthecultureextractsfrom5mlof anovernightcultureusing TLC
in combination with the biosensor A. tumefaciens NTL4 (pZLR4). The AHL
patternfromstrainPP2-663 contains2spotswithmobilitiessimilartothoseofthe
Ce-HSL and C,-HSL standards (Fig. 2B, lane 3). This analysis confirmed the
production of AHLs inthe AHL-degrading strain PP2-663 indicating thatithas
alsoaquorumsensingsystem AHLdependent.

3.2.Confirmationof AHL-degradationactivityby HPLC-MS

Weapplied HPLC-MSanalysestofurtherconfirmthedegradationof AHLsby
the four selected AHL-degrading strains. All four strains were able to reduce
significantly theconcentrationofall the AHLstested, showingmorethan60%of
QQactivityinallof cases. ThiscapacitywashigheragainstCs-HSLandC,,-HSL
(Fig.3) forallthestrains. Toascertain whether QQactivity wasduetoalactonase
enzyme weacidified the supernatantsofthetwo cultures containing Ce-HSLand
C,o-HSL (samples referred as Cs-HSL Ac and C;-HSL Ac in the Fig. 3). This
acidification allowsthe lactoneringto restructureitselfintheeventofitshaving
beenpreviously opened by alactonase (Yates etal.2002). Inneither case did the
AHL concentrations recover to any significant extent in comparison to the
negative control (referred as MB red bar in the Fig. 3), indicating that their
degradationwasduetotheactivityofsomeotherenzyme.
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Fig.2. AHL productionand AHL-degradingactivity by strain PP2-663.(A) AHLs extracted from 5ml cultures of strain PP2-663 withor without AHLsadded were visualized onanagarplateassay by meansofthe
indicatorstrain A.tumefaciensNTL4(pZLR4).Cell-freeMBmediumsamplesundersimilarcultureconditionswereusedascontrols. (B)TLCanalysisofAHLsincrudeextractsfromSmlculturesofstrainPP2-663
(lane3)andstrainPP2-663withCs-HSL (lane4)andCs-HSL+C1o-HSL (lane6)after24h exposure. The AHLswerevisualizedby TLC overlaidwiththe AgrobacteriumtumefaciensNTL4(pZLR4)indicatorstrain.
AHLsextractedfrom5mlcell-freeMBmedium(lane 1)andcell-freemediumwithCs-HSL (lane2)andCs-HSL+C1o-HSL (lane5)wereusedasnegativecontrols. Synthetic AHL compoundsusedasreferences: Ce-

HSL(804pmol);
Cs-HSL(31.6pmol);Cio-HSL(2pmol).

Eventually we chose strain PP2-459 for further studies because it showed the
strongestQQactivityagainstallofthe AHLstested. AsitisshowninFig.3,thestrain
PP2-459 eliminated the AHLs assayed showing an activity close to 100% in all
assays carried out. Moreover, this strain does not produce any detectable AHLs
signal molecules(Fig. 1 D)whichcouldinterfereinthequorumquenching results.
120

RegardingtothestrainPP2-663,itmayhavealsoashighQQ activityasPP2-459
becausetheremaining AHLsshowedintheir samples(Fig.3)couldbeassociatedto
its own AHLs (Figs. 1D and 2B, lane 3). To determine whether strain PP2-663
degradeditsown AHLsinthequorumquenchingassays, AHLsweredetected from
SmlcultureswithandwithoutexogenousAHLsadded(seeSection 2).Cell-freeMB
mediumwithandwithout AHLsaddedwereusedas
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Fig.3.HPLC-MSmeasurementsofCs-HSL,Cs-HSL,Cs-HSLandCjo-HSLinthecell-freeculturemediaof4 AHL-degradingstrainsafter24h. Initial AHL concentrationwas
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Fig.4. Detectionof AHL-degradationactivity by strainPP2-459in AHLsincrude extractsfromcultures
of H. anticariensis FP357 (lane 3) and V. anguillarum ATCC 192647 (lane 5) after 24 h exposure. The
remaining AHLswerevisualizedby TLC overlaidwiththe AgrobacteriumtumefaciensNTL4(pZLR4)
indicatorstrain. AHLs extracted from 5 mlofH. anticariensis FP357 (lane2)and V. anguillarum ATCC
192647 (lane 4) cultures were used as negative controls. Lane 1, synthetic AHL compounds used as
references: Ce-HSL(804pmol); Cs-HSL(31.6pmol);Co-HSL(2pmol).

controls(Fig.2A). AHLsprofilesofeachsamplewerealsoanalyzed andcomparedby
TLC (Fig. 2B). The results indicated that strain PP2663 showed quorum quenching
activityagainstthe AHLsadded tothemedium(Fig.2).Strain PP2-663 activatedthe
indicator A. tumefaciens NTL4 (pZLR4) in similar extension in the presence of
exogenous AHLs (Fig. 2A). Moreover, the AHL profile corresponding to culture of
strainPP2-663(Fig.2B,lane3)wassimilartothose fromtheculturesofstrainPP2-663
withexogenousAHLsadded (Fig.2B,lanes4and6). The TLCanalysisofthedifferent
crude extractshasbeencarriedoutthreetimesandthesameresultshave beenobtained.

3.3.StudyofQQactivityofstrainPP2-459uponcrude AHL extractsfromnon-
pathogenicandpathogenicbacteria

To ascertain whether strain PP2-459 has the future potential to beusedinvivoto
disrupt the QS systems of other bacteria we assayed its capacity to eliminate AHLs
produced by othermicroorganismsinvitro. Tothisend weassessed the QQactivity of
strain PP2-459 against crude extracts of H. anticariensis FP35", a moder-

atelyhalophilicbacteriumthatproducesC4-HSL,Cs-HSL,Cs-HSL andC,,-HSL,and
theaquaculturepathogenV.anguillarum ATCC

192647, which produces 3-oxo-C -HSL and C
10 10

-HSL as dominant

signals. Theremainingquantitiesof AHLswerefirstlytestedby agar-plateassaysand
thenanalyzedby TLC(seeSection2). Asindicatororganismsweused A.tumefaciens
NTL4 (pZLR4) to detect medium-and long-chain AHLs (Fig. 4) and C. violaceum
CV026, whichisactivatedinthepresenceofshort-andmedium-chain AHLs(datanot
shown). No detectable levels of any AHLs from H. anticariensis FP35T or V.
anguillarum ATCC 192647 were found.

3.4.Identificationofthemarinestrains

Toidentifythe4selected AHL-degradingbacteriatheir|6SrRNA genesequences
wereusedinaBLAST searchandcomparedto thereference |6STRNA genesequences
available in the GenBank database. As shown in Table 2, the strains were closely
related tospeciesofthegeneraAlteromonas(2strains), Thalassomonas (1strain)and
Paracoccus(1 strain). Strain PP2-459,belongingto thegenus Thalassomonas,could

infactbeanewspecies,dueto itslowpercentageofidentitywithitsmostcloselyrelated
species. Fig.5showstheresultsofourphylogeneticanalysisofstrainPP2459 andthe
related members of the Colwelliaceae family according to the neighbour-joining
algorithm.

4. Discussion

Bacterial infections are one of the most important set-backs to occur in the
aquaculture of bivalves, particularly in the hatchery. Severe economic loss can
resultfromsuchdiseaseswiping outcompletebatchesofshellfish. Theroutineuse
ofantibiotics asaprophylacticmeasurehasinevitablyledtoalossofeffectiveness
onthepartofthesedrugsandtheappearanceofresistance. Thusnewstrategiesare
currentlybeinginvestigatedtohelpinthe fightagainstbacterialdiseases.Someof
them focus on eliminating the pathogenic bacteria themselves (Nakai and Park
2002;Vinod etal.2006; Yamaichietal.2009)whilstothersattempttoinhibit their
growth rather than killing them (Defoirdt et al. 2006, 2007b). A recent novel
approachtosolvingthisproblemisthroughthe disruptionofbacterialcell-to-cell
communication, known as quorum sensing, which regulates the expression of
virulencegenesin manyaquaculturepathogens(Bjarnsholtetal.2011;Dongetal.
2000,2007;Natrahetal.2011).Inaccordancewiththisapproach wehavestudieda
collectionof146isolatescommonlyassociated withbivalvelarval cultures with
high survivalrates. Wechose four strainsonthebasisoftheirQQactivity against
five synthetic AHLs, as demonstrated by well diffusion agar-plate assays with
three biosensors(Fig. 1). Wehavesuccessfullyusedthisprocedurein thepastto
isolate culturable bacteria with QQ activity from dense marine microbial
communities (Romero etal. 2011). The percentage of isolates found in this work
withwide-spectrumofQQactivity washigh(2.7%)andrelated to those found in
previous studies, in which it has also been demonstrated that AHL-degrading
bacteria are more frequent in marine than terrestrial environments (Dong and
Zhang2005;Romeroetal.2008,2010).

Ithas been reported that QS systems may be disrupted either by chemical or
enzymatic signal degradation (Yatesetal.2002; Dongetal.2007)orbyreleasing
AHLmimicmoleculesthatare capableofblockingthe LuxR-typesignalreceptor
(Manefield et al. 2002). To understand more about the workings of the QS
inhibitionmechanismshowninthewelldiffusionagar-plateassays weconfirmed
andmeasured thedegreeof AHL degradationusing HPLC-MS (Fig.3). The four
chosenbacteriahadthecapacityto eliminateallofthe AHLstestedalthoughtheir
QQ activity was more effective against long- and medium-chain AHLs than to
shortchain AHLs. Strains PP2-459and PP2-663 provedtohavealmost 100%QQ
activityinalltheassaysconducted. The AHL remaining showninthe HPLC-MS
analysis from the samples of the strain PP2-663 added of C¢-HSL and C,,-HSL
(Fig. 3) could be corresponded to its own AHLs which have mobilities similar to
those of the Cs-HSL and C,(-HSL standards by TLC analysis (Fig. 2B, lane 3).
Thus, although PP2-663 had aimportant quorum quenching activity, itis seemed
that its own AHLs were not degraded (Fig. 2). We preferred to choose PP2-459
strainand not PP2-663 strain for further studies to avoid the interference ofits QS
systemintheQQ results.

The lactone ring of AHL is unstable under alkaline conditions and
temperaturesabove37-C,whichresultinlactonolysis(Yates etal.2002).Sincethe
recovery ofthe AHL concentration deriving fromtheacidification ofthe cultures
was insignificant, the enzymatic degradation activity shown by our four AHL-
degrading strainsmaywellbeduetoanenzymeotherthanalactonase. As farasthis
isconcerned,twoofthestrainschosenbelongtothe
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genus Alteromonas, the genome of whichhasbeen foundto contain anucleotide
sequence encoding a possible acylase (Romero et al. 2011). AHL-degrading
enzymesareubiquitousinbothprokaryotesandeukaryotesandarehighly specific
against AHLs,inwhich theybreak down the signals and influence QS-regulated
activity. Thusthesebacteriamaywellproducetheseenzymesasadefence strategy
againsttheircompetitors(Dongand Zhang2005).

Sinceoureffortsweredirected towards disruptingQSsystems inaquaculture
pathogens, wetestedtheQQactivityofstrainPP2459 against crude extracts of H.
anticariensis FP35", a moderately

halophilicbacteriumthatproducesavarietyof AHLssuchasC4HSL,Cg-HSL, Cy-
HSL and C»-HSL (Llamas et al. 2005), and the aquaculture pathogen V.
anguillarum ATCC 192647, which produces

3-0x0-C,o-HSL, C,p-HSL as dominant signals (Milton et al. 1997, 2001). Inall
cases AHL degradation was complete, indicating that strain PP2-459 can
inactivate AHLssynthesizedbyotherbacteria, includingunrelatedspecies.

A few studies related to the interference of QS systems in fish aquaculture,
includingturbotlarvae(Tinhetal.2008)and giant freshwaterprawns(Nhanetal.
2010),havebeenundertaken with successfulresults. Nevertheless, nostudiesin
bivalvesappearto havebeenattemptedyet.Inordertotakeadvantageofthisnovel
strategy inbivalveaquacultureitisessentialtohaveabetter understandingoftheir
pathogens’ QS systems, and particularly to ascertain whether their virulence
factorsareQS-regulated.

As far as the bacterial strains chosen in this study are concerned, all ofthem
belong to genera typical of marine environments. The predominant genus is
Alteromonas,speciesofwhichhavebeen reportedtoexertQQactivityinprevious
studies (Romero et al. 2011). Furthermore, the genome of Alteromonas sp.
BCwl156containsaQQsequence.

Amongtheactiveisolatesonly strainPP2-459 (Thalassomonas sp.)showeda
lowidentityvaluewiththeothermembersofits genus(96.65%),suggestingthatit
maywellbeanewspecies. Interestingly,thisstrainshowedthehighestQQactivity
inthis study.

In conclusion, we have identified four marine bacteria that have the capacity to
eliminate AHL signalmolecules. Accordingtoour results,strainPP2-459mightmake

agoodcandidatetobeusedto attenuatetheproductionofvirulencefactorsbybivalve
pathogens, althoughfurtherassaysinvivoarerequiredtothisend.
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