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Met hods and Conpositions for Regulating Biofilm
Devel opnment Field of the invention The present
w0 pwentizen rel ates to net hods and conpositi onsPEDAU2006/000693
regul ati ng programmed cell 5 death in m croorgani sns
and for pronoting or inhibi t1 ng di spersal of
m Cr 0o 9 et bds AR CbMPEsitFERLIHRE It
invention Biofilns are re | nmensi onal crobral
growth forns conpriBiofl rBaBlBMQ eprentuniti es and the
extracel lular matrix they produce, Biofilnms are
ubi quitous in the environment and may form on solid
surfaces where vvaterFIQ:.ld&)fdhealeQntmnl n suspensi on,
fo
. grrr]eeér‘acanﬁv ?aefés nggghaeéo J%slﬁdrfs fgsrpéuéé?mg,g{'éér%mmed cell
deaftloinlmlcrnqargamsmscmd im pmmotlrrg dr Inh|bdingpdmpmﬁafsmmm@amsmm&xoﬂlms
di stribution and treatnment systens, pulp and paper
manuf acturi ng systens, heat exchange systens and
cool ing towers, aBackgnbumdofitheg inverntien souring of oil

BB R B o 8 BB B8R Prymgtes ar

the@&ﬁé&@!ﬁ(ﬂﬁ%a’tr& tN@tp%du%’ SBiefifhs areGbigaitous in thé EMGoN¥Ene Bnd may form on
reservoirs and pes. Biofilns are al so associ at ed

soligispfaces whese Wé‘ﬁ‘b'é .avslabls A 1B sYspensiane ot pXeAwleias fiaekaigEnules rBiofims
calR¥ 3FRfi@nOhist r% @ daﬁ%\ﬁq !fdr'g?ab 'Tlﬁgaé}ﬁlsco%?dnhﬁ fluid processes

ear acteri a ocar s Oh Ssurftaces
suchras wm%rrchstrmuﬂom@w treatment/eys)emscpslpuaod foapar asansfactoiingf $ystems, heat

oL 0 RS P BB S0 s o

resamdrsc ﬂondepubile fealthipesyextive) bibfiling betatodinpgtahiveservoirs of pathogens in

wlgh SFebtsart & G Ve TRTVAR o BB B e g cNo soiiged it &

nurﬁb@@ﬁpélﬂ;md lﬁfeh%ﬁé R Hbﬁfaﬁs fdr eRAHIE BHitis méaraqmnﬁy@dpsnds& of the ear),
fl bi ofi| ns or surface-associ ated biofil

ba%ﬁb@”ﬂﬁ‘@sd'téﬁr (Biofles @ntszelrfacas Pl the Aeast andtherd rvtalvesérﬁwtwf brosis (biofilms
on§ e 8f fhg I@'@Q]nérid fqd LdidPBs, a%cnﬁédﬂ &Y on tn@@ﬁq? ehla%rﬁ?nt such as

‘ ear nee fectlve stra egl es
impihetableanddisalglelices. i | s and t o enhance the activity of

a8l FitbBhind e s ek B oS R by engigpmens,

biofiiay &lag @ive e adlbendfit. CForiexartisig) emdaste water W%tm@mt%ystems suspended floc
b@ultlgglular trqﬂ) of the nenber orqanls
iofllpap ot guciape-agsgriate ‘H@ms ERMERENES, prarsaldite 'iaferﬂjlt@i)%r@@ﬁ‘éal such

as PUYeRtrif&tisHor um sensi ng are used by bacterl a to assess
cell density and initiate changes in gene expression

an8ceriingl Yisess isnhedipas uieed botefer effsativensiratagiesrie eiminate deleterious
b|0@win?ﬁ|?d dt!afeﬁlgan@thg%f:‘ﬁv Rrofdbfeibiadfifgd, This is associated

eren ene expression, leading to 30 the
i nBiofiins @re edsentiatiy melt(@ﬂqdarenlcmblaILdomnmBmésadtedoma&mdérﬂrdevelopment

o G BN Bl A b kR PR B S oot
SIgrﬁhlln‘n@ eEﬂfat:ell@IaﬁsigrfdﬂlﬂgTs)fsfeﬂ% -suthVastiofufd RALAPATE G3ed1RIbhGerSto assess
svvlt | of i differentiate and bi ofil ns

Ce”rﬁ@fﬁw @n W@@@@E@gﬁ%m%m expresgipreand pharotypes Whenpsufficient concentrations
of s@%@lﬁ@%ﬁbl&!ﬂlle@faréj@ﬁ&@& eTngQ B?s‘&br%t@ﬁ wﬁ‘ﬁ“&#ffér@nﬁnafg%%‘ Efffession, leading fo

antim crobi
the |nductlon of, for example, virulence factors and/or defence mechanisms, and with celi
differentiation such that biofilm-associated cells become highly differentiated from free-living

(planktonic) cells.
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penetrate the biofilmresults in increased
antim crobial resistance and nmake biofil ns
warbiizbarly difficult to eradi cate. Present BCDAURIWG/000693
control strategies typically_target the early stages
of biofil mdevel opnent and i Bvol ve the use of toxic
aNts MTheC £N wthin B@ARTSSdiffrna @hd Didfilths ritatie, RERBY Smetabolic rates, the
resent their own downstream problens due to their
celfular expressiont @ defrace mechanismsnand thenseduoed alsility &f @glirgerobialragents to
(:Qf t - ' t e .
pefSale T REAM el B RoraS R ESBiantd alt ket Yariouary
diffieiult ko eradidatef. i Present bivéimgeonpol cretagreetypically target dhehearydstages of biofilm

de@@h%nt&rﬂd iﬂr\]/&veg%g?el &lfcr %@gﬁpb}aﬂgqggég%{aénwggcﬁ %Xx‘fcl a%ents present
thefreiw gowtstgarh bblem@idde ¥etheiprrase intd-theBaflironkaht. Imf)roved strategies for
It is helieved that progranmed cell death

. ?585- 4592) g
biofil qgn pqe,?@a@freqwre erugi nosa i s prophage- medi ated and
Pl @yras feckitly Bebmdib@Gbrkd it PMd%Jrfa? é&ﬂ@'hcﬁ‘ta'cgl% \f}fﬂﬁln biofilms undergo
di spersal of a subpopulation of surviVving cells from
pragreannisid sl desih and dvsisie®ie nermahspgrse iobihe bisfillbaitseytlediVebh et al, 2003, Cell

PR S0 B BIEROTRORT 8 BASHEATE ot

thab programoed vell deethgie hiofiint ofiPt aergrmoss Bewophagd-REMNSEd whd biays a role in

ani.sne .of the biofilmapd that the .process o -
g i onrnd adiefia ot sibeawtigBin el Bk hgiog.
bi ghé Ipredemt Mvirtionkis Obtised ol tre. ingaHtord efildM@utet tisighBnomenon of
nitric oxide generators, The abili tly,to I ncrease .
programimed cgk ferdh Eobiefmt salinkeshis theacrumatianaaf|reastiven@kygen and nitrogen
SPAcRS RSP HTRMY, 5 b Bl e TSy 8L ABGTERGA col ceatr,
angl lisperaat 0 celisefreye res biofilmi h& pénktanis eslis, | cantle induced using nitric oxide

oo, TR PHFOIE G BT I RS o+Rbouition v

maSiputation yof ofiofilrh edeleioyamdntad rprotbssepr Bs proiotinyy eroyiammed edeitaith, and

. to a ethaod.fo r ting. dispersal, of mcrgorganisns, ...
incfegasth e S5PtY 07 SRS IR Birobigladen S: (e lnggeiss fo intibiting
andlbroéletsigbRfigndeélbmfdritve anount of nitric oxide or at

| east one nitric oxide generating or rel easing agent,

The present invention also relates to a nethod for

pronoting di sper salsuphmiry of thé HiNeéxitfort  om a bi of i I m

t he, met hod conpri sing inducing the accunul ati on of one

or T%Pféswéla&ﬂﬁl%fe@wgéﬁ meihed forirampding dipressabel migroerpanisms from a
infihe Nes: ol
B g GRS oSG 1R RRTl o RARYs Ao Pl SRS ot oaot
onelriivie bxigergeneratingros relessihgdgentnpr i sing treating a surface

or L ible t Lof il mformation an .
o TER PEG VTRt 3453 FERE PLE bihal € ropBih ESREreh B droorganisms
fromiat bidfitm, dhe miethod oammksing ¢ndacing' Bk @actimBtiGOeMne of Fidfs reactive oxygen
ccord rst aspect of the present invention,

. to, [
an W%%@”%%%%E?@U'ﬁ@&é”%\cr%g Sf or pronoting di spersal of,

or TRY @M8&Ht if@nfi BBS IrBte®Tio & ﬁig@lb@t?&fi{nhiﬁﬁiﬁlj blofiin foRRation and/or
met hod conprising: exposing said biofilmto an
devetop@enti the reatndneomprising treating exsugfeceoer etber| reedium suaseptible to biofilm

. i . r : i L A .
r D 5 R30S OB 5 B3R e BT s
ageni.t h an effective anount of

Thus, according to a first aspect of the present invention, there is provided a method for

promoting dispersal of, or preventing formation of a microbial biofiim, the method comprising:
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nitric oxide or at least one nitric oxide generating

or releasing agent; 5 incorporating an effective
wa@pmenes2ef nitric oxide or at |east one nitri CPORAUZI06/000693

generating or releasing agent  in a surface or nmedi um

susceptible to biofilm formati on; or induci ng the

accumdlsdking @al@foloﬁlﬁﬁo% dfetRe Rt lof ﬁltre)&(@@ r&r Qf Ieast t ge nitric oxide
nitrogen speci es wthin mcroorgani sms

bi @eneraﬁneprr@epwageeiﬁ formng a biofil m The at Ieast

Compr PG RS AORRRHT bEebtBo a4 Bl Bl Wiban e amount o

or ity sxideiof &tilsasiotie itricctixitie lgBndFating bﬁrefé@én@cégeﬂt from
sodi um ni troprusside, Snitroso- L-glutathione,

S- ni t MeefporAling e effeqiiemamount efrritricoxiste o aldeasboneatitrio oxide generating or

t h‘?él@é% Ry é}ré/rmncaaéuhé'cetd? eﬂfy}n ceg@ edtg)tglgﬂﬁ‘?@maﬁ Lovi ded

concen

Conceihﬂﬁcmgl A8 ab@hulEorl Bf dridorAdie fekcive, ox e‘hrd?'ﬁﬂ}o@én Qﬁecnes within
mllinolar ran such as from about t o about

W”BWOQFQ%‘W%%P S@@bﬁm%cmlﬁ@ @TWBQOWTHe b| ofi m
g}ilgpe’ﬁt |§é§i Bﬁ%ﬁfﬂ?%ﬁ%g@rﬁe RHnQbr étféﬁo k Oﬁlt %}&&%’ @r{%do?‘fjnore nitric

OXifi§ 8onoes: sl anaer pereddne omde ctoh@s riap be Bemt&ﬁfrauamtulhmnmcl‘prusmde S-

. ' f | e or of
o o g ol B AR BR Rl
bi Giypitatty tre mtacpe)bdieedombr s qpravided lraa lnomfob(lb @DmmmrahOﬂﬂDFbrS@aﬁ’Iple the
bact erial or. un é%ec i es

congaRirafipn may be in H@a | rg@{og@%( ) lmplgrrra@g@aW@s from about TnMto

ab&Rng miPor HBIA-aboutdd AMGERowt SPR. - Pseudormnas spp. ,
Pseudoal i er ononas spp., St aphyl oCoCCuUs sp

St TBpbigiBRaY e spiace-asscigiadoa susppnded. Wmemnéed biefil mﬁy be in the

for,ﬁr&ffgcggpq;msspp Escheri chia spp., Sal nonella spp.
a spp., Haenophilus spp., Baci | | us spp. ,

I onel
Deg' bé fésudograniems piiesent BHeewainiihé er capghle of @ming bloéimssmay.be of a single
Proteus spp., Aeronpnas spp., 5 A
sp%kegg !&ﬁﬂlt@?gsg&'e% crococcus spp., Serratia spp.
PoThé ymigromgansmspwithin Bais alidith oF lcurmb%p@f forAify | e may comprise
b %&%ﬁb Qe&resent atlv 8‘? | es of such species, bein
a PN BPQ?é?ﬁsor bp yﬁg@gnsegingmﬁw%e; 8Racies selected from, for
exdniplele Chngitas spﬂfs%%éc‘éﬁfsasﬁbm 'Psetﬁ@r%ﬁa'suﬁpga' ‘P@@LWOQI%MF)O%S spp.,

Serratia mar cescens, Fusob acterlunlnuc
StaphipqoerucHn. e SHeNtoCPRAISISER. halage#aypﬁ Lchnl@actwwwepp sEnterococcus spp.,

Eséﬁeﬁé}ﬁdo . PFnoﬁéifa B0, e%éblz i M hdbninds %ﬁgr BRSPS, b&kutovibrio

ace or xp03|ng

spmi Shewanglmispprs Gdobhiter spp.d Kisbeeld spmr Rratpasblspp.pfAeromonas spp.,
antimecr

. Tofi |
AryBhaRe e, Koo s sP et e AR Sy sEbaglerium spp. and
V/bamsﬁpgkepﬁes%tﬁtﬁe exemples of elghagpasied belh@@aﬁ&iﬂé aplcaid AT®¥ruginosa,
sodi um dodecyl fate and the ox] dative
St@ﬁﬁ@g@uﬁn@@&rm/g/sagéﬁkerﬁﬁe o, rRagHiesy dﬁhe@g@r@uﬁ desrratia marcescens,
FuW@&&Mhﬂfu@féﬁurﬁcdng VishBlcRbksag, Or chl oram ne. Reactive

ox%gen and trogen speci es which may accunul ate in
mﬁﬂg@dwmswﬂbﬁr campiiseftickiingdne suafpesbdrenasiunt withrinagrporating in said

f e |y [ on
surRloh by SRR 18 b eHBangRls bR < P3N el ot darming o
bloﬁimdtosap@aWer@eamtmhr@mdzlsagent By way of example, the antibiotic may be an
aminoglycoside such as tobramycin, the surfactant may be sodium dodecy! sulfate and the

oxidative stress-inducing agent may be hydrogen peroxide, hypochlorous acid, chiorine or
chloramine.,
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I n one enbodi nent the reactive oxygen and nitrogen
species is peroxynitrite. Accunul ation of reactive

w@zopgees2end nitrogen species may be achi eved bRCT/AU2006/000693
exposing the biofilmto an effective anount of nitric
oxide or at |east one nitric#oxide generating or

I elRRagivE Bx 9’?% nlt%&mgﬁgeﬁvm&mﬁa éﬁéﬁlﬂglht@rh anefoorga?isms of a biofilm

pronntlng | sper sal reven Ing format
or gepghle Dﬁfﬁrmimjbl@ftbrm)‘ir&a@i hyrﬂm@h@dgofdief ineentiont mayt incudeepetonynitrite, nitric

oxd(jjé1 hgar% ﬁ)reﬁ)%é 3@3%&5)%&&1&9&\[9 bi of i | mwhich |ead to

ise preventing induction of
di frf cale@trﬁ)odumemmheaemHVesoxygenmnd mmog@ﬁ;peciems phroxghitrtead to

bi Qf i f.or t ernatj vel I, t hods .
ot ResmalFh At eaieagvoet api 1 otser anei ey BF peev® by Sxposing the
bloﬁlmntﬁldnl affetive GimoBintrof GHROHERMNrHNIda8t @Rt Aitfit Skigd géﬂeratmg or releasing
ents. The present invention also relates to a method
agq r the treatment and/or prevention of a condition
as v
as fﬁﬂémogét gﬁpér(]"\nw«%hggﬁaf&\; Br'gfﬁ‘gg’@ cgér?%%?ﬁ? @géﬂgﬁ%ﬁ'rrﬁ‘ého? of biofilms may
Cormrlseundusuag emﬂtlattonleya@ts lmnmcrnqbrgamsmsownﬂdre sgid nigiofdrh i which lead to

dis;?errsaﬁ fﬁ@ tcéli}ﬁ%r@eg %Féﬂ/eér}tlggfﬁﬁggtlgr&) 5?%&%%@% qnteggrﬂt% m@{cfo(gﬁ;%@?ms which

lead)l tmfb|df|hm; fa;rmytlano m&lter%vei)d nornasstvell, imedhdde o thal ijvestion aflay comprise
i de or at. |east one

t of nit
'ncrl’?f"“f"?q t&;e 8?(]3 unﬂg\%éqo?%a'rs@r% ?é’%@‘%@g%gent for the

trepd ﬁl%@ént@rﬁveﬁtfoﬂ@é@t ﬁel@’@;s Qd‘) aemeh&d for 'ﬂ’reaﬁéa%érﬁtaﬁ@/or preventlon of a
condition in sai optionally together wth

conditign essomiated vith moalﬂbctﬁvdppra@émompm terinade arsubjers an effeciive
am@lﬂﬁ biitRE &@dfdr aBg5bn c %e%%ﬁér%g&ﬂe%a%q gggent

regnated I n or I ncorporate e sur
s ul hlﬁba oethed otthe ingenliorcier pramoiing slispersal bhertpeaventing mnmatlon of biofilms

eSS SRR BB o E Sl AR R G Bt

oxider gmientahmggordeleasmg sgént fof thmtr@atmmgﬁpr@morﬁ 6@‘&@1“1%@6!:@’[% condition
i nhi bjt rmat 1 on and/ qr

in SBQ\?HEG%TP@HQ”a‘IWtHQéherﬁ’gfb@)tr'?ﬂslﬂj'etaﬁ“@ﬁ@?@@ﬂe'ﬁspect of the
I NYRNBhHAW an&lbﬁfh@ dnﬁmt@rroﬁl‘é! et ﬁw?%%%!e?'dﬁfb bi0Be |mop{egnated in or

rormtlnl% IS er sal , Ofr reventlng ornmat | on
incorpIpigHin etwmqemfna wt@lec@ﬁqm% Heviasrsuclo ap i agihaigr, retent, ipposthesis or

oth%u@%al (ﬂ'ﬁm ISsHie B NI tric oxide generating or
rel easi

a ent of nitric oxide and a nitric oxide
geileg mmangmmntlmreﬂls@aelahagtoangmposltlonasn@eprbmotmgndtsberaal of microorganisms
east ne nitric oxide

ALl e _at
frorﬁé#fgﬁlﬁ{, 5”‘83 ! i}'blﬁ?neglb}é)ﬁ@] fﬂrénaé@b?ﬂd ?/VGLOBWEQH se one or nore
ni Thuse acoorditgy Womother aspatidofane iENtiaR Berdi it pravided iad@mposition for
be sel ected from sodi um nitroprusside,
pr OgﬁFqgrig)@rsaILQfﬂrLﬂred/@p{|ng fAgmation of a microbial biofilm, the composition comprising
nitriSoRidé ré?%ést'\%n@%ﬁﬁd/dx%gbﬁérétln@% Fé?ea%g Q%e?uom dtﬂ@gil&nand a nitric oxide

thereof. In one i ment e nit
geneErinQion reipasingRoB Ipgrder With pauitable carder. enbodi ment s t he

co [ 0
o o st he T B a3l orofes g BT RE bl opmore nitt
ox1deatunoral Sdidwne er mrealtrmiwmwom maypabe sewmdl %mlwmurﬁfnﬁroprusmde S-
lon rlse at l.east on
L e I e L 1 LS
ann oﬁ@bmﬁb&mmtm'mtﬁgﬁ% o B BiuRMitdpusddeotic, a
surfact ant or oxidative stressinducing agent. By way

of 'Nehekliehiae embacdiments: the compasitipmnal dean aakifawdeg wm.@sntm a medical
devﬁ:@%hcdﬁ%oﬁ&ﬁfk@@éﬁb@oatmg for a medical device or a pharmaceutical composition.
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the surfactant may be sodi um dodecyl sulfate and the

oxi dative stress-inducing agent may be 5 hydrogen
wperoen2itez hypochl orous acid, chlorine or chl oPEIATIZN06/800693

conp05|t| on of the inventi on for promoting di spersal

or preventing formation ®f a microbial biofil m

rra n

i bR SRS A ST ofnl PR Bt
aganih anay theoanyodntidiiardbig! egent suthoas en eantibioticn a raudactant gankidatise stress-

oot i o e 2 Bt A e 3 SRR o s tobramyin,

thea@datttmt ntay Beasodiuno dddeoy isdieater amb thi oxilbtivenstebs-ihthedg agent may be
hdfff ects., The OBE‘J sené%c{ nvent i owl SO relates to
y Beiide, Aupdefyprops FHYNsRENYF R venti ng a -
c Oﬂddompeﬂtl@saome ahvestion fbinpremetng! MRRRYELD BF%FHventfﬁﬁ‘ li‘@rmaﬁ’on of a
mposition of the invention for pronoting di sper sal

mlcaafb'al Biofilgy ER¥ninaleg differantiation gvestts i icopgBniamS Witln ispichbiedln which
lea ?o ?l@?é&}@%&)ﬁ f:e?gqtte"i?%con tdﬁ%rneﬂlr @Hﬁ%éngbgmqglcroorlgamsms WhICh lead to
blofdlmtfbrmmn ynceaang thewnsauwty efasid wicrOoANIEMS t:rm‘dmm:lrobmg egants or may

al so relates to nethods for
prog_rgee%?(gn?oﬁr?aﬁén gfﬂ%g%&effeé: anci ng the functioning of a
bi i present mvmitlors bls@rekata3ds comgpotitiensBorafelling dng/oRpreled@sd a condition
ri.c rg)é scavenger and/or at |east one

assgﬂ%tﬁ%wt”a@w‘# megl cording to another aspect of the

| NYIQRL & ebmpdslie 6f thémi?érﬁ]é/d ﬁ?ﬂoﬁoﬁ@tmgrsél%ﬁ o?ﬁrev%n’un% formatlon of a
mai nt ai ni ng or enhanci ng t he functioni ng

mictahial Rigfimomay aysuitaientyr érﬁ@iuag|on@rqvmtmb|aobfpillmwwcmtem c@a@tnon of a
subié{&ﬁgntﬁﬂ lflée% égp IBﬁ%llg‘Sorﬁ&i@é(?ﬁ@ag{ oneZhtirh 18’86151 ggrﬂ anti oxi dant

oxI de 'scav and at | east
onéheamteisexti ideantion Ialsoomlateembordethmst for trimantaining i and/ox iedleancing the

g SBHEREB e scomprsng. aipasng e bigUm Pt eastione i oxide soavenger
andfor @kleslt one2dntidXi¢angnt i oxi dant nay be sel ected fromthe

group consi.sting OFZ t hi oredoxi n, super oxi de
di Lt 260rdigg (R dpeinnesPastaotabe drinoTadate SREovHed Hoanethod for

mauﬁ@)ﬁw@%ﬁ@ﬁHaﬁ&ng b \‘Jﬁbﬂohﬂ@ ofH fidiRh, Eﬂ‘ﬂat r‘né\% Hﬁrﬁﬁﬁ éxlpb%g the biofilm to

mcroorganlsrrs within said biofil
at lenst pear RGP oxidg seavengey at lsazinoe a@thrd@ﬁ@cat ledst phrenific @xide scavenger

andéﬂé%%}tthBnﬂo%&ﬁ is provided a conposition for 30

ning or ‘enhanci ng, or naintaining and enhanci ng
t hia dne IeUdeJlmBngthe)ﬁltm okide éavenget s @-phemgb¢,4i5t5-tetramethyl-imidazoline-1-
sing at |least one nitric oxide scavenger and/or
OXyﬁfg}pieast one antioxidant together with a suitable

CaTHd eritioxiTaR NS SblbéteN frofVthé @qub'donﬁétfn\f;%Tembke%bh@nsuperomde
ents in, mcroorgani sns wthin said bio

d'sm‘géﬁf ngta@‘i'ogBéFds%ﬁco@éfaP'ﬂl tions As used herein the term
" biief kihbd g%zetfoﬁlpF s‘}?eor@ﬂbﬁpﬁghélﬁ&erﬂlbmﬁné\)eﬂ@airl] 'mlcroorgamsms within said

mat ri x- enc mé community di's
biofiim mhich éiad i dispeessalr act eri stics. Accordi ngl y, as used

he&boRiing! B SnbHE B dr ¥ present invention there is provided a composition for
maintaining or enhancing, or maintaining and enhancing the functioning of a biofim, the
composition comprising at least one nitric oxide scavenger and/or at least one antioxidant together
with a suitable carrier.
The composition may inhibit differentiation events in microorganisms within said biofilm
which lead to dispersal.
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i ncl udes surface-associated biofilnms as well as

biofil s in suspension, such as floes and granul es.
w®@ewhilkare2 may conprise a single mcrobial specP@ATR006/000693

may be m xed species conpl exes, and may i ncl ude

bacteria as well as fungi, afgae, protozoa, or other

m croorgani sms. As used b@ﬁﬁ;ﬂbﬁg‘e term"surface"

i ncl udes bot h bi ol ogl cal surfaces and non-bi ol ogi cal

suhs uepddiered) e deyinc Bibfileliefeatiosany ﬂmeae@tmegsmnﬁb matfis-encased microbial

£ i a
co@ﬂ&ﬂ@)@@é@ﬁrﬁ H{Jfgﬁgg P@}‘!arq%l%ﬂﬁlg% eé\aéso',ro?r& an? %E% fi{reg%)tﬁ‘?ge% biofilm
incladescsugm+assnc1atedcﬁlafntdmsm§ vieti @t biofilmb innsuspenaior,suetngs fioeb bnd granules.
, Ils. Biolo surfaces al so i ngl ude ,ot her nath ral
siolfs it EETRBIR Sle, EPLEH SHerBs 8 mal i OB SPeiiascmbeses, and may

incladl fadBa BRelllR f@@y aljBé) proks3ea, %Hétﬁ@%cr@érgﬁf%sconpOSI t l on
orts the establjshment and devel oprent

L. gf'tr |U§@40 ﬁ@:e'aﬁ %d@%@ééacprawcl%%pw& diglogical M@e@t aridanon biological
surlbant %lo?d@%aﬁgtﬁﬂa%?%malﬁupﬁlh@é sur?é%%s bh& fﬁ’té?r%f’z p]OJs fiddfes and

pr esent I nvention por ous
membianesh aed emmaidwobcaswh@, saeﬁsguplmnbfphagb)etou anl erganiem, urstbeldmg bacterial

memgrraﬁésninh IESII \&%I'é g]éls?%gftglgg %%ﬁ%ﬁl{l&ll&qe @Leﬁ@ﬁr'a %@ce@ sﬁ’ch asWood or

fibres.uk h@rclmslogltnah surfadé mgy bé rermanahdde s(ifacs lof @y, compwtbn ftﬁahﬁrpports the

t%)@ﬁ‘fé‘iﬁ g%nd)d)g}/ Iand gof@3:| qlfl&nn éf@h gg%(ggqq:g%\)gl?e%ﬁg%g‘? g}dﬁﬁﬁai plants and

equidPieAD MRuFIE droe Bk burdesk Y theBrREt MvaHRYE AR ARty @\fﬁfb‘us (such as a
within a biofilmthat occurs at defined st ages and

meRpyaRY &' BAR-ROIGHS; rigid rdexiRie-ar differentiation and the
de)!(§'u@éﬂrﬁé‘r{alnofhe%m@tﬁ%e%ﬁ" Oagslt ‘?{lat@?'tc& S Bbhif ﬁ’lBé‘r&" tfnb ?rocess of

phenot ypes used rm"exposing
detaairmienti f tcelsi fragn swiaces; inoluting mhhsrecelis (sudfi ag) onataootbemblefdm( ), and a

el b e R BE b o Ph SR RIS Ty o emr Ty i rect
expoasedenerat thesteto“pralyanimesit defi tdeth” méaﬁshﬁd@@bﬁmeﬁta évBi@ within a
filmto be treated or ot

. m croor gani sm,o
b'o@lf‘ %@l AuEshat H?%‘Pao'giﬂﬁﬁl%‘ﬁw GHSesi 8 ‘Ftaysrﬁ ,qﬁlqjarcglﬁgrgat{ahon and the
dev\éﬂo?rﬁer{t Bﬁsua&ﬁmatnéﬁs%e&é‘us wilVdpe&ifeed ﬂh}énétﬂfés rect exposure
ers to the adm nistration of precursor of the
achs veedappsein o t%mc@m%lumm@amnaﬁmmr@gdapabotéeme bringing into
con%ﬂfﬁ@ﬁ%@%goro%ﬁﬁror%g llﬁll ?ﬂe éxpos&gqggﬂé %{iw%é% gﬁé@fﬁf or indirectly.
Typumkb/rdlrect@amssm referstd aﬂmlhlmraimn oftttmagunste ther inicmiorygnist er biofilm to be

treaﬁdﬁérfgb?rwset n?g&b%tﬂ}ps mlctrqo n nltsr%atﬁgg oﬁrp e'%%’ q%ra%\/\g\tq@w the agent itself.
Typ\cah‘yl ladlreamprhﬁé eefbrsas tmﬁaﬁmiﬂﬁi‘aﬁbm ol precadoi of e ttivehgent or a
br| n @%gl nto contact with. As used

or e
COWW@P@ X "@05@ 'E* ee‘fffgé SiRes FAIEY o HUPE‘&'@% with ptAerreompaunds or

molERAR! NBe SachRN ab@m' fo e nﬁ&éérgeﬁ]'isﬁf‘tor ororothemgse bringing the
concentration Of an a?ent to provide the desi

micepprgerism or Hofilsx dda cerrast iherandhc e‘-‘mﬂliady,l the: teregiireat'dandi ftreating” and

vt 5B 00,08, RS 550U 85y LG RASFI oot
ankly osedalg,meelmftheatehn deffdctinebamougt’ tinokmbe dijthintis trheshing e non-toxic but

Suieht oty ors BTN To 6F etk i QRURBANG, HFoIHio kst Te exac
ammmdﬂtéiﬁrétﬂinl PuREE 6P \fa@f tdapenfifilyS on | facths RGdh F?a@sfdemsﬁemes of
to spec an exact " fectlve anount " . However

mlC@ﬁ&@a@jw@hg%%@eatSQnthaﬁﬁe@ipﬁvqttxeandéqrfaé@ of 4 Biotlmhetg treated; whether
the BRFilFAGS §L‘irF§'cé1§§EoEi¥te9 %?stﬁéen%dj ttﬁéaﬁaYtlcﬁllﬁ bdent() delf§ aBfhistered and the

usi n 'y routine ex
mode of a mmlstratlon and so forth. Thus it is not possible o specify an exact “effective amount”.
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As used herein the term"non-toxic" as it pertains to
concentrati ons or anounts of a substance neans
w@oemweaz2sat i ons or anpunts of a substance whi chCHAUZOE/000693
have a direct toxic effect o? cells, do not kill
individually free-living cells, but which nay operate
Ho®6ve f6i ﬁtﬂaélvénrh%%e tén' %ﬁfpﬁatb Nl Ot Gy T 1Ry G‘élérgt%ﬂ%v one of
processes in ns, ch involve a progranmme
ordm@aftskllltnetbepafhwganﬁtt rwﬁmeaxnenreeréat@ne may result in death
" t P e
@gﬁ@gﬁéweﬁ’\gltgfgte%onqg)h% s 9?)@:‘?51& E‘on%ntlda\'tlér]g 5rs§l;!1c%ulqts of a
subsmhesr means comenirdtipnscor@xiodits dicensubstanca wiieh -do ori have a direct toxic effect
on %%Ed 3 taétﬂigfrmdlgﬁﬁe\llggo P n%ﬁ%%?t{:@fi@sﬁta% %ge}%/ltg;]aﬁ]a sugnal that triggers

indiidtiom ot diffenéntigtionasockésep &1 Bichims whigh vbieh lpto@?a'i’fﬁtt}édtvéll death response
e or, nre o

anﬁﬁprbﬁ%&%tﬁéﬁi% ea%,{g B%;ppgw focelg%generattorrt] of dispersal cells
and"HHer Qe BsaNbSHIEilrhg) FBﬁe)@n@fé Iw"fllt réf&%né%' ﬁ‘lth& 36(06@%?6?§ a,non- -toxic

the mcroorganisms in the biofil density o
conep@tta@@t@@mogmt@ayﬁommeﬁow mtﬁc oooﬁedwnm@stsam of the
bi gt fi fil ,
o 25 00 RN PRl bl LR, B e i
referanoem; arqv\me er mefgsi thedolloing paremeteal thefiability of teeticroorganisms in the

th Lext L nt.i . .
noff et o dhe PErRPURES e R TRl 28 LI TrgSgganisms i
theasiofilng &r@tlifespemst ta thiofiint %dﬁl@éfﬁda?gof teaidirvia |p@ﬂ<ﬂ‘ﬁ?|rhb%| specmc function,
rocesses of _pﬁmgr amed cel | th and di spersal

suGNipgdn i €356 OF BRIAMS I WaSiewRter eyptems: the tsmoyal of Riiients: .A«;tqrq;ngly, in the
corttd@of 'th'é‘ 6ré§ceﬁ§ﬁ‘| |9Wdf38ﬁtaﬁhgf bibilth ff%ﬁ&dlr&”?tba?}sn&%ventl r? or at least

SI gnl I cant uce ancil ng uncti o

sulbsteatially Teﬁiml@ée :dgvednpmerﬁet poteagpsanh propraemmed catbdeatloand ch@ersal such
thafﬁ%t’c{% eg%ﬂtglﬁr@atg@{yr '&‘Lcn%c deﬁ\ﬁg %&l@i@? p% e{/g]ﬁ)? ‘Btgnlm figction is not

SIgmﬁ@dtIWtedtmedt t“EE‘rfhan@TghbloﬁlnhﬂJhntlbmmggr‘hem indreggig toriimrodirgy any one or
i | s means,conp
mofh @A e Gm SR TP SIS R sk oartin 26 R vilfag pesent
invevitbRi n i ts scope the reversal of biofilmdevel opnent
or processes associated with biofilmfaormation and/or

dedeluaghesien e, frmeinhibiing; asi it peieingelg bisdimsempRnsesemplste or partial
inh %Hﬂ?@l‘r Hfidn fo n:ij‘?tlbﬁ éﬁ@or‘?{evélﬁﬂ%ﬂf a’#d%lsb rﬁbﬁd@ﬁé tl ﬁc@éé th&Yeversal of

ornmati on an be 1n
blotllmrréV@@mtentorem@cesaesmswwtﬁd thtl'té)lorﬂlmsflorrmﬂiorefah(#@tdevelopmehb Further,

oo BB R e g BB | el B0 an ORB B omator

antﬂmldet/e,}d'pmeﬁtlmayl‘lmnnﬂmmd fov atimebuffotet tOfprddbee e dekired effect.
se" and "conprises'

col BB DI ST 4TS Hi el BB GmP Ry e e S T iRORGAD. but ot

nedeB&arifyr 1M ﬂg$uﬁlﬁl§m%e$ﬁﬁhodsr&%€ e “BbrhprisMgWshéh as “comprise” and
of exanmple only, with réference to

descrj be

‘coppgses ohavam@spm%tmyrvgged eagige 1. Cel | death and
di spersal events in P. aeruginosa biofilns correlate
with the accunul ation of reactive oxygen and nitrogen
speci es wit hi n FrigfResasiption elitheiPeawingg Conf ocal

" S0P 1 oy Lot A S0 i B o v

following drawings. al so shown i ndependently in separ at e

papel i ndi ate ol | ow st ture o

b PR orel Fodll o g Bty Ao cailioge BETg) Besite wih he
acoomulation ¢ rdzictiel dxpgenBme nitP§endPeciéBNithin microcolony structures. (A) Confocal
micrograph showing a 7 day biofilm stained with the BacLight LIVE/DEAD stain (micrographs for
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Conf ocal m crographs of mcrocolonies in a 7 day

biofilm Biofilnms were stained with fl uorescent dyes
wa@ledoea2izery specific RONS. Left panel are phasePCDAU2Z@SN00693

i mges, right panel are fl uogescence i mages show ng

RONS accunul ation in XY (top”down) and XZ (side-on)

IlveVérﬁV‘@ead BallsSare aldo RFBwn! iNGPBAdAN LN’ @ r‘é‘t%%héé V\ﬁhlféf ?rl%(/v indicates a
| east 3 independent experinents. Figure

hollgw siugiira wihin abiotm. &acl@,mmwdl@ateﬁdaaﬂpawtbharbvon‘nbmaar 50 pm. (B)
coff il oFRpASIIRS sTRh S DS B Yoo

dyasmbteol}trtgwpscifhtéRQI\B\lF!)eft pEMed Aiet phiaseccop trasiinteges sigfupand| iafe fludrescence
. ] and ofilin f or mat.i on
magity ShMOORS BRI o T i, I b o o0 i
Images Kr’?@e;ﬁés‘e@tﬁﬂve@f atmdabtd md@féhdtﬂt@@é\?ﬁelﬁhw ?g 0{ IrEIt easi ng

a S Oon e ro |[oTlIIm1to an oni Cc

OB £ P el srrasrapogt GNPl o Bia 43 GUakPBE Caamth of P
aerbﬁhkfs@ PROPRbIIsI wéi'é @Faﬁm BP0 %ms WQQGWVEIT pREQNe th%' br§hcd Bf sodium

resence of a"nitric oxid donor,
mtrmrtlssais (GNR). dankionP)rovdh weg ﬂl@@bﬂeld bglﬂumasqenmee(s@sma)ﬂ and biofilm

formatidh Bgerzﬁalgko%{:ﬁéléﬁhﬁe&n%lt GNP EadeVAP) or SNP plus the
nitri XI de scaveTtiger
2- pigure/d. - 4The, &fesi- afettricaonkiergpherh’ningdmm&eaisrmg -aberdx yh the transition from

b'oﬁlgg% Bgf‘ﬁﬁ‘éﬂ?{é{g‘)’tﬂgﬂ %FL}Q%@{S%C, Aﬁl{“@% ggrﬁ uanftog %Jehours % petri dishes
corﬁalmlﬁj mitodtdpe Glideg it the dresdnoard abited dxlide cﬁah@\/\édulthy n1troprussrde (SNP),

snc olbinge Rage) S ﬁreﬁé’ﬁ@?e”thééﬁanﬁ%ﬁéﬁ/g% & e niti
oxid scﬁ?lé’nb&%@%ll -3 h'S@étréfﬁé’t@ﬂl BhRkA be 3L (&HE ?PﬁO}DTI*T&ktomc growth

fect of SNP treatnent e sen3| ivit
wa%@treutrjled &% measyriggnhe omttcalrd@mnal (ORayentobthe mpeaaamgqllgm@ars ) and biofilm

o3 85005 DBy RGP oh BB s 1930 RS B3R o
phcﬁmmcro@apﬁswfmmroea:opars@beaim;stamaigl des were treat ed for 30
ut es VVI st aj

U B Dbt of She Maiingth o s RPE R, 4pfughpSa to Bnl-mirobial

agaitsC IF0 862 @iKosaPACY N@Btngquélr ZW%QWF&B @lsﬁéércfoﬁfémlng microscope slides
coverage) using &%lta i mage anal ysi's.

in thg REERRNCH OF 9bS@ﬂceo<Pf P In¥s Shile piimace’ rﬁl@f@@qoagébde@rwere treated for 30
mm'iHe‘s‘ N QIR Sntiich b sélﬁ%lo&tét%eﬂr\mm' IﬂV@/ ERB <B4 r@pﬁ aﬁla_\p)analyms with

hydr ogen per oxi § odi um do ecyl
light SIID&)SCQMOBHHWGM% nﬁu@nfage surfaekDaberdge) tIshng digitst ewege analysis. (A)

s 2 iy B BRRE e T MM Gh B 1),
hydsdgleniepsroaﬂe é+,0t) ramitunedﬂdéecﬁls?ph&} BDSTlaed afdoelsidroad ao‘iﬂ\l(?IOCl ) in the
nsiti y 0

pre%eémlc% élﬁgg &Y B}a%sy of 7DSaTe AT SpRYChaD) g@gg lr{bg %opfocal fluorescence

micRGFapbs SFAksaMASldevanerdieaant or 24 hours in petri dishes
cont ai ni ng_m crosco&sl slides for 24 hours prior to the

adbigieon oFhesffect phpNRibreatmenifan thes saneitivity gF praresteblished P. aeruginosa
biofflrhlé b 8fi- r%roﬁglué P@an ta’%ﬁ@m&ae?ﬁﬁp vfag grom hﬁ{?@%ﬁbﬁgn dishes

e antlmcrobix stain
congaindrigniniarpstape alidesioradahgquss prionitd thel adghbn i 560osd @NP. aBidfilms were

oo 4 B APRARS B SHEEE 5 O RLBE T fd putons
stalnmé\ﬂlt‘rﬂg‘tiﬁ/DE?% steiaing $calip® aﬁé%@baﬁllth:lgrgf/rlmgr??twfarrdh@mied (piergentage
surt{;%ee rgg(ﬂ(yémg Elggqiinsa@p@galb%q &) NSty @H@@ﬁlmg p QUI’Z,’:]C 9overage) on
mleb@éO?)b sﬂdes%\'%brefn%blp ggpf ?ﬁéﬁeﬁ@%&ﬁé BEODLal GHFRBIRRGIE (9 in the

sane slides "a
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Figure 6. Conbination treatnent of planktonic P.

aerugi nosa cells using SNP and anti m crobial agents.
web@okeast ¢ cells were treated for 2 hours w tPCT/AB2006/000693

antim crobial agent tobranycin (Tb) or hydrogen

peroxi de (H2Q2). Pl ate count% of col ony formng units

Jbale I S e (

PO Bl i PRSI o B U B PRt fuBfescence
mlC@Q@Qb&@f&me gamefslidsa afierdeatmegt. fr om a wast ewat er treat nent

485 ¢ CHMpiSPRLAT o LOBFSREE STt B3 53 o ot

micfoBal agentsr é’wwﬁdnl(w:eﬂlh waie trebie®id? 2(hBD1rs \Aﬁ%h Matlr&croﬁbi aglentrt@)ramycm

wat er , biofilns, s d ith S ns
(ToISRb RisieRebespse; Pt ar Pl ool oty Dy dugiive i BoCRYpL) were
perfﬁ%é@jrto Eﬁgsﬁ%ﬁbﬁltydﬁﬂ@e bébt@ﬁ’é' l ty count s on ol igotrophy

agar triplicates); ability counts on

euflaw,sm c Eaf@str of §BEoexpt>$ur®|qnc@sn%§al i @yc pidflBsntrag e gstewater
treaﬁt’éprft 8 c@dr%fdéé'flg&eﬁegc;eﬁﬁg@&ﬁépom orfrg&%g%{eglgggo# biofilms

ure
elthIrF!meaiedJ(j’c)nstreaiedA\%“l&mM$Na°(ﬂ)t h recycl ed water

g[n‘etBUt ' @ﬁﬁkﬁ %§&Lﬁ%@%}ﬂ magrcsﬁaéq %‘f‘fﬁﬁ?%f c?NP on the
exp O ure
blof@m)af.tﬁm SXpuUre @xpowe I%Q»r@o Bk @5580 AMINRY Ah\tl@ﬁltyt Goga{s AB Aligotrophic

agaW(RZ?l\ l&hp{l@f@? (Bf v15§kﬂlty0®0ﬁté @hictiophic égéﬁgB%h kriphidatee); (€)ercentage of
bi ||

surf@?q QVred ‘%/léiﬂg m'?%?%)’e%"@éﬂ? %@ngjﬁ%@al}% % coverage using

mi Eigwredo pyBiafirad grews fo Bmhﬁhg b uP\ACi pdupored i AR.in-kreguith eeclfled water

L AL L SR A
and$8p rHM $MP feaﬂ batebpioreiadiminites treatmanewitpa rangg efeoncepiration of free
chloﬁlﬁl‘?2 QR ‘Ji‘a&%ﬁlﬂits er e%hféhéﬁa? \)) , RighEatbdy iB%FigSrHérﬁag@of- surface

? br| 0OcC

covg b TTRITICRAGRY DRSS ERHANCREAES by oNP L1 ot ment of
t hlag_amp!olm Effeotf 8NP ag tiispdréay ofcSertatid mafcmbnlsgﬂ)ﬁm% ;TQ/ tm-) .
ONE: | ur e ec (0]
B 11 e of XRE bR oSN Xl Ao biotlS Ff gure
16Figaefidct Eftett oSRINP o didpesgebofs\dbriocholae biofilins.bi of i | ns.

Fi FiHﬁl%1 7-EfEEtfcﬁSNAIQF)n éiw%é)a?ofq}llﬁf%gﬁél%%? BﬁBﬂhﬁ?C' |1 us

I|c eniforms of SNP o

di Eigwied4 Tthassrantcy %Npotr@%rﬁgntmf e anti@lcrqblabamlwtyl@ tetracyclme (6
ug/ﬂnnﬁ‘drhjudﬁln@srbfWr@m/etrgeeat ment of biofilmformation by

St I hi bi t b
SNBBUE B ekt RENGEh Abbeta ol Wit ke bl to
gI Eigaresi6r f Efeet of Wannldas@e@@tElq@hbloiHmaf t he Invgntl on
or ne
CARE R DA Sl RIS
sp§§Hr§§8arﬁﬁeﬁﬁﬂfSNE’ Spdigpassal ofi Geiidare b:cans bigfimsgi nosa has
I
a ﬁ@un‘%ﬁ@or‘lﬁhlgtldﬁ[b?%k\lgglrﬁglﬁ{éh fg@ﬁtf@égﬁi t@%t%ﬂ#?@do@s epidermidis.
ae 'atyrer?ﬁs ﬁwbwehy@%@t@chra@m FusekaciTiyp axcleatunyio agigss surface.
fromthe interior portions of mcrocol onies, and

rogranmed cell death
prog Detalled Description of the Invention

P. aeruginosa is a ubiquitous soil- and water-borne opportunistic pathogen that readily forms
both single species and multi-species biofilms. P. aeruginosa has also become a mode! organism
for studying biofilm formation and development. Recent studies of P. aeruginosa biofilms have
identified dispersal of cells from the interior portions of microcolonies, and programmed cell death
of cells which can result in detachment and sloughing events (Sauer et al., 2002, Pseudomonas
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of cells which can result in detachment and sl oughi ng

events (Sauer et a/., 2002, Pseudonbnasaerugi nosa
waele@phizszs2 mul ti pl e phenot ypes duri ng devel opnePtT/aB26/000693

biofilm J. Bad, 184: 1140- ,1154; \Wbb et al., 2003,

Cel | death in Pseudonpnas aé ugi nosa biofilm

aer@fineh %I%EE%‘ mul%&ale %ﬁ&wotyﬁ@s’sdurﬁ‘@%@vé@p‘?@t asd iR enBhot, 184: 1140-

pr ogr a been reported in ot her nodel
11561 Webb At elo289%h &e&dea bﬂﬂ BSGGJM@IWOIPS @efginesachiofyn developuant, J. Bact.,
BI |
AR LAY B8 Loy S ok oL st
fornhrh@ barhnrral (MaVBmclﬁ@@Zet 2,384, Binfilmi degelopypent aad cellr ddath in the marine

vachyp B e ot ARt SRR BP A P 2uf y 387 i fted species

oralhvdfglraé Qﬁoﬁ@ @tf 919 czsm Mrmlng\ﬂ thel ypstiabdisvibatioh |dftv}able and non viable
rofil crobi

bacﬁqng guhyg rglgrogqsghzig ;’\é PIaquSE gy Mlgbl\]ig p(?églgégf \7689 oro%/ofl 1'983 448-
4552 A& RiKed %Ré&ef%%ﬁ%la‘ MRWIBS ifiwastk  watet QR3imeM Erbé@%' @fleyer et al.,

tructure a d ction of anaerobic-aerobic granules
200@omﬂl@roseaiegstgmwe>@edw fanctierc omanagrobigaespljaurdranes qopfeiging glycogen
I 2 er u [ :
achqﬁl{af?r@ QL agllrs:;Tr‘ﬁrg d FCEé/ﬁs Mdgafil 6EH)P %n g?a%Gfp‘eQﬁ’eﬁx?oé/ g?ggestmg that
probamimed icall dmtlmﬁs ) rgermkealééampmhbactéﬂabblewnpl develepnienh, The exploitation,

R A TR AT T g

dethéhffenl ibidfin clismil leadi t‘b&dvél tecm@k@iesﬁ@mmla&m df broflltnbdh a broad
mani pul ati on of biofilns, in broad range of nedical,

rangggfuqu,&qabmdgﬁr@ MWBE@@Wﬁ@”@PQ%aN ons. Utilising '
fl Uﬁfsﬁ@%@r‘ésé@%?dy}é%@éﬁ XS TS tﬁé’rdefe&%ndaﬂﬂ %ﬁ&lyéiﬁqof%@éttlve oxygen

anal ysi's of react ve oxygen and nitrogen speci

and RONS)N specles oRONSE in bielimpr eepresanhinyan @rﬁsh%\i@mfi dh#idthe RONS

vl RS RePRTAEY B Pl nds OIS, 2°2 Tt St o dant

WI Pbro&erntdes agoat o>ﬁddnt wlth)glwnm ranfd et bislogital effacts afbddotapable of

cting wt nbe ot her b|o lL.ecul es and . ,
roagungs G BT 8F o aGEoeAlFS: Fibariats ST ekl ) immedite
re@@f’é&xéﬁnﬂ)éréﬂyhlﬁlté % Mt roxide Oélvﬁ(fespr@a&\ﬂlrdawmeadnd intracellular SIgnalhng

intercel lular and |ntracellular S| [1in | ecul e
molste GLoRg gt NIKG OHGeCEBsly GREct AN A YTBEL ST, foluding
OX)B;E &fve&’?adﬁglgp ﬁ’i%%ucﬁﬂré&ﬁléﬁqﬁtﬂgoﬁd@/@ﬁd’w Fb%&t's WﬁﬁjSUpGFOXIde to yield the

adi cal's n one such reaction nitric oxide readily

pemegﬂﬂe with superoxide to yield the peroxynitrite: NO

+ @2- (r) ONOO- 5 The inventors have found that

treat ment of bloleep Ih»“ﬂ%b on-toxic

concentrations of a nltrlc ox| de donor conpound

i nduces programmed cell death and dispersal of cells

f r dhwe triventbisdiaivé found thadfraatmend ofbbiofime wita ow nan- twcecqnmmtretlons of a

o RSB L g PR S Bron v

Ieddmg & &nh ihereadehi@thk irdtidtof plankeonicto BMfilmQﬂn@adgl”ea'eddm in surface coverage
non-t o oncent rati ons tric oxide ¢
of 16 Rl T, SREOSEIEUSB PR Mo 5t 4o 5. BHOBPOatripH, non-toxc
coﬁ(%hﬂréhonsoof'rgn&&mercéﬁ be udtddh ﬁl’émlﬁﬁlété ke FeRAGRIR P@bés@ébsof ®fofilm cells.
tric oxi do not achieve t di spersal
In t:@rtirrastbhlgherj foric congentrationseaf nﬁmcocpmieedoonq_t,fapmwedhe)mpersal of cells from
of the present invention
b'dﬁ@fga e rﬁ@ér%rorr% e% ﬁg\?thpr onoti ng di spersal of
m oﬂtcomdlggiwosarﬂsrfectouﬂm poésehti ihventidnhrelates tormuietbahior premeting dispersal

of n)m(lgroc?rgar\] F orrklJ Iaolglclﬁlllnrwn ’&18 rf’flert]ho%f cf:o(ren%trilsiﬁ/ge exposing the biofilm to an effective

amount of nitric oxide or at least one nitric oxide generating or releasing agent. The invention also
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amount of nitric oxide or at |east one nitric oxide
generating or releasing agent. The invention
wab®oenzizez es to nethods for inducing programerRCTar006/000693
death in a m croorgani sm vvherel n the mcroorganismis
exposed to an effective anou Mt of nitric oxide or at
reldi@Asd r%t%d@'bf'nﬁ-‘du@iﬁg o da'i:blPQieQT fnebeﬁﬁioegaﬁ% hereln the
and to nethods for Tnhibiting biofilmformation
micgRovasnispnis naxpessertei an effestivier ap@ink gk pirist oxisleeort @ lpasbfong mntnc oxide
geﬁ;??e{tlﬂg%r‘ @'éaéaﬁg gﬁe‘?\g:aﬁf to%%tﬂod%'?or%fillﬁ% bYo‘?nlrﬁ%ﬂHﬁ%n %H%/or development

C OXl one
wheyein resugiacsi suscepiijinto. bloﬁmefomnaésremﬁreatad/m’dt m ea‘febimamahrﬁ@f nitric oxide

n h reat ne t wth a nitric oxide donor
or% ﬁe(%?tdogég@ SOB@?@%{@ 9 't rg,le%qmg@g?rht bi ofi I m and
pl alﬁtkpl@serﬁ ifvehtbis Hade Wies fourd tal tredtinertoktinad nigl@eIXide -donor increases
he present invention al so provides

SUSﬁ%@ﬁ@a'@? 8?#5 b@@ﬁwg neaYc £l t Hﬁf%%%ﬁ“ﬁ@?fthé agents. Accordingly, the
[ r I
preg%hzﬁrtﬁ/gﬁﬂoh élédpgrpgg%smg@ﬂwé’cl%egﬁpho?ﬁ@g&@rsam in@eﬁéllggg'tr% Susceptibility of

micEqPERaNiaMs £ antimieraia) agePtsbe used directly to achi eve the
de f c .
eﬁl‘\e{ ;g? sdn Jk@?& in élffé;%rg!v@] gﬁ;ﬂ@t{wdté’ ﬁwla% Qﬁg)ﬂxn&’egr‘ﬁgyy %eet?sggglﬁ?cﬂ%oeachleve
theajgsmeti eﬁay ogel’tm;mm/@y any agentearseblerof genemtlogordelewmgeﬂtrkad)xidepmay be

sy T8 R Gehetd e leRSh il o e PRE it B i o b feated, o
mokestypiGallpiit vive: WMathet® of eeaiRvinidiCate agerfMfddUiBrein usmgi nitric oxide donors
russi de, but those skilled in the art

itro
SUCE@B selirA PUEoprHSsides bt oRR 2B bvine a1t Wilapeiecialp e e imiention i not so
imfeganpl es of nitric oxide donors suitable for use in
accordance with the present invention include, but are
noExaniplast & dittio oddsadonans riuitabisplousss ineaceaiaPe with the present invention

inc@aef“b@tf égggot%g%dé{o%%@léﬁ[hgﬁo r@ﬁ@Nﬁ%@@SWﬁnﬁ@%ho GSNO

mothoethygesiemn&; nltto/so -Nracetgpemidillamme-(SNAP), glyco-SNAP, L-arginine, N,N'-dinitroso-

e R S R o
BI\KI\BNW\)NS WWN‘@metﬁ&N@teﬁEM}Mfoxﬂ%hﬁf c acld h%ﬂrb%%ﬁ?%ﬁ’én?l ester (B

acid 3-nitroox en ester , dephos

NOB] sloaBasthii: Sdchphoaiat, Hataiamie. NONGalee deiyiering| NaNGge/al, S.5-
dm.h@}!%&/ %Mltré&c%gsfopm' wglﬁ/@rg%ﬂ Erﬂhﬁ’ile monoacetate salt, Angelfs salt, 1-

S-nitrosocapt o r'ox I 'ni Né nonoa
hydeaxy£- oxmﬁgaglamlngprg;a/ll t3 |sqp¢opyl 1 tnazene (NOC -5), 1-hydroxy-2-oxo-3-(N-3-methyl-

amt?WX% rﬁeff?)ﬁ? ér?agégff @%(QZ}O;@@%{O% {Rg%orﬁtgip}%c% lrjoﬁl methyl-1-

hyx8rameen {NOCLI); r14h9drexy€2 QAIGEN-Bthyl-2-aminoethyl)-3-ethyl-1-friazene ﬁNOC 12), 2,2

hyﬁg&gﬂgﬁl%&a{q@sy}haﬁamne rN(‘B(.[, 1830{I W‘E EM r?y?} -[(E) EI_ hydrox%mmo] 5-nitro-6-
methoﬂy\ﬁlﬁé%b{eaﬁndéxo ﬁORN%et r(i‘ﬂ (ERa-BHFYIDARE) MY brbsyRniRdIBMitrol3-hexenamide

N%?dr@(yﬁ\i f& rﬂsﬁi’ﬂﬂré{ &Wﬁ@)ﬂﬂmmh& hitorahexese-( MbSpydIine  carboxamide
Nd@ 4) (Egghé\‘gf:ﬂfigxog%neogn(r%%fnléyﬁ%@eﬁ‘iﬁdﬂrb%hné T Hhefidhofs sodium methoxide), 3-
mor@pGrUrE)sydmommhﬁl (SIN-[ )} B)nitrosdiNsvalaryipenialiiabine | (SKWP)3 -shermineaONOate,

efhﬁﬁﬁff‘%\%?[si@%@@qci”z- [ (2Z) - hydr oxyi ni no] - 5- ni t r o- 3- hexene-

1 nybdned, pyitit dixite mw@ommjﬂ?ﬂ S(Moﬂb;n&trgso C- mtroso and _ N-nitroso
i proline in

4- ph |- 3-f b
con}pgﬁrﬁign,%p,@tr%ggﬁéﬁgqﬁgwggér}gi;metawo complexes, gut not excluding other NO
gen@ﬁéﬁrﬁ{{‘@nﬁdoﬁﬁ?ﬁ)’@b@ﬂﬂfofﬂh@ ﬁur@% %‘ ofthe grefgkthi%?ntlon may b be found in "Methods

roso- N-val er
in Nigds\QudeRessereh. eﬁhﬁed by FasligchoM s ande$iarient o Jmhn Wﬂe)g& BmsaNew York,
nitric oxide donors, including S-nitroso, Onitroso,
C-nitroso and N-nitroso conpounds and nitro
derivatives thereof and nmetal NO conpl exes, but not
excl udi ng ot her NO
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generati ng conmpounds, useful for the purposes of the
present invention nmay be found in "Methods in Nitric
w@xioda2Rexsearch,” edited by Feelisch, M, and BUEAU2106/000693
J. S., John Wley & Sons, &/York, 1996, pages 71-1
the disclosure of which ¥s I ncor porated herein by
1996%&{( nmaw&mmmmé o dlelich '|§3m@6rpd5}htbﬂ 'h@reﬁxxbyﬂ%fé?%@r % range of
nown to those skilled in the present
additiga mitiicoexidesdoners are kpwe & tbgeetaktﬂed laémﬁ art 9ndothe pneeent invention is not
limiR8 6l Ukt é/q)?{?@ géﬁi?uléﬂ%@ﬁbr i&@@eﬁdé@e{hé le%ﬁcﬁd &'t O%op?oﬁr‘;fate donor
appropriate don or a ticular application o
for & p&ftmdar@pplnatpn biethennmtlmnmw lmnmiekmmseeb;bme basiH

e oG Y e | S8R 2B ABREML Tl et e nomtone

concem:@&cmsr aTteotbnoanirativg m@wmiar@mmam rﬁlbt@m@laafor n@imolar. In particular

emghetsin {1 GoBHATERIpR Y 6 DRISEH AT Pl dnshokie 108 &1, beieen about
10 M‘Dl/bn@é’éo%‘&ﬁrnﬂbﬁt\kee% Qb&M@ﬁM aﬁt‘Pé’d&Jt SPmIMetieh Yean SG‘F?M Whd about

25 nM and about bet ween about 50 nM and ab

25 pil, rhﬂwqgétah@@tn109kn%ﬂndlebwhﬂ/0mw betwaen aboutrd@0 rtbétawdaebput 1 mM,

o o RO0 BT Ry £ ACIREREE i, B 10

andadbaull, tetwaemaboud 1@ B6M e 10 phinestmecalabout 100 Mdvid &M, batweih about 10

o 358 58, o Bt B s SR S S B RGRPENE acine
the Siel$nfea|@ff@:t a/ililesant A hinaMbdrof AcHIseVe malp Ee d@§mﬁr@d bt dkilled in the
w || lﬁend on actors and

a nunber
o Y5 B AR TERANE. SRy GeoR asE: BV TBgIhisuil e parcuer
ageﬂ%ﬂ%éd@@rﬁédn@ Br rose Ef‘adfvﬁ’rﬁét@f ¢h df Be! a'(cjgrﬁ topaﬁﬁaﬁ sﬁ‘l&&ure and age of
limted t particul ar agent Use
the@lOf”rTbﬂiIGépQﬁ*eSakﬂﬁFQanl%ﬂ to@eutr@aied;andtsa@nagent (s), the
Wgé; Erg%el?\yrhn% I&{)ﬁsoﬁir?@/gﬁg go 3&@@3 fgt:] &B%tmb dfsE@rsa? ?\erﬁfcr%ﬁrgamsms
from wbnﬁlnxorﬁora:h&mgngrm&gratmsecb ogtip desitht nroasnrbmorgpmmnmbr indnibiting biofilm

di.s f croorgani sns_from.a
forf iR PGP o/ PRRHEEarr HEREIa fhex Shcep by ah rporpaisms o
antimido Ll bhes. bﬂy@‘ballk fRefcompaitionsiprani@d MEard ey ehi@ATER the Atbthods of the

for i ncreasi ng the suscepti b| ity of mcroorganisns to
inveplight i mi crobi al agents. Typically the compositions

pr » » y

| nsl’éénﬁ@tgﬁn&aéfﬁ cfo@gos‘%(@ o atﬁeg m@%ﬂ#}o)rﬁ) E%cﬂ@égg%gfe ﬁ?ﬁ doBfReation in a wide
range okenvirormanissandi drewnsianeese Thentlieying is cabried distussian i shene general

seBECRRAFTY] ROTER R0 ShESUERL 0E JRL H RO

readify@ppreeaitie dinat afy dnhieseentedtr thSOram thich bipflisi devalopsnentio epvablem or in
nih 23S 3ot i bR ERT0 B Srofhush be Aol RIS 6 titsmethods and

Con@g.@ér@prrent is a problemor in V\,hl ch it is desirable
to_inhibit mcrobial growh wll @gotentlall
suPpgrea of arpligatiansel MAods ard eampositions &% heiinyaation dshe merieey brackish
| f
watll B shiidth AR Rlng TR o ade, SRERATAS 3D il gguacultre
equipmeint, ffishing nefs maioties inevaterciructags,, The mathedsnzhe composmons also find

om0 19 1 DA P95 SRR ST v

supph]gmmotm; amysfeed ﬁplesf traiel pive® (dofrabticdt irdasteal rs@err%epr@fess equipment of,
i ndu i nc

S, Lﬂﬂ {[1) onesti c applications, g;
for GRMRIg. g we%Wétﬁr EeRYPPR) Riaske dal PRORSEIAY fRiaR ;ﬁqogeryocessmg
plarits, %h@m@élﬁ%ufa@l@ﬂfﬁsdlén% Bhar At drdioph&Haduticd? hiafiG8during plants,

equi pnent
oil pipelines and oil reflnery equipment, and pulp and paper mills.
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for exanple, cooling towers, water treatnent plants,
dairy processing plants, food processing plants,
we b@aitizeeb2 manuf act uri ng pl ants, phar maceut i cal POT/AU2006/000693
bi ophar maceuti cal manufacturjnhg plants, 5 oi
pi pelines and oil refinery eduipnment, and pul p and

pa@emposifions . @Qﬁ@ﬂﬁéﬁtb@ﬁ@y&ilsd b& us& RNEdARy WRYic &Qlc%e including
‘ﬁ ?tl n i cal devices, including inplant

'mﬁ@g?h!"ame 8l ARUCEs, m ing Qutrigt limited Me”(PLISrﬁaﬁTéT@TSt inaeselhsters, stents,

présteseat ﬁfcﬁ asUdrilff&%f ??m?sathﬁﬁ{seﬁéart ﬁaﬂ\%gto? ot g;%ﬂ?sp% %rﬁék&t% surgical

as artificial earts art Va or O
peéﬁeg@\dspmqoancbmm densesur @theamembalte@supuam panslsamed coated, such as

95135 o S5 o BB o it

in MWOantbfmmldtsems BdT ekdreplé, awarndty @ﬁba@tbﬁép infectishs associated
t of infectious diseases.

o B A R Tl G b 5551, i o

cysie ﬁtﬁrosmbeﬁé ritédid) bt énﬂbd‘aﬂftﬁﬂ&dn@y‘ stﬂﬁéé REioki=H&t & E’geéé'é tu'ﬂnary tract
osi tions of i nvention, suC

t hod and conp
mf%s @Wgﬁegtlon%tdpmtalg)laqw id%ﬂ’fal saras@nd lfeckiong Gesaciated with surgical
d@éd.yp@y t S, sga r 4
proSbdiRed Finbgﬂﬁ Aﬁ%ﬁ%ﬁ@)ﬂa&cf 8%1“(%%3& e’ nV%HtIHI? rXeE}f b8 Fhrmulated as
Phafeaeeaticat mmmltlmﬁmr ifommeompanests af éamceo(ammi swgtchl dressigys; alouthwash,
rns. Accordingly, conpositions of the
tooﬂ{;};\%@ 'Lga%S%u“ge formul ated as pharmaceuti cal

co@pmposﬂtloomaccordlrfgdo thedovepiionendysbeodppliddodr coXtedBhis, or lncorporated in
to t hpast e or sal

t h
e 0 6Tt e Rl e anch G 4561 Rl PIRGELIREY Brorsagosure o
sai@eobﬁtzmenedo Cdn eAdoRAer®Nioh eEmpPriRES 'HRMnflo g?r]m%@r amSéns or a

surface of an object/itemof interest wel n adv
corgrosijar olgihe dypriiop maé@@/ﬁppl@%or Roatesk ondge (96 §\gpreoreted dmihd surface of an
obj@élifdlot&ﬁ bfrlbf]gagérﬁ nahﬁne@%te@’ﬁé??éé%%%?%a%&e%mteﬁp@ph% (_)e?t&%lurg of said objectiitem
to anlféivqumwnwrmh couprisee b|a§ﬂrp+fmrmmgmncrwgamso nto, or

| neBP BRI el P Bfin Jea™s TV REE SuBpELR « o xamle o

comm)sltlm ofeiiiginsentien mfay B@foﬂnt@éi¢d3§é 4 paistnwhe ofer €aWhg, eMIEIBA, solution,

gel%ﬁ%@f"ﬁ?ﬁé@ggg ﬁfglféﬁ%gorteﬂ%s,.f %ﬁ%f‘o%}rﬁaﬁg;h%ékllleﬁ ageipssee wil

ecBdhisealpbe tHeOsBrophRE fERfIERd t
rC|§9?1h|\l/ent| on ﬂb‘rog)e for nul[égtn:\éVﬂl agéﬁgﬁcgz):nnﬂhgrbaﬁf%?léﬂ;tgwggatlon and the

proe@ggm@eo éﬁlblleéh on, solution, gel, suspension, beads,

E‘ﬁﬁﬁo&ﬂn@ﬁ é\‘gll%eg@\'éengﬁ ¢/ﬁ %léén Iﬂélgc? %rre?sf H@ﬁﬁﬁp"? %qqueg{s Suitable

canﬂem reillents and mlplbntsjenpémowmin thdse skiiedtin thel st Tapliliea®f admants and

o, B35 By S S TR e ns o

coneiobitiemtand dn (i@ casei of pharmatstititar Ro@pesRions, ot deltelidlRNb She recipient
and exci pients are known to those skilled in the art.

theF?ﬂ di l uents, adjuvants and exci pi ents nust be

"a b
G ﬁégﬁé}fs S:E? ge Ihd(]edr']tit cgr%glras IPthe g%ﬁ%g'ﬂa{a:méﬁ‘% th héﬁﬂl& @# £ n agueous or

nongqutksrseBieRiutTyeieally & rapbbukngcamé Otheomduﬁm%mphcailass m (Iohmosmon
for é%ﬁip%' itk f cgrf?ueorf S%mt o Btk sﬁﬁac’ce'z?%tgefqngd&q‘}g 'a%gﬁérb%‘é’g{qé’ the'cBnrolled

carriers
releasm@‘dhasacc’mwe agnmt mqlpefalwsanﬂlof spetiblly. -AWBI‘IeW'Of Metheds to achleve controlled

el o i e By i o s st o B8y i Tor example,

encapslatiorsoff the etive @@ért Moa sGble PoFmer 68¢dlynRr-beRAMNNY. tine polymer

control |l ed
may be an organlc or inorganic polymer, for example a polyolefin, polyether, polyester, polyamide,
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rel ease of the active agent tenporally and/or
spatially. A variety of nethods to achieve controll ed
wo edoeaseenf bi oactive agents are known to thoseCEKURG06d00693
in the art and may include, for exanple, encapsul ation
of the active agent in a sui ¥abl e pol ynmer or

polpgbtiiaror bd?@@tldy @ﬁlﬂéﬂle poWh%rdQ‘@ﬂ pfdmf ng@)ﬁtr&l@d ?Hlba@é S8 Rh&wn to those
ani ¢

skllfa;gprg,@[e [RB for @@my@sa{s Qsclo%prylérpﬁeé é"taw WKIQMO@BQ the disclosure of

whigR [sYR8Rb AR her@i B ol ymers for providing
controﬂ) | ed rel eagz a@gd%knom to those skilled in the

ar Typiqally, thexraiersf eslease efithaciubstenteiindatermined bpthatpeperte @ iiite polymer

e 0 8 OB Gl U OB E Lt
aretclaaatmrkisiemem@ dubstatetesioniy e dmytnmbml)pfbmnﬁtb several pard. hlﬁose skilled
nment factors

o BB 30  E Sh  ReB E heL SE cmer
of &jefits Ca@m@hftootﬁe gebént fivertien.s BP%?@P SanleCoMiyy rélddde may, b be dlfoSlOl‘l

contlnuou for up to several years. Those skille
conrpled a@@mmallw Coﬁﬁﬂﬂ?@a@rsﬁ\*’@“@ﬁ@(@teé nunber of controlled

re I LY
Lnﬁ)tﬁ‘@%gﬁ %gﬁrtglﬂ&i %&@m@%ﬁubl‘é@getﬁ? ta?enrft/ 'ﬂS@p@ﬁ V\)ItHIE 3 pwgfner matrix is the
rateg iningdanter; forrﬂwl @arguareieag;e late. d)néﬂypsloﬁmffusmntcomtoll@tsystem employs

S T FE T A A T ——

systemespmhde wenthranes, capéuieﬁamcmwpsmlds lisosbines, and hollow fibers. Alternatively
rat.e- det.erm ni or the overall rel eas

Ine RS fe5eA il P e HER 5P P 80818 i HSBRBFY distoned in an nert

poerﬁé?erDiszfondengfﬁ tHerbdM’deﬁ atrieis A%E Pite-ArRfiM¥BstEh, Gl Felease rates are
surraounded tﬁ@an inert diffusion barrier. These

deterined iRsParthy tRieoiee bpoies and isponseasyent eifent o the <lifiusien and partition
coelfﬂcféﬁﬁm}%%ﬁo@@qibg}g@sg fibers. Alternatively the device
no

ithic device in which the active agent
dywé@fgewetbjrcodhr@ed)dsy\%’ems|arpob(men degradepoley e and releases an agent

LSS A, S e e S et s

bloerndllpialot p@}dahﬂ‘@amhollrc@ bioérogible spEEm Wag%ﬁlsqmwmmmﬁed uniformly

i ffusion and partjtion coefficient of
IQRRAPEE o VI e SHTB Bl 251 R TOaBI b SRR ST, As the. polymer

sur@amdingthé @gbnﬁt\é %Fo@% e dpehtLaRipesien %%ﬁ@an?c\!r%rn s‘yétérrﬁ tﬁé]ggent may be

rel eases an agent in an anount proporti onal

covgleaity paHnctio drg pglymed%mt@g]lstry @lawing foloraleassdbyaom d@\wedj and practicable
I
ohSEA R RS Ao A0 10, Byl e S ol o vt

Ormhmghout a polynmer in the same way as in nonolithic

di ffusi t . h | ) ' th e
I AR e R —
mtnsymtieg@netdﬂﬁg @géiéésw@%gerhg)lrl@;hgm@n@(myos}fa\)r@e egg éérparﬁl&ﬂﬁant) is dissolved

or el PR il s pieane oo %p hebs
RPETSPR AR PRIMRaTC dradieandry Spale & divreniniongh ihatmatrix. Osmotic
predSRRNS UsEd hd ﬁle%bmgﬁ;\fb‘?& BiSreld¥se bihe %@‘éh'frp 'lrreonebtgﬁb]dof solvent-controlled

SCI SSI on oW Nng to water or enzymnes.
systen), aeihe eadionwenta duid dag. r\tfﬂtdar)spensgyatesahhe matrb(ethapmlymm (egerttydrogel)

s B R 0 U T B BEATH S Gpere

Thuanthe cswoltmmo)ymes isdn msrabbeedstate arld sieisstad avtive Rigentaontained within to
and is not able to diffuse through

ol |c matrl
diff Sﬁﬁmu@h l?qucap@gﬁ%t“ C pressure is used as the driving

f O(BEWméanorfdﬁxb%% Bio&dtivd &fenee %rHol me‘ceWB% dcb’d?ﬁahﬁfed in ?evergl general
trolled system as the environnental

S et o
wayg baged opgifgrent ﬁé“ﬁ@dsr(ﬁtsé&thwﬁewﬁ’akﬂw totthpse p%lﬂ%@rfhe{ ert gncluding:
a hydrogel)
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swells and its glass transition tenperature is | owered

bel ow t he environnental (host) tenperature. Thus, the
waeamblizn26pol ynmer is in a rubbery state and al | BRIBAUR®G/000693

active agent contained withip to diffuse through the

encapsul ant. Chem cal bondi i S of a bioactive agent to
reaclioP &4 Idl‘éﬁfmé‘c%blmr@‘ﬁé‘a@trﬂ% of h@tdrall\}?oe‘é@rY R4 %Iyrﬁ@? %F?Inel‘%bfo‘h of viny!

based on different methods of synt hesi s wel
monoRgEsecogtainingebe Aetive ingregient; amﬁc$tem9rﬁythr@a'menz;aﬁor@n When the bioactive

ageﬁ’trIF RérFIEQIy Fb%*ﬂerdret[)sa tI‘h? '58n00 H?snfat B @Iéelv?éd B\Z%uc,rhﬁhlﬂgl reaction-

eri ZAtT on
typlaaH)e eazylmaue Inydgx‘y@chtbermal an@hsto@pmg:ab\m Imanety of chemical and physical

var@nﬂegﬁ% fﬁeatt %,@g gy\?gnnd élgeﬁﬁg%rgr? EQb}%gqu% @Ieﬁs"%oft @emgaﬂy attached
materaafrerd d@Wm@rsClnammgalhermﬁé Io@ﬁﬁeyl@blteabdarw Iﬁﬂgfﬁfﬁitth@s acer group,

hot ochepi cal , A vari
o et BoRGS: cioul R Scen PN (A0S dnce physice
forPAndRpnshsehg€avage and subsequent rel ease of chemcally
attached materials from polyners including the nature
ofIn eRéfaubitg anplicssens, selfenptighingommtionling palings ater knepn in the art.  Such

coaﬁfﬁ%ect‘tgﬁéa"\z@?%a nedﬂt{lﬁ#[el‘glﬁ)gclbh kit ﬁ?ﬁ@%&kl@?@%ﬁylﬁ%’t%&%@%, and fim

softehingenaiooness. submasamthylliaxyIIacnylgteawplorgaabtmqmb'mer typically acts as the paint

, I I k [ he, .
o Si e BB S B AR S of AFoanotn
com@buridr ilbadditioh,| the neaitINEAME dddiies suﬁﬁ‘b@pfbmﬁfﬂé Mﬁ@trﬁﬂn@b@nts&ﬂﬂl also be
fi I soft n| nag rmnomer&)ﬁsuch as 2- yl hexyl acr

presg. b 25 SPABRGH B PRSP HnGITRnGen & Sl hydrovzed, and
the Pbﬁlﬁﬁﬁ is I@é'l‘éféd Rk R tRERYS Al RBveCaftofiaft. Pnd I%r‘élg)‘rlﬁ&f polymer formed s

ditive such as cuprous oxide or a trior
wate;r@ﬁlpbla Rewaterswetialile angris easiteeroded ff tfpﬁmuﬁacedmnqvmg @eawatat Fexposing
afre%ﬁ swaggsmaﬁﬂ t hi xotropi ¢ agents nay al so be present.
n-normal1y al kal i ne seawater, the polyneric organotin
bi Frod pirarmaceyticat aygplidagiorsy al narhlyer eﬁswtabteicontmllee réleasb wysyEnts are known

U5y APOFJRE SR U pbaiieh 2 bR Proparces

mlcmcﬁh@fes %Mﬁédopéﬂu%s?mdhd f@mﬁ@f%éelv(/oi@ élﬁtﬁmﬁnmé‘wcb@myﬁw érﬁm@yed or the
novi ng seawat er, exposing a fresh. sur

agefpidﬁ%h%P aleRdt bycamolaram I‘IO@E?III"IQn% hydaonhluwaqﬂorolrea@able @sqil@ve eg, a
sec&ﬂ%ngﬁbll %ﬁh*@m Iﬁgs@gﬁﬁ B0 @ﬁ,@a p&% dévre,e 1dr§ délide in WREN the drug

exa tic or
releaaecmebrbeamw icalle scopiralled’ dpeth treaervem andcma’mx: dexqeRler srgercage-like

o BEEEH 5 5L 5o Rl PR, o o

dentiimens may slsebe wedt ai ni ng a hydrophilic and/ or | eachable
addi tive, eg, Seco| yner, factant or
o\ hepd Sl B P redile SEBiete Joct s DEbreopvsigma cy gethods
des¢ribed\/ﬁbcﬁlb a?éﬁmeﬁwte@arﬁ;ﬂéseﬁ%@nd%m&ﬁ)d@%ﬁ@%Is‘feﬁIIs' tHat may be employed in
"controlled reservoir and matriXx devices).

the Peesge ipvggtian; | /&év ABeeRiipkie caiem and delivercaistems may be employed to

achl?\lrtcglr@b(aér%g m%éﬂf' ﬁear‘?glﬁ%lﬁtrlr@{pr c?“é% geichZdlb) bl em%&ﬁﬁsﬁﬁsa&cﬂgqaresent

inveglidnl l ed in the art wll readlly appreciate that the

AR A A R R T

solummz vb)@taﬂmbaswdlsl sicht fepaRh @) rﬁaﬁIth‘IecﬂII bive oil %&or@édﬁﬁj‘ I malze oil,

t. d del i t
sesitp aBrvehs Hema bt Abalhe abicoliplseeok Miee o) SHGBADS arachis

ol @Céb@brﬂlt g, %lﬂcoﬁm;@!'lﬁ@mﬁr% Ylyshdxendar 8§@Nks methyl polysiloxane, phenyl

polysiloxane and methylphenyl polysolpoxane; volatile silicones; mineral oils such as liquid paraffin,
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30 invention. Exanples of pharmaceutically acceptable
diluents are demneralised or distilled water; saline
wa@eloatizasy veget abl e based oil s such as peanut P@GI/AD2006/000693
safflower oil, olive oil, gétonseed oil, maize oil,
sesane oils such as peanut , safflomer oil, olive
softobéraﬁlﬁ%téﬂﬂﬁlﬁﬁé‘ éHlIhlose"”ﬂbr'ﬁl@tn@b'suc§e§sa%tﬁ¥/| 'celltﬁfs@‘:@{hﬂ cellulose,
or coconut oil; silicone oils, including
carngmﬁﬁwlcgmses sodine WE@QXWF@thMlWUUl@@ﬁ @SW@J’QW@PY'WE@WW”UIQ® lower
[ | I
alkaﬂc‘ﬂ% Xct e&é’rﬁ&@ Sthgﬁ‘bqj or”?% Wﬂé&fﬁgﬁ@%{er é?é]#@ﬁﬁ@ l@ﬁ%}@@el@&e?@%@or lower

ones,

alkyjeae glﬁlcﬁalsn fa lexmplabtaiyw]yleoe blyed, qnsbprdmﬂeneegiycmdesth)ﬂenerglwsl propylene
eth

I 1, ul , , , )
vl et el ieBe ol eES e aS: weh pndtonPH A, dsopropy
myr@t@teW@tf@KM@ét@Fp)blyﬁWl;ﬁWrbKﬁ@hé la\bé?séarraPéENQﬁ g@hkt?d@@ézﬁth dr@um acacia,
ano or 1SoO- ro an

t
a“dlpéwgé)“"bﬁ Y al YRipRln Ble@@vlewrscaw?r SI%NJ@F*EP’R?I%W&&"/&/%W@QN of the
Com@@g}tloﬁgan'pl e pol yet hyl ene gl ycol, polypropyl ene glycol,
I ene ¥/col propyl ene gl ycol 1, 3-butyl ene gl coI
orFOQPW@ﬂ(FQU ol apriigatians, GoreposiBens reaydie farmuiaéedpfarocteyvery y any route,
r ri I I

for %g%nip\l/% oy ’py fb%‘o lgtgér(]:évﬂggg érrﬁltaet%sgcraf dntgatéwnué%ulé? Gr‘rﬁrtagrterlal intravenous,
intranesey adrapuliomery gusubatameos, and petrol eum j eI | y.

! . 0
T)g@gtg lglygrg?,rs\%% %cgol(g?reg ﬂ{gt glg{q{pgﬁétsap@nﬁhrllc éﬁergefwerg{n glo{oreleasing
agefth MR GE Mbieasdd s’mﬂhww af mQﬂﬁ)rgaﬁ@ﬂ@‘ﬂﬁ br‘itinﬁ’d?@méf%erﬂ@ methods of the
formul ated for delivery route, for ex
q%)mhon,

presgplainventigghmanibe amployad B with aliaast ope ; antlmlcroblal agent. Any
I I

w4 SRR B ] BT8R Kl SRR o

thatdnchlceogdaue tshiegs, hadteriognsoxiddantiaisepbisl endymes xiegiides and phage. The

o BEREEG R SR M E R o 56 R 8 o e

seleoted foo the pmftlctﬂlaleamhcezﬁ@nﬁ tieimentionan anage-byecasobhsiy, @dd those skilled in
C W st on antim.cr

e G820 EURR e, el T gieaps HBytone 1 Butece S et pedentiy

of tRnddrtelumal aftificrélsdl @paItNBe wa% Bf &ampRVhy, surase btibidied include but are
i nduce oxidative stress acteriocins and

not piterd ip Briapkanp, MeRRPRRIES, cgg@wpqylggls aAntingglyseRides Tawinolones, macrolides,

hnccfz@@lgg%c[ %@a@clﬂeﬁﬁeg%g a énaéw‘é n_g%ptlﬂ’és Syrﬁérﬁi@ﬁé C- sulphonamides

chlosamipbeniead) natidixic aaid, paole- CQflltEIIr‘mg (a)plpburﬁatand)pepmde artiibiotics. Antimicrobial

enzy'{rp]nevseiﬁcgddgr@l%he%ﬁﬁ%tgg Ecy I|p§$ ge rﬁrgeﬁees Ilygg%d(g éﬂ@ﬁat% ﬁigéelsféjnd various
othqmpe&aerytlcenzymeéarmmucleasegt Ilmted by the nature or
of ¢ ks rec tybase s Mot daet e daiona Ml of e

inveRfdn_badRi Edtfbonentbofl 6t@ﬁibmaﬁsanma;erberrﬁdmlﬁ@t%exatpﬁe%ﬁqe time, or
am nogl ycosi des, qui nol ones, nmacrolid | i ncozam des,

seq@@nalu@y@]y,qm orgt dlf@mr@@m%mﬁm@s togrw@gﬁ@g{e}snwg§ﬁect Alternatlvely the
chl a
corr{gl():rife@,fg' |‘°b‘ea @Hﬁ\{?ﬁ%%ﬂ@ilﬁp % Sﬁés ang& Eﬂl as ré Ednfingtiéh product.
Accaldmgllpl ammposmons\nt fheiinverdion alay eorayrise,sn laddzmande mltmtox:de aendiartat least
imted to |.ipases, ronas ase glnate
oneynfREF oafre G PF Gles i AER HheselaR Tt Brdt 0B and
nud dessised hdrein the pb&ehtembnlt% apy @l@d) aduﬁhd th)a’( \Isboéf% nitric oxide
skilled in the art that acEé) !I[Cnogﬁlto t henet hods

SCayeRger; MRNRETSS i eTealabseryer Wike! B deRtiiNg=an '%?f"'?rﬁ&ld planktonic
grov&'iﬁﬁi "fhé}et%} R6RInPhvehitd SrARERIbifER: of BrogERMEANE] déd addﬂnf%i%n of cell

order, ‘or at different tines, so as to provi
desired effect. Alternatlvely t he
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conponents may be fornul ated together in a single
dosage unit as a conbi nation product. Accordingly,
W@ oopasizel ons of the invention may conprise, iPCT/AU2006/000693
addition to nitric oxide anﬂ%or at least one nitric
oxi de generating or rel easi g agent, at |east one
disp@RAll fare 'dHind afd Ry maﬁﬁenam%%ﬁdwﬁdedhaﬁ@hent bh@ctwrt;e%fe'btofnms in
i nventors have al so found that use of a nitric oxid
circusestapeefgiiere Bigde kenefiighe ef f ect observed with the n|tr| c
0 0 r
’r%lec?(gr |H§f éspiglqp r?grhae\t/) %g@srﬂv@ﬁl@{u Igfékﬁorﬁ{etﬁo& B%ntamlng andfor
enh@ncmg ﬁfamrﬁn‘e@llomeg bf albiafiln, whetein el hiofim dsnexpbsaddb latileagtens altric oxide

scals ) b A B, R Bl PR B i
progmﬂméd cslla!eathA@ @anicioorghryism, athin e Glofilrhie a&p@%@m at Ieast one nitric
vention relate to nethods, for q_gl nt ai n
[

ol SHaIORRG KA PLieBt BFR OISR, i BF | PR LAPGION RReer provices

com?d)ﬁfohémd:a?ryfﬁgﬁﬁﬁl%jaﬂoﬁ’e Abthb@ast one nitric oxide
scavenger and/or at |east one antioxidant. The

i nT\héﬁtm@hOCbl gl cempasdiens 6f st inwenion enalieHigimanipgiation of biofilm

Ionggylgg\flwger%% ﬂ@?%ﬁh/ér%ﬁﬁacg]sﬁtﬁé)ﬂ&ad?'nﬁﬁ@ oxm%gﬁieﬂglﬁdjrﬁolecules

one nitric ox
and ROhseugrahingmublesalesit Adentsstitabledoramaintainingl and/or eMiencing éedumictioning

of a AT Pt B e TRBE e PR oL e R 2 oheny-

4.4,85- tdtr’emethvl\rrﬁlﬂtazmme £0.ab 3exidb g PN, mﬂ!bo?nyPCFID of- (dﬁhl@éarbdxy)sarcosme

TS S Draheabbt doromele Mol i i S paomogioin, an
antitXRlaBE WS a8 ffor&iNR; S Pxiak %nﬂ%%@ﬁ%ut@tﬁmne“@ﬁ‘dﬁa&orblc acid. Those

sui table for malntalnln /[ or enhanci n
skillec, ifc theoatt Ml tspdily anpmawh@t aj ATbRI of ﬁ@erpmtf@r afideesragengers and

ant@@%htg n“;'}{)\’-% ﬁfj gwegﬂr{;é : eﬁc@éh{edefpﬁ&ﬁﬁ\? ﬁn@ gge; @rfa?ér#g h'hvgﬁtlon and the present

inveBtionxs det li(ried Oy thecidertbityxqf tHeTpadicular agents used. Indeed the selection of the

aPRONEA FOHTT 5 Gt CACAUER EPIERAT O D UeRion TRIERS mape P & gsphy-case
basiBy Osradcsitiomctohiamiig ghéhbel @nts m@ﬁb@iﬁtmtﬂa@cﬁ@%crm@ Ebo%
thiore QXI n, .sup er tase, gl utathione an

aslbgsesilied i the arhw @P@W@tﬁ é'%ﬂt ithe mﬂaodérandvﬁompwf@aa Pf {pe present
inveRRRATEISH tt@ bﬁom@{ reﬁulBﬁHﬂté‘?é aﬁfllc@eht@ rsm@!ets{pb&esoé?' rﬁ’ﬁed spemes biofilms.
scaven I‘S an t1 oxi dant's nown I'n he art
Bactegal ap%}esa@ phick st present lnveeth;mrrelg@amaw rbe@ny BRAsies aamabbtté forming a

bioﬁ{&ﬁﬁ&%ﬂ&ip&tﬂé I%]a% b@ﬂ@kf’l’g%se (&‘Hllg%) agq%%y ﬁqﬁg?ﬁm Y m% 1udmg yeasts

andtﬁtameaipw fopaij axtdeGragleptheoandaGrprambgahuda aacteﬂapl Biafims ofintertst to the
ention

preseyIpisEl e B Cerbea M AR ORisa Bleciad domu b fBneH, P gadita spp.

mcl@&ngje‘s@ﬁblc | [Aere6onisTpO'S hchilding |I—ﬁ¢ednﬁve} te@doinonks épp such as P.
preciate 'hat the nethods and nposi tions of the

aenfgfn@% FeeydRYiermasAs BroL sitch ag P wnr@at@f&enﬂvm@qgu%%npowcbaés aureus
lnclgﬁﬁ’g# rﬁaﬁﬂcﬁ‘%tré%ls?én'ﬂg%xrﬁi S\Bﬁébh@an fsis \A}?nf(eSj SHRES) eSand S. epidermidis,

acterial specie he pre
Streptovaentd spp. sugh as Ssmutays/ BesahrigussPugdle spre apchtsseS. ﬂéxer/ S. dysenteria,

A Y AT T R T —

spp. such awdli. rogli, )BHisznsllampd dutch mﬁyphmnﬁmmltyphbairdl S3entenitidis, Legionella

positiye an ve bacter| |o il
spo iEb 8 Lt U PRB M GRS SR RS Mty Pahs spp. such as B
I/Chéﬁ/f&ﬁﬁoé@@@rﬁﬂ[ﬁm@@n@%@%dud’ r%'ﬁact@h‘é s[]éH ad D@@Lﬂf&ﬁbﬂb%pp including D.
Cand (incl ng C bi cans) Hor moconi' s spp.
vulgeris @mmd? n@eswfurlp@@sn n':‘ézewaneﬁas é‘mjo inshigiag sp pputisasienssGembacter spp.,
aer ugi nosa, Pseudoal t erononas spp. such as P,
tuni cata, Staphyl ococcus spp. such as S. aureus
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(including nethicillin-resistant and
vanconyci n-resistant S. aureus) and S. epidermdis,
w@eeoepeaebccus spp. such as S. nmutansl S. sobrP@I/apP2006/000693
Shigella spp. such as S. flexeri, S. dysenteria,
Mycobact eri um spp. such as t uber cul osi s, :
mcl@ﬂgeé’:‘oﬁ%lﬁféauo‘éﬁé} Kﬁbléf‘élla%?? duspedlid Bnehﬁ%%%rlbr@éhésﬁpo@uch as P.
such . coli, Sal nonella spp.
m!rqbylﬁhﬂﬁmﬂmﬁﬁ s®., Aghypbackeidsps, Meroerccus dbs, Sexsefleosppl. |sich as S.

B o5 RS d BT il T st

ands\ibrioape -suehoascy. m@ols.sraej Theomemlmdwpemu; nsydteaseioic( angefobisSacultative,

aercg)qérg%t]; g%/rbg%ghlg e g%eﬁgq mg Isﬁﬂgmalvaghc%grskgec%nqhe art will appreciate

thatrintsbieé applieatdns @mb%@éseﬁt |ﬁ\iblﬂtlonl mé' |d'éi1tlf& &Ethe partlcular species in the
ebsi el

mlxﬁgmbﬁ@gu?g}pe&@[@ ©Opbe trg@t% a@surpdetefﬁ”np%iapd gre not critical to the

appRRbIRYBNASInSdAon, Arthrobacter spp., Mcrococcus spp.
Serratia spp. such as S. rrarcescens Pof hynmonas spp

'suble present ingantienl will o, be-fusbesadesesibbdiin erpgter, dataikby eeferghce to the
follownﬂfglrsggrﬂﬁé@xﬁﬂﬂesvmfc(\ UutPnot B Sﬂws@uc'ed as ni E@L@%md B& scape of the

ecl’'es nay e aero ana
invehbawl t at i ve, aerotol erant, aerophobic, or
m cr oaerophilic. Alternatlvely those skilled in the
art will appreciate that n SqUE applications of the
present invention, the |EéﬁF? R'fRs of the particul ar

SR e B 1550 B B s prc

andapﬂbﬂmpl cbiitxiniag & NBrdnide&dli Bgbrtiohh f @fééﬁeﬂﬁorésﬁé’rﬁnérbt@ﬂ (GFP),
now be further described in greater detail

gen?r@ﬁlx &Rrated: By thrsier dlieseioly. dfsecpide rgmghb sultujps %/ﬂre routinely
pe#@r'ﬁ@d'nﬁjLLﬁiQtBeH&n G_‘B‘)‘ﬁfeﬂlﬂﬁtdwﬂwssfﬂaﬂ?ga&w éig tahcﬁ‘?lafnl@&uc experiments

scope I nventi on es For t

wergt:@miu@tgd tﬂé@zﬂme@é/@ mlnnraknatblure ag desorizd afswherefWabisef al, 2003, Cell

deafih P Se0n e R sy EEPIchE Syt AaREheta vit 5 m
gluco§8HB) contirenes eulisre wxmhoimants end30 ividfordatéh beeemedtol m were

used. Overnight cultures were routinely perfornmed in

Luria Bertani (LB) nmedium wth shaking at 370C

Bi E)falﬂpie &n @‘eﬂldaadhtamli dJs;mrm lin bidfilnts verralate avithuthe edeumulation of
nodi f ﬂ é/g g% | ym as descri bed el sewhere

(\:%96??‘}@ fitgfn ma @lcr@a ¢M%eat h i n Pseudononas

aep.ugh ugmm i wardg e & QRiRRLs cukureBBw eNls! (Ehanndi @Riensions, 1 x 4
4585-4592) with 5 mM gl ucose for continuous culture

x 40mpEatiroRsh egIPaANIe ARAGUBl Opseriesd (Melips ef ahe 1998, Inmsitaggrieexpression
in m'*nh edChitre 918?1915‘ e’«‘lﬂgné@ SRetsalic lht@ra?ildﬁlg 'rt])le%teﬁ ?cérﬁrﬁurﬁ‘tgl Sneflbbi2, Appi

e accunul ati on of peroxynl
Envirpre Micsetiad n4s 5’217 32) dorbipifimogane RAGL @@neelgwelmnocnlated with 0.5 mL of

' [,t ) I h di
o S L G e AR RS P vor
star(ebe)Jlth emeet fla velocihBif &he flow calistofi0 g @mes- ex@fﬁgmdmg td Bminar flow with a
ul t 3 bi ofi |l ms: evidence of netabol
Reypﬂ%‘ Ugg’ﬁ'i‘?fﬁQ bet ween conmunity members, Appl Environ.
M'For Qﬁééﬁbate &t deﬁﬁldﬂr?ng) bléf% d@v&éﬁﬂwéﬁt O5IBMh & viehd stained it the

nel s were inocul at ed overnlg

UV%’QEA@ r BasLighfa bacierigh iekitfy witt MﬁﬁCUFﬂII E\V@bﬁé)r in1 Whisl rSYél'tO9r tSOrﬁed to
spe@%%@b Ll’ll(n% c?llgleéﬁ}ﬁ’l o u}ntﬂ ?daldﬁtlggge@dto"gpwff‘allmglﬂ deb®¥hlis. Stock

solutiansrof $hewsteirisrveera dilutedrto ﬁaﬂ_ mill-"arvmedifiéd B9 medium and injected into the flow
channels. Live SYTO 9-stained cells and dead propidium iodide-stained cells were visualized with
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Reynol ds nunber of 0.02. To investigate cell death

during biofilmdevel opnent, biofilns were stained with
W b@oe1232621 DEAD SaclLi ght bacterial viability kiPCT/AU2006/000693

(Mol ecul ar Probes) in which SYTOO is used to

specifically stain |live cel '8 and propi diumiodide is

| il

o CHTE Sy R sty | UPOE R fithespen Roficky e ot figmety
rhogaseineigpeyarptd eytiedd fikads, ireapectively it masvokdeaved dlas aftari7\days ¥idtims of P.

aert?g:rfb%?hﬁb%ﬁjgeﬁhll | i e@%ﬂ}% t&ﬁrﬁ%’f‘ c% géé%t} Qﬁé@siﬁﬁé@érmﬁﬁéhese events

Ieadrtocthe:ﬁnmgimn(o@g“nwwsb:nm withifi biofiime $Eigire 1As-olltiecpamaing to hollow

nd .t amath ne i socyanate optical filters,
stru?@ &E’F‘E%q“&p Wts(toagiﬂa erved that after 7 days,

bi Dcf lnl/éﬁligaﬂé thE’ rol@@ff sp)g(tlm&acw@ BIRT Eifogeh @bﬁc)ésr R@Ng)dél'ﬁ'd@ eBt specific
Roﬁgtterns of deat h and di spersal, and that

hil LOP Bty dﬁ P'H@mf SHURPS AU e 349 Sopesl, e%swes F eactive
fluoRisEdnt HpEs, éé;dh%’rgﬁmg"é diffefbHt FRONR, e |HJ@§Q<§ R ?19 ﬂQ\H.Fhé?Wels and were

structure rrow 0|ntsto dea
incybaied s30 gﬁﬂu@Stlhéhf? @Iaréx beffors p@ofotaldamaa@annm um:cbsmptyr odjen RONS

mve%ﬁ’@‘fédeﬁ/efe i n |of { [lg‘@sep%hx 2@?& ﬁdﬁ%ﬁﬁ{%&%@g@t%mé‘ﬁs (H202) and

supetiosiperagiabls (Gye$ EDAFEM-DA (Meeuular Pebéd),anik Stoekin DIsEs wasasdd at 100

o R &g af ek Z&'ﬁ%&m@@@a ahfefl. rFJﬁfoEefsth? el maging v

oxideefrodurtiery freemChén st E)Cq’EhQI' r39 m09r32390%ydr?5m@ddﬂ%123 (DHR)
|nvestk ated were nitric ox per oxy nitrite

Slgg@d@@p prlebl@ ,@th@@ql d&asd@eq {ajztg'g.)M {gﬁ@egigga@ aivaf geroxynitrite (Crow,
1997 Qﬁéfﬁfﬁbcﬁhy%%g@oréscelpéﬁ: MJQ r%fﬁm?ﬁm g%rﬁﬁ’@eqpn ?rgM | peroxynitrite

O, was use e de
in VﬁTOt impéicagsscler iptraspliuten meastement mDn@ectlvd,ilmtrowxsandmxygen species, Nifric

Oxi%nq'L ?ﬁcﬁﬁ?hcg p%y gF 'E% nG 0 ec@% Fs)r)élge%g 1@%@@;&%& Fr)lrbMSO was used at

1oommwnr@rdmmm ofeydr@n (PBkdR}e, (o5l ycdethidited e astgmap mg L1 stock

n SR ISR Prosketilired Safe BHsh ooty 01 o Be lepotn o

sup@dddél rdaeels QBRgskasren g/, 11286 aStfbel%S?'ﬂé 'dedM@tloh Mt N;@B@arﬁbfal neurons:

peroxynitrite iIn VltrO Iﬁ'plC&tIOﬂS or intra

Se'%vgslmaalﬁ@wth dydreefbiding. & Naufaseigd®i Hi3d- 163@9&0@@@@4&% were kept

froz%f‘} tgtgd E(Sv@égg%m Igtt (])F‘fr%T ﬁ&m@@r@k@’é% gﬁ; t @%%NW@%% before

uset he detection of hydrogen perOX| de, and hydroet hi di ne

(R ol 2B, 18, BB R P TATY eRSEBA R Rcence,

reveshitl g theaonied] insgesr Bdsjltﬁié fllickebcemevak Bﬁt@@i@d@i@h b oPthe RONS-specific
ction in rat hip

dyeﬁi?ﬁ&?éc @re?%)é"afgﬁ Cr 'ﬁ%. (e Mk it P@i@ad@réﬁmhwhﬂelevej of fluorescence,
DHANey &ty per@)@mtri’f@zéNé@?’G'} gﬂ@oﬁélc{s‘% [}f‘é?]'é@ r%\‘fe%fed that the

frozen "and covered from [ Fi na so
fluoreseaype wm@@n mtuﬁwvocheldmmthnﬁmdumdergcfr@rd@atbsaad dteaersal events as

shoﬁﬁ"ﬂ\"@lg B 1A gﬂ%eneé%vplrg&lt?%ﬁfa%d "Wltﬁ \;[5@[9 fglj @E dlteﬁlétﬁ)noo\f\%gdrogen

a l ow eve uor escence,
per@@ies catelaterajedhe Posexpressiof lof @eiamsee PeRiousis rejmtted: tre®. aeruginosa

bm@%ﬁp(@?%W%Of ré{gl Wﬁ?ﬁz&l aﬁa OEOWEEE@?}%F@HHI %ﬂ\@?aﬁon into
PseUMna@faerilb/mwQﬁdﬂmC @\pp DERi8! ﬁlféﬁdbl@g 6B B3B38t 'DHReI’S specific to

’J '? fie magz@éet panel ) reveal ed
PerQXM%lY'tet ARE £RNI8 B%@é'ﬁ@@d & cather RONG, alapeulCeovieé ivbe d995hi eBecause
perdxiidtite 5 fe ARELLHRORE oG A i@ MeRPBIR At waYSRIRinG ot to detect nitric

oxide with DAFFM. However, nitric oxide is extremely reactive, and the reaction between nitric
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shown in Figure 1A, The negative results obtained with

H2DCF, for the detection of hydrogen peroxide,
w@orsetaste with the overexpressi on of catal asePCT/AU2006/000693

previously reported in P. aer ugi nosa biofilns (Stewart

et al, 2000, Effect of cataldse on hydr ogen per oxi de

oxrdéeéh%tsﬁﬁ’érrd\)/)lf?d} 01% molﬂ\?\lﬂngtf% ﬁé?é]@a?re@tgs% 8%@?6% oB_@ftéd M8nner (Kelm ef al,,

199 pe%bf? fitidc pxidaieperryidd essay.elnsights deierrtioe blolgiodi ahemistiy tof/ the NO/Oy-

ot PSR AL Bt iy SR DBERLRR i e

DA}Fﬁl\ﬂrlc oxide, it was surprising not to detect nitric

O R U A RS S5 BRRbts n i
cell§ Hﬂﬁg‘rméll bénsitiss &AMYaels @elPEGMW in hﬁb‘ﬁdo@l@hré@@iﬂﬂ%é‘ture'bfbfrlﬁ\s
diffusion-limted nanner (Kelmet al., 19 The

nitric oxide/ superoxi de assay. Insrghts |nto t he

bi Bkapie 2l BibWwI veksug pinktdifc HFWE Ar Pl dbh@ifoshii® Fegushted by nitric
Bi oImChem 272: 9922-9932), which may ‘gom blt'qt he Y

oXigiet ection of nitric oxide with DAFFM The results

Pr RERNRE r@*é%&’es@r%ﬁ@ﬂﬁér&@&lﬁr érgj%%récg a?%allmg mﬂlec%e in biological

erox nitrite accunulates In
sys dn 8lse itheskeyrfeaursior gk peyoxysitrite, cie aothnti axidant with a wide range of

i E T

regul ated by nitric oxide Nitric oxide is a w despread
intercel lular and Not+ Bgebl ON&O-si gnal i ng nol ecul e in
blologlcal systens. It is also the key precursor of

ﬁg( lé '@(iﬂré té%l’lbfg%tlﬁ\%gtﬁn{eld eg@&t éﬁ\!{e élglaﬁ q)&e dglg‘(%r_‘[ ? Sggwntorﬁroprusside
Sl\m)rrmrpimkmmc tnd Mofirh dropthr Py Berugindsa: SN releds8s nifric oxide in vivo (Smith
ot & nED o BTN TR FEIR5R MO PR ATES 1 ARUQER RO feacton
of thd ﬁlﬂdﬁn@s@id@ roﬂ'@[#e(QN%f\IO!z')nNﬂH D—‘ééd@rbiﬁ‘ acﬁi J %Fg@édﬁ@fﬁ 887 %73)

rel eases nitric oxide in vivo et al.
Ve Biafims dmd6-well platep M@reortsedéorrfée&@a@@emmer\m 100 uL of 1/1 000 overnight

cultﬂre% ?P‘ﬁé‘? @Fb% IL%OSm pﬁgm%ﬂg K%gﬁlfr’ \Hér{e %Eulét&?ﬁt%%llg ate%'@arstedt
and] grroworfgr 84 d)omre,nat QYC wite 5120 7@n. shakrog i SR was @Bedvd the cultures at

cor oot dBAER 2ot et G20 g PACKPRRIS el Teaent Rre usea. Ater
ovenmght Groath, VR supezlmam wes ansfageditoatedisl of ainedbplael Thedlvels @@re washed
oGS RGN 11 SR (e et Wt 1o el Db Jolgh The Vel were then
wa&%ﬂ %@élﬁ fiféd MRS il A RS IHWMOG}ﬂdof]éBgolethﬁnol Broﬂlm formation

epl Tcates per treatnent were used. After overnight
Wasgﬂ@mlfled by I asusgresnt aft Qlonmeasd pleniferiegrowth was quantifies hyffluarescence
me Y\én&!nf“te The wells were washed twice with PBS and
ained for 20 mnutes with 120 ml _ of crystal violet.
Thés wledvinsin Wigtre 2 biehighwastenttatiopaiin tehmitimolat rarge) ah tioreB&Sin biofim

OF PR oh AL UARTVIEE S e PiSeRRt (6 Mbrobli M SNP) i

coniFafsan ’raﬂlﬂréaté'd %loﬁlan\Nt hreﬂh?@olrzw%rﬁﬁﬁdnfs' b rbYoxfc'tM%r@%&i&féﬂal species;
n Figure

h
the Sheielen $e§thl®nt9><lr CaNCeetions af P carrder(émg@u e&ﬁ/ i 1988, &higeacterization
of thé b}é’étﬁfc{,c\ig;@f%gé gfévo'ggﬁ‘\ @Eﬁg n'a%i;'g@ %cg&ﬁfrﬂ d§m5§9aﬁ6}{ﬂo‘§ﬂ'c8mplexes on the

foog spoilage bacterium Clostr/d/um sporogenes, App! Environ Microbiol, 64: 3195-3201; Kelley et
al., 1998, Inducible nitric oxide synthase expression is reduced in cystic fibrosis murine and human
airway epithelial cells, J Clin Invest, 102: 1200-1207). At lower concentrations, in the micromolar
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conmparison to untreated biofilm At these
concentrations, SNP is toxic to various bacteri al
wapweilzRs2 t he SNP rel eases hi gh t oxi ¢ concent PEL/AUR®6/000693
of nitric oxide (Joannou et , 1998,
Characterization of the bac?ﬂrl cidal effects of sodium
and rhbﬁdn%rlﬂéiﬁ;bsj% @@@a% ih %rofnﬁﬁaﬁnaéﬁmawm Mee¥de i BRAkEREGowth was

Sp oi | age bacterium Cl ostri di um Spor ogenes,

obsaxmgh Tpm\h:gh@pi qﬁp@rwag.r@}eategm -obsereeg Vg0 nMgSIN%W(bthlsagoncentratlon
wasgag%ﬁfgre %B?%ﬁ%@éﬁe@hﬁt%&es@fﬂeQ% tﬁ%@&&ﬂﬁ@aﬁ(@{a%%@n s

rosis nmurine and human'ai f way
e pliotdaefirimdhe okl df sifric dxid® inrihd observed eveoid; twi Affereax i oxidatdonors, S-

nitro%@-}’.@@&a 9@{1%2@{5?\@%%@ %H’\It[?S% chI]WP%qrj ur@n(%ﬂggf@ﬁr‘%"&? fn place of
SNHA, Béﬁﬁ%&ﬁ@wc?ﬂfﬂraﬂbr%r&ﬁﬂ QM. Asdlusivdidy i Wgﬁgut&& emmad% stﬁggooth of these nitric
oxndg n&%fa@gmecé@ﬁ ezzfqrae eat e?lqé&%ng gﬁvéngt gshHin plar}wll\(/ltomc growth,
alth(ﬁfgﬁﬁfé @?éé?@xt&ﬁ%ﬁ KNB@@’osbrﬁ}ed \tvl'trﬁsrﬁxanpl e and Exanple 3 .
To confirmthe role of nitric oxide in the observed o
eVidassresyligsuggesiiteat ehow apncenteations; bitsic @yde signalsshiransigieroirom biofilm
e (GSNO and

to plé I@énﬁ@%@é ﬂiéacet | penicillam ne (SNAP) were used in

p| Fagues Gfalsﬁl\#hpwemmﬂact of dimec gitric roaide eoaveoder R-pibhyl-Ad,5,5-tetramethyl-
. Jllustrated .in, FEi r to SNP, .bot
midhgaib kof gt aid P e bt Hab b Biogii! s cdseERfation in
additier MNPoan 5emeMi mhe eddiRA of PTIPI rédllcé@thbtsi\m’fsﬁééﬂb% 46dstdn@ridein both

| esser extent than was observed with SN These

to a
plankiggig prdbiafly gactyPeat at | ow concentrations, nitric
oxi de si gnal_s atransition frombiofilmto planktonic

not . Fi ureSaIso? yvsthe effect of the .
Ee eosl 3&(9 dA d@y levels of nitric oxide increases the sensitivity of P.
ééhiywdsaﬁceﬂséaﬁnmfr&mb&)fk' ni dazol i ne- 1-oxyl

3-oxide (PTIQ. PTIO was™added to a grow ng biofilm at
1 Riankippiscel aratkn@w forbeapdp t10Ghtimes B saositye dowards antieiotics than

blofllﬁﬁﬂg%lo t%%%lﬁ]f ['ﬁoé gy %@%igpﬁﬁe%’\fjgdﬁ%? Erﬂﬁhtn?%s@rﬁﬁg g@%{dgmonas

oni ¢ "an enot ypes
aeruginpses tioims 0Ahtivicrobe dgdngs Ghermathar, 4)4 @40-646;i Deniice a8, tihderstanding

biof Bistan I ibtesa 0 RSPy Tt DS 27 0. Bl of the mejor

diffiduitie®sh eaMiRitise Maiutd M@ﬂlrﬁ@i&&hi@&ecﬂf@écﬂ ber@ttwmptotdn@ﬂlcrl@b@rf adems The
resu&el s . (Brooun et al dose-response st ud

ﬁfieS@rllaﬁd. q00YRI8 XA 8 deﬁoﬁ%féf@dféﬁ*rﬁW&sOX&é PIRFIOkRSShe Yanionic mode
of g dePthe g@@é beSs ﬁt%mﬁg@féhét ;g“e!;ﬁ@tm%ﬁtors%ref%%vgﬁ@ated whether

Davi es, er st an I'mresistance
mtncanmdeba&m@ureahaya@mwtestorel\mtlrrmblabrsa@sltmnstoobiqfllm cells. The effects of

N T e VL -

Iow&mé(ssuﬁrmtn@dmlcalwew@dammedThe results described above in
t nitric oxj

ol TR 15 SV IDRG o B DR ATEcHBE PO aIngs e cxamined: e

antllblbtféftbﬂ)rﬁmm(mérﬂé)%at TrRQersiBlY GRHiAE Dabtbfd %f'dﬂé’ r?synthesns used at a final
i nvestigated whether nitric oxide exp

Confﬁe@g@ttw 409 i dreowifagtant sedim |do¢l€toyl &utphbhe(iﬁ%)mseélat Q 1%, and the

i SESCHACH YRR B RDIRDG LT " ) o

hyp@hl@we@md ¢OQvat Bawbtancerfirationd. r| c oxi de wer e exani ned.
NSi ti Vi of ce br oa n o)
TR i3 PR oo s B e oot i Aias: g6 pc26 mm
SupbmbstaMymehG(a&rgl‘rPd pr%l?zﬁt] cortarmNAtioR ldthé ¥lide® |We|@ éLﬁoclaved and the petri
dlshes sterellsedaby %rmmlﬁlesnex%gsr&re tg?xlltrsawolet 25 mL of 1?1 OOb overmght cultures of PAO1-
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concentration of 100 mM the surfactant sodi um dodecyl
sul phate (SDS) used at 0.1% and the oxidative stress

w0 pabea2a22 agent s hydrogen peroxi de (H2O2; at 1PCTYMU2006/000693
concentration) and hypochl or, gus acid (HOCl; at 8 mM
concentration). Biofilns wer grown in petri dishes

GFP2 ek iR idaifieh 129 ﬁ}‘éGthﬁQveﬁé iAGcRlafldiifiehe platd and §RWAMAr 24 hours, at 37°C
Superfrost, Menzel G aser). To prevent contam nation,

it BRepIshalang, koDl PeRasen aite Sidss p@DﬁODnmdﬁ?ané% of the supematant

v EEHSECTHY 38 TAUNSE AP o R Y Sl eyt
assaysdihkistides Merevimdihated weth equtﬁed: MO ameglilini aloneh(pegalive esmtrelydr with 500

oL 8 % Rpgera 0P el Mot sy, 0 MR fumid chamber

andr rﬁa@u agsin of PBSE Thel mbﬁlmatoarthe ?Me@ wéﬁpsétgﬁedﬂwmh 250h@L of LIVE/DEAD
n e e

SIS ksl PO SaMA0Ty A DT ShaheE  Spiedcaoah itures per sice

werk FeneBAly @skeMvaidth l:é‘n'ta‘?;(é1 oﬁ@xﬁﬁ@cﬂo%g’é v@é@%uérﬂiﬁ&ﬁklth\/h‘ﬁage analysis.

control), or wt of the antim crobi al
di Alﬁr@aaticweM@mﬂ@dtom"/mmﬂhﬁmumbﬁr Oéscblqmnhaelbsaﬂeh combmatlon

’tregrq'h'(%ﬂ1 S‘é{i—*’laééig?ﬁ Ve\xleﬁtﬁ}@cré d“ﬁié#n&%?'r rdéfggaﬁlgbse g ( ﬁ%é&é{;@d‘%B The

highesheffechgasasbtaiesicwithblebramiaiy enfantibiao qmnmnlwsedwtoatrdabnystﬂc fibrosis
i r}arrber Seven confocal pictures per slide were
PaliElgom v taken and the percentage of surface coverage

washedaling off Srﬁ?dtovindréase frRg:Nsiy yhpre-estdblidheain@tdeniginosa biofilms was

sy 0D 5SS PORONT Eat SRS REGNGHouh aS dpporbed above, with the
exc@ﬂiﬂoh 'PHa‘F fh%brﬂﬁal Q&J ﬁ6lIr§ of"éfé‘?elép‘ﬁ{éhp\ﬂé\écih HeVabodte 'bf’@NP ( Eﬁt@ 28 @Burs, the

hest effect was obtai ned

medla maan@wged arghe@jme% Wit megdiacemaining §0QJ@MCENPO(IQ W@aﬂent biofilms; SNP
abs%?fﬁﬁ kntlolsP ré’ﬁﬂlrﬁs R/@lte @cﬂ{nsfor % ﬁ‘:ﬁhé?% Holir Ipﬂér t§g‘%’§ﬂe ition of either Tb at

I'ncr éase “esta

10Ciei lmgHEQQﬁmnMﬂot ’msmmtes a eyposurwteé.k\/ lighit (621\V, 3% nm for 30 min, 30cm
i I.luystra re5 Bi of | wer e, .

o e BB oSS atas e g Rt i et BRigpre 4. As shown

in Fdurd6) U{§2 graﬁfatlcd fe\d@dtlﬁrp m&j’ﬁéllm@Mab@ cé\liéfagalgﬁdi ﬁgmumf)(larﬁ‘d\ﬁlﬁgﬂlm cells was

Alter ours, .the nedia was n and repl ace

obsgyve fQN%\MP%\CQETahWtaa@W%Eﬁ"%% PWS@%E&FS E'OE' IM&at ment
b' b 'Mv@&r ﬁ'\'ﬁ’e @Péc?@f caribirafidi ffant oBBNP'dnHEanVﬁ\'hmlc@)b@V\@gent on
for a t oursaé)rlor to the addition of either

plamiiorda cqleoovwng_ht pultuze@zof AOMeGTRVWwesr digd i/ 1990 dx megified MO medium
corﬁ%irﬂrgqs ?(zg'll\/f gf rgp%}éoéé »%ht or(m?itﬁo v Oﬁg%ﬁeéﬁr r%g glog% Bhe HE Wbre diluted

Sensitivi
111065 thei dnéalicabial soluiot Bnd rasgrbateﬂ 2 loouFs gfuo@n emperatge. sCrddplate counts

welecRFEPARE 15 ARFOEHIEE NANBLP! BF SETSR 11he COPIRES et D B pOBonic cels
reshi@dd! iR\ f0Ehet 2NBY B8dréR8 it CREtoaRs aﬁér moga@cstoakzimyslh %dposures when
biofilms. To investigate the effect of co

corppasesd Wéﬁ){&re@jed gmrws%ﬁellgrﬁlng 8} olptesgstinghie n‘{t)hogaw treatment with 500
nMpéWliééel%Bqﬂgg@a% inHE b lcglgfepjgwl df gfaﬁﬁtorﬂé ciitfes: c@ﬁﬁ’ar@@ funtreated

di lu I 'um cont al ni ng
condrofs (fflgureoeamequivatent ingredssuin (E:@OCGUMSWIM)NW%mOEﬂbS&UGd sf,OIIowmg

exioie I lohAmbh 5 Bt irabiofayh SnbBRe ABIARLS OPLR o
CFWltth&ttvﬁsrm@uﬁtbs bogrdebypibedrp rthﬁ%ﬂvérmrﬁsmsst theesults described above
bacteria, The t r.eat nent

indp Rt s Hees bR HISeprsay Anosy f B ouiicga pifims and

theké?or@%hhéh@é&hér@ﬁénﬁ/ﬁylg% idBstallgbitanyci n exposures when
conpared to untreated P. aerugl nosa cells (Figure 6).

Interestingly, although treatment with 500
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nM SNP caused an increase in the optical density of
pl ankt oni ¢ cul tures conpared to untreated controls

W@ Bogueze68), an equi val ent increase in CFU coumrtBAU2006/000693
(viability) was not observed follow ng exposure to
tobramycin or hydrogen pero%ide with SNP

pr@caﬁ{ RA. "Miftc- oxiieliftRidbs Mrsﬁé?sélsf Lélis ﬂ&%rgﬁf y theory,

B
the i nventors suggest th results d’gscrl above
i neliviewtad thenrgsultaidescribedon |Ea@rnplelad@ree@rfaperﬂsawat@rbwﬁlms the ability of

nltmi %Mﬁ@?[éfig&uecs] ﬁ@%ﬁ%hﬁf ﬁﬁﬁé i é} rhé)Ens Eeg%sgc?ft@d gﬂr‘%d n_%d@?lsgrbiqf Im was

mvestg;eteds Exanple 4. Nitric oxide i nduces di spersal of

n,floe biofi I iiew of the res
S0l prale | st (4 B Thsk erd copelbied, SR sfetatefed dentriying
cond?tidﬂé (dndTic) o3 d9s Ini Halth Gdedmigtnidde (PYécARt drfd fé §I@/day) The aim of
ersal froma non surface-associ at ed

thes@leéf?qun??mﬁlé’gas tﬁ@@@@ﬁﬁ@? dat e’fﬁem@m‘g“ﬁﬁ?”@ﬁnﬁ@l N(BI Qﬂq@rﬁ@f’ @V SSNP ¢an
lnfluér?c@ sm’d?é fl&&heﬁbn VBIl GeafPSl %Tsﬁé’rséf ﬂfé?n acﬁ\Fa%i%? 5a ﬁ"dé I4bl%ﬁlm ystem.

denit condi t1ons for
f dbdi bt@eamé Wete @eedaehtwﬁn@phf/ﬁ@cﬂ sttided epligaipy . from’hét MamisoBewage

Treattrﬂ ?Jrl]%]f[( l‘(’é"l‘F’% Eg)gif@rmn iV, A?lﬁ%%ggcgﬁ eér gb\?eg*bgﬁﬁ%lj The bioreactors were

openateﬂluuéercaaoysct condiéorfs|ab moml terhpevaturec @lnbx@mthhor&rwére maintained by the
n an.actiyv

ﬂus@q@%%%{wsnﬁ'fﬁ Poparale st er e dlbuba Tk Samhetelg medum and

12 rill pE@emEInh, & adRifioh foOINMISHf W/Wﬁer%\é@ﬁh@/e %eﬂe@iﬁﬁd'@ﬁﬁentratlons The
Pl ant (STP) (Sydne NSW Australia)

bioreggters wang o éﬁ'c@ & @ow@e,owéqha@@a'st@ﬁ @é23 éﬂi‘@w @‘ anoxic reaction

t e condi tions were
o e B Bt o s i nto the
s | Tihe geedi for theManfgmvwashnaﬁemp)af mmcecanfpoaem agapamedium base;

and gt SRR Bl o BrdE e ot 7 bR STt carton

mediivebdsieane dciolimes vEthe nirpgananheitinobasa. Jhe barbion wydiline base comprised

(erfP) 308 byRCORE AkA e Ltk APl N GRAEO LR oo Moo O,

OO‘leg wmmtowg NéEHPOD’?ZNz@”Dﬁ@Z gtﬁh@tobpbe@g)ﬂ@%l%sl_a%%‘atoges USA),
i um bas

0. 02,Q,g Bmﬁe%@pﬁr@m (Qa@é_abgrgton%&O?@,g;thCl,t and 8w nuirient solution as
pre\l\?/ogﬁlz 'rcrigé(ﬁg?oo{ ofid ¥4 YRG0 ekt Satﬁﬁ‘rop%é@ﬂhéj ma@@gn ;?ngtgi bé%e“a in

e nittogeh nedl um base e ca
efficleat andc oonpfficisricbialqyéeal ;bhospmyuseemewal geticrsCSIoNge, sy8te0¥2App! Environ

. Ca i 090, H20. . 6H2 0 .
i, 65: 30 Bab e Tt B sy Bt v BSfhie e Serf il aoclaving.
pefhieatitegeiinfediamLizise canprise $per URe)) 8.972. @2\@2@3 Bad was yedstup with
extract, écho Labor at ori egﬁ 8 8 nd 0.3,
reverse-GSCsis-deipnissg) Wetton He prelalg N gﬁy refasip hBe‘iﬁi’ 366 negfium  was
maiRbined %2991, I denti fication of sone of the major groups
of bacteria in efficient and nonefficient biol ogl cal

phieshistigaie ihenisleas! speeifio eeetiye sind dfeogey speoies, (RAPIH) and to detect
spe@ﬁb@él@%th% ﬁﬁﬁ%ﬁ}e in b%fm ﬁ@ZtZ'egﬁhringnggth g Hl*éé@ é’ﬁ f geactive
fluoﬁékrenhdyes,cegaelm tamtimgmdltﬁasm RON§fat mder(tna‘anns loutlimee!)in Exéﬁrﬂe t), were

comBe i S5 M be B G Bl e o, STHERAST R 3 ancibeed fo 30

minuted inuihe Wak t5efdre caiferad|agsr s%arﬁrﬁmglmmrﬁé?cdpyw%élmmsemb&ﬁ ated were
role of cific reactive and nitrogen specie

hydroge PO &g@z nitric oxide (NO), peroxynitrite (ONOO-) as well as superoxide (Oze)

and hydroxyl (OH) radicals. A control sample (with no fluorescent RONS dye present) was used to

establish CLSM image collection levels for subsequent fluorescent probes. As shown in Table 1,
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speci fic RONS that accunulate in biofilmstructures
during death and dispersal, a series of reactive o

w0 bwenezreent dyes, each targeting a different ROMSUL@bE/000693
concentrations outlined in Exanple 1), were conbi ned
with 500 nL of activated sla’ﬂge taken from St Marys

pos@P\TeD fI%%c%%%ds%%ﬂ%thﬁ% o?%e”RﬁNE%g%dgr& dy@% Hﬁ"‘a&%r hydrogen

fore confocal laser scanning mcro
perXmdedéeQz ‘gad e highardevely di foigrescepes; OkiRA23 a{aﬂaomg peroxyiitrits, ENOO-.
oxi de (NO, peroxynitrite (ONOO-) as well as

igpefa%ré' fjeASQ%%mpﬁt o? 8N§}5§F‘%ﬁ lSt&% %%ﬁiﬁ@qq? ‘esent )

vas Usﬂdofegce'?lt Sl%tb@bl | sh Cligfs mage coI ! eéﬁéé?%tlloﬁvel S

for [subsequent ftuorescent probes: showr—T—Tabt

1, pasi ti veCanfrolor escgnce was -det ect ed with two of the
RO\IE spe i ntracel | r hydrogen peroxide,

Hz(I Bng’:ngirggRgan!agr IQ\EHWCQHUHF\HZCSI ||n¥ egcngcte- PHR1 23

detacti ng @@Foxyni trii t e, wLMNGH.0,Tablje 1. Assessnent [of
present 1n St Narys SIP (Seed) [sludge. To

i nvast i gaPBR&Y obsdrve sIQNY& f1oes and pitarkt onic
cel lls duri I’].gEbl of il nh devel J;ent bilofil ms were

st aifmed—wth—the Y& DEADBactight—hacteri+al—

vi ahi | i t y DAFtFM Mol equl ar  Priébes) . St ock sol #tions of
t he |st ai diluted t in 1.5 n
mcr ehan[ﬁm tubds cont 9]7 zng Rﬂf m._of activat ed

— =}

sl udge sanpl es taken from each bioreactor. Sanples (20

Mo inessEyate ind Sl@heﬂflts(md@ ﬂ@ﬁ it ipi@ktonivieliseduriag 'bfé)fllhfﬁde@elopment
aser. scann mcro

ofes Wi iaied i Bp CWEMHS et bactn b ah i ot Gloeswaiaypesls Stook
solu’e?@fs%f fﬁ@@%lrfs‘%\feré‘dﬂmé@ T051 of mL+ ey &p %ld?éc%ﬂﬂﬁfug?{u‘ﬁ?s‘:&)h‘aﬁnng 500 mL

shown 1n Figure 7, substantial dispers

of af:trvateﬂ tshidge seraplesdtakencleonh parhi hiereacias. cﬂ@g@lee d20 (Ej were enopmed onto

e Y ETRREL 3R R AL R S e Oy

Obséwsliess fremtead bi@biRtee bh dayt 1 3omere/ mad®ios nwhhetkoef flpesr andplasktsnic ceIIs.

As %8%;5’? glgme Isgb{]@]lflﬁlacslépgr%alu e@/ ? gk i Cgé:a?r%d @tﬁl o&asm w(a; observed
(Figerb umBylan torlb BT Bathe afttdated mﬁﬁmo(mg@@m, Tath9. 2 after 13 days of SNP
cells/field of view). The greatest |evels of dispersal

trealiet. f 1 oe di sruption were observed using an SNP
concentration of 10 MM However, due to the |arge size

of thgeb! /%%éss?deﬁt dFENB’ efRBEPvan 3&%!1]?@% Pérﬁﬁet@%t &l13 da)és ilncsubation

concentration of Er esent e S | nS| floe
| i kender erpXiseoaditivss.deiextplapkiprigealls, Wiselsfiglsrof viewert abwnalgrt

nt on conpl ex
chegrll%% é??%%gﬁﬂf:%ﬁﬁgaggﬁoacélﬁhgl f\}‘&@ concentration of
NO r el eased c¢an be l.o t han the SNP
concentrations "°°L§ P];mih ﬂﬁi’lﬁ@g%nﬁ%\ég(s 29’01,

\ T UTr

Mechani snms off ni tgcentreli de |r el ease +f rom
nitrovasodil ators 1 n aqueogs solfution: reaction of the
nitroprussid iQnJIUMe(C[\h NO 2-) tith L-aslcorbic
acid, J. Inorlg. B|1@§D@m 87: 165- 17§) 5 Exjanpl e 5.
Nitric oxide finduces—tispefrsat—of—eetts—n xed

speci es bi ofi|l s 5l0InMAt erijal s ane +met hods 5. 1. 1 Mbdel
di stribution system The biofilmsanpling site (BSS)

d rj by Stare

A BV BaR EyFo oy terBiba, S1 en EOR Wiprhoisy hugeg an SNP
conoentratioe of ((BAR: SHomevbr Moe B haRiRIdiZ2RN 8@8Bs (maicases >200 um) the
actual concentration of NO presented fo cells inside flocs is likely to be considerably lower.
Moreover, the release of NO from the NO donors is dependant on complex chemical reactions and
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i o " distribution pipe biofilnms", Water Sci Technol .
43 (12): 133-8) was used in this study. Model potable
wanwenzyrl ed water system biofil s were gr ownPCTIAR2006/000693
conti nuous flow, annular regctors (nodel 920,
Bi oSur faces Technol ogi es, eman, Montana) at the
the &@@twe %hc@ﬁlf&ﬂb@éf N@l%feta%d c(aﬁ\ﬁg u;?l%gs 31238 loRér tRan' e §NF’ Ekgucentratlons
ol ycarbonate I nner l'i nder 'and a stationary gl as
usetg(&mﬁh all Dasgenta, %D@ﬂ),aMthemsmfofanlwat@xldefrelemdfrcmmmtrbmsodllators in

a

sl Siifien Teditbn 51 B M ETRREEH (TpRBORLIR CEellERE + 1o
Biocherai87at85el78ur f ace area) were placed on the exposed

face of the inner-rotating cylinder of the ARs, which

recei ved potable and recycled water respectively, at a

r abxangle RONitria oxide indikdes gispbysalhof deltsuihintixededpeoles blofilmsre

2.2 minutes. The annulus rotation speed was set to

proolvi Qiaterials arelamethiedsoci ty simlar to the nmean

h d of h di stri but 0.32 Ls- 1
%@Wdﬁl ‘gﬁtﬁg&’@‘o% @est Iefl Ir: zgdI |02 gl |g[;;)eL(l sodi Em )
hynn@@l@mﬁrsat@nrfgo?tle3§$@tagbre§céi@§]uiby Stggez%ngwé\%ﬁboﬁt(%ﬂey ®.2@nd Ashbolt

N.J. 49498 r‘%mt@lce&éw%@odebewmvmtsewéB@ -GS hestederbageshin water

oWws were sto
potablarand Heeyclad twater esystern yhisfiimsewess groimpih & tdntimuonge 0wt antlar reactors

B I —

congigtd ofwerdtatiny odictibenatainbdreylipderfant mtanonatrhglaﬁﬁbm dylnYGeparated

f . 2
by & SHBCRAT AT by SE v 5 HaD S O LA EREY Oy ghloride
(UP\EE)GoliRRY FI'SEh% Wofhﬁm 'aVéulQEle §dr@&@ar€éﬁrw&é‘ Fla&%%ﬁ theexposed face of the

mar cescens reV| ousl Y. been harves from

inneseotating @W@deLBf ta@ éRs pihieh seseived ptablmandreqycipll watepBspegtively-at a rate
of 3@; léhf tsrﬁa?iﬁ% %al{}ﬁrgﬁlﬁg?@@@a @!ﬂe fg mlﬂut ht‘é Ebtdédp ro@ﬁ&wesﬁee%zbvas setto
proviskasipbartvelobityf siraitae tb thamemem(dmm) dergand. op e (032 L),

Blof%? gqtﬁ)srm?’@%rg%gegﬁ’@§ %’S gg.[p Fﬁg\urlf %@goﬁgo {o] hfg%gg ﬁr?sgd with sterile

Milli{Cpwdtertprien todbemhg ylvéd m@amé)@er(m@w dévied) Bhﬁirm‘s WesBaNadd to grow on

from_eac exper nt al vice and transferred to
cougs SREeH BF & PRI i S019ASo ey timsrneelebiaysetprestopped and the ARs

weré’ér@a&l%%tﬁ rt&ra@;‘ébgr% aﬁfd%%pi%ﬂlm 1=es'isté?l@ Syt %rc%@&*n@ BR fmal | concentration

beakers with ttominlet and top outlet covered

of apireirnaiely A’ GTU.mbmd §omeraea¢emﬁgceﬁsvwme@l@mddp@e@¢ inde bieftrsson the
t e [

SS éﬂﬁaﬁﬁ\fé &ou&zéﬁ %%&Rsﬁa% rvx)é@fsi aﬂﬁégﬂléd géjrl]s oveh &éheféon% he system by

recoonecanQDEhespcﬂatﬂb aamcdecacleﬂ waier anletfﬂoww fwasnegwaek atSednamrestens had

o GRS, PR SeBH) B Sob et BB R, & oL
tetra‘&ycﬂrﬁd aridz/@d yinkLk dmdleillist) aﬁer@@%b&#@nﬁhﬁmw kg0 @nd @Eshed three times
rs and rinsed with sterile MI1i-Qwater prior to

in pboé@@t%bqﬁ@reééﬂ}%ﬁ@%ar boring the biofilns. For each

type of biofilmestablished frompotable or recycled

Ve €I Experifemal deBgncoupons were randomy placed in 3
se arate bioreactors where they were exposed for 18

ponsavege eapidlly rereaysd frcpr@aaobfoloémt dayicausing gerlaforcepsneSeaoupons

(poté}tﬁﬁ eédd' "\ixn %?o%?l %rck%%gwe r Zd Gronf B94EE eﬂrgedw?al 9% and

or 5 onor 30|umn|tror
trangf&id) to bmrea:to‘rs owhe daaberatmfy ﬁONfDLepr’surér héhe bmmactsrsvuenasted of 1L

POlytéfgﬁﬁeé}%ﬁ({Pﬁg% @}Xa,cﬁ_w@?%ot om %et aﬂé (fop out[éit co%re%swnh afamlmum foil and

- disubAOoe H.ibﬂﬁg We{té}fsﬁ TBSInbP Y3 3124 sgegyvg%seﬁgggﬁ \;\@pgﬁdy. Model
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conventional chlorine treatnents, A range of chlorine
treatnents were freshly prepared by diluting 2.4 M
whypeatd2er i te solution in 1/4 strength Ri nger SPGDAU2RG06/00693
and calibrated using a Pockﬁ Colorinmeter Il (HACH,
Lovel and, CO). After 10 mi nthes of gentle shaking (75
conté#?ﬁ’@ PPHﬂ@ro&fbﬁ&%hdé%cMK&ﬁéﬂt AN Qb Were? ?Hlf&i t§‘?i¥“tHé"@oupons The
hi 0sul fate at final concentration o
rackea@re meged Ricay amwee e hpitana o AiPR standeandraeeitcylat ﬂqmpwa%@an@"ated with

magg%@%grﬁgg }Qgsﬁn%rlnéf% fd h&@rﬁul‘é'sﬁ%r sfrés% a'l:@g 'i‘fag oiaepépg Ul q‘?&éa%tors were
stenlmd hmitié g‘llhtesadtmuph)ﬁpecmwteefopi’ bows amtrifsed with atbmlé M]IW-Q water prior fo

ts and m crosc .an LIV
recofiA g R TPBEe T GPHTE (10 PeQL R SpplyaSsbisugh fiom olabl or
recyb!&zi\)‘watéﬁ@stéﬁ@ dhé @o?)bﬁs Were @érid@ml rpldcbl@mtﬂ SephiafBbiordaiors where they
st ock iﬁ ons stain SYT 9 and propidium i odi de)
WerdENao5Eh ngyredotd Cantt@e%eﬂﬂw Af ieeiRciaredangigblayiwater (stpyile and
decﬁ%rﬂat@@l r %H@@ cﬁ‘\té‘iﬁlﬁ %)O?Gﬂ ﬁM'o‘?@O@WI diltke N@“&Hﬁ&ssdfdﬁfnﬁgtroprusmde

t al ned Wit e staining mx and cov
(SNEM atraf@mratmffi%m.em 4lip (10.5 x 35nm ProSci Tech,

K'fh?’%léooﬁy%Feafhér%arefﬁgptr&%"éﬁge%tw;é ‘Ta‘nc&. @5’5‘5&_@9 Céfh@%ﬁﬁg 20 mL of

rescence mcro I'ca ho
comeniithil aoded freatmentse Ao rangee ofachledneuisdatraenéswerenfrgshlyeprep ayesli by diluting

24 ARG L e oS A oM Bl o o
Cololaﬁﬁteﬁm(HA(SﬁW@r/éﬂandUﬁbz] CMtdr 30 MimesZ gBhile bhékirt (75 R hthe reactions

Ri ngers sol ution wt nmM sodi um t hi osui fat e. Bags
wergySOEPae B 24uag é@ﬁ'%dhl%ﬁ@reraibaaéafaltC@nffqntr@noatfé tQQeuM For each

[
NOHSRG B BRI GH PARRE Rl Tyt used B8 LMY BORRG Bupicae
coupane for gicmseap@dalysiy 60 s (Seward Stomacher (r) 80,

Seward, UK) to renove and honogeni ze remai ni ng

blﬁé .| pﬂ enate was then aseptically renoved

from <t ona s Het erot rophi c plate counts (HPC)

welhe cmmoﬁmere droumsergfoavmtmw cophtaara:l miembeupy aeal\Gis.

Lo PR i S R i IR B O WeS useo o

stam G%Hsl Methé Biofins STRE s EICsoBbI 6F stdr (SY¢@f9fanG<¥>rd¥>ﬁdﬁunﬁfoﬂleé wre each
rmrcescem col oni es were_nor phol ogically

d"utp@ﬁhmwﬁ%atra&% oberilimlabi HY spength R@gqrﬁéolemnoaﬂdége goyipons were
stan%%' it ’1509 L%f%@rstmhw Bl \Wlﬂfg 8- éB‘versl (105 x 35mm,

tracycl ne and m.- 1 anpi cl oni cat I on
Pro&nﬂ@c@ thomdan hiustaliag c ibe qeupensusere ncgmvadmndewepe‘wgwesw@@e figroscopy

Le%a?rﬁ{v_#g&@ﬁ/lﬁk%ﬁff gélof?lﬂl 4% i @g F@gﬁ@é@%@@%ﬁ tﬁg%§tan ¥sr S &%Er ){nageJ
NIHpi gni fi cance |l evel of 95% were used to conpare the

i By ol LRSS SRCH Brar JPONOH Dge4T01 X 152 mm)
(Se\ﬁﬁé‘ UlR)ScoRtarhing ZBOMEHVLESW@ @ Rifdefy sdhft’én sith kied cs)/l\m sbdium thiosulfate.

Serratia marcescens The data, as illustrate

Bagriwge kast-ssaled ang barkrbbest todnitiate tha slisaganpoalion: alt a?@ﬁhed\b@lms The
oSS K P ISP 075l 0 L T s o0
(Sewyrd t omarberRedl, Sewas, Ui@rto asmeves ailch hamogesize delplelnld@ roiofilm.  The
hon@%ﬁq Wﬁ%@ﬁiasééﬁi@élly rgrsng\lletdsfrom Es%m%&te?ibggsq ere%?Btrophic plate counts
(HPC) were performed using a pour-plate technique on oligotrophic R2A agar (Oxoid, England),
and eutrophic Luria Bertani (LB) agar plates. The plates were incubated at 30°C and counts were
carried out after 7 days. S. marcescens colonies were morphologically identified and confirmed by

plating the colonies on selective LB agar supplemented with 50 pg.mL-" tetracycline and 100
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assays and m croscopy analysis (Fig. 8). The relative
proportions of different col ony norphol ogies on the
w@bk@bass2ekre not affected by the SNP treat nent BCT/AU2006/000693
suggesting that this treatngpt was not sel ective for
specific species within the“m xed conmmunity. The nost

Hg. rﬁﬁ-f 'aﬁmbi@ﬂh tSRRAITR Hnd GRMERARG Qédhﬁi&uéﬁer@%%vl&%l)sg&’wlrt\eﬁ for their

whi ch correlates with previ ous results observe
efficeeyeundipfigramovebihtaypihie £cavaly otHRSS. nonospeci es bacteri al

bi Qf i L:0Be ok ' i o '

LSO vt D B R AT B P o 62 e e
impazbefdeadousrtombihativnspfdovsdashaof N@ raed ehtgins didintectant on biofilm growth.

convent| onal chlorine. 5.2.2 Recycled water biofilns

3; qﬁegwgh Serratia marcescens M xed species biofilns
esf bl %4 from a nodel recycled water distribution

Sy552. £ Rotahib Watertisiofilmg spikedraith Segaiismayesstens so reduced

in both tota an rcescen t
DB RS RO A S DT G SRS ro SN TRefTipohises efective
at reAl¥Fing Hux@d @&‘é@s gienes @ﬁéﬁhsmnlﬁ‘ﬁhod@%t%blé WaF distBsiabh System as well
wer e obt ai ned from vi abi | says and m crosc
as amErepseass (- goseodepersiept mamf@r ng t fasulsogere nbtgma/ fipra giability
S
ass 5% PRl SAARRPIOZTThS te b rdch €6 B LAy marphologie
on the plateszmyé oot chffeciecebefhiei SR treatments, eavpgdsting BMRhis rireatmedt was not

selegi{vgf or n§p§é?f[§p %???g (vﬁ’[hgr '}ge) %"@EIE&M yasng E@ﬁﬁgntbﬁeatment

condéntration wad CBBOt oMi BNPC evhibhs perreiaiés Q\ilthSpremmysce@su&msobséfved with

chol er ae, B. licheniforms biofil . .
PseRRaicar, 4prGioSh RO URE EONGHSRRS RCIAA PO HB<B GpstiRen, foe
chloﬂﬁé‘ff@étﬁér)t v@a@%é‘dl at E‘Ebpﬁl' éﬁ@éonﬂﬂl&é?en(ﬁb!p&rﬂ‘dﬁ%t wadVBtseREed on all

aser carbonate m croscope glass slides (76 x
courzc@sthaiwerewomcévé@nvera@n@l&hlpm| on, the slides were

aut ocl aved (glass) or sterilized in a 1 %solution of

bl g rRe“cgﬂecg\g.':\tgr lﬁbﬂlﬂs%glk%ﬂ Qith3erRR ﬁwbrc%c%ﬂ?s wer e

steri| m nut es exposure to ultraviol et
| iljkad speoies blottjhms established §omfa madel aedyaledwmater distributiod system and

vrHAPRon i R 5Ll BT RO, R o i s wor

expcbnuﬂef td naromolmtomentaationshel thei M@ slondkf SNP 24 dosetdependent manner.

 CongaiegA RS Bl aieed oM i RBEys GRABTCSEORARINR Ao O Biofims

exp@s@elté 5OHIA W‘él§o°é>@nb¥téd endbsctiehaiRy Bt RdeSohloRRsl tréahmen ts and, for

|s were incubated for a further 24 hours at

exa@ypr bppm diee chleiirgevas: W 1o 20-old agye @ﬁt@lﬁ@irﬁta@mwgr%\lﬁ terqaﬁ@i biofilm
conpleFolB e SUOSFsbI BT TS o Teve

SNP to increase the sensitivity of V. chol erae

b to

DUl 6! AN H NI ok TRAS SRSl A 4 ibhcons, v
cholenag, EatolizadBolichenidérntis biofilms devel oprment, the NO donor

PO EHAr R e RO o patiaietst ) FRLHpbED 8bRning cher glass

(Suerbst, Men2dh Glasers bojulybrbehL6 Micksddopeifass elides (Fet 26 mm ) To prevent
ed r a further 24 hours at the

ncubat f pr
con{aametéqnather% & Ware a@ﬁ%ﬁ d9lasst oserigsh mﬁh@%swﬁ@%owwh for 30
mmﬂtQ? 5\1({ thepad disﬁbsssﬁe% btleﬁllsgcﬁﬁ{ BG)mfnﬁﬁQ\éﬁpogtﬂéttd éﬂ%\ﬁ%ﬂ’etﬁ ht. gvernight
| oosel y attached treatnents were perf
cultyrgs @f;hagienadﬁgﬁr@dlluted 1/1 000 into 25 m! of fresh medium and grown for 24 hours, at 30°C
or 37°C with 50 rpm shaking, allowing biofilm formation on the slides. After 24 h, the medium was

replaced with fresh medium containing varying concentrations of SNP, SNAP, or GSNO (in addition
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Assessnent of biofilmformation was perforned by

staining the cells with the BacLi ght Live- Dead
w@E@on2ane reagent s (Mol ecul ar Probes I nc, USA)P@ENAU2006/000693

subsequent confocal m crosc&y. Up to 15 randomy

sel ected fields of view per<slide were inmaged in the

to céfrrthélsp\kn%@t N@rgeﬁé#%r%}l HRN thel dERE RerRNiAbubated for! AMAGRer 24 hours at the
anal ysis was perforimed using the anal ysis packag

apprepriatfetemperetufe Witlr agitaiionfa 5Airpm.gdie isjides tngrajiber: fmﬁeden sletlalPBS to
s are presented as percentage
rem@gvfe]?&g?&ﬁw?o?%ﬁat aﬁgeﬂtré%fasce avai |l abl e per field of
viTbey, abllityg ofr ENB Oto shaewse athe saositivity af iVorcholerae ridhdilms to antimicrobial

veaHTRSiS Aso el 25 SR B0 % 1B el L e i R o

blofllhedie%bpmmu he kN@ﬁ(brioﬂwesw@deﬁg@ cahbifatio® VR e attltrmcromél treatment.

SNP. Fi 1 hat . SNAP (
COﬂ@% pEdea pape: @éw@% 2t hes el @é’ﬂ% am e p@'were incubated
for a"?hrﬂw‘éf SBhckfs AN a’pﬁroﬁﬁbﬂé/\feﬁ\b&‘aiu%r wdhea@Hétibﬁ aﬂ‘ ) rFrh henedifiechise then

SNP and SNAP on di spers brio er ae

rmsqgh f sterte PES @ure@nom US B dt nratooahp atéaﬂhedw@elb t Al treatments were
activity of tetracycline (6 ng/nmL) on
perf@%#mtﬁél% V. chol erae. The concentration of
t dissessypentionkiofils datmating Wtaslpenformlae bivktalning thet delisswithr the Backight Live-

Dea] sipaei MRl R Brob PR SO SRR s iRt forBR mcoeSt Up o
15 rattondy deleated ﬁ@@s ofviwNi2r lRide: veers ingagied incie - yqﬁa‘ne%r szsequent image
stability of coli biofilmnms. Fjgure

analy§is ong 8 geecfnalyfsls SNES o rPEFPISA| i YS) ofth%a@f’g]}’%ﬁs package, Imagel
ht’[pI /lrébhﬁfﬁ 'nfh% és’to l%t&HHe'Y&al WA cé\%?adeMR%Nms Bfe%fés‘éhtﬁg a@percentage
% reduction in surface coverage by the biofil
COV%QHH@IO@ yurfapogyailablegies fiadd ofiewr i ¢ oxi de i nduce di sper sal
of,
o, ) Sioie Amoftoftibf Bafdhiert oty B.§ Mariddods i by s a
conqeemtnme betezdr 0 sed FBEHM) rwith YRR tdn G2 @dwuctioh u$ Ibmklrmgavattage at a

conc%g atrlafi) %%%M ﬁﬂfﬁl}g’dgq?e] gq%&gglﬁhﬁgéfj lgmdglﬁ)dls flspﬁeffec ive fgra <ﬂsspersal of

S. niafessthabisiims.nt o the wel | s. B| ofllmvvas allowed to form
for 24 hours, after which t Lum was repl a

wiRigyresy Bsandntsham sawlaerqsulwafgr @ec@éfactepf %%%@@%Sf\léﬁoar@,spersal of

Vibrf @r%bgﬁ M 100 nM 500 nM 1 mMand 5 nM The
o 0{7 lremlgncubat ed a further 24 hours, at which tine

t IFGQLWQEM showe tieat SNR abianges HneFaBﬂ;mp@blabacbw@ of tﬁtreewea(ﬁcwglmu on
bioftfAb: P/‘F‘o%r&ee' hfie %ﬂﬁ%gﬁt aﬁbﬁ‘ %P't yﬂmi'e" Y pds2 Aefa{ ﬁleeewo for this

S Were was or oug
orgamispunt of crystal violet absor bed into the biofilmwas

s u r %\%ﬁé p%t ﬁf [\){\g ﬂﬁﬁms Vi cLa é-g g%rq%g&t é?e@‘? eéf Y glgol%{eeebioﬁlms,

and prg@féqetsﬁ@l/vsaﬁatisb@nm SNPRas aglgmﬁtfantéﬂemﬂ tsfasmty @ﬂE (b@mléfﬂ}hs
d show t hat SNP destabili'ses C i cans bi of

sﬁ@%ﬂ@ﬁ% asirena sfiesd plozdPLonatabilify erﬁ?aﬁ%éwh%@ﬁme@mﬂms “With 100
it SIFE PR o foc oy SafiaecoRrade By figTss Y 0l e

tric oxide
i nhi bit fornatlon of S. epidermdis biofilnms The

gﬁfox?ﬁ%fe ANSwIBle bml@c g?ﬁvg .'ﬁd?lcE ?ﬁbeﬁs?ﬁof ef LBfchnLbiofidsOn

m formation an
Cells were grown in 24 well polystyrene microtitre plates (Sarstedt) in Yeast peptone

dextrose medium (YPD) at 30°C with shaking at 100 rpm. Briefly, an overnight culture of C.
albicans was diluted 1:100 into fresh medium and 1 ml inoculated into the wells. Biofilm was
allowed to form for 24 hours, after which time the medium was replaced with fresh medium and
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St aphyl ococcus epidermdis were simlar to those
descri bed above for S. marcescens, V. chol erae, E.
w@odob/1z9262 b. |icheniform s, using glass sli desPCTAP2106000693
di shes for cultivation of the biofilm However, the NO
donor, SNP, was added contiftuously to the cells,
SNPr\fv"ésh&iHed Bﬁfbn@énirﬁﬁon& BPO hi! 25 M, 78 P 80E niney HWan@% M. The cells
devel opment. Results denonstrate’ t
wer@dmbaﬁem faythar ?Jf leawiesn gt wiich fimsrthewells werst rinsed it PBSHomgmee loosely
Iy c |
and GREHR S Sy P bR RARC TG bBle g YRR uony wit
PBSdarsiptee seourdfof ferystalizibletaahsonbed otd therebicfin es eveasuned udirg a Wallac-

nti n anaerobic, oral bacteria,
V'Ctﬁp@%ﬁéegg@r Fﬁkﬁ”%@?éﬂ%%s sel ect ed as a nodel and
kayie %SGWQWQF‘@GTG‘ 18) ahal p?ésieht@ﬁ a@ihleeﬂient@wﬁfQHé umreatBG lc@fftﬂoyand show
fre

sed to inocul ate
that §@a.daﬁal(ﬂ§ea §o§/bloamé>loélgma§,8hk% FReghtesiipnsthglown %tw'@amore than 60%
redugft'ﬂﬁ% E)’al&@@bﬁﬂ% iPthe 95 A S‘NPtbgﬁfnfeh%t' me SNP was added
he cells to a concentration of OhnM 100nM 500nM
1rr1\/| and 10mM A gl ass slide was al so added to the tube
OfEx‘a‘l‘ﬁHeSB L%We&é?@omﬁk %Hd@ IM#EleoﬁMtiHhQﬁ st @l@éfhﬂﬁ@blﬁﬁhs

hour s. he end I ncubat 1 on p ri

s |T|h|| é‘@thﬂéﬁ? @ndr fé@f@ﬂﬁ@dﬁed\@ée@ thetefipe of BQ odibjpfimgrmation and develop of
Stap%%@fdc&% dp %?ﬁ?t)ﬁs &’g'iglagmv tol e?é Mersﬁ Q\Leﬁ@ %%sce‘?lgq/ cholerae,
E. celinand®; Bdhendiformis,rusing glasscsiitiésyin batri dlS[l}&Stfeﬂ cultmailge ofthgbiofiie. However,

su uent i anal ysi s. ,Results are d .
tne 9 S0 6+ 880 boc BN By 7S celShenthar 6 224 B peros
of bfoﬁdfh @leprﬁéntClRebwfstembhstrbteWﬁﬁ INH adtipased prederBMR folthation of a

and show t hat add| tion of the NO generator, SNP,

b'Of'lﬂhW %.epgeravql%@wﬁ@nw B cencepVRtipR-deReRfab MaRef-aces. It
will be appreciated that, although specific
enbodi prents of the |nvent| on have been ?I_,escr

Ao rLow Vel o AUGE akle iiige fIsReregp! By aucleafin biofims
ogi fitedid gh}ogﬁht@le e@g%f"w@ R Bn2RB! ato'raf‘ (?Efeﬁ?é‘” Ed¥8bacterium

Sp irrt an i nvention as e I ne
nucle@‘umcwnsrsglecteduasra mMasle! @dakesrorgaaisinrforniofirmgof miademnsom crigfly, an

ovelﬁ‘ﬁh{/c%mrl ngS ]u&?d nt,’é‘trﬁ@ Qgﬂe%]orh?o@{ng Elnfopf gTh%'fcﬁfPse\K/ecf?ﬁro% to M optical

denm;t 6Gfdnrajoofnd. 1,sat manch eixp BN gras addibd o difel delts tooa @oncentration of OnM,

t t. of t d
100 B S BT s Sige wBR IS adtled Rage S b1 Bl and e pctera
wer§ Hiclvas & StachTH 4 hels UACRE hdbiethd Relbatd pamivd, Qﬁmﬂéﬂﬂere removed,
th an effective amount of nitric oxide or at

wastwetwwﬁ oy dippiag inceriiedisy faremrye dosely pasagiatad cellgant stained vith crystal
wolétnc‘?ﬁeo%ft?éhbﬂ‘gceﬁ’é] wele @ﬁt}rﬁc?‘féte@'ﬁ%f&coﬁéang ty! ngltaggr?wa% @4pture and

| east one nitric oxlde genera I Ng rre .
sub@g@emi inagea asalysisac Kesiits raselipmsesied ce phé tiersentageb bbtéllsnattached in

oSS 8 LB RS SRS S0P oSt

of theiNr gemegiton SN inwiblitdatiactiea@intlofH, afddativoto saréqeed!| e of
formng a biofilm 2 . The method of claim 1l wherein

the at least one nitric oxide generati ng or releasing

a ] r (o]

THE WA 3Rpreciagy 36 Shalt holic bhbadtior of 88 hieigh have boen
desgiiped dewinfr the pywesey Al illustratlon various modnﬂca’uons may be made without
deviating from the spirit and scope of the invention as defined in the following claims.
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ni troprusside, S-nitroso-L-glutathione,
S-nitroso-N-acetyl penicillam ne or a conbination

wao bwsaef262 4. The nmet hod of claim1 wherein thePCT/AU2006/000693
m croorgani sns present in the biofilmor capabl e of
formng a biofilmare of a §Qng| e species. 5. The

Themﬁiuh@defmﬁngxhaﬁmﬂudméasfbllbhe m croor gani sns pr esent
m or capable of formng a biofilmare o

in the bio

mul ti % @eté?ﬂJei @QmOWQ d*PH%f 3%9{ ﬂwe@ﬂtu@ fegmation of wieicralial blOf"m the
methddQoMbiési@or gani sms wi thin said biofilmor capable of

formng a biofilmconprise bacterial or fungal

speexpesng gaid Diodlimriat droeffeofivecdnadunt df, niidexids or &thleast one nitric oxide

mcro | msvmtth said biofilmor capable of
f&FPﬁ‘rﬂ 6719 f1%¢bnpri se one or nore species

sel ﬁé‘étl rr% fsﬁﬁé@e%?ﬂ%ﬁi@ﬁ\ tlblé’Brﬂ‘UﬁFﬁPf&hﬁatlﬁﬁ’ Rith an effective amount of

Pseudonbnas spp., Pseu terom)nas spp. ,
Strdiisaxide oo aideast @mﬂltnq ombrgenﬁr@tmgobmbasmaagenishu gel | a
pbact t er.ococ
PR e R of e SHEE or 4t s bRt oyige generating o

HaammlglaPm wﬁ@ﬁ;rfaceﬁé?%édluﬁﬁsu%ﬁtlble t@%ﬂlhff@wé%n @r spp. ,
Shewanel [a spp., Geobacter spp., Kl ebsiella spp.,

Pr otndugingstpe .accumeiation &6 osppr mowr tehetivd axygen os pyirogen species within

rRERTER G 5o SRR o BBV et nog o
cl ai MThe MRS Blalnh e Wﬁbféfnotﬁé gﬁl@bs‘% Bhe WirclixMeSRhétating or releasing
bi ofi | mor capable of formng a biofilmconprise one

age@ﬁo@lﬁ@@‘aﬁ@@C&f@loéﬂz'i!'@loﬂ‘ﬂ&ﬁﬁnﬂfs aer ugi nosa, Staphyl ococcus

epi coI CI||US [Li cheni f.or m

Sor ot ek BE AR B b A o b b A BT sodum
nitropluedidy; 8anitrosmt- g(ﬁ@aﬂdmr@asaltrbsmacet)@pemﬂn@mlﬁ@bﬁw@bmfnaﬁdrﬁhmof

1, further conprisi ngiﬁt reating said surface or medi um

wi th, Thaaethed peglaimg whereldheimisipofagaismepresantiiniia bigitm or capable of

form?g%quﬁ ry&fagb@g Q&rcgg_m S8 within said biofilmor

iofilmto, at |east one

antj, mTee aRthal obdamnt!. whbkin tRdRicritgamisme preSdndinMhehidHhe biedapable of
t he an&Ii m cr ob| al agent is selected froman

formigia bifign are of BUERle REGIEENL , an oxi dati ve stress-inducing

agent , ' i : 2 el .Of

090 BT B oot VA B o o o
formimigtarbiodibmcseisds mt@amrﬁmbaspwésf rom peroxynitrite,

nitric oxide, hyd ro?en per oxi de and super oxi de,

r adi- cdihg megiod of elavibl. vkerelvine fisreorzanisms within saidiofilgtorsepable of
fornfg{gaa; Bbfm Ua; ﬁéé”or?eaérdm&@tsﬂ%scs‘é@t%& $8% CAMRHE! \ﬁ??hHormocon is Spp.,

erentla I on events 0o 1IN nlcroorganlsns
Psetioobondsspph iPséLdoealtedonmanasisppp eSitaph)locorcustsep. e [ Sﬂreptaca:tcwsappo 8higella

soo o YERPRAFTr oDy EDle U PRy Pl P Bl S Begionste s,
Haeﬁvophﬂ&ﬁ bppn. Batdlus dips mwfwdrIMprl%em@lla\bpm hGavpaaisr spe:s Klebsiella
reasing the sensitivi 02) mcr anismto qne
Sppor e SBit iIARARASBY aﬁppagéﬁ’( actqr4spth OREHE SRP-c 8 spp.

Porﬂzyro%ﬁés%p? F&k%b&ftér)%ﬁﬁsbb! Qn@BHOéppcONPr i ses a
concentration of mitric oxide of at |east one nitric

OXI &e The methatlioh glaior 1, vélerasthe icaapeganismb withio isaid bitim dr capable of
formmg ang SHiim gomrg\r/llse one or species selected from P. aeruginosa, Staphylococcus
epidermidis, Escherichia coli, Bacillus licheniformis, Serratia marcescens, Fusobacterium
nucleatum, Vibrio Cholerae, and Candida albicans.
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15. The nmethod of claim 1, wherein the effective
anpunt conprises a concentration of nitric oxide or at
WO e@sti2aee nitric oxide generating or rel easi NECHYE2106/000693
of from about 10 nMto abou§ 5 MM o 16. A conposition
for pronoting dispersal of, Tor preventing formation of
a 19, CAbinnod! @1, tYheF QOMNEY 1RAEOMR! | SR i with
oxi de, at |east one nitric oxide generating
incoperatiRgsin rigidagyeiage o Meqivm, @ ayResing thé enicioarganisims \wtbiru&a»d biofilm or
copBFUFICHG 8BS £ B3k oM, ARFRIood apaLher wiih @

i on of claim 16

V\/nem)e The MBROADF dAStwhere the antimiradidl afenbie BElEA&d fRdn &Y arBibiotic, a
rel easi ng agent conprises one of, npre nitric oxide

SU”]@@ﬁbﬁ%OX' Ve sfregs- E‘Sh*ﬁb’tﬂsqgﬁmo%a@f’m@ﬂ%iioﬂwth@?%erel n the at
95 SRRt St BBy SR DA SR e

are Seleutdd e -phkoayrdttite| pitriti exidel aydrdmn Qperaxide camidi suptrioxide radicals, or a

E.h re%. 9. The conposition of claim 16 further
com 'B%ﬁp % at | east one antinicrobial agent. o 20. The

CONPOShHe }ng ?’Bf &élfﬂH%He?ele‘H fbthod & ﬂées I%E@gﬂﬁgrentlatlon events
antimecro agent 1s an anti IOtI a sur
in migrdochnisme within @sd biofithu whioky lead dn dispessal ar wherein isaidinathod comprises

prevklih o A ERTUABTBATIS h i@lpefits MG db it roffaion
ComMpoNeamethde 'bfi‘éJ&m PwiiGdnpEsds Qrfcre%sﬁ’@ tHeCsRhsitflRy t bP@mQFooﬁgamsm
phar maceut i cal n‘gosml on.22. The conposition of

to oraﬂcmmwemtlmﬁ@b@iag id conposition induces

oi o 1 it o8 1o Pl M CEROlH eEseblshsc S6cbhraton o

nitricextie @B htieatore itleotide denekatirigi o releakingl afdneofefohi abolitomM to about 10
events in mcroorgani sns which lead to biofilm

MMt or mation. 23. A nmethod for maintai ni ng or enhancing

t hef [ i Of0 | [

excpl5eiThg BB oBim B, Pheteh R P LR o Lotentraton o
nitricaxitesn gideast arte ditdastideogeneratirtgi oo xéledaing agant aftfromeatstit ‘x@méA to about 5

M. nitric oxide scavenger and at |east one anti oxi dant.

HV-24. The nmethod of claim 23 wherein the nitric oxide
fgf‘?@'lg@(?]n;ﬁoﬁllti?nn Ecg‘gﬁ;r rlh%t@g idls_'égl)%al of,, or preventin% formaF]on of a microbial
bicfitm tteoebmplositioratamppiginguniyicedxiget aidea,shpne)wir@aqxtdeug@n@émngdtréejeasmg

sool i AC B AR i URBE SRRnd b PRSP g BRI = sutebe

carnermprl ses inhibiting differentiation events in
m croorgani sms Within said biofilmwhich |lead t
di siferT8aicompgsition &forgidsio: whakein die Aleasiaansi Hge cﬂxlde generating or

ol SHEAGH Bl ool Bl i Biohl e kb @RaNCI g the Funct i oni ng

e conposli t1on conpri Si ng at | east one
nl t18. Gh@)@btdgosﬁm\oe oigiar 1ankkren trt atll@as dneonitic anie duiod dndelected

ether with sujtabl e car | er. | tion
ooy S, nBOPISRER. SIPTA-IOne: chiiasd CACIBEenge o a
comBinStioR Mg sms W thin said biofilmwhich lead to
di spersal .
19. The composition of claim 16 further comprising at least one antimicrobial agent.

20. The composition of claim 19 wherein the at least one antimicrobial agent is an
antibiotic, a surfactant, an oxidative stress-inducing agent, or a combination thereof.

21. The composition of claim 16 which is an anti-fouling composition, a medical device or
component thereof, a coating for a medical device or a pharmaceutical composition.
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29. The conposition of claim27 wherein the nitric
oxi de scavenger is 2-phenyl-4,4,5 5-
wo etosareshyl -i m dazol i ne-1 -oxyl 3-oxide. o 30PCTTAB2006/000693
conposition of claim27 whej,ein the antioxidant is
sel ected fromthi oredoxin, “Super oxi de di snut ase,

gl gpatihe @RPoSHA oREISIAT 18ivthers shid Ambositioh MusERLdTREbNBtion events in

claim1 conprising administering to a subject an
micrqopgagtsmp \»@hlan?eld rh*Of'%T WRich fged t%wﬁr&ésab pr wberel@éelfi cgRosition prevents

mducﬂlbﬁ 61’ oﬁ‘ffe%hﬁﬁn Efe'ﬂ%ﬁﬁﬁﬁc%rg‘éplsﬁ@ ﬁlgif!e?@to%%‘ﬁm fofndtiod.he

or prevention ™ m assocl at ed
cor?dj Ai methmmfcﬁanaihtambg; @€ tenhdncid@ - thel mctiveinh ord abioliimaithie Hethod

1 further conprjsjn m ni Ierln to sai bj ect
comiyish exeongs SRTIATED Ghioai ohg Rk OHes SoatengBivet ions Srtpian o o
leastbn¥higlc@hibe S@NEhgBATaE Rast URE Silibkiding t O biofilm

formati on conprises the surface of a nedical device.

34 24T ke rmtﬁodobf oflaira| 28 wha8in vihe méiion oxidee scavdingealis dephienykd 4,5,5-
IS te prosthesis or 0 other suitable
tetra@ﬁ‘hg "B@ r}e {%f%ﬁ){'éadol e device. 35. The conposition of

cl a5mrad idodt sreakimn g3 OWhe?é“ r?\ﬂ%mahtfbgidéht is selected from thioredoxin,
bi of i | massoci ated condition of a subject.

SUDW@@@@WE@@] obfathdongiant asorbifrackler conpri si ng at I east
on%a% ﬁo%blo’ra lclamqe% "which comprises inhibiting differentiation events in
microorganisms within said biofilm which lead to dispersal.

27. A composition for maintaining or enhancing or maintaining and enhancing the
functioning of a biofilm, the composition comprising at least one nitric oxide scavenger andfor at
least one antioxidant together with a suitable carrier.

28. The composition of claim 27 which inhibits differentiation events in microorganisms
within said biofilm which lead to dispersal.

29. The composition of claim 27 wherein the nitric oxide scavenger is 2-phenyl-4,4,5,5-
tetramethyl-imidazoline-1-oxy! 3-oxide.

30. The composition of claim 27 wherein the antioxidant is selected from thioredoxin,
superoxide dismutase, glutathione and ascorbic acid.

31. The method of claim 1 comprising administering to a subject an effective amount of
nitric oxide or at least one nitric oxide generating or releasing agent for the treatment or prevention
of a biofilm-associated condition in said subject.

32. The method of claim 31 further comprising administering to said subject at least one
antimicrobial agent.

33. The method of claim 1 wherein said surface susceptible to biofilm formation comprises
the surface of a medical device.

34. The method of claim 33 wherein the medical device is a catheter, stent, prosthesis or
other suitable surgical or implantable device.

35. The composition of claim 16 for treating or preventing a biofilm-associated condition of
a subject.

36. The composition of claim 35 further comprising at least one antimicrobial agent.



