1 Methods and Compositions for Regulating Biofilm Development Field of the invention The present
invention relates to methods and compositions for regulating programmed cell death in
microorganisms and for promoting or inhibiting dispersal of microorganisms from biofilms. Background
of the invention Biofilms are three dimensional microbial growth forms comprising bacterial

communities and the extram&ihoz@@ta?nm@m@@gﬁt?@ﬁm@g}gﬂmﬁ@mn the environment and
may form on solid surfaces where water% aﬂjlatﬁ?or iril su?ﬁens{ion, for example as flocs or
granules. Biofilms 10 cause significant in g a\é%,%e %B for example, fouling and corrosion
in fluid processes such as water distribution and treatment systems, pulp and paper manufacturing

systems, heat exchange systems and cooﬁm&o&fe&rﬁ qﬁgeq&@glg.puting to the souring of oil in pipelines
and reservoirs. From a public health perspective, bloﬁ ms are also important reservoirs of pathogens
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bacterial endocarditis (biofilms on surfaces of the heart and heart valves), cystic fibrosis (biofilms on
surfaces of the lungs) and kidney stones, and readily form on medical equipment such as implantable
medical devices. However notwithstan@egitbecsigl fmiitiel étrvenetitat effects of biofilms in many

environments, 20 bigfius may.aisp be.ebhenslil EQr Grample Jwasts Kaler I satma SIS
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essentially multicellular microbial communities, the formation and development ‘of which is dependent
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signalling sysigesaSUekleAiiatBIumn SRNSIBSR: USaERY hastand japassessicallferpidandinitiate
changes in gene expression and phenotypes Whe%suffi ient concentrations of signalling molecules
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15 number of chronic infections in humans, for example ofitis media (biofilms on surfaces of the ear),
bacterial endocarditis (biofiims on surfaces of the heart and heart valves), cystic fibrosis (biofiims
on surfaces of the lungs) and kidney stones, and readily form on medical equipment such as
impiantabie medical devices.

However notwithstanding the significant detrimental effects of biofilms in many environments,

20 biofims may also be of benefit. For example, in waste water treatment systems suspended fioc
biofilms or surface-associated bicfilms on membranes are said to facilitate nutrient removal, such
as in denitrification.

Accordingly, there is a clear need both for effective strategies to eliminate deleterious
biofilms and to enhance the activity of beneficial biofilms.

25 Biofilms are essentially multicellutar microbial communities, the formation and development
of which is dependent on various mulficellular traits of the member organisms, such as cell-cell
signalling. Extracellular signalling systems such as quorum sensing are used by bacteria to assess
celi density and initiate changes in gene expression and phenciypes when sufficient concentrations
of signalling molecules are reached. This is associated with differential gene expression, leading fo

30 the induction of, for example, virulence factors andfor defence mechanisms, and with cell
differentiation such that biofim-associated cells become highly differentiated from free-living
(planktonic) cells.



cellular expression of defence mechanisms and the reduced ability of antimicrobial agents to
penetrate the biofilm results in increased antimicrobial resistance and make biofilms particularly
difficult to eradicate. Present biofilm control strategies typically target the early stages of biofilm 5
development and involve the use of toxic antimicrobidl agents. However such toxic agents present
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manipulation of biofilm developmental processes, by promoting programmed cell death, and
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manipulation of biofim developmental processes, by promoting programmed cell death, and

increases the sensitivity of the cells to antimicrobial agents, thereby providing avenues for inhibiting

20 andfor reversing biofilm development.

Summary of the Invention
The present invention relates to a method for promoting dispersal of microorganisms from a
biofilm, the method comprising exposing the biofiim o an effective amount of nitric oxide or at least
one nitric oxide generating or releasing agent.

25 The present invention also relates to a method for promoting dispersal of microorganisms
from a biofilm, the method comprising inducing the accumulation of one or more reactive oxygen
and nitrogen species within the microorganisms.

The present invention alsc relates to a method for inhibifing biofiim formation andfor

development, the method comprising treating a surface or other medium susceptible to biofilm

s0  formation an effective amount of nitric oxide or at least one nitric oxide generating or releasing
agent,

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 biofilm, the method comprising:



treating a surface or medium susceptible to biofilm formation with an effective amount of nitric oxide or
at least one nitric oxide generating or releasing agent; incorporating an effective amount of nitric oxide
or at least one nitric oxide generating or releasing agent in a surface or medium susceptible to biofilm
formation; or inducing the accumulation of one or more reactive oxygen or nitrogen species within

microorganisms withineggighRiefimnpsiganablestiarmng abifimc theableak Ansiticioxide

generating or releasing agent may comprise one or more nitric Jo oxide donors. Said one or more
nitric oxide donors¥HPHY QL &G R 8B Lodium nitroprusside, S- nitroso-L-glutathione,

S-nitroso-N-acetylpenigiiafging.pree &9 MBIAH Qs tRBISE fo BISHIFRIBIHRGRINIG AiRERBAhis Rrgyided in
a non-toxic concentration, For example, the concentration may be in the nanomolar, micromolar or

millimolar range, sO&# 8% SRR LIBBR OIS TGP S AR G REP i FBINBBARL10 nM to about 5 pM. 15
The biofilm may be supfaggcpeeREaRaksURRERISHirld \SiREIPendes Bh%fﬂma%ﬂwé)geﬁ’é%gf&rm of
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flocs or granules. The microorganisms present in the biofilms or capable of forming biofilms may be of

a single species ofe6ERNIIABRIIN 8 SEtac ReMsRiraLipsartiple WhIsHR EMBIoAIAT or capable of forming a
biofilm may comprise 2Qha¢Ea QLR HEFHE SR RN TIPHIFSENS RERCIRHPECIES

selected from, for example, Candida spé).,‘ Hormoconis SP ., Pseudomonas spp., Pseudoalteromonas
spp., StaphylococBURECSHIINISEE¥ITTLERIEGOURP! SRrpE Il SPFiINaR/BBBAEterium spp., Enterococcus
spp., Escherichia $ppat RalnanreliaispRddl IiaamRFRRedsae MRRNMLE ShRoBAEHS S nitric

Desulfovibrio spp., Shewanella spp., Gegbacter spp., Klebsiella spp., Proteus spp., Aeromonas spp.,
25 Arthrdbac e MhcrBoPRaE SIS ek AN PR SRHELS BB SOPURLLRERAR Spp, and

Vibrio spp., refireseintaiivisncaidilessofis achvapatitaniiaing Condidatatieans, P. aeruginosa,

Staphylococcus epidermidis, Escherichia coil, Bacillug licheniformis, Serratia marcescens

Fusobacterium nu%ﬁd@é%%ﬂr%f%nw%' |gﬁ@%ﬁ%\%ﬁ’eﬁ%é&@tﬁo@’ﬁ’\t%}cf&ﬂrﬁceep 8 rb‘ri (grtFé(gﬁWE’th@ surface

or medium withpéaricaixoraen e mdéchBorsuisfareomoiadiumiliocex posingibe anfomatgahisrivstevithin

said biofilm OE&QR?@H\PBFW@&)& M(&f\u% ta%ﬁ‘{)é t one antimicrobial agent. By way of example, the
[ obram

antibiotic may be an aminoglycoside such as t ycin, the surfactant may be sodium dodecyl
sulfate afid the oxid@tiiefistrigy PaduERG-agfoniRAhgI5eshy lege Ahscsrensier it BeyeS dclts
chlorine or cligraing 4 gRea@etive oxygen and nitrogen species which may accumulate in

microorganisms of a biofilm or capable of forming biofilms treated by a method of the invention may
include peroxynitri@edﬁﬁ@orgamsms present in the biofiims or capable of forming biofilms may be of a single

species or of multiple species.
The microorganisms within said biofilm or capabie of forming a biofiim may comprise
20 bacterial or fungal species or both, and may comprise one or more species seiected from, for
example, Candida spp., Hotmoconis spp., Pseudomonas spp., Pseudoalferomonas spp.,
Staphylococcus spp. , Streptococcus spp., Shigella spp., Mycobacterium spp., Enterococcus spp.,
£scherichia spp., Salmonella spp., Legionella spp., Haemophilus spp., Bacillus spp., Desuffovibrio
spp., Shewanella spp., Geobacter spp., Kiebsiella spp., Proteus spp., Aeromonas spp.,
25 Arthrobacter spp., Micrococcus spp., Serratia spp., Porphyromonas spp., Fusobacterium spp. and
Vibrio spp., represeniative examples of such species being Candida albicans, P. aeruginosa,
Staphylococcus  epidermidis, Escherichia col, Bacillus licheniformis, Serratia marcescens,
Fusobacterium nucleatum, and Vibrio Cholerae.
The method may further comprise treating the surface or medium with, incorporating in said
30 surface or medium, or exposing the microorganisms within said biofiim or capable of forming a
biofiilm to, at least one antimicrobial ageni. By way of example, the antibiotic may be an
aminoglycoside such as fobramycin, the surfactant may be sodium dodecyl sulfate and the
oxidative siress-inducing agent may be hydrogen peroxide, hypochlorous acid, chlorine or
chloramine.



oxide, hydrogen peroxide and superoxide radicals. In one embodiment the reactive oxygen and
nitrogen species is peroxynitrite. 5 Accumulation of reactive oxygen and nitrogen species may be
achieved by exposing the biofilm to an effective amount of nitric oxide or at least one nitric oxide
generating or releasing agent. Methods of the inventfon for promoting dispersal of or preventing

formation of biofilnre 5@y QHRRMAE HiElieNEHEHERrARRHET) BYQMEIHR:RisTRRGaRIBMS ovEhiBfiFAId
biofilm which lead to io ersal prise preventi mductlon of |fferent|at|or1 events in
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nitric oxide or at least one nitric oxide generating or releasing agent for the'trea t or prev ntlon of
a biofilm-ass@8Rifed condition in said subject, optionally together with at least one antimicrobial agent.
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in the surface of a suitable medical device such as a catheter, stent, prosthesis or other surgical or
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the composition may be an anti-fouling composition med| | device omponent thereof, a coating
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antibiotic, a surfactant or oxidative stress-
oxide generating or releasing agent for the treatment or prevention of a biofilm-associated condition

in said subject, optionally together with at least one antimicrobial agent.

20 The agent andfor the antimicrobial agent may be coated onto or be impregnated in or
incorporaied in the surface of a suitable medical device such as a catheter, stent, prosthesis or
other surgical or implantable device.

The present invention also relates to compositions for promoting dispersal of microorganisms
from a biofilm, or for inhibiting bicfiim formation and/or development.

25 Thus, according to another aspect of the invention, there is provided a composition for
promoting dispersal of, or preventing formation of a microbial biofilm, the composition comprising
nitric oxide, at least one nitric oxide generating or releasing agent or nifric oxide and a nitric oxide
generating or releasing agent, fogether with a suitabie carrier.

The at ieast one nitric oxide generating or releasing agent may comprise one of more nitric

30 oxide donors. Said one or more nitric oxide donors may be selected from sodium nitroprusside, S-
nitroso-L-glutathione, S-nitroso-N-acetylpenicilamine or a combination thereof.

In one embodiment the nitric oxide donor is sodium nitroprusside.
In particular embodiments the composition may be an anti-fouling composition, a medical

device or component thereof, a coating for a medical device or a pharmaceutical composition.



inducing agent. By way of example, the antibiotic may be an aminoglycoside such as tobramycin, the
surfactant may be sodium dodecyl sulfate and the oxidative stress-inducing agent may be s hydrogen
peroxide, hypochlorous acid, chlorine or chloramine. A composition of the invention for promoting
dispersal of, or preventing formation of a microbial bivfilm, may: induce differentiation events in

microorganisms withincsaisbiehimayhighelenehiasdispRiarlne Rrtvanbbl ugian ofdilipreriaian
events in microorganisms which |lead to biofilm formation; increase theﬁgﬁnsitivity of said

microorganisA%ETo BAtitficPBbiAN MY ERRE! F9RMyPUED AR otidE D iinSHtiG Bt 1R Q8 atER 18 %
present invernituziaissyeatates waycsrapmsite s fantisedting abel Mor pmevgiytiogda sanditiasbrasgaciated
with biofilm d veIoRang. ThuESJ acpmp sci]tior? of% e iny, ﬁ\tion f&)r.eromotingodis ersal ?f or

: & _Sfractant' may & soiﬁ) medodecy! sglae & ot atiVe stress-maudt g agen hay be
preventing formation of a microbial biofiin may be suitable Tor treating or preven né;a
biofilm-assochatieten pelitixide dfypoditosuisjedit, ahidrineayr opititamatly, comprise at least one antimicrobial

agent. The present;i i I - intaining:-a - i ctioning
of a biofilm, compr?\s%\g%@g%?)%?n%?t %1@@%@?&%@@%@%xﬁ&e5ﬁ%ﬁg’e ?adﬂﬁ?g)@ﬁatg r:a%st one
antioxidant. TRGEDEEdtHETgMayaietse rdfectadetherantte it overensas s relite ad raisfio aviésh 20
maintaining op &N RARGKEHNS MIRGHANIRELEIA RICHiErHISHIIE HRRLE AMRHRING MRS e RIQHIm to at

least one nitric oxide scavenger, at least one antioxidant or at least one nitric oxide scavenger and at
least one antfIXiHRMRMIGR RGBT, Hid it sakkimEeerpaisgs, trs antimicrobial agents; or may
2-phenylé, 4, b:5itrteaspabmdiin slazsingidetoxyl 3-oxide. 25 The antioxidant may be selected from the
group consisting of; thioredoxin, sl#)eroxid dismutase,. Iuta&ﬁhion and §{scorbicrﬁcid. The @ethod

may comprise inhibitth§ HifEraYRA Br"f‘*é%?f?&gﬁﬁ%ﬁ%%’éﬁ ORfslS" ei‘ﬂﬁwaé‘ BRI A RS to
dispersal. Aceesdtiietbwdth bibiém dspaetroéihe present invention there is provided a composition for 30

Comprising at least 6 A g D M e R T
carrier. The cowoipbsitivofiimapanHibit ditfeleeiot dtkatingventseventig co hipditisassomitiih saiditibiofifnd which
ﬁg?riiﬁﬁigigjﬁ!ﬁ%r%%ﬁliﬁé?%ﬁdﬁﬁl&’é&ﬂpﬂ?é%jﬂdéﬁ SREhiRIRfigN: iy to any three-dimensional,
The present invention aiso relates to methods for maintaining and/or enhancing the
functioning of a biofilm, comprising exposing the biofilm to at least one nitric oxide scavenger
andfor at least one antioxidant.
Thus, according to another aspect of the invention, there is provided a method for
20 maintaining or enhancing the functioning of a biofilm, the method comprising exposing the biofiim fo
at least one nitric oxide scavenger, at least one antioxidant or at jeast one nitric oxide scavenger
and at least one antioxidant.
In one embodiment, the nitric oxide scavenger is 2-phenyl-4,4 5, 5-tetramethy-imidazoline-1-
oxyl 3-oxide.
25 The antioxidant may be selected from the group consisting of. thioredoxin, superoxide
dismutase, glutathione and ascorbic acid.
The method may comprise inhibiting differentiation events in microcrganisms within said
biofilm which lead to dispersal.
According to another aspect of the present invention there is provided a composition for
30 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 fogether
with a suitabie carrier.
The composition may inhibit differentiation events in microorganisms within said biofiim

which lead to dispersal.



community displaying multicellular characteristics. Accordingly, as used herein, the term biofilm
includes surface-associated biofilms as well as biofilms in suspension, such as flocs and granules. s
Biofilms may comprise a single microbial species or may be mixed species complexes, and may
include bacteria as well as fungi, algae, protozoa, or Sther microorganisms. As used herein the term
"surface" includes both biological surfaces and nogepiplegigal surfaces. Biological surfaces typically
include surfaces both internal (such as tissues and membranes) and external (such as skin, seeds,
plant foliage) to an%rtj%ﬁ&.@ﬁ{?#ﬁ%‘?ﬁﬁ %S’é?é‘ig'rﬁé?fﬁf%ﬁ%r@@édg?ﬁ’%gﬂa\lmﬁ]@‘ﬁﬂﬁé?gamﬁm’%es also
include otherdqatuialiguitatephsuthicsiwoatiDacibtec nedskipipgiesl Bfasemaydeanyisian made
surface of anyb ion that s the establishment and developm

0mpaosi or nt of a biofiim. Such
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phenotype or behakfolisest batsie ’tﬁ'@lI@.mé‘%@@@eﬁéﬁélilﬁﬂﬂﬁebtéhn)@i’@]&@@bﬁwﬁ?@éscéﬂcbé@ﬂbi(}iﬁ@iaﬁs a
developmentg),gyent WEWIGgﬁ“’capi%HHEéE‘ﬂﬂ@éwsirﬂug@ﬁ%c%t@%ﬁwaﬂ%%!{ SRRUOlySiBeceliyar

differentiation and the 20 development ot subpopulations of cells with specific phenotypes. As used

herein the terfiE BB e hSERHS 8RSt S A gSRs 98 r R FNIRSE IR iREp AR cBsteit wvhapionial

microorganismepopiabiannay RRIeXBrsescty anfaetvisagentdisecy Alindiesis. sdrrisalpdiect
exposure refer'qrs to @dmi istra@gHo the %gﬁnt to the mic oor&;nisi{%or biofilm_to be treated or

t
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exposure referstdishment anithizivaltipment of prigiclinsoteditbefacive@dentrossat tandpsiisicdianswiecule

capable of generatin%, eﬁ'ﬂ&ﬁrs lely or in reactg(gt‘n with ther C mpounrpls or_mplecules, thehactive
sliprient, Friies ortplﬁﬁurposteﬁso & Pesent. invetiton, & suligce may be ofol .{suc $a
agent to the microorganism or biofilm or otherwise bringing the  microorganism or biotilin intd contact

therewith. Sirmikmlyatepaerenotogattigihdr fiesiting” and variations thereof as used herein mean

administering to, o QUenwig ingIng 0 fontact Wity 0.5 used hersin e ergl, sfglive pmount
includes within its meaning a non-toxic but suificient amount or concentration of an agent to prowde

the desired effeigenmeatstgets divrowhtfeentcmikginanotesjuiedsl WiRhvary e poatiel Welifatioransueh as

the species of.fiictoaaRs I hRINS:Eeatad e @ xisk capverity and/or age of a biofilm being
treated, whether the biofilm is surface-associated or suspended, the particular agent(s) being

administered and the $SHSIRIOINS R SIRBRTRLCSE f6AH. Meass / kevelPpBes@IeR spliifRan
exact "effectiygaimotat odcudoneredor amegiven casessaaaRpiepialecHerivrRiamount’ may be

determin:z%d bﬁe%%p?nﬁant of subpopulations of cells with specific phenotypes.

As used herein the term “exposing’ means administering to, or otherwise bringing into
contact with. A microorganism or biofilm may be exposed to an active agent directly or indirectly.
Typically direct exposure refers to administration of the agent o the microorganism or biofiim to be
treated or otherwise bringing the microorganism or biofilm into contact with the agent itseff,
25 Typically indirect exposure refers fo the administration of a precursor of the active agent or a

compound or molecule capable of generating, either solely or in reaction with other compounds or

molecules, the active ageni to the microorganism or biofiim or otherwise bringing the
microorganism or biofim into contact therewith. Similarly, the terms “ireat” and “treating” and
variations thereof as used herein mean administering to, or otherwise bringing into contact with.

30 As used herein the ferm "effective amount” includes within its meaning a non-foxic but
sufficient amount or concentration of an agent to provide the desired effect. The exact
amount/concentration required will vary depending on faciors such as the species of
microorganism{s) being freated, the extent, severity and/or age of a biofiim being treated, whether
the biofilm is surface-associated or suspended, the particular agent{s) being administered and the

35 mode of administration and so forth. Thus, it is not possible to specify an exact “effective amount’.



ordinary skill in the art using only routine experimentation. As used herein the term "non-toxic" as it
pertains to concentrations or amounts of a substance means concentrations or amounts of a
substance which do not have a direct toxic effect s on cells, do not kill individually free-living cells, but
which may operate as a signal that triggers induction ©of differentiation processes in biofilms, which

involve a progiammedocelhfgath respoaseippr@iakichrRatelfarmmayras il incdeatieals subrepulation
of cells, generagion of dispersal cells and the dis%e,rsal of biofilms. For example, with reference to

nitric oxide dSAUIRY R PHAE BERAENFALEY SHRERTBYTR A%y comprise 100mM nitric oxide donor, or
less. 10 As used heseindiehtasim fiferntetoriing-tadcit pertapustéing biafdmenteyide measwimt voiths

reference to anB/ Pne or more of the Iollowin%garamfeter : {he vi%bilii]% of t ﬁ micr&;org nisms. in the
- s%x siance eﬂ?]concentra I0NS Of aMoUNts o .Shﬁs a%ew IC: ?no I;}V@ a.direct ioxic.effect.
biofilm, the aCtivity |esﬂno € microorganisms’in the biofilm, the density of the microorganisms in the

biofilm, the Iifefspahl_\s,qdcth@ttﬁdifinchi\écmamhéeefﬁda@milbtiwtbmnmrimpe;pmsamiag a ggrmhﬁ*@me such
as in the case, gf bigfilmsdn was B%E&%Etfﬁrgmm& Wﬂ%ﬁk&o‘ﬂfe”é‘g@%%&%ﬁ“&@% (L Hafsk?
context of the present invention "maintaining” biofilm functioning means preventing or at least

substantially A8 theseieeTE isewtdn Srote sEesinsrstREn vice teNate P s dsspsaiabiuch that
microorganisghy iﬁ”!é”ﬁhég@ﬁé‘érqpr@m'ﬁ%n aehividrpiefilifesnenand Rirkiolm Wehionisarloxic

significantly reduced. "Enhancing” biofilm functioning means increasing or improving any one or more

of the above PIEEMELS Gh SR EDIGHMVAYT & esie dFhcac¥drdance with the present 20
invention, As used &xeleid theder e Bhibiingiam i pRrtiainstmbiefimsidieamns compleisuardpartial
inhibition of biofilm formation and/or de%/?ggiépent and also iniiludesbgwnrh"ts scope the reversal of
biofilm develSPHEMEOP S8 Qe LGRS MR SRS Rkt SRR b M AU SR B RRR R ier,
inhibition mayib&metmaciity@sjefpeoraiyodryteisms of tentyidiiarythia ivisione iefimic forredon 25
andor develapmennay hedahibied forine suliient e prade dne dssired elfect Inhg context
of this specification, the term comprising” means "inc uélng pnnapa’l?ﬁeou{ not h cessarl?y solely".
Furthermore, shi@ionotabe ovbadimsompaisingtestysiens, themprise candricosmpersednghyainghe
correspondin [ ngs: Bl Hntion.obthe Drawing: j i ill now
be descrli%ed?%@gv?/{;}%% eiﬁragrrél%?g 'Sn%%%mﬁ gﬁ%&@ﬁge%o the@glglfg&riﬁ gggi%ﬁ%v;/ig ngvf&li%g:é?{éﬁcq%%eath
and dispersaltebeEa§aly rediaingdhitotayansmpipconesieswithraseaped saliigevh enddsestalonghen and

nitrogen speciesg Withip: P%QC@HBWX,SMMWﬁJM)aQQWPB%IﬁWiﬁé@ﬁ&@%ﬁosbp%ﬂ%&u%&i@b( RigHim
stained with the BacLight LIVE/DEAD stain (micrographs for 8 live and dead cells are also shown

independently Y SIAY 4S5 15T PRI aOUPURCIREEG, meers Increasing or Improving any one o

mare of the above parameters in comparison tc & biofilm not treated in accordance with the present
20 invention.

As used herein the term “inhibiting” as it pertains to biofims means complete or partial
inhibition of biofilm formation and/or development and also includes within its scope the reversal of
biofilm development or processes associated with biofilm formation and/or development. Further,
inhibition may be permanent or temporary. In terms of temporary inhibition, biofilm formation

25 andfor development may be inhibited for a time sufficient to produce the desired effect.

in the context of this specification, the term “comprising” means “including principally, but not
necessarity solely”. Furthermore, variations of the word “comprising”, such as “comprise” and
‘comprises’, have correspondingly varied meanings.

Brief Description of the Drawings
30 The present invention will now be described, by way of example only, with reference to the
foliowing drawings.
Figure 1.  Cell death and dispersal events in P. aeruginosa biofilms correlate with the
“accumutation of reactive oxygen and nitrogen species within microcolony structures. (A) Confocal

micrograph showing a 7 day biofilm stained with the BaclLight LIVE/DEAD stain {micrographs for



hollow structure within a biofilm. Black arrow indicates dead cells within a biofilm. Bar, 50 pm. (B)
Confocal micrographs of microcolonies in a 7 day biofilm. Biofilms were stained with fluorescent dyes
detecting specific RONS. Left panel are phase contrast images, right panel are fluorescence s images
showing RONS accumulation in XY (top down) and x& (side-on) views. Bars, 50 pm. Images are

Lepfr?sentztivmf@éaa@ lgsst &i@@f@f@@d@ﬂbﬁ%mﬁa@eﬁ' Eﬁ}ﬁ‘fillJé‘@JBFaTé”'Saﬁéﬁ@);?t @gmifﬁiﬁi@trﬁ%igéle@ﬁ?sn\lp on
iofilm and planktonic growth of P. aeruginosa. PAO1 cells were grown for 24 hours in 96-well plates
in the presenl&@%? §B‘éﬁ%§ﬁ“ﬁ %BR&%@%Q&%‘}%ﬁ5ﬁ°ﬁ|ﬁﬂ%ﬁ?&@?@&ﬁﬁswﬂ'%mﬁmd [ AtidtBs¢Bhce
measurementanicchiafibtrogibphfooiakiardinnhietystal ViddethidéininGidBientiansHdPvatidedrdsigute 3.
The effect of pitric,oxi eg%ene atj r rlf_eéﬁasin ag%gts on thest{ansition.flh m biofilrﬂ%}o%anktonic

growth in P. Sé?ﬂ&f?\%%‘é‘. ROT Cens Wers g?%r\]/vn or 2Sﬁ§SPst,r|an ﬂ@?ﬁe&'srﬂge PRTh é’r F(?r%cgcope

slides in the pregenckowing MtiSoxddendation, isodiufnpitvepiussided HityonBvistros Bdrsgliitgthione
GSNO) or S-qi N - . : e | ”
( ) or ?l'ﬂ%%%ryr gggmﬁgg:&l%mé?% gﬁ&f@&é e@%@ﬁ&&ﬁe nitric is oxide scavenger

2-phenyl-4,4,5,5-tetramethyl-imidazoline Xyl 3-oxi lanktonic growth was quantified by
measuring the opttERAsity! [(© BESSHnGditie aigienattint ¢hokieBiar &p ridapitsin Itpuiivtp! By
measuring thgpepseRtaor®f stifagaLoMIRIS EaHERRTR YsiNgIImALs AnaY it Khdigiakodiym

photomicrograPhs of microscope slides after staining. Figure 4. The effect of SNP treatment on the
sensitivity of PUERHSEHfosh fo aRBNFIRYeBIAMD oVas sRra s d Ry fluprssanpnme s it d i hours in

petri dishes clentairingygnasqopessides Dyihe presrreRiGd@bsence of 500 nM SNP. Biofilms on
microscope indeer\_zvere eat f01r‘f3<8 minutes.gvith the @ntimicrobial solutions, stained with
afysi

LIVE/DEAD stainind®d&fow it PO RS UERNN, E A HRIDA AR o sk ) S frose
coverage) ushigfididitaldniage gralyisis P(ApnBenstivRyOf bidllmsd Woswrfacicdauesagedianriishigroscope
slides to antimj [ obr cin,(Th),.25 hydrogen peroxide (H202), sodium dodecyl s te
(SDS) and h%ﬁ@&ﬂ%@ggﬁa %—I%E%% 'l%t{%ezp r%%‘sce%n%r:%eg(ﬂgﬁ% %g% %r}%) or A fggr;?rcog r&% egrey ars) of
SNP. (B) Corfiodzisttlopbiaibiaoe (GHd¥opeaShstokik-setypaiidiamife SiéameiiNRigusett: Thie effect
of SNP treat > ish ugj . DA 0 antizmicraobial.agents.
P. aerug€§05§%Hég%&y@;g%ﬁ%&”ﬁ“ﬁ%‘?@ﬁ%ﬁ%ﬁ%ﬁ%%’ﬁ@ﬁ%%“%%i%ﬁ?%ﬁ%?@éﬁ% 24
hours prior toWResHaitRsNPsMseeUANg bRiepisabiRRWERsyrowhiTesuprirgie St bars andhBim treated

for 30 minutegryyith sheatintg bk aEO B suBERINGS WKL L AMRARRARIRIANIRS dR-AlawRNRSis with

light microscopy and quantified (percentage surface coverage) using digital image analysis. (A)

Sensitivity of BB qgR Rl fECERsvaPa ses AR iRiRRdpe slides to tobramycin (Tb), hydrogen
peroxide (H202) amhutly dvioledight V3P theithdpresanselighligreybasalmbabaenten(daniorey

bars) of %Npa§§3t§ olg!f(a)gf%lg%ggeps&g %%s grown for 24 hours in petri dishes containing micrescope siides

in the presence or absence of 500 nM SNP. Biofilms on microscope slides were treated for 30

minutes with the antimicrobial solutions, stained with LIVE/DEAD staining to allow analysis with

light microscopy and quantified {percentage surface coverage) using digital image analysis. (A)

Sensitivity of biofilms (% surface coverage) on microscope slides to antimicrobials tobramycin (Tb),

25 hydrogen peroxide (H207), sodium dodecy! sulphate (SDS) and hypochlorous acid (HOCH in the

presence (light grey bars) or absence (dark grey bars) of SNP. (B} Confocal fiuorescence
micrographs of the same slides after treatment.

Figure 5.  The effect of SNP treatment on the sensitivity of pre-established P. aeruginosa

biofilms to anti-microbial agents. P. aeruginosa PAO1 was grown for 24 hours in petri dishes

30 containing microscope sfides for 24 hours prior to the addition of 500 nM SNP. Biofiims were

grown for a further 24 hours and then treated for 30 minutes with the anfimicrobial solutions,

stained with LIVE/DEAD staining to allow analysis with light microscopy and guantified (percentage

surface coverage) using digital image analysis. (A) Sensitivity of biofilms (% surface coverage) on

microscope slides to tobramycin (Tb), hydrogen peroxide {H202) and ultraviolet light (UV) in the



micrographs of the same slides after treatment. Figure 6. Combination treatment of planktonic P.
aeruginosa cells using SNP and anti- microbial agents. Planktonic cells were treated for 2 hours with
the antimicrobial agent tobramycin s (Tb) or hydrogen peroxide (H202). Plate counts of colony forming
units (logCFU/mL) were performed to assess the via%ility of the bacteria. Figure 7. Effect of SNP

exposure on g@s@aeéau@mﬂgﬁepI@ﬁ#@p%fr@mm@a@@m@y B&aatrpehsiudegs reanten Gonieshce
fluorescence micro Qng of 13 day mixed s%eues floc biofilms either untreated (A) or treated with 10
mM SNP (B).%Oﬂfg %S%ﬁﬂ'ﬁ‘ﬁl dos@irHIAME Y piked with S. marcescens - effect of SNP on the

biofilms after 18 hiysresposDoenbinSickOfkatvenr SONaNMGNP: éémwﬁdwtmwum@ @npligatrgphic agar
(R2A, trlpllcates ) viabilit nts on eutro hIC a Bio, tri tes rcen e of surface
coverage usmg r%t?grc? ggﬁ’y ﬁlr?gy%'?g re'ci'uep %&%@5) 55\’ @ﬂﬂ?{@) 8‘189\%1 ?W%ths on
uPVC coupof&jnoARyitrdges Whméey&iéab)wa%melﬁodmsnbﬂtwmray%emngnduﬁallmﬂiﬁmns were
marcescens. ;ﬁﬁ&ﬂeﬂftgég%%grtﬁeoxf ;SBfﬁ qum%a%% 100 nM f_ind 500 nM SNP for 18 hours before a 10

minutes treatment with a range of concentration of free chlorine: (A) viability counts on eutrophic agar

(LB1o, triplicates); {B¥isercertied of stifacpesveragedispiergamicrdseoiyimalijen @acksighater
duplicates). Eigé{Fﬁeﬂi%ltlde@%é%ftd?%%Q'%&§@é&%§%¥@é@p‘ﬁ%??§% SR Um e E gL 1

Effect of SNAP on dispersal of Serratia marcescens biofilms. Figure 12. Effect of SNP on dispersal of

Vibrio choler&&MgioHirRatetigLretestet mib 18R & dispersal of Vibrio cholerae biofilms. Figure 14.
Enhancement by FigRrtr&atnizitkoftveaiantioitnebialkadtivity 6f tetraeyaiine-(6fipg/oiLINm biofiens of

Vibrio cholerggyq2a Bigure %éuéfé%&é& é3t§b'qéarhmsb?%mﬁh@féﬂbf'%fbgb%@%&m@'msozlgdgwﬁéﬁ

Effect of SNP on ers |Ims Figure if, Effect of SN dispersal of

fcheniformis BEHL FRIGREYs (LrHALHCY SHFSIH AP A1 G CaReh A MEEId HBFR e 10,
Inhibition by SINRCEeeitengst usingiofitrastommatidys by Sstijghy/Idegicates )epidermidis. 30 Figure 20.
Inhibition by SNP ¢f@ffaghmensighd awhwgrmmwww&m&%mm%%tpm Qﬁ@@ﬂptlon

of the Inventl eruginosa i uitoys 30| er-borne o isti t readily
forms both sgr[lsnizgus og S%S Nt msuqééegg{éélegs gnﬁ’m%} ,%E%S}i) Y gbi %O?é% ?ﬁﬁgd@
organism for@%@ﬂﬁ@%%ﬁrﬁ@ﬁé%rﬁ@tﬂé@%{wa aéOmﬁéﬁﬁmmﬁﬁtad@gwﬂ%@nj@Wﬁ Besfilms
have 3s identifiedndisp@isabpifigetisufirorrha taperoagertians afipnisasoleniessrastbpeogt ammed cell

death of cellﬁo\(yé}% ﬁ@iﬂg@%ﬂ&%ﬁé%%@?ggﬁ&f%@@%)?vems (Sauer et al., 2002, Pseudomonas
Figure 10. Effect of SNP on dispersal of Serratia marcescens biofiims.
20 Figure 11. Effect of SNAP on dispersal of Serratia marcescens biofims.
Figure 12. Effect of SNP on dispersal of Vibrio cholerae biofiims.
Figure 13. Effect of SNAP on dispersal of Vibrio cholerae biofiims.
Figure 14. Enhancement by SNP freatment of the antimicrobial aclivity of tetracycline (6
ug/mi} on biofiims of Vibrio cholerae.
25 Figure 153. Effect of GSNO on dispersal of Vibrio cholerae biofiims.
Figure 16. Effectof SNP on dispersal of E. coli biofiims.
Figure 17. Effect of SNP on dispersal of Bacillus licheniformis bicfilms.
Figure 18. Effect of SNP on dispersal of Candida albicans biofims.
Figure 19, Inhibition by SNP treatment of biofilm formation by Staphylococcus epidermidis.
30 Figure 20, Inhibition by SNP of attachment of Fusobacterium nucleatum to a glass surface.

Detailed Description of the Invention
P. aeruginosa is a ubiquitous soil- and water-borne opporiunistic 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 biofiims have
35 identified dispersal of cells from the interior portions of microcoionies, and programmed cell death

of celis which can resuit in detachment and sloughing evenis {Sauer ef al,, 2002, Pseudomonas



10 aeruginosa displays multiple phenotypes during development as a biofilm, J. Bact., 184: 1140-
1154; Webb et at, 2003, Cell death in Pseudomonas aeruginosa biofilm development, J. Bact., 185:
4585-4592). Subsequently, programmed cell death has been reported in other model biofilm forming
bacteria (Mai-Prochnow et at, 2004, Biofilm developr#%:nt and cell death in the marine s bacterium

(F’SGUdoaHerC}i@ﬁa@mswﬂiiﬁﬂé@s Ammlpl&@wmlﬁw&ﬁcmb@ld%@s&tﬁ@n%g)bmingim@éﬁme@ ombnbiofgms
Hope et at, ), Petermining. the spatial distribution of viable and non yiable bacteria in rate
o osm doMaT T ey Sb e SISE . FAT ORI 016 68 i A B Nl 1 o
species grantisr bi6GHaSAN \Balstequatiy regtanemidrelcessias deyer repated 208BsMictosaafigrstructure
and function gf anaerobic-a i nules contajni lycogen 10 accumulating,orgapnisms, FEMS
icrobiol el D T Be e L e O R AR e o
bacteria! fbiofbﬁﬁ:td@!éIBmwMtemﬁ@ea@Iwﬂaamrﬁpyitﬁe_vfm; \&&Wﬁ@tﬂ@@ﬁ&%&ﬁéﬁ@)@mi nivibitienecies _the
mechanisms dhajtigaer relaieal) anchaleachmen inbiofim caluibiead iaovel Rhnplgaies for

the manipulation of biofilms'in a broad range of medical, industrial and bioprocessing situations. 15
Utilising fluorBageiit iiyudseise dnisjetesisdrsriahriagaes diorpaiiy Biedipais’ of paablicatisty §8%8: 48 nitrogen
species (RON ianeitm‘imdfggda@esgmnmy@mwﬁw%%%@@ﬁé@%@@%&e@%@w&mﬁwoo)

accumulates in P. aeruginosa biofilms. Peroxynitrite is a potent oxidant with a wide range of biological
effects. It is capapl¥GRTARIGHIR 2MLMBERS BrrBTBhReiNEs EAY € UG RBALRY A% hage. An
immeldl_iame 2?@&?@%@ ?fg?mrmy,nivFEm&Nwmm%d@c@i.y\cllildsspmageinrt,]enﬁe&hﬂiﬁrﬁ@?émﬁgcmm(;ar
signalling molecule in hiolggical systems. Njtric oxide rapidly reacts with a number of compounds,
g, o QTR IR e S5 DR CU G U, DATHS ARG Ve crd Vet to
yield the pe_reiﬁwitbiyeway())ﬂ @&am@@@@Q&ﬂTﬁ&)mve‘ntmsﬁmrﬁsmadt%nhattrtgga:tmehtjeétbicaﬁakﬁns with
low non-tox'cd%fgagﬁeﬁ 'B@ﬁl fc%ué‘\':&mge%' %SK%?%E%F&QB%QTQ‘% m@%%%%@&&%%%ﬁ@ﬁ% chll.dgath and
ellstr ng Int p Biofi

dispersal of ¢ om the biofilm, leading to an increas: e ratio of planktonic to biofilm cells and a
reduction in sar@ecel BediseadiusTiglersibRIPMCTSRiRg slisaliosad herein for the first time is evidence that

low, non;foxic congaRIALARR QIRNIHERILE o UsethiodRanin e the Rrhaviewaknspresses of

biofilm cells. 30 In contrast, higher, toxic concentrations of nitric oxide do not achieve the dlsgersal of

cells from biGAMYTBERNY SPRsIEsrdRIE biv v irowhs. ReesntiRyiiGhagEUNe! iR Hre Rt hvention

relates to a metbeghitei porvetingdisprisain of RigeEgamsms. from a biofilm, the method comprising
exposing the biofilm to an effective amount of nitric oxide or at least one nitric oxide generating or
releasing agent. THEMVRERS e Aspotent oxidant with a wide range of biological effects. It is”capable o

reacting with a number of other biomolecules and causing celiular damage. An immediate
20 precursor of peroxynifrite is nifric oxide, a widespread intercellular and intraceliular signatiing
molecuie in biological systems. Nifric oxide rapidly reacts with a number of compounds, including
oxygen-derived radicals. In one such reaction nitric oxide readily reacts with superoxide to yield the

peroxynitrite;
NO + Oy — ONOG-

25 The inventers have found that treatment of biofilms with low non-toxic concentrations of a
nitric oxide donor compound induces programmed cell death and dispersal of cells from the biofilm,
leading to an increase in the ratic of planktonic to biofiim cells and a reduction in surface coverage
of the biofilm. Thus, disclosed herein for the first time is evidence that low, non-toxic
concentrations of nitric oxide can be used to manipulate the behavioural processes of biofilm cells.

30 In confrast, higher, toxic concentrations of nitric oxide do not achieve the dispersal of cells from
biofiims, but rather promote biofiim growth.

Accordingly, one aspect of the present invention relates to a method for promoting dispersal
of micrcorganisms from a biofitm, the methed comprising exposing the biofiim to an effective
amount of nifric oxide or at least one nifric oxide generating or releasing agent. The invention also



11 relates to methods for inducing programmed cell death in a microorganism wherein the
microorganism is exposed to an effective amount of nitric oxide or at least one nitric oxide generating
or releasing agent, and to methods for inhibiting biofilm formation and/or development wherein a
surface susceptible to biofilm formation is treated witfi'an effective amount of nitric oxide s or at least

one nitric oxidgganesakiRgeds'atRaringingepbgliitmesant wntersshayeizaferndibaireaiment
with a nitric oxide donor increases susceptié)ilitf/ of both biofilm and planktonic cells to various

antimicrobial QFSYSeAEESFIRGRPShAC ALELREIHR SR REPITIONYES AiethRRS atlf it 88ffNs for

increasing thgsusaieptivitdeafnmigreorganismettodniimicibliml sigtmtsordatthenpssasvsisiiashin the art
will appreciate,that nitric oxide maﬁ%bl?e used directly. to achiev ired effect, ernatively any
e

: d |
SRS e R ke R IR e R

agent capable of generatirg or re
release nitric epdtieaskeeeretritootive geganitsmsrieibasivgaged;. or more typically in vivo. Methods of the

ivention are exemlfB aBraIRRS A QUG HORRTS AU PR MO RS Juose

|
skilled in the art will appreciate that the invention is not so 15 limited. Examples of nitric oxide donors
suitable for usesHeRitEtr@ake® Wefintnd pankinniavelitibrvarietadalimisihie aperimitketesivobiivhs

nitroprusside;(%béﬁb,i@éﬁkﬁBﬂS&s@%ﬁ%&%@tﬁ&@M@&%@?ﬁdﬁ@‘f&%ﬂ&’éé’sﬂsfthe susceptibility of

S-nitroso-N-acetylpenicillamine (SNAP), glyco-SNAP, L-arginine, N,N'-dinitr6so-
N,N'-dimethy KN IR AETIBIARE PRI - dinitrosophenylenediamine-N,N'-diacetic acid 20
(BNNS), BNNS5-NayRNNBImekighastes 2 spxirnzis agikd sxaireaywaetoy shenytestar(B- NOD),
dephostatin, §H4_ e'ofgyséffat'n, diﬁth%l mine NONOate, ietﬁ%laﬁmine NONOaIe/AM, S,S'-
dinitrosodithidIeSITa <At GRG0y AT O 5 R CAeRe S M O, e be
hydroxy-2-oxos8é(3Tamagepropy| &wsapropglebstrianensidy @dempl Iohivel myyrrraxe-Be(Medameaihyl-
aminopropyl)-3-methyl-1-triazen OC-7),.6-(2-hydroxy-lI-methyl-2-nitrisohydrazino)-N-methyl-1 21
hyxanamine (ﬁféggygféai%’r@ #%&yﬁ-é‘f%fo%%{ﬁ%éﬂ‘{}?ﬁ’goun%%’t‘ﬁW@‘?&R%‘i‘?ﬂﬁ%{é{‘zgeﬂ@i&6%-9?%‘?%,2'-
(hydroxynitrosotyely s2dino)bissptiasitanhinsheORHES i (he By Mty E iy dveksientiooiSrnitso-6-
methoxy;3-hexengamide (NOR-1), ()-(E)-4-ethyl-2-[(E)-hydroxyiminol-5-nitro-3-hexenamide (NOR-3),
() -N-[(E)-4-ethyl-2-[(Z)-hydroxyimino]-5-nitro-3-hexene-I-yl]-3-pyridine carboxamide (NOR-4),
4-phenyl-3-furoxarfedBeifitefel iR oxidentonars srdiasis il myeehiarsierdaeiantiimétb oxege)! B@otion
morphorlinosydn@Bimingr4 St itkied-RILeseNHBRIRRNINIBMINGINV Pl SREFD RS NONGRES, ethyl

nitrite and streptozotocin. In general, nitric oxide donors, including S-nitroso, O-nitroso, C-nitroso and

N-nitroso corRBERRTNS Sl RiTaEs i ARRPTGLRT R FSNAR RIaMPlexeddiBlenb e liansy other
NO generating/\camptyinpishwisetibioidhe BNNIISeVT Hsitiaseeh iRvestamayawhefaund igid

"Methods, ), BNNE-Na, BNNS methy! ester, 2-hydroxybenzoic acid 3-nitrooxymethyipheny! ster (B-
NOD), dephostatin, 3,4-dephostatin, diethylamine NONQate, diethylamine NONOate/AM, 8,5-
dinitrosodithiol, S-nitrosocaptopril, NS-hydroxy-L-arginine monoacetate salt, Angeli's salt, 1-
hydroxy-2-oxo-3-{3-aminopropyl}-3-isopropyl-1-iriazene  (NOC-5), 1-hydroxy-2-0x0-3-(N-3-methyl-
aminopropyl)-3-methyi-1-riazene (NOC-7}, 6-(2-hydroxy-1-methyl-2-nitrisohydrazino)-N-methyl-1-

25 hyxanamine (NOC-9), 1-hydroxy-2-oxo-3-(N-ethyi-2-aminosthyl)-3-ethyl-1-triazene (NOC-12), 2,2
(hydroxynifrosohydrazono)bis-sthanamine (NOC-18), ()-(E)-Methyl-2-[(E)-hydroxyimino]-5-nitro-6-
methoxy-3-hexeneamide  (NOR-1),  (%)-(E}-4-ethyl-2-{(E)-hydroxyiminol-5-nitro-3-hexenamide
(NOR-3), (£) -N-[(E)-4-ethyl-2-[{Z)-hydroxyimino}-5-nitro-3-hexene-1-yl}-3-pyridine  carboxamide
(NOR-4}, 4-phenyl-3-furoxancarbonitrile, PROLING {L-proline in methanotic sodium methoxide), 3-

50 morphorlinosydnonimine (SIN-1), S-nitroso-N-valerylpenicillamine (SNVP), spermine NONOate,
ethyl nitrite and streptozotocin.

In general, nitric oxide donors, including S-nitrose, O-nitreso, C-nitroso and N-nitrosc
compounds and nifro derivatives thereof and metal NC compiexes, but not excluding other NO
generating compounds, usefut for the purposes of the present invention may be found in "Methods

35 in Nitric Oxide Research," edited by Feelisch, M., and Stamler, J. S., John Wiley & Sons, New York,



35 in Nitric Oxide Research," edited by Feelisch, M., and Stamler, J. S., John Wiley & Sons, New York,
12 1996, pages 71-115, the disclosure of which is incorporated herein by reference. A range of
additional nitric oxide donors are known to those skilled in the art and the present invention is not
limited by the identity of the particular donor(s) used. ‘fhdeed the selection of the appropriate donor for

a particular aww@aény@mihﬁ ANyRNHRBIdEAY efe\mﬂasomc@rﬁa%@m@mem@@re%dwtnﬁ PXigE of
generatlng 0 ﬁ@]@?s#%agenﬁs ret plcahﬁ/ used g}ﬁow non-toxic concentrations, The concentration

may be nano PSS IR AT GIAM™ P e P b A e s e YRR I Athy be

between aboumaenmam{abwbﬂ.m@ paik e tieerntsabaudt Hadgeiienskrbiu GGheddphetiaeenmbout 25
nM and abou 50 m %B%etw en aﬂ 0%_‘50 nM.and about a% een apout 100 nM and about 10
u abou

mM, betweenoég 'Ca%o ir;vem:o "bagte\?e% gﬁgﬁtcfsﬁlt%ly Cr‘ﬂf"aa &?t 10mM, between

about 10:nM and SitieMotidawesreratmut A0 reidasmm 28epi, betwigacahiboused0 atMiamd dd-vic

peteen aboub AT SA REEEE LS. 00 kPSRRI N G S0

nM. The most suitable concentration to depen factors

and may be cRStEPAIANG b tiorReeRialien Mavhke betesingbestitmbesserhpientelion). Debreeactbrstinclude,
but are not limijeagh oqtBsRAIiRHIAbRREE BHR): Y538 dheMRABS AR iR ABBUHBHAILN 9hsle

agent(s), the nature, structure and a&e of the biofilm, the species of organism to be treated and so on.

The present |%@@M09%8%?@9H§Ié§ @Mpﬁ%tﬁ?ﬁﬁtfép FmeRINgeai S5 208t icRod RpRHism®Mrom a
(tjnofllrln for m@uma&mwaqnwmamﬁ@ﬂo@ea@hm l@dﬂl?é@%@ﬂ mmcanmbdoﬁmgbbt@m gB@lﬂD%lﬁm and/or
evelopment and. for i asing the tibility icroorganis ntjmic o ial age

Typically the &0 o‘é'}{]g)ﬁ@’ﬁ?&%l ﬁggﬁé%&@n% 8’8????@9%@8@ fjt% Wﬁ%ﬁ‘\%ﬁ‘l’ zlwethods
and composmmrhsrﬂf?tmmlrnreletWerdeBmtb!@dmb@mbSﬂﬂdxl‘apﬂli@a’hoﬂ mu;amdﬁncammmf ggiiements
and circumstanc he oIIo In brief discussjon of so Iare licati f these
methods and%gte)r%esg;'g?t%{]s V}{ow ver ngs%ussnlﬁreg(ﬁ%éi 2 A Eﬁgg g%i yap eua‘? tf:h?o e
environment @ﬁsimlmfihev\ﬂm bivfidtione@lopriaciatasreipdeb ki ase inotwimideditiis t!esnabdmlao inhibit

microbial arouiyl heeniall sulalle s issemeiradsant comnariion e APALL.

application of ds and compositions of the invention is in rackish water an
anti-fouling pﬂ?ﬁt@%‘%d%l?@;@'eﬁ)@f@&?ﬁ!ﬁ%tﬁwbﬁ‘éfﬁﬁﬁé &Mlsheills, aquaculture 30 equipment, fishing

nets or other in- watr%%ﬁ@gsmr@\fenmeamamaﬂ@eaegnﬁﬁm%'ﬂ@%am&@%@e@ﬁ!%m&dar@aﬁ%ﬂ%e of

industrial and domestic_applications, including but not limited to water ‘supply reservoirs and feed

pipes, drain pii98s ?d@ﬂff%tl@bmm@h@trm%’@m%F%Pﬁ%éj%t@qﬂ|&Tf8'ﬁf°8f9%?'@x%ﬁl@ e IbigfiBwers,
water treatmefpinpigdis actadry psesiessing RiantsfoRshRErReSBINGusceplibility of microorganisms to

20 antimicrobial agents. Typically the compositions provide means for carrying out the methods of the
invention.

The methods and compositions of the invention described above find application in a wide
range of environments and circumstances. The following is a brief discussion of some generat
areas of application of these methods and compositions. However those skilied in the art will

25 readily appreciate that any environment or situation in which biofiim development is a probiem or in
which it is desirable fo inhibit microbial growth will be potentially suitable for these methods and
compoasitions.

One area of application of methods and compositions of the invention is in marine, brackish
water and freshwater anti-fouling paints or coatings, for example in treating ship hulls, aguaculiure

30 equipment, fishing nefs or other in-water structures. The methods and compositions also find
application in a range of industrial and domestic applications, including but not limited fo water
supply reservoirs and feed pipes, drain pipes (domestic or industrial scale), process equipment of,
for example, cooling towers, water treatment plants, dairy processing piants, food processing
plants, chemical manufacturing plants, pharmaceutical or biopharmaceutical manufacturing plants,

35 oil pipelines and oil refinery equipment, and pulp and paper mills.



plants, chemical manufacturing plants, pharmaceutical or biopharmaceutical manufacturing plants, 35
oil pipelines and oil refinery equipment, and pulp and paper mills, 13 Compositions of the invention

may also be used in coating medical devices, including implantable medical devices, including but not
limited to venous catheters, urinary catheters, stentsﬂ%rostheses such as artificial joints, hearts, heart

valves or other orfra@mmﬁmwwgmmalwaga@@abgi @é@l@ &Ddo@@rﬁgaﬁbmetfﬁv@éﬁemgﬂ%ﬁigal
equipment ma 0 be coateq, such as s.catheters and dialysis eqyipment. Methods an
compostons BPARANR BFURH SE8EAn U Ieckigr: IR Frobags AT (HBEd BB teeor
example, a varistyeséhanterial inféstionsiasseeiateitanithabésfitm dibematiansmpycbedteat et roiiti
methods and campasfigns als veiien. sushas,eysie fhrssis, ol media, baglerial gndecardis,
kidney stone:g, egionnaire's disease, urinary tract in ectlons? p%Tmonar infections, denta plague,
dental caries catfiierienibiia wissemiireenivithetinds call Ompogtensrestior bumitndsolitineyipication

compositions,ofihe IpyeRtion A forualedas JARmaseisel comensitions At un cameonents

of, for example, surgical dressings, mouthwash, toothpaste or saline solutions. Compositions

according to # iPoRAtiAMARY BenppIiatier cHitarbAte, BdiseBRISHDRIIh & wirfabesetians
object/item ofciRtRrasbaMelifn advanss.Rl RS M Rigitamds, igrereuraRhsts sdid-phiget/item

to an environment which comprises biofilm-forming microorganisms, or a composition of the invention

may be applidHeiBSRET SIS RSP HRS I PRERIEH B &8 iR GRS AR SRR RS PR GHSA B SR He diately
before use ofghatdingectitenin, onexpanyie aosmskibiectitane imentenvirapmentomhichegoarises

biofilm-formingwmicrong a}nisms. ?omgo itions accoggin %o the invention rr@{ be in ané ﬁfi%ﬁl]e form.
For example &' 3035 %%&?{8%08' PHR TR ATAY B o fh STSHEE s YA SRaie o thet é&ting,
emulsion, soltwidmasted; saispenkignsbeads, powder, granules, pellets, flakes or spray. The skilled

addressee will recegnise.that roppiat nulati I e artic ication and
the proposed route N eI o R o
excipients. sdﬁmﬁléa@&m@é@wﬁmﬁi@t@ﬁ@t m&iiﬂiéﬁ\t@na_eeomwﬁ a@dhbjﬁet@kmé@ i eHeoaute The
diluents, adjuyaatg@ndiexcigientsdmishheniaarapaRlFp RIS BIALRAIG%, CARRIRIRMI the pther
ingredients of the compasition, and in the case of pharmaceutical compositions, not deleterious to the

recipient theOBPEEPRTSA /ety tiay deserliethoeorgdour iquitremeTats théhaguitpeRdy Bk an
aqueous or I} BansAfbEakERSoaRialpira Ranthioulpeaad Rtheeindustisd ARPisatinrs the

composition, for examgle in the form of a paint or other surface ¢oating, employs a carrier enabling
the controlledOr@GALEP AP SN HESRE QAT SHARP SBEHENG: A variety of methods to achieve

controlled Compositions according to the invention may be in any suitable form. For example a
20 composition of the invention may be formulated as a paint, wax, other coating, emuision, solution,
gel, suspension, beads, powder, granules, pellets, flakes or spray. The skilled addressee will
recognise that the appropriate formulation will depend on the parlicular application and the
proposed route of delivery. '
Compesitions of the invention typically also inciude carriers, diluents or excipients. Suitable
25 carriers, diluents and excipients are known to those skilled in the arf. The diluents, adiuvants and
excipients must be "accepiable” in terms of being compatible with the other ingredients of the
composition, and in the case of pharmaceutical compositions, not deleterious o the recipient
thereof,
Carriers may be liquid or solid. In the case of liquid carriers, the liquid may be an aqueous or
30 non-agueous solvent. Typically for anti-fouling and other industrial applications, the composition,
for example in the form of & paint or other surface coating, employs a carrier enabiing the controlied
release of the active agent temporally and/or spatially. A variety of methods to achieve controlied
release of bioactive agents are known fo those skilled in the art and may include, for example,
encapsulation of the active agent in a suitable polymer or poiymer-based product. The polymer

35 may be an organic or inorganic polymer, for exampie a polyolefin, polysther, polyester, polyamide,



release of bioactive agents are known to those skilled in the art and may include, for example,
encapsulation of the active agent in a suitable polymer or polymer-based product. The polymer 35 may
be an organic or inorganic polymer, for example a polyolefin, polyether, polyester, polyamide, 14
polyurethane or polypeptide. Suitable polymers for prwviding controlled release are known to those

skilled in the pafyfRirRxaBHIgASIHIRC|GHRELIE Med- SRR RAEHMNOIE RlsiBze hrWissipgyse of

which is incorporated herein by reference. Typically, the rate of release of the substance is determined
by the propertiEb s BEIPHEFATRE 8R LSRRGS BHRP AR EAISEANS & RlidP adsHiscerpe Rlture

etc). Controlledicklisaserpysietsrarceagakieof delivering substances slowly and continuously for up
t I T killed | t will iate th f controlled rel t
are applicable to 11y BAelS BI-ene RGP BrLCRRU G B By Sy LA EARERS only.
release may besllidfusidrescontrolfeehiaHeciicalfy atoat rotl e ropsselverdta ctivarted e rieds#usiiems

led e . oy o ) o
controfle Sy%‘i%’@a}ﬁ%\ﬁ%%%’ﬂv%ﬁﬁ‘%@%&%@%&éag?ﬁﬁﬁa‘g@%ﬁm%ﬁ é}%"féréédérébfe Rterfisleumioing

factor for the over rellease rate, on contro em employs a reservoir device
in which the dyéstonifsearceriele trbandabes plaeiieltdifiesisrs rieneraT repicabisste ing dadtate

membranes, GARsUIRS, RSP BISRJiNOSRRIAS, 28 o fbsrse Asralivsimihe.geifisg nay be a

monolithic device in which thé active a&ent is dispersed or dissolved in an inert is polymer. Diffusion
through the pePHRledrARINGE RO YERler gAY N5 e release rates are determined in part by the

choice ofgpolymer angitsisoasaeient giiess, ke sdfusiosyandraaiitioniseeitisiant hiheiagent to be
released. In typical chemically c nt{olled sg(stzﬁms a pol%ger degér(%g@s,over tinh%and releasFﬁgsxan
agent in an AMBAREIPOENRA G5 1RE SrANTAASRIEIEn R ORRAFLREBFERFP IS SEFREIRRIRg 20
bioerodible orpesthant ddviains. whieh bheergaibia sy steontherageitilsydeatyricisiitniedrHaifornale
throughout a g)o(lﬁgmer in the same way as in_ monolithic (?iffu ion s sterrpdshc,ﬁ% tr}%é)rgly er iur ounding

the agent is erht erHS, l[rrt%ua%énr? eé%rggé%e?qsnuigspénﬁc QKRR ﬁspfsstoen(%,s’tﬁe agen‘%l may b Egg@ 5 tly

bound to the {helyavae byanberrermisoihal kewvivey forhe dzes echve aagynd esirarst raediop chestidaile gohysital or

hemi dn 4 mpl i8Sl t
enaymes. I DT NNt S VR nb Al < IS T A RO AL A o B o, a

nitric oxide géletaatipryl ot Pateiasiircapient! GObIPRirRNG oo ReIMEALRIor Areniievarrydaidistived or

dispersed within#:RAIWMBLiISBIRIE % ARG kot able to diffuse through that matrix. Osmotic pressure is
used as the driving force for release of the agent. In one type of solvent-controlled 30 system, as the

environmental fluid {&/iCe AR RN FO RIS S MR APOIHESS SREFERIE ST HMFy O RIASERBNSLEA its
glass transition empes@iuredsolowaras beloptiel esuiienmemahidaosbrtempaiaibrachieved using

20 bioerodible or pendant chains. in a bioerodibie system the agent is ideally distributed uniformly
throughout a polymer in the same way as in monoiithic diffusion systems. As the polymer
surrounding the agent is eroded, the agent escapes. In a pendant chain system, the agent may be
covalently bound to the polymer by a chemistry allowing for release by any desired and practicable
physical or chemicai means known in the art such as by, for example, bond scission owing o water

25 O enzymes,

In typical solvent-activated controlled systems, the aclive agent (which may be nitric oxide, a
nitric oxide generating or releasing agent, or a nitric oxide scavenger or an antioxidant) is dissolved
or disparsed within a poiymeric matrix and is not able fo diffuse through that matrix. Osmotic
pressure is used as the driving force for release of the agent. In one type of solveni-controlied

30 sysiem, as the environmental fluid (e.g., water) penetrates the matrix, the polymer (e.g. a hydrogel)
swells and its glass transition temperature is iowered below the environmentat (host) temperature.
Thus, the swollen polymer is in a rubbery state and allows the active agent contained within to
diffuse through the encapsulant,

Chemical bonding of a bioactive agent to a polymer can be accomplished in severai general

35 ways based on different methods of synthesis well known to those skilied in the art including:



Thus, the swollen polymer is in a rubbery state and allows the active agent contained within to diffuse
through the encapsulant. Chemical bonding of a bioactive agent to a polymer can be accomplished in
several general 35 ways based on different methods of synthesis well known to those skilled in the art
including: 15 reaction on preformed polymers; reactiohs on naturally-occurring polymers;

polymerizatiogzfinir mm@w&ﬁm@i@mmm@én@&%aalsin%%Prﬁﬂ%h'z@ﬁt!wwimtion&
When the bioactive agent i,s,chemica,l\ly bonded to a polymer, the bond has to be cleaved by a

chemical rea@tRRME/piciio MRS BRAGE{WFEHAR, BREIER PR SRERIFREANS AV ERE H%ERical and
physical s vatghles ehoraititipt ibeieate of pandes|amyagedanst suisegueriireleastohicheaicmly
attached materials from polymers including the nature of the labjle bond, length of the cer group,
molecuar walhe iy BUT I IO ofbut BHASS e oAbl FEERIFS et SRYSIEAT form
and dimensiorssiabieartarfaing tap picatiops\dsefapeatis Eimy autstoulingresasingsb chrmmicadyvaitrcitbe art.
Such 10 coafings. are:tyni S - f tributylii C , I h late, and
film softenir?(},jtil]rfjin%(;?ir%mfgrsR ;@Mﬂ g% f%@glﬁg%pg{%%at%% %%g}%ﬁ@ prg'ﬂ%e?lﬁ:&ggéaﬁ?;%cgga ‘the
paint binder. SUgspawrig hay R et dipidh hoiba raraerisiecsuenvagnaigpia it ensr physisanotin

compound. Inpdditemdbagsual paint additives such as pigments, thixotropic agents may also be
present. In normally alkaline seawater, the polymeric organotin binder is gradually hydrolyzed, and 15

the tributyltin is libérRBHTHIEIAPRIGREPTS S5'4RGE RMhARIALING TARIRGIRGH SR DIl e Aformded is
water-solpblesesivaienswaialyeed is pagieeretasuafithautasadmerayinet eEn@XRASing a
fresh surface 0% aint. For%}&grmzﬁceu ic I&p I'C%E@ns, a number, of suitable controlled release
systems are RABINSHEARIRE PP Bx4m BN SRIFRERE AN GTBAT L HEIGEE5 PReRb SRE A5 LURS
(microparticlesnd20 rBicropgiheresosistacopenticlesicinttbedivrens oftr esenvobuandidaalrx feaesmmay be
employed, or the agent may be cantained by.a polymer containin drophilic and/or leachable
additive eg, a e co()gR§ p@%‘ﬁ'ﬁ%ﬁ“ﬁgé aarﬁj{) %Aﬁtp g%?ﬁc?gesﬁghetg,s dgg}\g/ré%ah%%@gﬁggcda el?:%,% yaglég iCe in
which the drugieseféasenmallyeslsalimosicaibies dmnadipue (b athargprvioiteandyradtaly delite=), lbadge
cage-like. m C ' -fuller ' ' :

(starbu rgts) ZoéﬁggrLS rmrlg %%@f %ti% Hﬁg@ﬂiﬁé@%%ﬂﬁ%#iﬁﬁy ﬂl’?g%ﬁ%ep@p%@%@%ﬁéﬁ the
delivery systeta&aFivhirthuateraustahivandifosesbirerpdedaly Bratifrestymaeiibieareokosng
systems that gy he,RRBIGYREhin the present invention. Any other suitable carriers and delivery

systems may be employed to achieve the desired means of application of agents according to
embodiments of thgoig;g@gﬂ@cg@ﬁq{,@mswons, a number of suitable controlled release systems are known

in the arl. For example, polymeric colloidal particies or microencapsulates {(microparticies,
20 microspheres or nanoparticles) in the form of reservoir and matrix devices may be employed, or the

agent may be contained by a polymer containing a hydrophilic and/or leachable additive eg, a

second polymer, surfactant or plasticiser, etc. to give a porous device, or 2 device in which the drug

release may be osmofically ‘controlled’ (both reservoir and matrix devices). Large cage-like

molecules such as the CB0 Buckminster-fullerenes (Buckybalis'y or hyperbranched {starburst)
25 dendrimers may also be used,

Those skilled in the art will readily appreciate thai the delivery systems and methods
described above are merely exampies of suitable methods and systems that may be employed in
the present invention. Any other suifable carriers and delivery systéms may be employed to
achieve the desired means of application of agents according to embodiments of the present

30 invention. _

Examples of pharmaceutically acceptable diluents are demineralised or distilled water; saline
solution; vegetable based oils such as peanut oil, safflower oil, olive oil, cotionseed ofl, maize ofl,
sesame oils such as peanut oil, safflower oil, oiive oil, cotionseed o, maize oil, sesame oil, arachis
oil or coconut oil; silicone oils, including poiysiloxanes, such as methyl polysiloxane, phenyl

35 polysiloxane and methyiphenyl polysoipoxane; volatile silicones; mineral oils such as liquid paraffin,



Examples of pharmaceutically acceptable diluents are demineralised or distilled water; saline solution;
vegetable based oils such as peanut oil, safflower oil, olive oil, cottonseed oil, maize oil, sesame oils
such as peanut oil, safflower oil, olive oil, cottonseed oil, maize oil, sesame oil, arachis oil or coconut
oil; silicone oils, including polysiloxanes, such as metﬁi/l polysiloxane, phenyl 35 polysiloxane and
methlylphenyﬁsfﬂlwﬁgmxwes'q@laﬁ%le EHiFQQE@Sldéﬂlﬁézﬁlﬁ@é oék&ﬁulgbw ﬁl’tﬁwi@mg@&inaﬁﬁh \S,l@rftxheéié,affin or
squalane; cellulose derivatives such as methyl cellulose, ethyl cellulose, carboxymethylcellulose,
sodium carb&%ﬁﬂ&ﬂﬁf@gﬁﬁ% CorRTHR éﬁﬂﬂ@%?ﬁga?@l(fge%,mw&prammw%ﬁ’@ﬁ%&n*?)‘?’@rethanm
or iso-propangkalmigeioacatitasiolthiouier polyalialenewly aclkaroloviaveaisiyiend iy gdsision example
polyethylene ol, polyprapylene glycaol, ethylene glycol, propylene s glycol, 1,3-butylene glycol or
Giyoerin. ot et L B SR R P B R S e SR e
polyvinylpyrraligohe’, ataiviarer @iy vagjygenn; tfatyaearthsterg wchcacisnprapd peltnibe nsgehypy!
Typically, the ier ar i il 194 10 99 99 ight.of t iti
pharmaceutica gg)%%i?gt%m?%ﬁ’p%ﬂ[@f{@mbaﬂg@e&fo i g’i\% %ﬁr%é%\%rg a%gr@ﬂ%fﬁem %E)%(%
example oral 206pieBpleRtdetvithyycatirdle sreegr pitramesculhiomhtiaarteride, 0% /bnvaightiptiamasal,
intrapulmonagy RFsilaktaneous. As the inventors have discovered that nitric oxide and nitric oxide
generating or releasing agents result in increased sensitivity of microorganisms to antimicrobial
agents, methods of the" BFRRSSHIIAL ARRieRToRs, CRERSR TN Bbe Srrmiipiatbiendiivary Bash brute,
antimicraobial Rgestaivly brsuitakia, antiniciehial agaateanabanisedaforesaneple antibielins,
detergents, surfactants, agents that induce oxidative stress, bacteriocins and antimicrobial enzymes,
peptides and ‘Bﬁﬁ%[‘é‘éaﬂﬁga Ao ﬁgﬂ?g LF?fay be natural or synthetic. Indeed the antimicrobial

agent employed may te isedeictediios theparticulat apjlicatioraf tiecinviestnamisgcaseinsiogse

basis, and th i in the art will appreciate that the.scope of .the present invention.is not limited
by the nature%égr@( xl%%gltd%ﬁgﬁ??as%ﬂl % Ingfgl y it amsm(s)Rg ﬁﬂlml{} SEpRs me{ﬁﬁgs o'?.?hgle

r identity € particular’antimicrobial agent. By way of éxample only, suita
antibiotics inoheserburerdionadiniiredmol(Bhittans;inateo pdherhisashribexaioreohis) agtnoghrgosides,

quinolongs. magIpldesmiingpsaminesyiekacyeines sianioniamins. dhwoeotdnsediamising,

sulphonamides chloramphenicof, nalidixic acid, azole-containing compouhds and peptide anti
Antimicrobial eh#jHes qeRive BiRsardHE e ad dpadesbiaranawass \yasideteand altpsateTHases)

and various 2aieERbRIGRANYKSBEREsENd ERASASAWIE ReinsadiiviappresiaiBkRyiase skilled
in the art that according to the methods of the invention each component of the combination may be

administered 3 aHeIRMRRALCHRT eRRjGRINANNR AIRPETHEP BFsEdsrenPatiedIsHae &K idiNde the
desired effecthAlemiatipelycithe treotpensetst haybsfomiateddaeeinesdhaisingliedesagainit as a

combinag)on %Hﬁleu %Eirticular antimicrobial agent. By way of example only, suitable antibiotics include but ars
not limited fo f-lactams, monopenems, carboxypenems, aminoglycosides, quinolones, macrolides,
lincozamides, tetracyclines, streptogramins, glycopeptides, rifamicins,  sulphonamides
chloramphenicol, nalidixic acid, azole-containing compounds and peptide antibiotics. Antimicrobial
enzymes include but are not limited to lipases, pronases, lyases (e.g. alginate tyases) and various
25 other proteoiytic enzymes and nucleases.

It will be readily appreciated by those skiiled in the art that according to the methods of the
invention each component of the combination may be administered at the same time, or
sequentially in any order, or at different times, so as to provide the desired effect. Alternatively, the
components may be formulated together in a single dosage unit as a combination product,

30 Accordingly, compositions of the invention may comprise, in addition fo nitric oxide and/or at least
one nitric oxide generating or releasing agent, at least one antimicrobial agent.

As described herein, the present inventors have alsc found that use of a nitric oxide
scavenger reverses the effect observed with the nitric oxide donor SNP on biofilm and plankionic
growth, thereby providing avenues for the inhibition of programmed cell death and inhibition of cell



so Accordingly, compositions of the invention may comprise, in addition to nitric oxide and/or at least
one nitric oxide generating or releasing agent, at least one antimicrobial agent. As described herein,
the present inventors have also found that use of a nitric oxide scavenger reverses the effect
observed with the nitric oxide donor SNP on biofilm dfd planktonic growth, thereby providing avenues

for the lnhlbltmpérfs@f%ﬁafﬁmmﬁsC@Hod%tWﬂekmwl@ﬁm‘rC@%héﬂcéﬁi@@ﬁtﬁaéémm kiotipwsrand the

maintenance and/or enha ce nt of actjvity of biofilms in circumstances where this is beneficial.
Accordingly, S55EEGEIEFRLEHE hRDEH cﬂ n relate to methods for maintaining and/or enhancing the

functioning of a bldtdmgdmblweaspﬁm kibfien decexposeshtoratdeastionaetitds txideaiftsoayengérand/or

at least one apigyidany. e Iaxention alsqelgles fomelhog for mibiiag programimgd cell death in
a microorganism, w reln m IS expose eas one n| C oxiae scavenger an }( or at least

one antlosqdaﬂmavw@ipaedentaml’eeﬂtm fanrhhadmv'ﬂesnncemh@t)siamm@a‘tes darmdthgdsufothiehdfiinge
methods. Thug g&%ﬁ@&’%&“&’e&fﬁ”ﬂw”g 1905 g%f '&H&H&HHO{%&'B@% Q%}B@%Ma&!%&f&lmmc 10

longevity, V|a ity density. activity andjor efficacy via the use of nitric oxide scavenging molecules
and RONS- qQéﬁ%hﬁﬁﬁ@’?ﬁ@%c@ﬂé@rA@jeﬁ@?smﬁb?é’fwmintaThmg)f@ﬁ@?bﬁ@ﬁhmlfh@hﬁe HMERSning of

a biofilm or |n&y%g&g@@gy@m@g@i&ﬂhgg%wﬁ@lﬁ@@s nitric oxide scavengers such as 2-phenyl-
4,4,5,5-tetramethyl-imidazoline-1-oxyl 3-oxide (PTIO), carboxy-PTIO, N-(dithiocarboxy)sarcasine

(DTCS), N-methyl-BU§uBHRtE @RAicOamRRSHRIR ?M@;%))'“(ﬁ%w'?&tu?ﬁﬁ?)ar&@ RPN RO BRI 15
antioxidapts sstfe@s, t»hmnegd@@ﬁb|t§umwlélwdtsmuaa§esaqhm§@@ﬂﬁstﬂadm@@n@,ﬁ@ mbReges skilled

in the art will re reciate that a number of o itric oxide scavengers and  antioxjdants known
i the art are BB SUTETE 15 i e SRR A AATE P AR BRCkt SURTATHIE HOFIHARE by the
identity of theoparticfifarnageinisngsedyrinteetcthielsatermofitie ofpp ropraleagent 2y 2parycular
application oft ntion ma ade on se osm ontalnlng such
agents may bé%%irﬁiﬁra{gﬁ gqsq Iﬁlescrlm q<’£1:'6¥)ve O)ilﬁ ﬁyr gﬁ r% aﬁaf?mr@pg%%la HRAtthe methods
and compositiehsDf thenghgsegiusarinstidivinskitiagate Ditsihn tégmamcbw(m@ applfembiectobsingld species
O e SheaTR Ao, PAC AL SAFE WG e GUEIIA0 A0 IRAIRR BN DAY

species capable of formin |of|Im or contributing to a biofilm. Targeted microbial species may

include fungi, %Qﬂ@dih@?e%{&w*&ﬁ@éﬁ&vfﬁﬁﬁ@*ﬁ@u@%r@gﬂ%@&ﬁimbﬂiﬁfew @?&Yﬁ“ﬁé@aﬁ%

bacteria. Biofdpte@fainterashioithge péﬁsﬁ@téﬁnéﬁ%?tébﬁ%hé qerwﬁ%gah@rﬁa%%wsma %?éeﬁfté@rff om, but
not limited to Candida spp. . (including C. albicans), Hormoconis spp. mcludmg$ resinae

Pseudomona@‘éeﬁﬁe%i?’cﬁoég”?ﬂeda@m%%%ﬁ#@éﬁ?@éﬁ@%89%@9'5@6 suBfiesd e SRiELeR. Gf the
Staphylococcysepheais usfe@sids. saparidsiatinphlicing roethiciliarresisiantanda@neemyai-reistant S.

aureus) %nd %éggid&)rn%gsl%bns containing such agenis may be formulated as described above.

Those skilled in the art will appreciate that the methods and compositions of the present
invention relating fo biofilm regulation are applicable to single species or mixed species biofiims.
Bacterial species to which the present inventicn relates may be any species capable of forming a
biofiim or confributing to a biofiim. Targeted microbial species may include fungi, including yeasts

25 and filamentous fungi, and Gram positive and Gram negative bacteria. Biofilms of interest to the
present invention may comprise microorganisms selected from, but not limited to Candida spp.
(including C. athicans), Hormoconis spp. (including H. resinae), Pseudomonas spp. such as F.
aeruginosa, Pseudoalteromonas spp. such as P. tunicata, Staphylococcus spp. such as S. aureus
(including methiciliin-resistant and vancomycin-resistant S. aureus; and S. epidermidis,

30 Streptococcus spp. such as S. mutans/ S. sobrinus, Shigelia spp. such as S. flexeri, S. dysenteria,
Mycobacterium spp. such as M. fuberculosis, Enterococcus spp. such as £. faecalis, Escherichia
spp. such as £ cofi, Salmonelia spp. such as S. typhimurium, S. typhi and S. enteritidis, Legionelia
spp. such as L. pneumophila, Haemophilus spp. such as H. influenzae, Bacilius spp. such as B.
ficheniformis, sulfate-reducing and iron-reducing bacteria (such as Desulfovibrio spp., including D.

35 vulgaris and D. desulfuricans, Shewanella spp., including S. pufrefaciens, Geobacter spp.,



30 Streptococcus spp, such as S. mutans/ S. sobrinus, Shigella spp. such as S. flexed, S. dysenteria,
Mycobacterium spp. such as M. tuberculosis, Enterococcus spp, such as E. faecalis, Escherichia spp.
such as E. coil, Salmonella spp, such as S. typhimurium, S. typhi and S. enteritidis, Legionella spp.
such as L. pneumophila, Haemophilus spp. such as . influenzae, Bacillus spp. such as B.

ficheni_formgsggwmﬁeem@_ il g{]vérisw?ml jHh @P@al@@?ﬁi%éssﬂcbn@in@%@!f@é@mf spp.-singlaging D. 35

vulgaris an . ulturicans ewanelia ., INCludi . putrefacien obacter spp., 1

g 0. AT R N oA I MR ot ysate Sh. Sl 5 3.

mirabilis, Aerommsnsp@orpﬁytbn@ime@p;mh Miér@ﬁl@@taﬁs, $ippop&eenaticssppsishcls asriBclaatarcescens,

Porphyromonas Wu%b%ﬁ nas Fa’ggmc%@:lé%’. ﬁ%%?%@r%%l‘%”éé@?mé}*&é‘.a%? Bic ”#?S%B%ﬂaﬁﬂ@ii\féb“o SPp-
B robic, Pacdlal 0

such as V. chacgllerae. microbial species may be aerobic, ana Ve, S ‘aerotolerant,
aerophobic, @emﬁ@améraﬁpnmbi&!terrraiﬂmm@ﬁe s@dmmﬁnedlg\éhasewmﬁa@m_éb@ae@ wﬁbﬁmrscin&e N
applications qf shi REssentinvRAHon; the ilealitiesolithe RaTieHRLSBEHES e, Mixsdaprmunities
of the biofilm to be treated are undetermined and are not critical to the applicability of the invention.

The present iMVEAtTIHM ARV ENRI#EINT &5 G BRRIRdgREtEISEAINSY rateracedodiisal iy fifowing

specific examplegMifjeh BRI EAL be construed as in anyway limiting the scope of the invention.
Examples For the_ biofilm studies described in Example 1 to 3, Pseudomonas aeruginosa strains

PAO1 and PAOI-GRPPESRaIRTREIANC D ATYs BB HE SRS oo B Ao RNt FEtERe RIS, 15
generously desiaifeh Bycbiarisxigss rwhicishovereouse dofvasaighincatiugsiviiing iosiiosly opeédormed
in Luria Bertani Lt’Bﬁmedium, with shaking at 37C. Biofilm and planktonic experiments were
conducted in 'M&8iA&d M9 minimal medium as described elsewhere (Webb at at, 2003, Cell death in
Pseudomonas aeruginosa biofilm development, J. Bacteriol., 185: 4585-4592) with 5 mM glucose for
continuous culture experiments and 20 mM for bEs#RREFIMents. 20 Example 1. Cell death and
dispersal in biofilms correlate with the accumulation of peroxynitrite in mature microcolonies P.

aeruginosa PAO1 Yhefeedielim sHidishartroneddl frasnb &eiis (BHARRLIaMBMEIBRE Sirene RARY mm) at

room temperaii eras pEroUslyisiangribedniMalienet ahscHASB, dn sitdroenNerexdere SpIeRINN(GFP),
mixed-culture biofilms: evidence of eta%%ﬁc irA%eJactions betwee comr&uni members, A}E?%l 25
Environ. Micr8BI6PUEY: P9TeE35) Al GanE Rioke e Haifhels QYEPUSNO LIRS WRTR G5 THRY of
overnight cellperfitmes iandrim@ahated Byithaitrilavitfenhdkinguat AT @oBiotimaet atarofitopadsditen
started with aw%‘;%%%ﬁ'g%‘é%%%ko%%#{é&%%%rﬁ&"n%e%‘fu%zasm%‘s%ﬁ%e&%[é&\ﬁ QOULIRI g Sl with &
Reynolds number of 0.02.

death in Pseudomonas aeruginosa biofiim development, J. Bacteriol., 185: 4585-4592) with 5 mM

glucose for continuous culture experiments anc 20 mM for batch experiments.

20 Example 1. Cell death and dispersal in biofilms correlate with the accumulation of
peroxynitrite in mature microcolonies
P. asruginosa PAO1 were grown in continuous culture fiow cells {channe! dimensions, 1 x 4
x 40 mm} at room temperature as previously described (Moller ef al,, 1898, In situ gene exprassion
in mixed-culiure biofilms: evidence of metabolic interactions between community members, Appl
25 Environ. Microbiol., 64: 721-732) for biofilm generation. Channels were incculated with 0.5 mL of
overnight cell cultures and incubated without fiow for 1 hour at room temperature. Flow was then
started with a mean flow velocity in the flow cells of 0.2 mm.s-!, corresponding fo laminar flow with a
Reynoids number of 0.02.
7o investigate cell death during biofiim development, biofilms were stained with the
s0  LIVE/DEAD Baclight bacierial viability kit (Molecuiar Probes) in which SYTOY is used to
specifically stain live cells and propidium iodide is used to specifically stain dead celis. Stock
solutions of the stains were diluted to 3 uL.mL-" in modified M9 medium and injected into the flow
channels. Live SYTO 9-stained celis and dead propidium iodide-stained cells were visuaiized with



To investigate cell death during biofilm development, biofilms were stained with the 30 LIVE/DEAD
BacLight bacterial viability kit (Molecular Probes) in which SYTO9 is used to specifically stain live cells
and propidium iodide is used to specifically stain dead cells, Stock solutions of the stains were diluted
to 3 pL.mL-1 in modified M9 medium and injected intd'the flow channels. Live SYTO 9-stained cells

?n;i dead )prcaohix%fumaindédmé@iﬁ@gi m@l@meeé@iwg!jz)edml/imholﬁsoaimﬂmm&;mw matenfrmge'l ¢ tmjcroscope
Olympus) with fluorescein isothioc te and teframe rhpdamipg iso te opti [ ,
ospectvely. TRHEE oA G e 3 5 S SR Y% SRS e GRG0 nHTN ek eciucible
patterns of celdgathaamdaiispersial repnetithiatetheteraventd| deaitl tndhisorsaaton toéitibdse alionies
within biofilms (Figure 1A - whi w poeints to.-hollpw. s steucture:, bl r i cells).
To investigate HerbE SR el ToBY R e Bt e AR A s
that accumuIaWedﬁyfb;idfmsmM@nﬁéétddﬁﬁdgtﬁéhth and dispersal, a series of reactive fluorescent
dyes, each targe'[”g%ﬁﬁﬁﬁ@é@ﬁ@%!ﬂi%f Wetsdnierted PdnG g %E%!é‘g{\‘ﬁs@!@% WedQelooubatag 30

minutes in the dark beforeconfocal laser scanning microscopy. The R 10 investigated were nitric
oxide (NO), JRORy HiBitectan®-1 NIVEE T HaiSRidbe 1955) and LIRSERIXRISTHRS&lISea5PV9),

DAFFM-DA (Melegdlardpsohash fmphhstechitdMBNs Wasra ggstat I0haMdomtdindieteetinarof nitric
oxide (Kojima et al., 1999, Fluorescent indicators for ima@%ing nitric oxide _roductionhﬁgggﬁ%%:\em.
21

Int. Ed. Engl.R80388033718Y195iH dRS G Rfios 1 98 RSHRTS Y S L) "S SR P B, anol,
was useqd at g drathe detestionxipeuoxy nitiey(Giew (sl 2097 Hpdetyernoginyddefl(u@sceid and

dihydrorhodamine 123 are sensitive jndi s,of peroxynitrite in vitro: implications _for ingr ular
ensurement BPTRGH I FTOUER ah Gt CEEE, I e BeTh sy e o DD CF-DA
(Molecular Pnaiids) tiOdetbdtistockitriD MEBO [Keasaised. at 9LO0FiMréotaita rdergotiolr onbgidgoy i
peroxide, an r idine ' 1ma. togkdm 4.2 ' sph red
Saline (PBS)C,!)\%]V%% %égach'agthlg;’ p%lqvfc@ %@aggte%’%or%ﬂ g{ ;30§ sﬁ%ﬁ@%&%ﬂéﬁgﬁﬁﬁt t., 1996,
Superoxide pfodustictoh 24t Mippbéansinaburemeseseldstive! ferdberipirstismytpesthiive (S1a¢eurosci.
16: 1324-133@)g Stocki3oliarsRR e B Rran AbdrRYETeY o hghe ﬁﬁ?@ét&‘é'b'ﬂ%?&}ffﬁfﬁ‘efresr“y

made in modified M9 medium before use. As shown in Figure 1B, the bacteria in the biofilm showed a
low level of alit¢fioraricsfiees fasniareiial ByIFEERINr6l FRgEs BRI A RsYBYt SARESH d¥ tietected

with two of the,RENS+apasificcayes-HBtdeiectingsupereids, radienls: 0o aMb @t wansiderably
higher level of fluorescence, DHR detecting peroxynitrite, ONOO-. The_light field image _(Ieft anel)
revealed that Wb BFaSE BHE8 600 RARRP RGPS RS CSRPRL e Tk SRR GO e
dispersal events BsDESQVA iPhbigbae |BufldhednbgatvPBSsulimohtaihed WithMIDCle tetdtiwdetection
of hydro%en superoxide radicals (Bindokas ef al., 1996, Superoxide production in rat hippocampal neurons:
seleclive imaging with hydroethidine, J. Neurosci. 16: 1324-1336}. Stock solutions were kept
frozen and covered from light. Final solutions were freshly made in modified MY medium before
use.
As shown in Figure 1B, the bacteria in the biofilm showed a low level of autofiuorescence,
»s  revealed by the control images. Positive fluorescence was detected with two of the RONS-specific
dyes: MEt detecting superoxide radicals, Oze and, at considerably higher level of Hluorescence,
DHR detecting peroxynitrite, ONOC-, The light field images (ieft panel) revealed that the
fiuorescence occurred in mature microcolonies that had undergone death and dispersal events as
shown in Figure 1A. The negative resuits obfained with HzDCF, for the detection of hydrogen
30 peroxide, correlate with the overexpression of catalase previously reported in P. aeruginosa
biofilms (Stewart ef al, 2000, Effect of cafalase on hydrogen peroxide penefration intc
Pseudomonas aeruginosa biofilms, Appl. Environ. Microbiol. 86: 836-838), DHR is specific o
peroxynitrite and cannot be oxidized by other RONS alone (Crow et al. 1998). Because
peroxynitrite is the direct product of superoxide and nitric oxide, it was surprising not to detect nitric
35 oxide with DAFFM. However, nitric oxide is extremely reactive, and the reaction between nitric



30 peroxide, correlate with the overexpression of catalase previously reported in P. aeruginosa
biofilms (Stewart et al., 2000, Effect of catalase on hydrogen peroxide penetration into Pseudomonas
aeruginosa biofilms, Appl. Environ. Microbiol. 66: 836-838). DHR is specific to peroxynitrite and
cannot be oxidized by other RONS alone (Crow et al201999) Because peroxynitrite is the direct

product of supgieXitesapstdxitaORBRn foWasiSIMERIIRARENST [t GRIPULIBIIIGIRR erdeimitBi ARM.
However, nitr %:(I?‘,e is extremel reactive, and the reaction between nitric 20  oxide and su erOX|de is

known to occ Dt Q8NP ﬁ‘f@@ﬁﬂ%l%ﬁ%ﬂH@@%Hﬁ%rﬂﬁkéﬂ‘?\(’@@ 1. CEFEHY Tttt O:

oxide/superokigeactzsay. Bisightenntey hadiplegiznlvihemistyysahibie tiNQiéizctntesaoitionodddigh Chem.
272:9922-9 hich may prohibit the detection of nitric oxide with  DAFFM. 5 The results

presented above démonstrate that the RONS peroxynitrite accumulates in biofilm cells at high cell
densitiessand triggéhs csllidentheirtahitroeciomnias mithimhife e NSaférmsn e swplenlaBofilbofiersus

planktonic arouh, i, SrEHORSe. s RGUIRLed TS, QIS NLUS Aride a2 Widsspread intercellulr

and mtracell ular signalling mo cule in oglical to systems ey precursor of
peroxynitrite, a potent oxidant with a wide range of biological effects. Nitric oxide readily reacts with

superoxide to yielcEpasiy 2itrigo ik veldds F4ANEHR Fraviveniosetigirissesnugshigaiay hegieffect of
the nitric oxide déjnor sodium nitroprusside (SNP), on planktonic and biofilm growth of P. aeruginosa.
SNP release§fftfic oxide in vivo (Smith 15 et al., 2001, Mechanisms of nitric oxide release from

nitrovasodilators inNitgeiegits rsodaumdasmdtlmtaamélthiermﬂdapﬂmﬂi@romg({ﬁle@ma@dﬂazh Wldbmgieaiscorbic

acid, J Inorg m, te r e en s. 100
oL of 1/1600 SG! ceitro e BABRS a1 SeEh Bl ST SRS RS
96-well platedigigicateityctanditicowiddoerilyiieasts, vat3nmreiidel2 Gigpimestikiiigg: SNP was added to the
cultures at 20 concentrations of between 25 nM and 100 mM, 4 replicates per treatment were used.
After overnight growth, the supernatantyras ttansferegghte wells of a new plate. The wells were
washed twice with PBS and stained for 20 minutes with 120 NL of crystal violet. The wells were then

washed again threﬁe times |th P Z?and d|I ted 9 ({_ & Iute thanol, Bipfilm formatign was
2 bR R iy
ankto Wit

guantified by measurem\éen ?%% rgri"r‘ﬁ’e%ﬁate Wad ug '%(ﬁre%o yHAGrEdEE e 25

measurementSKES) stropiankio Ritgane B fim tg@h/tbmﬂa%ramaymnsa(lrﬁﬁ%ramhmiwawmge)ﬁawm(seﬁse in
comeion oS D AR P B S
of the nifroprusside ion ([Fe(CN)sNOJz}) with L-ascorbic acid, J fnorg Biochem, 87: 165-173),

Biofilms in 96-well plates were used for these experiments. 110G plL of 1/1000 overmight
cultures of PAO1-GFP diluted in medified MY medium were inoculated in 96-well plates {Sarstedt)
and grown for 24 hours, at 37°C with 120 rpm shaking. SNP was added to the cultures af

20 concentrations of between 25 nM and 100 mM. 4 replicates per treatment were used. After
overnight growth, the supematant was transferred to wells of a new plate. The wells were washed
twice with PBS and stained for 20 minutes with 120 plL of crystal violet. The wells were then
washed again three fimes with PBS and diluted in 120 pb of absoluie ethanol. Biofilm formation
was quantified by measurement of ODasorm. and planktonic growth was quantified by fluorescence

25 measurement.

As shown in Figure 2, at high concenfrations {in the mifimolar range) an increase in biofilm
formation and a decrease in planktonic growth was observed (25 mM -~ 100 mM SNP) in
comparison to untreated bicfilm. At these concentrations, SNP is toxic to various bacterial species;
the SNP releases high, toxic concentrations of nitric oxide {Joannou et al,, 1998, Characterization

3o of the bactericidal effects of sodium nitroprusside and other pentacyanonitrosyl compiexes on the
food spoilage bacterium Clostridium sporogenes, Appl Environ Microbiof, 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



the SNP releases high, toxic concentrations of nitric oxide (Joannou et al., 1998, Characterization 30
of the bactericidal effects of sodium nitroprusside and other pentacyanonitrosyl complexes on the food
spoilage bacterium Clostridium sporogenes, App! Environ Microbiol, 64: 3195-3201; Kelley et al.,
1998, Inducible nitric oxide synthase expression is reduced in cystic fibrosis murine and human

air\évay epith?éiﬁi ﬁ@ﬁ'@mdia@éﬁhé@kﬁ%ﬁe&%%é%ﬁr@?ivﬁ%?&nﬁ%z%ﬂ g@ﬂﬁ@@&@timrlﬁamdm_@ @ﬂwmrrv?@éar 21
and nanomolar ranges, a decrease in biofilm formation and an increase anktanic growth was
observed. THEFiEfist HRLERsHERLAEdRPORSAN ERP T 508 AN B U d thBEGREEHIFAIR was
used for subsegusst éxpetiapis desdnked deshisddiamplEamngdiExaniatendieTo confirm the role of
nitric oxide in the abserved events, two different pitric oxide donars, S:.5 nitroso-L-glutathione. (GSNO)
and Sonitoso-N-acRu TR (AR e o e e M RS TR S s of
M. As illustratéitbae-Eigiutah®nsirttikt o S - btkodf-dretdpaiticdaniviel ¢SHBY) rects osprod udast of

decreases in 4igfim fonation Anpiocraases . piARKonis sion, IMENORNS BlRSsar&KApLthan

was observed v . These results suggest that at low concentrations, nitric oxide signals a
transition frorAXisiBfiPACTECRE IEAKESAIEgsHRasERyH L iU fermainb Ao et ffelBBRENE Wifoxide

scavenger Z'Bmﬁiﬂ%h‘ﬂo%’%&éﬁé%ﬂ%ﬁ%'wﬁ@%é%ﬂ%ﬁhw&oxme (PTIO). PTIO was added to a
growing biofilm at 1 mM concentration in addition to SNP at 500 nM. The addition of PTIO reduced

the SNP effect by 468850k &Ugppidhalphmutsancntationshinis e siprals edraneiiRnoiem bieiBosure to
low levels of nitpierRidaie pRereases the sensitivity of P. aeruginosa cells to antimicrobial agents

Planktonic cells are k be up to 10Q0 i e sensitive t tibiofics than_hiofilm cell
(Brooun ot ol 2008 KB ARRE RSB RS o At A EeaH P TRt SN R -
biofilms, AntinicrohiiAge iy Ghaite(REI0 AP BE0WY Gifaies (ROO% bioftrerstamdingae:hitafibmin
resistance to S‘Ei‘otft%aﬁtoe ﬁbaag%ﬁésnm'h'a%h%e‘é&ﬂ{éi@o?b’%QB"re%:c]e%‘%ﬁ%;éﬁp Rl
b § y timicrobia g its.

t jordifficylties in
combating mature biofiims is this reduced sensitivity t0 an agen &%Eeo@e?s%{g g]egs%bibed

above in Exam@isi@idenonsiiraghenalypétric oxide promotes the planktonic mode of growth over the
more resistant biofilm phenotype. The inventors therefore investigated whether nitric oxide exposure
may also restore antimicrobial sensitivity to biofilm C?él?lf. The effects of 25 various antimicrobial agents

on P. aeliginosa bidfifRieatd BidL N deXE e st QX0 MRS A RET IR P RITSHVEIGE (vere
examined. To test Hegensit véybcritiniarotaadgamge of antimicrobial compounds were examined:

e it o S e e e B e
biofilm celis (Brooun ef al,, 2000, A dose-respense study of antibiotic resistance in Pseudomonas
aeruginosa biofilms, Anfimicrob Agents Chemother, 44: 640-646; Davies, 2003, Understanding

20 biofilm resistance to antibacterial agents, Nat Rev Drug Discov, 2: 114-122}. One of the major
difficulties in combating mature biofilms is this reduced sensitivity to antimicrobial agents, The
results described above in Example 2 demonstrate that nitric oxide promotes the planktonic mode
of growth over the more resistant biofim phenotype. The inventors therefors investigated whether
nitric oxide exposure may also restore antimicrobial sensitivity to biofilm cells. The effects of

25 various antimicrobial agents on P. aeruginosa biofilms and planktonic cells that were exposed to
low levels of nitric oxide were examined.

To test the sensitivity of cells, a broad range of antimicrobial compounds were examined: the
antibiotic tobramycin (Sigma) that irreversibly inhibits bacterial protein synthesis, used at a final
concentration of 100 uM; the surfactant sodium dodecy! sulphate (SDS} used at 0.1%; and the

30 oxidative siress inducing agents hydrogen peroxide (H:02 at 10 mM concentration) and
hypochlorous acid {HOC!; at 8 mM conceniration).

Biofiims were grown in petri dishes containing microscope glass slides (76 x 26 mm,
Superfrost, Menze! Glaser). To prevent contamination, the slides were autoclaved and the petri
dishes sterilised by 30 minutes exposure to uitraviolet. 25 mL of 1/1000 overnight cultures of PAO1-



30 oxidative stress inducing agents hydrogen peroxide (H202; at 10 mM concentration) and
hypochlorous acid (HOCI; at 8 mM concentration). Biofilms were grown in petri dishes containing
microscope glass slides (76 x 26 mm, Superfrost, Menzel Glaser). To prevent contamination, the
slides were autoclaved and the petri dishes sterlllsec?%y 30 minutes exposure to ultraviolet. 25 mL of

1/1000 overnightt gultsdas @&dﬁé@mg&e@ﬁﬁxﬂémtm@dma@@mfmg p@%mlgwwwﬁw@mmm
allowi

plates and grown _for 24 hours, at 37C wﬂh(f shakln ng biofilm formation on the slides,

OD60oonm redd %%%Wtﬂ@@ﬂ%eew‘?ﬁ’ﬂ%? Qigpeo Pﬁwﬂ?etae W@%Il@@é“%é%aﬂ% AHE_SYR°SIBRAN PBS.
For the antimianebiatsensitiviheaskrysyéhe thbdepwerne netibated. wﬂbr nhemﬁmdld\:wsmedmmuqflone

t t t 500 s pL of th dilut f d di 30
minutesin & R Qhae " TGER AU DR e B RS ThE TG brd S with
250 pL of LIV@Dm@amammhwdmmwdmdéd@WOﬂNﬂxﬁte@mﬁi@rhxuurtnd ichahubed. CBavber

focal I f syrf
confocal pict r%sr%%éos b‘&aﬁm"%‘?r NG KER 200 @%&%@ )é‘ i &8 ! gﬁ? g% \éerz? %?s\soafter the

quantlfledW|t image analysis dramatlcr uction, up to e num bio

combination %@iﬁmﬁn@ﬁ@t(@\ﬁboaﬁéphwd‘ﬁnﬁﬁéﬂﬁt@dﬂ@@@ﬁhﬁw@@ résieti Genivpabbisrea b Fiiires 4A
and 4B). Theyhighgsicafieakyvas R ?éér‘ﬂéﬂ%H?Qﬁ?f%‘é(‘dé‘a@éb@%@'%%%@Wfﬂ’?ﬂéfab‘@%ﬁa‘%geat cystic

fibrosis patients. The ability of SNPto increase the sensitivity of pre-established P. aeruginosa

biofilms was also ﬁﬁéﬁ@é@e@d%'ﬂ%éﬁaﬁ%&%ﬁ@uﬁe SUBNesIAS HiRbke GriSvATigs esepmBaaipbve, with
the is exs:eptmtthaﬂmswﬁadj 24 mbtfﬁr@fadgg@%gmmmpwadw%mr(s @ESNParAfies 2ghbours,

the media w. d and replac ith media, containjng 500 mM n treatment bjofilms; SNP
abeont i oo B8 EIBHIHES STETEEo T BB P AV FBP s %&ﬂtf&%ﬁvgﬂaéprﬁs& 100
pM or H202 a;tal:@an for 30 minutes or exposure to UV light (19 W, 254 nm for 30 min, 30cm from

the lamp). Sensitify wag, deleqqingd a5 desgribed shave Wil (eshectJo Figuie 4. As showy 20 n
Flgure 5, a dramatic re on In bIOfI m surface covera e e number O oriim ce S was

observed folldﬁm@‘@@mmﬁmmﬂtuemtﬂém BQpr@-'éstabﬂmﬁem'&ﬁmﬁfm To dps@btig ateotiee @ffethieof
combinafion tealmentf B'En?é‘% EUQB%&Q%QH tf@%ﬂ&é@é@%f’gkﬁﬂ Mgt GltyLes of

PAO1-GFP were diluted 1/1000 in mo ilum containin mM of glucose Wlt or without

500 nM SNP.RREr 9a6 ﬁ%@ﬂ@eﬁm@ééﬂ@aﬁ@w@|m%ﬂaz@rzmrmmﬁ@ibr@lﬂtﬁwmmaﬁﬁaﬂah@ﬁfmi fiUbated
2 hours at roqiRMPEsAYIS: Glokiniale-LarRIs IVarRRRIFOIMESIQRPI6 IR RERPHIM RS the Racteria.

The SNP pre-treatment on planktomc cells’ resulted in a further 2 Iog decrease in CFU counts after

H202 and tobF3NMiAT e SiidsTHERSEBVRWER< $3RaRre dtdd/ P ddihasa ralfer Eigtire Bym
Interestingly, fdihovghrtigasaentivitadasemihSINE ¢adaesi aBdncreBsesiting pplieak degsiyef

planktongtoz Cu'l%uﬁ%sus%oép gaarrg%atgcurg [xec? tg(?n biofilm surface coverage and the number of biofilm cells was
observed following combination treatment of pre-established biofitms.

To investigate the effect of combination freatment of SNP and an antimicrobial agent on
planktonic cells, overnight cultures of PAO1-GFP were dituted 1/1000 in modified M9 medium
containing 20 mM of glucose with or without 500 nM SNP. After 24 hours the cells were dituted

25 1110 in the antimicrobial solution and incubated 2 hours at room temperature. CFU piate counts
were performed to assess the viability of the bacteria. The SNP pre-treatment on planktonic cells
resulted in a further 2 log decrease in CFU counts after H20; and fobramycin exposures when
compared to unfreated P. aeruginosa cells {Figure 8). Interestingly, although treatment with 500
nM SNP caused an increase in the optical density of planktonic cultures compared to untreated

30 controls (Figure 3}, an equivalent increase in CFU counts {viability} was not cbserved following
exposure to tobramycin or hydrogen peroxide with SNP pre-treatment.

Without wishing to be bound by theory, the inventors suggest the results described above
indicate that nitric oxide induces & planktonic “dispersal” physiology in P. aeruginosa biofilms and

therefore enhances their sensitivity to anfimicrobial agents.



30 controls (Figure 3), an equivalent increase in CFU counts (viability) was not observed following
exposure to tobramycin or hydrogen peroxide with SNP pre-treatment. Without wishing to be bound by
theory, the inventors suggest the results described above indicate that nitric oxide induces a
planktonic "dispersal” physiology in P. aeruginosa bidflims and therefore enhances their sensitivity to

antimicrobial agentscaddhiEXNTRIE SeidditriguRsisigisperepsrdispeisabehigiimin floc biofims In view of
the results described in Example 2 for surface-a, socfigted biofilms, the ability of_nitric oxide to induce

dispersal from a noh SIS ESSIERF ARt SHRERIS hildfirH RS eRI0eak telims Firip Ptk
bioreactors (3trimlofiasks) wereeopiesatedl Gogler asetatarfac desibtidignomizendibesiss(anshe)vias 13
days in batch.g%e(ainﬁgegwode (1 decant and feed cycle/day). The aim of these experiments was to
demonstrate that €& ernally-supplemented NO, generated by SNP can influence sludge flocculation,
cell deathy and dispergabatatiel ditieatkdss(Gdgelfldesisiofien systatmad Tinedri amdaitois wensitgeged with

activated S'“‘@ﬁ@%@j&ﬁ%&% 38 AR §§¥K3f88diigioe 368 eﬁé‘éaﬁi%ﬂh (rEe(Tf::t’ ?gé%)’(%fyw%sé% gustralia)

on 18 November loreactors were oper I anoxic con ns at'room temperature.

Anoxic conditiefi$s wrsinealRtaRIde Bymersatsshiri@spaainguopimegies Nt asacstipibyabd? feading
with & mixturgaie3 BRI Mae %|m¢%mawé§imema§a %@933&%&%%0% OfsRhiP/water to

. : - . | :
achieve the desired concentrations. The bioreactors were operated on a cle, which

4 h
consisted of 23.5 hdGr BPBAGRIE reserstpddranbwadised f@?ﬁﬁw&@j%ﬁirﬁ@@%ﬁg@%t BPUAIIL of

supernatant. Tietmaed REnfos the (BigMRacEd Wask s eob Pl 9 NWe BN POIENtSicaheRERBD ENRSHIM
base; and a nitroagi;e medium base, [For each cycle, t%i me%Jm, conﬁited of 1 volume of thegcarbon
& THEEATBUH f

medium base’BHE L BRFHELEF ARG B SRwe AR A1 BALBIREH ISR (per
litre) 6.587 g (isiBGaOaNEAgBIMMes CGatiidd0 200 8RNy gBCATHIROM Q. G MO Gikaiptadd’ 20
0.011 g KH2EQ4, 0.026 g Na2HPO4.12H2 1?5@: to peptone (Difco Laborataries, USA), 0.020
g Bacto yeast@@r‘arg r%f)#gg“tné’t)%ra;atd?%}s : 8’6%% g Iﬁ%ﬁé%%%er%ﬁen% ?%@rﬁ“%?&ﬂor%%%%&éﬁéiously
described (Bdrieatials, ¥9@%leteisifioatiold diosomeiaf themajusiged s ob bautetfaanvxefficietirand

nonefficignt b{&[&géaad ASRROILSR ) Ic% g}{%?%wd& sie ZAppl Environ Micro blot, 65:
ith Mill- sterilise

4077-84). The mediurh was made lgg Q water an by autoclaving. 25 The nitrogen
medium base compfgatediser e urEadoRoRNE AUl A aeeMIpRME foberR BefiFsiatRsionised

water. The acgiateiNRgaM\viatigin5ee CP&PQH&%%@Q%M@@MH&?%@ A ilmel of MdNsASIigate the

role of specific reactive and nitrogen species (RONS) and to detect specific RONS that accumulate in

biofllm struct PESHT AR A84th gispdrelTRasar RN RSy ne carbon medium base comprised
(per ltre) 6.587 g CHsCOONa, 0.042 g CaClo2H:0, 0.090 g MgSCse.7Hz0, 0.160 g MgClz.6H20,

20 0.011 g KH:PO4, 0.026 g NazHPO4.12H20, 0.122 g Bacto peptone (Difco Laboratories, USA),
0.020 g Bacto yeast extract (Difco Laboratories), 0.025 g NH4Cl, and 0.3 mi nutrient soiution as
previously described (Bond ef al,, 1999, Ideniification of some of the major groups of bacteria in
efficient and nonefficient biological phosphorus removal activated sludge systems, Appl Environ
Microbiol, 85: 4077-84). The medium was made up with Milii-Q water and sterilised by autoclaving.

25 The nitrogen medium base comprised {per litre} 8.972 ¢ NOzNa and was made up with
reverse-osmosis-deionised water. The aceiate:NO~N ratio in the combined medium was
maintained at 2.73:1.

To investigate the role of specific reactive and nitrogen species {(RONS) and o detect
specific RONS that accumulate in biofilm structures during death and dispersal, a series of reactive

30 fluorescent dyes, each targefting a different RONS {at concentrations outiined in Example 1), were
combined with 500 mL of activated sludge faken from St Marys STP and were incubated for 30
minutes in the dark before confocal laser scanning micrescopy. The RONS investigated were
hydrogen peroxide (Hz02), nitric oxide (NO), peroxynitrite {ONOC-) as well as superoxide (Oye)
and hydroxyi (OH) radicals. A control sample {with no fiuorescent RONS dye present) was used to

35 establish CLSM image collection levels for subseguent fluorescent probes. As shown in Table 1,



30 fluorescent dyes, each targeting a different RONS (at concentrations outlined in Example 1), were
combined with 500 mL of activated sludge taken from St Marys STP and were incubated for 30
minutes in the dark before confocal laser scanning microscopy. The RONS investigated were
hydrogen peroxide (H202), nitric oxide (NO), peroxyaﬁrite (ONOO-) as well as superoxide (Oz-.) and

hydroxyl (OHjosstic AR rAR0E Ql=sadigaviithng il usresCRONR ONGdye arepeatWas e 35
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able 1, 24

peroxide, H202and, at higher levels of fluorescence, DHR123 detecting peroxynitrite, ONOO-. Table 1.
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To investigate and observe siudge flocs and planktonic cells during biofilm deveiopment,
s biofilms were stained with the LIVE/DEAD Baclight bacterial viability kit (Molecuiar Prabes). Stock
solutions of the stains were diluted fo 1 L mL-" in 1.5 mL microcentrifuge tubes containing 500 mL

of activated siudge samples taken from each bioreactor. Samples (20 ul) were mounied onte

glass slides, where celis were visualized with a confocal laser scanning microscope {Qlympus).

Observations from each bioreactor on day 13 were made for numbers of flocs and planktonic cells.

10 As shown in Figure 7, subsiantial dispersal of cells from the treated fioc biofilm was observed

{Figure 7B} in comparison to the untreated biofiim (Figure 7A, Table 2.) after 13 days of SNP

freatment.

Table 2. Assessment of SNP effect on various sludge parameters after 13 days incubation

under anoxic conditions. (+ few planktonic cells, <5 cellsffield of view; +++ abundant

15 dispersal cells, uncountable, >500 celisffieid of view).
[SNP] Planktonic cells
{ (control) +
1 M + +
100 uM ++
10 mM +++

The greatest levels of dispersal and floc disruption were observed using an SNP

concentration of 10 mM. However, due to the large size of the flocs {in many cases >200 um) the

actual concentration of NG presented to celis inside flocs is likely to be considerably lower.

Moreover, the release of NO from the NO donors is dependant on complex chemical reactions and



10mM +++ The greatest levels of dispersal and floc disruption were observed using an SNP
concentration of 10 mM. However, due to the large size of the flocs (in many cases >200 pm) the
actual concentration of NO presented to cells inside flocs is likely to be considerably lower. Moreover,
the release of NO from the NO donors is dependant%‘% complex chemical reactions and 25 the

((a;fect;]ve C;n@@ﬁff@mﬁ@' Zéggb@tmi%ﬁ@mf@@@iﬂaédu@dﬁg @wgrom%mﬁ@&dﬁlmmmﬁws used
mith and Dasgupta ~Mechani nitric oxide release. from nitroyasodilators jn .aqueous
Sotution: readiEh B FIHOAGe 100 HEEER R i B G SO AP Bothem. 67
165-173). s EgasoptesBuidiirieactice dhtihe adisodisgets ddroff eelENignaRedwipdciasoniafitois b.hddaterials
and methodsﬁd%@% Mé)ﬂzlﬁg_iﬁggution system The biofilm sampling site (BSS) described by Storey and
Ashbolt (Storey M'V. ar It N.J. (2001), "Persistence of two model enteric viruses (B40-8 and
MS-2 bacteriophages) in water 10 distribution pipe biofilms", Water Sci Technol. 43 (12): 133-8) was

used in this study. Magag)iPgtaiepeddemmless WaRSYSE s RGNSy SR GEQ WM continuous flow,

annular reactors (model 920, BioSurfaces Technologies, Bozeman, Montana) at the BSS. An annular
reactor (AR) consBsts olateeitasingdoabtaadeonate inner cylinder and a stationary glass outer cylinder,
separated by a waterfi nular cavity. Sixty stainless steel (SS) and unplasticized polyvinyl
chloride 1s (uPVC 'c?‘c}ur&f?gga’ l%ir‘%r%%;'}lgglﬁ%mavailable surface area) were placed on the exposed
face of the inner-rotatiiicyladelingfke(BES, dadudteddneiion patalfiehaod (Fopelddwate rshbplectively,
at a rate of I? ' lic retention ti A : I%h | [ ed was
set to providglg' ‘;{f 'n@gﬁ %%Esgfég ici?n)éﬁr% tbcl)"ﬁ?g%li m%g%?/@r%eéliisgbe%%ﬁ%% t%e %lilrﬁjgt%?\}pﬁ?&é% ?6?32

L.s-1). Biofilgissthipensintepioltesilizéaian 3cg lechapdiim 1Ry pbohiorivesosgchioLifisafiddinsdedalith
sterile 20 Millizgpyater %&}{&éﬁ%&f@ Bl IRAREENPEIINE R deNirGoRIafNSYELS allwed to

grow on coupon surfaces for a period of 90 days. After this time the inlet flows were stopped and the

ARs were erfEABIP et FiestHBGRIiMBERRICA B ArA M MemErse Ablis R cAscayiat Bariel (AR)

concentrationonéigRrxipRie) b AaGlditnknd: SifIeERSCONSIERYS WES Alloviorhdersedparimthe
biofilms on the SS and l]:ﬁPVC ?E%Jpon,surf ices for 2 week?,&l?{érll)settled cells were removed from the
[

system by 25%edotiictig A8 tﬁBngang YCYRIRES Slee R RS IR G BRY VR & ens
had previoushPbéptobpivesteehfomiSeleciiveidol agacplates (@uppleraeotetevethosél desendithe

e TR s e st s s
of 30 L.h~" making the hydraulic retention time 2.2 minutes. The annulus rotation speed was set fo
provide a linear velocity simitar to the mean hydraulic demand of the distribution pipe (0.32 L.s™).
Biofilm coupons were sterilized in 1 g.L-" sodium hypochlorite for 2 hours and rinsed with sterile

20 Milli-Q water prior to being placed in each experimentai device. Biofiims were aliowed to grow on
coupon surfaces for a period of 90 days. After this time the inlet flows were stopped and the ARs
were enriched with fetracycline and ampiciliin resistant Serrafia marcescens at a final concentration
of approximately 107 CFU.mL-". S. marcescens cells were allowed to settle in the bicfilms on the
SS and uPVC coupon surfaces for 2 weeks. Unsettled cells were removed from the system by

25 reconnecting the potable and recycled water iniet flows for one week. S. marcescens had
previously been harvested from selective LB agar plates (supplemented with 50 pg.mlL-
tetracyciine and 100 pg.mL-* ampicillin} after 24 hours incubation at 30°C and washed three times

in phosphate buffered saline (PBS).

5.1.2 Experimental design
30 Coupons were carefully removed from each biofilm device using sterile forceps. SS coupons
(potable} and uPVC coupons (recycled} were removed from each experimental device and
transferred to bioreactors in the laboratory for NO exposure. The bioreaciors consisted of 1 L
nolypropyiene {PP) beakers with bottom inlet and top outlet covered with aluminium foil and



30 Coupons were carefully removed from each biofilm device using sterile forceps. SS coupons

(potable) and uPVC coupons (recycled) were removed from each experimental device and transferred
to bioreactors in the laboratory for NO exposure. The bioreactors consisted of 1 L polypropylene (PP)
beakers with bottom inlet and top outlet covered witr28luminium foil and 26 containing PP microscope

slide racks (P%@H@lhidéahé Hﬂ%%ﬁé m@@if@@stW%ﬁﬂ?i%qwn@ﬂ%é?BQnééﬁ@ WQRQI’I@'%@QDZSC”T@OVG the
bottom on a PP stand, andg circular flow was generated witheqrjg?%netic stirring to simulabe the

hydraulic sheP'SHEE BETRE Wl BPYpipe PHAIEBRACISIRY R I HEE §ere RS
hypochlorite fasgadtioutisrianch rimeetavith isfemlaidiibRsmaieaptiontl bireppaingeoupendisariering the
biofilms. For gach type, of, biofilm established fro able or recycled water systems, the coupons
were random P DE 5Abpar S DRESRS e Pt a et PG hocIe &
continuous flosvabfirgutontaue digpbiebietieabmiifsterifeaeathdyohlofibiatieu e gibiis @[ damtainiake0p100 NnM

or 500 nM of %ﬁ%ggﬁggr%ﬁg%gg@é%%% r%%ﬁ%'ﬁﬂ%?)ja%éb";\g gaﬁn‘eﬁ‘ﬁgg??éobmﬂeé&&s Jﬁnéﬁ@?ngggpons

were then car INto glass vials containing conventional chlori

treatments, AMERGERTSER|dRIn&StrBeitrh elht vierdiewhosteafeBgveriuphiePie. walkh{giedh rite

solution in 1/4streneshdringersselsianane ealibiaied stainmcoP ek GOHOFISIaier iklddMisEle
Loveland, CO). After 10 minutes o:“%zglgle shaking (75 rpm), the reactions were stopped by adding
ion of

sodium thiostiiife: &t & EpER & 100 pM. For each is NO/chlorine combinatorial treatment,
triplilcatelicour)cr)]nz VM@{}Q;@I%HQWM&'&EH%@Wt?h@f&%&ﬁﬂé@@%mgwgqra@i@é@tﬁﬁﬂf@y@?ﬁly%iﬁ- 5.1.3
Analytical methods The coupons were processed for viability counts and. microsco alysijs.

IV EIDEAD BRI SR L Ry AT ORF AL SRR DR R O S0 stain
cells in the bigflnis. hTpeohkitiek sitsions dfststiian(®Y Rogerandpiopididrciditiste) weirg eactvckituted to
a concentration of 3 pL.mL-1-[n 1/4 strength, Ringers solution and the coupops were , stainegd with 150
oo the stai o TSP B b et Aot B e, s B e o v,
The couponsweeresishsedvied adiiiier epifiuorisseie niicrdssoppniiesitdionadel HMR), aher Biafilm cells

were e”H‘!“er_ﬁ@f@h&b??ﬁkgcﬁr'ﬂS@@%ﬁ%‘t}%ﬁt?ﬁ‘@%%%‘@gﬁs} Were JNE'E‘K)SoF ﬂéb‘ﬂiﬁf&%%ﬁ%ﬂ'% Fﬁﬁ%té?o“po”s

were placed in sterile stoma ags (101 x 152 mm) (Sewar containing 25 mL 1/4 strength
Ringers solutfoHPth I oucHvreRtriAlafiosulfate. Bags were heat-sealed and hand rubbed to initiate
the disaggregation of attached biofilms. The coupons were sonicated at 400 W (Branson 2210
Sonicator) for 60 s5thenssipiaeheethes0 s 30 (Seward Stomacher(r) 80, Seward, UK) to remove and
homogenize remai?ri}ré (Pui;?c];iwlgnv've;l;g %focessed for viability counts and microscopy analysis.
LIVE/DEAD® Baclight Bacteria! Viability Kit (Molecular Probes, Oregon, USA) was used to
20 stain celis in the biofilms. Two stock solutions of stain {SYTO 9 and propidium todide) were each
diluted 10 a concentration of 3 pL.mL-" in 1/4 strength Ringers solution and the coupons were
stained with 150 uL of the staining mix and covered with a thin coversiip (10.5 x 35mm,
ProSciTech, Kirwan, Australia). The coupons were observed under epifluorescence microscopy
(Leica mode! DMR), and biofilm cells were enumerated using an image analysis system (imageJ,
25 NIH).
For viability counts, the coupons were placed in sterile stomacher bags (101 »x 152 mm)
(Seward, UK) containing 25 mL 1/4 strength Ringers solution with 100 UM sodium thiosulfate.
Bags were heat-sealed and hand rubbed to initiate the disaggregation of attached biofiims. The
coupons were sonicated at 400 W (Branson 2210 Sonicator) for 60 s, then stomached for 60 s
30 (Seward Stomacher® 80, Seward, UK) to remove and homogenize remaining bicfim. The
homogenate was then aseptically removed from stomacher bags. Heterotrophic plate counts
(HPC) were performed using a pour-plate technigue on oligotrophic R2A agar (Oxoid, England},
and eutrophic Luria Bertani (LB} agar plates. The piates were incubated at 30°C and counts were
carried out after 7 days. S. marcescens colonies were morphologically identified and confirmed by

35 plating the colonies on selective LB agar supplemented with 50 pg.mL-* tetracycline and 100



homogenate was then aseptically removed from stomacher bags. Heterotrophic 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 30C and counts were carried
out after 7 days. S. marcescens colonies were morpi‘%logically identified and confirmed by 35 plating
the colonies @4, peleciivedip agnpaRpleme et bR agitbs It anyebne asth AR L or pgemL-1
ampicillin. Sonjcation chstoma\g g %gg@gues wer viously examined for their efficacy on
biofilm remo "Eﬁ%% KE B Fei08Y @8 G%’H?ﬂ/g ariance (ANOVA) tests at a significance
level of 95% were Hssigstoof oanpere (KO Whpast aft theguiiteus Gom birEtonsrefukay idesesat MO, and
chlorine disinfectant.on biofilm growth. 55 Results Potable w. ter b S ed with Serratia
marcoscens TG B e e e GRS W R B R DT RS
effective at removing mixed species blofllms established in a model potable water distribution system
as well &s S. mar&egceﬁgﬁwté dose dependent manner. Consistent results were obtained from

viability ,0 assays gch "HESEURARRNHTES EpltedWilNSrpiat vRPrenaiions of different colony
morphologies on the plates were not affected by the SNP treatments, s %I}?Fgestlng that this treatment

was not selective foE &Rt Linveied WibgHendmixad EemmRinG? RSO JeatRER NS SRR

concentratioreivas i iMeS diRcied itfiieorsslairshadith @mammwwgt@bﬁﬁrmenbwﬁméﬂsem@!monas
aeruginosa an%é)ther monospeu S ba; terlgpblofllms I thls erlm nt freejg rlne tr tment

was used at 2 ﬁ"&sc?SH%i‘e?e 3 BV S BICHARE Wag® 8%§8 é%f”‘% JFresy a{P\X)% %xposed
to convemﬂon@de@bxﬁmdmtﬁr@@ﬁ?&uﬂﬂ&d (watelt} bibéilrelstspikegpwith SE nidideen accegceorpHdldgss species

biofims estalstiec {10 el yeeysleg YalahwSIUBHIBR SYSISITAd haYRAHDG. By pcrsgens

were also re uce al counts an marcescens cd upo exposure to nanomolar
concentratlorﬁ;ebﬁﬁlfﬂe NO Hepite SPERitA aNd@BetE%ﬁ@ﬁ@térﬁmﬂmﬂh@f Consigtent ritugrd wertmshtained

from viabilty assssARl TS/ 0ssPNANSISIS (Fig: QprisfisEXRRSASLLO ROREM IR alspexhibited

increased sensitivity to free chlorine treatments and, for example é)pm free chlorine was up to
20-fold more gﬁﬁém%ﬁﬁe@‘ﬁﬁwﬁ@%ﬁ'ﬁﬂt@ﬁé@%ﬁﬂ%*%ﬁﬂﬁ&’@ﬂ BBt BRI adEste fRined by

viability gounighidrige GhabfefaiRnle:d. &onisyvelstdivisoxide il ibdbpsidispassstehad margescens,
V. cholerae. E. coil atgd B. licheniformis biofllms B ?@cterlal biofilms were grown in petri dishes (90 mm

diameter) corft3{RH§ ﬁh‘fé?rﬁﬁ@gs?%@p@m’%?oﬂﬁé Hi"&laser) or polycarbonate microscope glass

slides (76 x 26 mm,). To prevent contamination, the slides were autoclaved (glass) or sterilized ina 1
% solution of bleachZ@r Bécycled water biofilms spiked with Serratia marcescens

Mixed species biofilms established from a model recycled water distribution system and

harboring S. marcescens were aiso reduced in both total counts and S. marcescens counts upon

20 exposure to nanomolar concentrations of the NO donor SNP in & dose dependent manner.
Consistent résults were obtained from viability assays and microscopy analysis (Fig. 9}, Biofilms
exposed to 500 nM SNP aiso exhibited increased sensitivity to free chiorine treatments and, for
example, 1 ppm free chlorine was up to 20-fold more efficient at removing SNP treated biofilm

compared to confrol biofilms as determined by viabiiity counts (Fig. 9).

25 Example 8. Low Jevels of Nitric oxide to induce dispersal of S. marcescens, V.

cholerae, E. coli and B. licheniformis biofilms

Bacterial biofilms were grown in petri dishes (80 mm diameter) containing either glass
(Superfrost, Menzel Glaser) or polycarbonate microscope glass slides (76 x 26 mm,}. To prevent
contamination, the slides were autociaved (glass) or sterilized in a 1 % solution of bleach for 30

30 minutes and the petri dishes were sterilised by 30 minutes exposure to uliraviolef light. Overnight
cultures of bacteria were diluted 1/1000 into 25 mi of fresh medium and grown for 24 hours, at 30°C
or 37°C with 50 rpm shaking, aliowing biofilm formation on the slides. After 24 h, the medium was

replaced with fresh medium confaining varying concentrations of SNP, SNAP, or GSNO {in addition



30 minutes and the petri dishes were sterilised by 30 minutes exposure to ultraviolet light. Overnight
cultures of bacteria were diluted 1/1000 into 25 ml of fresh medium and grown for 24 hours, at 30C or
37C with 50 rpm shaking, allowing biofilm formation on the slides. After 24 h, the medium was
replaced with fresh medium containing varying concefftrations of SNP, SNAP, or GSNO (in addition 28

to controls withQuhiNg aenerater YeAndihng erlistuetainguhalrdiforRa trthendahaimattaene
appropriate tP;Fé)erature with agltatlon at 50 rpm,_ The slides were then rinsed in sterile PBS to remove

unattached o R REPRRHE NN PRLeLi® It &fip Rl et R P e L AR L S S

biofilms to aniﬁmwe)mttasmeatmm svasnalseetiested as described above, with the exception that,

after the initial 24 hﬂ]ur (%ﬂg@ eIo men(Lg_)the N don as %?ded in mglnatlon with |t e
anti-microbial treatmen 8339 Fresa?ﬁﬁ %8 tO|C{J:1 %ﬁﬁe ?oﬁ?épéicir &'and the
cells were |nmmdtsf@naa#ﬂottwtemmmmaéoappnmptiwtemm;uermaﬁreﬁmﬂheajgmatlbhmw(bfpm.
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treatments were 10 performed In tripli icate. Assessment orma Ion was perrorme

the cells with 98tREdHHEd R/B0 IRedpestaimifg, r@@gtéﬁmmt@@an@iomcﬂﬁééhmeﬂsgmeaw@mequent
confocal MiCrRseaRhdy 94@%?5%‘9955%?@{@%%&%{% %H'Sg‘ﬁ{a%@ﬁ gl %r}ﬂfﬁr%@%@g i@ ey plane

for subsequent image analysis. Image analysis was performed using the analysis package, ImageJ Is
(http://rsb.infd MR BV ARl &eﬁérﬁﬁm@wm @&?ﬁ%@@o@e%@iy@%h@afa@%re hﬁ&?tﬁ@ﬁfér&@mage
cover of the t@@imé@mar@y@igble per field of view. Flgure 10 shows a concentration dependent

dispersal of S. marcescens SNP at co ntr ations between 0 and 500nM, with more than
0% resuction in b EETLRUBIER & T oHER DI S SE DA AN Fruiris 11 CHEBe B SN
(100nM) is almwfetatw@fma@hqumb@ﬂaagr&ammmmw@@ﬁnb@@;dﬁ@m@cﬂm@ba@ﬁhwtélmllar

results for the gf;aer?&s f SNP. a NAP on dispersal of V|br| ure 14 shows that

Iera iofi
SNP enhances the am%nsi%i%ﬁ F V|t;\/”%\flt%?rag§%lmeée(gn Safmfp) gf%rr}?s@fs‘\ygs%%ﬁ%'}ag'a%e
concentratlon%ﬁh@tﬁacycli%g@sed@a&sbem thee NoI@efor thmgzstbegamﬁymﬂgpm&&@shdwm&hat 1pM

GSNO hs 2 g fihon UL Y SRleas igims cans e 40 shas gl ago i

SNP has a significant e ect |ty ms Fi ows'a strong e ect of SNP on
stability of Ba@‘ﬁ?@éqwﬁﬂaﬁ ﬂbﬁbrﬁgcblé\fﬁi*ﬁé‘emﬂ@l@@f WRNSNP providing a 90% reduction in surface

coverage by the bigfiiins 18QE¥aMBiRcen ko eueln R NiEGRH0G NdHGedispeisaliat by alticans

biofilms
concentrations between 0 and 500nM, with more than 60% reduction in biofilm coverage at a

concentration of 25nM SNP. Figure 11 shows that SNAP (100nM) is alsc effective for dispersal of
20 S. marcescens bioffims.
rigures 12 and 13 show similar results for the effects of SNP and SNAP on dispersal of
Vibrio cholerae bicfilms.
Figure 14 shows that SNP enhances the antimicrobial acfivity of tetracyctine (6 Lg/mL) on
biofims of V. choleras. The concentration of tetracyciine used was below the MIC for this
25 orfganism.
Figure 15 shows that 11sM GSNO has a significant effect on stability of V. cholerae biofiims,
and Figure 16 shows that 500 nM SNP has a significant effect on stabiiity of £. cofi biofiims.
Figure 17 shows a strong effect of SNP on stability of Baciflus licheniformis biofiims, with 100

nM SNP providing a 90% reduction in surface coverage by the biofilms.

30 Example 7. Low fevels of Nitric oxide induce dispersal of C. albicans biofilms

Celis were grown in 24 well polystyrene microtitre plates (Sarstedf) in Yeast peptone
dextrose medium (YPD) at 30°C with shaking at 100 rpm. Briefly, an ovemight culture of C.
albicans was diluted 1,100 intc fresh medium and 1 ml inoculated into the wells. Biofim was
allowed 1o form for 24 hours, after which time the medium was repiaced with fresh medium and



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 freshahedium and 29 SNP was added at

Conﬁentfaﬂmﬁﬁ@fr\.?a@ de%@ élMc?lrit@ﬁk:’@Mn%f)gﬂWhm)Wam&b%MMﬂ?' hm,clew We'S imut;]at@deaffurthgr
24 hours, at which time the S e rinsed with PBS to remove loosely. unattached cells an
Craimont with T R TR RS A QY SR i P s S A R cryetal
violet absorbeakd mtb@éﬁdém avd staeaswited Usingtal WediacTiss \Wetierdgpiata steaidiodghiinyEimer) at
e oo e g o S RIS s RCRISARAT e waLeALEd RpOl AR sow

that SNP destabilises .%1 ICans biofiims a concentra?ions W ., with more than 60%
reductionsin Ciciipiatesreadéitiy érkithel2s rancgimntreatment. Example 8. Low levels of Nitric oxide

nihioi formation ot GRIGRS l@i}%%t;‘ggimsp g metogs-and Rl tisadd st tafialisgt of NO

on biofilm formation and taphylococcus epidermidis were similar to those described

V
above for S. farSdEceasahlisemblafbieanebistimaatiBiNicnsambrans priy ' grisyvihdeyaisedPdishes

for cultivation,gf ihebiotinmEowever HedND deran &NR.ayas added continuously to the cells, rather
than after the initial 24 hours period of biofilm development. Results demonstrate that SNP addition

can prevent the formation of a is biofilm by S. epidermidis (Figure 19) in a concentration-dependent
manner. Example &xhapldévdlswidMifs oDNitiE mdde éblisid évsah tidi-ontidestermidiofinféo determine

the potential EffeCtﬂwfe%%t@dgj Bl %%@ﬁa(i)?}g}'eﬁ%ﬁgéﬁhé: i %-FR?(%%%‘%%W%%%\%‘F&(?@@S a

model and key organism oiofiims of oral consortia. Briefly, an  overnight culture was used to
inoculate freshtnbdiapacys: 00y e welkssidae g bosa tesaribegtrbare DuensriE¢6BNM)BPeas at

which time S'\EPcWPa%@Qdﬁcﬂéﬂféﬂﬁié?%ﬂﬁzﬁ%%ﬁ%ﬂ&%ﬂ@@%ﬂdﬁh%’?ﬁﬁ' ’cuqi%ﬁcM oPRRMMsIHPM ARG ONM. A

glass slide was also added to the tube o6f cells, and the bacteria were allowed to attach for 4 hours. At

the end of theif&libéten pifiovetRededdeativerestembesslswialbretialatieiledisisig i SeprEeBS to
remove loosely piggactiribsAlat ardssiginemamBhasyatalsMplatdlibe aitasieshcalls mrgienymerated

microscopically by digital image capture and 25 subsequent image analysis. Results are presented as
the percéhtagi®8ift |§'§EQEH%G'% B8 AR P8R ES’Hng&P%Df?ﬁE}FéT\ﬂ/Fﬁéh was not exposed to SNP
(Fig. 20), and show that addition of the NO generator, SNP, inhibits attachment of F. nucleatum to

surfaces. It will be gppraaiated L, A A SRS L BIVRSHURESLP O ENe, URDHOA NS been

described herein for the purpose of illustration, various modifications may be made without 30

deviating from the Spirfici@ieedpe epahediatoniadleefihetnascioiavirgieiamsysobacterium

nucleatum was selected as & model and key organism for biofilms of oral consortia. Briefly, an
overnight culture was used to inoculate fresh medium {1:100). The cells were grown fo an opfical
20 density (800 nm) of 0.1, at which time SNP was added fo the celis to a concentration of OnM,
100nM, 500nM, 1uM and 10uM. A glass slide was aiso added to the tube of cells, and the bacteria
were allowed fo atiach for 4 hours. At the end of the incubation period, the slides were removed,
washed twice by dipping in sterile PBS to remove loosely associated cells, and stained with crystal
violet. The attached cells were enumerated microscopically by digital image capiure and
25 subseguent image analysis, Results are presented as the percentage of cells attached in
comparison to the controf cutture which was not exposed to SNP {Fig. 20}, and show that addition

of the NO generator, SNP, inhibits attachment of . nucleatum to surfaces.

it will be appreciated that, although specific embodiments of the invention have been
described herein for the purpose of iiiustration, various modifications may be made without
30 deviating from the spirit and scope of the invention as defined in the following claims.



30 The claims defining the invention are as follows: 1. A method for promoting dispersal of, or
preventing formation of a microbial biofilm, the method comprising: exposing said biofilm to an
effective amount of nitric oxide or at least one nitric oxide generating or releasing agent; treating a
surface or medium susceptible to biofiim formation with an effective amount of nitric oxide or at least
one nitric oxide generating or releasing agent; incofforating an. effective amount of nitric oxide or at
least one nitric idrige aeigtipthoinveléasingadditia a surface or medium susceptible to biofilm

formation; or 30 IndudingheRaS BIIRIAR Mi-BRFLEAIE AMAUBLAIANS PhIAHE ERARL R 0Xygen or

nitrogen species within microorganisms in said biofilm or capable of forming a biofilm. 2. The
method of claiff§{PHEFERIAG at least one nitric oxide generating or releasing agent comprises one or

more nitric oxide donasigodng” R MBBHAPE Gh GRIR2 Mkarel trcalxieast ane:Sitsie exidedanor is
sodium 15 nitroprusside, S-nitr so.—L-glgégthione, S-nitroso-N-acetylpenicillamine or a combination

thereof. 4, The metk%ae(r)#“é?ﬁrrr\e herain the microorganisms present in the biofilm or capable of
forming a biofilm are dfeatisingtarépe oigsediinTfuscaptitiedd idfgtaisrmiivh edtiartisdenliieravegeinisms present

in the biofilm or capafe Qliformingafiafinyaie RhentHirle §Pa%igs.# 6. The method of claim 1,

wherein the microorganisms within said biofiim or capable of forming a biofilm comprise bacterial or
fungal species. 7. TheltsRRAGENGREIRITRRIYS GIRIAEH RIS AIES SRR S WitkiR<ESiBeRTEHRA Sr capable of
forming a biofilm comaptisis; @genian aurecspereiusalactetbirandidiandicatispr, Hormoconis spp.,
Pseudomonas spp.. Pegdoalieromanas sPg-. SBRINIOCaCES ShR: » SHERINGRREUS RR- Shigela 25
spp., MycoBacterium spp., En €rococcus spp.,"ﬁsc ierichia spp., Salmonella spp., Legionella spp.,
Haemophilus spp., BéGUrIsEssiss Wesumieoispoviliuheiddimdimos ppraisebisaesradipimk ebsielia
Spp., Proteus spp., AGfOMANASHRPet AERORAGIES 8RR 1M§r@@%9%ﬁ&°ge§%ﬁ’§'8ﬁa9asmg

Porphyromonas spp., Fusobacterium sg . and Vibrio spp.. 8, The method of claim 1, wherein the
ﬁa e(‘?f’nf%'@‘forming a biofilm comprise one or species

microorganismEtHAMEE ISHRTEE L
selected from P, aeruginosa, Sithpthydociape s wapkprinidis, dasicheyiciiia ceide Bloiius lsotiemiformis,

Serratia majcesgens, Eysoharieu e oy UL GRAIGIRRRSUFLCARIR AlRRaRS. 31 9. The
method of claim 1, further comprisifig treating said surface or medium with,
4, The method of claim 1 wherein the microorganisms present in fhe biofilm or capable of

forming é bicfilm are of a single species.

5, The method of claim 1 wherain the miarqorgénisms present in the bioflm or capable of
forming a biofitm are of multiple species.

2 - 6. The method of claim 1, whereln the microorganisms within said biofiim or capable of
forming a biofilm comprise bacterial or fungal spacies,

7. The method of claim 1, wherein the microorganisms within said biofim or capabie of
forming & biofilm comprise one or more species selected from Candida spp., Hormoconis spp.,
Pseudomonas spp., Pseudoalteromonas spp., Staphylococcus spp. , Streptococcus spp., Shigelia

25 5pp., Mycobacterium spp., Enterococcus spp., Escherichia spp., Salmoneliz spp., Legionella spp.,

Haemophilus spp., Bacillus spp., Desulfovibrio spp., Shewanelfa spp., Geobacter spp., Klebsiella

- 8pp., Proteus spp., Aeromonas spp., Arhrobacter spp., Micrococcus spp., Serrafia spp.,
Porphyromonas spp., Fusobacterium spp. and Vibrio spp.. ‘ _ ‘

8, The method of claim 1, wherein the microorganisms within said bicfilm or capable of

30 forming' a biofim comprise one or species selected from P. aeruginose, Staphylococcus

epidermidis, Escherichia coli, Bacilius licheniformis, Serratia marcescens, Fusobacterium

nucieatum, Vibrio Cholerae, and Candida albicans.



incorporating in said surface or medium, or exposing the microorganisms within said biofilrn or
capable of forming a biofilm to, at least one antimicrobial agent. 10. The method of claim 9 wherein the
antimicrobial agent is selected from an antibiotic, a surfactant, an oxidative stress-inducing agent, or a
combination thereof. 11. The method of claim | witerein the one or more reactive oxygen or nitrogen

species are selected from rﬁ;ﬁgﬁ;&gﬁ glj% %Céﬁﬁ?ﬁmgrmﬁgpﬁ@%@w sia@groxigle radicals, or a

combination thereof* 12" ein’said method comprise 'n?jipcing differentiation
events 10 in miaroctga s witivnasaiddyiottemReE @%@%Oaﬁmwmg "Eai method
comprises prgﬁ%&%&dﬁﬁé@&&ﬂf@i&g@{@i@t@w@ﬁm@microorgaﬂisms which lead to biofilm
formation. 13. The method of claim | which comprises, inﬁfﬁ asirr} th(? en it\j?v'ttya%%ﬁ@igroorganism to
one or more antimici8biEARERES s RS BN FOSTHR PR EId SHAEVe amount comprises
a concentratiog,atatt iearkRremnitisioiidegeneratmpioaiieltgsiiy agent of from about | nM to about

10 mM, 15. The method of cléhi}g% e%g%%e@ige;k{gﬁeﬁ&%ﬂgﬁ“%m%é%!%%g&g%ﬁ%@g@aggltion of at least
n pM.

one nitric oxide gené‘r%tiﬁ’@ BF ntof front about 1 to'about 5 16. The method of
claim 1, wherein thieedfettivepemipiiiie. cultigeriiss bydesrtepriedisneet AUPRAER JAMARNY dkide generating
or releasing a 8@5%94’:&%%@5?9“ 10 nM to about 1 pM, 20 17. A composition for promoting dispersal of,
or preventing formation of a microbial biofilm, the comp%sition com risin&ﬁgrié%it%%ﬁig\%hgt least one
nitric oxide generatintp-of veleaiemef e h iR RO RPRIR I EUIAE generating or releasing
agent, toggthef, withograrisablgirenstie biothersioh saiticdiprssitomisrensab e KeHRIRY a
microorganism (o, an Sfiaue A MLl AL RS Sl ahiRRSheR Rl sisnranaaiRrating o releasing
oes

agent, and R omposition not comprise an azole. 18, The composition of claim 17
wherein the at least die Titrietsicédpnéretifigorniee BerriryER BASHHY SR TBHERMBre nitric oxide
donors, 19. Thﬁgmm&gi%rﬂ&%@q?g@swherein the at least one nitric oxide donor is selected from
sodium nitroprusside, 5-nitroso-L-glutathione, .5-nitroso-N-ace"?épenid,llamine ar

. J ” .gnoogg{nbination
thereof. 20, The comfbshismehet &heiry ereh LRl e ggpg%sgsawﬁ%ecr}tgﬁal agent, 21, The
composition of glaig2Rybedeiibeial doastunegntichivrobializgdhvisban Bmfibiotic, a surfactant, an
o antifouling compoGuar THATES e L BF Lo o Rl cevice o
a pharmaceutidadscorepidisiticde generating or releasing agent of from about 10 nM to about 5 M.

' 16, The method of claim 1, wherein the effective amount comprises & concentration of at
least one nifric oxide generating or releasing agent of from about 10 nM to about 1 UM,

20 17. A corﬁposition for promoting dispersa't of, or pravenfing formation of a microbial
hicfilm, the composifion comprising nitric oxide, at least one nitric oxide generafing or releasing
agent or nitric oxide and 2 nitric oxide generating or feieasing agent, together with a suftable
carrler, wherein said composition is capable of exposing a microorganism fo an effective amount of
nitric oxide or at least one nifric oxide generating or releesing agent, and whereln said composition

25 does not comprise an azole. _

18, The composifion of ciaim 17 wherein the at least one nitric oxide generaiing or
releasing agent comprises one or more nitric oxide donars,
19-. The composition of claim 18 whereln the at least one nitric oxide donor s selected
from sodium nifroprusside,  S-nifrose-L-giutathione, ~S-nitroso-N-acstylpeniciliamine or @
a0 combination thereof. '
20, The composition of claim 17 further comprising at least one antimicrobial agent

21, The composition of ciaim 20 wherein the et least one anfimicrobial agent i an
antibiotic, a surfactant, an oxidative siress-inducing agert, or a combination fhereof,



23. The composition of claim 17 wherein said composition induces differentiation events in
microorganisms within said biofilm which lead to dispersal or wherein said composition prevents s
induction of differentiation events in microorganisms which lead to biofilm formation. 24. The
composition of claim 17, wherein the effective amgunt comprises a concentration of at least one nitric

oxide generating or releasif%%laa?%%gé r%fﬁ roq.ﬁvtﬁ%%tiga%l\éhﬁgoﬂﬁ%%%%@m 20edibie £QraResition of claim

17, wherein the effelfivd es a concentration Of at east one nitric oxide generating or
releasing agentrofdreniheiseis wetingora mediea gy of 8 eMeRRIKSHAPBRIEIN-of claim 17, wherein the

effective amount co%or' gﬁoﬁﬁgfﬁ/ﬁ? Lot glalleastansaiticaxisedgeretaidngvatyeleasing agent
of from about 10 nM10 about I'Ip . A method for maintaini%q or en ancigs%rraeré‘bgﬁ?stioning of a
€

s i SO Tobl 2 A e (o
biofilm, the mewssaraBHpHEHisaL LR SR FERRSRAEABRY SAHC TSGR L AVenger, at least one
antioxidant or gl leass anadiieraxisie soaeogemediatiéastobieiafimdiant. 15 28. The method of

claim 27 wherein the nitric oxide scavenger.is 2-phenyl-4,4,5.5- t -imig%‘q}gﬂ =11-oxyl
3-oxide. 29, The mettod BreIEATH %ﬁ%@lﬁtﬁ%%ﬁt%x? N Viésarsnéﬁféqgegﬁéft%% thloredoxsi?], superoxide
dismutase, glutashiasiemmiiasxdeiganaeioy Soslarsborest otion aavh 2okt d8MBrises inhibiting
differentiation events,in £0 %&5‘3@5%?%5%%&?%%@ Siolim whirheasda digpessakiodl, A

composition comprising at least one nitric oxide scavenger andlor at least one _antioxidant together
with a suitable €&ttt Wﬁﬁ%@@lWW&W&W%@@@WE&&%B%ﬁ?@aﬁ%ﬁ%ﬁg Se{"nh@ enhancing the
functioning,of a biofilg, 38, JhBERAARSSHIAN MIRTKIRFeAaERs dingiHOcCNee8 2 whiskrafibribits
differentiation events 25 in micrporganisms within said biafilm whi i sal. 33. The
composition witEH RGN @QF%'E(EPQH%%’?%V O L r%ﬁ)&(ﬁ%&k@é@%ﬁ@ﬁ{é
2-phenyl-4,4,5,5-tetramethykimidaz etintaitinnxet Srxiste. B4. Tictosiognplositicfimyifenriedied according to
claim 31 wherein the antioxi ' i ' ide dispidiass, gdtathione and
ascorbic acid. g&n?gsmpﬁép %@ﬁ]%dﬁ giﬁcﬁ%? ,g%r%ﬁgrl?@%@gé%%ﬁ%%%g?ié?gosubject an effective amount
of nitric oxide GrErIEALIHE HtRECHARGR ISR EEPIEBasing agent for the treatment or prevention

of a biofilmzassociategkconditignoln saifisubienkeat Taenmetbask albataige3s Lilbay-¢oMprising
administering to said s%b“#gct ﬁt least gne, .antimicrobial agent. 33 37. The method of claim 1. wherein
said surface suSEEBRIBETEHBR TGN comprises the surface of a medical device.

29, The method of olaim 27 whersin the antioxidant is selected from thioredoxin,

superoxide dismutase, glutatiione and ascorbic acid. |

30. The method of claim 27 which comprises inhibiting differentiation events in

microorganisms within said biofilm which lead o dispersal.

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

32, The composition when Used according to claim 31 which inhibits differentiation events

25 in microorganisms within said biofim which lead {o digpersal.

33. The composition when used according to claim 31 wherein the niic oxide scavenger
is Z-phenyk4 4,5 S-tetramethykimidazoline-{-oxyl 3-0xide.

34. The compasition when used according to claim 31 wherein the antioxident is selected
fiom thioredaxin, superexide dismutase, glutathione and ascorbic acid,

30 35. The method of claim 1 comprising administering to a subject an effsctive amount of
pitric oxide or &t ieast.one nitric oxide generating or releasing agent for the ireatment or prevention
of a biefilm-associated condition in said subject.

36, The method of claim 35 further comprising administering fo said subject af least cne

antimicrobial agent.



38. The method of claim 37 wherein the medical device is a catheter, stent, prosthesis or other
suitable surgical or implantable device. 39. The composition of claim 17 for treating or preventing a
bioflim-associated condition of a subject. 40, The composition of claim 39 further comprising at least
one antimicrobial agent. a7

37 The method of claim 1 wherein said surface susceptible to biofilm formation comprises
the surface of a medical device.
38. The method of claim 37 wharein the medical device is a catheter, stent, prosthesis or

other suitable surgical or implantable device. 7
5 39, The composition of claim 17 for treating or preveniing a bioflim-associated condition of

a subject.
40, The composition of claim 39 further comprising &t least one antimicrobial agent.



