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WO 2006/125262 PCT/AU2006/000693 Methods and Compositions for
Regulating Biofilm Development Field of the invention The present
invention relates to methods and compositions for regulating programmed
WeelUs/tsagh in microorganisms and for promoting or inhibitirgdispersaboefoes
microorganisms from biofiims. Backgyound of the invention Biofilms are
three dimensional microbial growth forms com%r;sin bacterial
b

communitied@thedsand Sompesitiarsy aub@ings are

ubiquitous in the environrBiafARg Day&pspRTeaelid surfaces where
water is available or in suspension, for example as flocs or granules,

Biofilms io cause significant industrial damage, causing, for example,
fouling and corrosion in fluififpidsddbesinseattiggwater distribution and

treatRaQntays IeEsIRUR-RANABREIN AR BB NERYSIa B8R Al rogrammed cel
q eﬁ_‘c.:.han e Esqystiems ang} cc?ollntgréowe@; an ,contrlt[)#tl%% to the sourln%ﬁf]
B Bi§8ﬁ USRI L RIBTAME S R HRALHEPRE S Pvapaenions SRftikindms.
are also important reservoirs of pathogens in water systems such as
drinking water, reservoiggapgrBipgs JFigiiaietRlse associated with a is
number of chronic jnfections in humans, for example otitis media (biofilms
on SLMAERD iR P S B BHAP B CLL IS (BRI SRR YRl and
thelearac_aﬁmiaheatﬁw&hsespduysii@iﬁﬁimﬁse(tﬁﬁafﬁfm iorhsurfecemeritive luage)m on
s e RneY RINeR A0 RN IR RAdiGALS !%%EBE&SH%}P%%%% Biofiims

implantable medical devices. However notwithstan e significa
CRE TG AN SRUEIA B YRR ATy st O iRt nDePrRS RIS Thidprapseses
suble & eelistitataxannleainenasttwatenireatimapisystemaure RRAGIR heat

S HoRL LI Lo S8 W OPR AR AL gl Al on

regebidEr fawdamiisheaifamisredivatbigiies et frogerdal ezseionrs obisttiogsns in
wagkieanhanseingiactl kel haosliralRiefines. BaRIOTIMGA & sociaied with 2

essentially multicellular microbial communities, the formation and
TG TR TEFURTE T BB P PR AT S (FRBIEA P TS e oor

bacieizi wedaaydiissiisiisach asfesltobtheshigadbinghdaxtracel)larssidbalbingiofims
. SeNs] r teri S

RS 0 ARSI RS o

‘mgﬁfﬁ@@érﬁ%ﬁ?%gﬁ‘ﬁ@ﬁons of signalling molecules are reached. This is

asspeiriedvittdieipg iel QIRAKIEERHTNE deacking R thenndurliPRments,
R e Lt e
biefifre resraiise-assasiated Hivitms ¢plaaktoaie) ewlsai inbdiieteallsisttmoval, such
asoiofiimsslifferentiate and biofilms mature, reduced metabolic rates, the

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

Bicfiims are essentially multicellufar microbial communities, the formation and development
of which is dependent on various mutticeliular traits of the member organisms, such as cell-cell
signalling. Extraceflular signalfing systems such as quorum sensing are used by bacteria to assess
cell density and initiate changes in gene expression and phenotypes when sufficient concentrations
of signalling molecules are reached. This is associated with differential gene expression, leading to
the induction of, for example, virulence factors andfor defence mechanisms, and with cell
differentiation such that biofim-associated cefls become highly differentiated from free-iving
{planktonic) celis.
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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 stratedles typically target the early

Stageﬁsﬁﬂf?i@éﬁ%ﬁh‘?ﬁé&g‘tﬂﬂ%&”&ﬂér%ﬂﬁ’ai@‘é%’%ﬁ@'ﬁﬁn‘é%ﬁaﬂg}g%%&%ﬂ%g{%ﬁﬁ' rates, the

agents. However such toxic agents present their own downstream

plotemesuoio thefizateasedimothe envilsnimednesthabitived strémingibisl agents to
forebinfim: agnirelasg s parly LaguirestiihaRaraceaiii Resy JIseaVRERRs particularly

that Pseudomonas aeruginosa cells within biofilms undergo programme o
@@ﬁ%‘e‘ﬁtﬁ@ﬂ%ﬁ‘&si?rﬁ?ﬂgbﬂ%‘%&%‘&ﬂr@@@ﬂl‘?ﬁa%‘i’&ﬁw tprgel e petletstpaas of biofilm
@vdQ0ssrtall ivaeathd DB epudRranasasilsiRasa RinfindevriBRRhts present
‘%. Bact., 185: 4585-4%??. g is believed that pro%é?mmed celldeathin
RFAL dpBS UEaHT GIRBER S IHP PRy S RERR A U BR) B ho I8TRived strategies for
Hadlitatimgthifferlentiationi@dd dispersal of a subpopulation of surviving
cells ront {ne.Aiofln, The esetenion o-based AR YEMONS i ung
finding fatt |s¥) enomenon of programme CelF GEER T Bid e g oM ms undergo
ke testhee bdzairanidticrs oftheactivel oxyige nfdnelbinfilogdecydls Sheldies al, 2003, Cell

é&%%ﬁbﬂﬂ%ﬂv%@&%@%ﬁ%f%ﬁm@Bﬂ%ﬁ'ﬁ%*ﬁ%&?ﬁ%ﬁsﬁﬁsmztﬁgz). It is believed

rogrammed cell death, and dispersal of cells from a biofilm into .
t&éma&%%ﬂ%dﬁaﬁbfww&@a efsthgatigicossitie rairsrattadiatpAensoiiys a role in
ARIINEIRASRRIBtBIBXISR) CRPERAIGND 10 ¥R RABIRRARE Jag A ARIm,

mani;ﬁfjﬁation of bjofilm developmentalsf)rocesses, by promaotin

1 ey 3 , g,.
progratAnRERF R HERNa R PRREL Bk theWeRBItid dinthdhabiibiso phenomenon  of
@ogiaiciediedlogeitisn thiefehy ipripkiting heerdesiRtonhibiéagivdbare@oand nirogen

TR D B AT i Ao 05 o oo
Efrdm!iaomfillnﬁ.,c&ﬂe_ rﬁmmhed)hscﬁhmpiﬂmngj@tm@ni.r@ﬁhedaioﬂhl?nimdmedemwaktric oxide
g%%‘?é‘tBFzs‘?f igaids 85:%%&%%&&@%d@'@&ﬁc%%ﬂ%ﬁjaqi&%qﬁgﬁ Q%n%fé%'%ﬁeﬁ%@&umﬁon and

agent. 25 The present invention also relates to a met| or promo
rarsrefei o P dor glempepmienishpepeRstipn, thedipadtiod egiprsiag cell death, and

HRALGINAHDSAGEUIHIAIOR0 BNRRRICRYS HBREVEOXYIBRVRING Biféﬁ%%%frfor inhibiting

species within the microorganisms. Also herein disclosed is a method for
Rt siERy G Bk k8 PR elorTSAb /or development, the method comprising

treating a surface or other medium susceptible to biofilm formation an

effective 30 amount of nitr'g:u%wl%ﬁ; &k E%%sf @i‘gﬁ oxide generating

or releasing agent. According to a fifst aspect of the present invention,

therellepigrat i @thelates ipronsditgotpspepiag ofsaanrdbiirpradinisms from a
BRAM AL SOMRHING P RPN SRITDIOMITLIR AVCHEAINSMRARIDIR or at least

amount of nitric oxide or at least one nitric oxide generating or releasing

G SHECOHHRIGRIRG tHe0h ElBRAlIREEH of one or more reactive oxygen or
nitroges sReesies vt also relates to' a method for promoting dispersal of microorganisms

from a biofiim, the method comprising inducing the accumulation of one or more reactive oxygen
and nitrogen species within the microorganisms.

Also herein disclosed is a method for inhibiting biofilm formation andfor development, the
method comprising freating a surface or other medium susceptible to biofilm formation an effective
amount of nitric oxide or at least one nitric oxide generating or releasing agent.

According to a first aspect of the present invention, there is provided a method for promoting

dispersal of a microbial biofilm, the method comprising;



20

microorganisms within said biofilm, wherein said method does not

comprise treatment of a human or other animal, The at least one nitric

oxide generating or releasing agent may comprise one or more nitric

oxide donors, Said one or more nitric oxide donors may be selected from

sodium nitroprusside, S- nitroso-L-glutathione,

S-nitroso-N-acetylpenicillamine or a combination thereof, 10 The nitric
oxidesgiarpy isu dvidediinm riisctoxicopoorenifainn ofsitiexample. #&ast one nitric
o%(?éqcee@xtéaatti;ﬁnomta g)emin the%tnapomolar, micromolar or millimolar range,

SR SHORT SbsUr T Y8 sBout 10 mM or from about 10 nM to about 5

pM. Trednigfilie meayrhediagesassaciates arasiapendrd. Jheirsepessieds within
biofilm may be. inn the % of flocs or granules. is The microorganisms
IB'%%%H?% %ﬁew iéﬂ‘ﬁrﬂg ﬂgmbe of a single species or of multiple species.

The mirreprganisetmivids waichRigfn-saaeosnBRsR ARsIeHal aFifwnoal

speciges or poth, and may. comprise one or more species selected from, .
o oo B A B PR EEBAE B aiso e gpey, o o more i
Rseutdoaite rbanicomasos ppre StRphylde dowers spp be Stiegtddacsysdapp nitroprusside, S-
Shigell , obacterium ,.Enterococcus .. EScherichia spp.,
B P e e B BB o
Desilfisvinitlis spiie Steewaitelfosigpd, Geebaateoxispponsasiatiefia s, example,  the
DFRLASHSR thay Y A RRNAR SRR ARBRRAGEF rﬁﬂﬁnow%gﬁéﬁ%@@%{’%m about 1 nM fo
S , and Vibrio spp.,

erratia spp., Porphyromonas spp,, Fusobacterium sp

FeameSErbh e EoEkaneiI 48 i dusbpuisedies being Candida albicans, P.

aerugiosssiRRRROsaesseRIderBIgis  RAbedichiR ¢olbe RRRMHSIM may be in the
licheniformis, Serratia marcescens, Fusobacterium nucleatum, and Vibrio

ferMIEIges I RAdShethod may further comprise treating the surface or

mediTing witholganprrateeninrsaichisiirfaempbaedisingicomnexeosing Mifiole species.

micraorganisms within said biofilp:; Eg)at least one antimicggbi a%Fnt. B%/

way OPEAHRADRS B Ve T B CHAREL GEAUAGA Speciés or both,

aabreanycimpiibe ceartactard spayidsessdienirdod &gy sntisite Gmaitizespp., Hormoconis
idafi -induci e hydrqge roxide, h hlorous

s S e S R S P e sop.

Shigiefte napy..adbeabaiigsuin raisrodrglarsrnssof sphiofilsnhedeieddpy.a fedtlwodia spp.,

ngm%ﬁaxésaﬁ%mmm%gs,p@gam%s’da'ﬁﬂﬁo%i%esgpvx%ﬂ&%éh&%fgg%qeoeobam

d superoxide radicals. In one embodiment the reactive oxygen an

SRRro{BbrigfReRss [IQiarsRpRiteOmeram DRt hASIREBIR. OMigRaRasHeISPD., Serratia

" Sﬁﬂﬂogﬁﬁm%srﬁﬂy be.aphieyashby Pasingt e poiriimsia e EesHYRs of such

amount of nitric gxide or at least one nitric oxide generating or releasing = .
erichia coli,

SRERIRE. R SR BRI EN o RS PRETRo AP tHOGRESAT SPERIRIS rf
BiihpripednituninSdeatifierertiiotion Rxe s GLRRIEGRNI SIMB Wt T /aRithe

biomﬂxe\e’v rﬂieﬁpolae%%yt?uggksé?%%%ﬁspél ?efa %%Vtﬁley ét?rFace or medium with, incorporating in said

surface or medium, or exposing the microorganisms within said biofiim fo at least one antimicrobial
agent. By way of exampie, the antibiotic may be an aminoglycoside such as tobramycin, the
surfactant may be sodium dodecyl suifate and the oxidative stress-inducing agent may be hydrogen
peroxide, hypochiorous acid, chlorine or chioramine.
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as well, methods of the invention may comprise increasing the sensitivity

of a microorganism to antimicrobial agents. The present invention also

relates to a method for the treatment of a condition associated with

biofilm development, comprising adminigtering to a subject an effective

amount of nitric oxide 5 or at least one nitric oxide generating or releasing

agent. Thus, a method of the invention for promoting dispersal of biofilms

may Ceagivisexygdminisidmagteraecithjddtianayffsctivelaie i tokioegaoismsaf a biofim

ey 46 R1h I6ARL ANEU 8 B, AEPATATNG Q! RIS ARFBLdRberoride and

the treatment or prevention of a biofilm-associated condition in sal

Bsjertedptisially together with at least one antimicrobial agent. 20 The

IOreSQﬂbH&@ﬁEW@rﬁQH@J@&@@%WWW@%@E@@Q'&@r@%ﬁ@ftﬁﬁ' of

microorganisms from a biofilm. Thus, according to another aspect of the |

invertioH MBI IARYE L B0 O Ao PErReSRAL Bxide GértbRitRgosing the

insfielaasingagend, dogether niltb axkisitabie leastiensfanibeanidasting of releasing

aae(r:]?mposition for promoting dispersal of a microbial biofilm, wherein said

cgomposition Is capable of 25 exposing microorganisms within said biofilm

to anhdfeativendre-toxien onolant wémitiiig otikperealatf |dadtnomnenaitricoowitke  inducing

(ﬂﬁé?&ﬁﬁ‘ém Q\Ferrﬁéqﬁlﬁﬁ% gﬁ%m@hﬁtﬁiﬁ'?ﬁb%ﬂﬁl% i .J)@%g?ogﬁg; F@éf.n%%'}ﬂativeiy, or

releasing agent may comprise one or more nitric oxide donors. Said one

¥r WeBr& PAESHXide doRBleTARRY KersRise tBareasindsBai spRsHitFaprLa Siso®mganism to

dHikesrtiagldtataione, S-nitroso-N-acetylpenicillamine or a combination

theregf. 30 In one embodiment the nitric oxide donor is sodium . i

nitrodolfﬂfsgfaée.%'rﬁ&?ﬁeﬁ|é‘?%f‘ﬁ@8%§irtﬁe%fgem%dchHB%éﬁ%W?ﬂ%Qf BePaplition associated

withtisfofiitinge esioppestiiconorising barmateint calosupprs enalfflredlthantount of nitric oxide

o@ya%ggs g%ﬂﬁgcsiti%. 5nTh [nc%mgpﬁ‘%&ion may further comprise at least

one antimicrobial’ age Y The %ntimlcrorﬁﬁﬁgagent may be any antimicrobial

agent ukchaagnaiehtithidtie, iaveoifactant weroxiidatitersies sofirduibirag may comprise

agenkd s A axarapiendiRntipiote MAYASANATINAOMCASER MEivic odde
odium do the

as tobramycin, s the surfactant may be s lodecyl sulfate and o
IKRIatNS ¥treisssing @emy Bpdie Frayee! syerygRlPhefcxiiimysertiadgandition in

aridusRlarnBeERNamRINGAH S CRRPaTPAREEaIRyention for promoting
dispersal of a microhial biofilm, may: induce differentiation events in

microdryRIRSHIRRTEN S50 RRRR P AMAR ISR 5" RS g thiesisalel prigroorganisms

fsenaitilafymof said microorganisms to antimicrobial agents; or may provide
a conﬁﬁ)ination 8f tthe *R effects TtEe pres ntion also relates t
Q0 . of e

us, accordin nother aspect Inven in}}inﬁ/e i & 3 '
composf?ions for ttea ing a cBhation assoglzf)ed \/\ﬁ{ﬁ S!JP(S%Y}% ee%&%e?{t{easi one
Mhasxidecorngratiion eiakennegstioldehererhatingtalispersal, dbotha manufacture of a
WQH% %?ES'(%HES}% Bﬁpersa% of a microbial biofilm, wherein said composition is capable of
exposing microorganisms within said biofilm to an effective non-toxic amount of nitric oxide or at
least one nitric oxide generating or releasing agent.

The at least one nitric oxide generating or releasing agent may comprise one or more nitric
oxide donors. Said one or more nifric oxide donors may be selected from sodium nitroprusside, S-
nitroso-L-glutathione, S-nifroso-N-acetylpenicillamine 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 or a

pharmaceutical or personal health or hygiene composition.
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suitable for treating a biofilm-associated condition of a subject, and may

optionally comprise at least 15 one antimicrobial agent. Also herein

disclosed are methods for maintaining and/or enhancing the functioning of

a biofilm, comprising exposing the biofilfn to at least one nitric oxide

scavenger and/or at least one antioxidant. Such methods may comprise

exposing the biofilm to at least one nitric oxide scavenger, at 20 least one

antioXittarmropcatileasephietmtricogithe stiasshgee antharébasiagerd. The antimicrobial
F1C e r qoi g N .

B ey G S BTl S Tt szolnl o gidgive s

IRdEGinseaganbcfaa AP ranapbuhe anthistiadnar: hrierctiinnslysnyds sieas lobramycein,

gisquass Jhaptuopeiandiareoraigraeind NERINAJ MY CORIDFIRE Iageﬂt may be

inhibiting differentiation events in microorganisms within said 25 biofilm

Riypliege NeRRIE0gi SpRreiprans 8k AR BIR RISELERIRIBE composition for
maintaigingdatienkateingeatidintainimgandsgnbangingribeflanetitmineay: induce

a biofilm, the camposition comprising at least one nijtric gxide. .
R <t R R B B R el Eofwegpidperesse he
SEhetvdynpasitloniaaygantsibit diffetieiticliohegeentsimayicroadganizmsination of these
é/ffgﬂg‘ said biofilm 30 which lead to dispersal. WO 2006/125262
PCT/AU2006/000693 6 Definitions As used herein the term "biofilm"
referd e Bisyamrideealiviealsiorfaanriciaprsdiong fidremiag Teaidiiamitgssociated with
[HsplRERgodieellular characteristics. Accordingly, as used herein, the
term piofilm includes surface-associated biofilms as well as biofilms in,
suspéR¥ion celeRsaeHBE e ianife B W R BiNRera, AL shipmise b Hgfim may be
Juitehabie] RRtcies WisfimeyssizinidedreiiRoieSanilptexed, raaychpiayalincludeise at least
o?%cz}r?hi%c?o Yvﬁa" aﬁlg fungi, algae, protozoa, or other microorganisms, As
USed herein thelterm “surface” includes both biological surfaces and
non-Wistogical sisdases aBioleyicdd durfagekitypicaily/dnehidecng fkeclanctioning of a

I%fﬁm 1 ﬁéiﬁﬁ“&b&ﬁ\g?ﬁg%ﬁﬂfﬁ%@ﬁ@m{%ﬂgﬁéﬁggéﬁé@ﬁ%ﬁg&c%%r at least one

skin, seeds, plant foliage) to an organism, including bacteria
HWiEBBhes and cell walls. Biological surfaces also include other natural

surfaggenSHER RS Wapsbaiprisarex Dot oleginab itasemayine Gt Ralenger, at

made surface of any composition that supports the establishment and

IR QSRS O O RAS! SEHI PSS AiaRP PP &bt onR dtigigent
plantsrentrieaulipreenbrigbirthgr bioz-phenplipas escabihanpresantdmenton 3-oxide.

e R BT T TR BB B s
thapatssdhgrberssod adetdehacent of cells from surfaces, including other

cells fﬁé‘%ﬁeﬂ%o%%ya%?ﬁée %%Bﬁﬂ@)&ﬁfape%t%ﬁon events in microorganisms within said
biofitm which lead to dispersal.

Also herein disclosed is a composition for maintaining or enhancing, or maintaining and
enhancing the functioning of a biofilm, the composition comprising at least one nifric oxide
scavenger and/or at least one antioxidant together with a suitable carrier,

The composition may inhibit differentialion events in microorganisms within said hiofilm

which lead fo dispersal.
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return to a planktonic phenotype or behaviour of those cells. As used
herein the term "programmed cell death” means a developmental event
within a biofilm that occurs at defined stages and causes autolysis,

weetiwler diféerentiation and the 20 development of subpopulatiengiofeaeissss
with specific phenotypes. As used hegein the term 'exposing” means
administering to, or otherwise bringing into contact with. A microorganism
or biofilm may be exposed to anRefin#iagent directly or indirectly.
TyFA@%‘&‘:@H@‘@MQK@%?W%%TW%‘?@@%W%ﬁ@é@%@fﬁsﬁgﬁaﬁﬂ%‘%@rﬁjﬁed microbial

microor ﬂlsm or biof {m to be treated or otherwise bri
oo RS G PSR e oS ERA DTy i bictim
inchdeeeatrexpasuatefdisitothe wdraiinfiagon ubpemecussdr of b astiyenules,

3%%19: BofiREP Lﬁ%@rﬂ?&%ﬁ?ﬂ%ﬁe?@?%ﬂﬁa fbg%ﬂ]%a Cagdees'tpo%q Ielya%& may

In react on with ot ompounds or molecules ve agen
’“‘?Hﬁ?ra%ﬁ*@%?@ﬁﬁﬁraBféﬂﬁ*na&a%tﬁ@m%%ﬁ?ﬁ‘@iﬁ@%érgﬂﬁﬁéi’@organ|sm or

biofilsnyisaie r?@@ﬁafﬁéh@fﬁwﬁﬁﬁaﬁémﬂ@weé%ﬂﬁ'Hﬂ%gkf@%uﬁé&@s gﬁ@%@-bﬁﬁgacal
riatio ereof as used herein mean administerin r.otherwi
S VB T el B on e BBl Aitne an
merbrates antheviersanieuntingg skinoseedxiolBitiolieghcie ranamyeniampincluding bacterial
mEAMERIERHQRIAR 2885548 Qf@é@%ﬁlﬁ&%@%%@ﬁ%%a?ﬁﬁf%@%ch as wood or

unt/ ncentratlon required will vary depending on factors such as the
e N0C- B AT OS5 BT Rt S TFRS BB Coseiie) hAtpsipagete
estabiisionefitrand einglreededf whistiner Stiok duiddties isag b aRRASBORIRLEHI Qlants and
ister nd the 35 made .of
S B B B S B DB e R e
meEhaRaV BPRBAIYS 7ok swisvie. for any given case, an appropriate
efmugwamm&hmw@ed%@b%m@@dtbhé 616 ©f QrElARY kildHbSAEss of
dey ngﬁ e(?llél ne ex erlmerp % d he ein the tern}é non-toxic" as
(P PErTAINS ﬁ&aﬁ? Shiohd G §fa%é?ﬂ%f biofiim{s)), and a
re%wrt@@nwaaﬁtong mwmmmmmlwbéﬁmwe&M|ch do not have a direct toxic
effegt u@e@%&%ﬂﬂlﬁoté}ﬁ%t i &d%ﬂ%%ﬁygéﬁfﬁ”lgﬁﬁscﬁllfe\}@kﬂb?ﬁ’%hm}'wﬁhm a

erate as a signal that triggers induction of entiation processes in

beS%nﬁH?é UWhtieh Thviilred piesgPamihsaUses aualisie b digision and the
detielpefereohsalyptesiation dbadl efiessetigpetatipssof cells, generation of
disper : t i +0 il or exa ple ith reference
o B e P Bt TR R o
coniee KN i qERERRs oF Disfie Syl A@Qﬁ;@dm@ﬁ@w\m@g@ﬁﬁimﬂy or indirectly.

aypfmguq&n&pamp@f@@@Sam@ﬁwﬁbwae@qm@%%ﬁ%wggmgﬁf&fseﬂﬁ; 0 be

rameters: the viabili

one,or more of the following pa
R e R R e A
Typivelipiofiirecithepdensitgfet thetimiedtoigeaiizms i ptheuhiefibfihthecdlifespant or a

cor%&bﬁd bR ancthe-Rfficacy:ak qoﬁmB M0 SERIERY 9@({& BRI gompounds or

unctlon such as in the case of biofilms In wastewater systems

RSy alt rAstEnESeRc dordingyiciPisRstiEc iRl tse @i@%’é’ﬁ?lrﬁi@ﬁmn’fhe
midnadatiiming"dufifil intu optienin@ENERNSRRENEN NG AL 18Rt and “reating' and

variations thereof as used herein mean administering to, or otherwise bringing into contact with.

As used herein the term “effecive amount’ includes within its meaning a non-toxic but
sufficient amount or concentration of an agent to provide the desired effect. The exact
amount/concentration required wil vary depending on factors such as the species of

microorganism{s) being treated, the extent, severity andfar age of a biofilm being treated, whether

the biofilm is surface-associated cr suspended, the particular agent(s) being administered and the
mode of administration and so forth. Thus, it is not possible to specify an exact “effective amount”.
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substantially reducing the developmental processes of programmed cell
death and dispersal such that microorganism viability, microorganism
activity, biofilm lifespan and or biofilm function is not significantly reduced.
Enhancing biofilm functioning means imcreasing or improving any one or
more of the above Wgarameters in comparjson to a biofilm not treated in

ONEYRIaIE Wit YRS (st BBIRVRKSHEHYS 8B Herdiviite fstgimined by one of
didimabyitsiy Irethetaparsain sip oidhimspagansatiomplete or partial inhibition of

biofilm, f n /or development and als |ncI des within. its scop
the rg\é/e%g?fa%%ﬁfi m d¢ er@elggﬁ{g)r(i%or procoesﬁ’saéﬂsS aSsBUKE E\Rﬁﬂ’? 5o fﬁWP“nts of a
sidnsizatio maeand/crrdevisopraenanunthef, 2 mihitfition whign de pefmenedirent toxic effect

&?%‘ﬂ?@&yn&‘ Qﬁrm\&ﬁﬁwﬁgéﬂ%é@%ﬁ@%t E%%W%%ﬁ%‘e%S é.i( hat triggers

eveopment may be inhibited for“a time sufficient to

igdpsten of ﬂi@e&%ﬂtif’él%ﬂ BFapRssepdtiieliienwiieh t@ldﬁivec@ﬁfp@i@m@'edt@éirﬁi@a‘th response
adﬂ%i&kﬂ%@ﬂmﬂy r@&iﬂtﬂﬁ’@éﬁ?%ﬁ%@dbfp@ﬁ!ﬁﬂonFdf'%i%”ﬁ@i@r’aii&i IB1i08Sersal cells

of the word "comprising”, such as "comprise” and "comprises”, have

S@Sri%%&&iaiﬁ@man@a%eﬁ?ﬂ@émelﬁemég%fﬁﬁ%ﬁ & ﬂiféomaiiﬂrfi@% a non-toxic
cﬁﬁ@fmra&ﬁfﬁrIQMGUﬁtQﬂaW&brﬂMéJﬁ}ﬂiﬂWIb@@xi@iﬁ werobraxample only, with

refer nce he .follo d ann ure 1. Cell dea d dispersal .
oS o8 BB O TS G oA e measured wi
re@mueetmygema:mdimeroigtea fstbmml@,spmamaimcﬂmmhﬁﬂ%ﬁiﬂ@w&&o@émsms in the
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biofilm. Black arrow indicates dead cells within a iIm. Bar,
copoehlfini EresaRpREeH AR CRARIIMGS WOl SmplonyienTIensipreysuline or at least
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s@ﬁiﬁciﬁ’ﬁ@@@&u@é@ réﬁnasmgﬂiﬁ%m&bi@ﬁ@iﬁ@g"ﬂf&%ﬁ@ﬂmm@@fi eBimg any one or

ur he effect administration of Ofl m an ktoni
B SRR R BT /e UFo0ih (3715 ORI S8 Waine presen
iplatinin the presence of sodium nltropru55|de (SNP) Planktonic growth
was [ f e r is formatio
crysl o i Enn s T S ISR eler vene
insyatiergehéa g oetiensansion dyeiapsent and aiammnkudeﬁmnbnsmmne the reversal of
bRIGRAKIBIHGSHRB Bt QI HBAS AT MR SEHIH WRER WA 2R ?om Further,

Petri dlshes containing microscope slides in the presence of a nitri

ISR SRS PRIFORIEN S dS(RINMYY. Slih ieFBsoof @mwaiﬁvdﬁ@m@smim Tormaton
aﬁd@ﬁﬂéﬁ@ﬂﬁn@ﬁ@%%@ﬁm%@%@ A SuaTcoN b BlegutRaraiHiGired effect.

In the context of this specification, the ferm “comprising” means “including principally, but not
necessarily soiely”. Furthermore, variations of the word “comprising”, such as “comprise’ and
‘comprises”, have carrespondingly varied meanings.

Brief Description of the Drawings
The present invention will now be described, by way of example only, with reference to the
following drawings.
Figure 1.  Cell death and dispersal events in P. aeruginosa biofilms correlate with the
accumulation of reactive oxygen and nitrogen species within microcolony siruciures. (A) Confoca!
micrograph showing a 7 day biofiim stained with the Baclight LIVE/DEAD stain (micrographs for
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15 oxide scavenger 2-phenyl-4,4,5,5-tetramethyl-imidazoline-1-oxyl
3-oxide (PTIO). Planktonic growth was quantified by measuring the
optical density (OD600,m) of the supernatant (light bars) and biofilm
wygrousth bizaneasuring the percentage of surface coverage (dark/haesds/o06693
using image analysis of digital photomicrographs of microscope slides
after staining. Figure 4. The effect of SNP treatment on the sensitivity of P.
Ive iy isas 596 arfiasnciobialndeparisnty. ip seraratyimersisP AGtevamoyrinicates a
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phﬁwﬁ%gaﬁﬁﬁbﬁ@éﬁﬁbgéwﬁﬁéﬁﬂﬁ@kto“'c P. aeruginosa cells using

SNP. and anti- microbial agents. Planktonlc cells were treated for 2 hours

with @i ehtinmierdviest AL {GIREEN ehihe seiuine dinerspesdlagat-microbial
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ef

ofI| ss |ke |th S, rarcesc ns ct of SNP on the

S BRI e CEURSLINE 18 BICHOEP AR S SCANT SRS oAy )
hy@@gmsa@nw@g(cbh@mgdfa@adoaémsmmm@ﬁ @9@ v@bdiﬁyrowm& GAOCH in the
prdHRP S 2GRY @%%rt%ﬁg&%@iaﬁgéﬂfr [AYRb, SUBAGS FRYS " A¥fescence

.using microscopy analysis %ht duplicates).
micrograpns of the same si;des aﬁer reatmen

Figure 3.  The effect of SNP treatment on the sensitivity of pre~established P, asruginosa
biofilms fo anti-microbial agents. 7. aeruginosa PAOT was grown for 24 hours in petri dishes
containing microscope sfides for 24 hours prior to the addition of 500 nM SNP. Biofilms were
grown for a further 24 hours and then treated for 30 minutes with the anfimicrobial solutions,
stained with LIVE/DEAD staining to aflow analysis with light microscopy and quantified {percentage
surface coverage) using digital image analysis, (A} Sensitivity of biofilms (% surface coverage) on
microscope slides to tobramycin (Tb), hydrogen peroxide {Hz02) and ultraviolet light (UV) in the
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Figure 9. Biofilms grown for 3 months on uPVC coupons in AR in-line with
recycled water is distribution system and spiked with S, marcescens.
Effect of exposure of the biofilms to 0, 100 nM and 500 nM SNP for 18
Wiiolins/beske a 10 minutes treatment with a range of concerftfatioh206dwecs3
chlorine: (A) viability counts on eutroghrc agar (LB1c, triplicates); (B)
percentage of surface coverage using microscopy analysis (BacLight,

PresapRcAlBY) Sy el 07 RRREBEDUaParY diasbisaPiP Selfatierinart duewasence
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T@ntrmg:reaza' GVt %ﬁte%racm 108:4Bn R UML) P ttntlr@v @gemmt ) were
1 fec |br|o C

holerae ure t of GSNO on dispérsal o olerae

PEFRBRRHL a?ﬁﬁﬁf‘r ?L‘Galﬁlfyé&ﬁ@f@ﬁw%n dispersal of E. coil biofilms. Figure
17 Fifteet of SREt00F ﬁﬂﬁeeﬁabﬂﬁﬁaﬁllwﬁﬂmemfdml%rbﬂmfdntlr%m Fagwti@tewater
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oo e B A TS BLBURETE AR o PIEAE ol cgrAoe o
SUTABHRRVRGTIR AR @ﬁ@%@%ﬂﬁ@ﬁ?%rﬁl@t@a@ of P. aeruginosa

biofilgusetave Biide ptifiadod Spental of wels foanvih e keIt Rl water
dtsmreﬁ%teraasar@@?;@mrﬁ@ rﬁe%a%%eet@c@f%% SR G CATLFRRULL | rr* 100 nM

i SR R T

o souaa ”ﬁe@?r}anteré%a A e o e
chigishotyp adbiiiv rﬁj%&%ﬂﬁt@ﬂ%@%% et Uipliesiast;, (B34 permansage) sisurface
coVBfefrbuaing @008 \CallivksaBrthifPs eudimaies)as aeruginosa biofilm

dew@m@nt Eﬁeaepmpl&%b'é%%réﬁ%arﬁ%@&eewbr@f@ﬁegrammed cell
e m_formin cteria
(Mar gcﬁ;rﬁlo%\%}%%ﬁé@gﬁ }%é?%?rﬁ dgj g\%/G’Z:?I%(f.)amen Cand e fi&H(]aath in the
maFFﬂErS %C@f?ﬁrﬁfsggﬁﬂg&?@?ﬁ%r@g% 588 bﬁﬂﬁ‘ﬁ Environ, Microbial.
70:Fp82 1323Bfethor iXad spesiesabobl/biafithdedddmdimsal., 2002,
Deﬁ@ﬁi@iﬂg %Qﬁl@ﬁﬁhgbﬁt@?@'@&@éﬁt@@gﬁ@ﬁ rﬂﬁ?}?otﬁ'ﬁ’:t‘%]l&xtﬂaﬁt% Adciine (6
plaques by viability profiling, ppl
jaﬁ%ﬂ @?D§§1§g%gt€ and iIn mixed species granular biofilms in
Wagtgt\t\?at@r rasthe P PR deesal Rl Jévigchpieratialifticroscale
stririguire Hnd Bienctio St amdispeiyit dérobidigiiamules containing glycogen
i0 FgurRTatinger FBNSIBS difeMS dViaRitle R ATiRRRs261), thereby
SUGRSRENG tNBkect of SNP on dispersal of Candida albicans biofims.
Figure 19, Inhibition by SNP treatment of bicfiim formation by Staphylococcus epidermidis.
Figure 28, Inhibifion by SNP of attachment of Fusobacterium nucleatum to a glass surface.
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Detailed Description of the Invention
F. aeruginosa is a ubiquitous soil- and water-borme opportunistic pathogen that readity forms
both singie species and multi-species biofilms, P. aeruginosa has also become a model organism
for studying biofiim formation and development. Recent studies of P. asruginosa biofims have
(dentified dispersal of celis from the interior portions of microcolonies, and programmed cell death
of cells which can result in detachment and sloughing events (Sauer ef al., 2002, Pseudomonas
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programmed cell death is a general feature of bacterial biofilm

development. The exploitation, either by way of enhancement or

inhibition, of the mechanisms that trigger cell death and detachment in
welafiviieais will lead to novel technologies for the manipula®ii/afBiohieme93

in a broad range of medical, industri?d and bioprocessing situations. 15

Utilising fluorescent dye-based |ir@tems for the detection and analgas of

acruipdRredisRirye iMBiRe RGeS SUENSS AT 1h BictieEMné Bresetts: 1140-
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ba@@FﬁWﬁéﬁ&%ﬁ%‘iﬂ&?%FQ&@&?&WA%SEW% '%F&%PW ang. @i@)cﬁl IIady species

alling molecule In logical systems Nitric oxide rapl y reacts with a
orf B I B0 i RO0 A PG AR AR VRGBT vl
bateaatiohyattiedonictecoemdity it platsiayitly selpiiyontisitng ylékﬂbﬁmcrob.'of 1993: 448-

45%}25\%319 H)%%'\éo%cgg ﬁma? goff?rrgs R%«é@%ée%%? %Yrﬁefrf?lb?gcé é %ver et al,

atment ow non- tOXIC concentrations of a nitric
2083n dticseseriv LTHOKEUERS Hrydeantin aoeeEIPaatpbien aralylsersaiairipgglycogen

acfﬁﬁ?ﬁ\ﬂféﬁl% b@smﬂsné@adiamo AoripRIe a=RIN &@hr%mzalﬁ |<’31|_ﬁ§ﬁ%@ij%t@dﬂ§ﬁﬁ“ that
cells and a reaucton in su eco e m us close

oS RRIO H CHI: BACR i dRatE B LA e, A e o g aon
eithitriboxiale dfaenbanceseehtomaibfiotatetie beschavsmal ibabdms:@f death and
deﬂeﬁH{Mﬁ'!ﬁmﬁQ éeilgwr@a%twamﬁee%fa@m&%@ﬁ@@@m@e%&wmm

not achieve the dispersal of cells from biofilms, but rather promote biofilm
rapge Rt JRAHSEIT 2BA EICRIpREERIRY BiAfRRSent invention relates to a
meﬁ)’@!@!ﬁ@ ripoametingydispetse)siohsnior des gatisiors dndranaifsisfiimedtize oxygen
method compr | bi e t
B S EeY ol oA eiar i b i vl Wb hE e mons
pafwmrm@M@%@@@Sé’s@em@mm%@@/oooegs 11 relates to

metb&éﬁyfﬁ?tﬁtmuglaﬁaﬁmr@dmmﬁi sallidaatidrarpisiRArSRMISM WMBRERIble of

the microor osed t peffe tive amou t.of nitric OX|dée ar %ed’ap
A B ATEUSTIE GERe PRTMPOVES 185G A SR e M S5 TR o 15
pristlnibitireg bm»{pnstimmﬁamm andénraleldekenpeae rivtaisdinainaads intfeesdular SIgnaii ng
mOMR egmjf' WS-l forMaonis Feric deutid Am %fﬂ%%\é?@%%ﬂﬁ%%ﬂﬁdmg

OXI sSora eas one nitric oxide generatln or releasin ag ent.
opesashiivadsxnlsns. hﬁm@aﬁé‘f@éﬁmﬁ%%‘&‘ﬁﬁ%ﬂ‘mﬁ% %P.é%%%daé%?fd the

ndfsie@ges susceptibility of both biofilm and planktonic cells to various
antimicrobial agents. Accordingly, the present invention also provides

methods and compositiops, fprdFlc_rgaémgbthe susceptibility of
microorganisms to antimicrobial agents.

The fnventors have found that treatment of biofilms with fow non-toxic concentrations of &
nifric oxide donor compound induces programmed cell death and dispersal of celis from the biofilm,
leading fo an increase in the ratio of planktonic to biofitm cells and a reduction in surface coverage
of the biofim. Thus, disciosed herein for the first fime is evidence that low, non-toxic
concentrations of nitric oxide can be used to manipulate the behavioural processes of biofiim celis.
in contrast, higher, toxic concentrations of nitric oxide do not achieve the dispersal of cells from
biofilms, but rather promofe biofilm growth.

Accordingly, one aspect of the present invention relates fo a method for promating dispersal
of microorganisms from a biofim, the method comprising exposing the biofim o an effective
amount of nitric oxide or at least one nitric oxide generating or releasing agent. The invention aiso
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10 The person skilled in the art will appreciate that nitric oxide may be

used directly to achieve the desired effect, or alternatively any agent

capable of generating or releasing nitric oxide, may be used, The agent
Wiajigererdte or release nitric oxide external to the organisiSTa BEoe/000693

treated, or more typically in vivo. Methods of the invention are exemplified

herein usin%)nltnc oxide donors such as sodium nitroprusside, but those
e P irPERPET Wil TBRISTCI BRI AT EYe SR ctomdh 18 RofmizosRptedihereln the

micrsargpies of mtmwnféeaﬂoam@ﬁmbtl@tf@r lplﬁﬁt;'@)@d‘ecgfdé%ﬂ@@sW&%thme oxide
t] ntlon inc | 0.S opr side
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BNN

NS RIS ALRIOS. AR GR0bEMEb hah epeRRtr iRk yAilttia AR oneisisreases
sudBe IR )ofephitistinti and pldlepitosiitin, \diziy it dDMerde Accordingly, the
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hydroxy-L-ardinine monoacetate
mﬁ%%@ﬁ%?@@f@@f%lﬁéﬁ?ﬁpyl) 3-isopropyl-I-triazene (NOC-5),
1- hYﬁﬁQﬁs@n@K&e@1(Nh8~.mQﬂh)ﬁp;ﬁé&m@ﬂmw}k%ﬂﬁﬁhé{ﬂetﬁ@é%ﬂly {0 achieve

th%gga%rﬁgr%]ﬁed( %%ré}%élyn%%%legt Qé};%ﬁ%@(%@%%}% g'glr ?ngas%g nitric oxide, may be

usmdhy'ﬁrmgeztm gerRlaaloy rsteasnintiotbwits Bxdetal- - thapeaeihOCs: Heated, o

meelt Sﬁem@rwvmtr%@mr @?ﬁﬁ@%@éﬁfﬁm%%%hﬁ%ongr&ﬁhsmg nitric o oyide donors

Methyl-2-[(E)- hytlrox in0)-5-nitro-6- methoxy-3-hexeneami
Su&%ﬁoﬂ %T@Q P@dbg fg@f 9.%@ will aersedatethahiBsqyantion is not so

in(NOR-3), ()

-N- l- h |- . .

e
'”QEdﬁrQHh@?rﬂ% %&l@é@ﬂ'ﬂﬂﬁﬁﬁ)ﬁﬁ‘é‘iﬁ@ﬁ( |G8F) 353t hsorphioHifiosy dRONIMIBENO
m&?ﬂé‘hﬂ)eﬁeﬂ lEgﬁfe;:dN %@@Mb&ﬂﬁ!%ﬂﬁﬁ@'(@m\ﬁﬁo %ﬁ%ﬁn ingr iGN Qmedmt'{roso

and streptozo n nitric oxide donors, including

R bbb tnd N B e ar ecete e
BNﬁﬁ)\/e&N}‘é@Nhe%bﬁamekhﬁaabN@iwdmpmaptmtdnibhﬂmmmmipmhw NéRr (B-
N@Sn%fe%'iﬂegeﬁzﬂ%o&)%ﬁﬁs%?ﬂ&effﬂ A BYBRESR:OLik Qﬁﬁﬁmﬁﬁ % éﬁ&\f?aﬂa oM s

efound in "Methods 35 in Nitric Oxide Researc

frﬂ@éﬁgﬂﬂﬁm -BfiepaserRRgr, NodyCmn Wi, Sescain wﬁtrkA@m salt, 1-
hy@@@ﬁ@l@ﬁ%@ aﬁﬂaﬁdpwmﬁi@‘aﬁﬁg%eﬂz%rib%@@@%ﬁe&ﬁyﬁréﬂﬁz #18.3-(N-3-methy’-

o e s MR s -t e‘?afr‘%or{?s{%%%ww
nyyeaai ifelibn @@f@maﬂn@a Biethe- ormitioptbY e burtididzand dNORSR), 2,2-
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e e L
N@Brfﬁerittht@h&E%eﬂq@Méhmmmmm beainahhenetart -p)isismoiar, c@ﬂooxamzde
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a out nM and about
morphoriinosydnonimine (SIN-1), S-hitroso-N- -vaierylpenicillamine (SNVP}, spermine NONOaEe,

ethyi nitrite and streptozotocin.

In general, nifric oxide donors, inciuding S-nitroso, C-nitroso, C-nitroso and N-nitroso
compounds and nifro derivaiives thereof and metal NO complexes, but not excluding other NO
generafing compounds, useful for the purposes of the present invention may be found in "Methods
in Nitric Oxide Research," edited by Feelisch, M., and Stamler, J. 8., John Wiley & Sons, New York,
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10 nM and about 50 mM, between about 25 nM and about 50 mM,
between about 50 nM and about 25 mM, between about 100 nM and
about 10 mM, between about 200 nM and about 1 mM, io between about |
WiiM@ndzabéut 10mM, between about 10 nM and 50 pM, betieEentEbourLe3
nM and 25 pM, between about 10 nihand 10 pM, between about 10 nM
and 5 pM, between about 10 nM and 1 pM, or between about 10 nM and
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PC RS REeTPasens Aobsithyprlien ieeciibod shere s capeniin isaavide
raiigecontingramvecticaketbvicesstncklimyeivopientaile bretnaleayicesome general

an §|HP lfggto'ﬂ ﬁ%'m'«}&‘ﬁp %18 %%Eow fiins ur[_p %(fer hogéer%"sentﬁg art wil

prosth es such as art Cla jOIn rts, ear Ves Orf Ot er OI’

regsiiy ARPARERS, f%ﬁir@lééﬁvﬁww%ﬁf@!}yﬁ@aﬁdd@@ihtmﬂrre@y@@?mh\‘ss prisotitea or in
wIRAUPESRir bRy @IsaHRe Ressa g BUENAB IR ‘ﬁ%mﬁ?ﬁfysﬁ%g'%’ BiSse methods and

ment. Methods and compositions of the invention also find

o3

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, aguaculturs
equipment, fishing nets or other in-water structures. The methods and compasitions also find
application in a range of industrial and domestic applications, including but not limited to water
supply reservoirs and feed pipes, drain pipes (domestic or industrial scale), process equipment of,
for example, cooling towers, water treatment piants, dairy processing piants, food processing
piants, chemical manufacturing plants, pharmaceutical or biopharmaceufical manufacturing plants,
oil pipelines and oil refinery equipment, and pulp and paper milis,
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in the management of infectious diseases. For example, a variety of
bacterial infections associated with biofilm formation may be treated with
methods and compositions of the invention, such as cystic fibrosis, otitis
waethaibaeterial endocarditis, kidney stones, legionnaire's disEaSE2 (N8I3
tract infections, pulmonary infectionsylental plaque, dental caries and
infections associated with surgical 30 procedures or burns. Accordingly,
compUBRASHESH & RRIOR Fral 0 fofnisRstdtl erpatiptamadissbdtideds, incuding
immanpblsimzsamémm,dmmm@ls_mttmflmﬁ_m W%ﬁ@!@c&ﬂé@ﬁ@bﬁ’ﬁ%ﬁﬁ%&m,ﬁt&nt&
mag& 0 t saline splutions. Compositions according to the
pinventl\(%l%_%neﬂaé%é%%% ii%gc{)sr cgg}esé 8%'%o\faovre ?n%éé@%f’é%afﬁ' ﬁ?&egﬁ}%éesﬂfg‘ca‘
PiglsoBldchite MNBfiptiErs denwes i Ray argisdbfagsipos gaithobjsttitervatad onuch as

cANROswRl AlaizisaitlpRIRE! IRILIR A1 SRS RICH GARRISSR 2 plcation

o B B G H SR O TP SeiPA LB arel

Wlﬂ?t:ékéﬁ_n iformeittintely efbeetaiseitrf thétoabjaet/tenpdsiiatseofins irebaaldch as
cRRSBHILEMR ABLNYLALMeNL NG Som @ﬁﬁe?'?eggli%ﬂgge%ﬂ%gase urinary tract
_microorganisms, Compositions according to the nvention may Be in any
NGRS YRR AR R estians plente! Plecesripridinaiso riH dnfesfientissseniaipteth surgical
prteethutate a‘ﬁnaqoai%mm@lh@fn@?a‘tim,l%muiﬁi%ﬁ%kﬁi%y %_@A’fomlzulilatgd as
owder. granule ets, flakes or spray. The skille
P B e s B B R o AL g R
t%iﬁﬁ@@ﬁﬁéﬁ%ﬁﬂﬂ!@ﬁon and the proposed route of delivery,
COma%ﬁs%ﬁﬁd&b?dlﬁ%’%‘ﬂi@_ﬁh@é%ﬁ'%?'ﬁ@ %5&1&49%,&&{54@5% deS Bhrated in

theXCi ientis. Slwa#é{s 25 carriers, diluents and excipients are known to
L2 SRR S BB A0 A 2, SRSt eosure o
sdigcokipatiisie” tn ermesvibivedny whinhpatibpeissithbitmoiheiinorementmehther -
It ' ' mpositions, not
e e e ey 0 et o
Onierient i liRrshimarsiaine hejoiasea/ Be! shierilienis resostrotepiuyasyion

toslventrfpice iy fesrantisfoidime-BREmthrfdadastial applications, the
int or other surface coating,

ition, f in the f f
el R SRR R e e e
copApitan faﬁdfﬁﬂgmmu)@ﬁﬂovaﬁw e$ mpahbds:tociehiensirgoatrobied, soktion,
geleleasamabhioasiy & ARRR SR AN oWRLO thasesidied '”TH%%%ﬂEQ%%&?@Q%e wil

include, for example, . encapsulation of the active agént in a suitable
el 8y fggl PG [ AIRIGR M ECREi ntar B8 ARl RRbRgtiamicend the
primoseranicigdviaienyfor example a polyolefin, polyether, polyester,

pol ide.. / /000693 14 polyurethane of. .
o o e e bR LG oo
caffiefhglieriRined srctienrergnenin flesasidiestlo dedan UhitetiiStatesiuvants and

exBlpitant Nest 66 18a8RbIhedisplaureenb WHShiSINARraR aies DEFEIRAY of the
coﬂneggsriﬁfg'ncjeénd in the case of pharmaceutical compositions, not deleterious to the recipient
thereof,

Carriers may be liguid or sofid. In the case of liquid carriers, the figuid may be an agueous or
non-aqueous solvent. Typically for anfifouling and other industrial applications, the composition,
for exampie in the form of a paint or other surface coating, employs a carrier gnabling the controlled
release of the active agent temporally and/or spatially. A variety of methods to achieve controlied
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
may be an organic or inorganic polymer, for example a polyolefin, polysther, polyester, polyamide,
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Typically, the rate of release of the substance is determined by the

properties of the polymer s itself as well as environmental factors (such

as pH, temperature etc), Controlled release systems are capable of
wietinsringpeubstances slowly and continuously for up to severat/yeasgs/ 000693

Those skilled in the art will appreciat&that a number of controlled release

systems are applicable to the delivery of agents according to the present
PAUERRBR CBRP RSP IS e oY IR PIRPERIVE RS REv Ring coRIalFd ssas o tioteeio those
skibeitelbrchnelinskors spveRt activade Gis IPARUH0D GNEIE disclosure of

s, diffusjon of the agent trapped within a polymer matrix is the
w%@%&%’r%ﬁ%?#g% ?geé?é]ry {g?re? E%verall release rate, One type of diffusion

contidiRstlys{stezie efiitess othesdistaicasvietsininetiiohiiberageiesfoftinsmalymer
5801 SIras BRBdneAR G ditlision harpbT RGeS S %Sﬁﬂéagfgﬁé@a%e systems

y
armem anes, cagsules, mlcro%a)lé)sules, liposomes, and hollow fibers.

TG R BRI DY A SRRAVRMSHEIOTA 1 SoMREM Wprssadtipee skilied
in dpeant veldigprecitiict dissobeed irvatrviag rtimpolysmens RiEfusinriRreush delivery
t I 4 iX i -limitin ase rates are e
o e S PRSPl IR 30 TR T b fusion

copfieligrrGaraHcan s yaiRiIge AT sem@ieistthe agent to be released. In typical
chemiiliyonantialied SYEEMNSIRNOINENPE SGEERaTAVRIHIMEBNAJEIRASES the

n,agent. in.an a nt proportional to the gradual, erosion. Chemical
A e R e oS T el B el v emoirs
a sRserduisidcs s whisitiie agentfoisnle adls distoibwietby aifdvertivithsongboiat. afhese

syBENMRIIRRR RREIR VKRR ANRARGHINS ﬂigﬁt%ﬁ@s%ﬁm%meﬁg.e Alternatively
thgg% mer surroundln%ﬂthe agent is eroded, the agent escapes. In a

. ; eroded, =Nt | o

PP SSRIRC R de N IRRAYeEst Coraatitig snstred dodisrelyrstyaarnert
polyyner.chigiffuisitry titaihingdqoieieaseatiy ?ﬁﬁyedmimcb@f?@iﬂ&bl@asle rates are

rt S or example, .
AN TS DPE

coplipia IR dhe paeshia Derelagetiie agent (which may be nitric oxide, a nitric

OXiGegRReEANENY ESIRaRING/ S8R5 SMBIIG RN RGANRNBR LR an agen:

. antioxida tgrls d ssolved or #@@rsed.wnh@ a olﬁmenc matrix and is not"
I 0165 Bne e AR g s, RS SRRt AR FANE. e B reves Using
biagrindibiy mreenﬁant@r@se of &iéoagﬂibte Isysiere typegehisislideatycdistialied Blormiy
thrdY Sﬁ@’aaﬁ&l!()i%e?rlbf”%ﬁ@@a?ﬁét%é#‘% (ﬁ-%owﬁp aeneiialesne mat, Ngy e

‘po mertée.g. a hydrogel) swells and its glass transition ‘temperature 1s

SUIERYE BR RN eE She I RLPIFRISH: (TR ReraaHEhanRisiethdhe aasmdmay be

combéylmémimcﬂrtcetﬂ@lbﬂ@mzﬂiﬁﬁml\dsaﬂ@Mﬁﬁﬁﬁ?@?%@;?@%ﬁéﬂ%ﬂ%@ﬂaﬁe
i Cc ant, Chemical bonding, of a bioactive agent
o A A S P G e SR Ve
Cf giféReAt methods of synthesis well known to those skilled in the art

InClidyppa\WheA006 28R Bled SN AROBIOR00 3odm ARRFIAR, B8 nitric oxide,
.tporegcl) 8rn%éol]ggﬂ:)(?ﬁ/mers; reactions on naturally-occurring polymers; o
ni Ib o?y I %?rJ%%szng agent, or a nitric oxidle scavenger or an antioxidant) is dissolved
or disperssc within a polymeric matrix and is not able io diffuse through that mafrix,. Osmotic
pressure is used as the driving force for release of the agent. in one type of soivent-controfied
system, as the environmental fiuid (e.., water) penetrates the matrix, the polymer (e.. a hydrogel)
swells and its glass transition temperature is lowsred below the environmental (host} temperature.
Thus, the swollen polymer is in a rubbery state and aliows the active agent contained within to
diffuse through the encapsulant,
Chemical bonding of a bicactive agent to a polymer can be accomplished in several general

ways based on different methods of synthesis well known to those skilled in the art including:
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monomers containing the active ingredient; and step growth
polymerizations. When the bioactive agent is chemically bonded to a
polymer, the bond has to be cleaved by a chemical reaction- typically
werigperiatieshydrolytic, thermal, or photochemical, A variety 8f-8hdipieano0693
and physical s variables can affect thg rate of bond cleavage and
subsequent release of chemically attached materials from polymers

reaELArIlRETRARRE B IHE N B REHGRRUSINS ackress mghiyzation of vinyl
momg@mmtmhhefmﬂv@mtymm %@b@p@fﬂ%ﬂkﬁﬁ@}%@&%@% When the bioactive

environmen Ifac and Sic, orm nd, dimensions, In anti-fou
ageerlxtblgg %ﬁsﬁase &ecg mS@Y% (ﬁmgogga R g‘% qg%%srpyna[ﬁgegp{;aér&%ﬁﬁon
fypm@%maawg@ha,r@wmwmwd @ropdtphasrisadf fritserigtyirinmbemietykate physical
var@lﬁé@ﬂmﬂaac%a#&eméﬂmm&@m @%@5@% elietLas &sﬂ%ﬂ#gb{éma

acrylate. An organotln polymer % pically acts as the paint binder

mefsEs TR YLERED AU B dhithe 'lentaade B b asRscs aroup,

motsinfgramatin, codnpoiicy, helgdditioy, dherustistp aintipndiivesstweh ag physical

fonglmgm§nggﬁgotroplc agents may also be present. In normally alkaline
seawater, the polymerlc or%&notln binder is gradually hydrolyzed, and is

theuBiiipHiigsanBlaieeg. isekmlishnn aniouin saoianaolinann Hee art. Such

codﬁygk@%aggd%@;y%a%df@nmﬂn@sWa@@wm@r@fémﬂemﬁmwl@%@mw and film
eroded o e VINg, Sseawalter (O

SO R Y T 5 S B e T CAHORE, BoN T B i dne it

bindentidite aisle asey @j@t@cﬂ@laﬁetkmdd!msam FEotugrempliee po by friengenotin

corﬁ;%l%'ﬂjaﬂn%&l%%stﬁg aﬁuﬁr%Ht%ﬂ%%@%t(%ﬁf@ﬂ@ﬁ&c'ﬁﬁon%&{%&‘dﬁéﬂﬁ?r§§o be

or nanopartlc es& in the form of reservoir and matrlx evices ma

e BT GRS GRS GO B S BOIes EGRERIN g e, o
thehmm@inmmmdvm readhaltiaidslditisetiegaraiaenorthpbiymiendpsireiamiasd is

wat%PS% HERSS: ?ertgwgﬁcvaﬁeaaﬁy %%h%&%ﬁ%cz ggyrlﬁge' aﬁrp th%v\ga gexpcszng

release may be osmotical reservolr atrix
a frgeh fgEage Ehﬁ’@’éfcage like molecules such as the C60

Bummcwll@aieaw&é Brglyhaiss @rréaxmlafﬁﬁa'ré@de(é’a@é §@bhsZPe known
s may also be used. gﬁse skilled in the art will refa£ ily

" %ﬁp?&:. &t d&‘ﬁ}’é‘}if gylaie a??é“ St L CHER R Na S JUS g tictes,
micmefresyee ganaphesrifiaitebidamechmds et ey starnsithiatsmay tecemipleyad the

agdht m B@é&ﬂér%‘d%%'%o@rﬂ& %Hh%ﬂrﬁhﬁt%%d&?prﬁh%rarﬁ'b‘f‘ Relvery ﬁaoﬁlﬁmg,

eemp ed to achieve the desired means of app lication of ag ents
SGCQB%GPJ}’%&S“@Y RRRRE SR 1FE PSR PIBYRVRYISRORT E%I@%@h the drug
relgzbarmacestinalyieticepiatirdilientsatedemineralisedeoicsbistilegywates-ike

mo UI@? 8’1”,[%0%9 ecgfc))l u&ntl)lﬁ‘s g{_d gsmﬁéjscréﬁ[cfé)rgﬁpw o Sa;tglr%ﬁﬁéj Jétarburst

Slive o onsee maize 0| gesam SUCG
d@@élfﬂ@fﬁ/@hﬂbﬂ*sélh%lﬁﬁﬂ cottonseed oil, maize oil, sesame oil, arachis oil or

coqnps elisigone cahswm{@gawgaeeﬂyagﬁxwﬁwusn@? g}%}a@ and methods

g poléall xaneﬁphergn%%ﬁolysgoxane and meth Iphenyl p%solpoxane
oS OHA0I & S BB T AT S SIS REREpAPARIS I Bb08) g i
the PEFEAI ROOBIBO0BOR ofher suitable carriers and delivery systems may be employed to
achieve the desired means of application of agenis according to embodiments of the present

invention

Examples of pharmaceutically acceptable diluents are demineraiised or distilled water; saline
solution; vegetable based olls such as peanut ofl, safflower ofl, olive oil, cottonseed oil, maize of,
sesame cils such as peanut oil, safflower oil, olive ofl, cottonseed oll, maize oil, sesame oil, arachis
ofl or coconut off; silicone oils, including polysiloxanes, such as methyl polysiloxane, phenyl
polysiloxane and methylpheny] polysoipoxane; volatile sificones; mineral oils such as liquid paraffin,
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16 soft paraffin or squalane; cellulose derivatives such as methyl

cellulose, ethyl cellulose, carboxymethylcellulose, sodium

carboxymethylcellulose or hydroxypropylmethylcellulose; lower alkanols,
worerrte ethanol or iso-propanol; lower aralkanois; lowerpaiyatiopenssss

glycols or lower alkylene glycols, for, gxample polyethylene glycol,

polypropylene glycol, ethylene glycol, propylene s glycol, 1,3-butylene
soiglyesior glycarrianattgeiitiore sterivativash sustisaprojsinpataitiase, istpromiliose,
calBYNIBERE QMashy| olamia; RRkRg WE&%‘B&E‘% ﬁ@fmﬁﬁféﬁ%@tﬂ%ll@i&!&@ lower

tragacanth or gum acacia, and oleum jell he carrier or
Sl AT RO o MBEIa ) IRNGRbIST RS PRy over
a!kpibwmmfmaampwlmmimiwtmmmlwvﬁrmﬂwbe;mnmaiaﬁe@bfgimelpv@weﬂe
r i tay
oY, M IGEe ] W!& &X@{g@%ﬁ‘« ol 108 %@&M&&% 1 H&m{gﬁﬁé isopropy!

mtramuscu traarteria mtravenous Intranasa nar b
mydsigle AnARY sl m@wwﬂaﬁf@r@%@é%%@aﬁ@mhwﬁﬁr@éa@wﬂboaawmmﬁ@la

an@sisteigenRIRting el aRs gichgenisidRsull iGNEseASRAoSENSIIviWEEht of the
micr: ganlsms to antimicrobial agents, methods of the present invention

COI’H?OS??E

e employed in combination with at least one antimicrobial agent.
Anﬁqsmmmwmwm@hwmsammy beyuseldrmotatsddon grsvantipictig soute,

forISETERNSaS UEBEIRN S RERRE, hAlMRSHCeMdALMESIrRRsaRaRIeRc R ous,
. and antlmlcroblal en réd/ﬁ&es peptides and phage The antimicrobial agents

InAESPH A FRR PANGRSRIRSHEN AR ed the antimicrobial agent employed may
be Asdlectadfortheavpatticukered hati ookt thedinientiode gamrating or releasing

3 aeés%eg}fmﬁéaaééa s%ﬂgimﬁ%? ahué%%anlsé% o) Wﬁ#.&&ﬁgg%&ﬁgsé ?ﬁ"t&g% the

Scope of the present Invention Is not Timit byt e hatur
ﬂrwtpawﬁ%mmﬁﬁ.éﬁamw%wﬁmwmwh@td?ﬁﬂ@rammwwbagent Any
SUI@QM@&&@WUQ@M§WD@@@§%@4@§F|§t§ﬂ§ﬁﬁ§$ rﬂél%%@é\ﬁé}mtantsd agents

arpoxypenems,, amino coslaes, quinolones, macroliaes, 1INCo | es
R b A AL RIS, ECIFo AR, e
aﬂﬁmlrmarﬁh pheTisovyiwlickikitlacityntiziie Joderdining) toinpe rgenbendppepticeay be

seleRipigfice. naenupaaieﬁeén&wﬁmgﬁﬁ&% butarenoklinied éf?d"fﬁc?s%es?qlled in

pronases, yases alginate lyases) and various 25 other proteolytic

fhee&rw\lh@%ﬁ@fﬁ RecliE st wlfhﬁaf?é%{a |'RY%{B'BPé%|%QHH“B§ﬂt%@§ cHHEAnHeniiy
of theepartidiiat ardindedibigl ty¢hie Biethods abiitde migritbeanhedmpwneetaf are

nomﬁ@egﬁg%&tgﬂﬂs ﬁe%y'@é?ssx E%r%%@e %ﬁ{@gg@eswe %@A;&tﬁ ¥ e,

any or or at di t tlmes SO o provi
hnq&mﬁﬁﬁwemwcm&w pobERiesrAEpDe fB¥AmRRiSesogatraitita shighonamides

chi@h@ﬁ@g@mmtm@@%@lB@J@&Woﬁ&&mmwid@%%ﬁw%ﬁ Hial
inventio compri (Elfatlon to nitric X|de %nd/or at Ieastﬁg

oS BRI QU Fa R TIePRL RENRS, AIPSES ESES Br AP FeRLERg Pous

otmqm_yib@dzhmmndmeqmseent inventors have also found that use of a
n'trmmereé&ﬁg RO AEYBI SRR NG z%ﬁ%ﬂr%bé?fh’a% ae! gﬁq%%&m@ of the

donor SNP on biofilm and planktonic growth, thereby INg avenues

”V?@F“iﬂeeﬁ?ﬁmﬁ%ﬂoﬁ?'ﬁr@{;r@ﬁ]ﬁ?@’tﬁ’*%@i@‘aéﬁﬁh ﬁﬁdaﬁﬁﬁfbﬁﬁﬁWo?tc&W same time, or

sequentially in any order, or at different times, so as to provide the desired effect. Aliematively, the
components may be formulated fogether in a single dosage unit as a combination product.
Accardingly, compositions of the invention may comprise, in addition to nitric oxide and/or at least
one nitric oxide generating or releasing agen, 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 biofiim and planktonic
growth, thereby providing avenuss for the inhibition of programmed cell death and inhibition of cell
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WO 2006/125262 PCT/AU2006/000693 17 dispersal from biofilms and

the maintenance and/or enhancement of activity of biofilms in

circumstances where this is beneficial, Accordingly, aspects of the present
vifvaentiorsa@late to methods for maintaining and/or enhancimg theu2006/600693

functioning of a biofilm, wherein the p}ofllm is exposed to at least one nitric

oxide 5 scavenger and/or at least one antioxidant. The invention also
dispereab &9 rhiefieuf6r irhiBiERgNsreY raithicenbancamath i gotivity of biofims in
ciriieiesrganism hesahatig biofilm is exposed to at least one nitric oxide

scayvenger and/or t one antioxidant, The prese ntion further

oL SO o 17 A GLh <A E FERRga<oA Fablang andor
enparthode étmti@omm@fsﬂubmﬁfmfwhe"améﬂmtrenab&eam rozatijpathtion rdfic oxide

scAOHEP 2P N RALY KRB IR ARNSHHe %KHXH%%%E@@?&%&%H%%V%% ng

nitric oxide scavenglng molecules and encning molec
PIORGEIRS St ASREY O FnBiFHRARRS B RS FeEnhg oA %tﬁ@mm%w.ﬁgie%%@ne nitric
oxibeotibavengenhénitiog i dgnstnume drtiekidianth Thelusiesaitric@itte SRAVENEBRIes

r t I-imidazoline-1-oxyl 3-oxide (PTIO),
Cmﬁgj&g)‘loxy é?gﬁ% F&l ﬁr}%ggé%%ﬁ%;?fa@%osme (DTCS),
N- M%ymﬁbgﬁﬁcaﬂduﬁ@@mﬁ@@wﬁéﬁmt@vM) spalerdtia madinuetiamcf biofiim
ionhAGM oaloRi m@@@l%@m@m&ﬂ%mmé%ﬂkﬁé&ﬁ%% é&ﬂé@&’@@mg molecules

R R L P AR At e
ah@ﬂmmmmvmmamie@rcﬂréeethwalllgdaprbdmahﬂe twabmgresect as 2-phenyl-
4 4'9‘5%5&?%’{@190 @%&ﬁ?es?@& FW%@W tclé%gﬁlﬂg? YR, g%b%bc& rcosme

articular agents used. Indeed the se e ion of late agefit for a

(DT iUt Br@%ﬁswmw?é%}&%% b@}n%aa% %agéiwr&%@m@nd

anfnaigsCartpasitifisdogintaiag alachishgents maythisnfosmulatemdiasicid. Those

skxf?e%sfﬁ”%daﬂb e Qgsgpgﬁ&g% 'fﬂapg a&n\glé” apRk |al:%_tthat &Qesgn % tnh %gs and
and comp05| lons of tha presant  vention refating to biofilm Teguiation

anfiridapp heamieitotingleash eeualy cioalinedie %é@ﬁd@%ﬁlm@mmmdhe present
invERRAIASA wh@dmm@rs@ﬂﬁu imRNtimkitleies o avdle me%nﬁglé‘e‘fecnon of the

ff fil bi fI
R AV G TR ARGH (WA Bt T Al

baﬂan@nramdlf@mamrp&tsm@/euahndg@mamamh«gametetmtmmiascﬁlmﬁlabsmf interest
to ‘ﬂu%s@%%ﬁ@&‘FdWHS%PMF@%r&&&éD{HEFMQ' %géramarﬁ&d@ﬁéﬁg Jr%ﬂ oA

not imited to Candida s ncludin icans), Hormoconis s

mv?ﬂ%m&ﬁﬁaw%&ﬁaéﬁ §E%%§ﬁ1%ﬂ?§sa@bé@ sl agepiesaé @&WCF@S biofilms.

Bamuglmiéeﬁ@mﬁhiﬁﬂaénﬁeﬁdﬁhv@ﬁtl& wmmy%@@ﬁygp@a@@%pgﬂ@ esmhmg a
INCIU methicillin-resistant and vanco n- res

L getim el Slomebaad Yoo g i i o e

an%@@ﬁ@d@@hﬁ@elmﬁm@@mﬁg BofidRerhegatitpdmntetin, Biajrotactershio the

preSER-SERoA M %W@H'%@%@Fﬁ%@&@b&%&sﬁ%sﬁﬁhrﬁ!ﬁﬁt@%a@%dfda Spp.

he;;lch/la, spp. such as E. coil, Salmonella spp, such as S

(8
@B!ﬂmrﬁﬁﬁ% ) IGHTRIS SREnlidieg tfeé?é’ﬁéﬂ)a FSpiRaRsEPR. such as P.
acippiensa phildnatiaemophbps spp,suehiasdik, peeae:3aslldscapp.Suokus

(incﬁﬁ‘iiﬁg methicillin-resistant and vancomycin-resistant S. aureus) and S. epidermidis,

Streptococcus spp. such as 8. mutans/ S. sobrinus, Shigelia spp. such as S. flexeri, S. dysenteria,
Mycobacterium spp. such as M. tuberculosis, Enterococcus spp. such as £. faecalis, Escherichia
spp. such as £. coff, Salmonella spp. such as S. fyphimurium, S. fyphi and S, enteritidis, Legionelia
spp. such as L. pneumophila, Haemophius spp. such as H. influenzae, Bacillus spp. such as B.
licheniformis, sulfate-reducing and iron-reducing bacteria (such as Desulfovibrio spp., including D.
vulgaris and D. desulfuricans, Shewanefla spp., including S. putrefaciens, Geobacler spp.,
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licheniformis, sulfate-reducing and iron-reducing bacteria (such as
Desulfovibrio spp., including D. 35 vulgaris and D. desulfuricans,
Shewanella spp., including S, putrefaciens, Geobacter spp., WO
W20D8#1125262 PCT/AU2006/000693 18 including G. metalliratiiie@ng)e/000693
Klebsielia spp. such as K. pneumonifﬁe Proteus spp, such as P. mirabilis,
Aeromonas spp., Arthrobacter spp., Micrococcus spp., Serratia spp. such

inching GnataledresnsofdshieinGRmsupas tichneymonsingReliss spp. such as P,
mt@ﬁﬁ@bﬂﬁﬁ%ﬁ#ﬁ‘s SER., SuEioBscl %ﬁ'e%ﬂéfbbo%&% Vdkgio §&Pan§usﬁba%t}éh as S.

olerae, The microbial specie e aerobic, anaerobic, facultative, s
S O BTEIRAE, SR o SR G 60 € et
anth@leict 3pill sipip e diatboldne. i lsoniechjapdieatte msap bthas phés entdmien figolative,
aeF%té%thé?oﬁ)ﬁHb fBePAl Eﬁ%@éﬁ%‘?'%ﬂ%tﬂ%@? %@Qﬁ@?% Uifioreciate

biofilm to be treated are undetermined and are not criti

thay i femBiRRPISRARS iRUBRtIRSeRh & srdseribtndenifisn olilhpowisuiauaprsies in the
mixkaisceitvechifegreater biefiail by refesendexto thesdAialowiagaspesifisiica o the

ould not be construed as in anyway limiting the scope
ap&?ﬁtew&i{gnp {J%Rt t>?<amples For the biofilm studies described in Example

1 tJ1% PresRdiBIVRStiens b myiness Ardieaitrsmire0 | nagrdama Cetais ByPreference 1o the
fona@mema@e%m@@pwmatmmrt@ %@&@@ﬁéﬁfg&ﬁe&ﬁ%ymﬁﬂtﬁgm@t%@e $Phe

generously donated by Marie Allesen-Holm, were used, Overnight

U'ﬂjres were routinely performed in Luria Bertani (LB) medium, with

shaking at 37C. Biofilm and planktonic experiments were conducted in

modified M9 minimal medium asf#é@saRIssd elsewhere (Webb at al., 2003,
film development, J.

BaEtJe @%St%@% fé%’ffst\?t#égttﬂ%s?dm@o%%%%ﬁﬁﬁ@mmﬁ@s PAOY
aﬂéxﬂ@@ﬁﬁfﬂs soniPOINM fhrdnatsimex pecititents. gednxdnopiecdntCeticleabrp),

geRieLdisnersakinpi %FESAGQEE%@W'%%‘%%CUW mﬁﬂ %lf&?é?’%?gr LRIy

mature microcoionies P aeruglnosa Were(gmf n continuous

Pe@%ﬁﬁe"ﬂ%ﬁc%?l@%ﬂ%ﬁ@dﬂ‘i‘ﬁw&‘f&%tnﬁﬁfﬁﬁaf i) ik Bigitonic experiments
wete mpenakd  andfieyoshnmeserdind @Y olerieshbis A% W@bWe@@ﬂ@DOB Cell

mixe cultu iofilms: evidenc gg tions
de eﬁ’\t/gv%%%w%%g?r#rﬁﬁﬁ r9 Ing%bersm Bt O%eﬁﬁglrg%c ?\A?an io%f’ ggg %TM
glUR@ﬁQ)f@Tﬂmf@mrfat{i@f@ EPRIIIeALE Wél?@ i dulbatstl expbriov@hinL of overnight
cell cultures and incubated without flow for 1 hour at room temperature

Flo te ate wit mea f,Io Ioc in t%e ells of 0.2 .
bl e Y AR R R BaeeyBilgson o
To m%@mgtefe@maa@amm@mgmnlm development bloﬂlms were stained

with, tbeuﬁpoww'%/é@ @@\@tlge&ﬁﬁ@&ﬁg'atm%wc@s((mw méﬁt%est x 4

which SYTO9 is used to specifically stain live cells and propidium
LA BTGP e i FO N SBLR 100 St gons exprescion

in mixed-culture biofilms: svidence of metabolic interactions between community members, App!
Environ. Microbiol., 64: 721-732) for biofilm generation, Channels were inoculated with 0.5 ml of
overnight cell cultures and incubated without flow for 1 hour at room temperattjre, Flow was then
started with a mean flow velocity in the fiow celis of 0.2 mm.s-!, corresponding to laminar flow with a
Reynolds number of 0.02.

To investigate celi death during biofim develooment, biofims were stained with the
LIVE/DEAD Baclight bacterial viability kif (Molecular Probes) in which SYTO9 is used to
speciﬁcaiiy stain live cells and propidium iodide is used to specifically stain dead cells. Stock
solutions of the stains were diluted t0 3 L.mL! in modified M3 medium and injected into the fiow
channels. Live SYTO 9-stained cells and dead propidium iodide-stained cells were visualized with
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solutions of the stains were diluted to 3 PL.mL-1 in modified M9 medium

and injected into the flow channels. Live SYTO 9-stained cells and dead

propidium iodide-stained cells were visualized with WO 2006/125262
WRCTRIIZBO6/000693 19 a confocal laser scanning microscBpEAU2006/000693

(Olympus) with fluorescein isothiocy gate and tetramethyl rhodamine

isocyanate optical filters, respectively. It was observed that after 7 days,
a eRphrRdasEPsCHBIgtesscertdEIyBMY T dpetaeibleoihitpanaicotnsbibramethyl
rétRathcaBsfisne tpabapndihaltaesrevanias 8adethe fonmationobhalaw: o

colonies within biofilms g:HiﬁELfre %:A - ngte arrow points to hollow s
LRGeS ORISR Tty L) J5R3rDe ShipsieebiAnd dhet fpese svents
leaspleciic fogagivenBimdavitcolpeiasspitities o RIG NE) uan dide tedtes prenifimimRON fliow
strﬂaﬁké}cﬂ%!@'é}ﬁ;@d&(@%il@&j%ﬂé‘}?ures during death and dispersal, a series

of reactive fluorescent dyes, each targeting a different RONS, were

injelRdBI R HIREARRV Eh alrerdia Frpci anshilienak 8reoemiRONS) mntistasirpecific
RGeSolescanionabinse bstianningomiss aRGARHe R RO MpoRANVESHEARH raactive

itric oxi itri 00-), hydrol ide (H202
T S R R PR At g were
iﬂ%ﬁﬁﬁ@irﬁ@)mis@smgh@sé@riamm siterlttiRseieteanitig onisindcopxideThe RONS
e o r“"*i_@?’%ﬁg““ﬁw A D CIOT IR GNP (1,07 and
SR A T LT ek ST R S R Hagted 2 10
phivias ths eltedtind g vitforotine distfroticnt aff, 1880 XFinttrite € iovicasrd 99 Tmaging nitric

oxiicBlospdiy dipfliosasreinand d@}éﬁéﬁ%ﬁ%@@%@@}%@fﬁﬁxﬁ%ﬁiﬁe 123 (DHR)

indicators of pefoxynitrite In vitro: ations ular

(Sl stipsimenie Mo albtReaAN S8 H A dloby gk rios ecdetecheitri oriwaifte (Crow,
1994@;&56’%%%%38@%1 dl\lﬁﬁ;ry(:hﬂtfbﬁ@@aﬁﬁid t e?&%ieﬁ@ti@'\ﬂ&é%l@_igf peroxglnitrite
, SQ, was used or the ction o rogen peroxide, and .

S e R e S b e Bt o Pt
OBt 4 S Binea(PRBY AT CUs dbisculer [Fhatfes i@ uibtetoriom GINRD, was used at
108YReTPddedEadinnls (RN AkRb, AR RdesBRIIAS OGNSR FRk stock
‘ t@pﬁéﬁ;ﬁpal neurons: sgelectlvel‘lmﬁg% with hydroethiding, J. Neurosci.

m 16 1338 SRR IPUBRT O RE R e Kt Fopess il G ovire feratenien of
stpsraldsoladicates (Ristekfceshly., mMagk: Bupeadtifie grdi@ctivadiura: bafsieanise nésons:
pacteria,j . bjofi d a.low level of
o R o e, I8 (e, ot wer fep
frofeiored Garadiag detecidmhsriviors werhsesitNBdsde cindifiagdd megium before

uséletecting superoxide radicals, 02- and, at considerably higher level of
fluorescence, .DHR detecting peroxynitrite, ONOQ-. The light field images
(o el oo A b ECHE L bR IRR FHRrE St xcenos

revefisrbplomntestthistagasl URusigdhiereisathearss dismintaite wemts tas Rehisuepecific

aydh: @Eyﬁ%técﬁmgTﬁﬁéP%'?’a%iE‘EEP@-P 9@[%%&%%(9%}? G hépfe‘{é?oq ‘??}B?&%ane,

of hydrogen 30 peroxide, correlate with the overexpression of catalase
DHbretisad rRBralh PNughiesionidfineseawlsh orar) Joceledibat the
fluoteaialasecareicragen memxited e thadioniitene death and dispersal events as
shown in Figure 1A, The negative results obtained with HDCF, for the detection of hydrogen
peroxide, correlate with the overexpression of catalase previously reporied in P. aeruginosa
biofims (Stewart ef al, 2000, Effect of catalase on hydrogen peroxide penetration into
Pseudomonas astuginosa biofilms, Appl. Environ. Microbiol. 66: 836-838). DHR is spacific to
peroxynitrite and cannot be oxidized by other RONS alone (Crow ef al, 1999}, Because
peroxynitrite is the direct product of superoxide and nifric oxide, it was surprising not to detact nitric
oxide with DAFFM, However, nifric oxide is exiremely reactive, and the reaction between nitric
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Pseudomonas aeruginosa biofilms, Appl. Environ. Microbiol. 66: 836-838).
DHR is specific to peroxynitrite and cannot be oxidized by other RONS
alone (Crow et al., 1999). Because peroxynitrite is the direct product of
Wanpeoiths2and nitric oxide, it was surprising not to detect nkig/3DmRid®0693
with DAFFM. However, nitric oxide is.extremely reactive, and the reaction
between nitric WO 20 06/1 25 26 2 PCT/AU2006/000693 20 oxide and
OXElgpsTbsaRaRideniB v oruriistaneaaeslisiy, dnlifudishuiidedmaiteet (Kelm ef al,

1%“131@ Klﬁ%‘@(ﬂb‘@gﬁer&@g aﬁlﬁr Mg %&ﬂ%ﬁ?ﬁﬁ?@%ﬁ%ﬁﬁ sﬂﬂsdglﬂ@ NO/Oz
SO LD SV2h et MR R OR RS SREERI BeRe v

DA&-FMe results presented above demonstrate that the RONS peroxynitrite

aCC*#ﬁ@%@Eﬁ? ﬂ%gﬁ{ ansells 5\1@95]{ C@H gﬁ-ﬁ&l@é @HP%H%%&S%W% gath e

microcolonies within mature |of|Ims m versus plan ton
cefit@hitihqab densitngiAwkoeere sril death Byrerecieninge flitrinadstrieioliras.

widespread intercellular and intracellular signalling molecule in biological

10 ysiaRpe 2!t I5AIeP JQ%J?HFH&SH[??W@!‘H %%ﬁhﬂe&?ﬁy %t%és a %agﬂr nitric

with a wide range of biological effects. Nitric oxi iy reac
’%‘ﬂﬁ)eromde to yield peroxynitrite: NO + 02- -* ONOO The inventors

theMfmf@mast@at@iﬁd@&d&ﬁ@f&eaﬁlﬁﬂ%ﬁﬁtfﬁﬁmmﬁﬁwh@ﬁl@éﬁule in btoiogical

' d nktonic and film
o R T Y (R e B bR i ence o
bl@ﬁ@&i@ﬁtﬁﬂ@@ré}@%@xﬁ@Fﬁﬁﬁ%mﬁo@ﬂmmgrw@qiqmﬁ@smmmm.reactlon of
the nitroprusside ion ((Fe(CN)5NO}2_) with L-ascorbic acid, J tnorg

Biochem, 87: 165-173). NBicfilms i3 I4prell plates were used for these
experiments. 100 pL of 1/1000 overnight cultures of PAO1-GFP diluted in

modified Wb eIt URER INASRLe R 8\6(‘:\@‘?&%'6‘{%@ Q%isg%g@mq{%prusmde
Sg&ownf r24 hours, at 37C with 120 rpm shak jw% SNP was added to t

2SI AN RRIR SO e RrEEInaEs. nRA R FRIERERS A, 04“?%ﬁll¥!éffé§m'fh
ot pé,r%é&tkﬂm:hnmw@oﬂmetd ohifte reloxa iightigronsdlitirs Sy persakasiwes reaction

o R e D e R e SO R BRI MR
wer@qﬂ@ﬁ ipvB&Hed F&@j@ﬁﬁnﬁﬁee@%ﬁrf@%tmﬁ %gnaﬁ@san&@édun of 26t A0 svernight
cuRlnsolbte asharel dRielilmfesmative n\f&@@rﬂu@ﬂélfﬂ@@lx@émﬁégh&!@m%@sqéarsmdt

D4 O | tif fl
o Gt bt Aot b 225 Mot b GRS s
congittitradins rainglen idicrdasednibibfilth férreEiielesapet dxkicseawerinused. After
ovBIRBHIGRIGHS rﬁ@’%ﬂp@éﬁé&éﬁ?%§%§%§é@{}4 ek QR M PN, I nE YIRS Bashed

to untreated biofilm, At these concentrations, SNP is toxic to various

twﬁﬁdf@?lﬁ%é&ﬁfega]%@l\?ﬁ VEONCT TR a6l vt iPistione orgliriere then
waskteagdtathizauietakihil P98 atihdrastariZatan. of absolute eihanol. Biofilm formation

was quantiiied by measurement of ODusons. and planktonic growth was quantified by fiuorescence
measuremeant.

As shown in Figure 2, at high concentrations (in the millimolar range)} an increase in biofim
formation and a decrease in planktonic growth was observed {25 mM - 100 mM SNP) in
comparison fo untreated biofilm. At these concentrations, SNP is toxic to various bacierial species;
the SNP releases high, foxic concentrations of nitric oxide (Joannou ef al., 1998, Characterization
of the bactericidal effects of sodium nitroprusside and other pentacyanonitrosy) complexes on the
food spoilage bacterium Clostridium sporogenes, Appl Environ Microbiol, 64: 3195-3201; Kelley et
al., 1988, Inducible nitric oxide synthase expression is redused in cystic fibrosis murine and human
airway epithelial cells, J Clin Invest, 102: 1200-1207). At lower concentrations, in the micromolar



15

20

25

30

30 of the bactericidal effects of sodium nitroprusside and other
pentacyanonitrosyl complexes on the food spoilage bacterium Clostridium
sporogenes, Appl Environ Microbiol, 64: 3195-3201; Kelley et at., 1998,
WadasibksxRiric oxide synthase expression is reduced in cyste Tilanomiss/000693
murine and human airway eplthellalﬁells J Clin Invest, 102: 1200-1207).
At lower concentrations, in the micromolar WO 2006/125262
AN RETRO 20ERIEDEse2Ie AR A TR GPBIAPT ARG @8, Brisees dnBEnapioBiwih was

obégzmétatif’nﬁangtim Qﬁ@éﬁ@éfrﬁpdﬂ%ﬂl‘ﬂ@bﬂ@rw&)wﬁlﬁ PRSP REryag ,iﬂ._«h&ncentraﬁon

ernect was repeate (0] IS

e o R R, B e ANt agB e i this
Examslefizm th&iemiptins olide dothirobstreerotecotfsnivicdiricet mffrihexide donors, S-

n[t;8§¥§§@'f@(gtﬁ¥ﬁém@6w& Qhﬁ%?ﬂk@grﬂf?a@éﬂﬂﬁeﬂa{%e RAP) were used in I\F ebe of

nitroso-L-glutathlone ( ) and S-nitroso-N- acety enicillamine (?

SW%@E@%%I%B"BP%N% éaéi’f%&a&‘@d&&%% iR/BNEs e dhese ifﬁmc
oxifégimen3, s ifercie < NELrimss of thele fitristioxie torasssalsolprokicetbwh,

astk%%gﬁqé‘%?ésé@r%&éﬂ%ﬁ%r %%%&%@9 Jifggses in planktonic growth,

ough to a lesser extent than was observed with SNP. These results
suddest fesitacueopEdirtehirusersniRiR oIt siiitaisnelrratsnsbiartiom biofim
fc @gammclgh@myg@ktonlc phenotype. Figure 3 also shows the effect of the

o R (0 R AR R E PO S BIGHER ZPETL - hamety:
imideretantratio 3-mnxidaddition be@N\Fasachi@@ oM glowin@tidfitromtdf I ncentration in
ad RSN REEND S SO AITe st BARY G PETOTSHR GO W@@ %ﬁ BIFARR in botn

phenotypes. 15 Example 3. Exposure to low levels of nitric oxid
p'aﬁm%@%ﬁ@@@ﬁ@?ﬂvﬁ?of P. aeruginosa cells to antimicrobial agents

Planktonic cells are known to be up to 1000 times more sensitive towards

anighighics thanz higfiim @@Umé%}yrbmhc%@% ﬁ&&a%%{%ﬁ?%ﬁ% gsf P.

of antibiotic resistance in Pseudomonas aeruginosa biofi Antimicr

AgERBERERFSHISP, WiimiziBbial 8988 ies, 2003, Understanding 20 biofilm

resmas:tcad@eﬁmtathamemtoa@gupﬁeNan{RﬁweDm@@@mmﬂZ{a\aa%dsiaa%oﬁé%an
t f | combati ma u [ is th| reduc
Ogbn%%% éugnétlr%n}:c%@ip;%\ act%gén{es See ?esﬂl?l? %Pegné}? &t !S nce m Eseudomonas

aslpsiapap oM nbiisieaie daarthifiiemsitrs, fbnidtciith @@@aﬁ kza(&ﬁc tmé@retanﬁmg

bmﬂf@\@i‘s@ﬁ@é M RrasiRa, b@fllmmbﬁ@%msv Bhe jpventors ther @T@fr%apr
estl ated ether nitric_oxide also restore antimicrobial

p ma
G T S TACRHOR PR OO st e e R A TS he
resotts @emmglma ibidfdmseathdeplamdtizio mmaimdhaﬂmwaxpﬁmﬂmwmwmode

of WF&EP&SB%@% Wﬁ{ﬁ)ﬁm%ﬂt 2 test e seosit 5 éfré) hegll %8%? whether

d range of antimicrobia ds were examine

nitrigy ISR RPPR Ry Y AL W@%@Wﬁ%.ﬁ@@é@tw@ W@f@lﬁﬁ&%tﬁ&@%ﬁ of
vardaechithacfonll apRrarataneha0opilnthe s yiiacan! &diue Wodesybsad fo

0w RAAR RS REE Sldifdg: and the

To test the senstiivity of celis, 2 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 dodecyl sulphate (SDS) used at 0.1%: and the
oxidafive stress inducing agents hydrogen peroxide (HzOz at 10 mM concentrafion) and
hypochiorous acid (HOCE; at 8 m concentration),

Biofilms were grown in petri dishes containing microscope glass slides (76 x 26 mm,
Superfrost, Menzel Gléser}. To prevent contamination, the slides were autoclaved and the petri
dishes sterilised by 30 minutes exposure o ultraviolet, 25 mb of 1/1000 overnight cultures of PAD1-
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concentration) and hypochlorous acid (HOCI; at 8 mM concentration).
Biofilms were grown in petri dishes containing microscope glass slides (76
wWo280airas28uperfrost, Menzel Glaser). To prevent contaminatom uh@es/oco693
slides were autoclaved and the petri gishes sterilised by 30 minutes
exposure to ultraviolet. 25 mL of 1/1(% 0 overnight cultures of PAO1 WO

GFbtisies somadibetvia medios e dwaulsddripegiairseid aroifelifmurs, at 37°C
waﬁ’ﬂB@in‘Jm SNEHRY runswlﬁg%ﬁmtﬁmtmeaﬁn&s@ﬁ@wm&ﬂrw@ SR Sup¥ithant
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pat@rtt&eat cystic fibrosis patients, The ability of SNP to increase the

sengitivityi9f frenpstrilished ?é?a@rtg![% %r@'@&%@%@% a50ginosa biofiims was

mvestlgated as jllustrated in Figure 5 ilms were grown as described

alsqyBRRSIGAteR RS IUSERBIIRSIPtRCIhE RTINS Wl heaHs Gedisseibphibvevadh the
extiation aaserciitd Sd\rl%upéﬁedeaéidmm wheimiedigssas ohangediands hours, the

mé%&'ﬁ% gh\élgr% % %Ea\kﬂl{"ﬁ%é%% c%@é:ﬁ@ﬁ@ﬁ @m‘b@é&’nﬂm ?%]%SNP

sen IncC 1Ims were grown 10 ours I'IOI’

aba@lmwraf@lh&ﬁﬁim%welmqm for mtﬂzea%bt’mwm@f@mmﬂddft@g efreither Th at
10@49@%%@9 é#\/oltamtf&ﬂﬁ\‘k«{nﬁééldﬂ@m@élﬁ@t@w i3RGme frormathe @rBD)nln 30cm

RGN SO ST S0 A At CTOERA B IBHrarSer e b e o
in &igeirthe aumsbetiofdiofiomicolisiwasristesarnasbtotinirthegonbebvidiisim cells was
ob@&%%%ﬁﬁg?&@n%ﬁﬁ%ﬁ%@%gﬂ?m% <L RHRYESUgRIG he effect of

combination treatment of SNP and an antimicrobial agent on planktonic

celld0 V&R TRAR dnitied of PREBEPSREIR LR P19 FOHRRSehiRe gaent on

pidd@omedilin) cwemigininguré VP a0 glorp seenithiesdvithangt bR E N medium
cells were 5 |cr |aI Iutlon

ARSIl S S O B R o

1/ Beifdimetitcriid solttienaabingyistene ba@’ﬁaﬂbromhéeswabwe t@é@tm@mcounts
w8 RAskaNis seilss RSBy RaH HREE?, 'qgéjgﬂlie&%ﬁré@n@é:n%ﬁ%ﬁomc celis

after H202 and tobramycin exposures when compared to untreated
eSliRgThaSH EENI¢ (RIFERase iﬁtgféiﬁﬂw ifhStagh 3 &%@HY%W%@H"@S when

compared o unfreated P. aeruginosa cells (Figure 6). Interestingly, although treatment with 500

nii SNF caused an increase in the optical density of planktonic cultures compared fo untreated
confrols (Figure 3), an equivalent increase in CFU counts (viability) was not observed following
expasure to tobramycin of hydrogen peroxide with SNP pre-freatment.

Without wishing to be bound by theory, the inveniors suggest the results described above
indicate that nitric oxide induces a planktonic “dispersal” physiology in P. asruginosa biofilms and
therefore enhances their sensitivity to antimicrobial agents.



1y

20

25

30

33

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 observed following exposure to tobramycin
Wilr WpoliiasReA peroxide with SNP pre-treatment. Without wishiaiytetaens/600693
bound by theory, the inventors suggest the results described above
indicate that nitric oxide induces a planktonic "dispersal” physiology in P.
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anccandsass megiruiﬁlmﬁ@ d?orr@tzfa@m %mmdwmtmm {etiime oiohthearbon
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0.0BagtEhdtto rie0eDifc tid.aP0r. aﬁbi‘;j@Sﬂ WEA), Bec@2pegidacinifye ashexiimnes, USA)
0.0 '{;Cga%%ﬁoék‘?rﬁ%f %B%%ﬁd bols oAr(% 9?%) % I\'lﬁcﬂugrjﬁ ? PIUAR solut;on as

previously described atlon or some o

D%P&é%&%ﬁ@ﬁ%@{éﬁ%ﬁn iclast ddratienierriel éﬁm@id@edaﬁ@h@f@pmﬁéaciera in
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revERUQOIMEIR-GamRine d mediufawas RANBRINGIRt A 4Rl combined medium was
maintained at 2.73:1.

Jo investigate the role of specific reactive and nitrogen species {RONS) and to detect
specific RONS that accumulate in biofifm structures during death and dispersal, a series of reactive
fluorescent dyes, each targeting a different RONS (at concentrations outfined in Example 1), were
combined with 500 mL of activated sfudge 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 (H20z), nitric oxide (NO), peroxynitrite (ONOO") as well as superoxide (Oze)
and hydroxyl (OH) radicals. A control sample {with no fluorescent RONS dye present) was used to
establish CLSM image collection levels for subsequent fiuorescent probes. As shown in Table 1,



15

To investigate the role of specific reactive and nitrogen species (RONS)
and to detect specific RONS that accumulate in biofilm structures during
death and dispersal, a series of reactive so fluorescent dyes, each
wangeding2adifferent RONS (at concentrations outlined in EXeEpe siwene s
combined with 500 mL of activated %Jdge taken from St Marys STP and
were incubated for 30 minutes in the dark before confocal laser scanning

posiier HeeepiETh avROIRissiel adtigueed erRhirogeit plyesxitiea¢pinRe Yydrogen

peritie Ao @) npREPRYAREIaUIRNGA - ShagsHRR O B2 Ohend
hydroxyl (OH) radicals. A control sampfe (with no fluorescent RONS dye

e L

—r >

PCT/AURZROEER0HBDLE4 positive ROfescencewas driesiegonith two of
the RONS-Sp@CiEir%ldyes: intracellular hydrogen| peroxide, H202- and, at
highertevels UIQ?IUUFUD\,CF‘I.,C, DHR123-deteeting-peroxynitrite -ONOO-.
Table 1. Ass@gemaei of RONS presentlifSt Marys STP (seed) sludge.
Fluorgscent prgbe RONS Observationyfeantrol - - Amplex Red
ExtracaAwiar H20Z2+ DCH muUaceouar H20Z2 F¥F DHR1I23 ONOO-=++
HEt ~02-(r) PhRd28M NO e TEMBMR8HO 1 02 To investiyite and
obsefve sludgeifiocs and planktoniggells during biofilm development
iofilms wer I with the LIVE/DEAD BacLigh rial viability ki
?I\/?ol ci:la.ia Pe%io%%s@%to'tckts;utien/oﬁé the %ti(*:xg v;et.:zcé(ia!u;d tib! 2 t

mL-1lin 1.5 fdMRiefocentrifuge tuth@s@ontaining 500 mL of activated
sludge samples taken from each bioreactor. Samples (20 pL) were

moieRagiR aRsseddesiaienecsely werrnirualieedMEhRHAERERbment,
o SRR B Bl s R LR P

solgfoevef iherigirseverestibisrhiotialidispeishboficaiisdeentitiye tubedechfiitng 500 mL
of Bpfilmywaspbsenved WRigws, %’é&ﬂ%@@&f,isg&ﬁn@éﬁzw@&g RIAE onto

(Figure 7A, Table 2.) after 13 days of SNP treatment. Table
glagtsdidesnbRico PN weETTERalrrd At s centiengt Ipsaathatans sfepsearadplympus).

Obseaabatidronuasttrineadocaniilithset e pEnoBIC sabes shi pRibRicslls.
ps SR Hl B AL BT RIS el P ARG 60 SR W8 Rlerves
)

view). [ nktonic ce
{Figure 7B} in comparison to the untreated biofiim (Figure 7A, Tabie 2.} after 13 days of SNP

regiment.

Table 2. Assessment of SNP effect on various sludge parameters after 13 days incubation
under anoxic conditions. {+ few planktonic celis, <5 celisffield of view; +++ abundant
dispersal cells, uncountable, >500 cellsfield of view).

[SNP] Piankionic cells
0 (controf) +
1 UM +
100 uM + 4
10 mM + ok 1

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 fiocs (in many cases >200 um) the
aciual concentration of NO presented to cells inside flocs is likely fo be considerably lower.
Moreover, the release of NO from the NO donors is dependant on complex chemical reactions and



20

25

30

1pM ++ 100 M + + 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
wactg gdrgentration of NO presented to cells inside flocs isHREWpE00693
considerably lower. Moreover, the rfgease of NO from the NO donors is
dependant on complex chemical reactions and WO 2006/125262
the pesieTroeiaied s are FRICIRAD dohcdrivafwer STan herENRaemacaafions
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Biowfigh [881966rbid) acid, J. Inorg. Biochem, 87: 165-173). 5 ExampIeS Nitric
oxide induces dispersal of cells in mixed species biofiims 5.1 Materials
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a final concen raton of pprOX|mater 07 CFUmL-1. S. marcescens
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marcescens previou een arveste fom selecive
of GeRspsERIpHIE il With rggrclggcﬁﬁﬁ@!ls were aliowed fo settie in the bmfilms on the

38 and uPVC coupon surfaces for 2 weeks, Unsettled cells were removed from the system by
reconnecting the potable and recycled water infel flows for one week. S. marcescens had

- previously been harvested from seleclive LB agar plates (supplemenied with 50 pg.ml-"

fetracycline and 100 wug.mL~" ampicillin) after 24 hours incubation at 30°C and washed three times
in phosphate buffered saline (PBS).

5.1.2 Experimental design

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
poiypropyieng (PP) beakers with bottom inlet and fop oufiet covered with aluminium foil and
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tetracycline and 100 pg.mL-1 ampicillin) after 24 hours incubation at 30C
and washed three times in phosphate buffered saline (PBS). 5.1.2
Experimental design 30 Coupons were carefully removed from each
Wlahiie ideadite using sterile forceps. SS coupons (potable) amUruRN@e6/000693
coupons (recycled) were removed fr@bm each experimental device and
transferred to bioreactors in the laboratory for NO exposure. The
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NCsevttitin dhrinsatiate wiamfbnalianiosentiaitan ai-d Q6pRr FeiBaeiASand duplicats

com inatorial treatment, triplicate coupons were used for
GOJ\ﬁgbCPy%gé}ﬁ%tg) gtnda @uphcate coupons for microscopy analysis. 5.1.3

Anali/tlcal methods The coupons were processed for viability counts and
micrbScOpyHiTalRei 9 E1DEAD@ BacLight Bacterial Viability Kit
(Mmlemlmoﬁsrweesgr@eewfouam)ty\mn@m tﬁzc%@cspalaa@@lde in the

bIOf §" I |d| g were
eac uted on%cée% |0n 0 3 -[ %ﬁaﬁf %,re regg[%an W%S used fo
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staifieidy ! E%%IWC%‘? &Lt a@gbl RN Rage’
Prﬁné@@s@y&erﬁu@m@eﬁ n@Sapbtly Were\dbdeitityd aodatspifieescipon siiseseopy
(LeRARRIIDRIRY I FRAF el RS {hHeidP 6T image analysis system (image,
NIH),

For viability counts, the coupons were piaced in steriie stomacher bags (101 x 152 mm)
(Seward, UK} containing 25 mL 1/4 strength Ringers sofution with 100 uM scdium thiosulfate.
Bags were heat-sealed and hand rubbed to inftiate the disaggregation of atiached biofims. The
coupons were sonicated at 400 W (Branson 2210 Sonicator) for 60 s, then stomached for 80 s
(Seward Stomacher® 80, Seward, UK) fo remove and homogenize remaining biofilm. The
homogenate was then aseptically removed from stomacher bags. Heterofrophic plate counts
(HPC) were performed using a pour-plate fechnique on oligotrophic R2A agar (Oxoid, England),
and eufrophic Luria Bertani (LB) agar plates. The plates were incubated at 30°C and counts were
carried out after 7 days. S. marcescens colonies were morphologically identified and confirmed by
plating the colonies on selective LB agar supplemented with 50 pg.mL-t tetracyciine and 100
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(Seward, UK) containing 25 mL 1/4 strength Ringers solution with 100 pM
sodium thiosulfate. Bags were heat-sealed and hand rubbed to initiate the
disaggregation of attached biofilms. The coupons were sonicated at 400
WY {Braa881d 2210 Sonicator) for 60 s, then stomached for 6@SIBOES@ware3
StomacherO 80, Seward, UK) to remeve and homogenize remaining
biofilm. The homogenate was then aseptically removed from stomacher
Ha Fgs ARt SONERENE ARTRECHng tevnigHe persrATe dpudingamined for their
effipyioplateitnehpigUBranipligabsanbic iREPcagar (Oxoid, England), and

eutrophic Luria Bertapi agar.plates. The plate re incubated at
R R A AR e P T i e e e
ImpRele inorpivuiogicbiiglicnsmetifvddasss coifiranddiiyissdsliataegthe bokimigswth.

on selective LB agar supplemented with 50 pg.mL-1 tetracycline and 100

W@.200@8@E262 PCT/AU2006/000693 27 Ng.mL-1 ampicillin.

Sonigati nd aching techni were previously examined for their
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conteaiiasenpysanalysisM FENS). Wi relstaigproportinsadct difanentoselonry wih
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thisSpeimen [i56 b Ao Uns URpiT Dl RS ueed 242 ppm and
completer moval of biofilms Was observed on a coupons that were

expéssdsredembiefims restaiNrbed &1os 2 2rRéat yetydad areiebibisinvidigpiketsm and

halbihSe Rl BaE ReReRsMINaEbShesies g bimaeaialRlishask am Sounts upon
model rec@ed water distribution Eésgg and boring, S. marcescens
t
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exRRRERASH MASHST) %}Eﬁ@ﬁ‘tﬂﬁ'@% Versabained Ul%ﬂn‘é'?r@gfﬁ%ﬁtglséﬁoﬁs for

and microscopy analysis (Fig. 9). Biofilms exposed to 500 nM

exXEMFoiteRPih fRSLEAIRG WaRIVRY R Friok crtisyipficiprlatTameyias N treated biofim

corep@santesohtipPmpiircsilosmemams ypHio 2 detd Fmoee efficient at removing
SNP treated biofilm compared to control biofilms as determined by
viability counts (Fig, 9), o
Example 6. Low levels of Nifric oxide fo induce dispersal of S. marcescens, V.

choleras, E. coli and B. licheniformis biofilms

Bacterial biofilms were grown in pefri dishes (80 mm diameter) containing either glass
(Superfrost, Menzel Glaser} or polycarbonate microscope glass slides {76 x 26 mm,). To prevent
contamination, the siides were autoclaved (glass) or sterilized in a 1 % solution of bleach for 30
minutes and the petri dishes were sterilised by 30 minutes exposure to ultraviolet light. Overight
cuttures of bacteria were diluted 1/1000 into 25 ml of fresh medium and grown for 24 hours, at 30°C
or 37°C with 50 rpm shaking, aliowing biofiim formation on the slides, After 24 k. the medium was
replaced with fresh medium containing varying concentrations of SNP, SNAP, or GSNG {in addifion
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25 Example 6. Low levels of Nitric oxide to induce dispersal of S.
marcescens, V. cholerae, E. coil and S. licheniformis biofilms Bacterial
biofilms were grown in petri dishes (90 mm diameter) containing either
rakeae/iSipoerfrost, Menzel Glaser) or polycarbonate micros@gji@Aglzes/600693
slides (76 x 26 mm,). To prevent coggamination, the slides were
autoclaved (?Iass) or sterilized in a 1 % solution of bleach for 30 30
o FHGIRSEIRITHE SefsaiuRkanidhe Sebtiissy BubgahiturBgodlirets at the
apmhpamvetﬂ;bgmu@wn@mmuamesm bantesiaey ei@ifeteshdclAQRINMPES 1o
ml of fr sfhnc] djum, ga oyn Ior 24 hours, at 30'C or 37C with 50 rpm
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& sely attached cells, All treatments were 10 performed In triplicate,
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of view per slide were im In the x-y plane for subsequent image
andlgaie. hsages A ranasigr ageg fRSBIRNEEIRSIAY thé. AFRitysrssindimeby SNP at
corlfBaegibis Gaitpsésh AndosDIRIGONIH) AR detRrmin® ‘i@&bﬁcﬁ# fﬁQﬁoﬁFﬁV@W e ata

o S R T R AR S el e

S. @amaceee@efﬂm&moﬁlms by SNP at concentrations between 0 and 500nM,

withmere any6Q%ERAYRHINR Rioflim coverads af@ mqmﬁeﬁ%gémai of
25nM SNP. Figure 11 shows that SNAP (100nM) is also ctive for

Vmﬂ%ﬁ@/@”éﬁ&%@% marcescens biofilms. Figures 12 and 13 show similar
restifsréorithioaffectisSoiPShtrand iNdAkhtuodisneisn) of téﬁ@}l@iﬁé’@%@ﬁi ) on

bioRiRIgISy F&ﬂ a4 ﬁgvxgnggﬁgrﬁ?n ) OfgaagggﬁémeT%ﬁ%{%"s'%ab'a'tecwﬁyf 9 this

tetracycllne pgim erae. The concentration of
orggsYRgEycline used was below the MIC for this

Figure 15 shows that 1uM GSNO has a significant effect on stability of V. cholerae biofiims,
and Figure 16 shows that 500 ki SNP has a significant effect on stability of £, coff biofiims.

Figure 17 shows a strong effect of SNP on stability of Bacillus ficheniformis biofilms, with 100
ni SNP providing a 80% reduction in surface coverage by the biofiims.

Example 7. Low levels of Nifric oxide induce dispersal of C. albicans biofilms

Celis were grown in 24 well polystyrene microfire piates (Sarstedt) in Yeast peptone
dextrose medium (YPD) at 30°C with shaking at 100 rpm. Briefly, an ovemight culture of C.
afbicans was diiuted 1:100 into fresh medium and 1 ml inoculated into the wells, Biofim was
allowed to form for 24 hours, after which time the medium was replaced with fresh medium and
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25 organism. Figure 15 shows that 1pM GSNO has a significant effect on

stability of V. cholerae biofilms, and Figure 16 shows that 500 nM SNP

has a significant effect on stability of E. coif biofilms. Figure 17 shows a
Wibrdieg/ Bieet of SNP on stability of Bacillus /icheniformis biofHmsa weiths 10@:93

nM SNP providing a 90% reduction i, surface coverage by the biofilms. 30

Example 7. Low levels of Nitric oxide induce dispersal of C. albicans
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Wallac- 5 Victor2 plate reader (Perkin-Elmer) at 540 nm. The results

(Figueenlia BarmpriesenNadctba daartidgeafisho 8 EpRte e BIekmad

sh i o] Lofil t. SNP concentrations

o e By S g o
Stapfreraols califEtismeEsiniasioliamsa doetaber Rhaie Briblanemistensrviaiolrae,
E &fﬁ%n;@glgc#@ﬁ@aifdj@taﬁgln]g%ms?n@ema . §iﬁ{@@fﬂ?%§ﬂ§tﬁ?ﬁ@%@oﬁ%? WSvever,

0 on DIo ormation an eyelop o apnylococcus .

ISt SO EY ALEE NG GHon &) e e peric
of bhigiecaysiddmenil arebEs lithenfoinibausiiy glditensimesrencpetie dishetofoo 2
biofkByiiapied e Dinsirm 1 beviauster BN 0anRr: SiRewas added

continuously to the cells, rather than after the initial 24 hours period of
biofilm development. Results demonstrate that SNP addition can prevent
theSiampdgiOn lafualeiebiofilifrib p:Sicipriiemide(Fatpie 4@ieatam bioflims

conge ion-depe e I level itri [ :
M e Ut N Al M e o e

NUGRAYE WRSHTRSIDRS HPAIshate gy pIResisaCi RIpiMs e Hensogls. Briefly, an

ovesaitetetias wamnode tandcliae ﬂ'@ﬁmﬁsﬁmmﬁbiwﬂm&?wﬁﬂm@%‘@@m% 38 optical
' 0 ight W sed tq in te fr medi 1
B I T S BIOSAE  TR

100G S8 E \idkd artEtito theiase pidpwecdpeatiedtioholBrmineltoamivhe bactera
weRQIBMd krMaanehLORM:A dldssorH Ae MaRaRARALREING IR HE RliSved,

%n%@e bP?yc eria Wereflé%ged to attach f(E 4 hours. At the end of the

WSt Betfo é&‘?@&,“ﬁﬁ?" fde RArEPERcRREY, 2SaRiREd SRirc ey dippingh systel
violsterilEnP BBatee melise wers ety mastdatedselisicalindbstaiptal witlherygtate and
subsequent image analysis. Resulis are presenfed as the percentage of cells attached in
comparison to the control culture which was not exposed to SNP {Fig. 20), and show that additicn
of the NO generator, SNP, inhibits attachment of F. nucleatum to surfaces.

It will be appreciated that, although specific embodiments of the invention have been
described herein for the purpose of iliustration, various modifications may be made without
deviating from the spirit and scope of the invention as defined in the following claims.
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violet, The attached cells were enumerated microscopically by digital

image capture and 25 subsequent image analysis. Results are presented

as the percentage of cells attached in comparison to the control culture

which was not exposed to SNP (Fig. 2030and show that addition of the

NO generator, SNP, inhibits attachment of F. nucleatum to surfaces. It will

be appreciated that, although specific embodiments of the invention have

been described herein for the purpose of illustration, various

T ditisaidefningjhenveadionith aatfaiowisviating from the spirit and scope

of the inventj ' ' ing claims. 30 i ining. .
the vt g et e R oo
microbiaipbiofy regithzofitrettoosh edrgtivisimp:-B6x@xposimy daidhibiofide doaaeast one nitric
effect] foxi - Iri ide or at least one nitric oxide

geneé%{fﬁl}% gsﬁﬁgﬁggﬁﬁtﬂgﬁnﬁﬁcing the accumulation of an effective
amounindfiane tbe ramenaEictivel axygietive Ritoge roSpeeies mathimeactive oxygen or
micr isms: Withi id biofil ' id method does not

comgﬁg tIFr{e§ tr%ﬁ%@f@?ﬁ%@éﬁ} Bﬁ%ﬁ%ﬁglaéﬂ . The method of claim

1 whereheitie stidewthahdoestniot oxiteigereatatingod & teleasingtagentmal.
compr'#:es]. ne o&mor r|1itric oxide donorst. 3. The method of claim 2. .
wherefn the' &TERSE SRS BRI L BT ARt BHRG g0 ating or releasing

aGenittosprkegloratione iSrinodediracetylpenicillamine or a combination

thereof. 4._The method_ of any pne of clajms 1 to 3, wherein the ] ,
microo%'gaﬁi@n@%%%@e%%'fﬂyef l@fﬁ%ﬂlm%r@ d?%?giﬂlbqe%%&ég?SdWé i sodium
nitethadidy, $mitose oflotaimsid, BnBroshbretatiiermitaonganistnsresethereof,

in the z{iiog\]m are of multiple species. 6. The method of any one of claims

1 to 5, WhePEiM BTN RERSS 2R HE AP shitt NBTRRIECBItTpRSE B RRaent in the
bafifurgabspeiigs s2&@s The method of any one of claims 1 to 5, wherein

the microqgrganisms within said biofilm comprise one or more species

selectdd fro TP EPoNRIBHHBRSNISIS pp WIIsLRi dsnicTagragpms present in the

bRSRuseatergtaenassap., Staphylococcus spp., Streptococcus spp.,
Shigella Sgﬁg M%cobacterium spp., Enterocaccus spp., Escherichia spp.,
op®,

saimoell WS8R ARiBib hitus Befs ) BaciRsogpgRnisms within said

bRfisLEoNEED BRRYiShewRARiRERP., Geobacter spp., Klebsiella 25 spp.,
Proteus s%E., Aeromonas spp., Arthrobacter spp., Micrococcus spp.,

Serratia sppt, EHiphHoibRES 8hplaiEssbiastetitF8pps MEraalsaBiEpp within said

biahemelhoshebamporgsaksiimscl th, OuNgRIBHh eHRIGERORBAMNS M eudomonas
within,sai l?iofilm or caggble of forming a biofilm comprise one or mare '

Qe cleCLNRIRRTAER PP RerafiRBLa oS cottBEIRtE mRe, Shigella spp.
Myschertishia o, BBwiluscicheniprniisc/Betasiapparcaseensa spp., Legionelia spp.,

Haemophilus spp., Bacillus spp., Desulfovibrio spp., Shewanella spp., Geobacter spp., Kiebsiella
spp., Proteus spp., Aeromonas spp., Arthrobacter spp., Micrococcus spp., Serratia spp.,
Porphyromonas spp., Fusobacterium spp. and Vibrio spp..

8. The method of any one of claims 1 to 5, wherein the microorganisms within said
biofilm or capable of forming a biofilm comprise one or more species selected from £. aeruginosa,
Staphylococcus  epidermidis, Escherichia coli, Bacilius licheniformis, Serratia marcescens,
Fusobacterium nucleatum, Vibrio Cholerae, and Candida albicans.
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30 Fusobacterium nucleatum, Vibrio Cholerae, and Candida albicans. 31

9. The method of any one of claims 1 to 8, further comprising treating said

surface or medium with, incorporating in said surface or medium, or

exposing the microorganisms within said biofilm to at least one

antimicrobial agent. s 10. The method of claim 9 wherein the antimicrobial

agent is selected from an antibiotic, a surfactant, an oxidative

stressginduiging:Age bt a0y eheonhinatian thizraef cdhprbihg restiyoshiofamye or medium
Wil mOf caims 1 10,40 wherein | .ﬁ}s R expomiEe ﬁ%%&vgnoﬂ%tﬂu%aﬁ‘d% A Lo at least

spec esare %eplec ed'trom peroxy é) RIiC oxi ﬁyd'rogen peroxi ide

oesehiBuipeb@kigentadicals, or a comblnation thereof 10 12. The method of

ifereh i BB 1 A GRS Bt e (BB oot

saﬂs{:talrsah oxr&atzuerﬂmssm@mgﬁgent campnisegipriaeenting induction of
differe n ev ts in microo which lead to biofilm formation
13 e e AP M o o 6 M5 b ok 1 B L A Sy o ivoger
stbeesea’nsmadﬁ(ytadf formperegngdaisimidadde oydrogmne @ntiidéceobialrgeidtsradicals, or a
14 The ethgd of any one of claims 1 to 13, wherein the effective
combln?ﬁon Sreq
OoXIC @amount comprises a concentration of at least one nitric oxide
generaﬂngmr feleasing agem’feof)ffrmab‘om .‘ﬂ{thtIDeabsmn Zb&mﬂ/l co]rﬁnrises inducing
dlr-f @? d of anp(l one of clai m§h1 heﬁe e ectlv
eren 13000 events in microorganis ithin s Eea 8rsa or Wi erem sand method
OUAtL comprises a concen ra ion O eas one ni I’IC OXI e generating
cmnwmmmgwammmcﬁn@mw&wmam mmmmvwms ¥BicThed méibfind fafnation
2y O O D45 s/ he SGPNE RO OE AU, e sonivty of 2
comprises a S5 et atiory of Al feast ohe hitricoxids genera

Mieleagangraigent orfrfmmmmbmnbmagmmo about 1 pM. 17. Use of at least

one n| ric gxide gene atl or r Iea ent, together with a suitable

carrion ol AR ALK TS BF  Co oG BR r B SHREHA et B oo 2
contentrbtiah bieﬂhmwkmen&mzﬂabmmmﬂmzntlmmam@agmbﬁéfmﬁmbpmﬂm@ fo abozz% 10 mM.
mlcroo‘sgq isms Wlthin said biofil g an _effective noggﬁgxm amount o

nitric o PR PR BRI AL dEntIR Y 5 a?s’?ﬂ’@t%{&e?ﬁ?”%wmmses 2
cdiBertiagon seaobataom dificdnid egyenttetirgioleaistdinyeagutticl tmdﬂagem@nmmgbom 5 M.
releasing agent comprises one or mor n|tr|c oxide donors. 19. The

of claint 1§*%%H“8Fé‘1?1 LAY B %‘ilaﬂﬂ%%r‘et% BRI IR S PEE RIS ?@a%%wpf ses @
csa@irationdy epsus sickenite nitdo gonkrayhatethiesstng agent of from about 10 nM to about 1 M.
S-nitroso-N-acetglpenlcnlamme or a combination thereof. 20. The u

oy Orl oD SR AL 3 5 B e 7 AU SRS R PRl ool cari

i@lpe vaeshinrsor ﬂmmmmiabtwmﬁ@m&m positiombi2lhioh Ine mmfsaimrm;aosmon

|2<9 w e% Inxtglsematmleast (a)rl?lem%r\]l}lj nCsreft)cEJ l) f?ng%m Isf?egtl\?enryk?nl OXIG a unt of nifric oxide or
S r‘?ac?anfa pan XICFa%% Slress- mducmg agent, or a comboination ?1 ?

aB@aﬁﬁneTﬂﬁecmsag‘eamytmer@aaammw to 21, wherein said composition is
an antj gOL{J catm (;II? wherein the at least one nitric oxide generating or releasing agent
comprisas one or more nifric oxide donors.

19, The use of claim 18 wherein said one or more nitric oxide donors are selected from sodium
nitroprusside, S-nitroso-L-glutathione, S-nitroso-N-acetylpenicillamine or a combination thereof.

20. The use of any one of claims 17 to 19, wherein at least cne antimicrobial agent is also used in
the manufacture of said composition.

21. The use of claim 20 wherein the at ieast one antimicrobial agent is an antibiotic, a surfactant,

an oxidative stress-inducing agent, or a combination thereof,
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or a pharmaceutical or personal health or hygiene composition. 23. The

use of any one of claims 17 to 22 wherein said composition induces
differentiation events s in microorganisms within said biofilm which lead to
dispersal or wherein said composition @2&vents induction of differentiation
events in microorganisms which lead to biofilm formation. 24. The use of

any one of claims 17 to 23, wherein the effective non-toxic amount

comprigesTae eenganfraiiandein 1east onReRilficaaise GRRBTIatNen®Fouling composition
releasin age t of from‘ ﬁ‘%ﬂ#&lhnM to about. 10 mM. 25. The use of any

06%8?18!’ Cﬁ%\l‘#nsa 105 R%I’SQ%&’] W%ereln ¥Pl|8n% em R/S'ei%()n-toxic amount comprises

a 10 CaIICETHF aBOBY aif\Bdrke IS NS NI IT QNSISIrOQRPIAHIGIRN IRIeaS BB:RBE b cvents
_of from about 10 nM tq about 5 pM. 26, The use of any one of claims 17 ,
S 3HATETER VRS SHREUS RO G5 RS BoMPABSE oL LREAUBRIGHS ovoton
obdifréatmboaeritnonixdg gemenetichdeed Kebedisirigragient of from about 10

nM to aboyt 1 pM. 27. The use of any ane of clajms 17 to 26 wherein said

Comp e A L% R SERr L SSHFIEE 157 SHTHNR CeLH o comores
csulbsjereti@r &ff ectivesnidnictoxie gomoating of midHsnoxighatof irtaedsitan®! ftEout 10 mi.

oxide 15 gs[%neratir?% or releasing agent for the treatment or prevention ofa

biofilnfasBeitfed ABhERTEH IRTRY Quritterss. e afferdue gpariqin gmount comprises a
covbenteitos afelt reaticameinbalsgoerapy seslsddeqatane amhianaroiali to about 5 uM.

agent.

26. The use of any one of claims 17 o 23, wherein the effective non-toxic amount comprises a
concentration of at least one nitric oxide generating or releasing agent of from about 10 nM to about 1 uM.
27. The use of any one of claims 17 {o 26 wherein said composition comprises a medicament

adapted for administering to a subject an effective non-toxic amount of nitric oxide or at least one nitric oxide

_generafing or reieasing agent for the treatment or prevention of a biofiim-associated condition in said

subject.

28. The use of claim 27, wherein said medicament also comprises at least one antimicrobial

agent.



