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TOXI N- ANTI TOXI N SYSTEM AND APPLI CATI ONS THERECF Al |

docunents cited herein are incorporated by reference
wonodshszn4entirety. TECHNI CAL FlI ELD The presenPCT/SG2005/000389

invention relates to the discovery of a

toxin-antitoxin systemin oppOrtunistic human pat hogen

Pseudononas aeimggi nosa and to the agﬁl ications of this
di scRRKINIANTLEOXINt S EERMDAND, APPEACHTIONS HHIRREOF

A agi5 et i beFnidoE offo B B7 PPty freit GRES, V2,

also relates to control of bacterial growh and to the
N3Pl ssion of heterol ogous genes. BACKGROUND TO
TECET}E@A%VF]%%\I Early on during the devel opment of
The pr@eATRVhEOh rédNes tEMBIINCE®RL Y off b thEE-ahBRikirzgdtehhimt op%ortunistic human
maj or chal l enge to that energing technolg was
pathogem Blsendegionet warigdnase sk mitha gppli tla@,ﬁwﬂg isndiscovery including the
S t
stabll %rf Bf'"‘lﬁfa?rﬁﬁfs gi;ugﬁe ;f/}@f f}%lrln 3 réc%ﬁléﬂééeﬁlq %ﬁggﬁﬁﬁW fgr Rroductlon of
genes| mﬂlomeﬁl poodugesn Gﬂ]leaa{férmoﬁr@$mmt&ﬁtd06@it&ﬂ ioflbacketihls g@svil and to the
resul t, of ge gh- | evel expression of proteins which are
stablexpfssign pfiaeterg! QERERESSnsequent |y, when propagat i ng
genetical | y-engineered bacterial cells that have no
i ncentive to maintain the reconbi nant plasm d, over

BACKQW)UB]ID%Q BHE EVENTION al cel |'s appear at

Early 5y YRGS B AL AT BTN BV FSCHRoIOBY | e was rtized hat o mjor

challd?ng@%mt}ﬁT %ﬁl@?gl@é"@écﬁﬁél@éy Gak life Bave rﬁélﬂféﬁﬁn&r@’}‘e&btﬁﬁhﬁﬁt plasmids in
Accor di ngly, hin a“relatively short period of

bactetiflecebls.ckt evasaalscc mah@q:dg tlm@mmb@rdﬁgndsmmm dareely tfyom the heavy metabolic
eri al | eadi
burdefl i RpEE o S B S efse 7Y oter bl acheahs bPnihdeys! pypression of
protefhbqrhsdha@é 6f hdWrané toanem. of pl asmi ds have been used in
th e art. One comon net hod has invol ved the use of
iotdcs . in t

COHSWC t[]h;y w&}epyr?qggaﬁﬁlgdg?ﬂe C%Bee%ﬁleg&% Pai tg% tﬁ%tchave no incentive to

maintRina$Biréontihdny plasgedcovditiele, porhid-Free afktianedlst 4pptdieat increasing
anti biotic. However, the use of antibiotics in this

frequengindecausn ot Beayier i metpbelic Brisikn eass pl asmléraanbpem&rbacterlal cells,
I e [
plasnfRELE TR BT e Bt e 360, Molglfhonll AL Rlativly short
period bfjtimk] tharbiactdrislachiant egelsecansalvndhatdd by tphashdié-fies dactbrial cells, thus
antibjoticgs vari o s alternative nmeans for ensuring the
leading tg 3 dscreaying Bﬁ pl asni ds have been devel oped in
the art. See, for exanpl e, US6, 703, 233, US6, 413, 768,
VarioulSthefods Ssnstitdg 806tabld inhelBtineR af pladmiddddyd 66¢r0@Rd in the art. One

common method has involved the use of antibiotics in the culture media so that those cells which

carry the plasmid are selected for as the plasmids carry a gene which confers resistance to the
antibiotic. However, the use of antibiotics in this manner can pose a variety of problems, in
particular where the plasmids are being used in the large-scale production of heterologous

proteins.

Due to the significant disadvantages associated with the use of antibiotics various alternative
means for ensuring the stable maintenance of plasmids have been developed in the art. See, for
example, US6,703,233, US6,413,768, US6,258,565, US4,806,471, US5,922,583, US4,760,022,
and US6,143,518.
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and US6, 143,5 18. One nethod described in the above
publ i cations involves construction of a toxin-antidote
wai2bdeioazp2syst em f or pl asm ds expressi ng het er oPOGSG2005/000389
genes. In such a system plasmds replicating in the
cytoplasm of the bacterium e)?press a critical antidote
requi red by the bacteriumto grow and replicate; |oss
One mdthediddscibakinthisaboampublcadtioas miyblves yonsfruttiom dfactorini-amidote killing
t eﬁre.sthe ant. dot andreSLiIts in cell eat.l&. e
systent LTS FEAGHIEE ISRTAlORPL FHES BReHG SHRa-glssos replicating in the

cytoplaSiRl SCAE  1ABteri Gprés8 Hbiitcal Bnfidfe &ffiRI Yy BB Ybacterium to grow and
plasm d-1ess bacterium is also referred fo as

replicatepbiss of srchgdasnydatenaves thegpbiliy of thebacderivenl te express the antidote and

resultg grgéeil]; de%@w. é[@is?pﬁ%‘ﬁﬁ;g%ﬁoglir cgft pltlg%l%lﬁ l(i'sg? chlﬁl?‘lg %%wggrﬁaé %gﬁicgtict)rlﬂ Svhich results
in the' @it bPRGLpleasRidtisdRptetinh, iNEsd ederéDtPiOWoseseprdgafi@d killing" or
sel ection such as external antibiotic selection. One

“progeguamed eelbrdegthf o nplagmidgaddictionst Sy epmp ayoisethe nsge@f selection

i (RERA0S e PRl E0 285601 (RANLSIUR0 sRL AR o oo suh
as exteinhhamibidiie seleofie@r.at e bact eri ophage P, which

| ysogeni zes Escherichia coli, as an -100 kb pl _asrri d.
One BT 1 GRAERALR WA ST B BB (LRSS e hlftenanc of
expressior mipsofidd e batiesaiid thy phid-dok sgssemnwhichnoceiys asitrdllye within the

73 ami nq acid _Phd antjtoxin prevents host death ) )
tempesaie FREHPRASS THh AT YEBEHHES tﬁiﬁw% £9{e @ vhPOofb plasmid. This
maint ce Pohs adodRCtva’ §nfl ggcgggsz?%le doxic "PleCarhind NREd DR eﬂrﬂtein causes

the ATG start cod e downstream doc gen
deathonentiag of the Waemid dyent unknF@A nstcbgnistodand thé 78 lamino acid Phd antitoxin

provelREPRTGRL, DHERY PERGITIE angiaris o ofs &hhosi &

exceedi ng synthesis of the toxic Doc protein. In
Phd aad Mlociaonencodehby a sipgledranséripthn svhaghetho A TG start codon of the downstream

autoregul ated at the vel of transcription through .
doc ¢34 YgEie By e Vet 5 wpBicontit 8D it Bie@im P §8. Expression of
these Wb pibtdihOkBerafos@&anstdtionbiy POUNEE MathePHdsyhihesiP eREBRE synthesis of

of the operon as concentrations of both proteins reach
the togicdpeaprewin.| evel . Al t hough Doc appears to be

relatively resistant to proteolytic attack, Phd is
In additigh! tyansetgiatdfihie operoalis aw@esgulaldieat TRE leasl Ghardfscriftidon through the

_pl asm d- encoded, phd-doc | ocus is therefore activated

bindingefha Bh&-Lci ROSHorRmBMEs IR §ite icht pdksiagegsg @A RNA polymerase to the
prom%hlgéf;ql'll%'Soggﬁﬂldésn&)ntc@ntfjﬁlgﬁégg%b@ﬂ%rg%gtsn?%%r‘% c@ﬁ{:dé R%.nAlthough Doc

uent” activation
appeacsaiosesretativelydesistimt tduppdtbalytie xizagk] Bhodfs ldglilp susveptible dotleavage. The

syste i ch has been us o enhance_t he mai nt enanc .
mechggfstg, Bf b Qﬁsrm%zglﬁ?%é Pt Bopa s Sthefrorgapotiplidoyhen bacteria
spontiblly | BsdeRiS Mef8eht! PlasthR 18RS debiafiaddid 0P 1ile BHY antitoxin and

P t he pZ\r DE system vvhefrﬂe a bacteri al teg% ﬁ pr gt ein,
subsefpagnEactiyation g§the dqstayia vArcloéauses cell death.
Another example of a toxin-antidote system which has been used to enhance the maintenance of
expression plasmids in bacteria is the par system which is described in, for example,
US6,143,518. In the parDE system where a bacterial toxin protein, ParE, belongs to phage P2 of

Escherichia coli, and has been shown to be toxic to the bacterial cell via inhibition of DNA

gyrase.
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Escherichia coli, and has been shown to be toxic to
the bacterial cell via inhibition of DNA
waeom®s223ur pri singly, work by the authors on t ReT/SG2005/000389
| ysogeni ¢ sequence of a novel_ bacteriophage terned Pf4
i n Pseudononas aer ugi nosa has-reveal ed two genes each
Wi th cl ose sequence honol ogy to toxin-antidote genes

Surprigingtyt, verk by dha avelaers bn theblysagenicaseqiinee phiw ngemh bactedaphage termed Pf4

i PR L e B B, kS5 Bomotoy 1

toxin-@xtiddd¢ teenéd OF @thict EBiaint Yiepdtive bdeerRhdThePRY géﬁes h@%h have conserved
deat h) gene of Pseudononas spp.; the second bears

domaigy hemglogy ytoj erb%&o%aemﬁsnaf) athet (G1gay Begative rbagtenie. dhe first gene

ot FRboRFHER X! TLG58 BARFRCR B lwangs o e o

bears sisilaity in ranwryed Bemaihsl /6l @arks yaiie genaod tHh €. cpargkDBf sybtem. These
coli. This is the first tinme that conponents of

genes; ggi Facht FABRIITISY 8t difderpito ArcarmoaséntoxBr giipsassygicas, namely the

phd/d8akiéh! ¥nd ALASSE Lo # E{)HJ ariE Q9 HRTRRY (il knad %ﬁh—%onenés of toxin-
operon, and increases the pernutations for pairing an

antitoxiongystems rfrem idifferent anghnitiox iare hatuiatly spatbéwesl thdorm seprogrammed cell

vectors.,.Pseudonpnas aer.ugi nosa.is an o rtunistic . )
death BEGTRG ] INGREEHTT AlF PRBRIAHOTS 15 Pairie: 0 robiplesasntytipn gfgntitoxinoxin
systenOfk ustehereRss.t 0 initiate an infection. It causes

urinary tract infections, respiratory system

Infections, decmatitis, conjunctivitis, otitis, soft )
Pseudpiigl P Retset] Sneh BB LGt otk BeARg 1ot fhexplors some break in
the hdshtieehé@ns, inBRSd bR iRte&RIn. NMAkausBS GGhArY NFacBNHe@iohdl feShiYatory system
. of system c infections, particularly in patients wth o
infectigpg edegmptitin sconitnctivitis.apidtes, safdissnOSfpetidnenbacteshoniay bone and joint

. ' P d ' i nf . .
N T LA

with sewdre eiurnsCylt inCeahcf B8l AIDSPatidis R0 afdendsesubpiedded! Pseudomonas
rate . in these patients is 50 percent. In cystic ) )
aerugipgg PEpeion it & grrios preblen iy peicatsdaspitalized avifhrcaessi gyatie fibrosis, and

bmns.g?igst%s@fataiﬂtif pEsH @ed spgggltélg id 80 pgegle with CF. Micus

cks the airway pa and'results in a
redi sposition toward chronjc bacterial infections. .
In CYS%ﬁegWB §, BORHBH VB AERS disgaser 1§ thpfreedompingntgausg 9f 1ilaess and death in

1PS8deron iy 4] chi Aot
o SHUEBIE B BEASISSRS 1, B Sy B oo v
chronig dacigtialogtectiens hetnhest corhton Hactetibohaly. infEhiethb &&Fy/luag is Pseudomonas

response,to P. ae j nosa. i des infla i.on, i ch
aeruglpgiiE odis bipgs PEaRBTLRERTIBe Broonys SlriRe g mipRteh Sat-term) by 7.
aerugMbSATBYEE Heab!10fF bithdayouke aolyBi Rbpdite CRN FICEE885Bsa includes
. the frequency and duration of these attacks, the
inflampgtionr Whisheesisgs| teperier] exgserbatiommer enisidde ot éntesd lweathing problems.

“be. | i Rl d f he | . .
o8 1RGSR 855t ! FLIBLES DS AR g, e tatrom

establibhesfd petmandht rdidenics Wy camiener 1 caeyitely dinkih@tsd Srom the lungs.
patients. Biofilns are matri x-encl osed bacteri al

PseudprQBH&saLéi"ﬁQ%o?cg he rb@fi‘évehotoel%gilae oatsha? ‘biofilms in the airway mucus of cystic

fibrosis patients. Biofilms are matrix-enclosed bacterial populations adherent to each other
and/or to surfaces or interfaces (including automatic watering pipes, recoil hoses, water bottles,
or sipper tubes), forming either single-species or mixed-species microcolonies which are
phenotypically distinct from their planktonic counterparts, and which provide primitive

homeostasis and metabolic cooperativity within the microcolony.



10

15

20

25

30

and/or to surfaces or interfaces (including automatic
wat eri ng pi pes, recoil hoses, water bottles, or sipper
woubw®p222 or mi ng ei t her singl e-species or m xe#€s|862008H00389
m crocol oni es which are phenotypically distinct from
their planktonic counterpart§% and whi ch provide
primtive honeostasis and netabolic cooperativity
Over §9%hifalltHasterin dive @obbﬂ%n@mﬁnmﬁﬁﬁésoﬁ“hafdmbﬁom ef statidnavy metabolically

m conmuni t for ona .
coopelivBBPhte FHUES leEon, & Bitrorfinky SheciesS i, fie puvironmental
condifbnsTtdntiesl| RelnfoRARE ik Htﬂﬁbt@ﬁéﬂeefg%ﬁts EBITIAMFES have been shown to be

conditi ons, chem cal disinfectants, and anti bacteri al
500 tiggs mose reRistant famdibRgterialagents e porspasesh tq plarjdomio omisre s
nore resistant to anti bacterial agents as conpared to

Biofilplsadkia@fih€ phtabgenic Badkrid §h @8 PsaldohidaaPad QaRRk 6an form on a variety
bacteria such as Pseudononas aerugi nosa can formon a

of devjiggsi wseq iy piomasdicad sesgaish and dbmmhgarg,aqncmégvgeﬁr@ptraﬂ@al tubes used for
s BB SRASE 08, EPUBLA R ARS8 pramters

prostheds Gighia Wabfe@,sblﬂlegestente,arrﬂmnmgamﬁmj( ehtheteps, @htd’m@d p€r1toneal d1a1y31s
heart valves, bili ry stents, |ndmeII|n urinary
cathefgrg W@F%Cfeé'w% capieet 1 pesep B eaificalipipgs, sesuligdp é?réous infections which

are ulrﬁgst %PQ%‘ B m P hera 93191%11 \?&1&5 hihb Gleflced PleNlsSd i in biomedical

ting In serious In ectl i ch are unresponsivV
researthy aadtalmuaai ozbtemilnalyhmedmyl pmnyesoﬂ\/ldzdmaﬂ eiesa:nemdlmfaﬁe&rs have spent

decads%?er@?q{:gimdq r?g wclills%?ge lzflré %1dce%§ln€cg$r|u%%iﬂ%2rgsmtam materials, but have

been m&a&a@w&gﬁle’f@a&e@nﬁm adHPRICEShRH rhengdhieds. of
mllions of dollars to identify colonization-resistant

een frustr ted by versatil e

Smdl%aliﬁvsr%ngﬁ%f?# BASBEFRIBER DS B CHEEHTPUnEh: Weghigbly up-regulated

groupl';‘ d¥ Berbis Hhking rﬂi@fﬂnp&&teﬁfﬁn%h ﬁgﬁoﬁ@ﬁﬁq ithRl Ml @GP degative bacteria
he nost hi ghly up-regul ated groups of genes durin

(StanlBY,oN IRn &e JBM@m A. bétrhssmaanﬁpéﬁtAvéaame@ 3. J. Bacteriol.

151 BEASE R EIR A0 8 ol BunBhio e, 6.

Teitzel 80 L8R knd IO P. GcknberdhR0G . Bwurmw.%o-@m.ﬁiangera R E
Bungarner, M R Parsek, G M Teitzel, S. Lory, and

In P. I%z'enF no@&e ORE' & o %gl? fike ﬁunﬁéﬁo%l%c\?’e%%ﬁgg )whljslp ef()Ists as a prophage

aer g nos genes

withitbakd egehomb agb P. V\bemgmem stivad ap pioo3d 259161d/\ll atcﬁvaitldnh @uring biofilm
genone of P. ae 0s3a, showed up to 83.5-fq

developmeni, AT e it hg}’q g ﬁ?léee%ﬁléﬁ%rhd e&ah&é)Pédewlfi 860-864).

Other@hﬁmﬁthg{z‘é ého‘%ﬁ{ ﬂhﬁhembﬁﬁ{ &pf1 MenesSh b%ﬁlm%qg)ljeggct d <’f(#uorum sensing

r studi es Itave shown that
inP, @fug‘ilﬁdsa QHQHSCII, M.pétall.i 2008. QeomeygSémingdnBiofilms: G0551p in Slime City. In

M. cEsga g G Rad Ll (5 Bsriraios A frigs; HgBhington, DC. pp.
478., Wegier, W0 BVet 42009 UBRBHoBacteridb P P8 £24§092095.). Moreover, activity of
M crobi al biofilns. ASM Press, \Washington, DC.

the Pﬂh e ,phw @tso lipked to the killing 200 gfsm]qu :w@popjﬂatlon ofp P. aeruginosa cells
7185:.298
w1thnf@§f‘ %ﬁ a*jgtﬁ%e %hggag ?%&2? z}ﬁter t s E)I ndﬁctloél af the Pfl-like

phagel (&t SlesifnaieS PRY R Pl aéruginosd nidy tl@éi‘éﬂé@é Rpfe@tehnlifportant physiological

and developmental event during biofilm development.

Here we show that activity of the Pf4 phage in P. aeruginosa biofilms is linked to the emergence
of a subpopulation of cells with a small-colony phenotype in the effluent run-off from the

biofilm. These cells exhibit high densities of filamentous phage on the cell-surface, demonstrate
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within biofilms (Wbb, J. S., et al. 2003. J.
Bacteriol. 185:4585-4592.). Induction of the Pfl-1ike
wohew®sther e designated Pf4) in P. aerugi nosa Ray/$G2005/000389
therefore represent an inportant physiol ogical and
devel opnental event during bﬁofiln1developnent. Her e
we show that activity of the Pf4 phage in P.
enhanaet adfiesion and mitliOboﬂsny devdloprechts andt dw:eulejnndﬁge numbe vdthin the biofilm

uhpopyl ati on h a.smal | . nqt ype
runcofty ORPBita Bt ot BE-SCY ¥ plal AR RPPpraRl i HREER Sedfifument, as wel
as in 8% BbBhizaflb:06F MEONSUrfacesdhBingftibMmeakpitsalphage on the
cell -surface, denonstrateenhanced adhesi on and
m crocol ony devel opnent, and occur in high nunbers
SUMMAﬁYVOF"ﬁIE’![NVEWTION of f. Qur data suggest that
Pf4-SCVs play an inportant role in biofilm
The petewiet inyomkibh praddese!ll) bastetidl delle tragdformedal/itlo pla@ﬁud},ew\hlch plasmids are
surfaces, during biofi] mdispersal. SUVWARY OF TH
stably| rogEatped wHhe gﬁfgs aprd itwgmlqleo gxisrngl slestion p;essure (2) methods for

1dent1§fi1§%r€ﬁ5rg€6uggg wé‘?"hb"{@p?}% r)}({ﬂaég Wgtop ?hgﬁ;{ﬂfdcﬁe%éég (t')% the invention and

Whlc}pnnay itlebechyxfiret widlity de ltlectomiol pf @S gemginos grdwi:hhﬂ @gsticofibrosis patients

ntifyin ounds i.ch alter t E‘SSI on
and iny 6 74 Jerainopg d bﬂﬁa%eé.aﬁ@ iBfhg pRIoh pLrh SR dARIap Gps: (3) bacteril
cells ERYFIrREH SRt S1h88idY WHidH dhablt thE®a&eM1RlSs ’R:f bdkilled as Irequlred and (4)

aerugi nosa growh in cystic fibrosis patients and
plasmdshwhich., erabhu@nemms@ndq: of dbe plandd i andt ¢vataymmentodf dfe Eloned gene of

filnms 3 tecial cells ansf o d. . .
intereg Py R Bt ahi b rronfitibeed TiisclhBikeCfreent bR el Bititoxin protein
and PKiH-liRsto$n pRMIh oEdhe ARENIh ael sBSWh AR Fidlire1 @R et ARo Figure 15.

presence of the plasm d and contai nnent of the cloned
Furtheyeagpecss ofj the mwestion yilbalpmbe entiagnt fost the dissussiambalowed.

The Phd-1i ke (prevent host death) antitoxin protein
A firseBsbebasEihk iikeention gﬁoxﬁﬂ&t £PRd-Dike (Prevédl \HOBH dedfh)eHnEitdd® Protein which

in Figures 1 and See al so Figure 15. Further
proteigsqoamrisenPr chsisth i ithe GRAURIPY 2aissbiasth apPERERR WPdnpr a functional

ssion below. A first aspect of the invention

equwélglgtvtﬂcfggya Phd-|i ke (prevent host death) antitoxin

protein which protein conprises _or consists of the
A Secgladq aanseleofdhe dutention pwwdﬁssé@rEtbﬂqq@md}m@m whichimseigin comprises or

consistIbH e E&ﬂené'ghﬁ g@f‘fo hAn S8 NeRP SICS ﬁ%xp:ﬁoh%l\éﬁﬂltvﬁf%ﬂt thereof.

provi des a e t oxi proteln

conprlses or, consists of the sequence as set forth in
A thirdeasppeh qichy igyentioprpraviflema fugles add npelssdnvhish pagsdes An antitoxin

pmtelhla{;goqd g@ﬁﬁ{e fﬁg Q@cé'of*ﬁl%riﬂzéhﬁoﬁr ovides a nucleic acid

ecu es an antitoxin proteln accordi ng

the first aspect of .the invention. fourth aspe .
A fouatg %Sﬁ%cnqwéﬁem@ﬁtla? 9vadss anpclercacd g&kafu}ﬁawbm @coges a ParE-like

toxm?\ig)‘téiﬂa@&‘)?&l %o fhe 58S c)EdI Ige%t Bf‘)?ﬁ'enn\%'hﬁ&i' n according to

second spect I nvention fifth aspect of
A ﬁft\g1 ggepelé;}n \éf g)@: igv %ﬁ&g@ﬁﬁ a pkasmngl gvh\{\cm go%ﬁr?s@? raI lfu%felcaacid sequence of
interest and which replicates in bacteria and which is stabilized by the presence of a nucleic acid
sequence according to the third aspect of the invention and a nucleic acid sequence according to

the fourth aspect of the invention

A sixth aspect of the invention provides a plasmid which comprises a nucleic acid sequence of
interest and which replicates in bacteria and which comprises a nucleic acid sequence encoding

an antitoxin protein according to the third aspect of the invention.
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interest and which replicates in bacteria and which is
stabilized by the presence of a nucleic acid sequence
weacowrod2nzg to the third aspect of the inventi oRCa|SG2@5/000389
nucl ei ¢ acid sequence according to the fourth aspect
of the invention A sixth asp‘éct of the invention
provi des a plasm d which conprises a nucleic acid
A severgh aspectofithe imestiesproaitds aiplasmid whicheatmpsisena aadtie atid sequence of
and whi ch npris .nhucl ej ¢ aci,d sequence encadi . .
the foi A8Pre ot R FPUEERR i gl 35 SRR e BE by Mpetike toxin)
whereb{@hé BY S8 oAPHEVIERY foxdS Rediived§ byt ARohfiHeINd BNselectable expression
provi des a plasm d _which coné).rl ses a nucleic acid
e

promadescpndrieleerein theyBarEoliker taxiasypeeding huelnie acilsequenss ofitke fourth aspect of
. nucl ei cid s C ' e ParE-like toxin
the mmgllpgﬁ;g/m%éé%eaxl%?@?% cg%rﬁgg gﬁa{l\%-cwke toxin is dri ve% by

a constitutive or selectable expression pronoter and
In onexpspeeti of thisevpathrspedt of thpdnyemtipanyrdeip aeidatequanes @f interest has been
. o . . .
s QEUFAESICY oF U A By SRRECI @A BRI,
of the seventh aspect of the invention a nucleic acid

An eighth genrebobiheilnyestion proyidesidaastarivgriransformedovithha phasmidpccording to
the i1 B30l dP ARV GINAPPeCt of the invention. An
erg aspec e Invention provides a bacterium
transforned with a plasnmd according to the fifth, . )
An nigthyaspedsy ofslby dnyentign meevides a mthadniperrpliertc TRNAontdined in a plasmid
accor ?&{heqﬂvénlﬂl n!\ﬁh\{apﬁﬁe%d%&?rg&sc uﬁ'ﬁ% r?)g?tﬁﬁfﬂ. defil lo%’ ﬁféte‘?ghth aspect
contained in a plasm ccording Fo the invention
of thelwemtiomet hod conpri ses culturing bacterial cells of
the eighth aspect of the invention. A tenth aspect of
: n
4 tenly ol 68 il S0nRloR P e s AR R0 RN b Rif BBl the methad
compiigihg sutifirihg) ébaetegjhlt bellss peehe efghtlhaspacy @ifitthennwendien under conditions
ondj ti ons ereby said protein of interest,is .
wherefy SRIGL RIGIFIR P EHS! HBFRIPSCh ot iy BB 1 Somugnessef intercst, and

recové@ifl aRCAVRIN DPindREH tREYSduee®f 1 nterest thus produced.
An "el event h aspect of the invention provides a

har jmaceuti cal, conposition .conprising a bacterium. -
An clzucyl FRERt o ko TEICOROR PARKEEY ® P ITRECS Gt EBROSIJon comprising a
bacterith® htdoidiag R fle edhih Apebiviand iRBnitiQVi des a met hod for
vacci nating a subj ect conprising administering to the
j ect an.anount of a bacterial.ljwve vector. vaccine . .
A o Fhrentt B Brefn Brrdihersheh i S B o Shect comprising
admin?A&ifY to8the | subRcl A€ iAbuMBSICd BLotérfal 3ivRARERE VMRS S@TidieRBto elicit an
) to the eighth aspect of the invention. A thirteenth i
immupe pRSpeNse fwltem;n ithevasterighliys esrtaegceing isca eactarivnnaccording tp the eighth

aspecttc%é_flpﬁlvgrll%.h aspect of the invention for use in
medi ¢i né.

A thirteenth aspect of the invention provides a bacterium according to the eighth aspect of the

invention for use in medicine.

A fourteenth aspect of the invention provides the use of a bacterium according to the eighth

aspect of the invention in the manufacture of a medicament for vaccinating a patient.

A fifteenth aspect of the invention provides a method for identifying an agonist or antagonist

compound of a polypeptide of the first or second aspect of the invention.
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A fourteenth aspect of the invention provides the use
of a bacterium according to the eighth aspect of the
wonusszam i n the manufacture of a medi canent POT/SG2005/000389
vacci nating a patient. A fifteenth aspect of the
i nvention provides a nethod for identi fying an agoni st
or antagoni st conpound of a pol ypeptide of the first
In onecemisceiiment, tepeethodorhprises nomadtingra test congpoend wdthreepalypeptide of the

t he nmef hod co ises contagting a .test .co und with .a
frst G5 RogRbARRE OF i SERHGE B LCBRHE bt Y (ofpound Binds to the
polypspideifi 88 ARdord@cehdhsicdbof fhel iQedtRBl THE TRAHHE niiynfigther comprise
to the polypeptide of the first or second aspect of
determihimngiifi thertesteampphed erhanees arelgcieases ks adiyifyaf sepolypeptide of the first
deCLer rritni 1In]:/ lhe test conmpound enhances or decreases
O SCCPRELASREY io\]lci yof a pol ypeptide of the first or second
aspect of the invention. In one enbodi ment, the method .
In onecempedimest, diermethipé gomprises sevepring dest compewnssfortieiriability to agonise
to a i r I h i_ndi . ' .
or antyhu PR Bigle G SRR B bR Tt Bl L oG ot nvention to
the prbt@in dfehseebad Aspett dffike Bwemivh (GRTREE-likE té:4ig). i nventi on
(the ParE-like toxin). In a sixteenth aspect, the

i.nV 9 r Vi for | i fyi :
i FREEA LA et £ nd 5L MR TR i
effectivelty aliet gt dxgeesyionh Off actaned pslyaugledtideephich@ncddet epolypeptide of the

first or second .aspect of the jnvention, the nethod ..
first og geqond @sprgt Y the,ipraiting, the SatndecamaRFNIS DI PPHBS AaRREle comprising
et MONEMIEHIA0, R oy 8RR b Dl LA i oy, of e
targetpolyyncledtddst i de. A seventeenth aspect of the invention

provi des a nethod of nodul ating cell (e.g. bacterial

) €ofThfch %1 ! i68/defl (e.g. bacterial

A s QU)o TB S SRR SLED CAPLRR I BIBEEILR, o bt
growth), pthe tnesthod tonbssihg reentacting ¢leondlsawhesst gofvth fie to be controlled (e.g.

Lnvention. .An.ei ghteenth gspec t he j.nvention
baCterﬁ?r)d\'}EU%Broée% Pgﬁ'@i Pt S???é‘giar%?eé O’ghe érév(?f}h%fl'as pect of
the inventio Iaor, use in nedicine. A njneteenth aspect
An cighigprth aSDgst O e dHBORPEVAeSR BrEE; 4] BF frHeo¥ pecahd grpect of the
invenSGE RN s8R dicigE. the invention in the nanufacture of a
medi canent tor preventing or treating an infection,
A ningte&im%sg&?ttﬁéré % fd'lifi&eﬁt 8 hse OF ta?’iﬁﬂfeh%f‘m%sﬁx%‘? br Sdcohfl Qspect of the
I'nvent1Ton provi 488’ "a phar maceuti‘cal conposition
inveni@iMix ilsd ngnafapiued of A méditdieers foo pekbvasties br akatidpe an infection, e.g. a
I, ri\égtnt ton. Atwenty-first aspect of the invention
bacterigl gRfeefid- o kit conprising a protein of the second
aspect of the invention together with an agent for A
A tweatigireaspeat @f the iyetionaroBgsErPIpEDargutTIlOMPSHRARPRIEYSIng a protein

of the second aspect of the invention.

A twenty-first aspect of the invention provides a kit comprising a protein of the second aspect of

the invention together with an agent for dismantling a biofilm.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1. Alignment of PF4 antitoxin gene (SEQ ID NO.1) with phd sequence of Pseudomonas
syringae DC 3000
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Figure 1. Alignment of PF4 antitoxin gene (SEQ ID
NO. 1) with phd sequence of Pseudononas syringae DC
wGaQoBmszae 2. Alignment of PF4 toxin gene (SEECTBG2005/000389
NO 2) with parE sequence of bacteriophage P2 of E.
coli. Identical anino acids # e underlined in the Pf4
toxin sequence. Simlar amno acids are underlined in
FigureRRe AHigriandrf RF4 tayire gere. (SEQJDY WOR) Witldpar sequeob o of lesteriophage P2

ot £ 338 5 S P B S5 a8 s R amino s
are uridleAliHel Y ie Foulk tokigsdubrei ed with the PfI -1ike
bact eri ophage (SCVvs only). Bar = 3 mm Figure 4

. Tr 1.Ssion el ec 1 Gr 0SCO, and
Figure LRGP afiel B §CILH AN trm Al et ol o igmee 7-day old
biofilh, 9dhdd &) S Pt | @Bugifodd oA Uplabidehier colbliagdRFed¥t tWith the Pfl-like
cell-surface of SCVs. a) WId-type P. aerugi nosa cell
bactesiephaen (S @V sPHY)- Ba=a3arhum b) P. aerugi nosa SCv7 cel |
with anti-Pf4 antibodies, c) H gher magnification
FigurlenEQ@nshisiibd efectrameniérdsdopy ahd yniegold-2grliier usird) anti-Pf4 antibodies
Dpi.| A mut ant of P. aeruginosa show ng sim|ar Pf
[

A
reveals| gl 4Sitiss G AT OHOw baptediopkees amhoell-surfage pESEVs.  a) Wild-type

j,0 4 -d- 1y ' I [ S . .
P, ae il Bt sl LSRRI Rl P PP e A SEY 7 TR with and-pra
antibqdlied} €¥ HifhagunsefiBitohi e foarime dilameSS\hiih oo wmhrgetder, d) Apild
m crocol ony formation and | arge regions contai ni ng
mutar§ @4 & eapgioppshoeang sigtilse Bf‘ohlamsnt prodectigaypnghejog! surface.
aerugi nosa biofilns stained with the BacLi ght
Figurel 3/ adkasach 6f wila-ty5¥ &fd ApBA WaTa8 donBGds] BUST, Uid PH-Bfected colonies to
W | d-type b) SCV/7, and c) Pf4- infected cells. Bar =
wells 9btisaue cHtga péates. Conpar i son of the Pf4 genome with that
of Pfl. Genes are coloured as followed: Bl ue,

Figurd VB TR SfoBREE By fITMA sl Bl hmi@BolBhy fordla88h and large regions
genes occurring only on Pf4; red, new genes/ORFs

containgnrgrddaglicelds ingide mrigroselgnigst Rive dex-old Powdrygioasqbioplvagysained with the
2; . d 4
pect i, BRI B0 8RBy BAR R By sV, ana o pte

infectpd esiBnBed= 60 yinhe publ i shed genone sequence of Pfl
. (24%. Nupbers bel ow Pf4 genes represent bp nunbers
Figur;} Gomparien pf sheglid aenome fiikridet offiff ffenes ancgnlenred as fllowed: Blue,

homofiRORSBRR Folha S0 oo P 20 PP APl B YRAr Y OBy PPt red, new
genesfORIFs idewhifiesiah|thibistidyy It oc@olontyyor( iibphage 21 pregngenes found only on Pfl
bact.erigphage (PFU 1) counts in fluid run-off fr.om .
and g, ol P ALP G PLIFR S EEPoFtaish BF Sultbgpstspasnise 6 fhe published
genon¥® Séqubmtedsvet1 0RaR NurhPerWibkwt m$géﬁesi r%réseﬁ%@g 'ﬁﬁﬁl'b&g Within the Pf4

aer ugi nosa strai hs usi ng COVSTAT sof t war e. ues are
genome3pqycse. data from 15 i mage stacks (5

Figure 8 Table 1 - The appearance of small colony variants (SCVs) correlates with the

emergence of bacteriophage in the run-off from flow cell biofilms. Colony (CFU ml™) and

bacteriophage (PFU ml™) counts in fluid run-off from flow cell biofilms.

Figure 9 Table 2 - Analysis of biofilm development in wild-type and Pf4-expressing P.
aeruginosa strains using COMSTAT software. Values are means of data from 15 image stacks (5
image stacks from 3 replicate biofilms), and standard errors for each data point are shown.
Values in bold are significantly higher than those of the wild-type strain by using analysis of

variance (p < 0.05).
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i mage stacks from 3 replicate biofilns), and standard
errors for each data point are shown. Values in bold
waneaeciszmifi cantly hi gher than those of the w PATASGR@S5/000389
strain by using analysis of variance (p < 0.05).Figure
10. DNA marker is Hindl 1l |adder. Lane 1: Undi gested
pUCL9; Lane 2: D gested pUCLl9; Lane 3: pGEM PE-1i ke
Figure| the)NAa nerker pisENinddil Batlddre Laho el Undigeptade pUC19; Lane 2: Digested

opserye I p_cgnpari son W rel E.toxin famly
pUCléi gﬂiﬂéf’%@@ﬁéﬁ%@%mﬁ céﬁ%&’r?@b’ﬁﬂ?ﬁqq{leﬁar E toxin

famly Figures 13 & 14 conparisons with known and
Figurieyl p ebheesveiedbnzait compaisonofith ki toxanfantiyxi n syst em

Fi gure 15 nucl eoti de sequence of the Phd-Iike

Figur191cbREredtohidth Borﬁ%@g%%?@éﬁ 1608 iy Par El i ke

oxin protein (SEQ , the toxin amno acid

. seguence encoded b EQ 1D NO 4 Figyre 16 G aph, ..
Figurgy 14,8 [oeTRGTHES B REP BRSO by BTG riotRe! Fpp-antitosin system
toxin. Figure 17 PCR results from Exanpl e 4. DETAI LED
FigurbHSGRIcRDLdNs@eni¢dtof teEN@HEN ahtitaxis prodeip€SEQAD Nie3) and the Par E-

._.inventi.o ides, Phd-.li ke (prevent host t
tike e proegin s B SaV Ruthe fovin oo Bt hgasded By BEQ D MO 4
preferably consists of) the sequence as set forth in
Figur8#@ GrapiNdiustratingihe bactenogtaticsdfec| afittie Pfeforimbl vy
consi sts of) a functional equivalent thereof. SEQ ID
Figurd®7! PERTEGSts fnt Parkbid 4S€quence of 83 amino acids set
forth in Figure 1 in the top line of the alignment. A
second aspect of the invention provides a ParE-like

DET%]ELZIi%fgr § @ﬂﬁmw grt}@g mﬂﬁmﬁoﬁomri ses (and

y consists e sequence as set forth in
A firsPERetDofNRe 2n Pintioh RréHdd Phd Bike (plekeWHoshd &Pt SEn protein which
(and preferably consists of) a functional equivalent
proteipfcoppyisesmd| pyefoitdy rcensists ofp thehseqrenresasosee nowh o SEL ID NO.1 or

. a8 nNo. acj rth i e-top |ine.of t al i gnnent
whict P BE bR @b oo oFLF Bl B P Wit Tac
sequence in Figure 15. As can be seen, SEQ ID No.5 )
SEQ BONGH | sers S R Nammna o s auing sl scbfrihn déguse 1 in the top line of
thealfrg&ielqyes at the Nand Ctermni of the SEQ ID NO 2
§equehce. The ternms "protein"” and "pol ypeptide" are
used interchangeably herein. By a "functional o .
A secenfl pspgeteaftthe Brventiqn prowides g a!%%{lk? &0%im Prasein el peotein; (i) comprises
L r | [ ) .
(and bRy Wit 5 0 SEMGE Bl R B IR TDIROLTE #EG D NOs; or )
whichsegipeisee(and pseferablyrdonsists oBEYunbtidwal bquiGdentldD (O, 2 or
SEQ ID NO. 5 respectively, with the proviso that
SEQ f[?%@@o}e‘f&g’lﬁ tgé e lsBydencé P @i_a,l 1?1];) 5y &Y'f?ﬁh shatd ‘?op line of the
pl asm ds according to the invéention. us, ‘for
alignment in Figure 2.

SEQ ID NO.5 refers to the Pf4 amino acid sequence in Figure 15. As can be seen, SEQ ID No.5
comprises SEQ ID NO.2 with additional amino acid residues at the N and C termini of the SEQ
ID NO.2 sequence.

The terms “protein” and “polypeptide” are used interchangeably herein.

By a “functional equivalent” of a protein as set forth for example in SEQ ID NO.1, SEQ ID
NO.2 or SEQ ID NO.5 we include proteins which are homologous with the protein sequence as
set forth in SEQ ID NO.1, SEQ ID NO.2 or SEQ ID NO.5 respectively, with the proviso that the
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exanpl e a functional equivalent of the Phd-Iike
antitoxin protein as set forth in SEQ ID NO. | nust be
woapwhisz220f achi evi ng stabl e pl asm ds when expPess6d005/000389
an appropriate manner on a plasmd with the ParE-1Iike
toxin protein of SEQ ID NO. 2 1¢y SEQ I D NO. 5 or when
coexpressed in the sanme bacteriumbut |ocated in
homobgpay proteipisaspibls of Fthieving stable péaswidacchbrding toothalinvention. Thus, for

ui val ent t.h ant | o>u n _pr.otein, as . set
exanfig A ¥R iR o i e ki BrBrifl 8 % Bt Bl gm Mo
must Bé! %Ebdbi’é b¥ atBidvihg stble flRs@iis xﬁl‘ilin! ngr@ssed ) Eﬁ%ppropnate manner on a
ParE-1i ke toxin of the invention. Functional

Plasmi,ibmth dheParE-life toxia IPefiein- ofi SEQ {3 N @241 SEQ H A\ Stoevhen coexpressed
t] - of the ParE-1ike
in thets%ée ?1’5%%(%4“2?"}# o?gt%%%yia @X EQID NO 5. | n one

enbodi ment the functional equi vaI ents of the ParE-1ike
Thus, tip piherwerds dadiongh eguivalents efpibp iRhd-liks aséitoxie prateinjassgt forth in SEQ

D N% Wr?ﬁ%ﬁthé l&ﬁllﬁ\zkétvlg%%t f uﬁﬁﬁ’il{?ﬂg) i ﬁeésl %ngféﬂhd f&\’;ﬁ?%e ParE-like

toxin of thehi@véntiont il?un@tioneneqwedlam sf dfe Pa’ﬂE—lilﬁ:VI@ﬂiﬂ Wﬂl Yétduh tbetoxmlty (at
of. person illed. in th

wel | 1t‘:}grﬁghce!)sklll E\E
least qyAlatlyey) mitthe deri-dike pexinguetenr o REEN IR g2 %SEQ ID NO.5. In one
embo&ﬁﬁﬁﬂh% fub8for® e%%%lgxatg R OpRf (?éﬁf@{d)&n ERRE V\%‘%I&%} E@ag?n.rﬂﬁ% ability to be

prograns nce 1 n termni
“neutlahsa!ﬂ”rbesthd Bhd;—llkaymhiexmlp]sttem astsedforﬂmseﬂﬁ@ﬂ) NiD.1dAksetye fbr verifying

the biglopieg} %%P%ﬁ%ﬁf 3 Fidetiorel 53\4531&1&%;9& e mﬁ%q%a@ Byl within the skill

of perwpéﬂ@llécf‘mtth§ aR! NumbRJus Sxcdigdls @an %@%mﬁﬁfsbfﬂérﬁr example, can be
(DNASTAR). Moreover, persons skilled in the art" will

based log batbn@nm@tw e@dﬁlﬂlygdesmn}arpmgeameru mentally if the
functional equivalent is capable of achieving stable

GuidaRt@ $iTde@rRReY Wik hido¥8d trkQfuesHRhy B¢ aMBsRuted, inserted, or deleted
bacterial |ive vectors may be transfornmed wth such

Wlthoet@péslsng) highegieation smawgologisal @qtrefltafmayhber pud usiog computer programs
cells an
Wellkli)lf)asm gl con %lrier)ﬁmr]%l % E %?I{ca WF{%R? ‘her eby

assess plasmd st ab| I ity. In the present
Moreasjsecparsanat skilled ithiher ait witlsbeapblei toyreadidin detesmnineeexperimentally if the

ﬁmc‘u{nﬁ!l n% é\éa?heﬂé ni%r %\%ﬁ?lﬁt 8% ogté} laxlfkggl ﬁa‘t{le eﬁggs a%f %Jd?r%s 6(9 énventlon. For

exampje,rbac’ehbl Iher Ve:@&ﬁenﬁp ibe ra@sformedwith ehier @&ﬂr@ssidg.lqﬂasfrﬁigmand the rate of
O 4 _per ¢ generation, Mre prefera , L
mtrod}l%gl of pf%a@% PR #316 Hogioveal gl plasTpickeontaiame epls can be

momtéreﬁ‘t‘@lﬂe?&gf}ﬂ% ggmiamgagiﬁ{y more preferably | ess than

xI'O 6 eratlon Infact it is pOSS|bIeto
In theggrtgg%ﬂrt] d;QeCI’ﬁC@mW\A eiq%egm? { o 2134 ?q:lg’égv'\t%#rgq_) ds §n1[eﬁgqgi to include a

freque%@¥ bof {8s B theGfhdmiBSFord %ﬁl?l'i(ﬂi béﬂ‘ of ME§ ﬂ{%ﬁszxfl 6® per ﬁell per generation or

ermnlngtherate of loss wl own t
more piefdratdyl lésa thetme2 >%1|0t pefl mjlsperfgsnerebxmﬂne;e prefemblyf, theokss of the plasmid

from fiRhe3b BT SEIERIER 27 iisersliod mpgri rapredretiragipless than <107
/cell/generation. In fact, it is p0551ble to obtain plasmids which are as stable as wild-type
plasmids, i.e. with a frequency of loss of less than 3x10°® per cell per generation. Methods for
determining the rate of loss will be known to those skilled in the art. Thus, for example, rate of
loss can be determined by turbidity or basic microbiological plating; or incorporation of a GFP

gene and determining the intensity of expressed protein.
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gene and determning the intensity of expressed

protein.ln a further enbodi nent of the invention a
woRwsmszamal equi val ent” of a pol ypepti de of t ReTRGR@E/000389

or second aspect of the inveg{i on includes a

pol ypepti de sequence whi ch retains an i mmunogeni c

epitope in common with a polypeptide as set forth in
Ina ﬁsﬁl@r pmbegiment efthe inyentdpipa Sfungimal Byuiaient” 8tie polypeptide of the first or
' be wused to invoke a usefuyl. .inmune . .
secon? gg pegﬁ gfé klgﬁiﬁggfg% jlgx%]tuacles 2 H@gﬁgl{tﬁdé rsgg?e_nc%dﬂﬂc.:}bﬁtams an immunogenic
epitoperimeongeot withal padamiptide a81e3t forth RFEQOID NeJ. &) SE? B NO.2 or SEQ ID
bj ol ogical .activity of the polypeptide as set forthin
N0-5-3gi§t§hm913mml, esgpey ppused te 1gyokserygefilNamsmexesnons¢ tyo awbject in need
. | i . t e n . .« e
e RSBGPS LTl 825 o Ao 0B BRlouin iy o
polypeptidpas ect foxsh ih8EQdDaENOrig SEQEMLNACE of SEQIBYNOB.NO. |,
SEQID NO. 2 or SEQID NO 5), typically at |east about
A q ' [ i cal r [ .
oG e Dbicall ¥ ERMBAGR 80 PR bl 188 eal over it
entire pengtleasdrinypaatrbtot the 2cfei@dce @Gned6,(iedEQ IB,NO9, SEQE NO.2 or SEQ ID
rce seguential |y identical, . conpared to the
N0 Bifally: 8 A Rt 55 sbieBl save DT Fpnbiebs Bl hdeast sbout 90
percerR QGRMHIANE i@ntREYURACR0st! fhfepibly iéb&glw? 941 9. 96, 97, 98, 99 or 99.5
conparison of two or nore amno acid sequences.
percerpgequentialiydidantical, as gnmpared ¢ thenrefvsuhce kapenami cal | y,
e.g., by using the MEGALI GN program (DNASTAR, Madi son
"Percel flehtity” Réforsitb ¥ FeRt Gy OF S@fuenéd éi&ﬂﬁﬁﬂlﬁuﬁfhl\é‘%gd}nﬁ%on of two or

or nore sequences according to different ne
more @migo acidhgequeness.dlerennt isdtity(Bade deteyminedi efesitronically, e.g., by using the

237- 244 ) T l. | | ith .
NS N D R—

betweel BYADE aford 8éqMRATesalcborndtal - diffBRnE hiéfiods Se. &1 thedblugefethod. (See,
airwi se and then in groups. The percentage simlarity ]
e.g. }ﬁ%%%é?ﬁ ShPdAP$D Gened’kduddfekEhe elugtal algerithan geoups sedirences into
Bl Sq- I b Vi-ging- lengt h,of. .
clusoS SEA e ST E Y X TS D B o e
in growms| (Iéwe qerdkntage simildritg betwdeartwof amgiap deRéeduerscek,ne.g., sequence A and
seqyence B,  into the sum of the residue matches
sequergg?ﬂg\,ebsnc%lghlatg &y dividine- o seqyeRed Lo @I ride agumber of gap

residués@Sseqhed @A Ofirtls tHO nhRBEY @@gfaébx%kiﬁﬁgg%i r u%%(@%gﬁﬁn%the sum of the

. acid sequences are not included In
residugymeatchas hefavesn sequence H. and|sequemae By dimes oBt ASdeda@atzeof low or of no

determ ne.percent identity. Functi pnal ..
omollf BeReRTh Hih PRAS G eniireShate ot BERGRD digermining percontage
simila§t AiBinati(é19 BEXSTP Ingay t dsed tCdet@idiadb&c@t identity.
geographical variations wthin the species from which

Fun i SOLRTR 6P 0 LB S 65 SR, st s

s contarnin

or geogrphidal ¥adatiunsO@ltkini B8 Sshecibs BB MRidHOMhd F@lyﬁ%ﬁd@@ aMOderived) and
2 and SEQ ID NO 5, Such nutants_ may include )
mutants 6?%3@5@1&%@5 contamingrngne agid subytidulgins insertinhhor dedétibns) of SEQ ID

NO. 1,/$50 4989024 6n® SRE}ID NEEY. ¥ hefae! ides in whi
040 PSS NP M TS B n i o
or more ofi $eransido acidiresidudsdire @bsiiue)] vaifla sogdered s hbhkbe®rved amino acid
. agi%ogi:idresid(lile my . . . . ) .
residue (preterably a conserved amind acid residue) and such substituted amino acid residue may
or may not be one encoded by the genetic code. Typical such substitutions are among Ala, Val,
Leu and Ile; among Ser and Thr; among the acidic residues Asp and Glu; among Asn and Gln;

among the basic residues Lys and Arg; or among the aromatic residues Phe and Tyr. Particularly
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or may not be one encoded by the genetic code. Typical
such substitutions are anong Ala, Val, Leu and He;
wanusgsBes and Thr; anong the acidic residues RAsp/San@hs/000389
G u; anong Asn and G n; anong the basic residues Lys
and Arg; or anong the aronmal resi dues Phe and Tyr.
Particul arlypreferred are variants in which several,
preferfedere baiantsein vBhigln deveeyl, ile. hativesn Slandnld, 3 anql Sahdng 3pd and 2 or just 1

. jus tituted,. .del or ..add .
amine| s e SRTIEE HER AT sBREIn Y, Sera i EinsRianf BRfred are siten
subst1ﬁ1ﬁ5ﬁ§ | dddttions Snd afbitiohd NwhRAM A abehitnbe phbpdified Bnd @ttivities of the

al'ter the properties and activities of the protein.
proteip Algo emse@ﬁa preferpedeinghisaggard atqﬂongfrrégta‘feoﬁubsit@utlons Such mutants also
IAY t [ h
1ncludF%J y}En f‘& ) @Hﬂ&hdntghu&rolﬁgiseo?fsﬂn% mﬁqﬂ% aa{&i]ds re% d%%s 1&%%‘3% substituent
groupf €si dues [ ncI udes a substituent group. As can be seen
by the conserved domain conparisons in Figures 11 and

f X
s KIS, 48 A SORRROIH SRRLENER PR g o
conseltved iresiduet it thel toxByattElot. podgpepiidedoef @mm négam?e Foagterie toxm antitoxin

syste% @,st%glgag ge\égd orgle Srlggruegls %_nesexgzrgg ?e%gltuegrge rpga%lel% @t;resglge p@sgtlons 3,5,7,

9, 11, 71% 1§Oé67f5 47752789 7872894, $1, 7830, 88, 89783 9}% 93‘098 100 and 103

cdrrésponding to resi’dués’Y, V,
(COITG*POH‘?ﬁngRJ rdﬁiduai YYV.RP,R, KQL X, RN, P, Y, R, R, G,,Y \R, IHIFU EV.H,R E

and Ylﬁ{%glgﬁ “é)%%eiltsgsgqeﬁﬁ?r%e)n% : ggeg{f ﬁéﬁkﬁs‘g@rﬁt qa§ln}l reg are present at
res1duegy§slhbﬂm 648 1@ 1§ 141@6 2132241206 21628 &3; %41»1 2%, 43%14 45, 46, 53, 55,

59, 6(551 @635@4 @466,6@7, 671,673,, 76,882 ﬁﬂ? 85,338 39,5 9]822 831, 94, 95, 96, 101,
L R

PRK,,IQQL'R.KKG"L,S;GP‘K ]E,,FLD IE,,DEDETRLVLKK[V,,(RRP‘IandKofthe
L, D b L, T, L,V L,

conse@us Reqqen@ﬁidﬂp@ @iﬂlch}@rm\gM%bes@bja Endeyrminy &hesq@mﬁqr&fi and similar
ammoogééa C}Qsﬂqlés infp8 oseaﬁen%gg Shdvth q{?tﬁélme © g ﬁﬁ‘?‘%&esdl and 2 which
an ar am no "aci d residues e sequenc shown
indicatenthEicguseevetl 2nd Similalrasddiies 9 SEQ ID Hosl 12andtd with itredtlviednd ParE amino
the conserved and simlar residues of SEQ ID Nos. 1
acid seignees FPRCHYRYY-phd and ParE amino acid sequences
respectively. It will be appreciated by those skilled
It willi e dppeccaated bnttose skitted indhs iartabitat fray dekieabderfarsheaamiho acid residues

of SERRL B o Had Pt GLAH SRS aboSP R SE e SPticpafy also a the similar
remdu%'ﬂﬁsitf@)hc?r ®Shdl i%%alﬁ&? (drl @NSpladd, bE be GbAhEROwR  conbervative amino acid
| ace be replaced with conservative am no acid

Substl‘smlbss)t tuti ons) Exanpl es of functional equival ents
i nclude fragnments of the aforenmentioned pol ypepti des

Examgl%s YFi fﬁﬁbtﬁ)‘ﬂﬁl @%ul{l’ﬂélﬁs ETALEALS ﬁﬁ% &entk ©f%he aforefRAtiorled 1?01 peptides in
20, 25, 30 5, 45 or 50 am no acids

whlchm@rb@m auwemce@@ds (et {easighn@n Bs4.0%, 10085, 20y 8At 3B35, 45 or 50 amino
amds)rh%/g'been ge?et cIP 'ﬂ'ﬂetﬁfagg‘x?etntg SARL 1%%41011 £ ttél}{ ?hey lehty (at least qualitatively)

to act as an “antidote” to the ParE-like toxin of the invention or retain the toxicity (at least
qualitatively) of the ParE-like toxin protein. The fragments may be more, the same or less potent
as antidotes / toxins as the polypeptides set forth in SEQ ID NO. 1 and SEQ ID Nos 2 or 5

respectively.
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to act as an "antidote" to the ParE-like toxin of the
invention or retain the toxicity (at | east
wquedeiosz2ivel y) of the ParE-1ike toxin protei nPCTI862005/000389
fragnents nmay be nore, the same or |ess potent as
antidotes / toxins as the poldpeptides set forth in
SEQID NO. 1 and SEQID Nos 2 or 5
Alternatisplg odri adelitjonally,ehe ditaginehtg retairaeid ithinnnagdnyg epitpe in common with a

fragnents.r it n wth
polyppiitits geferhes SEQID BT, REUTD St b SRE P NERT T No 2
or SEQID NO 5. The fragnents of the invention may
The fragnteatsmfsthm giventoon may topthia smgle or Hnﬂtripld etnénd anid deletioms from either
ei.th tionall om poth m nus t he .
(and ‘ﬂ?t‘é’fl iy SRR R R biembleg M oGt pRL saptehgQf the primary
amm@é&dl‘@eq%@h& sequence. The fragments shoul d conprise at
| east n consecutive am no acids fromthe sequence

The siggindats g GomprisGafeas ¥ coferirfe Aot end e S e, SEQ
ID NODI.2, ok Srorex@i®tiddal dfivalént o2 SEQSD NP, 1, 2Qr H§Wheféin Arpreferably is 7
80 or nmor e). The fragnents of the i nventi on may be

or morg Gferéemulﬁgw 20, 3, 4020, 158y 70 o 8Qer hergdd t o ot her
am no acids or polypeptides, or they may be conprised

The fidghfthiy oF theigehtiGPnap Qi%t“lffé@-s%dmg" Cite. tlde Park @F Bt fﬂusi@aft& other amino
or region. Wen conprised within a |arger polypeptid

acids phpolypenfidentor dheyrmay bhoempiitsd \mﬂsn agprgpepellipgptide rowhach they form
a partforE] gn G\ﬁﬂéﬂ ?seﬁ %gﬂh?rp 4 | A%q gﬂléey thelsi?a e?% 8? the invention most

e conpris ST n

prefelﬁbllyymﬁﬁi adﬁ)glel ébrﬂﬂﬁo&%g@hﬁﬁﬁﬂnibhﬂl}p rs@tfdi‘alrfragmddﬂs%may be comprised
first.  or secaond aspect of the invention consists of

within # gingledergrtROI%REPEES- forth in SEQ ID NO.I or SEQ ID
NO. 2 or 5 respectively or a fragnent thereof. In

In onarmiﬂmdfmﬁﬂtthd iproteih dfhthe (first 6 secohd talspect iof she diventieRONSists of the

aspect t.he invention con ts of a functional

SeqUEREf 35,541 thh igSECED NB-Nex $E9%D§Eé21 P Nesechyelg opp figgment thereof.
fragment thereof. In one enbodi nent of the invention,

In andther pmbddimeniothetpretein dsfsthed'lrsisezcsmdndmsmct obthet 1|neent10n consists of a

funcrgie A SeRe! 8 T0AIGH 48O N0 2 A ehE Sodyebioheise

not adversely interfere with the functl on of the
In onproibedment ofishe invertinm, ¢heapotein ol ¢hepfiot e veahdtdspedtiof she invention

A Y R
not adRtséReRtdrftge Mthithe fifrictish onheS&St%ﬁfj Ta:%P QEton@fexﬁlaﬁle the protein of the
i nvention may conprise additional sequence(s)

first dr seeandsaspedt @f dbe inyentian myy bf: plrmdfpbirytfhe oinel @f aﬁgmon proteln In one

L.NSt ance, acterial toxo
emboliiich AFReb e B G ot SPhE RSt GLuPaRY Eht R e} Gbiice additional
sequefYE(9N iwhichndndpédle rth@&hﬂtg@ﬁlﬁﬁy dihus, pbfy?elﬁﬁﬂey mept irdesc®f it may be
the first aspect of the invention include: (a)
conjugried e bactrsial kxejsh sushas agpxoid from diphtheria, tetanus, cholera, H. pylori, and

other pathogens.

Thus, the polypeptides of the first aspect of the invention include: (a) polypeptides comprising or
consisting of SEQ ID No. 1, 2 or 5; (b) functional equivalents of (a); (c) fragments of (a) and (b);

and fusion proteins comprising (a), (b) or (c).

The polypeptides and nucleic acid molecules of the present invention are "isolated". The term

isolated as used herein means altered "by the hand of man" from its natural state; i.e., if it occurs
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consisting of SEQID No. 1, 2 or 5; (b) functional
equi valents of (a); (c) fragnents of (a) and (b); and
woéusiemazau ot ei ns conprising (a), (b) or (c). TRET/SG2005/000389

pol ypepti des and nucl eic acid nol ecul es of the present

i nvention are "isolated". Th¥termisolated as used

herein neans altered "by the hand of man" fromits
in natm@t it thas bednadhengdd e remofed fromdtsuorigingl eavicomment.torfhath. For example, a

n chan r..r v fromi rigi.nal. enyj.r anng|

s A S TR g SR 5V M it the same
polyp&ﬂicﬁé@@?&frhl@& fioal the@bbMstRigaafBHalk Bf fts RAGHE EtatéTs 'SolARH", as the term is

"I sol ated", but the sanme pol ypeptide separated from
emplayhéhewsxi sting materials of its natural state is

"isolated", as the termis enployed herein. In
In addi@i6h ttb QRe WlilitiBe otiflinkd bR, QUplypEAideelfale fist or second aspect of the
) pol ypeptide_of the first or second aspect of the )
inventionymay ifnd Uity £ mbiogentraltagenis Agusledeanid pesluengseancoding a polypeptide

nucl ej ' e. ' I e  afs
ot Y541 S5 50 Y87GP AR Ay o BYRETE A Eifgprome and
nucleicricideequeide’ eacading apsBpeptadechfaha fifst aspecoef e wGUBOC @ntitoxin) may
encodi ng a pol y‘EeE;t ide of the first, aspect of the .
be logatpgeit the wlasand-i ¢ gl somprisinere npdeisreld jequente sreding g polypeptide of
| . o | . . .
e s BSOS MBI RSB ERECONNIR o e ai
sequendesernciod gos potgpeptide af phafirst dspeotrpf thei ingendion ddoefioem aami adpect of the

. se nce encodi.ng a pol tide of the first aspect of
invenrg R A1 ey p s SRR el yoptids bttty Srond Aspect of the

inventl Q1 (1BYf) ey BEhile? YHERR] BN G WBhAFuRVPS HaeAbIedRoRbter. In this way
the firsSt or second aspect of the invention (toxin

. the nuelgic beidsind@ére inMentormaybe vfeddocmgieet eelis\suclpps bacteria which express

... Induci-ble promoter.. In this .way.the nuclgic¢ acids, of .
ithet REFIRC A P s beectets <P Biinien depeicaf bRt gl senes which
exprefPEizfied WL inBX Bé @sefull &irt flierdladxubdidny 0Pin Biorathédiation in such a

of genetic enal neering) genes of interest such as . .
manngfeyBichyipeld tedpteceancems yislopring leeneticabe eugipered fasganisms into the
envirdiniknt %L \}ﬁgﬁtch%%flé F%e M IQSIRde(;ne&EHIha[L# QHtitPQinsiy% Bssed then the cells

manner I'ch woul'd reduce concerns of releasin
will tigani¢ theadblyingitiop tiedr speeadrigi@nhes emvitontient. he envi r onnment
as if such cells lose the plasmd on which the
i EOXin i r t l; N di 4l
A pofREb o he MFLFRERA, ARt BF (6 lienhh miy 8ol ity as an
immupoggna‘;ephifoi& amfin’ltrimme?jeaz%ms?g%e@imt arbdctasipgieize shclt ahsea; pf4 bacteriophage.
i nvention may also fin ility_.as .an imunogen t.o .
Whers  PGRFPERNIS ﬂﬁ%&?ﬁ_ it 56570 SRt RS a“ednﬁ%f’&‘toérl? BieAge epetpeen it may
be prédsntdd RS thelRBbRr inVehAaR:ioMRATILarRad @VHP §RY/bHSorhgatdiwith one or more
first or second aspect of the invention is uSed an

additipmati sequences whadhy inseeaps dweanttiganeity ofitheppalypeptide rof the first or second
c?c;tr{gi nat i ﬁn wi th an adjuvant and/or conjugated with

aspecti e VY™ addi t i onal sequences which increase the
antigencity of the polypeptide of the first or second

The uge eithter 3 viveeor Hyeito) Oh 2 Phtsinugesofding fie ithe firsy oy geepndjagpect of the

inventz\gci%%ésg%n %{tit?)ﬁg 0P o(;(iirp regge%%(zgiy rfgprto%idtela %yftfller 1§rtese(r)1li; mSv%ﬁt%}ld

The use (either in vivo or in vitro) of a protein according to the first or second aspect of the

invention in a method of biocontrol is also provided by the present invention.

Also provided is the prophylactic or therapeutic use of a protein according to the first or second

aspect of the invention as an immunogen to induce an immune response against a polypeptide of
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invention as an antitoxin or toxin respectively is
provi ded by the present invention. The use (either in
WOI20/082224n vitro) of a protein according to tReETRGR@E/000389
or second aspect of the invention in a nethod of
bi ocontrol is also provided By t he present invention.
Al so provided is the prophylactic or therapeutic use
the finst orzseposk aspert af dherigy engionoSudhearf inmgeneolesasomdy s peefil in patients in

et B R G R TSI U A e o ot

bacterds PRfch &Xprdsh pratéivie b tRNFirsEHEfecaid bsPruNES the SPRMEEn BRWirtue of being
be useful in patjients in need of protection agai nst

infectedh it athertctemionhages.nFlatsy Brpiesiion agpiastof sypagacemdpiheigeacteria may
ot her bacteria which express proteins of the first

or second aspect of the invention by virtue of being

infected with other bacterlophages Thus, protection

A ﬂllliﬂg&ipﬁ%tt OfF*heéw‘i’fWQ&d)raWé%ﬁﬁé\C %é@lérmﬁleﬁ‘ﬁ vhich encodes an antitoxin
t I nvention provides a
pnan %g?@gg%ﬁgiﬂ%{ﬁ%éﬁ%$&klﬁ eI%{égodes an antitoxin
proteln accordlng to the first aspect of th

e
A fourthasprct ghthe Anyention prawddesca neleie geidi polesile sAueh enrpdessa fpxin protein
encodes a toxin protein
mmonggg g£8é&hﬁ gﬁéfgg%%ﬁﬁag@ggct of the invention. It
w rechated by those skilled in the art t hat .
It willke %pnr%%%rp ?ﬂ"rékdl@ééﬂ dheaery thet ap gdegydirritthe degreracy of the genetic
code, %ﬁl’tﬂfdﬂg% ?xfucﬁibc%c?d oy s@ﬂk&ﬁgé BR SOGAH cﬁgché Bt and second aspect
proteins o rst and secon ect of e
of thel inveanibh momeswaring edninred homolagglto Itim”lpdlpggcldoude bayuences of any known

ol ynucl eoti de se ces of known and nat ura
and il AE e 86n Tay Grpr e L. ey SRRl pach and every
possibil® %ﬁﬁ?ﬁ)&rﬁbﬁio ahleatit %ﬁ?@ﬂcaoﬂﬁﬁ bl %afﬂaaé 'H’}nse@éctmg combinations
pol ynucleotlde sequence that could be nade
based 9wl possiblegodeombliaiessi ons based on possi bl e codon
choi ces. Nucleic acid nolecules of the present

Nuclehd]él&dl‘ﬁﬂoq)&u[@)bf e prdsdd @n\feﬁfl&‘l fHay AN (BdIFRmAST IRAAsucilfas mRNA, or
in the form of i ncl udi ng, ? i nst ance cDNA’

in thesith@ﬁ DMDNACbIdm;ge rf@mrzstammcDSIfehsymﬂzﬂtle|IéNéci>ldgen0mlc DNA. Such
obt ai ned b
nuclelgyaﬁ%qgn}o?ecu{rgclﬁa 8&& legé%(l)l}e%dtgy §0§10 gzpf:na}é:afﬁ)g E}éegt%c tecrlanues or by a

combfmlaﬁd)re itlferéatl Thenheid esidcaslebslep lcap@eqdepafr&t fex aphple, by chemical
chem cal .synthesis using techniques such as solid

Synth‘?ﬂ*?aé‘émﬁ h@glﬁﬂﬁﬁleénﬁ‘éﬁht 8s cRidh Rgre ghrephosiaidite r hepre] ovmhesis, from
genon%% or %A'l [ &Hds SR se Xr ‘Fiﬁﬁ) ?{())ﬁ{ b P13y ah%mdqggll trﬂ@i@faﬁgg may generally

mol ecul es may e generate
be gendrated bpthe in vitice or mr\avmtramqonpm of DNM/segeeneesices. The
nucl ei ¢ acid nol ecul es nay be doubl e-stranded or
The it id & 3 &udld-anaad Pdkdesingl A
© Eg% ' Hf gagnoaﬁyas t e sgﬁgé %E%ﬁ?égﬁ¥sgﬁﬁt n%yg%éﬁﬂndailﬂq
may ltehthe rttod]rngcsthaul«j;y aim kmaiyn a$ the seefesirad, boitasay he the non-coding strand,

n
also rea}n rred tsoeassiﬁe antl sense strand.

be p

The term "nucleic acid molecule" also includes analogues of DNA and RNA, such as those

containing modified backbones.

In one embodiment of the fourth aspect of the invention there is provided a nucleic acid
molecule which comprises or consists of a nucleic acid sequence as set forth in SEQ ID NO 3, 4

or 6 or a degenerate version thereof:
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The term "nucl ei c acid nol ecul e" al so includes
anal ogues of DNA and RNA, such as those containing
waonadisfoszxd4 backbones. I n one enbodi nent of the PoOwSGR005/000389
aspect of the invention ther§6i S provided a nucleic
aci d nol ecul e which conpriséS or consists of a nucleic
_acid sequence as set forth in SEQID NO 3, 4 or 6 or a
AmltO’%Fé&%ﬁ@ll NOBarsi on t hereof : Anti t oxi n: (SEQ I D NO 3)

ATGCAA ST LEOCAMAT AT ANA AN TEREEr d AT G E G caaTGGT
OO A A R B T RS G ST A BT ST SGSASSRGOATGAAG

CAAT R AROGOHTRAGABGCTTGCGATTGGCTCCCGCCAGTACGCAGAAGGCAAGCATCGCTCTGTT

GATG AT S AT R EGA ACGCAGAAGGCA
RAEIESEBICTEE EEARE RGN
GATGATTTGAAAGCTCGCCTTTCCAGGAGGTTCGCTCAGCCAGAATAA Toxi n

. 4)
T

oxn @MC@T@TTC@TTTTA&@TA&&A@A@M@TC@M@%
ATGTW[ECG@QAUCIGTTTTACTGATACCGCAGAGCAAAGCATCGAAGACCAAGTCCACCACTT

GGCTWX&%@W%%%MM&K&%MGAGA

TGAGAT TGAA
AGAT AT TEACTT M T RN S FACCEREH AR ABARBLI XNGROPRERCECAGCTAT

CGCGABENMAANBACGTATCCTATCGTGTITTTTACGAATTCCACGAAGAGCAAGGCGAGGTGGCAGT

GATC%%W@%@& CAATEA L G s66ccan

TCGARYIGACTTGGT T T TGCGACAGAAGCAGAGCGT TGAGCAGCAATTGATCCGCTACT G
CTTGGTGEGECCAA TCGAGTGA Nucl eoti de sequence SEQ I D
NO. 6 encoding SEQ I D NO. 2 '
ATTCGTTTTACTGATACCGCAGAGCAAAGCAT CGAAGACCAAGT CCACCACTTG

Nucle GEHEGEATERCEAEQED NO.6 encoding SEQ ID NO.2
TGAACAGGCT GCACT CCAGT CAGTACT GAGCCT TTTGGAT GAGAT TGAAGAGAA

ATTCEATTACASATAX A C AGAGCAAAGCATCGAAGACCAAGTCCACCACTTGG TCCAAGG
T ACOCAGT CAGHCAGCAGCCCACT CTT AT S EH S SRE R E
TGAA -ﬁ;ﬂé@TCAGTACTGAGCCTTTTGGATGAGATTGAAGAGAAGATTTCACTTGCAC

CTAAAGYIBCTAAGET SFTTATIAREP AT IACEABGAGTAA! TAATACC
S S P A et o KAl o S P oo

fragment sequences, wherein said variants or fragnents

encode a pol ypeptide which retains inmunol ogical (i.e.

it retains an i nmunol ogi cal epitope) or biological
Typicallyt ithe tycleic aeid mblecalbs bf the foarthclpey of shabiventidrabriude variant and

according ta the invention or_to exhibit toxic or, ) ]
fragm CEST aRrID; i XENHS OEJEAGPAIS PRIORE 1% ROBEERte Which retains
immurddlégital #8l iBREAANaRERAGES oSl Jb?tgg%gm bRBica %{ﬁgftitgai.e. the ability to

. fragnments and variants can be d and Is
achievg stablp plesmidarageardinigrip dbe énvientiom be toi kshibiitoxiogy ,antidote properties as

TS T T -
can bedotdtyd bl isBlatedt winedatdirdiechfidhls HIONBlERIEF Er_%log'ty-, Sithb¥€undue trial
|

bi ol ogi cal activity may or may not be quantitativel
and experimentation. By “retains biological activity” we include where biological activity is

retained to at least some degree, i.e. the biological activity may or may not be quantitatively
retained. By “retains immunological activity” we include where immunological activity is
retained to at least some degree, i.e. the immunological activity may or may not be quantitatively

retained.

The term “fragment” as used herein includes a reference to a nucleic acid or polypeptide

molecule that encodes a constituent or is a constituent of a particular polypeptide / nucleic acid
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retai ned. By "retains immnol ogical activity" we
i ncl ude where i nmunol ogical activity is retained to at
woOeeastoszame degree, i.e. the inmmnol ogi cal act PETASG200600389
or may not be quantitatively retained. The term
"fragnment” as used herein i ntl-udes a reference to a
nucl ei ¢ acid or pol ypeptide nol ecul e that encodes a
or vartamh ¢ tfuhctontl equivaders themsf iTh tenms of the pypdptide dine fragment possesses
.. pol ypeptjde /.nucl eic acida ariagnt /. functignal
qualitilyy iakeice! PGP, commer it e RADSFUAS B GRS, 1 fragment of a
nucleit  RIBRLuARE SGREES ﬁuﬁé)l?rb idéewhichl Raaifsl quatitative tMrihological or
. common with the polypeptide in question. A fragment of
biologicah actidtyc oh8iecpd eneptide el en fragaentampy by byysicelly derived from the full-

retai ns gual iitatjve | nol ogi cal .ar._hbiol.0gica
enen 3R AL 5t DTYPRLRY Y 185y et means, o
exam¥sdngiaallsynthesib.ved fromthe fulllength pol ypeptide /

nucleic acid or alternatively may be synthesi sed by

sonmg, oth nmeans,. for .ex | e cheni cal synt hesi,s. .The
The GG AR, a el epSRdSHENG A TRerigele SRAALR g seauences.
Gener8liRShRI¥id adill eqichtd FarisRS L MeLhvertLERbEY a poifleptide which retains
aci d sequence variants of the invention encode a

qualitggpieypielsgicab aghyibh of enaimmmuseesnic gpifope Bi epregiopatvith the polypeptide
L Vih L ' npaeni. ' el o 1.4:h .
encodgF by Yol Bl TN RiE SHURES Vidin RTINS, WA sciifpes include
nuclei @cideaGeencyawhhtex bt ntolegy with ehledrespondind tidérence sequence (e.g.
nucl eic acid sequences which exhibit honology with the
SEQ IENPed bt A2 degeapiaircverser therod- (e. g. SEQ ID NO. 3, 4
or 6 or a degenerate version thereof). A honol ogous
A honS&6&RRGEquchct syFidhlly attdbadt @B&it 7A0SHEent Sequekite@lytidentical as compared

sequentially identical as conpared to the reference
to the sefgieape sequelss, typiqally lqa@tﬁaplnl‘g% percegy ss@tpe@gﬁ][ly identical, preferably at
least a%%ggg@%.% @%leﬁé Aeﬂ{s%&?kaﬂ Qﬁgﬁtgzraf‘ké!nﬁ st! ?%éfab%be%gut 86, 97, 98 or 99
or perc nt sequen |gply identical . &nd st T
percertisequentisilyidahtical, a9 GomPared B tlerreR8erpe saprhcessequent i al |y
identical, as conpared to the reference sequence. In
In oneoglflb&irﬁ‘l%g{ gFﬁlte.iRIIenttilag ﬁgvn%gfeﬁcoﬁcid Slli]cﬁe&lfec L&hﬁn g'adsequence having a
ol ecul’e conpri’ses ‘a sequence having a sequence
sequenddeientity of adtlledsedsVo, B, 8% 9B30L 9BRYD5%2%BT798598%, or 99% to a
97% 98% or 99%to a nucleqgtide sequence according t 3
nucleatide seapages Fccardige 18 HiQ g NEFuéne? 08 & pelisherdi Gogresponding thereto

withir (A€ 4E éﬁei’gtikﬁio?%}fel"g‘;en&%a@f ation of the genetic code.
" “of t

Variations e gene al so include genes in which

~, .one or nmore relatively short stretches (for example 20
Varigtignshohilie| 2sae plse dncluds gengs in ghidhedficedr BeTeHSlRbVelyyshpr stretches (for
. 4000 r.ef- a 0
examyB ) oGy e N T B SRl Ch bR ogd ot ot 08 o 50% and
preferaldgue teast 70, SOh&5 %N ot D5M) (MthgequBai@nt Birdiche3, of4 arcletc asid sequence

sequences co sponding thereto within the . .
of thedg)%swéqrhf?-%ngﬁﬁs ﬁhﬂbﬂéﬁn& Pl 6 YcRAUERsEh CHBTRgRdingethereto within the
degenBM4BORI0E tHO BBIBEY%oRE)! MWRANhLME: tHeCoverdl Bbfiology between the two nucleic

acid sequences may be much less. This is because important active or binding sites may be

shared even when the general architecture of the encoded protein is different. In this regard, it is
noted that the two genes of the invention (encoding the toxin and antitoxin) each have conserved
domain homology to toxin-antidote genes of other Gram negative bacteria. “Variants" of the

sequences of the invention may exhibit a high degree of homology to such conserved domains.
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aci d sequences may be much | ess. This is because
i nportant active or binding sites may be shared even
wohers/o5te4 general architecture of t he encoded pCDS620V5/000389
is different. In this regard is noted that the two
genes of the invention (encoH?ng the toxin and
antitoxin) each have conserved domai n honol ogy to
The degiee mfaseqhdmb ddegeite detfeent ther mﬁiﬂ'man'feg sdqueceb andyebe aletermined by
riants" of the sequences of ntion
meanss OhieBPUET RIGFTR SHBRN O (e 3th BIY 250 AbcHrovEis e GCG program

packaQ@ td¥Sant NPaH@AT R Ré W%%Hﬁ:ﬁﬁ eedcﬁ@gbt "Véfsﬂ%ﬁt Wﬁ'ﬁgﬁé@ol 996, Genetics
uc e| c acid sequences nay be deternm ned by means of

Comptutfmﬁrbep, Pi5o¥piencs Thinewdladmsonh &iseansiow &5 A0 83 AP (Needleman, S.B. and

0 p e yal
wonsly e BB R A P A 45 ARTIR0) 10tne GAP with the
folloviEas ekitings GoNDN AT ségh@dl, cdnf, nem [¥davien Mﬁdlrt;sw 5.0 and GAP
Wsconsin, USA 53711) (Needleman, S.B. and Winsch,
extensipn perelty 693 Jour nal  of Mol ecul ar Bi ol ogy, 48,
443-453). Using GAP with the foll ow ng settings for
NuclelNAcid SHURBEEs GRITPBE iafifhed %A%’a&f Bfhet @Wingema! Bikeupfalenfhent software,
and GAP extension penalty of 0.3. Nucleic acid
availahlsi ascpareef theyGEE progrgmepackege dtsings forcinstan¢as ghe default settings of gap
Plleu tware, @available as part of the
Creatl(&ffn grfg%ﬂggcéage ﬁnquOf%f%r i nstance, the default
settings of gap creation penalty of 5 and gap w dth o
The npelnal acyd wibleguly mayThleo metidei withiviits svopes uraleanmypdﬂ@of hybridising to
cud Wi t hi.n SCO nt c bl.e. of . .
the gl AaPGEUEs phiberiieREos: 18 dBE RBSisricid,sequences defined in
SEQ IDNEr8: 304 or § @dénsonditioas bhRvwhsteihgérty afbft SrefesI @8edium stringenc
Q defined in SEQ 1D NOS. 3, 4 or Sanger cgﬁgltlons of seney
and stifwmore ipefersbly, heh estrma@fl@r abl9w ‘stengeney shytiridipetey cenditions may

o o PRSI e ALl P Ry, Low ot naency

hybri di sati on perforned at 500C in 2 x SSC. Suitable

Suitatsx padpetimphial cofditiohd dBs detimilehe rwhethdrgawhigthatuckic acid molecule
.given nucl ej¢c acid nmol ecul e hybridises to a_specifi.ed
hybridiees) 6 % specifisdriiplein pd vea we mrﬁsg)agmgao f3 ft@rr containing a relevant
samplE YLt B Elgicaqgfc?{o ADanFAGPEs ¢ S@@ ot ¥§ hﬁg h%}ﬁ?ﬁtlon of the
examned I n X for 10 m n, pre atlon
filter Of a sdlatidn bf &rx SSC,aS Xd])elﬂlaﬂﬂlds séluﬁom (B35, SIBS )andDé ABaupthl of denatured
ur ed

. solution, 0.5% SDS 1 nmg/ nl . of dena
Sonw%h |S%1§°t°@dsl%e§PnQNAsp§ Esﬁugzy heridiagan gy tfw AP Sgé&qoancontammg a

conssf PR B G R SE GBobdfr a5, i

accord’di‘lléé QitHTRHeeApbriiRGion thelfaRl ARGt $brook er al. (1989 Molecular
hybri di sati on net hods as descri bed in Sanbrook et al

Cloning, 98 babavatoec Maanal (st diigon, AoldiBprizg HaspowaMNeay Yodad
edition, Cold Spring Harbour, New York). The filter is

The ﬁtté}qgl th‘é@%ﬁg:d WMcE Borf30 rmn?flge%r?% 8Sc, ' 0’15"/% 9553PGeastB5004 °(l§@§trmgency), at

l east 55C (| ow stringency), at least 600C (nediu
least 6§‘if¢ {meglame styingeacy)| a desst SHC(evauti/bigh Isirigensy); alrigf@h&?p(hlah stringency),

or at lea%fa'%gc79e9'ych{gh sglrrllgesntc{/)l. ri%%plgiggtion may be detected by exposure of the filter to an x-
ray film.

Further, there are numerous conditions and factors, well known to those skilled in the art, which
may be employed to alter the stringency of hybridisation. For instance, the length and nature
(DNA, RNA, base composition) of the nucleic acid to be hybridised to a specified nucleic acid,;

concentration of salts and other components, such as the presence or absence of formamide,
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or at |east 75C (very high stringency). Hybridisation
may be detected by exposure of the filter to an xray
woizbowosEaut her, there are nunerous conditi ons BA@SG2005/000389
factors, well known to those skilled in the art, which
may be enployed to alter thelStri ngency of
hybri di sation. For instance, the length and nature
dextranBiate RiAyethplere glynploge;tandrajtenfg tHedempedatire ohthiechybrdisation and/or
.hybridised to a specified nucleic acid; concentration
WaShlBgStEBSI'ts and ot her conponents, such as the presence or
absence of formam de, dextran sul fate, polyethyl ene
Furthey] yicid alsd cpossiblt & tleoketigallyn erédicpehethear er afot tthe given nucleic acid

hybri di sati.on and/ or .washi steps. Further,. it is .
sequerfes vifl 5 ERGIFLUI EFLR SRTUNI PORERT cACTptdnkly, ofm fismative to the

empirtc4P nSHIYRN dBUEIbEN GbEed, dkhe SRHERERRIoW Ad td Yifettl S virdR Mucleic acid
certain specified conditions. Accordingly, as an

sequendet willigbiidise to thelmucksinaaid pmlecrietdebuedimsascoridenceanitly the fourth aspect

t.he determ pation.as.to lapt nucleic.acid .
of thegisrinnde 11 T Rrd et ME NG bPBL of B Baene! & teoretcal
calculd@dd bEthel GRAl etdafrd) 4th@hibR Wwb hesflegdusafuctdieacid sequences

inventioén?g.g.I%ﬁgm%ucle?% aci d of SEQ IS%QJ 3, 4 or 1
with Iowncudired asle dyloridise tuldze spddifial conditonk,aduchnas ehlt thiecentration and

Tm (nmelting tenperature) at which two heterol ogous
temper#iiCei ¢ aci d sequences with known sequences wil |

hybri di se under specified conditions, such as salt
In dete@liafip! thamdiingdeehpermmerfat héteroldgduslatideiiavidgqidiRes (Tm(hetero)) it

nmelting tenperature for heterol ogous nucleic acid
is necssquyefivset® delferminectht exediig tempamties ﬁ’ﬁlthm—ld}ﬁd}); forthomologous nucleic acid

determ ne the nmelting tenperature (Tjn 101110 ) for .
sequehesol legoekéing m@ngqr@tum;ﬂan@eﬂluprm@yeenﬁ@l lly icg@lplementary nucleic acid

tenperature (T n J101110 ) between two fully .
strands dhoypadieaformatien)apay he idgteaningd dr agepsdamge sittythe following formula,

. Ci : s ; . .
o o TG AR TR, HUELEMRCHA SR H30 Sl A o
Mol ecul ar Bi ol 08%/6 John W/ e%ﬂand Sons, 199

5, as:
Tnllaghehoy=— 81£°C5- 16.6(lopaMp ¢+ 0t (MG -(0-ah (“dufierym)- 560/
(% form- 500/L M= denotes the nolarity of nonoval ent
catj o % = % guani ne and cytosine (C) of total
nuM)é%B?te%?é%o{?lﬁtyﬂ%&”élggﬁé%"& g"‘aﬁg form= % f or mani de
in the hybridisation buffer, and L = the I ength of the

nuGC e decgunged(daoeé cytdsine (&) eitataheembsr of heses iwihe sequence,
formula is the Tln of a honodupl ex formation (T1ln

(JiL = Betysen: : G nucl eic acid
se%@ﬁ%s.g?n ordg%tgygg%%ﬁ%g%gﬁg{?a %e to that of

two heterol ogous nucleic acid sequences, it is assuned
t hat= dhelpngthiof gheapneleis acid srqueess: de sequence bet ween
two het erol ogous sequences equals a 1C decrease in Tln

Ty, deteFR@e8 B €he taB6ve formula is the Ty, of a homoduplex formation (Tm(homo))
between two fully complementary nucleic acid sequences. In order to adapt the Ty, value to that

of two heterologous nucleic acid sequences, it is assumed that a 1% difference in nucleotide

sequence between two heterologous sequences equals a 1°C decrease in Typ,. Therefore, the
Tm(hetero) for the heteroduplex formation is obtained through subtracting the homology %

difference between the analogous sequence in question and the nucleotide probe described above

from the Try(homo)-
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Tj g for the heteroduplex formation is obtained
t hrough subtracting the honol ogy % di fference between
woheoeaz2ogous sequence in question and the nueCesGaas/ 000389
probe descri bed above fromthe Tjn (J1OM)-A fifth
aspect of the invention proV%hes a plasm d which
conprises a nucleic acid sequence of interest and
A fifilwhspeht oBtheiivention ipnotidest & plasmid whichi acomprisehe ancleisaacid sequence of

. the plasmd is. c le of .replicating in.bacteria).and

imterec)y e R o PR s on 5, Pt M B i capable of

replicARGURN BEct@ e Odndi WichOist fighilildd By ab @edsede bh@ nucleic acid sequence
i nvention and a nucleic acid sequence according to_the

accordiigfot the shipsbaspeesfofl thrainvertion andra nusleis agifh sedsaes acgprdingsto the fourth
[ ntion. provides a plasm d which conprises a nucleic
aSpeCtaogi\ﬁgeglgalﬁleoﬁée of interest and which replicates in
_ bacteria and which conprises a nucleic acid sequence
A sixthraspeiit 198 theninzenrtionoxpridey a péasmic aderhaeargprisss & mackels gcid sequence of

interet 2R higli reﬁa gat{aﬂﬁ chefd: an-ﬁhglg% %&Wgﬁ%s%f ndcﬂa‘?? §éiﬁtsE%uence encoding

aspec nvent1on can be used to transform host
an antftexih proteinslotartiingfte theohird abpeotoBihatnvieation.r ever si bl y
altered so as to produce a protein according to the
P . ! . i : ¢ . '
he pBSERALEIRPAEh el DU MR Sl LA Wbl b0 i whic the
host ch®pesbmefis irkeeeisibhe altéred soray/tolpgodund erprotem avoatdiny todhe second aspect

sel ectabl e ar constjtutive pronoter. en the hpst
of the ingjeptien Bihidide oXih© tb? E%Cé?r%«fﬁ%m%%@@a\f?‘ae RS54y 1 Bf sqqqnd aspect of

o i . Ll i ‘
o n BN, L RS SISO paRAE e e b
cell exfprenses the pratkin cfiible sdvend expent efthe deseentiyn.tthe plaawidkwilhbe stabilised as

oss of B TGSt b6 SR B ARG Ro 5 e PR i encoded
the baSleNhtIRERESmOWilE HElohBMas defitalitathdrbbiclehd@n@ o GgNRkhile
mat eri al that encodes a toxin protein of the second

.. ,aspect _of .the.invention. event h. a C .t . .
Suitaf B PO oA o ek AT BT eoR o Fogtot Reng s aterial ha
encodd$h thxELpleRINE 6f BiF sbdimdfeplct bf dspeentioh. t he i nvention

(ie a nucleic acid sequence encoding the ParE-Iike

A sev%rgf}< :aﬁpe%f %{tﬁ{a Qviemﬁ(gﬁ ﬁ%i,#egg p aéﬁ{jci%ic@?co?r%g%@seaa rl?l?crleEié |a<i:ilc(1 %equence of

the foueMSAspbett dfVieOinvaioactiall fudsprREE keuepte0Bidoding tiedParE-like toxin
wherein the ParE:-like toxin protein encoding the
proteip)whereby db¢ expressipmnelethstParkdike doxiptpraisetst dipenthyea promoter (e.g. 2

. i . . . . . .

consETL SO FAURLESS FoRRRL by e Py LA Fprorinccodig

the meleia atidddequencaoif dhe dnpthnaspecfofi the émveation Hemprsestaheloning site e.g. a
.sevent h aspec f the jnvention provides for the use

multipl cﬁqp&% st Z@C&gsteq'gsﬁ%& facrlfliarffeﬂ*f%ol&ﬁqrﬁé%% dcugific il sequence of

interest"MERle B} BVerfth heILESS theinveRBEH fs)flefH%E fONAE LSt ARtkic Avid sequence
nucl el ¢ acid sequence of Interest may be inserted into

of thet Ferthuhspeqt] of Gleoinivegfiani o a/targek tfopinsettiooali ingetévation. A nucleic acid
ion the

seque%ff] rgtl i@%ﬁrglst %{ﬂ/ qu Il[%gltt%%l)?%ﬁlﬁe%l? gqqgﬁti]\ﬁ?%@rl{?%l Isi?ew/ Sn(l)ul{i}g]l%t cloning site.

- Disruption of the parE-like gene would follow so that functional ParE-like toxin protein would

not be expressed from cells harbouring a plasmid comprising the nucleic acid sequence of
interest. Thus, in one aspect of the seventh aspect of the invention a nucleic acid sequence of
interest has been inserted into the multiple cloning site / MCS of the plasmid of the seventh

aspect of the invention.
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not be expressed fromcells harbouring a plasmd
conprising the nucleic acid sequence of interest.
wohos/052124 one aspect of the seventh aspect of PO®/SG2005/000389
i nvention a nucleic acid seq?gnce of interest has been
inserted into the nultiple cfoning site / MCS of the
m d of the seventh aspect of the
Sultahlw% plaspuds pfithe P"}/Venﬂh%spsﬁaefrﬂl@ nvgntiem @ompmm pelegtalde marker such

as a gQﬁe \iyﬁ%h Wﬂ cﬁ%ts Z)%Bg%l 532% ick %clﬁlrf]' g)rgs V\%@&ﬁqcon 1ot31cl:J c]?y 82 inclusion of

such a edeeiabia aearker ﬁlnseamllsbwhicha:on@msé hiee plasmits bo [heO:fevsm:ﬁ haspect of the
aseletqli rth ecells ich cqonprise the

inventigragy e °§ %‘?‘Fth é’ﬂ)"l—?@’é f! e gevenepped f theyinygation provide
a meaf€ kS ehLek: {(Orthe PERAERI cBﬁﬁnEﬁs%@lnqéleR:f acid’ @qul%\f@enéiﬂnter st; and (ii) the
aspect of the invention provide a means to ensure: &)

cells qotnprige thermlabmidnpri ses t he nucl e| c acid sequence of
' interest; and (ii) the cells conprise the pl asm d. The
The pRIsA#S O5HRf ki esifth . scobathh, e

“Phe invention incl ude Sgenetl g%n% éfl al ﬁ)ﬁl ﬁkﬁdg genetic material
whicht ppgis tispsfarthaion irto & Sgljiahlakhoet hos () |ospal(le )ofceﬁMmlng mbduction or

rodu tion or ei.c aci
expreGlop SR el g RS o iefsElnforcsion of the
toxin PrOWiR Sl the s@cfonﬂ% EQXIMthB rlﬁilﬁitlﬂn%ltﬁ&%}l]lsﬁc&ﬁﬁiseaﬁﬂse & subject to the
of the invention (although of course is Is subject

provispghatHa the plaseuds elatheiseverib agpess of dee biventinn @e\wnEihke gene may be
O L Y N

aspectRafi thel mkmtmnpatceﬁ;@omn)r indlnge @bﬂﬁm thatepibl tWhecH bffédts expression of the
|nvent|on additionally include genetic

of . th
antltowg’g&%l%fﬁﬁ fglﬁt BPELOf $heciyprtto; Bwidiberampresistac i the plasmids of the
fifth aﬂ! Q& MaPhe ﬁﬁgﬁ'&h&?fn tﬁa p f el 3\9 %1{ %&ﬁﬁ&?érﬁl? seie‘é%gﬂ Hessure

e apprem ate at t asm
e mai nt a| ne i%act erial cells w thout an

Approggg@t&r mi%glé{ Sé:agengﬁs OI@EW@E& PE gct}(@dmxafeéelg)n o¥ the nucleic
acid sSfRHEN 6P ?nt@fégt ttflke tdulifk %r(f)t@fn Gf] " inR8n IO Qﬁ{f 1iﬂeo%r[{tmn{l protein of the

expressi on of the nucleic aci se uence
inventtomewilldyei Welbkmm to thbsd skall¢dimahe arbnTlarsdfdahResawmlch Gmlyrbe included in
of the in nwll be we

e P U SRS Vo Ml S5l KRV 1052 o cxampl
transcm}ﬁi‘dnuﬂ ofl tiafslhiishaP lcasidldsequeyidey dacP ko @fbhebﬁ stofo LUOHB&J; transcrlptlonal
regul atory and/ or enhancer functions, for exanple
initiatqrg 8?1@5?11% ary pihoserpalthingdisg sitésstal control sequences
such as start or stop codons, transcriptional
In the tavetdf alicoplasidslof s fifth @&sect b e SBRtioR) iAHn8EniHoliBSent the toxin and
etc. In the case of the plasmds of the fifth aspect
an‘ﬂtoxéﬁ PEYEINS e PiesRtested wirsT dho santieinef @ singlo grometar In an alternative
b t @ I er th contr
em odgfléﬁt {\‘ch 9(?‘[% r'r%gtsar@ ?{P?e%%eﬁlx g{ agaﬁeﬁlgtl Sh?rgﬁ{‘tr 8f different
promoten pr ot eins are expressed separately and, under the
control of different pronoters. The pronoters used in
The plofft&ORSLd We f
e ps:ﬁ%t ﬁ?g@pe%gﬁeg?org&ur:ﬁ% Bk ﬁ?enbﬂgmf)cfs $e it AndWkin aspects of the
invention may be constitutive promoters or inducible promoters. Preferably, the toxin and

antitoxin sequences are under the control of inducible promoters. By using inducible promoters,
death of the host cells can be controlled by manipulating culture conditions. Different inducible
promoters can be used for the antitoxin and toxin sequence. In this way, cells can be selectively

killed off when required. In addition, via replica plating on media with respective inducers of
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i nvention may be constitutive pronoters or inducible
pronoters. Preferably, the toxin and antitoxin
weemsdizes are under the control of inducible PCT/SG2005/000389
pronoters. By using inducible pronoters, death of the
host cells can be controlle :%y mani pul ati ng cul ture
conditions. Different inducible pronoters can be used
each of e ganss.qmesenexpiitha ptrsmak prd eartiziamest ofithe elongd gene of interest can be
confi cglls can be selectively killed off when required. In
T6dition, via replica plating on nedia with respective
i nducers of each of the genes, presence of the plasmd )
To expregs Senpugleirdstd srquensss off dnfstesydhe plsmids eff et ingemiopeconveniently
. i . g i i S .of .
contaifitle bf Fe 5if3 (B bEF SN BT, B S HHGR RSl sites. located
downstieainad fnthe peomdstenmgions Prefsrablyy mubisglet ¢.@atdéasa2@dr@)@@ to 20 or more,
e or .nore restriction sites, |ocated

such Gongins i 97 RNl G e PRy S stes have boco

cons L by B, 06360 5y, PR 6 srtion of

a desired|genp e welbknown imthe sirtt ael widely desaibeddnshe litetaguale, as are techniques
contai ning eqg., 20 unique .sites in a poJylinker.

for théif Py Ph S srg b uedion sRlor BE wpeto i dnd ivgESon ge genambrook e

al), are well known in the art and wi dely described in the
literature, as are techniques for their construction

and/.or. introductjon into the vectors of .the .invention
Persoif R a6 36t Ul S ol a WG PF BEFIF A Hoseqppnces may be
desirablelahd ARBEAyAdiFefelPlypss WM iHR1IA4dI bdquehcel b€ iRtbestafilltxist.
sequences nay be desirable and thus nany different
By o YRS o2 S T §SE05B0Bl e  SBbteh i sequnces
themstIR6d SifiRiteRekE (1 CseqtibitbeS QMU UE Bs WRNAT s HHE GRS nBélic acids etc.) and
t hensel ves of i nterest sequences which act as

e. g.
also ngedpigjacyl sgquenpes g@ﬁ@}gemép @glypgmdjag oftigtetestafdre gobypeptides of interest
u nce o) .
may l{% nﬁ(g?%egattﬁgirgvelﬁ%g yp@pﬁfﬁgéﬁg ﬁ?eﬁlgfeéé ti!h%x%?%iepgﬁyc' u%ful proteins) or
whichpgilay pigp ukefal invthe préditibn drhésmadavies of5afddsité®. (. undesired product
therapeutically useful proteins) or which may be
respecti¥elyyl in the production or degradation of a desired
or undesired product respectively. The nucleic acid
The nsdeju anideseqiicncabé imatstwhiiclhis geqeheetht plasmidweacpbimliny tdhe invention

can bR ARGUOe VB PAERT & RASISnGT g i RS FReRTioR) o aiffbod nterest or
whicha@hl geoﬁ%di 1t @ﬁ(_%%%alﬁﬁs. WiieCl qiéHee REn 44l sk@&tural gene, a conéplementary

biocatal ysis. The sequence ‘can be a structural” gene,
DNA ssouphaenre syrhsticDiAemequehetis, sequayatdiet i ¢ or
sem -synthetic sequence, etc. The nucleic acid

The n9@E @B eQhencB LE RSt WIS s preRREFERE pia@m,ti&eac%lglﬁfg @She invention

accor d[ ng't o the | nvgentl on can € a nuclelc acl
can b e quelsizeacihisedqueser pliieh engedesroneosremerezgnzpmes. THee enzyme(s) may, for

eXﬁmPg‘%é%gﬁé‘is?egﬂﬁ% ’nbi%f,%frqeﬁl)élﬁ?nﬁ :Oﬁal} tr)lgi_nijl_sé, :Elzf’gel;l# :%iiugrlal extraction such as gold

extracg¥i.r acti on such as gold

Preferably, the nucleic acid sequence encodes a protein of pharmaceutical interest which is
selected, for example, from among enzymes, blood products, hormones, lymphokines
(interleukins, interferons, TNF, etc.), growth factors, neurotransmitters or their precursors or

enzymes for synthesizing them.
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extraction. Preferably, the nucleic acid sequence
encodes a protein of pharnaceutical interest which is
weebwoszdy for exanpl e, from anong enzynes, bl 8OWSG2005/000389
products, hornones, |ynphokines (interl eukins,
interferons, TNF, etc.), gro‘\%@h factors,
neurotransmtters or their precursors or enzynes for
Genesjlyi; the siuglerrgadith eequesereofintarest twill bela gaiecwlsich ds setnaturelly related to
the lof interest will be a gene which is not naturally
Plegpidied to the plasmid. Wilst it is generally
envi saged that the desired product is a protein, in
Whilst dhis gambadly reaisegéd thatiphebdestrbdipratiuet isi @ pentéin, inssaneembodiments it

esired product.. Thiis.may b .case re nucl gic . g
may Bt FRBCRT i 157 USHURE b 2 S GRS P 6 nuf pocieo acid is
desireaefer DRA ﬁ&ﬁuﬁ&&idﬂbﬁdgéhs tHePp3! Sec BB5.92Yb8NirdhRackaraf

the invention provides a bacteriumtransforned with a

. snj rding. to the fifth,.si h -or seventh . ]
An i 3héc BF Rl it hrbBes bl KheRen QR b ptasmid according to
the fifl R85 61 SeveniBCispEds of tHednV@dEbncel |'s and in particul ar

met hods of transformati on of bacteria are well known

' e. i.del vy d ri bed in | i terature,
ety KilGRpORE, o (5Bl et 5y bR ficutar methods of

transfolregtichopd badterti atec Gleli IioRm 81 theakd ndelidelN@ydariB&dl in the literature,
. wi del y described. The ragge of possible host cells is
includipg der s¥rmpla dpuRpeabrepla pf mbg stupva. Blrctrepergtion deqhalqueggre also well

knowid: &iﬂ, 'F%/&rig@&t eria. Suitable Gramnegative bacteria
I ncl ude a enteric species, including, for exanple,

Escheri chLa sp., .Sal nonel l a, Klebsjiella, Proteus, and
The rqagesquogl lg hgsiesils a Proad ang ipgludes é}rmcqelgaqlwgbacterla, as well as Gram-

positi@é%@t@ﬁ&.t Stitable - I&(%iﬁﬂéé%gggé; Bacterta ’inc@égr ERS ies, including, for

ul obacter sp, ter sp., onohas spg.,
examplgs Bizhetigria spn, Splmondlle dlcheeits Psqieys &dr Yatiaid. and pon-enteric bacteria

. jae ilus |Influenzae, Methyl ophilus methylofrophus,, .
inctudify UBIODR G PSR P4 SRR p o DAL S, Acinetobacter
sp., ARFMAGHAL 8., Redacislimhsp TV cAlfreHSRS ., Bt hisegn . AThRAGIHBs Influenzae,
sp. In one enbodi ment, the host cell is P. "aeruginosa.
Methylapkitust methytotteptinsreRhizobiwmh et argle Thiobgciltus spl iGrama-positive bacterial

ni, At h e of the~jnvention provides a nmethod to
hosts ngﬁlﬁ%a’?ge%ﬂ%‘%&%@ﬁlgﬁ)aﬁgr %P'pl asmd of the invention

whi ch met hod conprises culturing bacterial cells of
In ong erabedigenty thedipsteellos / herugivpemt i on. Were t he
bacterial cells conprise a plasm d according to the

In andthértemboidiraént e RPE4L isd. cblpe i nvention, a nethod for
the stable replication of DNA is provided as the

. wiabili of said cel.ls is dependent o e presence .
A nlnﬁqf e%ggcit 8%%}6 a0y ngxoln rPr%Va{fl%f aclgf:t?lg& % repﬁcate BI\}/{] Corthinied tha plasmid of the
invention which method comprises culturing bacterial cells of the eighth aspect of the invention.
Where the bacterial cells comprise a plasmid according to the fifth or sixth aspect of the

invention, a method for the stable replication of DNA is provided as the viability of said cells is

dependent on the presence of said plasmid in said cells.

Where plasmid DNA is the desired product, the method of the ninth aspect of the invention may

further comprise recovering the desired DNA from the culture.

A tenth aspect of the invention provides a method of producing a protein of interest, the method

comprising culturing bacterial cells of the eighth aspect of the invention under conditions
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Where plasmd DNA is the desired product, the nethod
of the ninth aspect of the invention may further
woanprosze4r ecovering the desired DNA from the eqriSce@s/000389

A tenth aspect of the inventégn provi des a nethod of

producing a protein of interést, the nethod conprising

culturing bacterial cells of the eighth aspect of the,
wherghy, i Peneinfeinteseshds exernssa dramthe; apeleisrasidisequshce of interest, and

' ' f e nucl ei ¢ aci d sequence
recovc%]?ﬁg %ﬁé%@@n ggﬁ%&ﬁtg@’{f rr?%teg'ai d protein of interest

t hus produced. Where the bacterial cells conprise a
Wherg the rhagtegiak g5l fRypiaser A eplasmid hacgprding i thes §isdy onpixthaspect of the
. i i . | i .cul - . .
vl AR oS8 Y858 it AU P S of s ot i
deperdiependdrtpresentcef i phianéd of sadicellsp Thasyi whdra tifadiogtin and/or antitoxin

cells. Thus, .e.the toxin and/or antitoxin gene are .
gene gie o g ce{sﬁﬁ%ﬁ]ﬁ et BERP PR pPERBIEL VL Fditiops @re provided to
activetélbf the PrézRReist INGRR mepmewéggﬁd iQtasiidgat e of the

pronoters hi this manner t asmd Is stabilised.

Pt T St LB 0B o

present invention avoids the need for externa
Whilg éhe ptesan ipreatisn aeoile theamded footxtesipl sdiectiphgaedsdse @f antibiotics) the
the prgesent invention may nevert hel ess. i ncl ude one or .
plasnify oF GER GEEBFGFH T, PBICGFESY SEMeafit brmgengies conferring
antibiofit G6JiAMR JRHKEN SelectdilS nBKeRETHRGhA beMsBRIYR d¥udid}e the correct
correct plasmd has been taken up by the host cell.
plasm@hbes beagn tgkenupiby thd hosheelt.est has been recovered from
the culture it may be processed as desired. In one

Once @ESBtIEM infeh@t hARYR tQS VR i@InDihe lulfB¥ iPRaf be PMREsskll as desired.
the protein is expressed in the formof a fusion

rotei.n or as a pres, pr.o-. or prepro- profein that can .
tn onf PRty o po e Rt ManEbe FlsRvedhir o prbiciad epressed in the
form BPA Flsidh proteRl SEACLPRN REL drviftepiBl PofeiR Mot REPbE H&tivatdd by cleavage of
such polypeptides,” the pre-, ‘pro- or prepro- sequence i
the prgn\PreectprEpad pertion te dcedicoay aghvrimatee pelypetidgsemsuch polypeptides,
e nce t .l I far.purification of the
the piEZHERG A, st gl R B iR O nese B Riscidpay be o sequence
that it dieplogabfiee pedifigatioh @i theraytuleepddyrepfidesbquéicee! event h
aspect of the invention provides a pharmaceuti cal
e .S ' ording to the
I e Rl BB A e S e . . e
used to deliver anti gens to_a host inmune system by .
An cloxprisapry ehébeafitveglion mevdesyanearmacrticsli gemposition comprising a
bacteﬁlﬁﬁta@bd}?fﬁg%% Qgﬁthba@?é& o @le IVYGihEShA ba }él‘?a 1%91% hd glggd to deliver
may I nclude a wde variety o DYO{EIHS and’ or peptdes
antigen§ th er':]ldtost impne bysﬁém hyasxasdsking the gﬂﬂiiﬁg& fﬁ);]ﬂl @enetic Material contained
.., .anof her. ect, t anti.gens encoded by the expression .
within, Foeaiel g e Yisighr de rﬂn’ﬂgmﬁemawﬁclag% % Hiidee Vajely cpfngteins and/or
peptided of Bhct&A! Vigd], BABGRE or bitRr éﬂ%il?g‘?rp%&H&Oﬂg&tpﬁetaﬁﬁgﬁ%soencoded by

0
plasm ds are designed to prov an | nmune respons
the expression plasmids of the present invention are cancer vaccines. In yet another aspect, the

antigens encoded by these plasmids are designed to provoke an immune response to
autoantigens, B cell receptors and/or T cell receptors which are implicated in autoimmune or
immunological diseases. For example, where inappropriate immune responses are raised against
body tissues or environmental antigens, the vaccines of the present invention miay immunize

against the autoantigens, B cell receptors and/or T cell receptors to modulate the responses and
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aut oantigens, B cell receptors and/or T cell receptors

which are inplicated in autoi nmune or inmunol ogi cal
wdizewsaser4 For exanpl e, where inappropriate i "ROTSG2005/000389

responses are rai sed agai nst gody ti ssues or

envi ronnment al antigens, the “¢%cci nes of the pr esent

Jdnvention may_immuni ze a%_gi nst the autoantigens, B _
amelipratq the iseasesr Eorgygmple, sueteierhnigeas nenbs efficasus lim treatingsmyasthenia

. geliorate the diseases. For exanple,
gramgg%ﬁ‘g?é’gﬁerﬁg%s can be efficacious in treating

nmyast heni,a gravi s, |upus_ erythematosis. Anong the i
Amor!ﬁa%? daptgrial Hygeveptrs ghgently, veder iRvestigtion jars, attenugtedieateric pathogens

a u : c g g e .
(e°g"t ?gﬁ?&kgﬁu ?ﬁ ’a?gﬂll t%lraf 05@%0 e?lgbggl{a%éoﬁ?gﬁgg%p( E%’ : Lactobacillus,
Streptoacdcob aorddniig , angt iepsalc vaite gorinoie.g) BOE). | $.cephed a particularly
" vacc;[i ne.strains ée@qq' , BCG. S. typhi is a
attraci{ye stpawn, for hugagvaecingliohe strain for human vacci nati on.

Where the transfornmed bacterial cells are adm ni stered
Where theatransfijranetl battassl @ile asdadminstezedth 4 putdect gy ate administered in an

necessary, tg.elicit an i nmune response whi ch .confers _.
amougl BCREANY o, HigHans YRypLies TRBOTSE RUNIEK GO TBIIBNY fogde subject for the
proteih ¥ pepifides Tthe isibjRétak Bribiaylyd: MBRATRI (4.8 £h UgBthay B6 be another
may al so be anot her " ani rmly such as a dog, horse, ‘or

animag.tHuglk aha dog, hossecenrmhiokghat ed that the bacterial |ive
vector vaccines of the present invention will be

It is SehtempRtedr Bt ithe PAGEARCRW Wedtor MAEAHLALF YRS ?é%éréﬂiugﬁehﬁbn will be

.vaccination of individuals, rg;;ef erably humans.
adminifieredde ebermaadeutienl foinaulptdms fonyse i vactination of individuals, preferably

i.call ffective carriers. and optionall .
ol SR B EEA e, BB TR el Gl et SRSt carriers, and
optionally] mans inketljde\oalitr shatapRwic ingrédiéntgstich AhRrieas 4dj8van® known in the art.
carriers nmust be pharmaceutically acceptable in the
. tible w t.ne t herapeutic .
The cRF0P G bftns SR LEP B RPR R GocHlelicd g SPERER IS are compative
with the dh@apattict ingredidhts dite atchestapelily deleitgioslit® e Bdcipient thereof. The
i ngredients are provided in an amount and frequency
therapguiic dRgapqieRtoOTa HIgrelRity RES BROYIded dini srramenegrnsh fregpansy tnecessary to

achieV:aE?cfﬁe m%d%nﬁlﬂmogicﬁf &ddgon and dosage forms will

ect the therapeutic anmounts of the conpounds which
are desirable and effjcacius for the vaccination
The %%1_ ok ArERsTae Bkt losase s evilatisst that berapputicamounts of the
comp@iflds Wi @chrk Hes@f&g%rﬂi?l%i%?ﬁ@ﬁﬁﬁg e 1RE vé;‘échﬁlt]iéfrl g%)sl%@%igm%acteﬁal live

reaction in wh Is effective to |

vectorgnaicials axs delivened in aspooss capatidef dicitiresmethnmtteaniction in which it is

holotoxin gr t t her desired hetgerol ogous anti gen(s)..
ettt R, B e P P P e i PSS s I or o other
desiredMlictdRoloQHMe histiRA(s).NAh Eid@RehidRionhlly eFRctfe¥BBlnt #e4P¥mount which
or reduce the severity of the onset of a disease, as
conferg gppnagreaped goBil: ko pUsVents delay predhes thbsevaridy of theuwiset of a disease, as

' j i ; (R e by appar ent one,.of
comTHIETLE s o nd SR IR SR gt 0o
of skill actherast thatcthisasnduhewiik gl tbagddcor@adotdsueh at B weight and health of the
recipient, the type of protein or peptide being expressed, the type of infecting organism being

combated, and the mode of administration of the compositions.

The modes of administration may comprise the use of any suitable means and/or methods for
delivering the bacterial live vector vaccines to a corporeal locus of the host animal where the

bacterial live vector vaccines are immunostimulatively effective.
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reci pient, the type of protein or peptide being
expressed, the type of infecting organi sm being
woaodsaszxds and the node of adm nistration of tReET/SG2005/000389
conposi tions. The nodes of ag inistration may conprise
the use of any suitable neans“and/or nethods for
. delivering the bacterial |ive vector vaccines to a
Delivery rggdesamay declgdef withut Hisitation, parenignalr administrption endtladds, such as

[ v r: Maecin ' oSt | ativel .
subeulghthsy FOCF HpltREaL Dty IV Bl iyl intramuscutar v,
intradérinl (HD), as weflaasamwhegrasdntaralyien., drilahaal) ifRivagHs], filabna$, opthalmic

subcut aneopus .(SC) injection, intravenous (1V)
and/oy reptabaqmmistiations qer mal , i ntranmuscular (1M,
intradermal (I1D), as well as non-parenteral, e.g.,
The doseahte andsaitable dbsape dginmafor theibactenial Mve vgetdraladtise andpésitions of the
rectal. adm nti)st rg.lﬁi aq The gose r at %vgnd suj tabl e .
presen JUveHHOR Giays0 1pdily, detgrmiped py thqse pE opdiparg skifbncthp art without undue
experifRRADL! | BHSuRfl J i ' i | ek
P det er m'.’nel%n by t hgg Soﬁ&g%%lng? gﬁdgﬁ Io[FeLerﬁ(yett e I%a?i?g éohmiques and
convepfieriad hioafficary/ higgnampatibilitn trirotocoley Ansmgobtheothiegy, i thealose rate and

. ntibody titer determ nation techni ques d . .
suitab s RA togios ShrgCor bbb abigel v s dnsied erapeutic effect,
and thédedigedalhespahlifbasctivile dose rate and suitabl e dosage

forms depend on the particular antigen enpl oyed, the

ire herapeutic effect, and e desired ti span .
Fonnug?eéqu)lls oogct{“? \I}’Fetsgf.% IBYPHOR LB JissPrgte ‘ilzilie _f?fr @@aﬁe’iaﬁﬁw% fmits such as
capsulé§ncadBetdr RBRH Qﬂlozéﬂges,eéﬁjﬁp&&htaiﬁﬁ[gdd PrIBleAn it taSnotHE BE the vector

. as cag;ul es, cachets, tablets or l'ozenges, each
delivepypyirugtusesry ag aspeRsasioRni ned anount of the vector
delivery structure; or as a suspension. The term
The ter@OtignyEishey” anll ogmaniihl ¢atiadtathadedfSmbiRr GRéludBaNDr “consisting”.
~including” or "consjisting". Thus, for exanple, a ]
Thus, £515588WPS. SrEOMPORIHioNs FAGPTINNZRIK e eonsist exelnsively of (X of may include
A or nore additional conponents. A
one ori&v\(/selléfat 182%?8%%‘9‘?& i nvention provides a nethod for
f%gci nating a subject conprising adm nistering to the .
A twelliihjageect 11 BFoiIvention Browisies & methad a5 vaseingting aceyhjest comprising
adminﬁ:féfrﬁlgctb %Pé Fﬁl@e@cl drCirho @ of 'E'M&?erfa?ﬁgg @%?tof"’.@%cﬁle%u?ﬁ@ ent to elicit an
] bacterial [ive vector vaccine is a bacteri um accord ng
immurtecrespvmse Whatein tebacterialf livehecion wedtineis .a bhbiesiumeacchding to the eighth
achieved by. admini stration of the pharnaceuti cal .
aspect esil_PY%%OBf & e Enthisyefeby mipKEation, é’?t‘ihénpliaémaceuucal
compokiRnRAhEE Eventh AdpeblFeRY MvARRAGH 1 pdifagt. | nvention
provi des a bacterium according to t%e el ght h aspect of
. the. inventi.ogn for use in, medi.cine. A fourteenth aspect
A hirig i A8EER oE BRY 5B piagicRE febapieaugtacsOKes B A aspect of the

inventi@8 FOF €elif ntcdidife ei ght h aspect of the invention in the
manuf acture of a medi canment for vaccinating a patient.

A fourteenth aspect of the invention provides the use of a bacterium according to the eighth

aspect of the invention in the manufacture of a medicament for vaccinating a patient.

The polypeptides of the first and second aspects of the invention can be used to screen libraries
of compounds in any of a variety of drug screening techniques. Such compounds may modulate
(agonise or antagonise) the expression or activity of a polypeptide of the first or second aspect of
the invention. Such compounds may have utility in treating bacterial diseases, in particular those
mediated by P. aeruginosa or E.coli and/or in controlling biofilms, in particular P. aeruginosa

biofilms. The compounds may also find utility in treating unwanted growth of bacteria belonging
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The pol ypeptides of the first and second aspects of
the invention can be used to screen libraries of
woanpmards i n any of a variety of drug screeni RQT/SG2005/000389

techni ques. Such conpounds nodul ate (agoni se or

ant agoni se) the expression of‘activity of a

pol ypeptide of the first or second aspect of the
to  vheusnt gawra Sirdudingyp olond dnsiengehaverabarier .t yAenemonaat i dejnetobacter,

erja j b P8t arpt) e i,af e P, .

Agrob BB ) ShalIn" B ol ERRHbTUCE PR TEURLF pritobacterium,
Campilobpéret | Cilrabadfer, a€losgidinma Obdfyebateerivhh)e BRerpbanies Enterococcus,

may also find utility in_treatin nwant ed growt h of )
Escheﬁzg%zlae Fran l@né{aﬁ’@’f) sy Pefida, H@ gz‘er,nlg{eggp%’ufgéqnella, Listeria,
Morghf¥32N85ax A ! ProVAGERE O ia, Shi
OrgA}gb? obact er‘lﬁur’n ?g?,l IPﬁés%%’ act Zr%g%l%%}é, a?’?%o?{e{l%’ Serratia, Shigella,
StaphBocacels, SfreBtoacediuls,al refaneymmmuothacteas, Wihridam) Hertvaot er
Ctrobacter, dostridium Cornyebacterium
Accord{Hoy, AP@GLSh & ; iof-prVedes Ghi I ' i
ee0 Haerophi | us, E f%i%ﬂﬁﬂe i c% d;@t er ’éstl‘ggbnglf?{;@bﬁﬂyi@an agonist or
antagérasjicompbiuad of 4 pelgpérdide Mbthgdiret drasecdvblrampedt lofitheRnudntios,,
Provi denci a, Pseudononas, Sal nonella, Serratia,
In oneX¥thB&liment, HARBRLE COMPHSes cohf: & st Eoim J[r@lﬁ\%ﬁ 1 i
non Xant h(;rml?]as, Vibrio, and S\((:er saisﬁlltl‘% Accor d?ng Y, ag$0 ypeptide of the
first drj $ecerdthtabpest of cthe dhvdritioni andedé¢temmingoifi testest p@hpmohd binds to the

faor, i tifying an oni st .qr antagoni st co und of a .
polypig3isy st dirvp stand ekt of Yo, BANGE Jote eoq ey Rurtfer comprise
deterrhiRI@ITF ki@Ntest! ddnPHANE BRRMCEEH deckdaBesME ROEYiIHOHIPL b&??eptide of the first

contacting a test compound with a pol ypeptide of "the
or secppd @spest of dleoinyentigre ddetbeds fos deteyaining af thedtest compound enhances or

Lniag 14t oMn inds to e . . .
derefE STAAAAG 4o BTl SETROARE Q0L okt e mvation il be
known t/gattdrsskillEden et 410 ahdviaylubielr foh exareslspddckihgttsdpertificnts Rgftware or X

i f { he test conpound enhances or decreases the
ray crytaliogranhyof a pol ypeptide of the first or second

aspect of the invention. Methods for determning if
In one ?ﬁbdidéﬁllent; dmgthdd ?Bh?ﬁ@?&cﬁenﬂgdéﬁaﬁﬁgaohﬂ@ m&lile;iﬁi :ibihlity to agonise

of a pol ypeptide the first or second aspect of the
or antagQrdstt fhrbraing ol e mestping of Tglérfgfé%%ﬁi ¢f1_h3&ﬂ$enarttﬁ@ﬂarpafotem) of the
. I I. R . 0 3
1nvenlgdr]{jt><% tlﬁggl"b@&n of e s@&ﬁﬁgiﬁ ct dPaE 1H\§bn%§ Sﬂlhb et ‘ﬁé{ﬁ gﬁﬁﬂ\ﬁ{o?em).

crystal l ograp In one e nment ,
t hod c rj ses. screening. test conmpounds fo heir . )

The p(glgpmtglﬁ o?’ glli)ea]élgﬁ?tg)él tgat 18 E)é{ﬁ& géﬁjpﬁéresmﬁglngﬁjﬂ%is O(fﬁ]ée mvention may
be fre®oRitbnOhffixBE td h 58t fBEE b6 b &8 s@Rick b Xdted intracellularly.

protein) of the invention to the protein of the secong

aspect .of. the inventi.on (the ParE-like toxin protein).,
Test oppipopps He @q?fajélaﬁﬁg?fﬂ% PRI, CPH’_aPPuP‘isgéﬁﬁf 698 1 _n\)anous forms,
includif}en 62 P niiHifi8d BAiEaRE, dlFmksVRBIAR, SR BeodniERioldlules such as

solution, affixed to a solid support, borne on a cell
small gtiralc er eynthedatasghninmeleail¢subhripyto P888Dzopysduably §00Da or less,
pepticBR RSN ns PR iRt R PRRE LUy FTRRL Aol s 0¥Tial & functional

minietidsfilicodfofemepifioNees, receptors, small organic
nol ecul es such as small natural or synthetic organic

Test Mp%ﬁﬁhse §na?ff b¥Rsd1%ed Oigoorr[l),a forpéfgrr%lg,bl:éils?%g - re%rprlesg’r%ﬁons, chemical

libraries or natural product mixtures. These agonists or antagonists may be natural or modified

substrates, ligands, enzymes, receptors or structural or functional mimetics. For a suitable review
of such screening techniques, see Coligan et al., Current Protocols in Immunology 1(2):Chapter
5 (1991).
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pepti dom netics, inorganic nol ecul es, peptides,
pol ypepti des, anti bodies, structural or functional
waizmemsees of the af orenenti oned. Test conpoun#E€TISEBR005H00389
isolated from for exanple, cells, cell-free
preparations, chem cal |i br at$-es or natural product
m xtures. These agoni sts or antagoni sts may be natural
Compepndsp that i avel masislikely e, bk i grddsntagoristeese mekeeplesrthatobind to the
tructural. or functional .m netics.,For.a.suit e .
polyp %pé%df%e?ﬁ%? ToYRoR WAL Haducing, h?eq%@]s?,gl?é Sf@fﬁ i 032‘!*%6 dplypeptide upon
bindiml to.it. Current Protocols in I mmunol ogy | (2): Chapter 5
1991) . Conmpounds that are nost likely to be good
t.agoni re mol.ecules that .bind to th ol.ypept. d .
Potenifl' FRESHRH I T FisalR el Bemidte R pP Hhd difbodies that
bind tef the Pogypeptideref fRl Mpemidndamdiperebli iRBIbRGor &tinguish its activity. In this
. Potential antagonists include small organic nolecules, °
fashiogebipfigg ©f thiopglypentida de nayep! selinlsn indingmealectpnumay betinfibited, such
: | fo the | ' i nhibit or
that el RATYBEICR ackify bIHE PO BRI PASKRS. ' B ndi ng o

the pol ypeptide to normal cellul ar binding nolecules .
In cerfgi ol fbe prakpdiments descrabediabaye. tstraple dingding asspys way bawsed, in which the

It Y. [ ' vV, R rf.akn
T T N -
label d#rsetiys omaipdirectlys associaredwwithh thieh@esaddopippnee of i@ dre9bsay involving

onmpound surface bearing the polypeptide is
Comp%’é’l%gé”flﬂba%’gdﬂe@a‘?@ﬁm& | abel directly or indirectly

associated with the test conpound or in an assay
Anothenteohniquegfoc dnypedcirdening wihith nayltehsbd prhvidespet il throughput screening

Anot her t.echni que.for dryg.screeni ng which ppy be used .
of corppy ailéwfl% gl _berhi}% aﬁ’%&fﬁ ’fgéﬁ%@ﬂ%ﬁ@p %w%%ﬁﬁdgee International
patentNaypiRatien WaBhd3860di 9 1af fhBhby, tlé}g% oTEs rY PEPUifAG R small test

i nt erest rS:\se_e I nternati onal patent tion
compopge AG358UEsis¢chon hisglihatbisoae, Whichenayuiraebs raatted with the polypeptide

ifferent. smal l, test coppounds. are, synt hesi sed on a ..
o the S 5Bl R, O e BTGB T YALSB 5 Bomcutatising
antibofiek yBewid staysptidh endythemn be @etedRd vdRENRSho@ thatvade WEIl known in the
I mobi | i sing the polypeptide is to use . ]
art. Purgfiedrpakyeafing icAiy alsaebswiedsdirengly et plajgselor uge imthe aforementioned

d L ed using nethods that are well known in
mgst%gﬁg ?BCH@ rﬁ‘? i ed pol ypeptide can al so be coated

directly onto plates for use in the aforenentioned )
In a sprtgentls depechi Fig Haepigpeyides p method danidentfirs @, campgound that is
effectiy X M PARERIET oD Tieal Bolyicl il ilh Bt ARArice of the
first opsecyndiespect oftkhe idention rthe dresthod qoalpri3apt 4)dsposing A&ample comprising

first or. second aspect of the inventjon, the nethod
the fafé%‘ﬁ?ﬁ)f%ﬁﬁﬁg’f@% toe%(ﬁa&w%n@&?}ae@%&m@@ REPTEHON, & 9w of the target
polynR®oyigelcl eotide to a test conpound, b) detecting

altered expression, if any, of the target

The method may further comprise: ¢) comparing the expression of the target polynucleotide in

the presence of varying amounts of the compound and in the absence of the compound.

The compound may either increase (agonise) or decrease (antagonise) the level of expression of

the gene.

Compounds which may be effective in altering expression of a specific polynucleotide may
include, but are not limited to, oligonucleotides, antisense oligonucleotides, ribozymes, triple

helix-forming oligonucleotides, transcription factors and other polypeptide transcriptional
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pol ynucl eoti de. The nethod may further conprise: c)
conparing the expression of the target pol ynucl eotide
wonodslvs2e esence of varying anounts of the conpousd2@s8d00389
in the absence of the conpound. The conpound may
ei ther increase (agoni se) or#decrease (antagonise) the
| evel of expression of the gene. Conpounds which may
reguldferse ahd aonveacremelecwai nliereixplr estitiesrwhich zare pepatfle ®f interacting with

specifl poURGFAF R o R PP el cofboyiS S forademt, aftr polymceoride

exprefdiOBY ARting ab eltidrankibiions ok Qfﬂ&&s%:pggﬁuélb&ﬂiel &PPossion.
transcription factors and ot her ypepti de

In vl SERpERT obE Ul G 903@%3&95@ B PrveEstd Ty cffectiveness in
alteringd %ﬁp@m bf @ s}fébﬁ'ﬂl@ilﬁmdlaﬁds CAULRE e5mp&i®alaly ViR obtained by any

conpounds may, for exanpl e, er pol ynucl eoti de
methcé&w@ggiﬂyrlmeynaeﬁh%w,a@cl@ﬂm@emmﬁ pradificgtign of aowestpened known to

be effé%tl{?éj ﬁ’ QH&Jnf‘gtoEbl?ﬁ &é&fcﬁs Smhn séﬁ@étio%uﬁo%ng?%kg? Hé ¢ommercially-

oun be “scr eene

avallﬁfef ectpw]mmﬂy llllsraql bﬁ rnangaleyepcce@ﬁmg) or Qionaneﬁmablchblmcal compounds
nucl eoti de. A test conpound may be obtai ned by, a

raﬂonﬁlefi & O r?nB?fP?o‘Rﬂob&‘?eil Pk Heenaieel, andden sfncligak REdRCRiSS "OF the target
polynﬁagd)tfdec 8hd Qéle&fonafré}ﬂ 89 SNMhidL cBﬁp%ﬁ(ﬁ%&z}f@d Fnéhé’tr)]matonally or

tering pol ynucleoti e expreSS|on ection
randomky SA isagplecoomeisiigad pg]anmlécahieeemodlpg amolme@n;ie hedording to the first

nat ur al.l.y-occurrin tural chem c
or sec@paBkAFEF e, P GHHER BASPOGP o [6oh ot it BABBgHgkhus obtained. The
sample8H 6ahpARIASY et éﬂ@téﬁr ftach Bp?éﬁ‘ﬁéaﬁﬁm@fl ckit 901t 5‘[5 4 Vitro cell-free or
polynucleotlde sel ection froma brary o

recongituied @wch@mwpbmtﬁm d¥ltesatings doisi erpressipmbf shemolynucleotlde are assayed

anple conpri si . a o nucl eot i . e .
by ang NCO OA'H n%on%\m%%P’ ;%‘ &pti't ?P oﬂy%ﬂ%bl? HEPTPS P of g ppecific oucleotide is
detectsé dgnbytatdietion 00‘\71’[1& he piob¥ eial/ingNa inhcR¥HAS @Q}deﬁc@tcoﬂnﬁﬁﬁientary to the

one test conmpound thus obtained, The sa

Sequee%ﬁﬁfrth% Bolywéﬁle%s@an“ﬁhlf‘eam@ﬁﬁ o hmdlm‘uoaéwﬂmuamﬂﬁgd thus forming the
basis gﬁ a con Cg(fh S thy E):(Tér S&Ft ot L T{lé gﬁgﬁﬁcl&ﬁﬁfé%ﬂﬂ With %ﬂd w1th]put exposure to

oche syste expression 0
one of Imomoieym u@hp@ttﬁdsleDategtlm of e dhdnge anythﬁeebdp&d;smﬁ nofoa | polynucleotide

iin the art i cal t he expressi on of
exposg‘g &t 3 {1t germoypd d&gﬁg’wﬂ éjeéct}@dteép Cﬂ%mﬂo S efsriivg it altering the

expreﬁld?féﬁiﬁefié!‘jhﬁtgecﬁd@UC' eoti de sequence conplenentary to
he sequence of the polynucleotide. The anmpunt of

Compsﬁgﬁss SHERY A ERte PEANEM ¢irhS BalypudiSotisR T4y i be identified using an
ELISAQ/NBK GhedSiirb sl Se @b oickiladdodiatd ROUE PodRlehadd 9519% Snonoclonal or

or nore test conpounds. Detection of achange in
POIYC]QR@ir%EIbD@ﬁS by stangadymetbodsokriayen ntho st and this casbe used to search for

ndL st hat t est 0 is effecti
comp &81 "tﬂerl N9 rﬁ@glgxoﬁ r‘ge%éﬁl %)n i pf%délcﬁ{))rllpmgﬁ eB?IP'B%ﬁ% IfGm_ suitably
pGQMﬁU&m§©rﬁ§me&tlve in altering expression of the
pol ynucl eoti de nay al so be identified using an

Preferably, the method of the sixteenth aspect of the invention is used to identify a compound
which is differential in its effect on expression of a ParE-like protein of the second aspect of the
invention and its effect on expression of a Phd-like protein of the second aspect of the invention.
Particularly, preferred are compounds which increase the expression of a ParE-like protein of the
second aspect of the invention vis-a-vis expression of a Phd-like protein of the second aspect of

the invention and compounds which decrease the expression of a Phd-like protein of the second
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ELI SA whi ch neasures secreted or cell-associ ated
| evel s of pol ypeptide using nonocl onal or polyclonal
wanbviclwszizes by st andard met hods known in the apPCT/sSanahs/000389
this can be used to search for conpounds that my
i nhibit or enhance the produ%Q'i on of the pol ypeptide
fromsuitably mani pul ated cells or tissues.
aspecPpffleriabéntiont fie-arvis exquotessiont dfea Parl-Blea proteis pddhe eéconfiaspect of the

invenﬁ&%’.ﬁ%{phﬁgp{gﬁuﬁ eqdrF tggg:sggg :alsf e fﬂ?ﬁg@%&% u%‘%%hlg{;l clo%trolling growth of
bactel&’én}@gcﬁglslqe a@fughﬁjs@_ of the second aspect of the
invention and its effect on expression of a Phd-Iike

rotein of the second. as t the inventian. . .
In adBfih o Giephis® REFGRRisE"BE e, Bhatrlh s08 ert asnect,gf the invention
having REliSRMA6&I1&hebactritPEfovith kBe Pratial Bf e filBEaRP§RBAl aspects of the
aspect of the invention vis-a-vis expression of a

inventbprimiay Risoheawseliuhingpodatingehastetiahgiondh and biofikms. (Rhermroteins may find
d kch ease. expressipon of, a .
utlhtyg%g-(f%?lggﬂ%%otg %éll%éryiagf gr‘[%ﬁglﬁ sczrc ghogglglseié‘{) aoﬁ éleh eva‘lgﬁVer? i o' ditions and

circurstanc@s.vi S expression of a ParE-like protein of the
second aspect of the invention. Such conmpounds are

Accor@igly agederdgenBehdpctRAtid @véionYprémaéid method @Ftidduldting cell growth,
grow h of bacteria, such as P. ‘aeruginosa. In addition

the method porapBHNS eentagiing Aaorrlls tvdhogs gromeh f tothseantoldgsbiwith a protein of the
' f.the invention having utility in
first o?ﬁ%%:tjﬁg ?%1%8 (%fgﬁ%: fny ntllon.

cterral growth, the proteins of the first
and nd aspects of t i nvention al so be useful
The g RSV AEISB AR PurLtt [ BIPRIGHG PO 6o PRt o vio method.
roteins m ind utility in controlling bacterial,
In Ongf« fisagat 6{% Sishiernth AR ofdhs SrFngen dhggity PrYddegn method of
treatifel bF YEVeARfESn ME&ALA! @Y % bR+GEY SREREOH) P 3PFGlenPlin need thereof
rea lﬂténe invent i%n provi des(g%l net ﬁcoﬁ%\cl)f rmgu{‘)';tlr?ngﬁceeflﬁ 1t fieed Theteo
compygsingvadmintisteringeto Hoxipatienia poitaig of thetseatnidragpdch ef theliteention.
whose growmh is to be controlled with a protein of the
An eifhteaith cispast adrte asjeation pfovides 4 pyoeeihi afnthe Thst oreideond @afpect of the
) t.he_seventeenth aspect of the invention may be an in
inventjon fog Ugg ingRedifing vo et hod. In one enbodi ment of the
. seventeenth aspect of the invention there is provided
A ningtegith sBech fthare ds pravifledrthe g eh e nigteimof Hieclisst ox sqceng aspect of the
invenflPREUET hahuBRLRCH! @ Red OrfboP Rl BRvehdhe 8P el &P lnection (e »
bacteridiénfeettomid aspect of the invention. An eighteenth
aspect of the invention provides a protein of the
A twehtiethtasgdct 8€ fheritveasips providestd sharmy@ticdlrtoh@ositids cobfprising a protein
medi ci ne. A nineteenth aspect there is provided the
of the geeondfaspechpbthginyegtionhe first or second aspect of the
invention in the manufacture of a nedi canent for
By “mpdelaging igryvib? weriaeltdenghern tharé éscmi inereass. ay. deerepsecinghe amount of cells
or Whér%ftﬁgrtelig gu)l increase or decrease in the rate of cell growth as compared with untreated
cells. The protein of the second aspect of the invention (i.e. the parE-like protein and functional
equivalents thereof etc.) may be used to control (prevent or treat) infections such as bacterial
infections. The protein of the second aspect of the invention may also be used in vitro for

instance in various industrial settings.

The cells whose growth may be controlled with a protein of the first or second aspect of the
invention include bacteria and eukaryotic cells. Examples of eukaryotic cells include: fungi (e.g.

Saccharomyces spp., Candida spp.), animal cells (vertebrate or invertebrate), plant cells and
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A twentieth aspect of the invention provides a

phar maceuti cal conposition conprising a protein of the
weoeeawrnd2agspect of the invention. By "nodul at i ngCg/IsSc240§/000389

we include where there is an,jncrease or decrease in

t he anmount of cells or vvhere'31'here IS an increase or

decrease in the rate of cell growh as conpared wth

protogistanestie (¢ & drptozoarnd algad celly). Whilstibe trximpriteis peihe imfention exhibits
. . ' ' . Lik t ei . .
oxic A0l s LRI ol Bt of cukaryri

cells asomdlk.ol (prevent or treat) infections such as
bacterial infections. The protein of the second aspect

A recefit blillidative Miak GAdio@Yd aha Oarldeheyd SBBitdxin-Youlif EPafrogd /kid) has effects on
i nstance in_various industrial settings. The eﬁ S

eukarygiisseellg istardinggiovrh hubnetrrsicessarily killing ip Referemceds ntade to: 1) Ramon

. LSt .0 S Avent i.on inclu

Diaz QI o, 2865 ER00Ehe L b 18 ARKEAL e st G ot al, 2003

EMBO@, 122;346e50d éccordingily, (ie ig belfaved Mkt afiy pofypspidles d2aRd iifiRntion may
Sﬁ%{%, .animal cells (vertebrate or invertebrate),

effect § oticgalls a%lW&ﬁlaéP yotiggekel | s (e.g. protozoa and
al gal _ cel I@. Wil st the toxin protein of the

In onq ¢iplodimept ehthe bivestiemimptein ¢fithe dsg@e seaind apdce of the invention may

re q hdenc hat, it ma | so inhibit growth .
be uscl 15 ot S Eer T BRI . peReoPENC e i oot g gavention may
be uséhth prdvedt bhalklagnde Heitiafod iof OX bidfil:@XinkecBidh for (i ﬁﬁ%ﬁﬁ%or delay the

has effects on eukaryotic cells, retarding grow u
Progresgien i cadvenssment |9t 2 ibigfilm infreticar ehquotein pfidee second)aspect of the

. . A7 = ' 003, tte, 17, Pl -9
e A R R L T Tt S S - RS
. i ngl it i | i d that th
The b%ﬁ%‘éﬁ%’( Péé‘é%ﬂ%r?ég? ﬁ‘éé/?r I glﬁ]{ﬁ%(g I%ﬁ;a;v:f f ecfl euk:r yotic
tn ong EitRgiienl 0t e TP OVC Ao (i (b7 efovgy Caresin of: Aerobacr,

Aeron®BRE Ct4Petd Bty NVED 0bERe/ Y, PBaMBRY BRCIPSHLAL %a;'tbﬁegla, Bortella,
romh of bioflnms.” A protein of the second aspect o

Brucelg e Colyypertolastanisyn, veampddbacterpr@rebactey QektaigingeCornyebacterium,
ALl atd f Fofll.m.i nfection ar to prevent or . )

it o4 B0, P TS SR A Bl G o i

Helicobnttet Klabsielfa, DL&gi@tellaO T iskdren, SERRG RS PRI axeflat PRoteus, Providencia,
i nvention may al so be used to treat a biofilm e.g. to

Pseudoraenifse eig £'seydanasgs aervginasak tSepmenciigy Strsatig, a¥higedlgaiaplylococcus,

ST ; b e
Strept&rocafsa(@g&‘égjidlgg;%s% L@e%&@m%%ﬁfh%?:}zast %{zo‘:"%zc? YRieY

be sel'e roup consisting o er obacter,

A oo TR0 5 ond S8 P e Q00 SEb IS At anncion, o
instandeadry imfetioh aeleted drom Gan@isupagdiaing & LHRARGERY infections, respiratory
A astridi ym Cornyebacterium_ Enterobacter, ] )
SyStemEW?%t‘BE% fRatils; CHYPPEIES, (Oditig, skin apdiseff tisfueanfictiens, dacteraemia,
b i iomiaf o idiek:l 6o bsi-el.l . .
one {REBRA b leoEkhE0RTEH G, SLECRREHER,, g ections, and
endocapditivi denci a,

A protein of the second aspect of the invention may find particular utility in treating or
preventing Pseudomonas aeruginosa infections. This bacterium is implicated in many infections.
For instance, Pseudomonas aeruginosa colonization in the eye leads to bacterial keratitis or
corneal ulcer and endophthalmitis. Also, Pseudomonas aeruginosa is a common bacterium
residing in the ear canal and is a common pathogen causing external otitis. Pseudomonas

aeruginosa is a common causative agent in complicated and nosocomial urinary tract infections.
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Pseudononas( e.g. Pseudononas aerugi nosa), Sal nonell a,
Serratia, Shigella, Staphylococcus, Streptococcus (e.g
wa20@ysz3enes), Treponenm, Xant hononas, Vi bri opPCassd2005/000389
Yersinia A protein of the second aspect of the
i nvention may be used to tred? or prevent an
i nfection, for instance an infection selected fromthe
Oppogunitigs Gonisfestiomgcodr: duringneathyetérizativn, nfrgsay) olssruction and blood-borne

R T C T AN
cause loPpAEii HMSnfeAEATARM shd BANRSANE b&itidhs WRERChE MiSerity of the tissue

) astrointestinal infections, eye infections, ear
1s broken dint renma, But éxuoe aednatitss and presre iresubingt frons pedpieral vascular

. _aspect, of the |nventi,on ,na ind particular, utility in.. .
diseacy PG dgogs” GetaBUiB R R R0 hiie g Alinidy'  eadinc tissue
includin}y Ieeitt vaive tiskhid.s bacteriumis inplicated in many

i nfections. For instance, Pseudonobnas aerugi nosa

In oné BnBHdiERht, ‘H‘?ﬂofbiﬁ e tIRY &ecbfRSHekPoP Bkl iRTdton AL 1o Prevent or treat
or corneal ulcer and endophthalmtis. Also,

lung ipfsetiehsnion destanse lgignofstivss ia cysimbbrobiapatistitum r esi di ng
in the ear canal and is a commobn pat hogen causi ng
In onexmbodiatentt & trateinPsthd csrooak agecugf Hesavestion magTienused to control
causatjve agent .in conplicated and nosocom al urinary
baCtGQ£§&W$ﬁPéB$q?@h§?ﬁ9ﬁ%rt unities for infection occur
. ,during catheterization, surgery, obstruction and )
Biofilgs sepiistnmeathogenis kactosk wek gy Shuiagonet eqiaigess ey for on a variety
of delesNREY irf Bﬁ)?ﬁediégf eLERIR RS cﬁﬁ{gﬂpéd}g §ﬁclﬁ?}‘éﬁgaén§8tr§c%g§letubes used for
opportunistic infections in skin afd soft~tissue I'n
chroniconedhianivs] wheilatidn)éndwilting catfietefs, tvhgtular georthdsss, vatdigo pacemakers,

b bur.n i e atiti d. ul . .
T N N IR A S ———
cathetéS CHAGMRAATaR BEM ISR, HAd aﬁﬁﬁﬁ‘alé@iﬁw dsQ1tiRB Y s@idk $¥ections which

affinity to cardiac tissue including heart “val ve
are untgspeipeve thrantimecrebipbdierapyit , a protein of the second

aspect of the invention is used to prevent or treat
Biofilinuinfgctiodseaft indwelling devicesstueh @e prastgtic jbiatst hemsvdlves, and catheters are

cystic fibrosi ients. .In one enbodirent, protein
amongg e st seagt Bt peptiens f rertn Qg Bie b gt be removed
to cure@BtkRLtikact eri al growth on nedi cal devices. Bioflns

cont ai ni ng pat hogeni c bacteria such as Pseudonobnas

In oneBREBHANOF YA ink Ot ngﬂlé: é?fﬁ'ﬁﬁ e t‘i’éatgff‘éifﬁ@?edludﬁmﬁ%l f.n'awelling device.

bi onedi cal researc initcal care, in
As useghbatinaChelatellingodsvicsSadclides adyr deviee Teicwithincthk body for an extended
period b, B ¢ LAENEL b B ERASL  S MO A o i fomed
on a piaIh¢aE delltd. TR BNothEEHh B i BHWERL biofilin Y4 FRAEY of 81BRERE.S

chronic peritoneal dialysis catheters, extended-wear

It is erfALES that Wté‘?eg%;& v‘(ﬁ% C&Lct)llc? b@leci G L ?nveﬁﬁg‘ljtl‘ léqtaSI Hhd' Bility in the care

serious In ar e ‘unresponsi ve
of a wigletvarietyrafipatiénts. ithegpyientBhayf, ifdrmaxamipkes be ansmnahal such as a human.
i ndwel i ng devi ces such as prosthetic joints, heart
In onewatbodimeratribe patidne i4 bumk @atient, a cancer patient, a cystic fibrosis patient or an

HIV/AIDS patient. Such patients may be particularly susceptible to infections.

The pharmaceutical compositions of the invention may include pharmaceutically effective
carriers, and optionally, may include other therapeutic ingredients, such as various adjuvants

known in the art or antibiotics etc..
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among the nost serious and difficult infections to
eradi cate. Oten, the device nust be renoved to cure
woOheosiodteet i on. I n one enbodi nent of the i nvenPCoRG2008000389
biofilmto be treated is forped on an indwelling
devi ce. As used herein, ind§%1ling devi ce" includes
any device left within the body for an extended peri od
The caprie pheargershmust b pbammmcaﬂy apmapﬁbﬂfeml the sénse dhat they are compatible

TR 6 e

| s for msd on cat het er %aged t hat the

Su1tak6? Sikierss admvants, %’@&Q}W&S’a@%e‘@.@ @f 11 stpaddrd ghapmgeeutical texts, for

example Reitlihdtbh'Y PRArfBEuFiRLIC SOkn@sM 18th \éﬁ{’do‘ﬁt yMQék Publishing Company
patients. The patient may, for exanple, el ’

Eastog,l}’@h 1890:zrid  Handbook o bPleareprbradicateicipienss, mﬂledltionl, $9%4.
burns pati ent a cancer patient, a cystic fibrosis
ati ent OL H V/.Al DS patient. Such_patients may be
2% 18 @14 PYigncs %témf%ﬁeéthedmmwv@&q@%gequmﬁ@ of the subject (e.g. human)
to thepxrb%lﬂ@c@lﬁa'bfea!ld fdd@ n?lft e kg b, aﬁﬂmﬂﬁ%n hydroxide (alum),

i ncl ude pharrra eutlc FiVe Cartiers
lmmummmﬁ@tinquonnmyxasr(wa@MS)x her-idnfreblopke polyendrn gf edpdingss, cytokines

Gike BEREE ME2 BSol S e retel, somomine aonapbpsaberl lipid A (MLA),
murarfy1a8ipesedsi ADPY AL eR! alkke Otfled Qﬁta%%‘sd gﬂﬁiﬁearfgr example,

conpatlble with the therapeutic |ngred|e ts an
alumipygn notassivg gelfae.chdapdadilecort heat-seblepergavtaxie isddted from Escherichia

rhi adj n nts, etc. can be

colt, GRS 1555 Gu it BB Bl B s e rsss o
FreundRe ificogiplsie sr %ﬁp%@ﬁ*&ﬁ'et@qoﬁﬁps%ed %ﬁ}u‘ﬂaﬁg' §u'cH s diphtheria toxin,

Mack Publ i shin npan Easton, Pa. 90;
tetanug goxdim aedk PeFtUSHS qa)ﬁg@@a(yt q:lgpctgsatgdmrmttg use fior @@mplg rpy treatment with
formaﬂfl% e. An adjuvant is a substance that increases the

nologlcal response of the subject (e.g. human) to

the vacci ne. Suitable adjuvants include, but are not

F urthelrmmel; the antigermbuimmumgey maymed:enﬂ@hﬂedito a bacterial toxoid, such as a toxoid

R T e e M
By enlhoyiag, s Mot ok Mexfh dipsgR 6 serandsaspisppect of the

inventamdn tahferthiok éorrﬂliitﬁfn with taﬂb\lvg deetlophadit Bf A GiniAfe réPbnse in a patient
WP E ?Iunlnunlpota55|un1sulfate heat -1 abi | e or

it mayﬁféeal? ssiPliy aé‘rffrg’ﬂ‘é%eo‘i@FPPfiS%é? devedor inothe sybisepatishiwhich enables the

develo%ﬁieh‘ﬁ oﬁﬁﬂhﬁﬁﬁlé 1%§156?1s95 g) ﬁﬂ)téﬁﬁﬂé £ REERhd d gspect of the invention.

di pht heria toxin, t et an per LUusSSi s
This rraye bedissful nnomabhn@ thog pammltet ®oanlj by dminunet ®sponse against the pf4

ase uvant.s,..such dlphtherl toxin
bac"ef‘t"Bﬁ%%’?ug“ %t Gndtyg Fhddiraeyt of %ﬁnﬁew ROl ReRiide pf thafirst aspect of
the invRai6H cddd BE @mpldyed 8% ﬁﬁ'&lnﬁmng erl J18RLEE Rwill dfourse be apprecmted that
formal dehyde. “Furt her nore, e antigen or | nmunoge
admm]ﬁﬁ?/tl%oﬁérﬂ(llmpﬁdle 106 the na/cmeqn sloutdoko indp-texic Ho dbe darget cells to be
conﬁofléﬁd&&l&%ﬁ&r 2 g&lgh LHdtc] %rfthae’ setcoer}da Qs%gdt o%%)e nelvgntlon W(ng}id %ave the advantage
of being toxic.

The effective amount of a protein of the invention to be administered to a patient will depend
upon a number of factors, for instance the severity of the infection, general health of the subject,
age, weight, and gender of the subject, diet, time and frequency of administration, drug

combination(s), reaction sensitivities, and tolerance/response to therapy. The effective dose for a
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By enpl oyi ng an adjuvant or otherw se providing a
protein of the second aspect aspect of the invention
wonom/oszm or forrmulation with all ows devel opnmeat/saooanoo3se
i mmune response in a patient _it may be possible for an
i mmune response to devel op i"A*t he subj ect/ pati ent
. which enables the devel opnent of an i mmune response
given guatipncag bsleigpminaddy wofitinhexpedoentitias ped is withintbe judgement of the

Tlad [ Ls may be.useful.in enabli t he patien
Skﬂle{l 2!-3/ e?r%bblh?@ %nr}ﬂ-‘lgyrlﬁ?r%n e¥’}a s Bon& lﬁﬁgef?fﬁfn‘?ﬁ’éﬂ%]flﬁ 6 B%atient or may be
admirisiered in cqphibigation WitAbiRE bEnkAéH drggsenbodi ment of the
i nvention a pol ypeptide of the first aspect of the
For ekdtd§18} ir0BrdePtd dordsu1fan] %@90@%{)@%& %H&?%&T_cﬂlth&%g%/s and animal
it will of course be appreciated that admnistratio
studiegfcaa poluppdpt Tlake apimalhmoidelvanyi dso weubstdbty deterhinei the appropriate

I to be contraqgll ed whereas .a .
concel a8 4L B G858 vsed o dtemine
usefulduskdlardroates fier ativiaiztragen Bf BRIRIThOddsBge dH@ichIcORPOING preferably

anmpunt of a protein of the invention to be

lies withip the dogs that isothsrapauticaly efffertivediapt¥e of plespepuhatinse nd that exhibits
: t:ar-s: :d a i he inf ion, . .
e G BPity abfhig REH"PAEbidfe SRR bl doukte beieh B ihe bl srowtn s
modulafedibyen wsehijl @otountdi et, ti me and frequency of
admi ni stration, drug conbination(s), reaction
Dosage@reainidnt infly@,a siiidle HOdeHCREERS 105RANTR: dGkelsBRidaRY. The
ef fective dose for agiven situation can be determ ned
Admifi¥tritnt dfMBe B¥MBABI GHthe hvdRford mayite U clel byl HHSRIEMhys, e.g., by
of the skilled person. Conpositions nay be
oral, HJgifvengeser enfrapstitoneal alsiicutaneousp ainteamusonlarraytopieal or intradermal

. l.ni stered, i n_conbi.nation with other ents or ..
admm%?%]&gl.]' oF'c g@'ﬁ?rél,m?thono Fefe %6 ?"&F}PE%?% achieyqd eb3.6fp‘f°"1dlng the
pharmdoanigsl soppiRionCial the Eotint Uf 8 vEA A¥RitiBAJcRAMTBE S tHEKoRS of a wound

.can be used. The aninmal nodel may al so be used to

dressigat er i ne the appropriate concentration range and
route of admnistration. Such information can then be
The phasmgcquicaletommprisitions sarf in ontowelsodimentrimungsed or otherwise delivered into
any ﬂ%?g?%?g%? ggrﬁ'xclz A §:' Ov%it %Bﬁc‘%{c’ Wgﬁl%%@éjolﬁ %gf li?ngtea lfc(): tchecﬁggc?, l"lcpsgf?es, cerebral
spinal tflhéd EQES) epplotal cabity petitetm, PEdeaPEpache aﬁ@/BHLcﬁﬁﬂsQﬂ‘patients infected
., .and that exhibits Ijttle or no toxicity at this |evel.
with bagigrigieiswhich eromseeniiblecte begteripldntegéon.t hat t he bacteri al
growmh is nodul ated by a useful anount. Dosage
The campasitinag of theyinyratian sigydiesddusistesasHecallyeoroysteminallyi pl e
dose schedul e. Adm nistration of the conpositions of
Compodiaonsnafethe ipresentainvbeionf dandieeptetntedi téres@ntplayay Slisofetd units such as
avenous, int a&g&i.t,eneal , ,Subcut aneous
[

b | i nt
capsulfs, A (ablsfs"O% [oaPRdes. groh SANIAIRIBE aPtedieTRInS 1a81qUgh of the active

ingedMi@agagmHgiﬁ.rati on may, for exanple, be achieved
by providing the pharmaceutical conposition in the

The pfo@éiﬂ@d Qf("j e YRSht S ehtibR nay® iREPe hiplbPed B ndoQuBLEeif (e.g. bacterial)

woun ressi ng.
growth in a number of in vitro settings. For instance, unwanted Pseudomonas aeruginosa growth

is associated with a wide variety of industrial, commercial and processing operations such as
sewerage discharges, re-circulating water systems (cooling tower, air conditioning systems etc.),
water condensate collections, paper pulping operations and, in general, any water bearing,

handling, processing, collection etc. systems.
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The pharmaceutical conpositions can in one enbodi ment
be infused or otherw se delivered into any fluid,
woiesws2ns structure of the body includi ng but PADISG2005/000389
limted to the blood, tissues, cerebral spinal fluid
(CFS), eye, oral cavity, per??vneun] pl eural spaces,
and/or joints of patients infected with bacteria or
The préteink ofithe psesseldpvérttion chn, fonexamnple, bei médecintoosolutiinewith a combination

conmposi tions of fhe invention ma e, admi_ni.st er ed .
of onf §F B3R Sy Cindotconis S Pedsrielits e Sol ity Semption and break
downlof iR thiteik iproving: dfierass.ed, for exanple, as discrete

units such as capsul es, cachets, tablets or |ozenges,

In on€ %ﬁ}{bogﬁﬂérﬁ‘iﬂ%t@&saofpﬂl@%&&fdn&%'ﬁ& & e@rﬁhvéﬂtio'hhﬁa %%Lﬁé@d in cleaning,

i ngredient; or as a suspensi proteins o

disinfpetmge nt dé¢contantinasingreasurface,ahd enethnyl aopemtising coondhdtiap ehe surface with a
cell (e..g. bacterial r.0 in a nunber qgf .in vitro
clean§§ cpmhfiflon SRR bis¥iR At BB o iadhvention.
aerugi nosa growh |s assocjated with a wide variety of .
Whers fip @p ot %@p\%@tzﬂwe 4578 trBedilalr hecteal izae Y drigvhsthen in vivo or in
vitro) 3R IBYBLAGE HeSHEAMIES the! BiGl JiCH bRFING: W Be §&%&£g?us to at least

(cooling tower, air conditioning systens
partialy disareade ¢hechibfibet Thmnbiofipapeay trudtdeasy pagtiell pdisarastlad grior to, during
i n.gener.al, a wat er. beari ng, handling, . processi ng, .
and/of, 4t BN Eatiop QL e P eIk s RPN (E Hrisificonzaga Y bacteriophages
$uch As"MBYri 9Bn S@ficatioR. X ARBEGhedRBoVBARoAIRE Qelfsgéa% iREn Whdvhh to be 500

. a conbipation of one or nore sanitizers and/or one or
times fppre keaisipRt 4o antibacigrial agguts| dst earapaseddo rmiarkieniarfdrms. Accordingly,

L RN Y A S—

of theiimwtibhon may be used in cl eaning, disinfecting, or
decontami nating a surface, the method conprising
To effRPidamidnAthet H€ bR#lMACEnMhiel (B.oClaBAMIE Iy 48 MBABbEY IR ester hydrolases,
conprising a protein of "the second aspect of the
sulfurjergstsy thiy diolaspi @lxcosidasep rod byases astinglon rofseedhatidesay which can degrade

. t ate bacterdal growh (whether in.viveo or

biofit$ i, g EH R s "ol B Pl VoD p by Rpdien or can be
readil@ devizéd Ibyn thbseElilIE® i dva bt aBE S réghrdt the edsdhimar & WdY193875 are
) di s tle the biofilm The biofilmmy be at | east
mcorpﬁéﬁt?n‘?g‘?rﬁylﬁ’i@f?ﬁ?ﬂcf?ed prior to, during and/or after

application of the protein of the invention (e.g.
Agentasfq%h gliwpanihing binfilmacmay i bsphreyidsdsine theaformf of or kgvwith a protein or

Al cad i ' WA bi of i cells have

comp Rt SHOHR R G fer BoRe bk e Sfinton

antj bacterial agents as conpared to planktonic forns.

The prgctise At rihe yresgnt rmsntiom gvitl emplppf ihlassnehervese limdipatedarconventional
L ner j [ . he p ' a .
techni 388 BERRISHSk Sfoifns Rt tbgh Sk ShbRAEP A fehpplgey which are
withinothe Iskidif ofl these vesrkjngeia the a@. Suwhgedtnidguck vaseplaiasdfXlylih he literature.

ester h%tg;tgl ases, sulfuric ester_ hydrol ases,

Exampley) of SpHasies canvilipan dacluds thegflloving:y Sambeaki Meleoylar Cloning; A
Labor¥ohyFiasdd), RG] BEion (2000).

EXAMPLES

EXAMPLE 1

A current question in biofilm research is whether biofilm-specific genetic processes can lead to
differentiation in physiology and function among biofilm cells. In Pseudomonas aeruginosa,

phenotypic variants which exhibit a small colony phenotype on agar media, and which
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bi ofi | ms and other techniques / noieties may be
enpl oyed which will be known or can be readily devised
woyodsheze4skilled in the art. In this regard, PO®SG2005000389
teachi ngs of WDO193 875 are igcorporated herei n by
reference. Agents for di smant ing biofilnms may be
provided in the formof a kit with a protein or
demoggfpie s magkedbr agasleratad enatteronof BinfHmk dleveldponent avtianr cdmapared to the
! ' . The actice of the esent .
parenfi B, Ble AU iAAET SR bioREs NP RINP Berniioe P RRImS in slass flow-
cell reamtore nhd @bsdrvédethanthgumser@énco W 8aialladoldryovREMts (SCV’s) in the effluent

1 ¢robj ol pgy, and. recopbi nant DNA technol ogy which are
run-off ey fhe L?é’%ﬁ% qorelsfed: Yeh dhsernengarcs of BlRQueaoming o -like filamentous
o . h Ly Car . o
phage G 2 L7 BRPECEIolth Mol el ef, Wi have highiighted
that bhaciktioptiagg geBarwe anknd/ieanodt highly apiepalated dralysreftgenss during biofilm

Manual , Thir ditiLo 00). EXAMPL EXAMPLE 1 A .
develfRip e JRSTRTRR MHSBEbLF N RS dolf ah SCY (gfeeligs duting P. aeruginosa
biofilhi @vel PFuRE AVE Lario@oai inﬁnﬁﬁ&@&%ﬁﬁiﬁﬁﬁcépg/ﬁggﬁr%%néci?ﬂ antibodies and

differentiation in physiology and functi
obserphthat H ¥ edells, but notmeeddrivpacel Beexigbitriskgh PeresitidsyofiPE4 filaments on

e S0 T R e, DSBS o compe

‘lattica®ofise katr@shdpat therd110f Makedlved, ThideN&d 8P PeRk - WiRRa planktonic cultures
conpared to the parental strain, are often isolated

with Rizsanssddhe prgreente of Sevy pwithiarthetwitue Tiess SG¥'si denginaated enhanced
I Ct.: v hat the e nce .of o
ot RS} 06 ORAGHY 1 0B AR 8 Pl ot i
microtolomet,ha ahiiddniticahmameeloB@s vhthined ROneMBAEEN 0¥ 8dnclude that Pf4 can
.plague-formng, Pf1 -1ike filanmentous phage (here . .
medidfe.B Giehereg V@?ﬁiwnﬂp dmaetigigsaefimspiie,else cargigd ogf partial sequencing
and af@GE0br Bk bt ?ez)li@ﬁi’v% TioTee) Qﬁ%ﬁ%ﬁ%ﬂtﬁ% ek 'of Bgégl%adi g frames not
genes are anong the nost highly upregul ated groups or
previgyshyerscenised gvithin fliel gendme of Fpawnginose indudiag b pattedgregational killing
o erov\,hether Pf4 plays a role in SCV formation during P.
PETOler ugi nosa bi of il m devel opnent. W carried out
i mmunoel ectron m croscopy using anti-Pf4 antibodies
Bacteria dn diigfdimseeftanh formSdviselytiaskedy uhatrigtenpased strattutegp@nicrocolonies) in

..cells. exhibjted high sitigs of Pf4 fjlapents on ]
whict{ ey BT ifitent oY ‘e pan osunt 0738 BlgRRakpdaptation t
such kit heteroEROWO ¥RN chatighhdC B6HiRohs ik dhdigh@ WP likFude the development of

surroundi ng the cells. Mreover, infection of P. )
phenofypli¢, yrias Wish kayhesomg|esiabkished; asmihedspeaiakistel within the biofilm (2,

e ure.. These SCVs .
43, 4G RRAANCE RS i HobiCodity YiuioP Rt ingne, by, aeruginosa
cells abeaiatdfrorniaboratody bivfias, gieinss fbndgadseadclinie dnfeaidns caused by
i crocolonies, in an identical manner

P olnsi de ﬁ& . to SCVs A
- aerygies ety WiiapisoRFivAe musgiddre Bilicdwash (1819, 34k lipopolysaccharide
deficiSRORLEudNENINBEGiIEAL] AL 98) bl B ki i

' bi gf.?lrrrsé.}pge?a%o&éar rdl Qo?f ’ o%t é%a%t}bgﬁ{c;ﬁgglggﬁgpﬁ & colonies. Although
much remains to be learned about the processes that cause phenotypic variation within biofilms,
they may reflect inducible mechanisms that generate genetic variability under conditions of

stress or significant environmental change.

Bacteria possess diverse mechanisms that may lead to an increase in genetic and phenotypic
variability under conditions of stress. These processes include adaptive mutation (3, 43, 55),
phase variation (14) and enhanced gene transfer through processes of conjugation and

transformation (17, 20, 41). In addition, the relationship between bacterial stress responses and
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and analysis of the Pf4 replicative formand have

identified a nunber of open reading franes not
wonrensiosely recogni sed within the genone of P. PCT/SG2005/000389

aerugi nosa, including a post-segregational killing

operon. Bacteria in bi of i | mg36ften form

de.n,se&)c/ packed, matri x-encased structures
the mpbiligy efckrAcsionbgees hame@wx@mel@plymgmntamnd actesophage transduction

Y, cur 1 Bact rial
is noff ot @ingly! YecBB AP RNE 8 IpRRGNG o Btnrs efural bacterial
populatnxmzi;l i0y.nMoireovet) dingteirial @r(bp]ﬁlgé&dEad B&usd @Nleﬁ%fkﬁorﬁf and phenotypic
henaqt %rl ants, which may becone established as
Vaﬂa"ﬁ%ncﬁg ggbeil% acteria giterh PPﬂltheP}tﬁﬂ@WﬂDl%ﬁélts; such asi irulemyrefactors (13),
from ﬁH%@n&ﬁ@BP&?m‘f&:ﬁhE‘Ba&él%}ﬁlfagg ant col ony variation

observed anobng aeruginosa cells obtained from

| abo r as well as from persistent
Recerg|§ % %%E’éﬂ’gﬁlﬁg‘irﬁrg hagirsionhage geneaeaSug@ng)se@O@uﬂﬁ most highly up-
regula\l.’éH gx%ﬁ Sof har | dﬁ@‘%@? ifin .(k]:\:}elo;%l'é%n’t 11?%Gx%.§1715)(?s%t%e 3&)Gram negative

popol ysacc I ci ent
bactemwiﬁés p3). |Iatfédze(z@zosaggemsobfarﬁﬂhlk@tﬂlﬂnélﬁslhsslta%fﬁrlobﬁﬁe which exists
be | ear ned about

| t
2 o JERAEP GULNE he BTG Lo AERGHES GpIOMFArIa GhS didichvation during
biofilf| élkf\ﬂeldﬁnenf hedmpmad w8th! slahkibRAUGIR! &3 §t[ﬁﬁ%ets Nalve shown that

enerate genetic variability under @ondl tions
activagep @f $Lbgenesgini bmﬁlamst isemgilated honquirumbsansjeg iBRC wenigtnosa (21, 58).

Morecpv%g,r g’g glgg ﬁﬁ%éﬁ% {fi %Sg%gng@;ﬁggy g}gﬁﬁlaliﬂg |ap$l gysmee\, subpopulation

of P. aemgirois® rd:&ll@ﬁmﬂ‘ahf a56f1mENSSs REKGRAHSSStht 'P(iilmi@ éﬁQQ@EHeY@ designated
phase variation (14

mut ati on 55%%¢
Pf4) lén’i’wa‘i‘%’éﬁm@@h@at/ rtherefose TenressotAn pm@elé@@e:dayatbloglcal and developmental
t nsformation (17, 20, 41). In
even Glggﬁ%ﬁehhﬂlaﬁe rerf‘gnteel onshi p between bacterial stress
responses andthe nobility of bacteriophages has been

Here wg $hiaye thag pgivits o thsnt 1é phagein B arereginesgthi rrtSriaﬁabhﬁctpithmemergence

o o hapaRIAALHESOT SN, § SRR RoA? OBEIIRER o rom e

b10ﬁlr(14’DI)ese lvbll eextebit highcdeﬂsltlad ofpfilapla@eas phar dhalis eelDNﬁ'face demonstrate
(32, .57) and

' i t t
enhang R EHEH Sod BieBetam UsTEHP I cOrdie BIEheRbess within the bioflm
run-off.i Ol BIAE Su g@ﬁttﬁéﬁ)fﬁ@\f S f)l R?'ghtulﬁﬁoﬂ Q0% i ﬁfblcﬁﬂm development, as well

I nfecting Dacteriophage.” Recent” studies
as in thg %Dmgﬂt(@d)ﬂmwtser Aegsivaiog heridm dispesmi.ng anong t he

nost hi ghly upregul ated groups of genes during bioflm
MATERYALSRDIMETHODR G am positive and G am negative

bacteria (52, 63). In P. aeruginosa, genes of a Pf

| anent us b eri ophage, which exi a . .

Straing, G‘E’ﬁ%{‘dt g ot 25 Keitidns aﬂugéf&seﬁrﬁwsﬁ/@é HeMewaygsed in this
tud. tB 1818 C b . .
study.  5a cihired 8f AChdrY n%hb%% e%r{'\gn? gg tg‘ Lshak ggﬁ Iﬂ,lrla Bertani (LB)

Gg)red wi th planktonic c
medllmiIa rs¢vdiivationacf hfilmat Mh nofditeh | copeising i 48 miMdf Nb{F$P®§ 22 mM

e S5 SR PRS2 0 BLABLASEE. 4 i e s

used. Iinked to the killing and lysis of a subpopul ation

Biofilm experiments. P. aeruginosa PAO1 wild-type and small colony variant biofilms were
grown in continuous-culture flow-cells (channel dimensions 1 x 4 x 40 mm) at room temperature
as previously described (42). Channels were inoculated with 0.5 ml of early stationary phase
cultures containing approximately 1 x 10° cells ml™ and incubated without flow for 1 h at room

temperature. Flow was then started with a mean velocity in the flow cells of 0.2 mm s,
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of P. aeruginosa cells within biofilnms (59). induction

of the Pfl -like phage (here designated Pf4) in P.
waenwsgisrga nay t herefore represent an inportaRCT/SG2005/000389

physi ol ogi cal and devel Opmsnélgl event during biofilm

devel opnent. Here we show that™ activity of the Pf4

ﬂ%?e in P aeruginosa biofilnms is linked to the
correspaRing e darginag ﬂ@ufomibm Reynelds fougdet of W42 Biofilms were stained with

using tﬁ‘{?gi WW B%EB e ce 1‘151 \thﬁg%%f klﬁfl @\E 18%#%?. rPé? ]IB‘FmEugene Oreg.)

and visudleed nbings pirdo@] Gased Etemﬁﬁig| migebdca dﬁ@ (CHSNm '@@I}fnﬂﬁﬁ) The two stock
enhanced adhesi on and m crocol ony vel opnent ,
solutignscefr therstaingl® YlPPeasd wrapidinmt fvelids) oférk rdiluesdt &f B ulchhfl in biofilm

data, s t Pf4 SCVs ortant role in
medifi it FHAGED it g Ao sierl L% SRTONE faedrsebapardeed propidium
did
o e AR sty oo I N
(Olymgus)Hgingofeoresceiai irothincy anaeindtatsametbyll ihodarhine 1$Icyahate optical filters,
respec%@% ﬁh Iﬁog:%g&iﬁt?(ﬁl {ﬁtj): Io % u%&ﬁols ﬂ\gi tgrogvr%gﬂ %mf?m run-off (spent

culuua:mleﬂnummengl ffrdah @id ﬂ@w, VReaoRs] A &ﬁﬂﬁﬁh d
ﬁg Ty ge by Sk hﬁﬂ@lﬁclﬁ% Bidfilm cells) were

HPO4, 22
collect% g@gr 13305 M@ days aﬁdmgﬁlm/dquhmgltmg“ hissefpent was then serially
dllutecﬁer{n Xlen gttécz Etoo]?§ I ?r% Br& \g?pr‘so\%\s’\%r%gd %o¥ colony vanants after

ony va WET €
48h1rmuhat1qmm3§-®.ul ture flowcells (channel dinensions 1 x

4 x 40 nm) at roomtenperature as previously described

To prédidd -stél2adh %aé@ﬁr S]Iu%ﬂ?tﬁfﬂlea et 18- glbrlugx %mﬁar l)qg\ielgpment we

stati onary hase ¢ res contal ni ng

charactepiged bidﬁimrrhorj)heingy by singtthel C@Mﬂ"DAIT ﬁrbgii’ﬁmf(%B) Bibfildls were stained
mte mean

. ro er at I was then started wt
with a ‘? FAYBE O r@’fogé’e]chg«/\%\iépi guétfa Ig)-2Ahfach time ppintsp dmagsn gtacks were
recordéd fdrmé}ﬂfcalfenﬁéi\ﬁl\fﬂst ResAItRRYHO ﬁﬁﬁ%&"’&&{lﬁs@fg %E%%stram studied. Images

Bi ofi | ms were stai ned with using
were apquitedh 2 pgamt@wala IthIVugbthelhlg'ﬁlm 4t raddine poditionsRn akxe8ow cell at 3 time

points kg? 2 ?ncgz gﬁgss ﬁa Vgp)gg/c(geﬁgnllaeéi@a %}? g)sly}g,lﬁﬂ%l\/? 'l-clt%gtt ﬁmlng parameters

were asdeSeld: f04]Wibaeme f(uinh eunst ahﬁxﬁmq 9
i odi de) vverle di | ut(zd ?o 32 [ nlbﬁgﬁlgl(%hsr;gdg?fa%mthwkmss (pm),

and averggepi@acqlonyatepat the é\}’bsélﬁ‘&ﬁméifg) Li ve SYTO 9- st ai ned
cells and dead propidiumiodi de-stained cells were

Adhesions asshyz eWenedipged G @bty |cXSWIT SRR NUWGirHinS rt@%‘dﬁ@ﬁ: to wells of
s) using fluorescein isothiocyanate and

u
dest}i&@%erlaﬁ-‘é?ﬂﬁrrgﬁ Hetusing an |a§1@@ym@v giptilae & thiat prewiasisly described (45).
arjants
P.cerlgFRR ShA XEIV oyt B R Pl TR il oo o
15 mlnbmntl resuspendgi tognfQDgy tdadirfel cf\g. DeAhqﬁﬁélGZ(m)r ul? 8néklls were then placed
cells) were collected

ai. ni det ached. bi of i
into 963?1? Lplqo rl];gr @atesj jpecyb qigi/gro’%f h(mr%ﬁti MG efE8FDiEtine 25 pl of a 1%
solutiod WifScr@dthll VR (A WhERASES tkhoh well, the plates were incubated at room
temperature for 15 min and rinsed three times with water. Ethanol (200 pl) was then added to
each well to extract the CV, and the extent of CV staining was measured using an ELISA plate

reader (Wallac, Perkin Elmer) at 600 nm.

Bacteriophage experiments. Isolation of Pf4 plaque forming units (PFU) from biofilms,
determination of phage titers, and large scale preparation and purification of Pf4 were carried out

as described previously (59). Infection of planktonic P. aeruginosa cultures with Pf4 was carried
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diluted from10 2 to 10 6 and plated onto LB agar.

Pl ates were observed for colony variants after 48 h
wonesiwarizen at 370C. To provide statistically Bassd2005000389

quantitative neasurenents du hng bi of i | m devel opnent,

we characterized biofilm rmr'é ol ogy by using the

COVBTAT. program .(235. Biofilms were stained with
out atgempHiptisity phigectiop ) Péd 0. Facghe prepawation af replicatite form (RF) DNA

ot 1) AFE GEkRAe e R0, DRGSR L SERMETd B v 121

mcubmhwahrghamng (USh esls mhiHyeslverde daditee byadenifiBation at 7,000 rpm
intervals through the bhiofilm at random‘wgole ons in

and therRypemaignicdiptardid- Lol prdlepsorere svashed with seafurn chdaride Fris-EDTA (STE;
100mBA RUCOURIRIVOPSS 1DAdEDTR) ot o? gﬁa %n%%eﬂ_%%n% %}I"'Jf‘% mM Tris

parameters wer e assesse Bl OVO
(pH So@xsotmtinnt hCelt hpss ax@dmjtradmn red gy DNAkm&Sperfdm%d witd using a Qiagen

Mexigi s it Gt Bl el aresr veRpdeq P bep fGATris- EDTA;
10 m®t Tk NSmhP E@'ﬂ@rﬁHg)o Wehli§dobn Bﬁlaﬁﬁlto\éé %[@P :ﬁ%l%g 1 k8'RF band was

pl ates using an adhési on assay si
exc1sqglrmm(ﬂm:,g@ agé purnfigbesiggs PIAquickh &it(Qiages and SCV
cultures were grown to OD600 0.6. Cells were

ri OOO 5 m,n andruene 0O ...
To oSl e Sttty Soing B REY sl BGeAeHH SiReRE P within the P.
aerugmﬁﬂaePAthgdﬂOﬁQ? Gvel anhSlifRA YRldiobER-RF ?)E&il&k@'i@éoﬁﬁhﬂ the region of
i ncubat ed_. f or hours at 37 0C. After this tine

recircglprizatiog, %fdilatrﬂ&wame BrgpsR), ise-otontaigiow/therdiseci defests: which flank the

|
prdi G bneh D391 815 L BRI ool Ay pproductony o
the PifcRI&randEtdidiroh the2PB plophageswithienthagersing of Paabrupkloba. tRimers PHAF

-AGLAdaabAT RAARANER B SrEpauies toveR [Ho0 Pork7h of GenBank
accesﬁcl)ﬂ'r?lb) AFO0BSER, rHHd HaRt @"'p@@ﬁgﬁﬁﬁéﬂ?r TW?T&@Aagi)oﬁrgetmg bp

Pf4 plaque formng units (P fro
1566 ‘@elt5é6 o GeenBank wcemgm tARGDAS07 sweck lhsadg"er mmqimpose The 839 bp PCR

produ@:r %arat agi and flca%gg{cof Pf4 e%% OUtEenced using

the BlgDya% kB mHiDa r@éﬂtfbﬁ (AppMed Bi hl;grﬁeM@SAﬁsi‘fahhﬁﬁﬁpﬁn ABIA730 sequencer.
mul tiplicit i nfectlon For

For anglysisaofathe &) 6#11(?@?) (qtéﬁmd/ﬁomoﬂlmP( mgma 8ACHf genomel equence) and

O T R e R e —

Infom(ah'ﬁﬁ (NeB) BLAST) andd@RF Finser prdgmﬁst ed by
centrifugation at 7,000 rpm and the supernat ant
Prepagaiomr efc aintibetlies pemll einsmweplabebinige dA uti P smﬂy&lomal antibodies were

chloride Tr EDTA E, 10 Tri.s,
develdpgi REing sy bR P R ACReBoURtA I it T Bt b cid sequences
Gly-VaPHe-B\sp) TH HertA 18V al- CalISet- ma-ﬂeaml G@C@wn Of RTHINA  sequence
was performed with usin Q agen Xi prep k

correqugdggtgrres@éqsnbﬁg,)lS oﬂ@oq% RAOES; Ithe mages qoab pgqjgndédhe dilamentous
T E 0.mM T
o 560119y 6 PROSRIE AT S0-ERpe R o

virionv@s, 60). An extra cysteine residue was added to the N-terminus of this peptide for

coupling to the carrier protein, keyhole limpet haemocyanin (KLH). A rabbit was immunized by
using 3 sub-cutaneous injections, each containing 300 pg of the KL.H-conjugated CoaB peptide
(Institute of Medical and Veterinary Science, Adelaide, Australia). The serum titre and
specificity of the polyclonal antibodies was monitored by ELISA and Western blot analysis.
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excised fromthe gel and purified using a Q Aquick kit
(Q agen). To confirmthe production of the Pf4 RF, and
woaommsemat el y delineate Pf4 within the P. aer BgT/8G3@5/000389
PAA genone, we anplified a b gion of the RF predicted
to contain the region of recrrcularization of the
replicative form (RF), i.e. containing the direct
Electrog, ayccosappy: ad dpmuniogold dabelingd o Rfdeviyinmsne Ig@8nogold electron

. i gned Wrers t. woul d anplify a product
i85 18 AR PSP S RS 5t
essentidllyMasddsbEbEE (FUEB&tertd s@%feugﬁr&ﬁstﬁe bk ABfaoe Q\tiﬁ'ga CS%% swab were

(5" - AGCA T _GAAGCAAT-3' ), corresponding to bp
susperdgdin phosphateehmionsd salipe @R OnArtsop K002 508his suserBiotRvas placed onto

y T - S A 1 bp 1566 .
e e S AT T Bl N ST o i
coatinglfacing tl’feg_hrsp,. foﬂ'Egnéﬁ&lﬁd lﬂ&n%ghétmﬂﬂy ©htd&8%§§ﬁ tHel %ﬂo&ﬁhg reagents (at
usi ng a n cl eanup Ki agen, an
room E5apEHiieY 1150 FRERESK: BDABLATIEETIA GamiorP I eottising 50 mM NH,CI
(5 mid) PBKI cBtakliRS Y5I 65WBne S%Hﬁﬁ;aﬁ{uﬁg)l @Sg& 3ha 153! Iz%é}%grg%aé: gerum (NGS) (5

~Sequencer. For analysis 0 enoire
min), ixdiien kabbit, antiel ¥ gintisesem FAGtedgé Hinia FRS1SBSA, BANGS €30 min). After

e ol L o AT L SOTERT R B b Shbogtt
gold-cofffughied Gati-rab 1o !Iﬁiﬁﬁnoﬁélﬁﬁfﬁr@t(léqb @E?@nﬁﬂ@gg‘g%a&@ $1é2 nm-diameter

i nunol abel Iing. Anti-Pf4 polyclonal "anti i es
gold pgeticdesp gecksers Immuaorsyenrdh tdilutedeipt PRR: (Y00usme The grids were subjected to

| it.h th ol,l.ow m ci.d ence: )
toree (054 B P23 (Y ol e R QPR it RBSHY i iand mashed twce
in distfltddl wately@or TRk cBEH)UERS £ri@ONERIRENESat Pwit8 S d}H? ®f 194 @ranyl acetate
15 of CoaB (PAQ723; the mmjor coat aﬁ'r otein of the
for 30 5 Grigntwsire gihdged wnd iespminstl wing adddachi H0PP, Trahsmoission Electron
el d on the outer surface of the bacteriophage
Mlcm%ﬁ%})?gn 2@5 60). An extra cysteine residue was added
to the N-term nus of this peptide for coupling to the
RESULES AND BISEUSSIOReyhol e | npet haenmocyanin (KLH). A
rabbit was immunized by using 3 sub-cutaneous
Emergencecdfl SQVs @ithin ¢hé bidfilnd @Rkt '@rpdlateBSvith the release of plaque-
.KLH- conj ugat ed CoaB peptide (Institute of Medical and
forming. P4 phagevasiandhce, Adel ai de, Australia). The serum
_titre and specificity of the polyclonal antibodies was
Previonsly gemeedf HPIElkSAlaatrbtoNs ptehagdivete fomiad Sheshihi§aiprdplated during
P m cro ng)%/inand wmunz%gld | abeling of Pf4 virions. ]
: “e’”’f&fﬁfﬁﬁé‘a 1hn devslenment 0Dy gbmatpreobiofibms pf Bseudaronss @oyginosa were
found 8 ¢b1¥sk 9- fiMRRfRL! i fnih
und S5FIUSE & RURRPRSS phaf @R RiAARY PUTLERLICLE HinhEhlaques on the
host stfain of Pheeragiuose (79)aBecavse filamentitus phagaalfection €an cause small colonies
v Sus ded . hos t e- fered saline (PBS). A drop )
m B C(O?foéo SPOLne %ﬁ@ﬁ?&ﬁ&? Ef\a PQuE Bhiegs W% alindes grortant in the
formatRar 6¥f P.| dBrudinssi BOV's AHnd SIOMNA devOR bR . -
&5 s 13{ i 'hg n 'Wgﬂ{er%gfeg?c}g%%:ed colony

. placed on the drop, w the coat| acing t
forming ynib (GFH) 2nd pheea nlegnedhmial) ynib (PI0UY cowss am tgee plates using the

effluent Ouh DY Horh €BY %Qh?gzrio% biofilms (Table 1). For the first 5 days of biofilm

development we observed between 1.3 x 10° and 3.7 x 10° CFU ml” effluent, and all of these

colonies resembled those normally formed by the parental strain P. aeruginosa. No phage were
detected in the effluent during this period. However, after 7 days, we observed the simultaneous
emergence of 1 x 10° SCVs ml”, and 1 x 107 PFU ml" of phage Pf4, alongside 3.0 x 10° CFU
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roomtenperature): PBS containing 0.1% gl utaral dehyde
(5 mn), PBS containing 50 M NFH4Cl (5 mn), PBS
woanicas2ng 1% bovi ne serum aI bum n (BSA) and pea1SGrevalo003sy
goat serum (NGS) (5 mn), then rabbit anti-Pf4
anti serum diluted 17100 in P 5 19 BSA, 1% NGS (30
,mn). After three washes in PBS 0.1%BSA (2 mn each),
ml” of e wilddynelsrgs epderdeso Fotoniesoyf the S%u\mcxglagppmxumg:elycb 5—1.5 mmin

L i A e

Jackson | mmunoresearch) diluted in PBS (30 mn). The

We pigkpdi solpmics fromphectfely agas plateeendifoying shdt pllREIh¢ SCMsnbut not wild-type
con B b O AR YER A S Sal . s s

Pf4 bacterisphage eapphen 1tx ot HUWnl . To doafirn® that Yadds BTs were variants of P.
acetate for 30 s. Gids were air dried and exam ned

aerugiigsqg A0tk Rt preooiominaghsye Seawsmeed segiensnofither bt oA of these

vanar(t]{%%i ﬁﬁfm ef f@gg &I@%@g}g&e%@?gﬁgﬁ{eﬁ%@‘@m\yﬁm We selected

one vplizdiesignated M7 fptsabequart imestgatidnevi ousl y, genes of
a Pfl -like filamentous prophage were found to be

Imm c‘t’ro&iphﬁ%g%ﬁd %ﬁisn@eﬂ%e Q&‘{t ﬁ@&gfgpggugmments surrounding

evel opnent mat ure Di o
SCV zelluudiavasse YEV ecoll miesdcdntaines h@emnnlfdri afi®f4,0us eppagel that electron

micro%%)g)ﬁqe] 8’3%“’?‘%&‘3{ %%Bg g_e,)v ajj‘ﬁég lfl%l&ﬁéesi@‘rggnhn%]@glggq goens thoensurface of SCV
cells éd1ﬁ}§’di’&f‘¥o°ﬂh§ vAREPe sHhifC WelRefe®dle ‘2‘23‘1"5}1 BL10& SPmicroscopy of

E. coli cultures (30), we hypot esi
P. aemgz;gmrg rﬂeﬂﬁlﬁth algenaiaq,ndaS@Ivfmwomm rLlsmgt antlrbodiﬁe raised against the Pf4

mejor SRR 50 R IO RS R et vt wer

surrot(IﬁE&J) byﬂrﬂﬁig}@ hagRitidk ae P Ofi BnidatsU 1. (Ir)FUrh& Q&i{giﬁal Ofmmuno-electron
agar plates using the effluent run-off

mlcroa@@ergmmﬁsn%fq ﬁhan(emyls eplege PorintRe aefrz«qutoss bba;Bsraélfey (4) also

oG SRR Ty R DR B, e o u

observatmastbl ed t hose nornmally forned by the parental stral n
P. aerugi nosa. No phage were detected in the effl uent
Previ e r
reviglth. Sah PoRnd Sl LEEURUEE ool P b hRI o ffinSBAE B reported to
overprodOF typE OV ipili dn dfe lissgefadel (42 ENoMype 0¥ pali rexstiuChurdlylrery similar to

ﬁlameé&%ag R&;@E R ﬁtﬁ%yipx%eqﬁ:egl 1?1 {s’gs cl;}oap n| sglgﬁg]f@pttrgf microscopy. To
prov1d’éhﬁ1hﬁése\ﬁééﬂ%@ tRdt-the/ Hﬁp&ﬂaﬁﬁh&ﬁ?%ﬁ%ﬁecﬂmhﬁg‘stgégaﬁg blincipally due

Fig. 3a). W picked colonies fromthe
to Pf%ﬁhtr@gtsam growrdofilmstusaig a 8f atriugzr@@l/mutmmwﬂoa knock-out insertion in

it RSB SR o e PIRCE ISt STy st

Apil4 Pbidfibac tabol prodagsl Sanrr c@n’@éml:@?PﬂFme's hhd ekibited similar high
confirmthat these SCVs were varjants of P.
densities of surface Pf4 filaments when examined by immunoelectron microscopy (Fig. 4d).

These data suggest that Pf4 virions are the principalv cause of hyperfilamentation in SCV7.

Addition of Pf4 virions to P. aeruginosa cultures generates SCVs. To further investigate the
role of Pf4 in SCV formation, we infected planktonic cultures of P. aeruginosa with CsCl
gradient-purified Pf4. After 12 h incubation in the presence of the phage, we found that all of the
cells within the culture grew with a small-colony phenotype (Fig. 3b), whereas uninfected

cultures produced normal sized colonies. These SCVs (designated Pf4-SCVs) were identical in
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aerugi nosa PAD, and not a contam nant, we sequenced

regions of the 16S rDNA of these variants, and found
waQoswoszeemt ity with the P. aerugi nosa genone sequsoe@®s/000389

(54). W selected one varian desi gnated SCv7, for

subsequent investigation. |nmtinoel ectron m croscopy

reveal s dense 'latticewrks' of Pf4 filanents

appeasgice dand-Ng Balv emerged. frigac thesbio§te, eod e sxlibiiedhihighd densities of
' 0 xpe d _t hat ect

flam 0 SRR 51 B el et A BRG Ayl R OrR 7 ot gt shown)
Pf4 filaments on the surface of SCV cells conpared to

How tmightyifjlementpes phagd wrisapend heauss e altered i esdoryuphenotype in the host
i: r LGr f. P ruginesa cells. fr.o oy -

bactef PR R, T oBRF ot pERE: BB EiouBloti Rate with it

host aadds omttinuibeslPieleayed GomcRader peinbsei dells SGMér G6@IN celure RUkditions (59,
ﬂ%}s Wi'lﬂﬁ-tgp coloni es, contained cells that were

63). Whese ik m‘jia&ff R npdrferme vasiblss plaquess havenbtilesetfact gn growth of the

| - od T . o gl : oni

beosdlcdne g TR 058 55K) B SPARERAG, st fomed

inductign Bf the|ved-{pp phhgo Hievayes tilahedowhplgee fhdt 2am btfﬁcblhlatthe lysogenic

. resoften tightly interwoven in 'skeins', identica

immutgl $6¥he, et o SRoplApRoiLY prisesunfecte! eHiprom(d 4t 2. 35, 46)

Such Hk@intLERI @8sd MARCR-ded@hde in e L I9NAl RNAaNE Rﬁflﬂ synthesis (25, 26,
reported to overproduce type IV pili on the ge

35), caykilhever 6% ofi the infegied cels (3il),i andrresudt intecealomt siye thet s considerably

4 t I nt oys .ph I ri and they ar )
kL R e e TR R R —
biofilins exdyd@piedéit hach o Teens SEPRLAt Bed Y P& kB BIR th&can propagate

. observed in this study was principally due to Pf4

varl iﬂié%ml@,ou?/\)éelgg ijlladh gkqu ey SG¥. dlgwevgn rtheimesbanism of Iysogenic
. i -QUE | 1100, i LI A wWhich .cqdes

4 S, @SRRI Oy B3 S SRl YL SR e cverome
this infrA@ity, Wee dmdmownt hat mature tf il A biofilns al so

produced SCVs that contained Pf4 PFUs, and exhibited
| i S. whe .

We gk A SCAR USRS 0 L R0 AG8 L GARA i clure
In facd 8C¥ ssxietst stohider grfwithubtes onthearibd-tylpe spain@iepa dogilingaimes for the

. f hypegfd ntation in SCV7. Addition of Pf4 virions .
Wﬂd'tg%e ﬁzaag{:yg? EE%I Sc {n@:r &g %éﬁg?‘&g@gc Mh e uﬁ\{?l-ﬁleimd 43.2 min
respeckiM¥I§H th8atHR $00 FiRh6typE iPf dbil Ausdibyf lb0RE :gﬂﬂmhw"lﬁt%fz;-infected cells.

infected planktonic cultures of P. "aerugi nosa
Small cglopieg cadidadso-heunrpduced iffiSQV celis asthedeombreitightlpa¢ bosranather compared

e he phage aQu hat ~all of the
to the o3 BbE AR e RaRR L AR SffaifoniesPiges could normally
observell iyodyyen@atafioy .shawn), andd SCARSellvEeeBhRd 16 BE tdi€ adherent to wells of
produced nornmal_ sized col oni es. These SCVs (desi gnated

microtirgplejer/ésee\al@V)- dent i cal i nappear ance to SCVs t hat
energed fromthe biofilm and al so exhibited high

Biofihie noirivied Sbpf SCVE e hyu Pphide@e® edlf EsHoW lenhHhEeAC GtthBhment and
an identical manner to that of SCV7 (data not shown).

microgg}gpy fgyplopmenfnent ous phage ari se and cause an altered
col ony phenotype in the host
We examined the ability of wild-type, ApilA, SCV7, Apild-SCV and Pf4-SCV strains to attach

to an inanimate surface. SCV strains each showed increased attachment to the wells of
polystyrene micro-titre plates by two-fold or more (Fig. 5). Enhanced attachment of the Apil4-
SCV compared to the Apil4 strain suggests that type-IV pili are not responsible for the increased
attachment observed in this study.
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bacteriun? WIld-type Pf4, Iike other filanmentous
phage, establishes a synbiotic state with its host and
woommara2zmuousl y rel eased from P. aerugi nosa ceCirsG2005/000389
under normal culture conditions (59, 63). These
wi | d-type phage do not form¥Psi bl e pl agues, have
little effect on gromh of the |ysogenised P.
The meshawjsmdyawhishtfilamenions bmmcthagﬂstm@erwd &b eVl subfads attachment
of the wild-ty

not fo Cti
and 3i04EeRERidtE o I, Diftng BROSHA HRemeat b i e (mowm as the
secontl§ IyERGE!)i 6 predeufedt oo @fls t\ﬂﬁer&@séleé‘ﬁrés@d‘cﬁ &Eﬁﬁfbn w prevent closer

spont aneously arise in infected cultures (9,
approe@ ofjghe C@héch the sufacs (@an Regaess %mkéwmemebasaau iradii, cell surface

s e G R B A B BER 3{  Ek briain o

permanesidttachment afaclinyo ﬂlb&&rfﬁ(f&e(%) The Qﬁplbdﬁpl@ahéfuo%r@ {érwoven’ phage

than that of the uninfected cells (31 Phage t hat
ﬁlmn%%?ﬁéd@i I ok P BT 95pb?eg§aﬁlsm@n% torbe i gontact with the bacterial

cell sﬁﬁﬂfeeﬁeiﬂy SHE BmaPb il ?/f Aol Bberd éf PEf Q\n@hlo@zea%ltﬂ%mdmg to the

|'s that can propaga ari ant pha
substﬂatlim edothekigicierfabeetisSOVEL restitiaeahancet admmmld%mrﬂfed for type-1V pili

n|ty toward Pf4, and the nmechani sm by
OrOﬂﬁ%?egﬁs %8?1% 9t phage- vari ants may overcone this
i munity, are unknown. W expected that SCVs woul d
We alge grewrbradilsis ofithe SE3s ih ventindos tcyharesh rgdass flowv cells. Both the biofilm
anktoni.c culture. In ited, simlar
eV 3 hPPufioStaly iy s6Y5, e erasblf ohekmmiguBicRglreer attached
microblBEies fiah thé‘ﬁfﬂ v\}rﬁe SRS (Fig %Xsfﬁ\%e Sty E?stgﬁﬁ |19 51286f icrocolonies

| ogarithmc g were 4 and 43.2
did nqt @%@@éﬂﬁmyl) dlalmi;ﬁg at ey SO¢ Clmmgdwfiim development dis echtingt, after five

nf ec cel . _col.oni es
days F S5 ARl T L o R Biomplest BF e 200 - 300 un
1nd1ame@h(F1g6b;m).one anot her conpared to the wld-type
strain. Indeed, aggregation of cells in SCV planktonic

A I R W

COMSBA Besoftvad (23).CTiet resul® qflthik @8alfsie arddeloowy)in bR D! Mhximum biofilm
f or med b%q SCVs and by Pf4-infected cells show enhanced

thickngish HEhRER THFTICRIPRY SEE3 WY SVt aveher e tl@(%ﬁi\’ﬁ estrain than in the
o L LSS A
culturest 3lsé slovesksigsifiosvely lnnmamlsmaixmtmmbmfﬂmtthicknésh emdﬂmbﬁ)colony area

atier ol Brofish GeyElogiznt ahile Rof avam sism %&%o%%ﬁég analysis of
variant€) thétd BibvéluMeSindahitkasid Ifst %lsb%hs&ﬁégﬂ’% hiéhet bdr §E0s compared to

not responsi ble for the increased att MENt obser ve
the wildqtypp thyougheyy bipfidmdee¢tiapmenh(byblefd).ch fi | anment ous
bact eri ophages may lead to increased surface
In biGfilhiC ToRidd antih a9CYRIGNE U WbskielNEbRBkx P&%fdggneiw within the

bacterial attachnment, an energy barrier” (known
microcolonies, which contained large regions of dead and lysed cells, as well as hollow voids

that did not contain cells. The killing and lysis within microcolonies occurred much earlier in
SCV biofilms (4-5 days) than in wild-type biofilms, which occurs after 7 days as observed
previously (59). Pf4 has previously been linked with the death and lysis of a subpopulation of
cells inside microcolonies in mature (7-day) P. aeruginosa biofilms (59). Filamentous
bacteriophages can kill a proportion of host cells (25, 30, 31, 34, 46, 51). The consequences of

this cell death to surviving cells within the biofilm, and to the propagation and dispersal of the
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secondary mininmum is presented to cells whereby
el ectrostatic repul sion can prevent cl oser approach of
woheoetns2d24t o t he surface (7). Because of their PCT/SG2005/000389
extremely small radii, cell rface filaments such as
type-1V pili can extend thro jh this energy barrier
and facilitate brid and pernmanent attachnment of
bactergaphpge, f@nzpnéo be ﬁﬂh’cgu‘(lgﬁ d. Fpinexaopleoiti ss Ipnssxﬂ],ecthamrutmﬁnts released by

ool el b e B il P W Rl B, F00°

bacterl aI cel | surface at any one tine. Possibly, high
Severa] imgeianissts PRy epiain | kow afm@nwy eadsi wgtheofqﬁmtmn of larger, more
e el aI co I
dlfferezlﬁﬁtgﬁce ﬁtﬁe%ﬁ) t(t)l{r% {;vﬂggi% gt i We ¢ b%t%rv ci SW med, Bhage producing

strainsotvierer umszllé ts dafraoat frypeale ;p%lﬁs; gﬁlﬂﬁt@éélfgglgdh?}/go%oggw [@tLhot shown),

SCV
PosSiNg Barap el BTG IOMEPSLEY 5 H5cYPR-BK DR R S yoehien e ifection (38) and
might W&o%ﬁ%rﬁ?@@% znlﬁg RLQ%B}I'] n?re%@ljf ?‘fél?a%ﬁ [ﬁaér%%ga)osa strains incapable

m cr ocol oni es
of twitchimgwidtality yvme $oungdi to, fotoh @rgerzrmcncﬁcom@r stwotueyl thsn diedwild-type strain

o ST T TR LTS o et o
microddléHitd @49lenas ARTRIE of DSV gﬁﬂ H?Hﬁérﬁcél%ﬁgvcﬁlcgam%nt appears to vary

m crocol onies in the range
dependifg gnghg c}peﬂmmalslysmnnmdeﬂl ihnsoiﬁtuﬂ:m Wefilelsoformsd biythe Apild strain

N e TR A
motilifys dddeBy todbe tN@?SéuﬁH @ Bhihbdd i b SHAGEEvRIY ﬁi ?{ﬁhSCg&ﬁms.

m crocol'ony area were signi f| cant 'y “hi ghe

strai,n than in,the vvlldt trai.n at each of the
Anothgr mechagism forsshanged m Bt rmation FoirbhiEh dneities f flamentous
phage Rhadkcenisarfasd Hi "yeéaﬁlas&lre%h?&@qnsthg RbhdsFAN bt Klof lm cells In E. coli,
i ncreased maxi nmum biofi | hi ckness ands m cr ocol ony

eXpresgipp @f&f)tljélgatqujnlysn@f-erb:pdcpd pith chavlehd [tn‘remi’lanc@mrrilﬁocrﬂbny and biofilm

g cant I her. . usi nal

ol B8 DAL SR 80051 PRTREL IR lsggenmee witin e

populaﬂom by wllenting highohrs off@ﬁfea% tRAERA(FS). Fﬁarh@lﬁoﬂ‘é B&Téﬁéﬁbﬁages share
r oyghaqut b| ofi | m devel opment (Table 2). In biof

strlklng gnalisppilastiies withecoriagatiye plasmeds; ewsiepd egveral authors have suggested

ot cAURLAGBIP Y 005 RSSUR R, Shvinges 0.5,

Becausgehibfilas férolatiow wildl sinhikeaty e:ﬁhdnmﬂaeQﬁdﬁh@hﬁhdé&dnHSmfeBi@us transfer of
m crocol oni es occurred rmuch

bactengg}a:glFsggdtg @é&%l&s t hl 1Qn51t &@ée)res(tﬁlgﬁo icAnsiflgr gvhajhss the cohesion
of bioHiRf édlRBHy Vﬁ'lhﬁﬁénf%ﬁ§ Lkrtﬁlcﬁfrése Ima§ ﬂ e@&ﬁﬁéﬂ\égg qrigins among  the

previously (59 Pf4 has preV|ou een
filamentpyes l@@mmpbmu ysis of a subpopul atl on of cells inside
m crocol onies in mature (7-day) P. aerugi nosa biofil s

AnalysidéP the itk ge@stheus bact eri ophages can kill a proportion
of host cells (25 30, 31, 34, 46, 51). The

A prevf:o%n %&18 r};c(%% lzﬁ)oratory (59), and the present study confirm the production of virions
encoded by the Pf4 prophage of P. aeruginosa. To provide more information about the genome
of Pf4, we extracted the RF plasmid from Pf4-infected cells, and used primers Pf4F and Pf4R to
amplify the predicted region of recircularization of the phage genome (8, 28) from the RF DNA.
Our data confirm that the RF recircularizes using the repeat  sequence:
TGGAGCGGGCGAAGGGAATCGAACCCT located in the intergenic sequence between
PA0714 and PAO715, and within the tRNA-Gly site of PA0729.1. The sequences predict a
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this cell death to surviving cells within the biofilm
and to the propagation and di spersal of
woOhelsast2ui ophage, remain to be folly el uci dat ed1/SEK05/000389
exanple, it is possible that putrients rel eased by
cell death in this manner aréassinilated by ot her
bacteria in the biofilm (49, 56). Several nechanisns
12,43 dp "dsabizaname dwset an analysis of theqaitttisited genemb sequdnicenf & aeruginosa

I\a . pr Lfferenti colani.es, t han the . .
(50 hERGBEmRLE, e HERLGEL LB oGP IR0 b i g, Mo ctrnce
includerthel peasagesIfr Lﬁ@tivwéﬁerbmﬁms@ﬂp@s&?*f(wlg}étanHBéﬁ%TPﬁse component of
notility (data not shown),

ilus-nmediated twitchin
an A%@s%qrﬁ]’?ﬂ%e@ APgd0X in g&%ﬁ%g@mmﬁag&l theecomdementaryl Wtergenic region

i e Ny £QQ: nd m ght
o B8 PANPIORTE. | TSRt S BT e
proteimolf phbgePP2 §@enByinkoracssionaion WPBRRH)aW aled rdpottitélol ORFs, 9 base pairs

pht . |

o BB, e 4R 8 A vt et

antitokYRYR 0P REHoMREHA b?ﬁmgéev ob iRtk hé}%nﬁ%ﬂ%}h%ésf&yd&NP 790091.1)
o for , thus

mut ants were unab.l e m cr ocol oni es
(6), anthéhe gbmscoted: dppain\ofhitlei Park plasmiskc stabitiyatiten edxip o€ riiroad host range

pasIDRRE By B 350 8 e RECRERE) L by e it i

their sitd @dnorgakizAidned Jthéi R HA1t6:8in Snflidx@t mdofuled _%153 d suggest that Pf4
wild-type strain (data not shown), thus inpair ofm

may hayg aamirag ahest-addigriongnedls, loe grogranimed ¢edl deatié @pefon. These modules

| ' I eye ment, in strains.
cn D08 RS0 LR B EE s e st
plasmidsort pime poghsegenpsiisn. € afr nblvdstge] © UroMd8&8aly 1IdARd toxin-antitoxin
cell surface may play a direct role in the cohesion of
systery, gy PPiPreIqusly pepnedeserbed ineRpudempugs aerugmeagand we are currently
exploﬂgaﬁﬁétﬂéﬁﬁﬁqggﬁl@is! ﬂm&%%glll}? %%rés%gi;ﬁ Iﬂgﬁ Bcr?eg%%zgéfc{ l%qgﬁfn%n y

and biofil mfornation

I thougtglit;1 to facilitate plasnmd mai ntenance W thin the

n sumpganyy g PRy Jererts adplegion thenf ragrezinese paplkageiRfidn the development of
11 £S18% bEdnofykAd varkdnk Bl Eoxhibit hi .

et rfiii?némf%ﬁcyi onal si gfrﬂlg?l ailetid 'Eﬂ%g%jvugart‘ gruibit high densities

of phage fdamedais onnitie edll sexfecahnd dehansirateasrthancigigsisdcathehh @ — 3 fold) and

. conjugatjve pil ave eyol utionary links wth .
mlcro?o??lgrn%eﬁlfigaglegxh (ﬁa‘g{é%g é‘geciéit,eg E,C(Uﬁl § _aygegrgg@é apiigpertant dispersal
phenofype Takitlorerh@nded SoIhizafidy ©ARANGKiCH N TRy r%@@h“ﬁﬁﬁggglabﬁshed P.

infectious transfer of bacteriophages wthin the
aerugigatq bighbus i patgral envirenments rivsthen giutlizs com gisd erceddietohdetermine the

. ' L biofdlmcells by filanentous e .

sk 1L 88 s P 5L S B Pt e s of

both lhbdratopntand clinkel & i @phaiges: bidhidhy SRecedily! Beudeflular DNA has been
nme.. A previous study by our |aboratory (59), and

repor“‘tgdﬁ 299 FReLHNagt GemppeRsat i o nthe rratigedtnlast nehixofn A rqepmginosa (39, 62).
Releas8 NGO A4§6h infags %%ﬁA%ﬂ%ﬂf?g@{PfE rpél%gé YSHER E}O@;II-I}OIS may provide one

provide nore informtion a enone o
mechagistr tycwhigh 1A REn ptausmilate i thmeRfrdeeillnfae eiatilk 6£P Serugingsa biofilms.

used primers Pf4F and Pf4R to anplify the predicted
EXAMPEE2- 8bnineSd ARG he phage genone (8,

28) from ?Iﬁlgcdglgﬁ%h%«m e t@ﬂn%né

White colonies picked up from the pGEM T-Easy-parE transformation, where cultured in
LB/Ampicilin at 37 °C overnight. Plasmid DNA was extracted, and the presence of insert DNA
was determined by restriction digestion of pGEM T-Easy-parE with restriction enzymes HindIII

and PstI and then running gel electrophoresis.
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Qur data confirmthat the RF recircul arizes using the
repeat sequence: TGGAGCGGGCGAAGGGAATCGAACCCT | ocat ed
woOnodelva222mt er geni ¢ sequence bet ween PA0714 andPEAGG12&5/000389

and within the tRNA-Qy site, of PA0729.1. The

sequences predict al2, 437 bﬁ4'iral genone, based on

anal ysis of the ubllshed one sequence of P.
Figure; B isha @shbpictug o ﬁhedﬂ@qmdﬂgﬁﬁ fedm tthee2 gepricaieesitife Riones picked from
pGEl\/?ﬁgﬁEEgke {:lﬁnec‘sh %ds gbse ggaﬁr Fert %%@.J»tl%rl"l %pé]%}%ér?tg G the plasmid extracted

€ presence rve

from 4 ry@mbpmmmaoﬁ@m&)thama r/bﬁi?@ﬁ%npﬁd}EM%]ﬂE-lﬂfe @bne 2 was the
. @EC ansporter (PAQO716) in the Pf4@%%£
digeste, RGEMmuerter (Bkp i sizgle A he loveggibend pEP rEelilisclanei2 are of size 300

i I to th
to40d8§3%é%g£?E%g%%%€%?ﬁ§%¥£§%%ge E&é%%%g kochegsioﬁ no.

...\\PBPP2 W al so report two ORFs, 9 base pairs apart
Verifiggtiom ofiihe arigrtntion of msedibygrepiristion mappingiwas phfdrowd) dgyan be seen

from 8 gRaP L kPR HEAL) BN R0 ShAL AL E 0200 o d00tp
Lane Imhas ABaiddafiirhd BKH fd a dasd juze bel@msw()bpd Legdaisiodfa frh@nent size of
pl.asm ab|I|z tion toxin of broad host range
about %@n dﬂrwale . FoterEentn tigureGhfbahie dpjaniadicatosabespaf has been
successBilly cloH38 3Rd HEM8Re ﬁr‘i a:’tidﬁ' ' th&is g{)]wﬁ BELdm 8{ e S@%ﬁ)romoter
organi zation to ot escribed toXiA-ant i tox

EXAJ&PEE&?S (15) and suggest that Pf4 may have acquired a
ost addlctlon nDduIe or 'programred cell death’

Th erog,hﬁﬁ uIes can facjilitate the mai ntenance
e s enpedenthgs %@21?5; %l%‘a DG dsandsS5 QU N1 D)iand fb@:sqqslemqmompansons
it R G B B e UFPT 52 SRR M i gfrod proteins
are sheyyrs indfiguiness] InbA. preV|oust been described in

Pseudononas aerugi nosa, and we are currently exploring
EXAMPERREr this nodule is functionally expressed in P.

aerugi nosa biofilms. In summary, this study reports a

rol.e f e. P. aerugi nosa prophage Pf4 in the
I)Indﬂtyﬁ}ﬁgﬁ%hgxﬁ¥g%WhﬂI col ony phenotypic variants during

bi ofil mformation. These variants exhibit high
It can biesesntfians thef Fighmeglks thiat mdection with Ahsbinelel onsttie PETE1 &RV 72 and P773

nced attac 2 - 3 fold) and . L
constrff P B, f’%rﬁilﬂaee Sftb R con f%’%mé@ BIRRIFTAt dehersaiygno significant
increas¥aM tHEODRR VT EsahbrichROEPAItBsSBE NS &) 3 @Bﬁ&o@i&‘ﬁt digs;hlf' the OD from

enhanced col oni zation traits, which can originat rom )
2.5 hows cambe bretveB. aer ugi nosa biof i I ms in natura
envi ronnents. Further studies are al so needed to

This peé£thai the PEh@xsl &nixpteaaduaa paf770i gh densitd &%te%sﬂlé at the least.
filanents as a structural conponent within t

Plate C%Imtf 82%'2? u|SIa bg%%t 2 chflnd Cc[ij‘gg Ca!glg?osg%gr ” Igers]gil%ntoxm or arabinose to

1nducereﬁpl@§§i@da1@%h@\0n|bﬁlbwtant conponent of the
extracellular matrix in P. aeruginosa (39, 62).

Rel ease of hi gh nunbers of DNA-containing Pf4 phage
within biofilnms may provide one nmechani sm by whi ch DNA
can-accumulate in the extracellular matrix of P.

aer ugi n’o@lep BRf i | mg. ARA 1%

PE771 >1x10° 1x 10°

PE772 >1x10° <1x 10°

PE773 >1x10° 1x 10°
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EXAMPLE 2 - cloning of the parE-like toxin gene Wite
col oni es picked up fromthe pGEM T- Easy-parE
wonremsgszuat i on, where cultured in LB/ Anpi ci | i RCASG3005/000389

OC overnight. Plasm d DNA vvai extracted, and the
presence of insert DNA was d fer ni ned by restriction
di gestion of pGEM T-Easy-parE with restriction enzynes
H ndl Il and Pstl and then running gel
el ectrophoresis. Figure 10 is the gel picture of the

Briefly] av8intsHoNfarfer QRMURE WeleYRo%A! tP @400V EF 01508 ?ﬁrep ittRfon with 1%
from pGEM par E-|i ke cl ones. Bands observed,

arabnwsg,égﬂfqr@ plating et erethegesprctivied B hapiviltin @lteswitle drabinose @ %).
typi cal positive clone confirmthat the upper band

2) Indek-tion A GeMitivatibn | | ke cl one 2 was the di gested pGEM
vector (3kb in size). The | ower band of pGEM par E- | i ke

. e of SIZ 400bp i ch caqrresponds
Usingh R0 e nl iyl i gl Pt B L R i st nto Beok
digested iIRET7a1 | Dhe Ghated $@ikiur® Yvak QREA hﬁhét@ﬁné@@ﬁknﬂltd‘@s colz for expression
performed. It can be seen fromthe gel that |ane ha

studicg; Pre s inssrtionpbinaetivakipn af thedosinaggne ﬁtwasgfoamigﬂmt Sﬂﬁmes that grew
on L1} S shetfol 1o sRACE AL TR o oo s of

the T&ib ime ikPES78.an be observed in Figure 10a. The data
i ndi cates that parE has been successfully cI oned and

PCR feSultsIndi Yy Sreh
Ig:?%l’tﬁg?(g?@ce %&%ﬁ%ﬁg thgé&g)g é%séﬁgg s re ﬁ]eon iortyé“ééled 2 clones
having E)2E{B 1hfﬂhﬁ1§$‘£@5k®1ﬂﬁtl2 ThaPRAR ﬂ&@ctﬁﬁﬂﬁﬁtﬁﬁe G)?ffp@ﬁm&‘ii%r the cloning
with re e i es are as shown in figure
of the §oXin ggnf, %‘&ﬁ’&%\ﬁﬂﬁ’f@éﬁfﬁ@ founddo b typ serarais clones.shown
in f| gures 11-14. EXAMPLE 4 1) Induction if Pf4 Toxin

3) Plagmiksthbilzatiostuwsldesn from t he Figure 16 that induction
wi th Arabi nose on the PE771, PE772 and P773 constructs

The cforﬂ%fl&e RHeFon 'ok*ethé O N RGG - tg‘r})ﬁﬂt Ea}%et%f n{'\flﬁi*fn ?tsét R\étatlve regulatory

pronoter). There is no signi i Ncrease §
sequei@Re 0@asotloBsd liptoi pRREHIS? iresultiig e HTRE-POPE:- D7(B ahd Utfhsformed into
from rrgiéours can be_ observed.

Tor13y 5% ThRSiqes e
br oVE SRR Pvefsheprerowy seeasistigRs Bithe sapepgl density. The
plasmil/BIN& W3 tiRdnCexasicg rfd)lﬁ?fh@tchﬁuﬁg fcfrgflaﬁtﬁﬂl}% ion PRI tf - its it can be

data using LB anpicillin and eith ose to repress
seen thatdhe BRPR was ahlail steleitize thei platmaid eammr@&talda intresitzmoe wh the plasmid

vernight starter cultures were grown
Carryn?%ih%gg%@ %@%Z%% eFSc?Fg ‘i nduction with 1% ar abi nose,
before plating out on the respective LB anpicillin
plates with arabinose (1% . 2) Insertional
i nactivation
Constructs: PCR cloned operon comprising Pf4 phage antitoxin-toxin gene under trc PTG

induction) control. Cognate clone carries putative/ proposed promoter/regulatory sequences for

autoregulation.

Methods: Clones carrying 2 clones: C1 clone is the desired clone, C2 clone is the control where
the clone is in reverse order - this will allow silencing using the IPTG promoter (this will be the

experimental control).

At fixed OD600 of 1. The ratio of plasmid maintained in the culture is 1.8 folds higher than the

silenced operon over 250 generations.



Using the EcoRl site existing within the Toxin gene a
fragnment of 1.8kb was inserted into EcoRl digested
WORBW06B5228e | i gated m xture was then transfor nedTisaetos/000389
into E. coli for expression ﬁkudies. Due to the
insertional inactivation of THe toxin gene it was
found that colonies that grew on LB anpicillin with
At legpta il stabilisptionrie paseible. t Fet detar forethet kasiol s eabiulated as follows:
within the EcoRI site of the Toxin gene in PE773. PCR
results indicate that there are 2 types of inserts in
this reaction This colony carried 2 clones having a 2

Induckigni nsert andSHe®edkb i nsert. GégnaRCR react i on INEE induced
done with priners for the cloning of the toxin gene.

QuandWeaip/muri fiedipust her was foungggtp be two sepanageg
clones. 3) Plasnid stabilization studies The conplete

. of, the Pf4 antitoxin-toxijn cassette incl uding
Ratloi%?’glrsgﬁfl%% ve regul atory sequenﬁés was cl oned i At
pTRCH S?2 resulting in pTRC PDPE-170 and transforned

into TOPMO E. coli. The clones were then grown for 250
generations to the sane cell density. The plasm d DNA
were then extracted formthe cultures for
quantification. Fromthe results it can be seen that
the PDPE was able to stabilize the plasm d ensuring
stabl e i nheritance of the plasnid carrying the PDPE
stabilization cassette. Constructs: PCR cl oned operon
conprising Pf4 phage antitoxin-toxin gene under trc

(I PTG i nduction) control. Cognate clone carries

put ati ve/ proposed pronoter/regul atory sequences for
aut oregul ati on. Methods: C ones carrying 2 clones: C
clone is the desired clone, C2 clone is the contro
where the clone is in reverse order - this will allow
silencing using the | PTG pronoter (this will be the
experinmental control). At fixed OD600 of 1. The ratio
of plasmd nmaintained in the culture is 1.8 folds

hi gher than the silenced operon over 250
generations. At |least 4-fold stabilisation is possible.
The data for the ratio is tabulated as foll ows:

I nduction Silenced Cognate | PTG i nduced Quantity ng/n
102.4 184.3 158.0 Ratio over silenced 1.8
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culturing bacterial cells of according to claim6 or 7
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expressed fromthe nucleic acid sequence of interest,
and recovering said protein of interest
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t hus produced. 10. A nethod according to claim?9
wherein the nethod further conprises processing the
wonoeismsze24]1 | . A nethod according to clai m 10PeisGes0s/000389
the processing conprises purifying the protein. 12. A
phar maceut i cal conposition céfprising a bacterium
according claim6 or 7. 13. A nethod for vaccinating a
CLAJMB) ect conprising administering to the subject a
phar maceuti cal conposition according to claim12.14. A
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bactqiE AR ISP o Fhsi ot § BYEIGIS afid sty gecording to claim
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3. tAelgmmid evhich ddinpifsesatihnitiasdd seljurged acootdihgnol dlaim 28 whereby the
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cloniagtsde PSP &) tharebly dadilicite thi irshrtenoddesickiqald septnaaf interest.
according to any one of clainms 20 to 26, the nethod
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R T T
" T EU 5 (e piss s
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23. A protein according to claim2 1 erel

a propin edording trs¢lging 2 bfvhidheis segetatbe bagesan. forth in SEQ
IDNO 2 or SEQID NO 5. 24. A protein according to
8. cAaath@itowb@ioatenDNAecqmtainei in acplagmidwesordinfgtio @hy onabf claims 1 to 5

Whicﬁ%Je!t}\l/oad c%%pr?sfes culturing bacterial cells according to claim 6 or 7.

9. A method of producing a protein of interest, the method comprising culturing bacterial
cells of according to claim 6 or 7 under conditions whereby said protein of interest is
expressed from the nucleic acid sequence of interest, and recovering said protein of interest

thus produced.

10. A method according to claim 9 wherein the method further comprises processing the

protein.
11. A method according to claim 10 wherein the processing comprises purifying the protein.
12. A pharmaceutical composition comprising a bacterium according claim 6 or 7.

13. A method for vaccinating a subject comprising administering to the subject a

pharmaceutical composition according to claim 12.
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the protein set forth in SEQ 1D NO | and wherein the
functional equivalent is at |east about 80, 85, 90,
wO20068422295, 96, 97, 98, 99 or 99.5 percent PCT/SG2005/000389
sequentially identical over its entire length as
conpared to SEQ ID NO.I . 2557A protein according to
claim?2 1 wherein the protein conprises a functional
14. eduhagtgtivm aceprdingetorpiaimet or B uointthedipinSEQ | D NO. 2 and
wherein the functional equivalent is at |east about 80,
15. 88, b@@erigR, acedsdiigs to 3Gain0 B, 00, i Sho mARfhper efeat medicament for
vacce uenti al Ity identical over its entire length as
CeUEparPEa ®'th SEQID NO2 or SEQID NO 5. 26. A
protein_accor di to any .one of clainms 20 to 25 which .
16. | & Beihod SIIERTig #TpARITET 0F aningpBist perePRInd ofra wtein according to

' any b & J4iRGMRRG 26hi ch retai ns biol ogi cal or

I mrunol ogi cal activity. 27. A nucleic acid nol ecule
[ c . Nty : i-N_Prot ein rdi ng t.o an .
17. o by aRerigy 8 0ubd et RGBC ul FRIE etk Phtacting a test
compalrglcwitie awiroein soaties i@atyoshd0PEIRIne 20 taC6amdi diflerh®ning if the test
an ne,of claims 21, 23, 25 or 26. 29. A nethod of
Comﬂﬂﬁﬁi dsrig theproteont h (e. g. bacterial growth), the
met hod conprising contacting the cells whose growh is
18. & methed aesstingdoglaim b7 phetein theawebedifugharccommyisen determining if

j . t ho. ording to claim 29

the oGP IR Etah e e Suse PP} SFFERRAY: o

preventing an infection (e.g. a bacterial infection)
19. i A raer;[h@d fariteritifying edconiyeuad fthat gsmécsiivago alddyi thé s%@&&ﬁ@ of a target

to.the patient a protejn according to any one of .
Polyevﬂ?%ez‘%fucgse}w%kso% polyperiifle gecpidéngeithank e8¢ Of iwpims 20 to 26, the

{HRY c RSt &) AxPBsigl 4 Sardflef ' L& -

e Thecﬁglzrl ofg ab pI‘X gtg Seli % ac?:%@g i %m}%f %ﬁlagng}l égﬁgé%f &g?]%llﬁ%ﬁsou% fo a test
compndgb) detedting mitenefl @z presson fif auynefihe smpettpolymcleotide.

preventing or treating an infection (e.g. a bacterial

I pfgction) . 33, A ph nceut.i cal. _conpositi.on .
20. B B reydi b RRAL BB R ng s PR B AR sormpritgs s seauence
as set Gor26in SPQ IDN® o vhadCauniiries 4 QmelidhdNedivalenBhbh®ss.

according to claim 32 wherein the patient is a cystic

fihrosis patient. 35 A nethod according to claim29 .
21. v%g’@é‘fﬁi? einareien Waich PrRieiRod) ePmprises thsgpquence as set forth in SEQ

B T

eani ng
c 1 t] 5 rhSi t.ej {. the .second aspect

22. SRIRRSHLOBBAIRIA S Sy Bl AR SE5DE. BIRBEL w et o
in SEQEOMNDAg to any one of clainms 21, 23, 25 or 26 and an

23. A protein according to claim 21 wherein the protein consists of the sequence as set forth
in SEQ ID NO.2 or SEQ ID NO.5.

24. A protein according to claim 20 wherein the protein comprises a functional equivalent of
the protein set forth in SEQ ID NO.1 and wherein the functional equivalent is at least about
80, 85, 90, 92, 94, 95, 96, 97, 98, 99 or 99.5 percent sequentially identical over its entire
length as compared to SEQ ID NO.1.

25. A protein according to claim 21 wherein the protein comprises a functional equivalent of

the protein set forth in SEQ ID NO.2 and wherein the functional equivalent is at least about
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80, 85, 90, 92, 94, 95, 96, 97, 98, 99 or 99.5 percent sequentially identical over its entire
length as compared with SEQ ID NO.2 or SEQ ID NO.5. |

26. A protein according to any one of claims 20 to 25 which is provided in the form of a

fusion protein or which is a fragment which retains biological or immunological activity.

27. A nucleic acid molecule which encodes an antitoxin protein according to any one of
claims 20, 22, 24 or 26.

28. A nucleic acid molecule which encodes a toxin protein according to any one of claims
21,23, 25 or 26.

29. A method of modulating cell growth (e.g. bacterial growth), the method comprising
contacting the cells whose growth is to be controlled with a protein according to any one of

claims 20 to 26.

30. A method according to claim 29 wherein the method is a method of treating or
preventing an infection (e.g. a bacterial infection) in a patient in need thereof comprising

administering to the patient a protein according to any one of claims 21, 23, 25 or 26.
31. A protein according to any one of claims 20 to 26 for use in medicine.

32.  The use of a protein according to any one of claims 20 to 26 in the manufacture of a

medicament for preventing or treating an infection (e.g. a bacterial infection).

33. A pharmaceutical composition comprising a protein according to any one of claims 20

to 26.

34. A method according to claim 30 or a use according to claim 32 wherein the patient is a

cystic fibrosis patient.

35. A method according to claim 29 wherein the method is a method of cleaning,
disinfecting, or decontaminating a surface, the method comprising contacting the surface with

a cleaning composition comprising a protein of the second aspect of the invention.

36. A kit comprising a protein according to any one of claims 21, 23, 25 or 26 and an

agent, preferably an enzyme, for dismantling a biofilm.



