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WO 2006/052224 PCT/SG2005/000389 -1 TOXIN-ANTITOXIN SYSTEM
AND APPLICATIONS THEREOF All documents cited herein are

incorgﬁorated by reference in their entirety. TECHNICAL FIELD The 100389
BI%%% {’fo&htion relates to the discovery of a toxin-antitoxirf g%%‘éf‘ﬂ“ﬁ‘ 00

opportunistic human 5 pathogen Pseddomonas aeruginosa and to the
applications of this discovery including the stabilization of plasmids useful
in the figi Ve DHBIEARITDNYSTEEMNABBYABE bISSUEHONS T HERIEGINd

AlDRERERAUGES Hhgdnvenlion alerd sipteR igcontiakridhartsrial growth and
to the stable expression of heterologous genes. BACKGROUND TO THE

INVENTION 10 Early on during the development of recombinant DNA
TE{HM G165 FERA s realized that a major challenge to that emerging

Thd SRABRIG0N AT 1B6:stab l&a@g%e&?m o FeeAmRIRANRIaIMIR B tunistic human

bacterial cells. It was also realized that this problem stems largely from the,
PathReshy AT BFEET P F88d B e ABREEHRBR (Th dbie diprasaiiatocluding the
staliEHBHAS afrpauthial highulavehe A ssfBceh: Proke TENMhiethase 8f fer afid@ction of
to th 15 Copsequently, when propagating genetically-engineered
EEng, A R EORCTHA VS FIYTREGRIVE (5 R AT RE o SPOTAng o™ and to the

stajtaspicksovwart iwiesobdgendigefisse bacterial cells appear at increasing
frequency. Because of the heavier metabolic burden on

lasmid-harbouring bacterial cells, plasmid-free bacterial cells have
BA%E@%W?&E%&&M ,Nwithin a relatively short period of time,
Ealdp@RaaieiaheuliveopanRerans HaninatRnd Oy ias s, e Racterah that a major

ells, thus 20 leading tq a decreasing plasmid yield. Varioys methods for .. .
i ﬁ*eeﬁg‘iﬁ@%gﬁé}?ﬁﬁ 8% SPPIRSHIR H ARG U FRARE Rppt plasmids in
bac@riel edmritowanethodehbeinttalyddstpenbisencftantibiogcy ifrdhetbelbgpey metabolic
di t lIs which_carry.the,pl id ar I f .
e PR AT, (NG RO fscion of
profeyadirh e dse FrERARIBEES in this manner can pose a variety of
problems, in 25 particular where the plasmids are being used in the

Cotgegecsidnl e dienhestbihemsidteoansipretethbaduiakeliethyg hifiearn incentive to
mafigafvaniagesanse dreddvithdhenis e pkARINCl G MaHAUS ANRHIRAVEL increasing

means for ensurin%ﬁt e stable maintenance of plasmids have been

freqRepEYopathithe a e sue B BYARBfe Ptreeny 63, s mituppyrngg bacterial cells,
plakhb 6,268 [E6krilSd:;BO G4 ¢ 1hiklsh H22 B8 8itesS 4, 7GRMDZAY, 30ithind a relatively short

pen%§gf]tf'1§e,5&1%' bacterial culture can become dominated by plasmid-free bacterial cells, thus

Jeading to a decreasing plasmid yield.

Various methods for ensuring the stable inheritance of plasmids have been used 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 sipnificant 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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WO 2006/052224 PCT/SG2005/000389 -2 One method described in the
above publications involves construction of a toxin-antidote killing system
for plasmids expressing heterologous genes. In such a system, plasmids
W&ﬁ?{fﬁ(ﬁ%% the cytoplasm of the bacterium express a critféal Shtfoteoss?
required by the bacterium to grow ang. replicate; loss of such plasmids
removes the ability of the bacterium to express the antidote and 5 results
One i@RICRRtAbIDIS plhebotegndicafiplasmithessodstingihactestakin-antidote killing
replication,.which results jn the death of any plasmid-less bacterium.is. .
sy B e R S A A g e
cytopiaspladitid hefdéction'sxBtrsh sysirmkatididarequiedobsdhechionerinaritergrow and

repliSHEN RS SNURICHL NSRRGSR CagRefies) andibeeetio Rravideexierialiote and

selection such_as external antibiotic selection. 10 One example of a

resulig,imesthigete Shiieheromercral plaanitles trdpibactainl eeptisrienaniish results
in tef dexpressorpiasibidssibalbreiariaiisalhe rehareld sy tostwhiekaeaiiskilling™ or
«__haturally within the, temperate,bacteriophage P1, which lysogenizes .
DO o e S T AR T SR e AR ot 8,80 gection
markers Gnehlkp rotdhigichesivxicd 26 satish) cuatiidDoe prowivelusdsmdb atledion such

as oSHAHRO.0fths:plasmig by an unknown mechanism, and the 73 amino acid
Phd antitoxin 15 prevents host death, presumably by binding to and

Onebéggﬁ. g Bli} G 5{8%%’:5,8{1&,?& s%%a{%rﬂjgxoﬁ‘a@r@e@ﬂ' 9@9{? gobé%ﬁaﬁ%g!ﬁe maintenance of

transcript in which the ATG start codon of the downstream doe gene
eXPISHEoR RS h db s6ttHe To heBilcdsorvsime Wipeh cusiyshaageplly within the

temperRiesaRRGhiRe 38 e pKaienEIstheraipsedranslatiorally Cromi@dpmitiid. This
.Phd's n}hesis exceedin F?% hesis of the toxic Zc:gc rotein. 20.In i
maERRfth, AR SO BP B JETSHIE dlfolatl e R e addr ey protein cases

deattranstriptior theqlighntheybindirg.ofaiftetiDise protei Gnapliw twid B antitoxin
prex}é’xﬁk%@%ﬁ%‘}gggg?ﬁfp %jH&{l}é%}&{ﬁﬁ%ﬁ&}gﬁ g{ggg%{)ﬁ(rggﬁjgg operon as

concentration réteins réach a critical level. Although Doc

o0fh profeins feach a ccal Tevel. Affolgh
T e

doc |aRapsascrinarchyrenschvs dke Wisth Beapterdap oishsritaseaus Bhib sangiExpression of
theskaSig pRitRRSId.ASREINGiS ArAragaliapef thaiPhich apiiiedl 8Rdeding synthesis of

" subsequent gctivation of the Doc toxin which causes cell death. Another
the ORI SRR S Foxin-antidote system which has been used to enhance the

B Ok S AT T
bindiagtefriaPbdbddopotedn Banplehdtongidokhddoria at@BskddRiAchdyasifase to the
pro@OE NASRESL RN IR REIIGI e RGFSERL Gl 'a Inhibiien af RR¥dueh Doc
appears to be relatively resistant to proteolytic attack, Phd is highly susceptible to cleavage. The
mechanism of the plasmid-encoded phd-doc locus is therefore activated when bacteria
spontaneously lose this resident plasmid, leading to degradation of the Phd antitoxin and

subsequent activation of the Doc toxin which causes 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.



16

15

20

25

30

gyrase. WO 2006/052224 PCT/SG2005/000389 -3 Surprisingly, work by
the authors on the lysogenic sequence of a novel bacteriophage teamed
Pf4 in Pseudomonas aeruginosa has revealed two genes each with close
YenieregRdmology to toxin-antidote genes of other Gram Feljafio)5/000389
bacteria. The two genes each have cofiserved domain homology to
toxin-antidote genes of other Gram negative bacteria. The first gene 5

Surgidiiity, cleseridertiyiNeihdhe.p RedpravenihaRed2ath @ebsRtophage termed P4
. }E’se domonas spp.; th seconglﬁgears similarity,in conserved domair}lsto

in NSRRI ATEIRE B ORI A TRELS Al s usge Tomology to
toxipemipbhe ol diffetent Greompanént @ciﬁr@t_ﬁhﬁi@%@%,eﬁ&iﬂMYdh&)nsewed
dorRBARAfRYCR. BRMA R RADEALE S INE SN IR EEANY. The first gene

components of toxin- antitoxin systems from different’organisms are

exhibilp glatg ibmtnaitdhenidprogrkmmicsadl sowebPsoorsenasap.; the second

beatf GIRATAS the Parstatians.ias RRIFNE 3RdCYmR IMeRIati, PuDE system. These
antitoxin-toxin systems for_yse in vectors. Pseudomonas aeruginosa is an

Een g B AL o o LA VTR GO B PV Rogemel the

phddefespesntoandtitite parifectidh cificaldds iuriharfitadhinféatiiansponents of toxin-
. i oy [ itis,, copjunctivitis,.qtitis, soft tissue

T T

death prstiem suhiasisercle sresystatisiesiffoptivng, svdrteukioyentyatiepfentilithin-toxin

systeRNEHe RrRS,aneén cancer and AIDS patients who are
immunosuppressed. Pseudomonas aeruginosa infection is a serious

PseRiSRISIR RPRlinns ROsPUBlZRENIR ﬁé_ﬂssgénfi}éﬁ%iﬁg 8315 AN Bine break in
The ggaé]e fatality rate in these patients is 50 percent. In cystic fibrosis,

the BoSt HELEICRS 11 E IS A0 TUaHHO Brd LetHiRR R0 B a5 ATHEioRh T ofBlmOR System
infe@fbpg ofrsnatitis ClonMuetidtlockithe Ainvaycpasstiges aacdestis iBae and joint
. redispositi ward .chronic bacterial infections. The most common. . .

L e e B SR SR e

withyseererigre rodite Cress anh & Bafopiziedt{inthabire drionencevpprtnpc. Pseudomonas
aerBRAHEINRRAHRRRIR JRRILd DL RIENH N IReHRENF eSRARSE L8R ¢ystic fibrosis, and

b aeruginosa, includes inflammation, which causes repeated exacerbations
U rg%?sc@ﬁ% B b P e RIS R SbRUREECSBtAIthough antibiotics can

decraabse the frequency and duration of these attacks, the bacterium
f

o CYGHEMSS o es TRt eh{ iSRS dhdhedreriovapse casplefaliness and death in
peo;ﬂ&nﬂh_ht@.ff@ﬁhﬂﬂe Il_um% tﬁsm:mq:amg&ar lagm@ésm:s lil@“ﬁiz_ﬁ&f@iﬂ@xﬁﬁﬁ@ﬁ toward
hrc@%. 3 Ripfims, in the ainyay mucus of cystic tibrosis patients films gre

e R S B e R MR P B Afomoncs
aerugipsaesi be innasadesoghelilding aitobfaticcnatetidonpip §phabiiihlosgderm) by 2.
acrWBISIOOUSS their 10th birthday. The body's response to P. aeruginosa includes
inflammation, which causes repeated exacerbations or episodes of intense breathing problems.
Although antibiotics can decrease the frequency and duration of these attacks, the bacterium

establishes a permanent residence and can never be completely eliminated from the lungs.

Pseudomonas aeruginosa is believed to reside as a 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.
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30 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

WELHEFARAB within the microcolony. WO 2006/052224  PCT/SG2005/000389
PCT/SG2005/000389 -4 Over 99% ofzall bacteria live in biofilm
communities. The formation of stationary, metabolically cooperative

Ovdhiofnst anydcesiploteglismbafictacalanys MemBets-Homy AgMasary, metabolically
cooegr\éj(gogr%g lrltalS ggngigor}(s) %ng]r{]iciallngisinaiclt}ants artad @f?]tibac erial . |
gants. Biotim Cails haVe Been sHoWR s Hhg L OGRS HaPerrSistafi fionmenta
conditvbactheinicabdisinicatantnmrdredtiteptaiak tpwin fofmoEln Bidikmse been shown to be
5004RRLSIRNg ﬁﬁ@?ﬁﬁ%@%@@ﬂ@ﬂ&i%ﬁ&ﬁﬁs Eaﬁagmmmﬁﬁgé&%%ﬁa”

form on a variety of devices used in biomedical research and clinical

BioGHE daFing sadetachsaliubesHss %J@stﬁé%am;ﬁggg%w@n form on a variety

ventilation, indwelling catheters, vascular prostheses, cardiac
of dexiceruedris Hrpetietlceneanthy andedinnmhsrzteiudiervaiiatagherirjibes used for
chrégthleisnehioniselionrpabdriys St e axie pIetiMal SRIME Pacemakers,

I%ﬁns.e . aagtd a{tifici #'T?ints, resulticrﬁ in seriQus infe%tions which 10 are L.
progReRe DS Y I B i A 7 e Bl e disysis
cathm@e_t mwmwMICMMeanmdlhmmedﬂmawsﬂh@mﬁdalqefﬁﬁiside&ctions which
are Mﬁggﬁ@xkﬁ@é’ k%eaﬁ‘i’i?;ﬂ%ﬁ%! r&%@v %.8(? Q}tf H%gggﬁﬁea e%&-,%s[‘ drf? dsegfin biomedical

millions of dollars to identify colonization-resistant materials, bit have
resqgEdn At thaied] pgtoanagtimesiest marotichsaddptivel slgticsiorendetitisisnbeve spent
decﬁé@ﬁ& Raveehighy hﬁhlﬁﬂa@@ﬁ&ﬁﬂm}@%e%ﬁe&ﬁﬁﬁ%&%%& tﬁg’téﬁgﬁt, but have
b hg@%}ig-re ulateéi 15 fqroups of genes during biofilm development in

B ‘?TPiSQBEWR} LIRES A R ARVEBABRSIPR TSEARRYN. R., R. A.
ritton, Ah'D' Grossman, ang B. A. Lazazzera. 2003. J. Bacteriol.
Studles, Jois1 b s ity DARFREABIE eSS & BEgerRone Eepiifthdvably pp-regulated
grofpsBhseks Gurvg HeitheldSelgrennd btk Cuecpbatte 2000 Gridatbgative bacteria
:860-864,,). In R, aeruginosa, genes of a Pfl :like filamentous .

S s, i o N, A B Ry o003, . Bactericl.
1853 igif5d aanshoWddtel preold 3 Bifdid BetigeoRdliiddymiediier, ddvdlofaresk, G. M.

TeiGRIPared Wit plankiepinaglls dyYhiteley, /3. £3(2bdG01. Nature
413:860-864). Other studies have shown that activation of Pfl genes in

In Dicfimsiissepdaiedby pHOME HeRRINgu bR PIBOSAIdR e, M. a8frophage
. 2004. Quorum, Sensing in Biofilms: Gossip in Slime City. In

i) y.In M.~ "
Wit RGP ERAE. /A, B FSBIE oS Wi dal BidfmPIASipiar during biofilm
deviashingtamyiSd prit2 5l i8onit agie(WitEleps B, 2088 2000madtofe 413:860-864).

Ly R R
in Ryseangbren s iareny.. 2t 81, 2004. QuosnySasieioBiv§EnsSssapdn $lime City. In
M. eisiiam ohthe PA-likeoole (ed.), Microbial biofilms. ASM Press, Washington, DC. pp.
478., Wagner, V. E, et al, 2003. Journal of Bacteriology 185:2080-2095.). Moreover, activity of
the Pfl-like phage is also linked to the killing and lysis of a subpopulation of P. aeruginosa cells
within biofilms (Webb, J. S, et al. 2003. J. Bacteriol. 185:4585-4592.). Induction of the Pfl-like
phage (here designated Pf4) in P. aeruginosa may therefore represent an important 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



phage (here designated Pf4) in P. aeruginosa may therefore represent an
important physiological and developmental event during biofihn
development. 30 Here we show that activity of the Pf4 phage in P.
enhanced agbesiginasdibiefirnlony Aakddrmahic Bthergariadugt ausispopiitnde Gidensrun-off.
Our data Withest SR8IPLORNY phRRNGY A totaaeftiseint binTieh foridpaehiotibmayell as in the

colonizati%mSFQS%Hﬁr%é@M gg 1518?15'5'%? &félgmentous phage on the cell- Surface’

emonstrate 5 enhanced adheS| n and microcolony development, and
occur in high numbers within the biofilm run-off. Our data suggest that
SUMMARWM GEVE pIANHENMFOHant role in biofilm development, as well as in the

Disclosed %mﬂz@@mpf hevesulfacas M@ﬁ)@ﬁéﬁhﬂzﬂiﬁ@%&@ﬁd§@mwlﬁﬁs@ﬁ§'% stably

ial t ¢
o e
compoundﬁr‘ame%aés?fetﬁ}?aq@é?é%ﬁaﬁrp%%@m& (35 FheSe B IGch may thereby find

utility in theroputds Whiehaitersth erexphessiontor Eotivity i ithws disdlosethprateirg uginosa
diseases afAGNRICROMAY Wrerehy, ﬁQﬁm@'ﬂ'Bﬁ)ﬁlﬁﬁb‘-‘ CONERL I caer vaIN@SA D WI iPlasmids

which ena%}lsﬁl%ef!)br%fi"%lpcaeﬁ ent % %;[Q ? L5 &? gy arpje%lﬂ %?&3%1%9% glﬁ% the presence

aeruglnosa acterl s transformed wit

of the plagighes CHRATBTHNE o ‘Bg’&?ér%q‘“t?eﬂé ¥ gEskille BCEthiRggt She(ggnirmed.
The Phd-lj}tagpridswhich écriblethiepresenicer efdhdagiaskaitbamdpoartainhibatiofclosure are
- shown in ii’igt,ﬁ?!%nﬁ%geﬂ &ef interesiun 3 hagiarial AeRLio draiconfiungsh willealso be apparent

from the ch SItke {event host death) antitoxin protein and ParE-like toxin protein
o the disciostre are shown in Figures 1 and 2. See also Figure 15.
Further aspects of the invention will also be apparent from the discussion
A first aspieelqwoAdiirst Bhpeidtepiovides oRhibdike (preventhastrdeath) antitoxinomprises the
sequence REQIRIRMNIGIRIOEINGOMBISES N Eo SRHYEN SRS RATIAER L BREQHReo .
NO.1 or which comprises a functional equivalent thereof. A second aspect
provides a ParE-like toxin protein which protein (i) comprises the

A second gsperrevadeset Buhlin SEO@ IDND 2V oelipwisieh(Borpsisssghe sequence as set

forth in SEONENOM@ALequiialentbbapAithird faspéetap vovidelsa ofli¢leic acid molecule
which encodes an antitoxin protein according to the first aspect or a toxin

A third rotein acaordin to the secon ﬁec Aﬁfour‘g ea}ss ect{a{ovin % n gccording to
= agﬁﬁ%ﬁﬂ@v feH Hs8d A RidEicad I%e(ﬁ?’]ﬁ(%nceo iAter e AR weﬁ A

the first apppficatedonipaceieia apf@IlmERdShaapivredBRethe presence of a nucleic
acid sequence which encodes an antitoxin protein according to the first

A fourth Qﬁ%@?&%’\%wﬂﬁ%ﬂ&'@vﬁ%ﬂ%ﬁﬁ%ﬂé&'%ﬁ@fé@@%&@ g@dﬁ@n@é Qeifterest and which

to th cond as fifth aspect provides a plasmid w
replicates Gy R Ber o LGB O Rt L TG L BTEU jch encodes
an antitoxyacretiiraresaviieh ©oRpHES el claibarigistquah ceansieh Whisausages a toxin
protein aceBHIE¥IMo the second aspect.

A fifth aspect provides a plasmid which comprises a nucleic acid sequence of interest and which
replicates in bacteria and which comprises a nucleic acid sequence which encodes an antitoxin
protein according to the first aspect.



protein according to the first aspect. 6 A sixth aspect provides a plasmid
which comprises a nucleic acid seguence which encodes a toxin protein
accordlr;gj to the second aspect Whereby the expression of ParE-like toxin

A sixth aspeehREAVIEat v BRBY R UHRRHORIPE ST SelbEtals & Sk orassnsis paifbaragty 2 toxin
protein acconhiepsin tivesouelidiespcit whepabnteecommpsises af Padltiple cloningaite is driven by

a constituti{¥ &%ktectﬁtaee%f%etitﬁtt&t%tas@ﬁtiqmetaxmel %i&erftdaeao%qaeﬁc@fcomprtses a
interest. In odi eic acid sequence
multiple Clorn mﬁarqetset I@agseb%re][n |tr?lser (-,yd ito 1}1 ?\q%éﬁ) r{% sz;mr of the SIxth - 2 1ee of

interest. aspect. A seventh aspect prowdes a bacterium transformed Wlth a
plasmid. as defined above. An eighth aspect provides a method to
In one embERHRRIEPNA s?%t@&ﬁ@& in gplasnideesgefined ahavesvhichhdmethested into the

mprise uItur acterial cells of the seventh aspect. A ninth aspect
MCS of the qas%lé?sogt%letﬁoa% ot p?roducmg a protein of interest, the method

comprising culturing bacterial cells of the seventh aspect under conditions
A seventh asireretysdid prateirof irteskshisdexptessdnfidm thémdciéievacid
sequence of interest, and recovering said protein of interest thus

roduced.. A tenth e vide armac tlcal Siti )
o et B R a1 e CHVBA ST DIBclaa g wiieh
method COTRREKTS ¢ HE RS BATARIHY @@t@ﬁé‘éﬁt eoiiphgimgEdministering to the subject
an amount of a bacterial live vector vaccine sufficient to elicit an immune

A ninth asﬂ@c%%?@vc’rﬁéé’ hereindes 3@9&5'§1&@ﬁ¥%@‘f&9¥é9@t 1R 3RS b rising culturmo

ng to the seven ect. An elev rovide rotern of
pacterial oS b AR RS S IO LS e e Acpespressd
from the nfgleigseacid radiciero N TEIHh ashacoprovie csithe Ush of ankraeséHinm produced.
according to the seventh aspect in the manufacture of a medicament for

A tenth asé R'/'P&?rp ﬂgﬁﬁaé‘cm E%Q%Hu@éﬁﬁ% F}f&\ﬁ'ﬁ%&ﬁy meihad {onidersi B8 1o the

h onist or a tagonlst compound of a protein according to the first or
sevent asg%céond aspect, the method comprising the steps of 7 contacting a test
compound with a protein of the first or second aspect and determining if

Disclosed th@ @@ﬁl@@%@%ﬂd@ﬂﬂﬁ iaihe:proteiprEhe: methedsiay tortheragapasemount
of a bactergﬁtﬁ @%xlf?gggcﬁ?és tsﬁ% t‘tbdeﬁ‘&t‘%H%ﬁ%rxﬁl&lg%8%&%&5&9‘&&8“&{{&%%@%1 live

protein o rst or secon aspect In one em ent, the method
vector Vac%?ﬁf)ﬁs’égt?&‘&e?ﬁﬁ%r Yt CIHTSURYE fSPERkir ability to agonise or

antagonise the binding of the protein of the first aspect (Phd-like antitoxin)
An elevent® dBs-protein R thesesand the first or second aspect or a bacterium according to the

seventh aspect for use in medicine.

A twelfth aspect provides the use of a bacterium according to the seventh aspect in the manufacture
of a medicament for vaccinating a patient.

A thirteenth aspect provides a method for identifying an agonist or antagonist compound of a
protein according to the first or second aspect, the method comprising the steps of



aspect (the ParE-like toxin). In a fourteenth aspect, there is provided a
method for identifying a compound that is effective to alter the expression
~of a target polynucleotide which encodes a polypeptide of the firstor
contacting gokshEOREPERYE, YHE M SIMEEICONRFISIG &) ©690dingPsSampdetamppirgny the test
compoundivéntar getipolyoaledtid entaladashyvchmipoundatd b daieckng fadierest compound
enhances GREGSHONHE 30YyiRf 8 LR5ast BPIVPYLlealde. A diflgsath aspect provides

an in vitro method of modulating bacterial cell growth, the method

comprising contacting the cells whose growth is to be controlled with a
In one emppgiaranss the Meshesh coBBUIRgSaspeBna| S drosipestds Bipretsisoithéofipgpnise or
antagonisehSBEEiN aspechioese thomiedigipet Plalsikeanttvaspecihtheteeis of the second

aspect (th@szYﬂﬁ%Q&%‘? of a protein of the first or second aspect in the
manufacture of a medicament for preventing or treating a bacterial

infection in a patient in need thereof. A seventeenth aspect provides a _
In a fourtgsmghrasaitideiconmpositdon comprisingra protdinngf areefi o sedoreiiective to
alter the cagRasloAnEighteenpdasperbamvidesiadit comprisitghappiiein®t thet or second
_ for di ; niofi ; ; H
e, o LSS 813080 ASREUIEAYIRIR AR A0 RERD o « s

compoundo s St Y SRS NOAY Wit G SeieRE PBSeudomonas
syringae DC 3000 WO 2006/052224 PCT/SG2005/000389 8 Figure 2.

A fifteentRliGRBICH: ) BEALOXIN GROMSESS 1Y MOl avith pasksgqu@neendfih, the method

comprisinga&;ﬁ{égaplggcﬁepgeiﬁf %hg ‘%" 0%%%%@'?%‘@%@&%%&?56\# ﬂdd %ﬂ%@&gﬂp (g!f‘ She first or
Pf4 toxin séquence. Similar amino acids are underlined in thie Pare toxin

second aspetiuence. Figure 3 Wild-type colonies and SCV's derived from a) effluent
run-off from from a 7-day old 5 biofilm, and b) P. aeruginosa overnight

Also disclpiRaktoniaaulise ddenied mithothekiklike hactriophaag (SCVs only).

Bar = 3 mm. Figure 4 Transmission electron microscopy and
_ _immunogold-labelling using anti-P& antibodies reveals high densities of
In a sixtefmibaibtis T@&&e\ﬁdﬁﬁz@é% i thee i1 S BFRIER St Sbs/Ers) W iterjdlespect in the
manufact@erofmosalwelhshowingravsirgle flageiitm: b)facreriginosac8@V7 paflent in need
thereof. With anti-Pf4 10 antibodies, c) Higher magnification image of Pf4 filaments

tightly woven together, d) ApilA mutant of P. aeruginosa showing similar

Pf4 filament production on the cell surface. o o
A seventeenth aspect provides a pharmaceutical composition comprising a protein of the first or

second aspect.

An eighteenth aspect provides a kit comprising a protein of the second aspect and an agent for
dismantling a biofilm wherein said agent is an enzyme.

BRIEF DESCRIPTION GF DRAWINGS

Figure 1. Alignment of PF4 antitoxin gene {SEQ ID NO.1) with phd sequence of Pseudomonas
svringae DC 3000
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Figure 5 Adhesion of wild-type and ApilA small colonies, SCV7, and

Pf4-infected colonies to wells of tissue culture plates. Figure 6 Biofilms

formed by SCVs show enhanced microcolony formation and large regions

WEZEMiatAthg dead cells inside microcolonies. Five day-oldPPTREAIERA8E%°

biofilms stained with the BacLight Livg/Dead stain. Biofilms were

inoculated using a) wild-type b) SCV7, and c) Pf4- infected cells. Bar = 50
Figuite i1g01enh &0 6TRASORiA bHhe RENIENTINE wittht barodRikricestimar@iophage P2

coloured as followed: Blue, homglogpus ge found both on Rfl and Pf4; .
oF i KB Bt RS ATS SRR, Wt o5 S G T i cids
are underBtipdyrt iz Rrobulosinlpegnepeephage 2; grey, genes found only on Pfl

and not in Pf4. Numbers above Pfl genes represent ORF numbers as
Figupeck 8Yildeipethel putdishé § CYen denie sefomroe: Biefit @a)yo i firmbdrsibel Gwlay old
biofi3E? ERCR) PICRAALARAUBRESM 0GR OERETRSA CANE: he Pe1-like

igure 8 Table 1 - The appearance of small colony variants (SCVs)

bacterinpBrgSivi(h tHE)2B% ek §®hce of bacteriophage in the run-off from

. flow cell biofilms. Colony (CFU mF) and bacteriophage (PFU ml-1) counts
Figupe fuldensnsaroris v canrpicmhantismang eeiiiabellingaingaui-Birammibodies
reveslS WRIARIMER 8 o HHaBE ARG RIHONRISSS IO cARIMBIAQSS SRS WSNgId-type
P COMSTAT ?Jio ware. Valuesgatr)tei{‘ mﬁlans agi ta from 15 ngg%% staiks,gi . pea

- IRHEYLEaRRS AT B HIRBRE BIORTLT aMd st T et ors Tor E&en gt
antipding, ace KiybamrEgriidaidei il e @ Rididieant wiaighenthan topatedf d) Apild

the wild-type. strain by using an is,of variance (p< _0.05)..W

e OGS R R B R o

. ladder..Lane 1: Undigested pUC19; Lane 2: Dige pU :Lane 3: ,
P By R S o NP BTl R BT A EeH s to
wellslofamcatpariseswith relE toxin family Figure 12 conserved domain
comparison with park toxin family 5 Figures 13 & 14 comparisons with
Figivacwhiafilgnh pothdsizef (@it staxineahdoudt -antitoodiosy Stematkdg wrel 2arge regions
' f -li ntitoxin, protein (SEO, | 3land .
con e R e AR i e
Backiggt dicdliasd odiaia. Oyl S hos |pereanerufbigd resing: @ apidiivistrhti g e and c) Pi4-
infe@etRI9SRANE 8ffech of the Pf4 toxin. Figure 17 PCR results from Example

. 4.10 DETAILED DESCRIPTION OF THE INVENTION
Figure 7 Comparison of the P4 genome with that of Pf1. Genes are coloured as followed: Blue,

homologous genes found both on Pfl and Pf4; green, genes occwring only on P#4; red, new
genes/ORFs identified in this study that occur only on prophage 2; grey, genes found only on Pfl
and not in Pf4. Numbers above Pf1 genes represent ORF nurmbers as presented in the published
genome sequence of Pf1 (24). Numbers below Pf4 genes represent bp numbers within the P4
genome sequence.

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 biofilns), 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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A first aspect of the invention provides a Phd-like (prevent host death)
antitoxin protein which protein comprises (and preferably consists of) the
sequence as set forth in SEQ ID NO.1 or which comprises (and
Vrefapepig2ébnsists of) a functional equivalent thereof. SEQ fETRG240p4f8A89
to the Pf4 sequence of 83 amino acidg.set forth in Figure 1 in the top line
of 15 the alignment. A second aspect of the invention provides a

Figﬁarieli@ﬁgxiﬂ;m&i Hhi@nmi&lfa&:h ixeomprisesodand prefesatidne 2: Digested
onsists of ce as set forth i 1P .NO.2 or SEQ ID NO.5; or
pU(fﬁ)Jjjv?ﬁSI?‘c% n?gs}le(lg%g%}%?g?g%@/ B@E%E%Ih? @thal equivalent of
. (). SEQ ID NQ.2 refers to the Pf4 s nce,of 93 amino acids set forth in
Fiete T IR 30 TGO IOt SO S5 NG & refers to the Pia
. amino acid sequence in Figure 15, As can be seen, SEQ ID No.5
Fi ‘Eﬁ#ﬁﬁggﬁa’g @W&%Wgﬁﬂsgaaﬁfﬁﬁaf%mf% Yesidues at the N and
. Ctermini of the SEQ ID .2 sequence. The terms "protein” and | |
Figupes J5ehideomeiesy Wli%ﬁ qé%?HV%‘E zesepliy g, AE RSy potitoxin system
. equivalent” of a protein as_set forth . for example in SEQ ID NO.1, SEQ ID
Figie L &P@%@&j%ﬁpf@&%csvafﬂﬁﬁé{%i&mam EROLF IR IO A Par B-
likepoaieipraeRLESREG ANt fakihtux s ERIAD AN sbq e RNRPSEBQOMNO. 4
NO.5 respectively, with the proviso that the WO 2006/052224
Fighte T6SGA00N0N08089 thd Babrraiwiago efffpteeinc S fapaile of achieving
stable plasmids according to the invention. Thus, for example a functional
Figeauivalerr efsihie Rbsklkerapititoxin protein as set forth in SEQ ID NO.1

must be capable of achieving stable plasmids when expressed in an

appropriate manner on a glasmid with the ParE-like toxin protein of SEQ
DE B BESERITE Y £F, LiHe NOENIKBEd 5 in the same bacterium

A fﬁﬁtdﬁ%{%} SERaNa: ﬁﬁﬁgﬂ&sa Fﬁ'&’—ﬁk@(ﬂf@%ﬂ‘(q{gﬁ &Q&g%%ﬁlc%uﬁ\l por(.)]t_ein which

equivalents of the Phd-| ntitoxin protein as set forth in

Protiiy ravanitre @BligrErIlstenmtitanDelly foaanss ah sdnbgbidn RFRdD NO.1 or

whiBlaebmpeetquin pfdhelblyentisins benctigpabasiuiyaientsiahtheParE-like
toxin will retain the toxicity (at least qualitatively) of the ParE-like toxin

SE@otein of ol N 02 eigidnke U NQnBintn0nB 30 RMRadimeRs the the top line of

the %Imctiongl equivalents of the ParE-like toxin may also retain the ability to
M Etralised” by the Phd-like antitoxin protein as set forth in SEQ ID

NO.]1. Ass or verifying the piological activity of the functional . . .
A S AR OB AR W G R D R B BEFABIeLN 3 pmeise
(andhecirtaly cwestus oicivosssandes sseihtf WhtFE s By OfdrandRapIB, BAXS; or (ii)

whibf® comprises (and preferably consists of) a functional equivalent of (i).

SEQ ID NO.2 refers to the Pf4 sequence of 93 amino acids set forth in the top line of the
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
D 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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based on bioinformatic modelling or similar programs. 15 Guidance in
determining which amino acid residues may be substituted, inserted, or

deleted without abolishing biological or immunological activity may be

YOUA80(18%A% computer programs well known in the art, for &dmpRavs/000389
LASERGENE software (DNASTAR).jloreover, persons skilled in the art
will be able to readily determine experimentally if the functional equivalent
homisicpapapletaihacbigwing ctablip-flassmitis pReOHINE-tOMIME b IoEniéh. Thus, for

xRS bacieral e yectars maybe ansiommed with ek SYRISSEIST oy
asmids and the rate of introdduction OfaB asmldpess ce?ﬁs and/or rate o
musigbe wipablep fsmidesbit siaihy Welisidanvben munitorddintoathepehyprisicemsnner on a

plasﬂﬁ%ﬁ@tﬁmyﬁlﬂ@ jé@ﬁrpéa‘?&@ﬂxt mi paten.Ihe @%ré?"f{]fﬁ@lﬂt}ﬂr (and coexpressed

.. related terms) is intended to include a frequency of loss of the plasmid
in the spperhefediedi o inrsaie Maseidell per generation or 25 more

preferably less than 2x10 per cell per generation. More preferably, the
Thugols dharieepla dimriineshemivalsaiscaithe Rk Wrg i e ieanyjenam i iaion SEQ
D W@tim_m@rﬁfem@ kabiﬁxgsh thamasi a@atﬁ)ltaéﬁ@lﬁg %e&r@cti@m?m‘aﬁad_tés @%‘éi BGE-like
.to phtain plasmids which are as stable a -type plasmids, i.e, witha . .
iy g Ry BT S e LI BB RATTEN et e (e
leastdgieliminvily)thé et affldis \Adbtihqakneiwrmﬁ_ﬁmg@swm on BE%I_D THUS, In one
embgﬁgﬁ%ﬁ%%ﬂ@ﬁ%%ﬁ %%dRﬁafeﬁé”oP %Q%ﬁﬁiil@qc!?a&%%dé%o% %ﬁ'ﬁl& ability to be

. microbiological plating; or incorporation of a GFP gene and determining =
neufrRlisgieriuithof bdpiesseionateipicive soderisp BHQRBNOA 206510008 8gitying
the bibloBical iRy embedimenhef ihsanantionre fwnsiirnal arkialeniieldme skill

olypenptide. of the first or second aspect of the inyentjon includes a
o DR e St o AT BN G TR T O I A con be
basedith ld polfypeptideasSep forimiis BQetBNO.1, SEQ ID NO.2 or SEQ ID

NO.5. Such polypeptides may be used to invoice a useful immune
Guidesponsdetarmsiteshichnaethd thidreefidSisciman tmmibeigenic inserted, or deleted

v RS I MBS UG oD s semee e
wellkgavnon dusase dererrea e lpiedily GENEa sl BNYeTEARD sequentially

identical over its _entire length as compared to the reference sequence (ie
Morgrey, IpeNesL siSid 1D Ko 2tovBE® mleNo Brdpicalymainesspaboanighy if the

funcBEREERLsRAMENtIRIIY-idenica, Riglorablyalleastiabaut 2018 Rerseflvention. For
sequentially jdentical, and most preferably about 92, 94, 95, 96, 97, 98, 99

exargpledpacterigt Wy Leshors A dantioapsds atiniash e theT afasifiuand the rate of
intreslacuiencd. fRerdékkidesitityinidéersto tfegperaknifigaaafdéguenteng cells can be

monfSRURAEL UL RRAGRMRRIISER AL WO oF

In the present specification, the term "stability" (and related terms) is intended to include a
frequency of loss of the plasmid from the host cell of less than 2%10%2 per cell per generation or
more preferably less than 2x107 per cell per generation. More preferably, the loss of the plasmid
from the host cell is less than 10™ /cell/generation and yet more preferably less than 5%10°
/cell/generation. In fact, it is possible 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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more amino acid sequences. Percent identity can be determined
electronically, e.g., by using the MEGALIGN program (DNASTAR,
Madison Wis.). This program can create alignments 15 between two or
Wibt'e&fdehces according to different methods, e.g., the cRIsTAIFABTHYE
(See, e.g., Higgins and Sharp (1988)1Gene 73:237-244.) The clustal
algorithm groups sequences into clusters by examining the distances
In a fatherembtidiaist dHbecustatisrnsd falighethipainivisleranof th eotyise gt deipbthe first or
secoﬁ@%@@é@%@ﬁgqﬂéﬂﬁgﬂ%aﬁﬁg§ ggxg e@‘HHQ%e Ifgﬁee %i@acﬁe%mgﬁgm} mmumegenic
alcu Ing-the length o

. sequence A and sequence B, Is lated by divi
eplteREci RN D & Brparide Lo reafHp RS dD iNQdg it sLANMRgs SEQ ID
NO.HISRHPEEpehaRn esdies:ia seaHeRsa BdRioitha st egidhe tesidifect in need

therel ;[)%C? between sequence A and sequence B, times one hundred. Gaps
TIBF10W O B HE" HERSHEL) VEETEER T RES SRR S fivieicd retigty of the
polyipepitide ek isediotériniSIEQ a2 tdentagBQSINNEY B/ o SeCnEtY¥&lys BLASTP may
be used to determine percent identity. Functional equivalents therefore
A hincliiolmatermkbiel dgitgisdlyamt detfatr dxamPlepalktetic sapiamniall23dehtical over its
. i lati within the species fro i i ar
et L s N RPN B8

NO.ghyspicHbn 4! ilssetrnbpst todptesivhspofestdlyDdetiral, BeEfQabyNO l2sandout 90
perestft QelRNGALD - iSUARMUIRD R SRA%EIHGS RELRERIIARS BEWHIChONE; 0y o 99 5

more of the amino acid residues are substituted with a conserved ‘or
percpl seaERERU (OaRAitH 28 EPPRER P (FRlFEI S EBIs8EFved amino acid
residue) and such substituted amino acid residue may 30 or may not be

"Pergil e dEH . e REISCTEUH  PyIEAFS BRSO s emaHeseg of (wo or
mordhiiNabcldandgsncie; Rmengdideatignanl by dateemgdh eleqidicdaaidees B\siking the

R ; amon ; ng t sic. residues Lys and Arg; or.
ME G B o ST TR Wi ot v Sootass shemments
betwREITS G20 TS50 00889 ces 2 pratbneth afiéferanintetodshich. sbuelattdlenethod. (See,
PO b Uend PSS ANG % dusE b ARHNR @%‘%r%g uences into

"substituted, deleted or added in any combination, Especially pre are

clusteiy b Srseitng dhe distiamrsrie vraaliamoms Thm rstess it pairwise and then

in gpngpeTiesrrcacyitiesiofithecprotainvdlsaigsperiabynpieieregd inthifence A and
regard are conservative substitutions. Such.mutants also 5.include

sea g s VRIS ol T e S s e, i, st of e

residyigh drtsravengrohp misre dhebeusiben dfyetivercdisenie dedomaintdnipahisems of the

residBeFOEES biRash ]ng;fuhgf& @(%@H@p@’e%, HRRRSINE ﬂLﬁ?Kﬁ'ﬁQy %\hﬁg _gﬁow or of no

toxin-antidote g}(%l%peptld_es of Gram negative bacteria toxin-antitoxin

homglagy Rk ths b aREPR AidRgarERseS dishaehjagdldncleisrainaganreentage

simibtritgsllienpasitioNBLASTPimaPIR uktd 3dckormliae 2ovcdis 2at9, 70, 72,
74,77,78,79, 80, 81, 83, 90, 97, 98, 100 and 103

Functional equivalents therefore include natural biological variants (for example, allelic variants

e.g

or geographical variations within the species from which the polypeptides are derived) and
mutants (such as mutants containing amino acid substitutions, insertions or deletions) of SEQ ID
NO. 1, SEQ ID NO. 2 and SEQ ID NO. 5. Such mutants may include polypeptides in which one
or more of the amino acid residues are substituted with a conserved or non-conserved amino acid
residue (preferably a conserved amino 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 Gl

among the basic residues Lys and Arg; or among the aromatic residues Phe and Tyr. Particularly
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(corresponding to residues Y, V, I, P, A, K, L, K, R, N, P, Y, It, It, G, Y, R,
L,1,Y,1,V,H R, E and Y of the consensus sequence). As can be seen
from Figure 11, similar residues are present at residue positions: 4, 6, 8,
WQ205103224 6, 23, 24, 26, 27, 28, 29, 40, 41, 42, 43, 44, 45T4HPEH05EL389
59, 60, 61, 62, 63, 64, 65, 66, 67, 68;%1, 73, 75, 82, 84, 85, 88, 89, 91,
92, 93, 94, 95, 96, 101, 15 102 and 104 (corresponding to residues K, E,

prefetledarke vizsidhidin WicK sévisali. b, Betdmeh, SLaitd, 18, Ry, 1 lapR3 KL, &ad12, or just 1

amin§ h&dsKa‘rlc' ’s!stBﬁlEﬂD ePe.Fﬁlﬁ’ c;I;" ti% {Ef a|§1 Y:biB aé(%p%%&tlg ¢ preferred are silent
consensus sequence). The skilled person will'also be able to t;Pterm.ln_e_

substihsicon seididdna rrrdidsicitosmivbicicidorasioalés ileherepatienead spidvtiemof the

proteﬂggigojc%pé%ﬁfﬁgfgrﬂﬂ 'ﬁsﬂﬁs%gal?dm %Bné@ijs}ﬁﬁ{@ Eh@sﬁﬁﬁﬁ%!%qwmam also
similar residues of SEQ ID Nos. I and 2 with the Phd and ParE amino 20

includegoluprnben & S4SLRREIPT WA 9& 5 FERaea Dy hidues JRifademaubstitent
grou@rt that it may desirable for the amino acid residues of SEQ ED NOs 1, 2
and 5 present at the conserved positions (and optionally also at the similar

As ciRPélbepogilienshior-bel Riauiedd@bilepbneHigadid repkhcedisitire a number of
cons%%%%%\é {l\égl ri?(l:rﬁl}}ne(?(aﬁ‘ligan%ﬁb é&%@%&%S Eef( %Ena%%segéfigg %%rl%cne%li%oximantitoxin

ragments ntione pep
systevuli cks omebersean feoantiigoradid sdeserved lesidnds @y Bresed, ot GsidBie 205i880s: 3, 5, 7,

9, 18%3395790ROAHTURO (3CiS)Havg baerydelpiegy The FAUMEDS 0 1By and 103
invention retain the abilit éat least qualitatively) to act as an "antidote" to
(conpReoPARE e ¥1 the ibvénorl-okrdiah reXidkidiylal idbdks 1 Y> 1. V2 H, R, B
and %@Mﬁtﬁ&%ﬁﬁfstﬁﬁﬁéa‘ég@@% @E@iﬁffb'/ m !i‘@gﬂ@glm,eﬁiﬁlim@éhéﬁ%,pmsem at
. the same or less ppten s antidote | t eptides set
e B 1 B s B BB s Koo o 5o e v, 4546, 5, 5
59, 066/E3282HREF/SGBINER0003EY 7I,IA |Gy 35, addw2oBAaJI94116, 96, 101,
. i  op ; : .
N el A L S s G NG g R
P, RifghchtR ofsHe hvenflo nlay cBhtBiPsHgle dr Fruftidie Bmin&iakiol and K of the

cons&%ffigﬁ@éf@ei Qﬁﬁ@@ikilﬂaa@ﬁ@&ﬂpﬂrﬁ'f hl'kiﬁ@ﬁé m&;%ota&efﬁﬁﬁeqh_ ' e thafsaten Taﬁld similar
. and/or from Internal stretches of the pri I 1IN0 acCl uence. .

aminp dcid Fesidyes iy %srﬁwsgcgf |SARPH &n?ﬁa&v%{ffn@ga%% N S&f@%ﬁ%sm aad 2 which
indicstgthenoestevgd SEQinDaNEsidy@, drSEQrIR pstioaral éqxtithal@rﬂhdf BF QurE amino

acid @qﬁ‘%césu%%%c@vygerein n preferably is 7 or more (for example, 10, 15,
20, 30, 40, 50, 60, 70 or 80 or more). The fragments of the invention may

It wﬁ’leb'éfra%%ﬁ%ﬂ?égwltﬂo%e @%ﬁz@é%%Q Liuged 1&%@ QERIUNCFor the amino acid residues
of SEQ ID NOs 1, 2 and 5 present at the conserved positions (and optionally also at the similar
residue positions) to be retained (or if replaced, to be replaced with conservative amino acid

substitutions).

Examples of functional equivalents include fragments of the aforementioned polypeptides in
which one or more amino acids (e.g. at least 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 45 or 50 amino
acids) have been deleted. The fragments of the invention retain the ability (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 NC. 1 and SEQ ID Nos 2 or 5

respectively.
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10 acids or polypeptides, or they may be comprised within a larger
polypeptide of which they form a part or region. When comprised within a
larger polypeptide, the fragment of the invention most preferably forms a
YR ESHEHuUous region. Additionally, several fragments may- & &2005/000389
comprised within a single larger polypeptide. In one embodiment the
protein of the first or second aspect of the invention consists of the 15

Alt@ﬁ&ﬁfﬂ]?%ﬁﬁdaﬁi(fﬁm&ithg E6ARMNQekagt &QM%@&&%%@H?C&B@MM with a
or a fragment.there er tt r the first or
po}%%e@gﬁia%zfssﬁtec?%ﬁ %%%vaqcﬁs@g %a%ﬁrnc%gn%%@l%f\‘/alent of SEQ

ID NO.1 or SEQ.ID NO.2 or 5 or a fragment thereof. In.one embadiment of .
T BB e SR O R B B DB PP T TR o cither
(andnapyicoaiip isendeidifi deratises) 0 € Heepruvitn thelfordviso itttetti estsatidhes of the primary
amﬁgqgigggé&%g&ence(s) do/does 20 not adversely interfere with the

function of the protein. Thus, in one example the protein of the first or

- T ed in the f e
mesﬁggxeﬂgnﬁsﬁ%%ﬁ@%%ﬂ VP HAG: 'H%Xg?%&ié%'% thinn8s"Rm, %%é@' © (e SEQ

E{Fg In. Inone embodiment, a polypeptide of the first or second aspect _
ID @ ibvérffohdhaesinprlsesidetes i SESHTR A (3) which inbeesina graferably is 7
or rAGUGEsHEIMIEN oD oy pepsitlant-ss, instanee gib BayoRg. conjugated to a

bacterial toxoid, such as a toxoid from diphtheria, tetanus, cholera, H.

ThiihaRdoPHOIRBBIRGRBE. "HiS MG ROV RERINGROLING st aaPBaler amino

.of the |{1vent|$n mcla\%ﬁ: (a) polypeptides comprising or _consjstin of,SE%
acipoRBOYPLEIS; by (18 SRR SR B &) ot By PG RERHE G P Pifitghey form
a pghor asydofu Sidrep coteprisedomihiis in(a), (i) periide. The Palypaptfies andntion most
s D R s Ao AR ol B e R BAT R compised
withizt gl EeRpoifiepitéars WO 2006/052224 PCT/SG2005/000389 -14

in nature, it has been changed or removed from its original environment,

In epepembodiretdhepreotainnefuball{ist curstagndogpeptidethrioratifiprasepsts of the

seqiORCIENMPITHNRIOIEF RIS oDt 19 Palypeplide sanal et i hereof.

the coexisting materials of its natural state is "isolated", as the term is

In SHRIYSHHEIIN Tl Addilian tadhe Milities autlinedbsloe. SPalYBRRIMSIsts of a

of the first or second aspect of the invention may find utility as a
fngfigeahirar dien iR REdRN Qi@ eE RN Qrctidinty affresabieecds the

second aspect (toxin) of the invention may be located in the cell's X i
In o GRBAGME A AE tHe PRSI CIRE SUGFEN L oY sesetyhuptakadithsenvention
mafisingsiiecidditbeineqmitess(aititad hranay the lbeated dadibierplasichce(s) do/does
not%gygrs%%mg{gfg% i %glﬁn%gtllgms of Hl%nfr%tgﬁfq%'&g & P)gicy B5 tlp g ‘glfe protein of the

first or second aspect of the invention may be provided in the form of a fusion protein. In one

embodiment, a polypeptide of the first or second aspect of the invention may comprise additional
sequence(s) which increase the antigenicity of the polypeptide. For instance, it may be
conjugated to a bacterial toxoid, such as a toxoid 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 (2); (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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10 the second aspect of the invention in its chromosome and a plasmid
comprising a nucleic acid sequence encoding a polypeptide of the first
aspect of the invention also form an aspect of the invention. The nucleic
VRt ¥EFrice encoding a polypeptide of the first or seconda5p&2ttsfofyéss
invention (toxin) may be under the copgrol of a constitutive or inducible
promoter. In this way the nucleic acids of the invention may be used to

in nBRYINEREIRI, SHSh:as drashariaaviiel i@@ﬁgﬁ&ﬂ&ﬁﬁiﬁﬁ@feﬂ@wm%ﬁdwmnple, a
virtue of genetic, engineering) genes of interest such as genes whi

ot SRR FOTAICR TS PO B e B o B but (o same

polypiptielnsgiaticnl fosutie soenatimemattichswbitihrtdagatoiscesoigtof”, as the term is

ing: genetically engineered organisms into the environment as if

emp@?ﬁ%%l%%ose the plasmid on which the antitoxin is expressed then the

I o§i'tl e ARIDSRRCIBLRG, NLRRAAAINE He RUVUPRIEAL ZB of the

_polypeptide of the first or second aspect of the invention may also find )

invenfitreyrery dd ptHbnS e biesomtlled it B acredg srEeRgAnedng a polypeptide

of ﬂ%ayé@&ma@ﬁgzmxgs}fmﬁ&mﬁ; ipphgge Jwaeaei@ ﬁ@'%@l@l_@faﬁcﬁfd&lﬁnb e and a
irst ar,second aspect of the inventjon js u an immuynogen it may be

el A Y BAPR ArPELRIIER Oh I aieSt PRV P gy 01 (amttoxin) may

be lemndidatés withnade@d incrapsddiianalctdég ueildceswehieeiroiase thdypeptide of
antigencit P id ' S ] .

v SRR LRSS RIS S R FOEE) A i i

sequiirsecmsedioad ashaertfiere thErticaras aF Histimsartion wisonfeesacasragt of the

inveltiPROViIE R ISR GSERLIRVEIMIahe TDEoMRRABHDBE IRVING: BF HRAUHPIPES of the
protein ag:cordin%ﬁ'fo the first or second aspect of the _invention in a

inveRtiom SPEPhIBRSRE SPRCL G RISl By IBIEG: A IRCRHRSPreBHfsytn this way

_ the pravidedii thittipr oplylideiimoy teaisgicutimpiReaf@ipratelnaateordingyvtich express

(eiﬂateqenfeizrtlsl;['a gzgrc %gdvi%%@eo ! gefnfe reci@r\{gnnaggr? %zgga%g%?%%%%% %&ﬁdéécge%& which

IMmune response against a polypeptide o 0
expiPS BASBRe0/00D38y esuiséirse orinerd iekbagiaet of ihcbinvaptibai@uishsuch a
manfr AN GFRRPANERMAY RE M2 IR RPRLISRIR iR H A RFOEeSHRARIsms into the
against bacteria which are infected with the pf4 bacterigphage and gther
enviReHh R M e fr e Srthamrdich St dtPirteed then the cells
will ithearlio th&yhsirtine hfdbiospirtected ithmoibeibaateriophages. Thus,
protection against P. syringae and other bacteria may 5 be provided. A
A diiypepipecsfotibefiny entisnqud\dsiestadiutieidnaeidionotesylelsshidil utility as an
. __encodes an antitoxin _protein rding to the firs I on.
A R B b AR Rl W PN Boptoge
Whean copdsngbsirop theiinst or second aspect of the invention js used an immunogen it may

be presented to the patient in combination with an adjuvant and/or conjugated with one or more
additional sequences which increase the antigencity of the polypeptide of the first or second

aspect of the invention.

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

invention as an antitoxin or toxin respectively is provided by the present invention.

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 imnumogen to induce an immune response against a polypeptide of
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according to the second aspect of the invention. 10 It will be appreciated
by those skilled in the art that as a result of the degeneracy of the genetic
code, a multitude of nucleic acid molecules encoding the proteins of the
Yt U485 EEdond aspect of the invention, some bearing minfEPHEHHIBL
to the polynucleotide sequences of amy-known and naturally occurring
gene, may be produced. Thus, the invention contemplates each and every
the fpesaibleaatiaipect of peljneattol dadeqlipnoedhadsponde heybada:fy in patients in
ti ombinati based on possipl %10 chejces..Nucleic acid
nee T R Bt SR ARG SRS MR ARG oter
bactenir AICh reiprese Hestirnsfab KA firse lerinepnid rinsth vE she D antigmttietisiue of being
infedtddAvith FBRPPIGIEN frapbiC THIY CRi-RG1, MRIRCH IR S TRAY ROAPIAIRE 8 d¥eria may
cloning, by chemical synthetic techniques or by a combination thereof.
be pioyiticleic acid molecules can be prepared, for example, by chemical 20
synthesis using techniques such as solid phase phosphoramidite chemical . .
A thiihaseess o S GEAUIRCRSPEER A ﬁ’BFé?%&g"%‘ndB?‘é%ﬁg?a‘ﬁBﬁhrS‘n*ﬁoé’Fﬁ an. antitoxin
protélfganmdinRN Aol ciirst pRalganeialy. be generated by the in vitro or
in vivo transcription of DNA sequences. The nucleic acid molecules may

A fheideyhle-atrandedaisipgierdtianaadei S igenailanded N Aneaays Badiia protein

accog&%in% (?t‘[%asr%db also k%gg\mm%s the% sense strand, or it may be the
HORECO Ing Strand To5 Siso rBretred to as the anti-sense strand. The term

"nuclei id molecule" also includ I f DNA and RNA, )
1wl R LR eI o IE: o & e SAE BT Bt T dpeencte
codgaspecitidheimvehtioacitienclisyics victediagticl pivtasisl ofitbtelseandsebond aspect

of tEOIRISES 9.HORRIRIR IRlF AR SEANENER AR RS W ERRny known
NO 3, 4 30 or 6 or a degenerate version thereof? WO 2006/052224

and P‘(‘J’F@EM@B@ wgp bapindiged- (B 1hy foention contemplates each and every

possblé>fatifod GERABALMOHd ledldld ThaP\ O Chelie G Gefedital Conliinations
bas egATTTATCC AGCCAATGGT

R R R RS TG TTCCTGCCTATGTGGTTGAGTCATATGCTG
Nuc@GCG AAGCAGCGCGATGAAG .

R oIS AR P YR R R P e FrE R SR BRI, oF

in tHeAMAGE CANG GG TE€ TGHhcd cDNA, synthetic DNA or genomic DNA. Such

micfRe R Iiég%%%%é?&%g T oS AL TGkGARAR or by 2

oxin (S

comhinaiipp drecelGliearaaT rad reicraesTen Pa croesa Giacranpie O phemical

syntESHOARAL CANGTGCAGCACKTd phase phosphoramidite chemical synthesis, from
GGCTC T CAAGGTGAACAGGCTGCACTC.CA%AGTACTGAGC
2enQIUC o1 A‘”l’é‘ﬁsﬁré’)& '&@K@Rn from an organism. molecules may generally

be generated by the in vitro or in vivo transcription of DNA. sequences.

The nucleic acid molecules may be double-stranded or single-stranded. Single-stranded DNA
may be the coding strand, also known as the sense strand, or it may be the non-coding strand,

also'referred to as the anti-sense strand.

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 IDNO 3, 4

or 6 or a degenerate version thereof:
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10
AGATTTCACTTGCACCTAAAGGTTACCCAGTCAGCCAGCAGGCGAGT
CTTCTGGGGGTGCTGAGCTAT
WECEHKEZT TAATACCGGCCCCTATCGTGTTTTTTACGAKTRCBATIEASY
AGAGCAAGGCGAGGTGGCAGT .14-
GATCTTGGTTITGCGACAGAAGCAGAGCGTTGAGCAGCAATTGATCC
Antitéx e FART BAVT BGTGGGGCCAA TCGAGTGA 15 Nucleotide sequence
N .
A R R mepecrncamparaRgospayror
T@fﬁ%&@%& (IZZII‘.(EJCER%&EGGTTGAGTCATATGCTGAGCGGAAGCAGCGCGATGAAG
CAA T ERRERE TS A TE R G A PACK B RE EE AT SO AT ASIKFTETGTT
CATRNGHBAAGATTTCATTIGRRGTTCGCTCAGCCAGAATAA
CTAAAGGTTACCCAGTCAGCCAGCAGGCGAGTCTTCTGGGGGTGCT

G CGAGCTTAATACC
TOX%%&%CGTGTTTTTTACGAATTCCACGAAGAGCAAGGCGAGGT
ATGESCHRGTE AT TEE AT AGHS AN CHRAGBEIEAAACIEATOROATRS ORIGT COBRNACTT
Gecasperrafshedneanintsaiudecmianand TikagmantGaguenaesAVRereiAGAGA
AGASTHE NBTRRIA QF TEAIBE TS EREQSR-ARQIXBeRIRR- WG FetaSccaTGCTGAGCTAT
CGCERWA‘&%&&ECEJ?H éﬁ‘fﬁ%%’fz@gﬁﬁcla&ggé@ﬁ gé\ A?.Q%é%%iGGTGGCAGT

activit he abllity to ac ieve stable plasmids accor
AT} mver?hon or to A& ‘3%@85?1%%? CAiG66S ﬁ%ﬁmgg@gcggﬁggagggaqﬁmaﬁcccu

TCGH&EEON to the first and second aspects of the invention. Such fragments
and variants can be located and isolated using standard techniques in
molecular biology, Without undue trial and experimentation. By "retains

V. de wher ctlvity is retained to at
Rue eogsgtgs%a#a%égr% le. t |o?og|§%[B§tBSJ ;&%rjnay or may not be
ATT@&?#WE@Y@M&@&@BE@A@Mﬁ@ﬁ%&@ﬁ%ﬁ@@%@&'&’&c%MHQEITCCAAGG
sheigdmpunpled el aciii 5 S0elaned 0 ableast Some dediee L. o,
e Immuno Al activity may or may notbe Séﬁﬁ%‘fﬁg 4 &84
Cr e oy cArce
GGCB%%@W@WW@%@@%%WQ@W%@@@%M@W& a
particular polypeptide / nucleic acid WO 2006/052224 '

PCT/SG2005/000389 -17 or variant / functional equivalent thereof. In
terms of the polypeptide the fragment possesses qualitative biological

Typigeinithenoseisitemdmateragson sep fiostinagnesttiohtha nsgrientefede variant and
fragreel Q6 AGid-SCARNGR @Q&O&L@M@&Wﬁ@@ﬁéﬁé’v&&e@d@?#ﬁ@% Iﬁt'%ch retains
ra

unol ical or hiological activity of the polypeptlde T ment may
*mmB%rE RS FBATIRECRINECR SEHIRRIyB Sirlagitah aetuidvadrl B abilty to
achnajeesfmhla/p]ysmﬂy b&&ﬁiﬁ@&&lﬁ&dxﬂ%ﬁ@ﬁﬁ&)ﬁ&l@%ﬂﬁ@ﬁm&xf@E)re.’XﬁHtﬂl:epmpertles as

d;scnﬁjégé‘}}%'lé‘t}’ %ﬁé ﬁrgtef}l TSFQG V régnéctg%ﬁgqnggﬁ wnlr})‘%lléizdﬁ‘gg%lents and variants
reference to substantially simi ar seguenc

can be located and isolated using standard techmques in molecular biology, without undue trial

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 mucleic acid or polypeptide

molecule that encodes a constituent or is a constituent of a particular polypeptide / nucleic acid
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Generally, nucleic acid sequence variants of the invention encode a
polypeptide which retains qualitative biological activity or an immunogenic
epitope in common with the polypeptide 10 encoded by the "non-variant"
Wockielagldt sequence. Variant nucleic acid sequences incli8/5426818ieo0389
acid sequences which exhibit homolggy with the corresponding reference
sequence (e.g. SEQ ID NO. 3, 4 or 6 or a degenerate version thereof). A

or vERMOIOYAUSFEOLARCALR IMRIGRIY Al GAR! 8P FORRIRIY SRAERIAN possesses

identical as compared to the reference sequence, typically at least about

qualigriye higlpeicel &ewfﬂany%@%ap SridhetasoRPRrPaifie -y a¥stipRo dr BBgment of a
nuclfereeiat %&giéﬂﬂél%hbﬂﬂemt@q&ewmt\ﬂﬁﬁfﬁr@h&rﬁbwﬁﬁiﬁg i ai3Sical or

biolcp egﬁt;f%e oy r%a”g lldentlcge q'?le A ared tO tqe r% oYsmaﬁe ﬁegwlije%nﬁom%e foll-

ventlont eIC Cl ecule comprises a

g&epfdwﬁmf/mgﬂaicseq@@mwamwlbam@%;ss@% 8596, @B%omeans, for
exan%ﬁ&hgﬁﬁ@ai% Y28%0, or 99% to a nucleotide sequence according to
ID NO:3, 4 or 6 or to sequences correspondlng thereto 20 within the

The 469§ m%?’lé%? Oe(stqge%e ﬂgl%?ncf’%?udéf afl %Pe@énc%f Qg glxﬂ%ﬂ E\S‘xll%%e sequences.

genes in w Ich one or more relative Yy short stretc or exa

Gengplhyu sledtiges)h sspersigtrdeyied rhBivsibey Pat?‘?éaét n@%@ﬁée%l'aﬁn retains
qualiisieraaloaldaastiey8e: 8r &Mgﬁékﬂ%e%i\é@iﬁ&bﬁtrﬁﬁh%%@}w@ude

nucleic aC| sequence of the invention (e.g. SEQ ID NO:3, 4 or 6 or
encodgd Rhthes CoFraERBRdifg kBt z%a&ea*eﬂ'éﬁ]&tfo ficit tifguences include
nuclgemimﬁq@kwmﬂmmthm@ hath diegybheivadingheltrndeuelpience (e.g.

aﬁ qgne be much less. hISI because important active or
SEQbIn NG of 6 or eraig version thereg

sites may %ee‘%cf?are even when the general architecture of the

ded protein is. different. In thi tis noted that
A RO GRALHE HBATRA W 5Hh S A0 RS UL AR compared

to thdonfaimbosaglenyel dyioxatbaatideteahenicdS gfother Sraemtintiyadewibdcpesfarably at
least Xﬁﬂﬁ@@ oPbNERAFeQUENGEH T BRIy e, MR x%%@ﬁ%'l&r%ﬂ&? SLYEDS or 99

of homology to'such conserved domalns WO 200 05 22
percpnt /6086, a9 SoTHBTad i dlee GHSERITE REEURIGALity between two
nucleic acid sequences may be determined by means of computer
In opecrrhpdintens\wh e thwation chean drPasidviederitetsenb OGBS Gefagnce having a

seqleﬁsgqseq{%rqgerenv@%%ﬂ% WiscongH Paskaass ) ersign dkehUgushy, to a
g Genetics Co ter Groiﬁq575 Sélence Drive, Madison,
nucIW |

AERTGS A EY! Urdy & R SHERFRCES 5Oy oRyfine thereto
withiotho abginbtateaLddthBigtagit 4d81ed443-453). Using GAP with the following
settings for DNA sequence comparison: GAP creation penalty of 5.0 and

"V afefiBhe2 XL A QiarRen sdtyhefilde3genes in which one or more relatively short stretches (for
example 20 to 50 nucleotides) have a high degree of homology (at least 40% or 50% and
preferably at least 70, 80, 85%, 90 or 95%) with equivalent stretches of a nucleic acid sequence
of the invention (e.g. SEQ ID NO:3, 4 or 6 or sequences corresponding thereto within the
degeneration of the genetic code) even though the overall homology 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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Nucleic acid molecules may be aligned to each other using the Pileup
alignment software, available as part of the GCG program package,
using, for instance, the default settings of gap 10 creation penalty of 5

Y EPBES RAdth penalty of 0.3. The nucleic acid molecule maRL-AISHZHEIRRES?
within its scope a variant capable of hybridising to the nucleic acid
molecules of the invention, for instance the nucleic acid sequences

The HeflRediNeneltdDANAS; &M&%ﬁ%&@@ca&en%@iégwsszﬂ&gee%tmnmd by
more preferably, medlug%strmgency and II m prefe(f Iy,

means; i FHBP o RTINS RY BithS AT T %ﬁn rﬁ’ﬁ‘i}” Br 2.5%%8 fogram
packﬁlgfbl‘{ﬁlﬁgfﬁmn pearforinéa abs0DGEHMmEx Bsadgsyitardoaxperimentall 996, Genetics

f
Comﬁgxga 22%%‘79%‘85%}@?%“ i ag?é;%?s’&dh‘é e'tﬁéﬁ'%“}‘ﬁrf !f%dlfelman, S.B. and

0 a specifi may involve presoaki ilter

Wml@@int&hﬂwg(é%@lbvé%ﬁ@érﬁél@dﬁfh@h@é@@&cﬁﬁi&%@@mlﬁ@wm GAP with the

fono%%@&&gm andhprehybiidisatign.sidhe dilter dpaisalWiam9f o5 Xs3Shnd GAP
enhardt's solution, 0.5% SDS and 100 g/ml of denatured 20
exteudpfdatis8iidn sperm DNA, followed by hybridisation in the same

solution containing a concentration of 10 ng/ml of a 32P-dCTP-labeled

Nuckioseiforplesitii Sy approiansdtéty sk ofendebiadhed it taldenment software,
availApRr @Wm@tmﬁ? ﬁ%@@ﬁ?ﬁ&ﬁﬁg@ Sambragketalcd 198AHMalesstiales of gap
Clonin Iﬁ tory M nual ? jtion, Cold Spring Harbour, New
creatpR pyn %1 A %?Peﬁ’ 5% WN‘? 6r 30 minutes in 2 x SSC, 0.5%
SDS at least 55C (low stringency), at 25 least 60C (medium stringency), .. .
The gppleie e nglsedimaighSiRAYEn &iihin 1S S50p0 & YRRGR: SHRRG LSl Ay thidising to
the @idersicldGiduentdtigh bl ingemniyy), ‘fdaybﬂsitsﬁhahmylae dﬁtE@éQﬂbb;es defined in

e of the_filte to an er there are
SEQconR[%g d’ Fac?({ ﬁ( ePllmwtﬁ rm(e IS Feloin V?I’h}:% dium stnngency

ditions’an ors, We nown to e art,
and f5¢lbrmonsy et fiorabiter m@smmwney ofh%n&ﬁsag@WYFbeﬁétm m@dﬂms may

and n 30 co sition) of the nucleic acid to
COH%SQC%'S][) é%br?%a%}g eC| nuclﬁyc aci céﬁggntratlon of salts and other
mponents, sych he sence ot abse f formamide
Smt%%ﬁe%%‘é‘ﬂ% g% 5% uf@?%ext%l fan suﬁat%v%nolil%\é}é}fe 2gid molecule
hybriyes| tete; spad fateningeih extahmer atydvof e dakinidishiditendotlaining 2 relevant
sars (23010 SIERS: EHENB il &2 Al gR SR G0sRlA RIPHEL RS IRon of the

or not two given nucleic acid sequences will hybridise under certain

ﬁlte%ﬂé@.%ﬂtwmfédh§sﬁzeédﬁdm§lw@ss apletiemBave 1 thand K6 pee| of denatured
sonipaeinQahdesciibad ahexe singwietesminatiRnagte Whetheisevaliaindn containing a

nucleic acid sequence v\gil hybridise to the nucleic acid molecule defined
congenieberdeintengiti wiesfodtdshlsbeled probe for 12 hours at approximately 45°C, in

accordance with the hybridisation methods as described in Sambrook et al. (1989; Molecular

Cloning, A Laboratory Manual, 2nd edition, Cold Spring Harbour, New York).

The filier is then washed twice for 30 minutes in 2 x 8SC, 0.5% SDS at least 55°C (low siringency), at
least 60°C (medium stringency?), at least 65°C {medium/high stringency), at least 70°C (high stringency),

or at Jeast 75°C (very high stringency). Hybridisation 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 salis and other components, such as the presence or absence of formamide,
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of the invention (e.g. the nucleic acid of SEQ ID NO: 3, 4 or 6), can be

based on a theoretical calculation of the Tin (melting temperature) at

which two heterologous nucleic acid sequences with known sequences

AN RYEPEE4 under specified conditions, such as salt conceRtrEfGR &{epe38o

10 temperature. In determining the rogiting temperature for heterologous

nucleic acid sequences (Tm(betero)) it is necessary first to determine the
dextRe BN PPStatIed BRtepag)Mden hanglegauspualeie itk Bgibtidinain and/or

The melting temperature (Tm(homo)) between two fully complementary
wasHii&iPcid strands (homoduplex formation) may be determined in

accordance with the following formula, 15 as outlined in Current Protocals .
Furoh e HPERISLYE Jor LRSI, TE8RAEr TG BiRoy S rage ecid
sequed@HYNDLV e 4b (o EEhinG:ictifRadfornd)ti 600 Lacddrdinignotesnthiéernative to the
em;%fclqnge fo@%%%:\ﬁ%eea&] ta%a%g,n%e%d%t%nﬁigﬁt%%agw?o(?»'iaaﬂg- & tgéﬁﬁt(ﬁﬁc@&c acid

al’number of bases in the’sequence, orm = % formamide In the

seqimyisr ciShtipbridistise, thnaueBic achedenyln drfinedrin erserduser sl Bisdiowth aspect
of SRR R e ahenve farveds e Tinohah ey dunl ax Batan: theoretical

(Tm(homo)) between two fully complementary nucleic acid se Ygences n

I
cal gt b pth EUpIHARIERIRETHEE) GF RNECHCREPORGISERISTRIE BRI feid sequences
Wit SARNRRudhin AR MR 4Rl ddoJIIRIED B MG eQlid 6.5 SRRURREration and

between two heterologous sequences equals a 1C decrease in Tm.
temppatdore, the 25 Tm(hetero) for the heteroduplex formation is obtained
through subtracting the homology % difference between the analogous

In dsequanios theguelingriemrtiia erdstriel propeasliriBed stBvacHdinmttetero)) 1t

is T(r:rég] e 5%%590614%51%@%&%% %ggﬁjeoao 3@9 '%9 f%rfﬁmn%ﬁ%%gs Aicleic acid
The invention provides a plasmid-which comprdEe & icleic acid sequence
seq@énintelst aetnyhishpreplicaid s inRaciestavibynvwinichilliecreplarteatatyaucleic acid

plasmid is capable of replicating in bacteria) and which is ili by th
S REE PSP T AR AR BLES B R A SIS URg cormie

as davenrtion Gndeat Pusieiclasidvaepibnddidogpyr divhg WitkeasliBins5188pest: of
the invention. A sixth aspect of the invention provides a plasmid which

COMPYiSAs, A JJHchis asidIBeuaron o0 . Hiesest pnleviteHfuep)icaes. in

bacteria’and which comprises a nucleic acid sequence encoding an

antitqxin ngé?ég tg%(ﬁl)orpakngc to 1%2(%1 [hird aspect of the invention. The

plasmids of thé sixth aspect of the invention can be used to transform host
cells %d@':cu/}gganine {G) and cytosine (C) of total number of bases in the sequence,

% form = % formamide in the hybridisation buffer, and
L = the length of the nucleic acid sequence.

Ty, determined by the above formula is the Ty, of a homoduplex formation (Tmhomo))
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 Tyy. Therefore, the
Tm(heteroy 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 Tm(homo)-
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10 host chromosome is irreversibly altered so as to produce a protein
according to the second aspect of the invention which is toxic to the
bacterium. Expression of the protein of the second aspect of the invention
YR8 Hder the control of a selectable or constitutive proffidteF2 014389
the host cell expresses the protein gijthe second aspect of the invention,
the plasmid will be stabilised as loss of the plasmid will result in the loss
A fifof iheanitedrfromidhoreidand thesiaxdinveivbogethhyeslb thediaatétiatquence of
. . _chromo e will no longer be.neutralised ther leading t eat
mtereéw ;‘%@‘{ e lbﬁéé?%l%fs%f%ce?%&t Hgs\gglcﬁgoﬁ%eg%\?sthﬂt%%gl%aﬁ%ﬁ%ﬂ%n%pable of
repligéingtio rhatieria) tiah whicbde sahbidedpbstdhe Frebraee 0 rid mspdetasidhequence
accorMUEAN: AiREYSRED ASREGhRhLIRG IeRtieR REAUHEs REIASTIL IR the fourth
comprises a nucleic acid sequence of the fourth aspect of the invention
aspech @I BNSEISBId sequence encoding the ParE-like toxin 20 protein)
. whereby the expression of the ParE-like toxin protein is driven by a
A sixihomrs@rofell BTOHSHBERESH sarksmisleBIPESTBPE GrRUtTF 4t sequence of
intert¥hgr@inihe Rpraticeiivdaprotein sarpdisariheuoieieiaciddsegienacentoding
the fourth aspect (§f thil v%gtﬁn compuses. a cl%ﬂhng site e.g. a multiple

0 oA PSR TRCET 1 s

S Lk ect on. . .
ereby &g e Shgerion of a nucleic acid

f int t. H ,.th th t of the ti vid
e R e P B R S B S B e e
host iventismmas sitargedyr ditsedionat tngetivation pRtrucielordtid s drusacrd aspect
of mgiﬂvé%%%m%E’seté%%ce{&%ge'ﬁ&%&%m Yple.Sanngsie hmtiing gég&aeglspect of

site. Disruption of the park- ]n@gene would follow so that functiona

the ipvgrRiqikeEneydn PROtEiHGesIEcoh HeclsahrtlssRic ARl HBI ITaRKSERiNGhgn the host

cell HlpSNId gamRiising the RudpirasidseanensealoBigshssiine@bilised as
aspect of the seventh aspect of the, invention a.nucleic acid seguence of

oss G EHBEPHAR DEEH Gl HE FRLITAIE KIS A TS B fhgreoded by

the batastaldiobthessaverithnakpeet b thetialiontiterabiOc2006/0521 2dath.

PCT/sG2005/000389 -21 Suitably, the plasmids of the seventh aspect of
Suitdhig, ifveptionidowiliseiathelgetabi€ tixatkemsivohlads fugenealvpiohtic material that

encoﬁé‘sca‘?’%%?n%f%tt%lﬂ@tﬂ’é‘%&&ﬁ%@éﬁéﬁt@ﬁﬁé&}ﬁ&&%&” antibiotic. By the

Inclusion of such a selectable ' marker those cells which comprise the

A se l%ﬁ)nysdp%t %}ethse%g%ﬁﬁ]pﬁiggg%ﬁg aé%ﬁ %ﬁ@h@%&%&e&%%giéqmd sequence of

ence, the plasmids of the seventh aspect of the invention provide 5 a | _
the forstingsereinalitbe (ntretipméinia avrifiriseidiemermeicselingetirehedidike toxin
protdfiP iRk dicihee RIS SOMPHSE HR.PaRIstofeRe iplag tid 510k thediti: (e.g. a

sixth andn%%ven h aspects of the |n\ﬁ££f?n includ ec[)fn%tlf: m;[:ltenal \évmcg]ncodin
cons By 2 TR GTRES RSB A0E S 8 St L rtein coeoding
the preelicciinn squence of the fourth aspect of the invention comprises a cloning site e.g. a
multiple cloning site (MCS) to thereby facilitate the insertion of a nucleic acid sequence of
interest. Hence, the seventh aspect of the invention provides for the use of nucleic acid sequence

of the fourth aspect of the invention as a target for insertional inactivation. A nucleic acid

sequence of interest may be inserted into the multiple cloning site / multiple 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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expression of the nucleic acid sequence of interest; and (ii) capable of
effecting expression of the 10 toxin protein of the second aspect of the
invention (although of course this is subject to the proviso that in the
pPasatids ti2the seventh aspect of the invention the parE-lik&gerezatalpuoes?
disrupted and hence there may be nogfunctional ParE-like expression).

The plasmids of the fifth aspect of the invention additionally include

Suif%ﬁﬁﬁﬁ&@l&bﬂ:iaﬁmsﬁ_ﬁﬁﬁtfa%%%{ﬁa ﬁfqﬁﬂﬁgﬁﬁﬂ ' @laogagzt%@%arker such
Irst aspect of t Inventi AtwW e reclated that t e plasmids the .

= 2, G B e o e ST A0 6 A D B e efesion of
suclse éd?@ﬁhipeimdt_@‘. ﬂmpmﬂﬂqmixégmmmeswa@ﬂmfdmbadﬂ@ﬂo mspect of the
inveERSHIRG, REOAUCHONA S XRIRSSIRR ﬁ&ﬁﬁd@%@f@s@@&ﬁg%%gﬁ%egg AVEIRSY provide

the toxin protein of the invention and the antitoxin protei Invention
A IGANSHR iR W H EPLAERE srmatises e apclvikpsidesnmasavfidntoraly med (i) the
cellinehugageithdpryphdasmids include promoters, further regulatory and/or
~enhancer functions, for example 20 transcriptional or translational control

TheSSlaMBIISEST SHE AL, Siath QLSRN GRH MR ARTUPHANM ARG Obenctic material
L . In the_case of the plasmids of the

.terminatqrs, ribosomal.binding sites etc . .
i e RS IS 8 L e el (PRSI Rfpduction or
expysrsteiny drenolexpad seghemder inerantiatidfipcaindle pfemetaig b@bssion of the
al \Y ime roteins ar ressed separgtely an
s SR AR R SR S o o
provigh &pah didhcop aseidha il ssent: fisheahdfsikenimsptions the threFitikertion may be

disripRy BecCpaRitutive @@W&%M&M%ﬁ&ﬁ@@%@sﬁ?fﬁ%ﬁ%ﬁ% of the fifth

tc%x(i?%ﬁ]gd, antitoxin %{ uences are under the control of inducible )
asPesto ré‘.“§§}t{?§%r?§ Bl oo RsRe iy daie A mibish stiEeals expraseion of the
antigomirpliecidoyf thardipttatiay cliherereamidiiidnsd: Ditementindecihle 80 plasmids of the
SRIQMOLSS £ th titoxin and.toxin sequence. In this way,
cells can %393% ec%lli\k%e%glélgi ”é?j%g?{%v én “F’evaiuw%% i g%%ﬁf%ns,e\iﬁggr%n 167

A ' a3 Wi ective inducers of WO 2006/052224 . .

P e e St R R g gf e e
acidaprgusseaninidiatest the duieargtie of theetewtntin bed dbafimtiegim erotein of the

inveRBEERAIBE waelaiecd aRavenees Af dtaresthie PIaRRNdRRLEGY be included in
ventl n.Convenlently contain one or more sites %OI’ insertion of a cloned

[
the plagms S PENEO PR T THERGh SReleiRiZatd/s GBiinsHe RGP for example
trangndptiotet regionsiRiefiet ajlytyoh ukiplacesgsurhleasit@06:83stdp RAY MG ptional

initiSHEDJPREHIANICRALG EARIRRT Neclprs containing muttiple restriction

sites have been constructed, containing eg. 20 unique sites in a
In tt{%OJXQQ 5? Eh§f5'l'cji§5%ﬂs%? e %ﬁﬁea%ﬂcggt 183 ﬁ{é I?r?vgxgtion, in one embodiment the toxin and

antitoxin proteins are co-expressed under the control of a single promoter. In an alternative

embodiment the two proteins are expressed separately and, under the control of different

promaoters.

The promoters used in the construction of the plasmids of the fifth and sixth 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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a desired gene are well known in the art and widely described in the

literature, as are techniques for their construction and/or introduction into

the vectors of the invention (see eg. Sambrook et 10 al.). Persons skilled

WOHEHERRA appreciate that a wide variety of nucleic acid sBHHEREYE/AYESP

be desirable and thus many differenttypes of nucleic acid sequences of

interest will exist. By a nucleic acid sequence of interest we include
eachnufcleigacisl pegusrasivwhiohsdgidneasanactihefithevondf jotereBiofergst can be
conStguences which act as sRNAI's or antisense nucleic acids etc.) and 15

5186 hucleic acid sequences which encode polypeptides of interest. The

olypeptides of. interest may be palypepti hich are in.themselves .

o B L s R S e cqmyententy
contpirpoHomarE dief felHusutivbatle slraddransde siretk prodors TeelsisBenwiss, located
dowl iR AN BRI 560K RN56:OPIBISLBH, WINEIIR RSN {NEPIASIIES 20 or more,

according to the inventign 20 can be any sequence which encodes a
such, iBReTHARhTdRSIs2Et [SRAFRSE e HRCHPS: SRITABERE NTEFERIO TSRHIPR afiteR have been
consiseatdotdieoaialis2 Mg ERqien o LaslfihRsligtubR gemdgasites for insertion of
2 deSRISIGAtany, PN SSauence aasx{)!{&%'let Cs%r'%%%%é@‘fi‘%%h?l Re I an¢ Techniques

SlC PR nucleic acid sequence gﬁn erest Which 1s presen% Inthe' p asmlas
for theizoaisignmithamhdantivndadivib et i wictasioSbguevodiohiste sgcSambrook et
41.3.0ne or more enzymes. The enzyme(s) may, for 25 example, be is useful

in bioremediation or in mining, e.g. in mineral extraction such as gold

Persl 90HRA "t‘f’i&eéﬁb\%ﬂ%ﬁ%ﬂ%%‘fig SRACNSE FOFRAAS:R RIS Rhnces may be

pharmaceutical interest which is_selected, for example, from among

destgbhs Ard Sl gy A ERRCEY, thesihed Eslelg A SRimeacehrbEbRIRRh VLl cxist.
interferons, TNF, etc.), growth factors, neurotransmitters or their

By & seliscieidpegncarz ghisiorst Smindsds iy eidmacidcegousospbish sequences are

men%%%@@rz%%@@@@h . H@eqﬁé’n@@ m@ﬁﬁﬂmctl% @nﬁmml%ﬁgauml Ridni@ERSte.) and
will be a gene which is nof naturally related to the plasmjd. Whilst it.i .

s S O UAIGE VAL h & U0 RGBT S PRSI 1o Z8Repides of trest

mayehebpelyperiidelt widghbedhatthernkelvaciddtithe.de shezebprtidalty. Thislnpagteins) or

Whigﬁ3 ngeuygﬁﬂr?nnﬁﬁj go%égiﬂ)‘i grdﬁg'é.{'%iaft%n[)%i@ggﬂéﬁzgp%@ésﬁed product
gene therapy. See US5,922,583 in this regard. An eighth aspect of the

resppfvation provides a bacterium transformed with a plasmid according to

the fifth, sixth or seventh aspect of the invention. )
The nucleic acid sequence of interest which is present in the plasmids according to the invention

can be any sequence which encodes a protein which is of pharmaceutical or agrifood interest or
which can be used for biocatalysis. The sequence can be a structural gene, a complementary

DNA sequence, a synthetic or semi-synthetic sequence, etc.

The nucleic acid sequence of interest which is present in the plasmids according to the invention
can be a nucleic acid sequence which encodes one or more enzymes. The enzyme(s) may, for
example, be is useful in bioremediation or in mining, e.g. in mineral extraction such as gold

extraction.

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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Methods for introducing expression vectors into host cells and in particular

methods of transformation of bacteria are well known in the art and widely

described in the literature, 10 including for example in Sambrook et al.,

Yt BR¢troporation techniques are also well known anBGAieek)0s/000389

described. The range of possible hostgells is broad and includes

Gram-negative bacteria, as well as Gram- positive bacteria. Suitable
Gerllafa-aRoaiiva dadi sanRabidd alteaieniispeaigsdneliching ntmaturally related to
the efgan}BIe, Escherichia sp., Salmonella, Klebsiella, Proteus and Yersinia.

B Hon-enteric bacteria 15 including Azotobacter sp., Pseudomonas sp.,
NSRS AN, S AANEE Rcamers i
majrrﬁimMmclmmphmmdmymmugmmmmmm@ndzvhere nucleic acid is

desitHIDPEIUS SRR SRR VS %&%%%@%,Mﬁ,@&m%%& include

Clavibacter sp. In one embodiment, the host cell is P. aerugindsa. 20 In

An BHSLRURAHDEN GRS FachPlh QAEE%EEQ@G%{?J f&"%@gﬁ&‘(ﬁ’ﬁ&%@r&ng to

provides a method to replicate DNA contained in a plasmid of t
the S WREHEtRRR I SHBER ERUring bacterial cells of the eighth
aspect of the invention. Where the bacterial cells comprise a plasmid

Metheds rdir b HECHIE SHERIPASHRIOST the PRENSRNS, a0shdhoatiulpe methods of
ﬁa@ﬁﬁi@ﬁ@@'@Bgﬁ&fa%ﬁ%mf}?&ﬂ%ﬁﬁ&ﬁé?ﬁﬁﬂﬂﬁ%ﬂfﬁﬁaﬁhﬁﬂ%ﬁi@%g literature,
. engent on the presence sald plasmig in . said cells. ere. plasmi

incfi e B AR P B T S SRt R s e o well

knawnentlonidulayddharibed.comprise recovering the desired DNA from the
culture. A tenth aspect of the invention provides a method of producing a
Theratgirodpmbiiskshoth edieihbobadampiisinges (liringebaitte hateells of ¢k as Gram-

ight ctof i ion er_condition 0.200 2224. . .
P e o o U SR O S ST s g,
exafrpig. thchiie geiddammeleddeingdiodtrape 1edorering said prowiises bacteria
incia&eﬂggq;ﬁb\%gﬁa?%e%W&Eﬁﬁ&mes?@ﬁﬁ@bﬁﬁ%g@mﬂ?%@ﬁﬁ%m_ftxci?embacter

according to ifth or sixth aspect of the invention, the cells are suitably.
SP O RSTREP G Ter COTRRRE B et THEBERSB Ry QPE% 1&?&»&‘&%‘6@3&%2‘?@%&%
Metyltiphibre seabelofrspiad | Ramidbimsaisl eabis Thivkaciithe g th@rbaxioairidéobacterial
hosWB?&% e %@d‘iﬂgﬁﬁér@s&ﬁ%@rgf inducible promoters appropriate

cult ided t

ure conditions are prov 0 activate of the promoters. In this

id Is stabilised. Preferably, the bacterial cultivation
In ﬁ%%ggéén%g Jé%q{él’]a%%géﬁ gée}r%ecr%t’? rzlgso%cfathe bacteria.

In another embodiment the host cell is E. coli.

A ninth aspect of the invention provides a method to replicate DNA contained in a 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
farther 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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Whilst the present invention avoids the need for external selection

pressure (eg antibiotics) the 10 plasmids of the present invention may

nevertheless include one or more genes conferring antibiotic resistance

VP H8dtSEB e ctable markers. This may be useful in ensuring? fHeSEGPAEEP0389

plasmid has been taken up by the hagtcell. Once the protein of interest

has been recovered from the culture it may be processed as desired. In
wheoihe smhbediwientfiiteesove redpraidifidtinthy becbiraveld detheprotdinnisrest, and
Ieco%gﬁeg%ﬁte girgtgﬂ?oﬁ%t%%@ T%g%%% 'oC% (Brotein or as a pre-, pro- or prepro-

n o

protei t can be activate gavage of the pre-, pro- or prepro-

whiQHN 0. produc an active @ﬁéﬁ@%@'{)&% gﬁ'l D pich.polypeptides, .+ of the
the pre-, pro- or prepro--sequerice may be a leader or secretory seque?‘nce

invegipnaihp scllsamuareahtiralteshplisy ciditionsificaaieir dheheahibituief said cells is
depdRbiReRtide peaspIcE N APRNSE FMBRMIMENtTHS, FREQSIRN ARSI MBhtitoxin

be purified. 20 An eleventh aspect of the inventjon provides a _ .
Ben GBS PR CAPES i JBHRSEPLOPRYRSIFG 2PISRHATURIHEE SRRALI R8st Provided to
actieighthtiRspeeaiaéthdnihie atiencShehibaaie fiostbilided. used to deliver

antigens to a host immune system by expressing the antigens from
Prefg@bBijchibiadnhicantaumte mwidiaiabasienat ive yeriatiohbefantigansria.

may include a wide variety of proteins and/or peptides of bacterial, viral,
Whibarasife.emotheseiigiaviiana vt dspestidhelantigans sreadeded)adibiotics) the
1asgl11 Expr sésic%gsgrll?s}m‘ifggﬁ%f the resen ir‘iventjorg9 e cancer vaccines. In fort]
P yet'anot er%spect, e anl}ign(leEl s he Sﬁsﬁylﬂﬁ; K& pﬁ%%rﬁfdgl g genes conlerring
antidleSig st tmysrovokbearsdnonbie reskorséitts matodntigefis, B esuring the correct
plasﬁ%@@%éeﬁ@ﬁ(&ﬂp%@lkﬁ@‘ﬁ%&t%ﬁ.WhiCh are implicated in autoimmune or

immunological diseaSes. For example, where inappropriate immune

OnciBROPRAER S iRIs A A0BS DAY HSEUE SR SRYIeRMe Rl @U&@Q@a&%ﬁ

vaccines of the present invention may immunize 30 against t

In AHQABHGRNS %&%HJ&%?Q&%J%E}Q{%E@H [SERRIPES %ﬁefppo%m@.@gmsed in the
& responses and WO 2006/052224 PCT/SG2005/000389 -25 ameliorate

HiBiogEOlesr SaNIINE-sDh B EEPREUE sin Mot Jeiatidvpict dxtiepvage of
the BAYASHBCBIGEFA HoRMS S priRBIale sitivd mRRedhR 0pstanal livenwe sii®eptides,
th currently under irlvesti%?tion ar?? agfngated ente%c;épathogens (r%'%"’b

© BaintoRelatyBht, SHYEHE, Vibrs enoferas), EEmfienS g or may be a sequence
that inetrghecitlder pirBireptoodtbe sigbord goil)mpt dicensedegaccine strains
(e.g., BCG). S. typhi is a particularly attractive strain for human
In apeibcirtanioninvhe tbe hecoramsignoteh bastbsiabioéitd.are administered to a

subject, they are administered in an amount necessary to elicit an
An ielwvente repponsk thihidhveoinde rgriomitienity fhainesuitjedt fonthesition comprising a

bacterinm according to the eighth aspect of the invention. Such bacteria may be used to deliver

antigens to a host immune system by expressing the antigens from genetic material contained
within a bacterial live vector. The antigens may include a wide variety of proteins and/or
peptides of bacterjal, viral, parasitic or other origin. In another aspect, the antigens encoded by
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 anioimmune 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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protein or peptide. The subject is preferably a mammal (e.g. a human), but
may also be another 10 animal, such as a dog, horse, or chicken. It is
contemplated that the bacterial live vector vaccines of the present
YWiaeadx28A be administered in pharmaceutical formulatioRS TG34E /40389
vaccination of individuals, preferably.-faimans. Such pharmaceutical
formulations may include pharmaceutically effective carriers, and

amediptie diby diveayen Clodexatipde, thelapehticing redibatdisucaS v areiisy myasthenia
Aditvants Hﬂ% inthe art. 15 The carrier or carriers must be

& pHar\@aceutlcalIyoagceptable in the sense that they are compatible with

AmilE thetapau 1@9@&@@%@% re not unduly deleterious to the, recipient
thgreof@hﬁﬁera})eutic ingre %’n%%fn@%&%&ogrg%ﬁ%ﬁgg meg(l%ﬁe%c pathogens

(e.gamdtimeantipirdtitlincy HedissaY ity aghitsrathe dsinetsiism (malogieatobacillus,
StreptiR6bcldI @ dRRAR)OhROMIBISHANARARsHasR0R formae Wil affectihes » particularly

therapeutic_ amounts of the_ 20 compounds which are desirable and
At RIS PR SBETIHSR- application. The bacterial live vector

materials are delivered, in anp amount capable of eliciting an immune .
WhEE R RCR TR BHAEIaD THEABAGA Ao A AR e Fdyiisseed in an
amdmthee@xpgssedioititanbhinibtordspondo witer datifethietargagars subject for the

tigen(s). immunizationally effective amount is an amount whic
B Bl Py o B ths SO Ay enother
anirg{secfag dilabersasopshackebared to such abilities in the absence of

_such immunization. It will be readily apparent to one of skill in the art that
It ishporinairiedvithviathdobeeidrioh thctorsctucirasithe vethhtaasiiealtiion will be

adnii@ERAIRIEPhIBE MG AT RIQIGIROLPERTIAR REING EXRIRSSES 11RRRE:C referably
infectin organism beln% combated, and the mode of administration of the

humagis, SyShipEmpRRHS LapRi R N6 IR Ahenmstisathe afsstisraapriers, and

optistildheapeansiantiorn meibads iabraf-aalivesing e hacieishiva e &0t the art.
vaccines to a corporeal locus of the host animal where the bacterial live

BT e e

. - ivery mo may include, wijthout limitatjon,

i, B A RITATGR oL RN AY RGBSt B HErEos The

therppretie magrsdibdy imjdotiodidmsnade proaidedtianus eodanrt M ifrtadecmakcessary to

achidurswel AsnendhaseRterl.£e.9., oral, nasal, intravaginal, pulmonary,

opthalmic and/or rectal administration. 5 The dose rate and suitable

ThedRRAGS oM s, Ragle r-@c@i\é@ Y&‘fﬁgr%ﬁf%ﬁ%&%%%%%ﬁt% mﬁ“ounts of the

present invention mag be readily determined by those of ordinary skillin ~
comppunds WhisB gt feradlspdimtisatitsionesacsatpn enpinntioantbe goterial live
vectiitengetaimiradidivdpdinigues@ad capable of eliciting an immune reaction in which it is

effective to increase the patient's immune response to the expressed mutant holotoxin or to other

desired heterologous antigen(s). An immunizationally effective amount is an amount which
confers an increased ability to prevent, delay or reduce the severity of the onset of a disease, as
compared to such abilities in the absence of such immunization. It will be readily apparent to one
of skill in the art that this amount will vary based on factors such as the 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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conventional bioefficacy/biocompatibility protocols. Among other things,

the dose rate and suitable dosage forms depend on the particular antigen

employed, the desired therapeutic effect, 10 and the desired time span of

Wﬁgﬁ%ﬂf‘ft?%ormulaﬂons of the present invention can be preeHt&d 4epoo3s

example, as discrete units such as cé@psules, cachets, tablets or

lozenges, each containing a predetermined amount of the vector delivery
Deliggycropdeoimas anstislse ngibautT Hertietivn, qomeptisii gidanioi gratmmatéciabds, such as
subcV4iRBLS thersofrasans “inGIndings orsoRsisting. &éﬁ%ﬁfo&%ﬁﬂﬁéﬁm (M)
. acompgsition "comprising” X may consist exclusively of X or may include ’
miragrEmat Hokera Rt G A RoRPRTSBIE M- 2 tBl s p BiteseiRakndmpgmry, opthalmic
and/previte admiefiratbfior vaccinating a subject comprising administering to

the subject an amount of a bacterial live vector vaccine sufficient to elicit

The gﬁsiﬂfmlﬂﬂe geﬁ@geﬁ?sa@;er@@mﬁ?f m&@%m%ﬁ@ﬁé@d?ﬁ@éﬁ%&%posﬂéons of the
clerium accorain . I aspect o Invenuor). IS may be
P R R LA TR A o e

achieve administration o
expeslopatatoaspext vithefnventionitatheapdiieht. Althirdseathiaspect etbagpes and

coniNRAMRNRIHERS B baRIEHHR AL ANEGC R BNRAREEO M sose rate ana
_invention for use in medicine. A fourteenth aspec of the invention
suitable deregtermsclencab ae ibamarticloranigen wwleisdiiho Yesbpe thayinhetic effect,
and Ay assia megpmmm{ﬂ@f a medicament for vaccinating a patient.

The polypeptides of the first and second aspects of the invention can be

Forngatldes S epnpiian eavafiAnoRe wedada anY, GhRMaNRX OfidikGrete units such as
sgeemrl%tecrérllq;es. Such compounds may modulate (agonise or
CAPSHCT FERISE) (B B SL6REsT £CR0ISPBRIPIBSh RISt firapwrt of the vector
delheeyotdecaspeot of athegesdetion. Such compounds may have utility in
treating bacterial diseases, in particular those 30 mediated by P.
The demginosaiiigtaikdpdioniaticahraliing hiefites nisapartieuladiiy” or “consisting”.
' biofi ne compounds, also find utility .in treati .
e A e L S ST oty R e may inlude
one gy ePBBerBLEBBEPnaTsto various . genera including, for instance,
Aerobacter, Aeromonas, Acinetobacter, Agrobacterium, Bacillus,
A tpdBhorsires B dhoetentBerianyidrueahsthod fonrmatobatteriarmybject comprising

adminRRNORAME SubEEe BA GBI ASH Al T RNERREI L UL E IRFRRACIR  elicit an

Enterococcus, Esc erg):hia, Francisella, Haemophilus, Hafnia,

T B ARE Y RS B L AP SR R e iSteRec BV ? paFETATMEF aseing to the cighth

aspeftraté ubs Anyeidencid HesengomonahicSednonellmisetratia, oh igiedlapharmaceutical
comBIRABYIGFRC N RIERIRGPSFHS il BRI B Safpmonas, Vibrio, and

ersinia
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 bactertum 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 techmigues. 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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Accordingly, 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. In one embodiment, the method
EBHIAYeE Yontacting a test compound with a polypeptide of HHECREAIQEH
second aspect of the invention and determining if the test compound binds
to the polypeptide of the first or second aspect of the invention. The
to neettwrd rgenefarthesriedingpriser detstmiring4tthédeast, cadepouokhenhariee®bacier,

Agr%ag&%%ﬁs%%MQCﬁWé%PJi&ROQ@%&;gﬁOE%‘?eﬂra?t é%&ée@l%‘?gn % S Macterium,

the invention. Methods for determining if the test compoun ces or

Cangulalassers 1hdrba618) ofdas6ridbapt deasmrpbarfetivmscEoisraspett dintiseococcus,
Escnw@mﬂ?wmﬂk{f@lwmwmz@}e%ﬂ §L¢Mﬁ@dﬂath&,aﬁz@ﬁs@em|%@§wt%a, Listeria,
example, docki (periments/software or X ray crystallography, In one _

Mo g OB oL TTSHERS o SEHAN AP BOTI G e Shiseli

Stapipllitptonadirdgiocercantdgpniseth CbhiwidimgafsHéipratein Gttheifirst
aspect (Phd-like antitoxin protein) of the invention to the protein of the
Acceﬂlingiﬁ,@sﬁﬁeﬁlmﬁ medch@ﬂie mﬂbﬁxaap&hkkﬁm(qumwm) i@ dthmg an agonist or
anaBONREBHAG Al e RURRIBR NS it SmpIEd Rl ScrsFAIG, DGeds o
e Invention may be fee in so ution, a ixed 10 a sofid support, borne on

In oReSGHRMERSE, Fhdosaled inpracellularly, Fest Gampounds (e nate “E‘IP' eptide of the
agonist or antagonist co_mpoﬁ_ncfs) may corhe In Vanous forms, The lﬁ’anﬁ}g
firstriteeond ravgifieel Shibsraeator rngniisteraindpgoit teenteiftorgamioind binds to the

polyRIGEU ISR GRAD S A 3UBERL OF HORGEARRIANE ROIRSHIESPRMRMIR comprise
2000Da, preferably 800Da or less, 25 peptidomimetics, inorganic

deterranle RS et R aptRASs CaiBtaRSS, ke o FobtrsREfe of the first
or sentniétigpoof ﬂfetl&fdneanﬁaﬂoh%ﬁe&_&@mmﬁmﬁg m&%ﬁs@@i@ﬁdﬁ@%aﬂc% or
decr Qs AP 3e S T T PP AR 13 £ D TIE S0 IRLE S P Bhtion will be
product mixtures. S ONIStS or antagonists may Be natural or
knowpouifhetiossbtiades, thgardwddnelpdre soresemides drckingotypatiorents/software or X
ray @Mmmetics._%r a suitable review 30 of Sl_Jch screening
techniques, see Coligan et at., Current Protocols in Immunology

In oé“hfbbanieht 2t IRdhoVARRINOR22HE (b LGARNRACR 81 Afhiity ﬁo agonise

Compounds that are most likely to be good antagonists are moleculesthat
or apiRgPRSthEe JuR PR RGR5r RFRSH ehtisnitTtrswe s dBbihlihatsitrigieaptein) of the
invenfferts didhapblyiepiidedonphincing:trieRoleatiaPartdgenisthipaie.

small organic molecules, peptides, polypeptides and antibodies that 5

The pisigiiepthie pbilpapidecafthaeiiuapligadandibesalyiiphinitiode singLisieiton may
be fr%%t%i%ﬂg(}&iaslfﬁxed to a solid support, borne on a cell surface or located intraceliularly.

Test compounds (ie potential agonist or antagonist cumpounds) may come in various forms,
including natural or modified substrates, enzymes, receptors, small organic molecules such as
small natural or synthetic organic molecules of up to 2000Da, preferably 800Da or less,
peptidomimetics, inorganic molecules, peptides, polypeptides, antibodies, structural or functional

minietics of the aforementioned.

Test compounds may be isolated from, for example, cells, cell-free preparations, chemical
libraries or natural product mixtures. These agonists or antagonists may be natural or modified
substrates, ligands, enzymes, receptors or structural or fimctional mimetics. For a suitable review

of such screening techniques, see Coligan et al., Current Protocols in Immunology 1(2):Chapter
5 (1991).



10

15

20

25

30

fashion, binding of the polypeptide to normal cellular binding molecules
may be inhibited, such that the natural biological activity of the
polypeptide is prevented. In certain of the embodiments described above,

YEihiPe/ BiHdthg assays may be used, in which the adheren&&BP&2s{000389
compound to a surface bearing the psdypeptide is detected by means of a
10 label directly or indirectly associated with the test compound or in an

Conmpesaysintadving mosmpdidliprovite adabelied eonspetitorAneies @ehnigide o the

for dru ening,which may be used pravides.for high throughpu .
P Ry A MBS AT T Bypentit wpon
bindinglyp#ptide of interest (see International patent application W084/03564).

In this method, large numbers of different small test 15 compounds are
Potentinkhoiigndstringludtidraelbsteates whichuinayptntdeheprgasiitivstmdratibodies that
bind%'ﬂ@@ﬂ%%qﬁﬁ&@%ﬁ%@%%hﬁ&g WS % Wﬁyopfemﬁgafgﬂ%@%ﬁ%g. In this

e yp

polyr;géztl is to use non-neutralising antibodies. Bound polypeptide m

fashigp pidie phePOLR et Bk ceieldiindivgmaleenles apayrarinbibited, such
that fhelyprptideotaical sotvecopteopdisgepiieTtopplatagdor use in the

aforementioned drug screening techniques. 20 In a sixteenth aspect, the

In cdR¥BIifaRcERYIES hinethabianiiReliina-LampoURS thalyHealiegliventBich the

o B IR S OGO ML U000 ot

labelcatimgpotlsingr alpdicpabingssosiatad levibnipeising  thmpargdt polymucieatide tmvolving

com&{mmgg@ eﬁgg&gﬁg altered expression, if any, of the target

polynucleotide. 25 T ethod may further comprise: ¢) comparing the

| g , leotide.in . the presence of varyin )
AP SR SO 09 SR LA ot o

of comhaybinbaving sifdidiirdnseafigsnise fhor prrentide (ahiaoristpenaternational

patet@ VeI QKBRE SFTE1,05 369, I8N aniz OMBANN A3 Ch B PO LRIV IN small test
alter% expression of a specific polynucleotide may 30 include, but are

ComBAItih P BLS O G818 SEi S i NN Rfa et 35tk polypeptide
of thirijplecrhielvaddrwisigdlQenweleolitlaspbitisiagr tht oligetaidcanth afaefon-neutralising
: ' Te)Y] 006/052224 PCT/ 005/000389, 29 .
o e o e S a2 e own i the
art. Rpmdied poliReniits epctmchsotypigdl dotely serjoanieies faffestirethe aforementioned
drugGeaaupteimRvefor example, alter polynucleotide expression by acting
as either inhibitors or promoters of polynucleotide expression. In various

In 2CEBRQMHNERERCONBORMANRIEBIARMRP AL RASHIAYREAGIRERRH 0fompound that is

effectivglnes in . , . .
effective to alter the expression of a target polynucleotide which encodes a polypeptide of the

first or second aspect of the invention, the method comprising a) exposing a sample comprising
the target polynucleotide to a test compound, b) detecting altered expression, if any, of the target

polynucleotide,

The method may further compﬁse: ¢} 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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5 altering expression of a specific polynucleotide. A test compound may
be obtained by any method commonly known in the art, including
chemical modification of a compound known to be effective in altering

YRR e expression; selection from an existing, comrREFCI&HHES000389

available or proprietary library of naturally-occurring or non-natural
chemical compounds; rational design of a compound based on chemical
regubnetior siductinralaprapeltiedofcieniasp ehifipolititic| eatidgianrd geleetiafting with

ibrar C ical.c unds created comhinatorially or, .
B Rl PR LB S
expragsiondingaangns fiderdnlsbiondapmentoithEnokrentiontideaxposeadio at

least one test compound thus obtained. The sample may comprise, for
In vasigwaptebadiintats orpavhibelilizedeceihonds inayithe celbdned G effectiveness in

alteﬂﬁ%@?ﬂ&%@ﬁﬁ ipchgmming! 2&%@@1@59@@@%5&“&&@&&&%@%@&&%@& by any
polynucleotide are assayed 15 by any method commonly known in the art.

methagdresiponie KR ity aftaueding Hirenicnldaodifigaiseefiamspmpound known to

be dffgotidizatianenity) podypgebating:protdao idRGRAUBEEE SOMRMERC M hercially-
.1a the seguence of the polynucleatide. The amount of hybridization ma

vl o TSRO T Rt Serath B el Epieemoommas:

ratiopfitivigly nticlewtit bothbasth andchdtiicsl exosuttetoueheroperiase déshe target

polyﬁgamd@fiﬁcpﬁﬁggﬁ'ﬁpﬁgrﬁ &fﬁ%ﬁgﬁ 4 Elﬂgn‘%?éﬂf %ﬁﬁ&g&ﬁﬁ?&ggy&%%g@i@a%ﬁaﬂy or

20 exposed to a test compound indicates that the test compound |

randgprlttidesiialicrrigrmRns y idsasicetdi e s inacai et dnmsetiding to the first

or s@ibaatupdo: VFeH geXRIGS IO pEME P oly Ruslalidesnayplssdenisdentifiodd. The
ulsi%]aan ELISA which measures secreted or efg-a socjated levels of
s B P SREERUb P B BRI oy AR R0 cell-fee or

recopstithivd Dkebwmidal tystent, AlctahimcantizecupedsorsetitehpfdyREleotide are assayed
by afi§ e RipiL oL enb duction.of t tide .. .
Y O 0 U1 R Mo

deteeisdcbnthvhegization thédndaneabm Ieviss Bualeatife Svense LInANehtEY to the
sequeifterer ﬂﬂlé'f |ﬁ&§§§1@1@@@@ qzl@gm osT Bl BridadedikaRy @@Jé&e%xftilﬁkh‘%iﬁﬁﬁ@ Rming the
.aspect of the _invention and its effect on expression of a Phd-like protein
b TN LE 5 B IRHU R S PRGOS e s Gt xposure o
one gunpounds whichoinele dsetdtite xpi esslomgf dnPaebelikeepiotett af togynucleotide
REFOR 2308 L ShRERMERNANY if iR BIaRN B2 E bR TR
=P the second as&ecpaof _thle invention and compoun S%Ivﬂi:h gtit‘acrivasi:%}L tr%ltﬁa}e?.{ng the
expressipa<yiBs BPAREItdS protein of the second WO 2006/052224
PCT/SG2005/000389 -30 aspect of the invention vis-a-vis expression of a
Compgprdniedipriveiin sHenpseasrwiansé deopehasicatidomagsalsh boidpbifisdgsing an
ELISvewiivis agasuas Retngdaasticulamsssai 1ewentolingepmuthighe monoclonal or
polyclonal antibodies by standard methods known in the art, and this can be used to search for
compounds that may inhibit or enhance the production of the polypeptide from suitably

manipulated cells or tissues.

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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bacteria, such as P. aeruginosa. In addition to antagonists and agonists of
the fifteenth and sixteenth aspect of the invention 5 having utility in

modulatjg?g bacterial growth, the proteins of the first and second as(gects
VB e ntehtion may also be useful in modulating bacterial qum Ngeosss
biofilms. The proteins may find utilityaga controlling bacterial growth or

biofilms in a wide variety of conditions and circumstances. Accordingly, a
aspesievefite émtbndspeds-dfvhetprasivaropeoPidEsikenatied of thodulatioggrlt of the
. oWt 0 comprisi ntacting. the cells whaose gr is to
e S S e R v o
bacterite sidkAvl. 6PMRIEEYenteenth aspect of the invention may be an in vitro

or an in vivo method. In one embodiment of the seventeenth aspect of the
In ageiiéonidn thiegowsisavitegbaiviveti dbeof firentinandr shxtepatitinspent pifdlatidavention

havik@- GtiRPACIBHAIREHARLIRIBRANENIHE ASRIFNEFRS st CMRIISIRGaspects of the

. administering to the patient a protein of the second aspect of the .

mveﬂﬁk?&mswlﬂ??taaﬁ? rRRS kRS el SRRIRERY RieSla s rEhe o ipgmay find

utilifyr sihowseeeilid pdpeniiaf thevityentidiofilmdsennaneilicinerieminéteenditions and
ect there is provided the use of a protein of the first or second aspect

. as
GlI‘CIJIl{_I dces, . . . .
) e Invention in the manufacture of a medicament for preventing or

AccHBRING 20IIRCHON 48,503+ Ak RARISEIR MERHA A MANISI ARREY Qi arowtn,

the invention provides a pharmaceutical composition comprising a protein
the rgethod cempHE s pRPG B RFdla s TaTHR iR iibe Grawtivdwithricriptsin of the
first wheeiharpda antirGirasear decrease in the amount of cells or where
there is an increase or decrease in the rate of cell growth as compared
The witthethtidhtod vescatisashhet pfdteinafithe: seaphed Bisipedt-ofotha inventiorthod.
(i.e. the parE-like protein and functional equivalents thereof etc.) may be
In 0&%@&*&9581?&5P(pﬁg&waﬁeﬁﬁlatm@c%#&mﬁ%%éﬂa@na nrreggdrismethod of

rreatipefroteirafibe:sceendaspes! af tasdaventinRipay RSP prisget iReed thereof
vitro for, instance i rious industrial settings. The cells whose growth

R nE A e e e A R
An EpoteR inplide Pagteriaand evkamotic gells,Brmplgsof yéaﬁ%og%gﬁg of the

. cells include: fungi (e.g. Saccharomyces'spp., Candida spp.), anima
invepap by 4te Br rate), plant cells and WO 2006/052224

.P?T/ G2005/000389 -31, protoctistan cellsqge. . prqtozoa and alga|

A RS TS TSI NS T T OF ool aspect o the
invention in the manufacture of a medicament for preventing or treating an infection (e.g. a
bacterial infection).

A twentieth aspect of the invention provides a pharmaceutical composition comprising a protein

of the second aspect of the invention.

By “modulating growth” we include where there is an increase or decrease in the amount of cells
or where there is an 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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toxicity in respect of bacteria there is some evidence that it may also
inhibit growth of eukaryotic cells as well. A recent publication has
indicated that another antitoxin-toxin pair (kis/kid) has effects on 5
A8 Hells, retarding growth but not necessarily killing FCTfépeieie3s?
is made to: 1) Ramon Diaz-Orejas egal, 2003,ELSO gazette,|7, PI-9 AND
2) de la Cueva-Mendez G et al, 2003, EMBO J, 22;246-251. Accordingly,
protifcisshalielisdethapitiezoo ypbpticlestd) Hvehimtané e 8yt SHRERUKARIS exhibits
. ryatic.cells. In ope embodiment of the invention, .
o e R T TR o B e Bkt
cellsasdigihte the growth of biofilms. A protein of the second aspect of the
A inventioq,m%); be used to prevent or delay the initiation of a biofilm
TSRFBL BRSPS T e Hckietrgh dln Boqshst rid dpmnotos i ARk ctiiafkidr bas effects on
mﬂcdw'»@ﬁicmgme ctiardifgproteih inftthet ﬁe@gﬁﬁiﬁsﬁﬁﬁhgiﬂf}@dﬂﬂ%ﬁ&th@ %@M&éﬁ? Ramon
o) o,ir hiofim, e.q. tp reduce, ifs size etc. The bacteria may be
D e A e iy 2005

EMB@ de&kidd-Ro dvsqgdinglyc dinistidigwstl fetobegtelypéeidemofials; invention may
eﬁeﬁgm@}?gggg%ﬁﬁgwgggg?ﬁimg@& Bacteroides, Bartonella, Bortella,
cel

Brucella, Calymmatobacterium, Campylobacter, Citrobacter, Clostridium,
In ofkosmyetiaater ivMhe BGIORA B0l orARO FRYSo EREBRIISHIRAHHE iSRiRkon may

Francisel mophilus.Hafnia, Helicobacter, Klebsiella, Legionella, .
e o ROV AL A Rt S e g opaion ey

be usey. Psprdomonakgrtgidosa)icBadieatfilb dntatidoSbigellarevent or delay the
pmgiéésp&h}ylep%ﬁ%;@bﬁ&ﬁpmo%me SeaRroge gtﬁo%&%%p%.%ega&%doﬁﬂ%a of the

. Xanthomonas, Vibrio, and Yersinia A protein of the second aspec
InvepiEHEh Fay DSt Etertdkio Blpre gein tafupgdistibze gt instance an

The @J&%&%” selected from the grou consisting of. urinary tract infections,
respiratory <yStem RraLHS REEHGH RS conjunctivitis, otitis, skin and soft
in oﬂés&ﬁﬂ&iﬁﬁgﬂqﬁﬁb@ﬁ%{'ﬁemé q}é&?&%@ qgo’r%'%elznfeggo%%)h isting of: {j‘ robacter,
gastrointestinal infections, eye Infections, ear in ectons, and endocardiis. ’
Aeropingteir6igiebestsn disEpeiatite idasillion nRayitiradpartiBatsensility iBortella,
BrudefalinGRhmRERs RIS R S URIOPRS AL HBOSA N RGP HIRIS Cornyebacterium,
Emg}tgg%g}'elig %elrrﬁngllcated E%?_n%imf ctions. For instance, Pseudomonas )
aeruginosa colonZ&tion it theée fesa o BabiiTaREseHtisTeRaRiBine alfafmia,
Heliehbarian dideldoplahdamitis: I sbisPsel ddmanas] @ e Mginesay, ISP oo eBvidencia,
PS@Z%%%H&WQ:%.E %igéggol};}éﬁc% %l&%@a _,nya}%z.c%z% g,] eq*p‘aQ%t er)lgagt%l rh%’IOC‘OCCMS,
external otitis. Pseudomonas aeruginosa Is a common ¢ausative agéJn in
StreplgrapRikaled Sy 8eBeRnTiPantasy XrastanfertioiEnNgQrrD Be1a822 24

PCT/SG2005/000389 . .
A protein of the second aspect of the invention may be used to treat or prevent an infection, for

instance an infection selected from the group consisting of: urinary tract infections, respiratory
system infections, dermatitis, conjunctivitis, otitis, skin and soft tissue infections, bacteraemia,
bone and joint infections, gastrointestinal infections, eye infections, ear infections, and

endocarditis.

A protein of the second aspect of the invention may find particular utility in freating or
preventing Pseudomntonas 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. Psendomonas

aeruginosa is a common causative agent in complicated and nosocomial urinary tract infections.
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-32 Opportunities for infection occur during catheterization, surgery,
obstruction and blood-borne transfer of Pseudornonas aeruginosa to the
urinary tract. Pseudornonas aeruginosa can also cause opportunistic
WiRelid2 skin and soft tissue in locations where the intedff/X5t4{14&/ 000389
tissue is broken by trauma, bum injugg, dermatitis and ulcers resulting
from peripheral vascular 5 disease. Pseudornonas aeruginosa has been

Oppsh@yi-iorhakdeattighafiinditacoidiaeissid, NN heatialV8d blood-borne
i ti';ssu?agn one embodiment, a rott';-:-in af the grecor#gl aspect of the invention
ansier

is ude f%“g?é’i"/"en TP Rh G intE HEHEY 16Pfiks a‘ﬁ@&?fﬁﬁ%%ﬁ%ﬁé’ﬁﬁ can also
causcygﬁoiﬁbﬁaﬁifsip&ﬁ’ém.immbﬁdim @mﬁp&ﬂﬁd@&i&d&@gﬁ?&ﬁ&hb tissue
is bREICUVEAAN Rtk RS R GARIOL RO BBSIEUR AN H D BB vasoutar

devices. Biofilms containing pathogenic bacteria such as Pseu onas

diseager fUHHERH R FOFHEBRCAA Ao §roBT teWBeto Ukt in bishatiiely risseandine tissue

includingh ClnicakBagssineluding endotracheal tubes used for chronic
mechanical ventilation, indwelling catheters, vascular prostheses, cardiac

Jn opaceinslersy, prostretiohterrtamvd ssisitiaof steritseindwalingditinatyvent or treat
Imgfiﬁf@&f&{&fﬁpfﬁ&%&%ﬂgﬁﬂcﬁl ¥%Scr%ﬁigﬁﬁ%§§sg%%é}{%§]ded'Wear contact

enses, and artificial joints, resulting in serious infections which are

In oHOI@SHANISING,!Q PRRICGDIRY theranYasBlefilor nfestinna gl NWEYinekd to control
b tde ices such as prosthetic joints, heart valves, and catheters are among
ACYHE MG RS KRGt infections to eradicate. Often, the device

Bi Loe remo %to cure the.infegtion,,20 In one embodiment of the ]
o R Ty i b g verery
of depdens mesdiin binavwditidgwevide tidotlidiss! mayed dvibaliedt apitblindhealoobiss used for

chrof@¢ AR @uiERMeHnREIRA OfHINIRCEAR R C NS P HRIQRIES ISR R pacemakers,

pecific em%gydime_nt, the biofilm Is formed on a prosthetic device. In o
Prosts e YA i Bl SR AR R e BBy Catheiess. RwRperinmgal dialysis
cathéhvay, thacpietbinsot thexadennd, aspaaiffidhpoinve réaninsay liatwilitfediions which

are utjl}% sﬁ%ﬁ?iv%?oog% n‘fvﬂgr%b\{éafi&yacﬁf patients. Th_e patient may, for_ example, be
a mammal Such as a human. I one embodiment the patient is a burns

BiofIARReRARBE B RALIEHE RA¥slic ihrasizRalient oLAN hEY IARS Ralielheters are

Such patients may be particularly susceptible to'infections. The
amop, the, nesh EAPS SbSEHBNS BFtHEh iR RifchcAizy Rt dhe device must be removed

to aphdarmiaketitaally effective carriers, and optionally, may include other
therapeutic ingredients, such as various adjuvants 30 known in the art or
In ongreibhodietco! WoipCos 06 SR iabiT 18 B2068£000 38Med on an indwelling device.

As used herein, “indwelling device” includes any device left within the body for an extended
period of time such as a catheter or prosthesis. In a specific embodiment, the biofilm is formed

on a prosthetic device, In another embodiment the biofilm is formed on a catheter.

It is envisaged that the proteins of the second aspect of the invention may find utility in the care

of a wide variety of patients. The patient may, for example, be a mammal such as a human.

In one embodiment the patient is a burns patient, 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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-33 The carrier or carriers must be pharmaceutically acceptable in the
sense that they are compatible with the therapeutic ingredients and are

not undulg/ deleterious to the recipient thereof. Suitable carriers, adjuvants,
WRAMEHIS2%tc. can be found in standard pharmaceutical teX{s!/f§2005/000389

example, Remington's PharmaceuticahSciences, 18th edition, Mack

Publishing Company, 5 Easton, Pa., 1990; and Handbook of
Thephairnaceuticsl Exsipientardnctatisionadephbhiaditvantinha Swysianeupatible
withhd HGeasss:he.] logical response, of the subject (e.g. human). to

the vacc?)ne. Slwﬂ%geb e%%%%a%&%c%ggy é{%{eé?gor%ty it%r'ri%l é%&fg%gfu rﬁfﬁﬂ}m
SuitalRr eatee { Al ante) EkRORH WRlRECOMBIGHE f (RG M D RLDCRRE texts, for

bl clé%g%r%%rs,or opolymers, %tokmes (like IL-1, IL-2, IL-7, IFN-a,
XA G TN 3 HRaEsHIE! rOIBETosTiBry g, ANRRcAT upshing Company,
Eastonyi2en y0eip epditiesddoniP) iiathactivec Dtkelseitaleddjiinantsoaciude,

for example, aluminum potassium sulfate, heat-labile or heat-stable
An SRICIAtOXIN (SO m Escherjchia coli,,cholera toxin or the B subunit

O R e GO R R R 936 human)
to thscennnetSorabimnsionsaidjineds.drot Toxintdanddiddjatamispsubhdasxide (alum),

mflRSURGRBY BondBIBRU NS RELUSRISIBH IS AR Gl
m_mto use fortggam'gl%, by ;Ereatmen ’Wﬁi%t%ﬂ%%ﬂfj?irggl eh%é&%%r%%?ﬁ?%%%h%mmmg
(ike fedeMotittifarboet Ry helibniu gk ¢ t8oniBacmeRanboaiEh dridsis (MLA),
mm@xﬁidiif?@ﬁddépmﬁﬁ,d@daﬂus ﬁikBO!@TBeHSI%l{iBI& aprkaher ﬁﬁthmgema example,

employing an adjuvant ar atherwise proyvjding a protein of the secon L
alung%glélc g%ésé‘gftno?lf%%ein%%aﬁﬂ%ﬁ&?n% 5‘??‘#%% rrﬁ%?é??cﬁ’ﬁlﬁ/i{ﬁogﬂﬁ%‘?/vgom Lscherichia
coligehaioprivein of dheiBmuhenibshonst fiphtetierivoxaQ itemaysbexinsgitessis toxin,

FredRE M IBHRWRE SLSRRPREIRafRMGIoRN f%l?—%gk%ﬁtéﬁﬁfl%ﬂ{s\,’\’mgg aoe%ncﬁéﬁﬁeria toxin,

the development of an immune response against a polypepti
tetags 9K &gg@mﬁﬁ dOHORBORE TaiEvREd paon s e Er ey orhy presmnt with
fordiatdaetzt an immune response against the pf4 bacteriophage. In an

alternative embodiment of the invention a polypeptide of the first aspect of

Furiienigue %@&ﬁg&ﬂ%&%ﬂ&g}!& has %%éaﬂ%% & HHQH%&V\%% glﬁch as a toxoid

course be appreciated that 25 administration or a polypeptide o

ﬁo‘wm%@fﬂlﬁé%ﬁ%&i&?é%ﬂé@éﬁ%@%%é controlled whereas a
By BQBY%HE% 9&&&@%@8&%@&%&%@?&%@5@% WP ng &%Xg?l ?ﬁgect aspect of the

. advantage of being toxic. The eifective amount of a protein o

nvepfshifoh TS e drmHiatin s il inpaepbation samanna mmsasofn a patient
it mfgcbersodablnssanaaiiheuse vespymel toalntasHon menaRLIBAROlRe: enables the
AT L -
Thisamhtdber aprfilrés poakiing thee eatipnt e wifeative doseufer msponse against the pfd
bacteriophage. In an altemnative embodiment of the invention a polypeptide of the first agpect of
the invention could be employed as an immunogen although it will of course be appreciated that
administration of a polypeptide of the invention would be non-toxic to the target cells to be
controlled whereas a polypeptide of the second aspect of the invention would have 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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determined by routine experimentation and is within the judgement of the

skilled person. Compositions may be administered individually to a patient

%Pﬁ?ﬁ?ﬁ?@”ﬁdministered in combination with other agents o?%%ﬁ&%f’?—a@f’m

example, in order to formulate a rangg4ef dosage values, cell culture

assays and animal 5 studies can be used. The animal model may also be
givegsuigditedetar inidettheiagp hypoataeconadntratitnn and @ avithiotiejolfigement of the
sitRATHOISIER R SUEOMMAED SARINGDEP HREHGAESINSMEE e may be

doses and routes for administration in humans. The ogage of suc
admingaipisd Hucopranstionyite sthageirot dEshat is therapeutically effective

in 50% of, the population, and that exhjbits little or no toxicity at this level.
For ?ﬁ%“&)g%af&eoﬁ%utfﬂ %Weab%%cﬁftﬁ% I&%rf'ﬁl”gf“\&%fﬁﬁsﬁs and animal
studipp datated twed uSifel arineintddesags treatnentsahydelasingle deseppropriate
confiAIE81:8 MUHIRIE SPs.Releduls, QmINAAlRn LG COMPORN Fetemine

of the invention may be effected by différen ways, e.g.,agy oral,

usefiiAoermidsominsalos abrsarsinr indnecos, The deseseafaryabsivapomnds preferably
lies ifRRaHPabsadMINISHRIGRuEQIIGRJ/RAMID BN MAY Y EXRIMPIRA Rt exhibits

. achieved.hy providing the 15 pharmaceutical composition in the form of a i
litthe, g i It AP =br TR ARSRSFTERLY WotPHISPE SBifhtbe bacterial growth is
modulaetiace uticfal emmpositions can in one embodiment bé infused or

otherwise delivered into any fluid, tissue or structure of the body including
Dospgg wentmenteeaiortrestiebsdiogs sebslude cebraniéipin oo tHEES), eye, oral

cavity, peritoneum, pleural spaces, and/or joints of %atients infected 20

Admgingstiation e Gomensiffens i dbp ibTenirp Zeterhs bRy fiferent ways, e.g,, by
oralgoinpasitions ofnieptiventidn mdydemedR)inisiedeadadaly esmysteicalitadermal
Compeositiops of the present invention can be presented, for example, as..
e, el SRR T B B o By, piovding the
phaarseininb «ppesidsy imnbel famoahroftsesabiiie, ingredientinothagam of a wound
dressidppension. 25 The proteins of the present invention may also be
employed to modulate cell (e.g. bacterial) growth in a number of in vitro

ThegitingsetidalnsiapesiivmantBroRs exd oA, SRAGHIDSAMIOMIEE iSelivered into
any it Clzasggg o I:E %@1’1\/1!9 %tv T%.g%%/dofill‘ln gu utln%liltc gcr)? 1&%#?\%%{2)?83{2%?@%%@35, cerebral

) oper’a I0NS such as sewerage aiscnarges, re-circ
spingsdia §EBWeryaiotd rditbnipygitystemleted), speater wokuidnidse! patients infected

witlOGHP DS wRRRGHPY RIBGBREAHANS ANEripggneral, any water bearing,

30 handling, processing, collection etc. systems.
The compositions of the invention may be administered locally or systemically.
Compositions of the present invention can be presented, for example, as discrete units such as

capsules, cachets, tablets or lozenges, each containing a predetermined amount of the active

ingredient; or as a suspension.

The proteins of the present invention may also be employed to modulate cell (e.g. bacterial)
growth in a number of in vitro settings. For instance, wnwanted 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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WO 2006/052224 PCT/SG2005/000389 -35 The proteins of the present
invention can, for example, be made into solution with a combination of
one or more sanitizers and/or one or more enzymes that will facilitate

BEhEREBIA%And break down of the matrix improving efficierfdy® fifgi{a/00389

embodiment proteins of the second aggect of the invention may be used

in cleaning, 5 disinfecting, or decontaminating a surface, the method
Theprmpfisiofiboptastingtastisuréassfovith e ARinQROMP esitigbreampsisinghination
of §hf r()?:tzeﬂgrg fsggﬁizse%'c%ﬂg/c?i‘sg eecglp Intfpr% Inventégr%ﬁa\llv h%{ ath 1tgt(‘3(.)tee}pe "a(?tg(;[g %nd break

Invention are Used to moduiate bacteﬁ?ﬁyé?ow {w ether in Vivo or in
dowited)tegaiathix bapreviagar@ipirasent in the form of a biofilm it may be

advantageous to at least_partially dismantle the biofilm. The biofilm may )
In B@a‘%q@aét%ﬁme&fgrﬁsﬁﬁﬁeaeﬁm ESPefirfotav Ty Taew aispiiedidh cleaning,
disafdbenpy oteiacofiheiiaien icnrke g tusingiRiysngsisinpastesvpbagesurface with a
cIeSUCh as P(f)g.i% even sglnic%tiog é.A(s)fn%%ntiorel%j above, hiofilm cells have

B RS 5e BB MR AP TSP “SRETb SEtERATSEHREs as

W@M%&M@%MJQSWQA%@ i 'Hg%lﬂmagﬂﬁ%mp&frﬂ%@%}{ vivo or in

_result in an increase in the efficacy of the proteins and compositions o
vitierRel BBt Iors TG StRSERbiSrinting of BiBAS Epsmbs (@vgniagsrirdo at least

partiaBedisarhenatic BRIBRNYOHORsaEn SAHUICL ek IEIRSEsaINRISIIRSRS, during
nd lyases fictén%/%r%]é%gvsatcchag es,) which can ds%%ade biofilms ﬁmd ionha

aneGthér T dhRItaES RS R HER MSTOVET Wit B SR RASR P D PRdRopbages

suchesrBeidily a¥evisedehijtjose skititidniad thieaet. Hivfihis celffabdy¢Hedeabbings be 500

nmg§ \ﬁ{g}g Jr%’s%gtgét afF MQEP&I&‘%QJ&%%Q pé{l{f?i%c? Q§ :p&%gcésﬁ?cn E%lfx?lg Accordingly,

Ismantling biofihns may be provided In the form o with a protein or
dispgribes s hiofimanay siudnn suiriasedrheciiamradheprsitfeand compositions
of thVBRERHer he practice of the present invention will employ, unless

otherwise indicated, conventional techniques of molecular biology,

To mitrabitdegyilagdocbodilbinant s téchnalgigyeyhiate acarhwithic WeesKkilfdrolases,
" T ole ; ; - :

LSS IR 1 R SRR AL U o e

biog ks ke e Ties | s Elohimgisties awurdo srwvianehvitishavEditekppomoyr can be

realiNAMBLESHEXOMRL R G ACwiEent auegliondB-Rofil tesaaich ds whetherss are
biofilm-§§§cifi&?en§tic Processes can lead to 30 differentiation in

mCBW&Eﬁ TS 6N &mong biofilm cells. In Pseudomonas aeruginosa,
Agents for dismantling biofilms may be provided in the form of a kit with a protein or

composition of the invention. Such kits form a further aspect of the invention.

The practice of the present invention will employ, unless otherwise indicated, conventional
techniques of molecular biology, microbiology, and recombinant DNA. technology which are
within the skill of those working in the art. Such techniques are explained fully in the literature.
Examples of texts for consultation include the following: Sambrook Molecular Cloning; A
Laboratory Manual, Third Edition (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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phenotypic variants which exhibit a small colony phenotype on agar

media, and which WO 2006/052224 PCT/SG2005/000389 -36

demonstrate a markedly accelerated pattern of biofilm development when

PO HS the parental strain, are often isolated from biofffr&S SRAEYHRARS

P. aeruginosa biofilms in glass flow- cg§-reactors and observed that the

emergence of small colony variants (SCV's) in the effluent run-off from
denghmsbivifilm cerketBiedovaltTated emiergeot diofipiagieesiopming Rildikeompared to the
I?Jal'glllztif[p QEE&‘J%:% Mﬁ&g%@%'ﬁﬁga%gdp\vg %%W }h %glo%@&a%gﬁﬂgg in glass flow-

several recent studies have hig that bacteriopffage genes are
cellyenstyrisadrbserighiat Bre gemesacs ot seal geloss deranistidfilis) in the effluent
rundgY glopMRNbivyEnnseigatediwhethenh B Riavs prigie R Ring MAloMamentous

during P. aerugi iofilm deyelopment. We carried out . e
phage (here a8 &%ﬁ?&%&?&%@ﬁs?ﬁ%@ﬂn%ﬂaﬁ%B%Vc?r@é et otdifg YR diighlighted
thaS@uearifdiabe gnes parentatdyibe welishigkhihiteddnigledgrsitiestafelid during biofilm

de\?(ék%ég?ﬁéhtﬁ' Q0 40488 gel %FESFP@P&%*}?QP&%% f i.éaé%e{“&énw%{e,\ﬁ?&%%” YO einosa
. intérwoven into complex latticewo 3’ surrounlalng the ceﬁfs. ore(%/er,

bioffa dryrlempenieNRyfaBisd slrirerRosl st rs midpsFeay xirg ath®14 antibodies and
obsBFAE] SRR Of QG suwvithi @4&%&5&%@3?%@@@%@@%@ P£4 filaments on

h enf]gnce attac ment@gcelﬁ_rate biofilm development, and large _
°rd§ PHealAnt sBgcefiamsiis Wit oLERhiEEY aftierFIcE) into complex
‘lattiennerstosGEvsdilg atrectfrorvibiedivers iVte wancluge dhaloRide dlikionic cultures
. i otvpic variation.in P..aeryginosa biafiims. also carrie
1
B R hES o0 TRl enhanced

attaelentitie cackunbtsebiofibp elvvel apirrptr andeburgst regionoab fendcoghlisewl cells inside
middHIR RS, SERPMERER nARRUBIN RS Ey indlLding Mﬁk@ﬁﬁ@@@é@&&h@%ﬂ&t Pf4 can

gigeron. Bacteria in biofilms often form densely-packed, matrix-encase )
medRlSRIFES IRE FEEB I & P S BsioRch LB O x YGetisaratrigtrigppartial sequencing
andearaitpdislity dpeeplie pislicanve dotin ¢ha, sy iBacigeakhatatiatienoiensusiing frames not
highly heterogenequs and changi onditions is.thought to include the -
P R o BRAROD PR VA oL, URERTIRAS BISLITRE QRS g killing
opaEhe specialists within the biofilm (2, 43, 48). One such example is the
significant colony variation observed among P. aeruginosa cells obtained
Badiam iaberdtory bl rfryradanedhapaiord. peatistentalidicatictfeesidmscrocolonies) in
whi%ﬁlé&%g %%%&Pma%mg&p%iﬁmﬁyvga@m RGOSR LRGN Bt i Wil tation to

%8 1 , lipopolysaccharide deficient (9), rough (37), hyperpiliated
sucty Bieps) Al awmsiticardstiensing Areditons s ARy o ingaishtafisydgpment of
phehetipirnadabguilivh processendhstabhtsel pRanelyNicvRIIBHORI W Re biofilm (2,
43,q§r{]l s, they mayr fle inducible mec anisms hat generate genet .
e, P G S e i g rvsnosa
cells obtained from laboratory biofilms, as well as from persistent clinical infections caused by

P. aeruginosa. Such variants include mucoid (11, 37), dwarf (18, 19, 37), lipopolysaccharide
deficient (9), rough (37), hyperpiliated (12, 19) and antibiotic resistant (14) 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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30 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
WRHAPEEGéne transfer through processes of conjugation affdl/SG2005/000383
transformation (17, 20, 41). In additio3;7the relationship between bacterial

stress responses and WO 2006/052224 PCTISG2005/000389 -37 the
the maisliity aiftbattéripbades bas beenstvdgrivelycdead maniatsantage transduction
is ReFteronhaas transduction is.now increasingly recognized fop its .
" Importance %Fygene ransferig/\ﬁt in g%%?%é%téﬁ%ﬁ poﬁ’%?at%qr{}g ?463@31 bacterial
PoPRiEiery ¢4 0badieitay probnivingiel prmvkagesecDN vy dPdidn inaedipie aulyplenotypic

vari¥abiation (83, a0 m&@a@%@&%ﬁﬁ%ﬁ%@%&%%a&?v%ﬁﬁésfacmrs (13),

o vi%lijlence fa%g)rs( ),. 5 from the genome of an infecting bacteriophage.
O R PO SR R HIGHIRS e PBABteriophage genes as being among the
most highly up- regulated groups of genes during biofilm development in
Rechetish %&n@%&f@%ﬁ?iﬁ@aﬂmﬁé Befige i @M 3pgnpthe most highly up-
regerdgnass, depess duaf3 bl il dmeigimbactRioprag oVitNe K Siem negative

S a.pro ithin the genome of.P inosa, showed up t . )
oAb Bt S BISTIY BEL SO R By HE e, which e
as gfupRkesicvodlin (68)zder of lioshgieshohovtthtractisatiofoldf Rfivation during
biofIENeSvaIBiafimsd b -SaIsiRgyn rugl !
o TR Py AT S ) i YRS shown that
activatipn efstdf Lens e vt bresulatet g sBEatSRsineipiBrimay@msa (21, 58).
Moﬂftdﬂ&ﬁ,’;}iﬁﬁi?b’iw 8 pikeiphagedhesed ﬁﬁi@ﬂétl@dxelﬁlfﬂ)ﬂ@ d%d@?iﬂég;f@%@?pfgtﬂaﬁon

ay therefore pre ent anJmpo n S|010Ql n eve opmenta ),
o AR BB e U ety hal iy et o designted
P biade avrPginesaginyshdidiilmsisdinkicdntdriperemephesidlegithhand developmental

evertURRARWANAR ot ealisMdih a small-colony phenotype in the effluent run-off
from the biofllm. These cells exhibit high densities of filamentous phage

Her@ WG H5 s Haksy I8 R BifacE @ngg&glﬁﬁfﬁé?ﬁﬂﬁ%&%%%%ﬁ%o emergence

development, and occur in high numbers wi | un-off. Our
of &y spbrqnylptionef: e wity & mrpibriensoRbenatyie imbieslpiigevewproBnfrom the
biofimWElesR S Hll$heltpioNiZatiaRiatnenuHatessJiing & oilne-disparsal demonstrate

MATERIALS A METHODS Strains and culture conditions.
e AR PRI R (1) A SR RIS i th o
run-BtdPue gt ev gk P e RYHIOSE wineagrowodd:8 70 \withi shiakidey dopueiat, as well

as BRHBBIA B aroNeN R Sivaiom A Jfims, M9 medium
containing 48 mM Na2HPO4, 22 mM KH2PO4, 9 mM NacCl, 19 mM

MANEAEd 8 DN ESRon0 PM CaCl2, and 5 mM glucose was

Strains and culture conditions. Psendomonas aeruginosa strain PAO1 (26) was used in this
study. Batch cultures of P. aeruginosa were grown at 37 °C with shaking in Luria Bertani (LB)
medium. For cultivation of biofilms, M9 medium containing 48 mM Na,HPOs, 22 mM
KH,PO4, 9 mM NaCl, 19 mM NH4Cl, 2 mM MgSOy4, 100 pM CaCly, and 5 mM glucose was
used.

Biofilm experiments. P. aeruginosa PAO! 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 starfed with a mean velocity in the flow cells of 0.2 mm s7,
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used. Biofilm experiments. P. aeruginosa PAOI 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 30 as previousl|
WEWIHEFH2). Channels were inoculated with 0.5 ml of eaﬁf@f‘é%%?ﬁé(ﬁ?msg
phase cultures containing approximategy | x 109 cells ml-1 and incubated
without flow for 1 h at room temperature. Flow was then started with a
corrpipeiling doitaintie flow eilisaoR Sy Bodmssik B4 Q 2006/0%5i38B4s were stained with

usin %/ﬁﬁ%@ﬁﬁ@@%ﬁigﬁﬁﬁ%ﬁ%Mg%gjg@ga?g%ﬂ%ﬁvyg%@%%yﬁgg& Oreg.)

number of 0.02. Biofilms were stained

and gisuplized msiog AgoufastlibsRitsoumsiseumicmshps (GESELRarGedhe two stock
solBBAViTUAIZ D NSIOg FoCaNRE Y AN R SCA0NR mgﬁ&g&g&& (CLSM) L <0 biofilm
nv( and prgplallum

(Olympus). The two stock solutions of the sta

mediygaadisieiuiag thotem shamsrimhisantedierOreiesjeettsl intbdérd propidium
jodiflevighannelss LiveeSYdiatideataingd sedsandidead-PERRIBIHE microscope (CLSM)

©l iodide-stained cells were visualized wjth a confocal laser scanning .
TRRPSLESPR (BTEH  CATRIST R Y frisrasthhodmmers sayanaispptical filters,
resptetisehetior hadaininefiscloyanatdaoistidabiilidieote spedtively bioBim run-off (spent
i ' f VAl | adiquots of effluent.biofilm run-off. (spent
T G FoR S RS

collgrdzd s bicHIm éetns) Yeres19f binblncdeutlopmes!, 5, Thisnefficietysasfthen serially

diluioisndrrelonoentd Prisetlusnievas then:sevally glupted fro %ﬁﬂg%%ants after
10.6.and }f%?%eq onto LB agar. Plates were observed for colony variants

48 hdﬂ%‘i‘b% {i8ation at 37C. To provide statistically based, quantitative
measurements during biofllm development, we characterized biofilm

To pravistorSgriseizicgint GUNEHKT Riograsmert). didmmntiaikre dsirmment, we

chardGasiitbdasinifilnerssaigi ¢ o Saiheche KESG PAUBHBIADSRARHMB PO stained
.15 ima ks were recarded. for 3 replicate hiofilms, resulting_in 15

with r%éa%aeglgtg%:%qsg?o&é%cﬁ s%c%ld nﬁggﬁ%”iedfs rﬁial‘eg'esA WEFS SESURERtar JBRS stacks were

recopqgsrfars3timepligetvéo Blofinteat tingdion povitionstinkthbflevelcsttait 3ttidhel, Images

werdRipteréd ’aazi‘fﬁgiﬁt@%ﬂ@tﬁﬁﬁéﬁﬁﬁ%%ﬂﬁ%@gg}%ﬁésﬂ%éﬂﬂ%@ lbsMed'S 3 time

,foII@kwing arameters were assessed: total biovolume (m3 pm ), maximum
POIDf; ﬁeé‘gg(&ﬂ??’%aﬁ&ﬂlfﬁ!m&%ﬁ%@féﬁa% - rhikerfulstesing parameters
weranegatdheositistrailimd (i)’ AdHgsionassay i eneaparesviigss litetss (um),
and W&@g%ﬁ%}&%@%@e@@%@sﬁ%ﬁ ell of?polystyrene micro-titer plates

using an adhesioh assay similar o thal |%)Ir1 viously described (45). P.
L A T e L
polysiyene Miggois 20TP Yticall sdhesmthenaplatater to that previously described (45).
P. aeruginosa and SCV cultures were grown to ODggg 0.6, Cells were centrifuged (6000 x g for
15 min) and resuspended to an ODgo reading of 0.1. Aliguots (200 pl) of cells were then placed
into 96 well micro-titre plates and incubated for 2 hours at 37 °C. After this time 25 ulofai%
solution of crystal violet (CV) was added to each well, the plates were incubated at room
terperature for 15 min and rinsed three times with water. Fthanol (200 pl) was then added to
each well fo 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 previousty (59). Infection of plankionic P. aeruginosa cultares with P4 was carried
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25 into 96 well micro-titre plates and incubated for 2 hours at 37 C. After
this time 25 pl of a 1% solution of crystal violet (CV) was added to each
well, thepﬁgéates were incubated at room temperature for 15 min an

Wﬁs?é’fﬁ &4imes with water. Ethanol (200 pl) was then ad&’éﬁ”ﬁ?@%ﬂmg’sg

well to extract the CV, and the extent-84-CV staining was measured using
an ELISA plate reader (Wallac, Perkin Elmer) at 600 nm. 30
out Bz tavibipheigecsiptrtear@dOBotafiOnfof B e for nfi rep it ¢ shd) (RF) DNA

of Bf9M I?i?@iﬂ'f ’Iog%ﬁéé@'@ﬁﬂ% & Ph@%%t)%%@ AR ia&%@ ﬁ&gé?eg r\%‘fi@ OnAﬁer 12h

and purification of Pf4 were carrjed out as described previously

incyptien oG PriirtoHiedre ke pugi %§§IEUWG%§WW4W§§@MEW@ 7,000 tpm
andzﬂé)ﬁ@éa%aét B%S@ZM@&@&B%:@%MW@%MI%Q?%%@EDTA (STE;

1 licagive form RF) DNA of Pf4,a 1L
100%9{% “phase culiltljre Fg%eru {fgim%tﬁfﬂ’ WES %%%“i ’:Fifﬂf 10 mM Tris
(pHAR)Y sctutiom cdlsdtibysisvithd striddriipf 1 SOREVONANWAY reeflamer evirarvdated Qiagen

Mal¥ieE ﬁ%‘f@@%@ﬁ”@é&z@@ R f?r[é‘i’ Q?a?%@?&”?ﬁ%%%@o?%%‘é%%&ﬂpm

were washed with sodidm chloride Tris-EDTA (S

10 oMM b NALEESE A HSM i sose At 68U apBRe 8ok #Birfiof 3GhnRF band was
excibéiS it Qe paldtionifeelidysis and@xtasioniat & DNA was performed

with using a Qiagen Maxiprep kit (Qiagen, Germany). The final pellet was

r&%ae%%egﬂ&&a%%ﬂ Fd Tla- T'%‘_rgllk m“’éJrQ 1M ERTAPHEE . the P,

visualised on an agarose gel, and t ban as excise from
acrygiaqsal A lpeerrseeysingrantiisd vickeide @ithseRT, podiciabitfinenthie the region of

reciRfQaHEl, OFthe RIdiREvansio @U&@%ﬁﬂﬁ'ﬂ@ﬂﬁﬂﬂé&@%&%%w flank the
precgerl%‘gﬁ?losa PAO1 82'8 ome, we amplified a region of the RF |lo(red|cte to

TRRSBH et s Eator b e A AtRrld gpre (R praguct only from
the ChtRIIngithet d’ltﬁnttl’eﬁe:”atemﬁh@ge flgiiihde @@ﬁiﬁi@ dPMagRugBIeM Brimers PH4F

> hat Would r to
S %ﬁ@% @é% not rom the?b 4’pr06f1a6e %he%gr?grgne ?ﬁffg of GenBank
acc%mgnafbséh“ﬁ@ﬂﬁ@s PR FHEE 6 ﬂ@@A@@@@@AT@EA@CﬂﬁG@? ), targeting bp

156@@6@5&98%@%19%%2&@1&9 Rd. (4r9b507BaRK 15 e3Sian ﬁﬂg&go%ég% bp PCR
pro (i\nd PfAR (5.-TAGAGGCCAT TTGTGACTGGA- 2@% rgetln p 1566 to

heRt ¥ Geie<kitient RERoAsmwRdt Pdrpragnced using
the BigD8B teprRGROrpradiiot asplitdifEosytaisin @w@aﬁgﬁm@ﬁwmmnap $dtuencer.

For(g prééa‘i:ﬁn e§§§§§t (;5 (fgntEAEBE gck) terﬂ@%“%e%éemf C&%ﬂence) and

I|ed Biosystems sequencer
I;&%O@?@eh ESpMggER OVRE (6brairksd fromethibe NadinaginbsatizAfDr Biotechnology

Infc@aaﬁmmegwg@sq%dtb@ﬁ@wguences were compared
using the National Center for Biotechnology Information (NCBI) BLAST

Pregpes tier eingbiifndighatd  immunolabelting. Anti-Pf4 polyclonal antibodies were
developed using a synthetic peptide (Auspep, Australia) with the following amino acid sequence:

Gly-Val-Tie-Asp-Thr-Ser-Ala-Val-Glu-Ser-Ala-Ile-Thr-Asp-Gly-Cys. This sequence
corresponds to residues 1 to 15 of CoaB (PA0723; the major coat protein of the filamentous
phage virion) of Pfl (and of Pf4), which is exposed on the outer surface of the bacteriophage
virion (35, 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 KIH-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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Preparation of antibodies and immunolabelling. Anti-PA polyclonal

antibodies were developed using a synthetic peptide (Auspep, Australia)

with the following amino acid sequence: 25

ER2VA(CiEAsp-Thr-Ser-Ala-Val-Glu-Ser-Ala-lle-Thr-Asp-G Iy Cy RG24 00389

sequence corresponds to residues 1 #0415 of CoaB (PA0723; the major

coat protein of the filamentous phage virion) of Pfl (and of Pf4), which is
Eleetrpio saikossthpyoued sunfasecghblficlidadiegiophRfd virons(351868)undaold electron

. i idue t -terminus of this ide.fo .

s T o T R ket B Fp g 18 hat37°C
essqraﬁﬁaf Wadcherani - dyegorishnped fioouthneges swifctionsh easfiton swab were

suspeARtI N ABR-0: Of 76 dilsati60 (s el £ RAB PER PR, E'ﬂg:téﬁgo?f was plgced onto

Medical and Veterinary Science, Adelaide, Australia). The serum titre and
@ shegi bttty e F7 | EAPRGEROS ek e vy kg mmhe drop, with the
coaﬁédgﬁeimghl@tcﬁnﬂfsi& joﬁ@a&ﬁ@ﬁéﬁ&@ﬁ%ﬁtﬁiﬁf bﬁ?g}?ﬁ’@ %Qﬁgl%ﬁé@ing reiegigents (at
rQn migr: nd.im 0go i d ns. Immunpgo
oo s P S il e e o

(5 mighAHateentonig A %4tB70e wsgeribipadG840ripdd (G opRagenioserum (NGS) (5
minGRPER1ABb NG A3 SHEREGWVIHNRLOHER EYY%]SVY%%S%SP/% Retss g%} min). After

hosphate-buffered saline (PBS). A drop (50 I) of this suspension w

P
threp wrdirbinb 5L Jradt T Parinirac. darissi arie Haradven-edepdfiforamoglobulin-
golc’gt?;?l@ﬁqﬂ aﬁﬁd@bﬁi’lﬁnﬁfﬁlﬁgg\lﬂﬂﬁﬁﬁ Qt}h Q&}@i%@ﬁ@n&mg?f?ﬁ?f@) 1P diameter
n n sequen onto drops on 0 reagents (at. room .
B B e OO0 D By M iy s e subjcte to
thfe@@fﬂ%ﬁ?ﬁri@ BSrtMiNHzeEH), (Bl ), 198BS ucomtdehing ﬂ:%hﬁ\(ﬁ]ﬁﬁ&?,ruﬁﬁ washed twice
in R ‘Qr:{t@x%@t)r angh% rr@ﬁégﬁﬂ& SR %cg}l g’é@e@mﬁﬁ@ ’d?glgotth% {Ka?t%g}!f acetate

anti-Pf4 antiserum diluted 1/100°in PBS 1% BSA, 1% NGS (30 min). r
for 36 thiHEdvaurEsai B caberoing wineachiitpe Hit0adpricdesion Flectron
Mictliiorf (imxpnoglobulin- gold-conjugated anti-rabbit immunoglobulin G

(IgG) (heavy and light chains) (12 rim-diameter gold particles; Jackson

RESOINES aeBeRIst ik in PBS (30 min). The grids were subjected to
three washes in PBS (3 min each), fixed in 1% glutaraldehyde in PBS (5

Eméngancanet BTNeditine tit disstips WalehdOforrlinQanih the sty eieplaque-
t egnox;;,gatﬁg with a drop of 1% uranyl acetate 15 for 30 s. Grids were air
ah

famé%f e er‘r’ﬁﬁ?&‘ﬁﬁing a Hitachi H7000 Transmission Electron
Prev%icsﬁofch?% S%E%-ﬁﬁ%{”s AND DISCUSSION Emergence of SCVs ]
iy e Bistifn efffiisnt eorrSRIR BT RRiiaRh & rETRuRdde Ra bigbbiamssaated during
P. apifgiiaag bivEhadscMpReevioas yndenssobmfihlikd flempmous ceruginosa were
fomﬁrﬁpl?@&%é/‘ée'fﬁe&%%ﬁg’ ﬁ%@%&e“@ésgkﬁ?etg q’@ll)l réggable of forming plaques on the
host strain of P. aeruginosa (59). Because filamentous phage infection can cause small colonies
in E. coli cultures (30), we hypothesised that filamentous phage may also be important in the
formation of P. aeruginosa SCVs during biofilm development, We therefore compared colony-
forming unit (CFU) and phage plaque-forming unit (PFU) counts on agar plates using the
effluent run-off from P. aeruginosa biofilms (Table 1). For the first 5 days of biofilm
development we observed between 1.3 x 10° and 3.7 x 10° CFU mi™ effluent, and all of these
colonies resembled those normally formed by the parental strain P, geruginosa. No phage were
detected in the effluent during this period. However, after 7 days, we observed the simultaneous

emergence of 1 x 10° SCVs mi™, and 1 x 107 PFU ml™! of phage P4, alongside 3.0 x 10 CFU
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P. aeruginosa biofilm development (63), and mature biofilms of
Pseudomonas aeruginosa were found to release a filamentous phage
(here designated Pf4) capable of forming plagues on the host strain of P.
HEHAiHB¥A2059). Because filamentous phage infection can cAtiSeC3fa(H00389
colonies in E. coli cultures (30), we hypothesised that filamentous phage
may also be important in the 25 formation of P. aeruginosa SCVs during
ml bidfiin widdejpprent cienthe @ire o far S vRIeRYe fppnigenbely (CFU) .5 mm in
. lague-forming unit (PFU) counts on. a r'g_{?te ing the
d e %Iie)r%% r@%@ﬁ%‘%}%}’ . ge%%%%s‘geﬁel)(ﬁiﬁr%%l ('Fla%laeng%f3 %%rsl%gﬁrst 5 days
f.hiofilm, deve nt.we observed between.1,3 x 106 an x,106
W ,E% -
R PRIRRTIE 105 s SRR il Bl ot i pe
colgsipgeephipiied parambicsivaitalte defogmpegrsioophhgéysexaid(Pdeteqtédsa sirain)
prADAbRRIRRIEMBE. this RENEUHAWEYR aflgh] ﬂé@/&e%es%ﬁ&%?g i&ﬁ%ms of P.
-10

simultaneous emergence of | x 105 SCVs mi-1, and | x 107 PFU m

aerygizgeesid Uiofss RS 8 GREBEEHEUNR S rmsrdseziops of the 168 rDNA. of these
varRGl]/ Std 200d 0038 Yesttkynvvith ahthe. witdtyRa dasere6R) aBifsnéeqloniewefelected

the SCVs wer imately 0.5 - 1.5 mm in. diameter, whereas
Onep‘éaf%aﬁ]taf%l “%8?%@ Vr\?gfésugsﬁ ik %ﬁ“&?ﬁﬁ%&%‘?"(ﬁg. 3a). We picked

I coloni?sgrom the 18 h agar El?te and found that a|l of the SCVs, but not .
Y5 E DI SN S S el SE T Su P EMSre VS (B0 P hIARIenE tHEr ounding
SCN serijenefuae RGhoshsira Ntk hghtetobhage! (Bffprax. ckpedidd that electron

. - ir t SG6V, re. variants.of P, aeruginosa
S DR i S S LR o scv

celif, eamrish dp e arittoins el e Ertejorseriredrow drugimoskdionomeroscopy of

P. 86Al4ANGR (o). MR SRIBEEE dn@ R VaradbrSlaSIARaIe dutibodes Plised against the P4
subsequent mveg(%??tl%ﬂ. Immuynoelectron microscopy reveals dense
e

ML FRRIBIRE bt B4 fild WollRtiNg L 1Pe COImiRS., seuiatied selly that were
surgpindié s lgoritainedesglen whiiis @ Ridntwe(Bignedjedithat @lgitsbrimmuno-electron
- M) ORI inati Vv igh-densities of P4 filaments on
B P e LA e IheEiTig) (4 also
derponsisded rbraenilsamisyba wirspoebemyidilp inferwghrosia celiitspridentical to our
obdaprmaland SCV7 colonies, using antibodies raised against the Pf4 major
coat protein. SCV7 colonies, but not wild-type colonies, contained cells

Prekh&ﬁél!@@ﬁai@ tﬁﬂéf@u&%‘ﬁﬂt@ﬁlﬁi %QQ@ ﬂﬂﬁﬁfo%fﬁgﬁ%%%&%ﬁﬁ%a% D8 reported to
ov onI%lc?aI imm o-,ijectron I@ICFO copic ollescrl tions of filamentous gaage .

= e By rthayp s [ emiome et SR B AIRHERISH similar o
flathettorsr ghafie mitightlyidtéryare nfiznskdintdoishitdahtdrpuslabsevationspy. To
pm%%g%ﬂe%%,ﬁfgg,}%ggi%%@M%@ﬁ%&%@gg%&%ﬁn%@u SRBPRR N ety due
to Pf4 filaments, we grew biofilms using a P. aeruginosa mutant with a knock-out insertion in
pild which codes for the major structural subunit of the type-IV pilus (29). We found that mature
Apil4 biofilms also produced SCVs that contained Pf4 PFUs, and exhibited similar high
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 P4 virions to P. aeruginosa cultures generates SCVs. To further investipate 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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20 overproduce type IV pili on the cell surface (12, 19). Type IV pill are
structurally very similar to filamentous phage virions and they are often
indisti%%rlﬁqishable using electron microscopy. To provide further evidence

e Vﬁérfilamentation observed in this study was princ%%jln@%gy%m”

P4 filaments, we grew biofilms using &®R. aeruginosa mutant with a
knock-out insertion in p1/A which codes for the major structural subunit of
apPEFERRGH el\/SHiNS (20) exvegiolificbtinabenbiofidnRSatpiMsbichldistalsbigh densities of

ﬁlaﬂ@%ﬁ%ﬂ] ¥ dhalaaniained, BiARR S ﬁ%@f;m Q!Pﬁ%?ﬁ&'{?fl (*alzﬁl.? not shown).

densities of surface Pf4 filaments when examined by immunoelectron

i ' e a _ Vi ar Iq ;
o BBt S PR e 1, e b
bac%?a&ugfﬁé%ﬁﬁ@lﬁe%%@@g@w PoARftIsEialisbeti gatemhiotionsist with its

hostiﬂdiﬁgﬁgiﬁﬁﬁéﬂw'iﬁlba&@i_i?%ﬁlﬁza%?@ﬁﬁl}ﬁiﬁ&k'tﬁﬁﬁ%%ﬁn%%ﬂﬁi@éﬁadiﬁ?ns (59,
S radient-purifie . AIler iIncupation in t presence o
6 Rt A CRATS BETe N b U gPEA Pt o of e
lysagenitieddfong phieawtost (Eign o) ideot gsnoritef 8CTEe Tul 86V producetbrmed by
: ' lQni S ' 4 were identical .
e N St B O O YIS o
Ry RO e the BB M Es st ighkeidisabuses fRMEniBuss. 46).
Sucﬂﬁﬂ@@xﬁﬁfﬁcﬁﬁ%h&ﬁ%@@ decfﬁégﬁiiﬂ@éima@}@%mtaﬁﬁéﬁﬁé& Iégﬁt(:zs, 26,
SNno . 0 | llamentous € arige ana cause an alterea colony,
35)p%aé‘ﬁ80f‘y8‘ée AT LR o 0 B P W SEY g b considerbly
smaplen e Btatblit e wsyfentzid tiel btBd Wwithdgs Shhpshengt ifQaniatetHy aeruginosa
: ' lIs. un normal,culture conditjons (59
o483 L SO 85 Q) U S oo
varigR! GreRgeh BEpe W@@@éﬁ?@@dl@lﬁéﬁm@r&%\&hé&@varn tantherhandem of lysogenic
imQeR R RCYE, g ShYhaRMA ek fMMad B iR BR.at e I RS vercome

th.spha e.. However, filamentous phage that can overcome the lysogenie
it m/” 8% 8&Fstrain often spontaneously arise in infected cultures
9,17, 32, 35, 46). 10. Such mutants can cause marked decreases in |
We%éﬁﬁ%"rgéﬁigé&”aﬂﬁﬁ&‘&ﬂl Rdisthan thswikiype sirpin Bialagdopiprulture.
In ftht H{i¥ctexhietts! @ﬁ)ﬁwg@mﬂuﬁtha ® clodoriydsigg:titatiis(arasidernsily times for the
mx&@?&:‘%&@a%‘w %&Lﬁ"ﬁ%‘.‘ﬁﬁz‘?ﬁ:t%gr&e'lé otk Picr:‘agﬁ&zr%ﬁt %r%?]ger%.ﬂom 432 min
mature P. aeruginosa biofrhns may represent such variant forms of P4,

respaRVELY hhtgitss S8 Bhenat Raniprophertesdy biatmvpshatyewiitios R haifierted cells.
Smdill@doiiel v faramBOd bV aTs the BRI AL e Re RGO IR another compared
to tﬂm%@g toward i{é%gd the mechapism by \SNhICh spontaneous

BhAGE PRI I B e AGSHREHAR SFRihiR) S PIARKIGWA. Wiusx seutd gormally
obs¢hati 3@ \¢sandalel mrovhannie sid\BIyhail sthewilldtyp @ostkaindie phiRIdaNts wells of
micﬁﬂmgﬁlates (see below).

Biefilms formed by SCVs and by Pfd-infected cells show enhanced attachment and

micreocelony development,

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 Apild-
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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In fact, SCVs exhibited similar growth rates to the wild-type strain (mean
doubling times for the wild-type and SCV7 strains during early logarithmic
rowth were 47.4 and 43.2 min 20 respectively), thus the SCV phenot
'T% IPe4t2Et by slower growth of Pf4-infected cells. Small ESF&%&“&%E?&”
also be produced if SCV cells adhere.qgore tightly to one-another
compared to the wild-type strain. Indeed, aggregation of cells in SCV
Theplasvktofim dyttuteshclatdanarnm by cpiophnges myyeyad(datacrakahownleantchment

A o R LR L IRE 2 PR Bt g o e
Secmmh@@@waahm@msaﬁedﬁﬁ@d&@mhvdév@lsgméntc\m@xmmdmm closer

appRRIY AT eIV RS, AP UARE 7). ABUARE ¥ eldiP R\ SURIAS 128160 surface

& to an inanimate surface. SCV strains each showed increased attachment
o SRRRIBS RSy St B Fsien-Hireahutlis spea oK Pridhsititalp bjdsing and
penﬁmanmmmwtmtﬂe Apithe30 G A comprigstiouiR AP 1 AsHRifen’ phage

es IV ili are not responsihle for the increased tta
s A S s R S T Vi
ccllrﬁ@’e‘m%rﬁwm@mnM%ummmmgﬁg%mm@ﬁﬁma@admg to the

subSifaceAREh ReRtiARGRUAAIH SIS MRG! %{eé%&i%%&%ﬁb%ﬁ%r type-IV pili

ttach nt an energ barrier (known as the secondary minimum) is
Omg? vy e Slaon reby electrostatic repulsion can prevent closer

alaa[l)&ﬁroach of the cell to the surfac Hﬂ;g Because of their extremely small
Weals ezety Sipfaes stibimints &uenaistgpeanipm Enaleday wrbudithithe biofilm

(Smrwm@mﬁammﬁw@rmm s@m@ft @&ﬁ@ﬁkgnﬁmmfﬁ@g@ attached

mlctot esunj[ ce 36 ld e co IQU? géj nterwoven'

e e SRRy o o L Bt 1 Bt microcoloic
did goheaetsdil? the babm&r@emsmmedanammﬁmmelmmm Righrast, after five
dayE‘ HW&E@E@J@&%%A@%@WX@%?%%H&E %&Q(‘?&%}g ﬂgef e 20% 300 pm

bacterial cells could result in enhanced adheS|on as
1% GribiHet)cell surface filaments. We also grew biofilms of the SCVs
in continuous culture in glass flow cells. Both the biofilm (SCV7) and

We alsgbomearyabiafibe devolonmse dapanld-biroarhbrsschpeeung cells using the

CORISIAEdofiviarecRioNiae teantths wild-baa:stalnstbigs &) ﬂibl@ez%}fﬁﬁm biofilm
thlcJs{Praln the size of mlcr colonles did not xce d.75 m in diameter at any

ageé'él rngG DioTT ¢ e Soprieft i Icgg yaﬁ‘&h?ﬁlgl d%l & bEBTGHRen in the
wildtisipsl spyairent, sBDO\SE fhetju&mﬂylﬁbﬁrmwaﬁu(ﬂﬁ@blohtasﬂdl fhenr 2figm 06d planktonic

cuttdQQ P BARIEISEAEI R s Preased maximum biofilm thickness and microcolony area
after 3 days of biofilm development. While not always significantly higher using analysis of
variance, mean biovolume and thickness were also consistently higher for SCVs compared to

the wild-type throughout biofilm development (Table 2).

In biofilms formed with SCVs, we also observed complex heterogeneity within the
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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We also compared biofihn development in wild-type and

phage-expressing cells using the COMSTAT software (23). The results of

this analysis are shown in Table. 2. Maximum biofilm thickness and mean

W&F(?BH%W%rea were significantly higher in the SCV7 straif thaF1A0fH208?

20 wild-type strain at each of the timepints studied. SCVs obtained from

Pf4-infected planktonic cultures also showed significantly increased
bacteraogtgen ltgmﬁimt'etﬁjclfmﬁaﬁslamidam& itecinysec iaﬁ@rrsﬁiéatﬁ ﬁﬁtﬁiﬁ{tknfbieased by

e S e

variance, mean blovolume and ness were also cons

sevé%lgamﬁ %d Qy ﬂag hténg oLghoNt biofiim d V%OB{};%& (T2l er. more

). 251n b|o orme wit S, we also observed com

ffﬁl@t@t%t@(éﬁ@twtﬂmﬁ@ Tiiler bl st Wﬁ.@hsemmsat\géa@gmmpmducmg
s&aﬁiﬁ&ﬁe@@@ﬂ\iﬁf&d@@w&w sh Oﬁm MRS D %ﬂ%ﬂgt:ﬁ%ﬁﬂﬁ(ﬁﬂﬁnot shown),
o %F E? n %f Sis Wlth#11 microcolonies occurred much earlier’in
pos g e YA PIER 4 15 BIBRTINGP T oh B ki g s 38) and
mt@)bﬂ@wﬁﬂe Mm@yﬂﬁﬂ)u%b%p@mm@ybwmﬂkedemﬂhm@ §eadh incapable

cells inside microcolonies in matur

( 7-da %%fu 3%}085 of| %"j‘r%?’ié“r%f’éﬁ SUs Tbac ;%rllf)ph né’cé{"rﬁﬁ ilyge strain

(2210?& ‘éﬁfrheétewtsde%hgtp @mr@mmetsaar)m‘lmlmonsequem ofiatiésto form

iclbRbRath (o BUNMIYING GEILS W IER
m; dispersal gﬁﬁe WO 2006/052 4E|§e T/s%%gsa%%%ﬁ 8%19@493&%95@9&5 to vary

depgnding: ip g RSB et itie sty Biefimdommedobisdhtsldpild strain

eﬂﬁbﬁédﬁmﬁﬂmtﬁdﬁlﬁaﬁﬁﬂé?yo el WRal B hiSIISNASLAIRASS] @ttt@%%d twitching
o oltheir baﬂ{e ia | bIOfI|m 49 56). eyeral echanisms may exgéaln
SWPHAA .t;.ty R QTR H B TRRG L VS R ER Hyked soains.

lonijes,than t strain. We o served that SCV7 and phage
Anclfeh M mtré%%‘&?é{g A TS IR RS b I AEBRdigtiof lamentous
phagmmh hhg mﬂtm!;ff(d’ataajrqtlshw&ﬁwasmkﬂy becasissitiaofasitdlls RREgER E. coli,

expi‘é%ﬁ&ﬂ%fy&% \ééﬁvé%ﬁt%ﬁﬁﬁ éﬁ&?&%@%{ﬁ d tagel\gac? (Br%}aan dd guug'ht tPereforc? biofilm

interfere W|th pilus function. Previou mutant . aeruginosa s FAngY

formatigpatié 87 witdesngreaeits vtmgtttuwd feriliisie | lgamihiorsiotiomoe within the
pop&t&d@ﬂlf@&iﬁl&ﬂﬂﬁl%1@'14Qaﬁ@Qﬁﬁﬁiéhc(@@tr@t@feﬁ9‘@?%[&@%%@@&&%%&5’%%@ share

four}gm pe I us muytants were unable to form 10 microcolonies

e ro Wp‘gl ST TR ErREsIEs: dslrerbinvant apprakats suggested
*haf\ﬁa?‘%ué@twﬂmhm ﬁwmpdummatalisyatmms‘ednmms sivdyiophafitms], 5, 61).

Bec QN6 RS- ARIOSHM @ igrocglonies similar tO{% kn.tlévc{ X%ansfer of

strain (data not shown), thus |mpa|r tW|tch|ng moalllty IS unli
bactgriophages Witkinh dost FRbeuBHRg 1Ay sl ymeniig 1S Cwsitei nénetmmhesmn

of Phelhaniam oy eNhaRERAINGIREAINYIRMBaTONS thalighAeMSileR Pmong the

ﬁlm%le%%gs Lac%nophages

Analysis of the P4 genome.

A previous study by our laboratory (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 Pfd-infected cells, and used primers Pf4F and PR to
amplify the predicted region of recircularization of the phage genome (8, 28) from the RF DNA.
Our data confirm that the RF recircularizes wusing the repeat sequence:
TGGAGCGGGCGAAGGGAATCGAACCCT located in the intergenic sequence between
PAO714 and PAQ715, and within the tRNA-Gly site of PA0729.1. The sequences predict a
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15 phage on the cell surface may play a direct role in the cohesion of
biofilm cells. In E. coli, expression of conjugative plasmid-encoded pili
can lead to enhanced microcolony and biofilm formation (16, 47). This
PO Mought to facilitate plasmid maintenance within thel/pEHIRIAS?
by allowing high rates of infectious trassfer (16). Filamentous
bacteriophages share striking functional similarities with conjugative
12,4 3umidsyligceees busrbbautihtysihal s pgprsied 2Odhrt LatpgabyePpPiruginosa
y jopary i ith-filam s.bacteriophages (1, 5,.61). ..
e S B e T e o girence
inclijfediods trass lradiuisiveaivsphatjessoritine iBABE5)aibg apuidiRase itdmponent of
an KIRTGSHRGIRLQPolOe] Yy hether he conarionon MO RISy intergenic region
b f|Iam§gE§us structures ma&{\gve its evolutionary origins among the
SRS MO R e HAGE R BB h s RIS BF s raZe homelomdple hsugepressor C
proisfcuc_bj b@agﬂ?ﬁi@fdﬁﬁﬁﬁcb éﬁﬁg%:fﬂd ﬁbﬁ wmmﬂ)smyag@&ﬁmrﬁh@opm&md CWOBhse pairs
0 n , ) rop . . aeruginosa. To provijde
wpe e R TRl F PR e e it o
antifepsi ERtcinfat s udstisommcusad pieisérslam e, dochPidRatoessnplify. tN@ 790091.1)

(6), pigdligle Qéﬁ@%@fd@ﬁﬁﬁuééf{ﬁétM§%iQ&HH ?@@ozﬁﬁ@ﬁ’&ﬂet@ix? ?%‘ flgpgydt ql%st range
plasgga%lﬁ% 30 Qur data confirm that the RF recircularizes using the repeat

S GREERCEREAAEEARPENRRECED  dhstserithars similar in
theiintizrgani R" . ©Bed ﬂﬁf féﬁﬁogﬁém53_ﬁsepﬁﬁﬁ]téxﬂl@rﬂ&%mﬁxo@ﬁgégé%%bﬁ/oa‘;Zizlg%lest that Pf4
{ - St .1 equences predi t
e S o0 s o EHOT S Eal CHPERAy L modules
can theikiigts!iisaviade ermes ségliemids §1'D aadigigasds|By) klliegrphriserhafe lost the
plasdif 98 aRe kRN R '?o%lﬂ\’i{ﬂo'&ig(ﬁgtg,r G Z&X&ﬁb%%%gﬁf%‘&a%éd toxin-antitoxin

include the presence of a putative reversetranscriptase 0715), and an

systEmR A S eoRApBARHY dresandastbid s dured ey 18y s P rIdetoRTe, currently

explonnii@leoheptain anial BIRIGEBIGIPSigRasbe W eenPARLLE BldIRA0717
(ORF71), is an ORF with 42% homology to the repressor C protein of

In sphageyPiGerBasiaeCession e \WRBRE LW B asake PR iR QRERpment of
B R L O A R o PSS WA it igh densie
omology 1o the prévemt-nost-death (BAAT ARttoXine St gftAnts cxhibit high densities

of rbfeedilamaninas tringheuff8%oaattdttyGenbankacedssiochneniNg — 3 fold) and

microd . ! Sy . id ; isper:
G QQ)%} &Qvé@plﬁ&ﬁ Egcfé?{b%ﬁﬁ\é%ql‘éﬁmég‘ﬁ@%ﬁﬁﬁge%%%%% énrﬁﬁlglt?nt dispersal

stabilization toxin of broad hostrange 10 plasmi

PheRobEn KD HBARSESt SBEBIRY Y it st el ecaaresiirP iframeippblished P.
aerggitb @I JASINATORN IOIRPECessiRetk [ PIRIRAHQNE RROMIBSHL: @M determine the

. _spggest f h uired a host-addiction module, or, _, .
e i oL AL oUIEGrl somponent otin the . of

both laboratory and clinical P. aerugirosa biofilms. Recently, extracellular DNA has been
reported as an important component of the exiracellular matrix in P. aeruginosa (39, 62).
Release of high numbers of DNA-containing Pf4 phage within biofilms may provide one

mechanism by which DNA can accumulate in the extracellular matrix of P. geruginosa biofilms.

EXAMPLE 2 — cloning of the parE-like toxin gene

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 Pstl and then running gel electrophoresis.
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can facilitate the maintenance of plasmids (27) and phages (33) by killing
cells that have lost the plasmid or phage post-segregation. To our
knowledge, a chromosomally located toxin-antitoxin 15 system has not
BRUABULNBLen described in Pseudomonas aeruginosa, an8&#& 4500038
currently exploring whether this moduée is functionally expressed in P.
aeruginosa biofilms. In summary, this study reports a role for the P.
Figwe iigin tsagp! phege Plikiplibaid o froenttef 2aprathCplenwp henetyitked from
riants, sluri |ofi rmation. se.variants exhibit high q§ns'ties. f
s L G R e e e R

from 45 PHLPRIS e og)canarRo i o kb aes SloprmEIM parE-like clone 2 was the
digeRaCRtBPNAGR e RIREe SR ViR TR SREG AP AMIMBAFARL ISRESSAL of size 300

t0 4 %enorté/&e, with enhan%gd colonization traits, which can originate from
0 Y ESBB 805.353%?6@&?3 SSHORfRE G ErAPettBhments. Further
studjes are also needed to determine the significance of high densities of

VeriSeatinn b ihe odetaion Al et Mp sFeneHoRnRRIRDS 2Bt fpiothd. It can be seen
fronathergionysantctinaslFiaeisgiResrobidins RacehtlynRxiracaliaBRNG 400bp.

has been 25, report S an important component of the extracellular .
L R SR 8 S SBIRSY At i oo = ogment sse of
aboyd N Aldont Jilin gaf b ke wwittim Bigfitns0maher dvideindieatssethapism has been
succBHNED AN ERN BE A BHIRNED, B X HARR VLA B aGhuginosa

biofilfrrnj@%l EXAMPLE 2 - cloning of the parE-like t%%%gﬁﬁ%n&%hies
EXAMRE®R Gp from the pGEM T-Easy-parE transformation, where cultured in

30 LB/Ampicilin at 37 C overnight. Plasmid DNA was extracted, and the

The pegsanedafiinse gdadASpasDislormine &by Es oo dipstianrbRGEMparisons

- T-Easy-park with restriction enzymes Hindlll and Pstl and then runnjng .
i I 5 Tl LS50 e E20BESA58 BSE RS protins
are showg ihdigepitiulé. of the plasmid DNA from the 2 typical positive clones

picked from pGEM parE-like clones. Bands observed, from digestion
EXAMIErents on the plasmid extracted from a typical positive clone

confirm that the upper band from pGEM parE-like clone 2 was the
1) InflyedoadfIEENbvimcgon¢3kb in size). The lower band of pGEM parE-like

clone 2 are of size 300 5 to 400bp which corresponds to the size of
It capdrEstikelyendhSARbx: Vetificatibntiohthétlo denbatine of thedlE byl (agtriztiand P773

| r : ang2hasa . .

o T A e T oA gy et
nergase 1y Mier{dee oh& skaiahia solisutivyirstioe mta Baiprs. ablghtshpwimthe OD from
2.5 Heagnoanbste®ieabout 3.5Kb. This can be observed in Figure 10a. The :

data indicates that parE has been 10 successfully cloned and is in the

ThisqieriatiantHedifis 6y BsExpaR @A IHBEIPE PIOROISE. are bacteriostatic at the least.

Plate count data using LB ampicillin and either glucose to repress the toxin or arabinose to

induce expression are shown below:

GLU 0.2% ARA 1%
PE771 >1x10° 1x 10°
PE772 >1x 10° <1x 10°

PE773 >1x10° 1x 10°
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EXAMPLE 3 The sequence for the 2 genes (SEQ ID NO.1 and SEQ ID
NO.2) and the sequence comparisons with related gene families are as
shown in figure 1 &2. Comparisons with other related proteins are shown
WMAi9ES24414. 15 EXAMPLE 4 1) Induction if Pf4 Toxin gdl&/RERASHAcs89
seen from the Figure 16 that inductiomyvith Arabinose on the PE771,
PE772 and P773 constructs ( Pf4 ParE-like toxin under control of
Arabinose promoter). There is no significant increase in the OD600 of
Escherichia coif cultures for up to 3 hours. Slight dips in the OD from 20

Bri2fly hounisighn herebseluges Tus piowes hadb i ® drtoXnasAXMessesh Nt 1%
ara .E()?Sg e7fg% 8ia 73 gr&g (tggostaiic the IeaMlate count data usin

B ampiciin and enher g ucoggefg‘?ee% LEORRRHRRIRLSS S aRedss (1%).
2) ng%&e eé%ecs ion. are shown below: GLU 0.2% ARA 1% PE771 >1x10
NI0"BR772 >f§%’é <1x 10 PE773 >Ix10 1x10 WO 2006/052224

PCT/ 5/000389 -47 Briefly, overnight starter cultures were grown to
USBEOR S BT o 1 ABET R  BIARA P OR  Ecok
diggsied d¥pedtiva hBlaipiciliniptatessviitnanabifasee (1 Bayk ZnioSerion abor expression

actyati | . ite @xisting.within the Taxin gene a. .
T B B S B S T Qg ot v
on [RAnHRISHER Yilratrbinget 18t Backthass that sartindahp inssionitbiuthieEcoR1 site of
the Dogdgdheiinsertional inactivation of the toxin gene it was found that

colonies that grew on LB ampicillin with arabinose (1%) were those that

PCRatueit theitaratanited I EaQR bEIIR s henoxingsnend: Sotbhy '0;39?18_(1 2 clones
ha chi?{%ults |nd|cat%t %}r}there are 2 types of inserts in this reaction. This

Ui Grry e 28 I¥fFg &b kbrsartionvasslene witharimese fpicthe cloning
of thedetiorgemas Wonepwithiedrinmixs fosthercianibgtes thetouinigare. When
purified further was found to be two separate clones. 3) Plasmid
3) Balbilid atidriligtiitie sthiizcomplete operon of the Pf4 antitoxin-toxin
cassette including its putative regulatory
The complete operon of the Pf4 antitoxin-toxin cassette including its putative regulatory

sequences was cloned into pTRCHIS? resulting in pTRC-PDPE-170 and transformed into
TOP10 E. coli. The clones were then grown for 250 generations to the same cell density. The
plasmid DNA were then extracted form the cultures for quantification. From the results it can be
seen that the PDPE was able to stabilize the plasmid ensuring stable inheritance of the plasmid

carrying the PDPE stabilization cassette.

Constructs: PCR cloned operon comprising Pf4 phage antitoxin-toxin gene under trc (PTG

induction) control. Cognate clone catries putative/ proposed promoter/regulatory sequencés 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.



15 sequences was cloned into pTRCHIS2 resulting in pTRC-PDPE-170
and transformed into TOP 10 E. colt. The clones were then grown for 250
enerations to the same cell density. The plasmid DNA were then
‘%9&2&%@%?m the cultures for quantification. From the resuffsieEAM YR80
seen that the PDPE was able to stabilige the plasmid ensuring stable
inheritance of the plasmid carrying the PDPE stabilization cassette. 20
At Eevistideld: poRisibordopessitieoribrising Pit phagethntitoxibdamd as follows:
gene under trc (IPTG induction) control. Cognate clone carries putative/
proposed promoter/regulatory sequences for autoregulation. Methods:
AONE rying 2 u-" one-isthedesired-clone .-.ig_a- e

Lt . Sifenced ~ - ogriae ., . . : !
control where 25 the clone is in reverse order - this will allow silen |1b°ed

' IPTG pr er (this will be th perimental contrql), At fixed
Qua%ﬁ[{)%% o% 1. The r%ft%gﬁof plasmid maintgigngé% in the culture |soig§ olds
RatBighgHiapthe silenced operon over 2?% generations. WO 2£ 6/052224

PCT/SG2005/000389 -48 At least 4-fold stabilisation is possibife. The data
for-theratiots-tabtitated-as-follows—induction-Sienrced-Coghate-IRTG
induced Quantity ng/ml 102.4 184.3 158.0 Ratio over silenced 1.8 1.5 5
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(prevent host death) antitoxin protein which protein comprises the

CHtAER2EE set forth in SEQ ID NO.1 or which comprises &§ait&tiard}0038?

equivalent thereof. 2. A ParE-like toxissprotein which protein: (i) comprises

the sequence as set forth in SEQ ID NO.2; or (ii) which comprises a
58.funcliagats diivaleBt Bh(shiRlIA T BteadocoidihgRecoksmmidvhelkindlersid. 2003.

ProteAloana AL L ACAUSNGR A0 e il il S ABIR! Wects of

accor ‘Iarrg to claim 2 wherein the protein c _ e sequenhce as se
fortiiew S pmspandsyvimmebtirag o Bt i eri s s wAfdraif the

protein comprises a functional equivalent of the protein set forth in SEQ

39.1D N¥ehbaddSwherdid braphest Sn dregsila hadtanidast dboutNddsas B. Koch, M.

90, 82v:Rv.Ian86s IKj BB RR RVP RRICURLAL W UANISRICALOYSHILS biofilm
entire Ie@%‘g as c[;%ri% ared to SEQ ID NO. I. 6. A protein according to

claiffF e iRpEran’t 1Rt 8ditptsdd%% functional equivalent of the

protein set forth in SE% ID NO.2 and wherein the functional equivalent is

60-at 14 bl s s - SEmBeRss 288 Ret oM iaygingdih o begaplsar structure and
sequientiaty ickesiizal of ehdtalpivitelieniothyell tomipakedowtbaSEQ e PI1. Acta
NO@ gtaﬁ\%of?iﬁ%?cerdsi go agglﬁr?]el% claims Ito 6 which is provided
rm of r afo IRt

in the Y0 a fusion In“or'which 15 a fragment which retains

biolggical, or i logi thvity,.8. cleic acid molecule which . .

O o e a8 I Mt e PR o o g i peied
a tofin prorhingcvolidityg botangt arliagsl staritsRy 4n6 edd@ndplasmiginosa. Mol.
whigl: Gomprises g7ougigic acid sequence of interest and which replicates
in bacteria and which is stabilized by the presence of a nucleic acid

62.SCAYERTaMIIEh @nGedep a, AR AIOBINACEAIING 1A Yenisick. 2000.

claims 1, 3, 5 or 7 and a nucleic acid sequence which encodes a toxin

proterrarclienryNG Ersrker kasteral profilendprmativn Ssieatn RPN

comprises a nucleic acid sequence of interest and which replicates in

63-bacf8’#§%‘% Whi M cbm regsra-Rclei Baarevatite ey iersehcted 8- akeitzel, S.
antifou), PiedeiB. AECTHRFHE-ANLVIC OkhlRiBkprésstord B PsdikioMdlasBibtuginosa
Whl%El ﬁﬂ@?ﬁ%ﬁseacﬂﬂ%gb@g%ﬁ'_d sequence which encodes a toxin protein

0 kit



according to any one of claims 2, 4, 6 or 7 whereby the expression of the
parE-like toxin protein is driven by a constitutive or selectable 57
expression promoter and wherein said nucleic acid sequence comprises a
multiple cloning site (MCS) to thereby facilitate the insertion of a nucleic
acid sequence of interest. 12. A plasmid according to claim 11 wherein a
nucleic acid sequence of interest has been inserted into the MCS of the
cm,@csnid 13. A plasmid according to claim 11 or 12 Wherein the plasmid
LA RS SRS IS AT R e e o
set éa@braﬁr@ttpétéirh o HerePPiessEts HRR é@%@é@%ﬁ@&smrd
2. acmt@iiegiit@ tBia @}&Qrﬁﬂﬁiwme@ein thecbhastardatichromasomedastheesEQ ID
r evs 3Ib It%rneqlsse% as to produce a, pro ? according to claim 2 which
s tox ¢to the bacterium. f% method to rgi) cate DNA contained in a
3. pra%mnieabe@@éﬁﬁ@ 6 GRi{ drieh eI A Ol aBsivh R EsEce hfstiked in
SEQUItUKng bacterial cells according to claim 14 or 15. 17. A method of
producrn tein of |nte st the od comp I’ISI g culturin bac
4 cellsoF gcccﬁ)é%ngtg %:l faim 1 bi r éﬁn efi”cgﬂn |t|ons En Ligy Sai é?fg’?e!iﬁ“
SEQfl[tdrest is expressed from the nucleic acid sequence of interest, and
5. recoyRiig salepote ik Ntarastithupradueedrild. aAtueaar;mB&@.utie:‘ah of the
pr o?eﬂ%“sp%’% uon, d%%%Wi %1baacier'%%a901%i9'”9 e g
protein accor to any one "of claims ra bacterium accorglng to
90 éiarﬁrhl% 1Y, f5x BiseritPm é@rrﬁqnte%.ewntﬁélé &eafi%idérruﬁieaetf‘draﬁﬁ'g%
corBlAlY IASeNID wahe manufacture of a medicament for vaccinating a
patAent 21. A eth or i e an a onist or.antago

nist
rGiein accor 9?0 ann 2 (?Par rpﬁo ]]. Q_}np 15eS agﬂct 11a e lfenq c(n)tf the

apr dtein accor any one o e met com rismg
profi gte&%%‘@%hi&@tﬁ@*@wégteébrtﬂo@artwwitmalﬁﬂéférﬁ Blesraney! - 8-
90,81y BNes0he;lerd, ta bramch getasimisinenifathedestaampayaaRIndg10the
ot ared m% 5_%% according to claim 21 wherein the method further
Bmprrses ermining if the test compound enhances or decreases the
7. actvIPIACHENEe. 228 o5 RietREE foitlehtifyin graidish polind tretfia fusion
- préfectiveito rlterdheeaxprassiani of mdasget opatnucipetideawhich encodes

g apPQ IXEc?gctzlggda f%cuin%fllciaangglces s(?ric allﬂg]usnlptr%tgt‘ntgcecorpcﬁ%g?(g any one of claims
1, 3, 5 or 7 or a toxin protein according to any one of claims 2, 4, 6 or 7.

9. A plasmid which comprises a nucleic acid sequence of interest and which replicates in
bacteria and which is stabilized by the presence of a nucieic acid sequence which encodes an
antitoxin protein according to any one of claims 1, 3, 5 or 7 and a nucleic acid sequence which
encodes a toxin protein according to any one of claims 2, 4, 6 or 7.

10. A plasmid which comprises a nucleic acid sequence of interest and which replicates in
bacteria and which comprises a nucleic acid sequence which encodes an antitoxin protein
according to any one of claims 1, 3, 5 or 7.

11. A plasmid which comprises a nucleic acid sequence which encodes a toxin protein
according to any one of claims 2, 4, 6 or 7 whereby the expression of the parE-like toxin protein

is driven by a constitutive or selectable



comprising a) exposing a sample comprising the target polynucleotide to a

test compound, b) detecting altered expression, if any, of the target

polynucleotide. 24.An in-vitro method of modulating bacterial cell growth,

the method comprising contacting thg cells whose growth is to be

controlled with a protein according to any one of claims I to 7. 25.The use

of a protein according to any one of claims 1 to 7 in the manufacture of a
expiEdiie antetfonpreverting S rirdaii iy BasferarmedHsmind pitickpine site
(MOSpd theeepfadfita® pbatmasceutical.cempesitiguaamprsigta protein

according. to any.one of claims | to 7. 27. A use according to claim
L T e e P R R BT gy oo
insetashineaighEréiof thenhgthdd is a method of cleaning, disinfecting, or

13.degoniaminatiogiagsuréaca. thermethnd.compising Contastingthe:sudaeaatle

maﬁj@t{h a cleaning composition comprising a protein according to any one of
claims 2, 4, 6 or 7. 29. A kit comprising a protein according to any one of

14.clafnbecriamgrapsornd anfag alatror sarerimsting apisfihsiawkietéin $aid

1 5.20BMNMalScAe AZYRAR: to claim 14 wherein the bacterium comprises a plasmid according to
claim 10 and wherein the bacterial chromosome has been irreversibly altered so as to produce a
protein according to claim 2 which is toxic to the bacterium.

16. A method to replicate DNA contained in a plasmid according to any one of claims 9 to 13
which method comprises culturing bacterial celis according to claim 14 or 15.

17. A method of producing a protein of interest, the method comprising culturing bacterial cells
of according to claim ‘1_4 or 15 under conditions whereby said protein of mterest is expressed from
the nucleic acid sequence of interest, and recovering said protein of interest thus produced.

18. A pharmaceutical composition comprising a bacterium according claim to 14 or 15,

19. A protein according to any one of claims 1 to 7 or a bacterium according to claim 14 or 15
for use in medicine.

20. Use of a bacterium according to claim 14 or 15 in the manufacture of a medicament for
vaccinating a patient.

21, A method for identifying an agonist or antagonist compound of a protein according to any

one of claims 1 to 7, the method comprising the steps of
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contacting a test compound with a protein according to any one of claim 1 to 7 and determining if
the fest compound binds to the protein.

22, A method according to claim 21 wherein the method further comprises determining if the
test compound enhances or decreases the activity of the protein,

23. A method for identifying a compound that is effective to alter the expression of a target
polynucleotide which encodes a polypeptide according to any one of claims 1 to 7, the method
comprising a) exposing a sample comprising the target polynucleotide 1o a test compound, b)
detecting altered expression, if any, of the target polvnucleotide.

24.An in-vitro method of modulating bacterial cell growth, the method comprising contaciing the
cells whose growth is to be controlled with a protein according to any one of claims 1 to 7.
25.The use of a protein according to any one of claims 1 to 7 in the manufacture of a medicament
for preventing or treating a bacterial infection in a patient in need thereof,

26. A pharmaceutical composition comprising 2 protein according to any one of ¢laims 1 to 7.

27. A use according o claim 25 wherein the patient is a cystic fibrosis patient.

28. A method according to ciaim 24 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 according to any one of claims 2, 4, 6 or 7.

29, A kit comprising a protein according to any one of claims 2, 4, 6 or 7 and an agent for

dismantling a biofilm, wherein said agent is an enzyme.



