TRANSCRIPTION FACTOR DECOYS The present invention relates to methods and compositions for
modulating phenotypes of prokaryotes, particularly pathogenic bacteria, using transcription factor
decoy sequences. This application is related to US provisional application number 61/102,414 filed on
3rd October 2008, International patent application humber PCT/GB2008/003353 filed on 3rd October

number 09069130 filed on 4th ARIR2NOG. RIEEHI URCBECONS rporated herein by reference
in their entirety. Control of bacterial growth and virulence poses an increasing problem, particularly in
medical and veterinary applications, and may become a major challenge to public health. Antibiotics
for use agahspisachbyeisiibacedniasareneshiod @ ¢artpeatiopbioevead ehatars vy siaich
anuoncsaRisd @ e sBReIER SLhRC RN ALGIESRIRRL I AL B A D, some cases
multiple antibiotics (so-called multi-drug resistant strains). The situation is exacérbated by a decrease
in the numbers of conventional antibiotics being discovered and under development. Indeed, antibiotic

resistanceyiga il ghelenge dnanibacieKRhiassRich AN eplens 10s pigReY gharketed

antibiotics as well as those still under development. Consequently there is a need for new

anti-bactefstelgsAR0RHiternatioe nssentopabikis ibactembrsPREBEGBAAIRREDT AlsdareXample,
Staphyloceseis AUERESTRASRRANIH S IHRE ARAIRREBIPAINRY! {PAlill £3HSINGHINAIRY S i man and

animal diseases, with a broad spectrum of severity fromﬂ?kin infections to fatal sepsis by toxic shock

(Lowy, NeWKepEn apmdigativoosymizg: 89008339 filqd estimApdlttRA20bs epntrats ehahipbpidation are
carriers 0fiﬁ@815§ﬁlf%ﬂ%@?e?8‘$§i?él*é?ei{&feeﬁ{iﬁ{éhoet{ﬁﬂé%ﬁh unnoticeable clinical features, from where the
bacteria can penetrate the body to infect the blood and thereafter bone and cardiac tissues (Gordon
and Lowy, Clin. Ihftf:t. Di_s. (2003) 40 (85_):8350-9). Though primarily thought of as an e_xtracel_lular _
pathogen hRRBlighadange s emaraiaia suaoesh ik Byl canaiaanipacterial action
or macrophage engulfment by persisting intercellularly (Garzani and Kelley, Trends Microbial. (2009)
17:59-65) ,ﬂpﬁgaéﬁhm wﬁﬁm%atmlh@tws&meﬁ_@%b?ﬁ@ﬁé@ m&m&hﬁiﬁgﬁéﬂ_}@%@ Bé@lﬂlacquired or
have develgpafbHACfiisGraRSIS i aokkIBlR A SHCR NS AL Ml iRl gug resistant strains
are now the norm in the 2 clinic (Hawkey, J. Antimicrob. Chemother. (2008) 62 (S1):11-9), which has
further limPEgnHEHsatHSHEbANBRIOITRAERS lod tedhe RInpesiss LHPAESTIANYBISE Ay STRMSEWiR atile
pathogen:it 1@9&%%%?%%&6%%@%‘3&%519&%9% heibRwS @H%ﬂ@cf %ﬁﬁﬁﬂﬁﬁé FOstemN\NahiR§V-

Microbiot (2005) 3:948-958); it can produce a wide range of virulence determinants (Novick, Mol.

Micro. (2008 3igiation i3 gxeneib¥ad by dsargass catipBnabeostirasysativustonidialiqebepg PiCK:.

Natl. Acaddi%vé#e%r%&@mpaelf%%ﬁle%@.%%@& HedBio_dRLIR the ﬁ%ﬁeﬁdﬁﬁeﬁ% f3Rd anoxic
environments found inside the host (Haselbeck et al, Carr. Pharm. Des. (2002) 8:115 -11721). Many of

these procd@édastaiial aspridieans: tsawvetbs nalisaerpiorrardcdsatibiotss sovellrehnpentiargets of
traditional aliibigticg dyvhich @%@é@ﬁ@ﬁt@%ﬁ@ﬂé @l e tRIPREDNA BB R mIrGReRRERUR:

pyogenes (Group A Streptococcus: GA E%_infections can usually be treated with many different
antibioticsuiearg trekkustarial speendcenthifeskion- death from invasive group A streptococcal disease.
However, even the best medical care does not prevent death in every case. For those with very severe

illness, supportive care in an intensive care unit may be needed. For persons with necrotizing fasciitis,
surgery offEn?fs HeBYUe: i HeRsre W AgsH ISR B it shplenge e glrbeldspithe aaidi®lide

antibioticshiavg /RNBIARGH NRIVEYEE iSRS weMaibryfopady s BFtMe: Ay ebikilian Resistance of
Streptococcus pnetnnoniae to penicillin and other beta-lactams is increasing worldwide. The major

mechanisHi5f a8 taAuRliscRIPY iR SRRty er MenakibHs hYeddd THOMRE PmrAlidtoinding

proteins. $elggHyadrassv®isothadshibtenidyanisaneHantaleond ysa@ibriadaciameantibiotics has
been implicated as a risk factor for infection and colonization. Streptococcus pneumoniae is

responsibl8fstigRerfisamatharaatisrntle shimdcaldamtiise At Sin thS R cHE R GANRSRAT A thritis.

Penicillin-tagistaitta LA AR 1R B EERIOSNECUTIRAEUMAN AR LGOIHFIGRN BLHNWR,AS
pneumococqusz, was first detected in | 967, as was penicillin-resistant gonorrhoea. Resistance to

penicillin <4t DB U @%&éﬂ&g@g}@sprgg}af%éheggh Pichia 555 efstant to five
fluoroquinpiemsyvariabisaiiicebrRctRL: HOIgIaH B RIS Jsocem MRS resisiantaipdseiiazid and rifampin
and sometimes universally resistant to the 3 common treatments. Other pathogens showing some
resistanceTHEIACIET SARFR A RASAPYISH SErH HSa S dStottog ERETOCBERUS 1ERRIAME another
superbug KuIRY. imkagp ilais-J3esTiqiling3 eI SuBSE HeratRIsIS MR GRRIY ifs 128Enent,
vancomycin-resistant enterococcus (VRE) in 1987, and Linezolid-Resistant Enterococcus (LRE) in the
late 1990 PLEIRFSTALTAIRIGINYSAIE BNy A HFEY Aehit porLing 'élﬁﬁ?r%gj%?ﬁ%ﬂér%ﬂhe most
worrisome:stisiaete tistigshafiR xeafuginasalapisitissifcB taw aniifiolic sswaaptioifity inlthis low
susceptibility is attributable to a concerted action of multidrug efflux pumps with
chromosomally-encoded antibiotic resistance genes (e.g. niexAB-oprM, mexXY etc) and the low
permeability of the bacterial cellular envelopes. Besides intrinsic resistance, P. aeruginosa easily

develop acquired resistance either by mutation in chromosomallyencoded genes, or by the horizontal
nane trancfar nf antibintic recictance determinante Davelonment of miilti—-Adriia recictance by P




On the 5th November 2004, the Centres for Disease Control and Prevention (CDC) reported an
increasing number ofilcinetobacter baumannii bloodstream infections in patients at military medical
facilities in which service members injured in the Irag/Kuwait region and in Afghanistan were treated.
Most of these showed multi-drug resistance with a%ew isolates resistant to all drugs tested.
DNA-based therapies constitute a new class of antibacterial agents that are designed to work on gene
targets thaliare dsakenl-fod viabitity brigumoetenidR)0SUh (thorbpibs which oresntiatienpplitahle to a
vast array,pf %Mgﬁpé%ﬁi%ﬂsthe development of resistance to these therapeutics, through target site
modification, is anticipated to be a highly unlikely event. In addition, the agents have the advantages of
potentially quicker development times and simultaneously acting upon a number of novel,

resistanceriige taraetr-RYARasshNS aResRES PHeRiahirBYercans dgdiitations of existing
therapies because they can be designed to treat potentially any pathogen either by@geé?ntmg
ing essential

expressiofes ks aradssiBee rEERRRGSIFP RS (RN HrdReth Mycadim!-
or adaptivg aefiose |nipifanaback e ke InAeYdIgBHRRIA G ARSHE AARDSS, 2 this

would require simultaneous mutations that affected both the transcription factor and its cognate

binding site@33 s 1i$29attdAlaihanideabiziescaiabebisthoss dveras E¥eHptiar gerid803}dneeription
Factor Degpys (LER-2reeneseieioPNArbasachthewmpeutigy Reseynrliggualeatidasaigdgrioned to

mimic the binding sites of transcription factors and prevent the latter from binding to their cognate

gcnomic taRgEts StioBsRsEquBAingsitahest Ol gtk stadsion NAatrardden£2002) Clin.
Investigatign (209Q) 1P LHER) pro LGS Hillibs hasiRaen e Ropsyaied RHMRHY gukaryotic

systems, where a spur to their development was their potential to function as novel classes of
therapeutiti&p SFIQVRHFERID dia oS traslitpnelntidietiss ondesiuese sty Ravsbasilused to
demonstr%g%mﬁtotfquﬁgi%{gﬂe tor EF2 represses smooth muscle proliferation in rats (Morishita et al,
Proc. Natl. Acad. Sc!. USA (1995) 95: 5855-5859); to block STAT3-mediated proliferation of
carcinomas (Leong et al, Proc. Natl. Acad. Sci. USA (2003) 100:4138-4143); and to show that
targeting gfthey GAMES §&%@%§‘§ G GRRRREALRATRES PrtalsHOB. i udya (e k-8l -1. Biol.
Chem. (1999) 274: 157ﬁ-1 80). ﬁl;)?ﬂave Istinct advantangzséoverpther DNA-t;gpgied therapeutics.
Their mech#RignsrEillseniseaiRjaECs thay e Srapbnetfasisiassithe sk ef dedl fingiarsitiption
factors, prexsiptingthpriesdramndhirdingWeriometenseflansding therealbyith niraigugs@pies of the

specific binding sequences (hence, the term "decoys"). This is in contrast to antisense strategies
where targe&/shé afichRhoRsma e Yo tver BAIRERS X SEBBOHES e R A N BNHEANFATA M b mparison to

antisense ﬁ@?W&%dTF@%&%Mﬁst%M&%tﬂYﬁﬁ%ﬁ%IB@Eg&%&bﬁ%hrﬁﬁigéﬁe@ﬁ%\&%ﬂ{m expression

of genes, whereas antisense approaches deal with the consequences of expression. As a result, TFDs
are effecti@@%&%ﬁﬁs}%ﬁ/\/@%’é‘ﬁ@écn%réﬁ%l%’f@6éé%@@té%m@?éo*‘ﬁf)@ﬂféh’%ﬁﬁgﬁﬁQ‘&Eiﬁl’rgi?ﬂeraction can
block tranggkipiien0f araingie aemeahedatiewiseveay paveigiven rise to many thousands of copies of
MRNA, which constitute the targets for the antisense approach. To the knowledge of the inventors, two
reports have been made of the use of decoys in prokaryotes. In the first, an AT-rich decoy
oligonuclertidlgdesianssindminiesamAfshelepantinitheapamotss el shuess lbraisphosphate
carboxylase/oxygenase (rbc) genes, was used to alter CO2-regulation of the expression of the rbc
genes in CXRIHBBKEtRETMESHIRACRNSIN pEBYSIAgGe e%e%)egfm%r&éycrwmf SRUBHENEort, decoy

oligonuclegiiggs HRrdseshisilicieniifiving wreigireggkateny S peiscnesss iRdhenpromatesof actll-orf4 in S.
coelicolor A3(2), which encodes the pathway specific activator for production of E;fe antihiotic
§

actinorhodARMBAHINLT 4AH BIHB! PAIALC(FBE8Y DI51905%: 269518 FHEIN érftsks AE0E 95ed TFD
technologyntedisrLpidreglelatiancal SelbpRtsetivmsinieaneRsesspotkisisisapaeuRRERanisms in
prokaryotes in order to alter cell viability. For.example, the methods may be used to alter one or more
of antibiotReFESRTHACR NSNS & CUINGIHR XfaiVE REEIIHESSRE &Fttbimental conditions, cellular
virulence and cellular essential metabolism. In doing so, the inventors have provided means for
treating bacterig|.infections and containing%a cterial growth. Accordingly in one aspect the invention
resides in tHB SIS REFB ARSI 3?’% *ﬁé@?‘f%’é&ﬁ@é”f%&ﬁ%gw&%%&%8SceIIs. In

particular,ghemnyesian) enaompadsesdietiesd ofsedyging dhenviabiliphofeiokansatic cells, the
method comprising: a).providing a deco lynucleotide comprising a bindi ite for a target
transcripti%ﬁ‘%ﬁ% e(éod’é’éﬂ)%)@lgﬁﬂ ﬁtg‘é‘f?s 18 a{ﬁ?%&“&’ﬁ#&%@ M%‘SI%E%&%@ X dcgalﬁrokaryotic
cell which egrprisesiahinadiny sitades (b dlansedption. fagierb aperablydibked/inia gene or genes;
wherein introduction of .the decoy polynucleatide reduces binding of the tgrget transcription factor to
the bindin6 SIEIR B CRIFEHA SNSEA LA AR A RBRULER SPKE S o) TS Eene or genes:
and wherein the target transcription factor comprises a regulator of expression of a gene or genes
encoding one or more of: (i) a cellular adaptive response;



(ii) a cellular intrinsic antibiotic resistance mechanism; (iii) a cellular virulence factor; (iv) a cellular
stress response; or (v) a cellular essential gene. In another aspect, the invention provides: - a method
of increasing prokaryotic antibiotic susceptibility, the method comprising: (a) providing a decoy
polynucleotide comprising a binding site for a targek transcription factor (a decoy sequence); (b)
introducing the decoy polynucleotide into a prokaryotic cell which comprises a binding site for the

transcriptiepiarasrreopeiemhy (hhedshe grasshsryaasene igsstansirnndudedohrsii&decoy

polynucIe@}ggpgggbj&qgrbgﬁ(y@gfajtg}gggl{get transcription factor to the binding site in the cell and
causes an alteration in éxpression of the operably linked gene or genes, thereby increasing antibiotic

susceptibility of the cell; and wherein the target transcription factor comprises a regulator of expression

of a gene BE@%&%&&%QW&%&&H&Qf&ﬁé’rt({)gaf&ﬁﬁ'&‘ lAnRdpRiieseseARRa dikacellular intrinsic
antibiotic resistance mechanism; (iii) a cellular virulence factor; (iv) a cellular essential gene. The

invention SB6T9LSGIHSSYanseRESY ISRl e e LR RMHTIdIMh TECENSERTYSIERED &1t4P§ét #shscription
factor, whergin Shg-Ringing, sitges RoorerpRly)inkRd 1221990¢, and wherein the transcription factor

comprises a regulator of expression of a gene or genes encoding one or more of: (i) a cellular adaptive
response; (ii) a cellular intrinsic antibiotic resistance mechanism; (iii) a cellular virulence factor; (iv) a

cellular esP?éﬁ&@n%ﬁﬁ-aE?ﬁg‘i%%tié@ﬁ%’r{'\iP ! E‘v‘éﬁ@ﬁ%(%f@h@ﬁiéfdg%ﬁﬁgééﬁmﬁélhﬁﬁe(§1%§9 ID NOs: 5 &
9); FabB (SEQ ID NO: 6); LytM (SEQ | . 7); Ssa (SEQ ID NO: 8); FadR (SEQ ID NO: 10);
YycG,/Yydrosmshasterist g 100 Lsagivg Basor gy (Sl nosiots susepptibsEOISD NOs:

15, 16 & 14}, Qﬁ@%@ NRbdBb1Y b CERHANQSiID Ahfiddu Ufﬁ&?gﬁ%@ Nk 22); ArsR
(SEQ ID NOs: 23 & 24): TcaA (SEQ ID NO: 25); AgrA (SEQ ID NOs: 26 & 27); WalR (SEQ ID NOs:

44, 45, 48chrorgosypadysrared ipiliptisgpsataskaee s Nos! Ber 86y er B taise 88Adhvariant or
homolog qf aMeLhRLRRflity of the bacterial cellular envelopes. Besides intrinsic resistance, P.

aeruginosa easily develop acquired resistance either by mutation in chromosomally-
encoded genes, or by the horizontal gene transfer of antibiotic resistance determinants.
Development of multi-drug resistance by P. aeruginosa isolates requires several different
genetic events that include acquisition of different mutations and/or horizontal transfer of
antibiotic resistance genes. Hypermutation favours the selection of mutation-driven
antibiotic resistance in P. aeruginosa strains producing chronic infections, whereas the
clustering of several different antibiotic resistance genes in integrons favours the concerted
acquisition of antibiotic resistance determinants. Some recent studies have shown that
phenotypic resistance associated to biofilm formation or to the emergence of small-colony-
variants may be important in the response of P. aeruginosa populations to antibiotics
treatment (Cornelis P. (editor) Pseudomonas: Genomics and Molecular Biology (1st ed.)

(2008) Caister Academic Press).

Clostridium difficile is a nosocomial pathogen that causes diarrhoeal disease in hospitals
world wide. Clindamycin-resistant C. difficile was reported as the causative agent of large
outbreaks of diarrhoeal disease in hospitals in New York, Arizona, Florida and
Massachusetts between 1989 and 1992 (Johnson S. et al, New England Journal of Medicine
(1999) 341:1645-1651). Geographically dispersed outbreaks of C. difficile strains resistant
to fluoroquinolone antibiotics, such as ciprofloxacin and levofloxacin, were also reported in

North America in 2005 (Loo V. ef al N. Engl. J. Med. (2005) 353 (23):2442-9).



The invention also provides a decoy polynucleotide as described above comprising more than one
binding site for more than one target transcription factor. - a cell comprising an exogeneous decoy
polynucleotide, the polynucleotide comprising a binding site for a target transcription factor which is not
operably linked to a gene: wherein the cell comprises a binding site for the transcription factor operably
linked to a gene or S genes; and wherein the target transcription factor comprises a regulator of

expressiol-ofad gedS@mgaabs evivedifiectrdrornienantingjcsl dend) 4 dbaprie tedpense; (i) a cellular
intrinsic aniRioleGSIBIART S MEENAURT S S ilah YUMIENGE FaGQn{R SRl easrtial gene. -

a method of treating bacterial infection in"a subject comprising administering a decoy polynucleotide of

the inventidadoptietiity MaddsibiHasiopnihione msisians tartbibigtsandidtantisdciberd hgents. - an
ex vivo method, of/kiling Bagtesigyd RIING PRCIRIALSHQWR iR EROL EING RarisiiahY iRy RNegnihe

method comprising applying a de(;%‘ polynucleotide of the invention, optionally in combination with

one or mote HAtWibtREs saBretigiatielal BadnBecta) phAhdeslbestcsBrpoutienl cipising a
decoy polypuelrglifa R g v aniien Rad e Alaiusrslicaly - AGRaPIARIERXSIRIRR A cRIdISh pPtionally

in combination with one or more anfibiotics and/or antibacterial agents. - a disinfectant composition
comprisingeandébagspblghtiéleotide of the invention, optionally in combination with one or more
antibiotics and/or antibacterial agents. a cleaning composition comprising a decoy polynucleotide of
the invention, optionally in combination with one or more antibiotics and/or antibacterial agents. a kit

comprisin@ 8 BscsY PeryHnbee 3098 dherfecrivenios Disersohemralwuie Bisysmsires(Ghifforentibstterial

agents, whgraindhedeaaniand ie.AbR AL ML AHRINHER 8adIRLANHRAGS A AIRIIS 4E for
combined use in killing bacteria, |nh|b|t|nﬁ bacterial growth, or reducing bacterial virulence. a method

of reducinBMifemsrmeedisrh Brdicdey stievbiah srey ivrethen kesmipisrdgnEedraaitiny dtdegop pfnucleotide

CompriSinQ@@g}flﬁl&ﬂ%@é BIGE NI SFIRIQN FRGHEN: nﬁﬂti-dﬂi’é fatiodHeNg the 48r9¥olates
polynucleotide into a ﬁrokaryotic cell which comprises a binding site for the transcription factor,

operably ITSREEE 18 3BHEUEP Getres; wherein introduction of the decoy polynucleotide reduces binding
of the target transcription factor to the binding site in the cell and causes an alteration in expression of
the operably linked gene or genes, thereby reducing cellular virulence; and wherein the target

transcriptithVacdas fiRiss eorsttitadrsresiire sdiantbret i e gngeriet BadssmR o142 BPHore of:
(i) a cellulgp adaRtMS FRIRANSS; essential for viability or pathogenicity. Such therapies are

potentially applicable to a vast array of pathogens and the development of resistance to
these therapeutics, through target site modification, is anticipated to be a highly unlikely
event. In addition, the agents have the advantages of potentially quicker development times

and simultaneously acting upon a number of novel, resistance-free targets.

DNA-based therapies have the potential to overcome the limitations of existing therapies
because they can be designed to treat potentially any pathogen either by preventing
expression of an antibiotic resistance mechanism or by inhibiting growth by down-
regulating essential or adaptive genes. In addition, bacteria are unlikely to develop
resistance to these agents as this would require simultaneous mutations that affected both
the transcription factor and its cognate binding site(s). This is particularly true for agents

that control several essential genes.

Transcription Factor Decoys (TFDs) are one such DNA-based therapeutic. Decoy
oligonucleotides are designed to mimic the binding sites of transcription factors and prevent
the latter from binding to their cognate genomic targets, with a consequent modification of

gene expression (Mann and Dzau, J. Clin. Investigation (2000) 106:1071-1075).



(ii) a cellular intrinsic antibiotic resistance mechanism; (iii) a cellular virulence factor; (iv) a cellular
essential gene. - a decoy polynucleotide comprising a binding site for a target transcription factor,
wherein the binding site has a sequence set out in SEQ ID NO: 57, SEQ ID NO: 58 or SEQ ID NO: 60.
- use of a decoy polynucleotide comprising the sequence of SEQ ID NO: 57, SEQ ID NO: 58 or SEQ
ID NO: 60 in the treatment of bacterial infection. In general, a transcription factor decoy (TFD)

sequence?b?@éé@ﬁs‘é@d@ﬁéé}%ﬁﬁr@é_é privgariptiokFaabe gmtﬁﬁ?g,gﬁbevm@oﬁmﬁrﬁés or
com petesd/g{;gl@{)ﬁ%\{%g BIA0AS0A FISRSHRIANMSEAUERSE B Ars I JorRindingstavkrrgDate

transcription factor in the cell. When introduced into suitable host cells comprising the cis-regulatory

sequencelfEyua( Ao dladseritt drawirp beothelsniiddsthevadesy veguertanensifasedsalith the
cis-regulaory SEAHERN S0 AEe! L for RIing 4o e FRANFIE FAR8EHRH R {3RABLsRHE R coammetition

reduces binding of the transcription factor to the cis-regulatory sequence in the cell and alters the

expressioAV e -algerels) Witdsd 8%pr88sivts s Yo blogkpiddidg vratiatadneelifsteirfaefor to the
cis-regulaoryiseMaS e MG, TPNSLion a6 Ysqd BereiR ieiess P 1o Sesalility)of /seaHsRce to

compete with a cis-regulatory sequence for binding to a cognate transcription factor in this way. A
cis-regulatbpy egfisecel diectelyBhianeramcrasatsas eontiolesnger s liBredopiic ek ghpstream
(5) or dowpstrean) @) hedAanserpiionalsiass site of a gene or genes and which functions to
regulate expression of the gene or genes. Typically, a cis-regulatory 10 sequence comprises a
binding site for a protein (transcription factor) and binding of the protein regulates transcription of the
given gengfs)BindingahheiptaR o the seareRes-msuitHditeRtyQr ncliesiivHMadytation of
expression of the gene(s). For example, the bound protein may interact with another protein bound to
a nearby REGiON WA BEHSATHP hEFSEHIBIARP BARISIRIANS BEIPCTIPH® dd¢FiEt position, or may
inhibit b'”%&'&9&1&&@%&5@&9%@%@tﬁ%ﬁﬁﬁ&‘s‘c%tﬂ%éﬁ{ : .eﬁxpiﬂﬁﬂﬁﬁ{b?dﬂﬁd@;%i%wy
sequence or element occurs in the promoter region of a gene, but it is not unusual in prokaryotes for
cis-regulatBf, Beti1ERAIE bRIpRASEO HSR 9 R &0TdSSQES il IS R SR EHSHBWHEENERR of the

genes theyaffestAvaisy %}g%%é AEFRNGEE H&%@&J@Rf %Bﬁﬁx@%ﬂ%@&fdﬁ?ﬁ Qﬁﬁétﬁi%rtﬁ‘?ription of the
gene(s) when bound by a transcription factor) or activator %actlvates or increases transcription of the

gene(s) wREHSbUREBpRetHATSEG P& e foryronshesa i s bRt REB o Baadetiisegulatory
sequencenay gl pesrliva e Hesial (FaRIessalsPiateitl Ol ROSEYSHeSRer dagtivatpme A target

sequence for a decoy polynucleotide or deco se(iuence refers to the cellular transcription factor

binding sittPWiBTHRRAKA A CRTBEHR fésERBtHE, it RitRsAI SO USHMRNE) eeBqEHIREPESulator is

the transchgtipRfacREWhEbIhaHeapH SErkenGabisfer i BIIR BanetHRntBe Hdaspl sequence is
the gene(s) which is/are QperabI¥ linked to the cellular transcription factor binding site. Thus a decoy

sequence ¥FaTp# AT eRpYeR SithiBrBAPgRIGERQ(IONRR O W&l used decoys
to alter prekasyaiic RhanptyRas: exPaaiRlMLhPpRIYPES Which are relevant to bacterial pathogenicity
and to tackling bacterial infection. In particular the inventors have used decoys to disrupt expression of
cellular pathways, responses and resistance mechanisms in order to render cells more susceptible to

killing or growkR inlyRiliane andieniesaterpabieropss HyR vegerhastetreonditiongydiar less virulent.
In one aspect, the present methods disrupt gene expression in order to render the cell less viable, e.g.

under the PIRKAGIRTGScOhtRARSL BB ekaitth i cox R Rl HERbfite Je8gRALRBERS e bf TitPeased
susceptibi§tynierantibiRtiteniBteAl LHIRITERS IS SPARHe s PRABIERD ISR /RS RARSERN Ak disrupted
expression of essential genes. The present methods may use decoys to weaken cell defence or
survival syg%éwm%mméﬁsg%%?@rﬂé?h%%pfeﬁ%aﬂé)éém?vr%%ﬂ?é th-Lefiehtdré tinerable to cell
death and(ohighikaitgr@WiARS DathOgRBEEY2 H2usN one aspect, the present decoys may produce a
bactericidal or bacteristatic effect. For example, in one aspect the inventors have used decoys to alter
the antibiotic susceptibility phenotype of prokaryotes, in particular bacteria and especially pathogenic
bacteria. Imahe REpeETERBriNAtease lizsustepifiity s wanedtinimonaastibiglidsglass of
antibiotic. In one aspect the increase in susceptibility is not specific to the structure and/or mechanism
of any oneg%ﬂ]l’t?ﬂf’c?ﬁélbﬁ“&%%‘?tgﬁﬂ RS- ‘?ﬁgzgﬁb 568%?%986%& 8 C%r?}éﬁ? ?)Setgﬁm%'r%?htibiotics or
classes ofspatiiotics st srdtaasedutnaner aspectivio ticciaasahio dusvepiintily aadBllspeeificsto any one
antibiotic o#@ is ((?fin%g) ic_selected from: aminoglycosides (such as kanamycin); from the
carbapené % l} R: 8 [ r&% nem); the cephalosporins (such as cefepime); the glycopeptides (such
as vancomycin and daptomycin); the penicillins (such as ampicillin, carbenicillin and penicillin); the
polypeptide antibiotics (such as polymixcin B); the quinolincs (such as levaquin); the sulfonamides
(such as E@tﬁ%ﬁl)m?ﬁg%%ﬁ%{]%ﬁ)rﬁ@éy EQEI%W%B‘)F tc@/‘e'ﬁﬁgﬁna%% ﬁg?fb%tsgw,s loramphenicol, rifampicin,
Zyvox. The decoy methods described herein can also be used to alter phenotypes such as cellular
adaptive responses, or cellular virulence. The methods may also be used to alter cellular expression of
essential genes and cell sunival, e.g. under given culture or physiological conditions, e.g. limiting

nutrients. In general the methods provide new means for targeting bacterial infections and associated

diseases. This may be by potentiating the effects of an antibiotic, or by a direct inhibitory effect on the
bacrtaria e a arowth or <irirvivval inhibhition inhihitinn of evnreccinn of viririlence determinante inhibhition



As above, the present methods use decoys to disrupt regulation of cellular pathways, responses and
resistance mechanisms. In some cases this involves targeting binding of a 12 global regulatory
molecule. Targeted gene(s) may those which are regulated in response to antibiotic. Targets may
include regulators of intrinsic antibiotic resistance fiechanisms, including intrinsic multi-drug resistance
mechanisms. Intrinsic mechanisms may provide a physical barrier to drugs such as antibiotics, for

example _%mggmg hﬁg@raﬁécbifﬁlﬂimlamlbm&@@pémy@@wm mlél&enmﬂbyab@ducing o
penetrability, o5 ResmepRiliv Aldhm calbialhs HRSIG GED NGNS A eviFaesisfapse to antibiotics
which have entered the cytoplasm. Intrinsic resistance mechanisms may be induced in response to
environme¥tanpbndigonethogstings beraseddp glirsronsriditienis REedibietiinciviepserbareypexpression
of genes eRpAdNGIRHOS R SFSIRIANEE MATRAANRMC IR IHRIRL NI Fp IRONS R L ARUBIRAES. For

example, these may be genes encoding proteins with a physiological role whose expression is

regulated @fiffatiéHtparrbelponbe doina6piche s caias kvequmgdsebranaasith teerbkgihasienidic
reSiSta”CQﬂWi&%%J&Etmeet@HH{@WS’ or proteins determining cell wall composition or
sm.

density or cell wall metaboli n one aspect, the targeted genes encode a resistance mechanism

that is non-antibiotic specific or non-antibiotic class specific, e.g. in terms of antibiotic structure or
mechanisieJRAHGEI% TAYHOSUEE: IR WALTS.A CslidarAaRive FeshonsSod YRica i dhgse are
adaptive responses to environmental conditions, e.g. hostile environmental conditions. For example,
these incléﬁglgﬁfz?égg?@%‘ifoﬁ@egaéﬁ]éﬁ’% rakiPEGEEYs responses or peroxide stress responses,
responses to lack of nutrients, e.g. nitrogen limitation, responses to toxins, e.g. metallotoxins such as
high iron conditions, responses to high acidity (low pH) conditions. Thus targets may include regulators
of stress rEspiisslgeibe verbinsreyinERPpYStEIRd oS Fedusits o vRibHen mEativ gihes.
Cellular adapiivaorRaa&Hasanhose expression are determined by environmental factors and
influence the ability of the bacterium to survive and cause disease in that environment. For example, a
bacterium may nEedDVAHEBREEOHMAbAE IEASife HEEErher Binshn® Sisel ftisidergFost and do so by

inducing asgtQigenen Al @RES:piateins .capable of sequestering iron and bringing it into the cell.
It will also include the formation of b films, cell wall physiology and changes to primary metabolism. 13
Stress response Gandsodiaing tassemeanlbyderiitr BigenBokpratic srdl 3 hich€aMOFSRR of sets of

genes, allgh SRP&iQRf IRE RERSIIPRAOARIERSBPASIPIR MR, '2BER-ArfEgSses. The stresses can
include physical factors (temperature changes, acidigg}tlow oxygen), biotic factors (in response to host

or other b3eisiiPERrEHERREARFRSERY Sl HREREiHnHBRItHES) S bTRBRHEE ke
responsesiprphssintagicahsanditipn s Egeiss MRy IIBRIHEE FESMNRDRLEXR 8peianIOf
pathogenicity genes or virulence factors, such as toxins. Targets also include regulators of proteins
which detdiHifteSBR5-AM$IBFhation and nutrient (e.g. iron) scavenging. Virulence factor genes arc
those that.ganimdihe erodustian.al shacicbRIiessiRsfiam heiastesiiipiRalicawsa disRase, such as
toxins, or elicit a response from the hqst that affect the ability of the bacterium to survive and cause
disease. TEFSEHRYIBANBETEWIRRErs of essential genes. These arc genes whose expression is
essential for cell gyrvisauinthgaprRvaibige aRyironmental conditions. For example, a target may be a
regulator of genes_encoding proteins needed for DNA replication, primary metabolic pathways, fatty
acid synthesis ortEbft GRALIBHINELLR 41D T SHstRES &GP A e quired for the bacterium to survive
in any environmeiy) @emitheteriscavertandn the cell between the above described systems. Thus one
regulatory protein.may r gijlate expression of genes encoding virulence factors and cell wall
metabolism in regﬁéﬁﬁﬁﬁ BhVTORTRSRENEH¥ss. In another example, a regulatory protein may control
expression of a gene vénighrsssaaitiadie the cell under particular environmental conditions, e.g.
nutrient shortage. In one aspect the present method may target genes, the regulation of expression of
which determines the ability of the cell to survive in the presence of antibiotics generally, e.g. more
than one antihigtierqisproretibanventosligssvad@ntibiotic. 14 or more of the genes in
PCT/GB2008/003353 encoding beta lactamases, efflux pumps. e.g, those in Figure 1,
aminoglycb%ﬂstmfoqﬁmﬁe@ﬁwé@m@ﬁﬁ% e GRS TS T PRI il Biotic resistance.
Indeed, decoys mypesvithiy tdees ypolgmeiiitideas tapgisted 4 adignsmofer thairgne gene or
transcription factoré?r:?/or more than one bacterial strain. For example, a decoy may comprise the Sig
binding set e A AT EY SRS SN EIAHCS bsitive bacteria. TFDs may be used to treat a variety of
bacterial infectiob)tieseveing ey accsy pothindhe tidiian bodykdriuaigestrahaieasmptiasterial
infection can pe desc ibeg. Respiratory fract infecti%rfs :é‘rg 1mon%st the commonest, the upper
respirator) PARSTRHLSAEIUHEA HSHar-BREHY i Ll iRtReR S Ean be treated with tropical
applications or aerosol preparations. Lower tract infections include pneumonia (which is caused by a
range of bacterial pathogens, bronchitis and infective complications of cystic fibrosis. A common
problem in both community and hospital practice is urinary tract infections, where the urine becomes
infected and antibacterials need to enter the bladder, prostrate, ureter and kidneys. The gut is

vulnerable to infections (an example of gastrointestinal infections), where bacteria cause disease by
aither hv miico<cal invacion aor tovin nrodiiction an evambple of which inchiide cholera enidemice and



Any one or more of the above aspects may be combined when considering the present methods. 15
The present methods use decoy polynucleotides to disrupt gene expression in prokaryotes. A decoy
polynucleotide comprises a transcription factor binding site (decoy sequence). Generally in the present
methods, a decoy polynucleotide is introduced intd’a target cell, comprising a gene or genes operably
linked to a cis-regulatory sequence comprising a binding site for the transcription factor. The

polynucledtitscitrstredrgtosriptibn daeormebrauplectidrnadusiadimedsie efribcdisiegd sarssuiption of
expression,of i1 aResaRl, kR IRNS. A1 genein i GRllliaR AEKRHQNIR SPIR SRRresRion causes
changes in cellular phenotypes. Transcription factors and genes which may be targeted using the
present mbbked £nelatisctssthersbaribetsadraipnnebiic cosperithiehapbtiatlh PCT/GB2008/003353.
Specific examplesdRciHdiRe Ploingitsadlaly s A ey RIONARE MRRERS WIHAT 1eAlsg listed in
Figure 2. Reference to each of the specific regulators includes reference to that regulator in the
species Iiﬁ@@&ﬁﬂcﬁﬂw@éiéﬁ)mﬁblogues thereof For each target a native binding site analor a
consensus binding segHERAraISRIGSRIRHA decoy sequence targeting the regulator may comprise
the native sequence or consensus sequence presented or a variant or fragment thereof which has
decoy function aéitlésedibee HerEpicartibiotiirsBitRfingrsrbamERother species. Methods for testing a
variant sequence oy JegayfUprliRR & @.described in co-pending application PCT/GB2008/003353.
Decoys targeting a particular regulator arc particularly suitable for use in prokaryotes in which the
regulator occurs (B8 Rteipeiswentiabgeded for each regulator are examples of uses of decoys
targeting the regulator, e.g. antibiotics to which a cell typically become more susceptible following
treatment with a decoy. The sequences provided herein illustrate single strands of the binding sites.
However, Fh&ilnBensippraetabEeMAgt in nature and in the TFDs of the present invention, the sequences
will be doublg&iraniechutie GOMRIBMENIY 51@%@@?0%%@%%A&@&iﬁﬁrﬁ%}cﬁ{w&%\ﬂ and

easily derivable, for example from Molecular Cloning: A Laboratory Manual (3th Edition), 20W by

Joseph SaRsorBdrgdDavwet rpakly Wnkitsto reepnsiBnd SR ersinsbsRIMSTIRIQN ARSIGT antibiotic

resistance.gepesdi Adinemycatesaslising Mysabacteriaseneo dhstbsopatisang Al tuberculosis) and
Streptomyces (Nguyen et al, Trends in Microbiology (2006) 14:304-312). The native WhiB7 binding

site in M. stnegnfatid SEHWRE 2dePE G FRHINSS: 5'- CACCAGCCGA AAAGGCCACG GACCCGCAGT

CACCCGGATC G6T GRSt ARG GeAGI SHECRGAGAMATCTGGTCGC AGGATCCATC
AGCTCAGACA GATCAC- 3' (SEQ ID NO: 9) LOCUSCP0004806988209 bp DNA circular BCT

12-DEC-2006 DéF‘ﬂ\ﬂ??@NaM%BBQEE‘eﬁﬁFWSmegmatis str. MC2 155, complete genome. ACCESSION
CP000480 VERSION £100048Q4: 1l sk18168627 COORDINATES 20313637-2031742 Uses: increase
efficacy of a broad range of hydrophilic/hydrophobic antibiotics, including macrolides, lincosamides,
chloramphenicol, imipenem, pristinamycin, rifampicin, streptomycin, spectinomycin, tetracycline,

isoniazid, ethagrpbitelafaneyesamie ohaWhIB T dtEPmaauenas oSy NURIB LT 6P RibBGG CCA
CGG ATC CGG GTG ACT GCG GGT CCG TGG CCT 3' (SEQ ID NO: 5; Exam Iﬁ’c 2% FadR FadR is a
(

regulator $PESHITENGK 6F JordEGER BN HpdsaiE i Qég?dm Phd%sbA and
fabB) in EygelG(Cacmrisel QD Riman 1. &adpriiesy 20043836980 BYXOs: 13 & 14); Fur

(SEQ ID NOs: 15,16 & 17); TcdR (SEQ ID NO: 18); Vfr (SEQ ID NOs: 19, 20 & 21);
NtrC (SEQ ID NO: 22); ArsR (SEQ ID NOs: 23 & 24); TcaA (SEQ ID NO: 25); AgrA
(SEQ ID NOs: 26 & 27); WalR (SEQ ID NOs: 44, 45, 48, 49 & 57); sigB (SEQ ID NO:
58); or Ksig (SEQ ID NOs: 59 & 60); or a functional variant or homolog of any thereof.

The invention also provides a decoy polynucleotide as described above comprising more

than one binding site for more than one target transcription factor.

- a cell comprising an exogeneous decoy polynucleotide, the polynucleotide comprising a
binding site for a target transcription factor which is not operably linked to a gene; wherein

the cell comprises a binding site for the transcription factor operably linked to a gene or



The native FadR binding site in E. coli K12 comprises the sequence: 5' AGTAAGTTTC
GAATGCACAA TAGCGTACAC TTGTACGCCG AACAAGTCCG ATCAGCCATT TAA-3' (SEQ ID NO:
10) 17 DEFINITION Escherichia coli str. K12 substr. DH10B, complete genome. ACCESSION
CP000948 VERSION CP000948.1 GI: 169887498%COORDINATES 2531419-2531481 Uses: Increase
efficacy of any antibiotic that targets fatty acid synthesis, such as: platensimycin, platnecin derivatives,
phomallerienssidindomfiensetithe, tegedicreoiomeson frplarineativs te v, derxmseisiaiif One
example cgerﬁé: A RSEaI Y RMsgs FabB TED 5" TTT ATT CCG AAC TGATCG GACTTG
TTC AGC'GTA CAC GTG TTAGCT ATC CTG COT GCT TCA 3'. (SEQ ID NO: 6; Example 3)
YycG/YycF YycG)westlidas slepsiipsefdensegulator in low G+C gram positive bacteria, including S.

attretts, B. subtiliﬁ-i)si mﬁltlgpgﬁﬁ%@argy[ggﬁ@@gsigtgﬁ{ggiﬁlgggm%pgenes. YycG,/YycF is known to be

an essential regulator of at least 12 genes, including LytM and SsaA, and also genes for virulence
determination andibeilskBWayHdeRsgHawEC & Msadek, Journal of Bacteriology (2004)

186:1175-1181). (JHe, RafiyeLinding.gilgador YycF and YycG in S. aureus (in the LytM and Ssa
promoters) comprise. YycF LytM 5'- GCTATTTTGTAATGACAATGTAATGAGTTTAGTAAAAA-3' (SEQ
ID NO: 11) LOCUS CP0007302872915 bp DNA circular BCT 16-NOV-2007 DEFINITION

StaphylocogGHS R @t $rtthsP eSS BRAER I ¢ b 089{;91%% SERMRErNE & fage|ON CP000730
VERSION CP000730.1 01:160367075 COORDINATES 322073-322109
polynucleotide of the invention, optionally in combination with one or more antibiotics

and/or antibacterial agents.

- an ex vivo method of killing bacteria, inhibiting bacterial growth, or reducing bacterial
virulence, the method comprising applying a decoy polynucleotide of the invention,

optionally in combination with one or more antibiotics and/or antibacterial agents.

- a pharmaceutical composition comprising a decoy polynucleotide of the invention and a
pharmaceutically acceptable excipient or carrier, optionally in combination with one or

more antibiotics and/or antibacterial agents.

- a disinfectant composition comprising a decoy polynucleotide of the invention, optionally

in combination with one or more antibiotics and/or antibacterial agents.

- a cleaning composition comprising a decoy polynucleotide of the invention, optionally in

combination with one or more antibiotics and/or antibacterial agents.

- a kit comprising a decoy polynucleotide of the invention, and one or more antibiotics
and/or antibacterial agents, wherein the decoy and the one or more antibiotics and/or
antibacterial agents are for combined use in killing bacteria, inhibiting bacterial growth, or

reducing bacterial virulence.

- a method of reducing virulence of a prokaryotic cell, the method comprising:
(a) providing a decoy polynucleotide comprising a binding site for a target

transcription factor;



18 YycF SsaA 5'- ATTACAAATTTGTAACAGACTTATTTTA-3' (SEQ ID NO: 12) LOCUS
CP0007302872915 bp DNA circular BCT 16-NOV-2007 DEFINITION Staphylococcus aureus subsp.
aureus USA300 TCH1516, complete genome. ACCESSION CP000730 VERSION CP000730.1
G1:160367075 COORDINATES 2415067-2415093 B&W: Increase efficacy of macrolide-lincosam
de-streptogramin B (MLSB) antibiotics Examples of a YycGlYycF TFD sequence include: LytM TFD 5'
GCT ATT TTG TRAITeSCRA theiepoyTPd A crotidGTonam gkargoSs sel PRICE cAmPIASYR AAT TTG

TAA CACHGTTAT, TarTufs HalSEH R NOSH dhétubiyaiRle ) SIgmAp Ac8IoB. Sigma 54 or SigBis
a major controller of the adaptive response and occufs in about 60% of bacteria, including M.

smegmatis/PraeriyindyetiSuehirdecursnoheiilsaitds, IKfbtssieha Hne ahbsi s gAiHIeeHiEr ara),

Molecular dyligioRi olechdeA08) 68 aRBcert Ghd G Jaatine hingling ﬁi@é%&i&%?ﬂ%%@g&bl neumoniae
comprise: SA sig 5- TTATTATATA CCCATCGAAA TAATTTCTAA TCTTC-3' (SEQ 1D NO: 13)

LOCUSCHobeY 8008728a8 % oy dreéusarcivia-NoNeneo 7 DEFINITION Staphylococcus aureus

subsp. aurgys,hipAs Q. T6EH 28 GHMBICIE ASNAMB Ak & FRal RN HRIPALIEYERIANor
CP000730.1 GI: 160367075 COORDINATES 2187051-2187017 19
genes encoding one or more of:

(1) a cellular adaptive response;
(1) a cellular intrinsic antibiotic resistance mechanism;
(iii) a cellular virulence factor;

(iv) a cellular essential gene.

- a decoy polynucleotide comprising a binding site for a target transcription factor, wherein
the binding site has a sequence set out in SEQ ID NO: 57, SEQ ID NO: 58 or SEQ ID NO:
60.

- use of a decoy polynucleotide comprising the sequence of SEQ ID NO: 57, SEQ ID NO:
58 or SEQ ID NO: 60 in the treatment of bacterial infection.

In general, a transcription factor decoy (TFD) sequence (or decoy sequence) comprises a
transcription factor binding site which comprises or competes with a native or endogenous
cis-regulatory sequence in a cell for binding to a cognate transcription factor in the cell.
When introduced into suitable host cells comprising the cis-regulatory sequence (by a
method described herein or otherwise) the decoy sequence competes with the cis-regulatory
sequence in a cell for binding to the cognate transcription factor. Such competition reduces
binding of the transcription factor to the cis-regulatory sequence in the cell and alters the
expression of a gene(s) whose expression is regulated by binding of the transcription factor
to the cis-regulatory sequence. Decoy function as used herein refers to the capability of a
sequence to compete with a cis-regulatory sequence for binding to a cognate transcription

factor in this way.

A cis-regulatory sequence or clement generally refers to a nucleotide sequence which occurs
upstream (5°) or downstream (3’) of the transcriptional start site of a gene or genes and

which functions to regulate expression of the gene or genes. Typically, a cis-regulatory



5'- CCGATAAGGG CGCACGGTTT GCATGGTTAT-3' (SEQ ID NO: 14) LOCUSX1330324206 bp
DNA linear BCT 18-APR-2005 DEFINITION Klebsiella pncumoniac DNA for nif gene cluster.
ACCESSION X13303 VERSION X13303.1 GI:43820 COORDINATES 18301-18330 Uses: Increase
efficacy of bactericidal and bacteriostatic antibiotic¥, for example, those described herein. Fur Fur

regulation was initially described as being important for iron regulation but is increasingly recognised to
be involvet i GereeaHBp e patdivE /s ek e Devtily (Hrsrdiaragu wey)(@r Hiodrmafahso determining

resiStan9%{8@&{9&%@%%&&;@&&%@@ iPEEUER LR UERRh B oRHIEHREmRlyHeligaliagter pylori
B. subtilis (Fur, PcrR, Zur, MntR), (Horsburgh 2001; Lavarr 2003; and Delany 2001). A consensus

sequence®studbpstingrimdiregibeingnasy Btieop comprises A egcAETReRIET RST ATT AGT
AAT AGT JiiGicteih iy (e PR adioth ?&ﬁ%&&&%@ﬁ%@tﬁ%@{%ﬁ&ﬂ%ﬁ@&%& in

Horsburgh, J. Bacteriology (2001) 183:468. EC_fur 5'- GATAATGAT ATTATC-3' (SEQ ID NO:
16) ConsdREteEsEREAB RS NEher BN (N IBida £erract e HBoH,. ¢1088)pkdis 3ndigadve binding
sequence JRdh PYRAHOMRIIASS dék%&%&%fé?@é&&%&ﬁf‘r@@aﬂ fhd. @fSi_ng%Tat%égsJ EndAA TGA
AAA AGT AAA-3"(SEQ ID NO: 17) LOCUSCP0010721608548 bp DNA circular BCT 12-JUN-2008 20
DEFINITIONlaIfa 95eHEr BB ISPATior Ko oleagisnenbat KCOrBSIONOPemalgyyotes for

cis-regulatory sequences to be positioned hundreds of base pairs upstream or downstream of

the genes they affect.

A cis-regulatory sequence may be repressive (inhibits or reduces transcription of the gene(s)
when bound by a transcription factor) or activatory (activates or increases transcription of
the gene(s) when bound by a transcription factor). Thus a transcription factor which binds a
cis-regulatory sequence may be a negative effector (repressor protein) or a positive effector

(activator).

A target sequence for a decoy polynucleotide or decoy sequence refers to the cellular
transcription factor binding site with which it competes for binding of transcription factor.
Similarly the target regulator is the transcription factor which the decoy sequence binds. The
target gene(s) of the decoy sequence is the gene(s) which is/are operably linked to the
cellular transcription factor binding site. Thus a decoy sequence disrupts the regulation of

expression of the target gene(s).

The inventors have used decoys to alter prokaryotic phenotypes, especially phenotypes
which are relevant to bacterial pathogenicity and to tackling bacterial infection. In particular
the inventors have used decoys to disrupt expression of cellular pathways, responses and
resistance mechanisms in order to render cells more susceptible to killing or growth

inhibition, and/or less capable of survival under hostile conditions, and/or less virulent.

In one aspect, the present methods disrupt gene expression in order to render the cell less
viable, e.g. under the prevailing conditions. For example, cells may become less viable
because of increased susceptibility to antibiotics, impaired stress response, impaired
virulence response and/or disrupted expression of essential genes. The present methods may

use decoys to weaken cell defence or survival systems and or virulence systems. The



VERSION CP001072.2 GI:189491895 COORDINATES 691415-691374 Uses: Increase efficacy of
antibiotics in general which may induce stress (bactericidal). Fur decoys may be used without
antibiotic to perturb stress-response mechanisms and environmental adaptation. TcdR TcdR is an
alternathe sigma factor that is autoregulated and thht regulates expression of two major exotoxins that
determine virulence. TcdR regulation known to occur in Clostridium difficile, C. botulinium (where the

homologuBghpdsmyarmata tig TetiR me Clpssabladge sslf death) gvideambilrd gsowibletular Microbiology
(2007) 641#%%%%@%%%5‘%‘?859% 10qingSite doh Cq EICIE LOMPPAIRES: E£RiRiadE TTT ACA AAA

TTATAT AAT AACTTTITT A T-3' (SEQ ID NO: 18) Consensus sequence (TcdR, where -35
and -10 bbresastihedpeted) as described in Dupuy, Mot Micro. (2006) 55:1196. B&W: Increase
efficacy of many antibiotics most notably those with bacteristatic properties. Vir Vir is a global regulator
of virulence factors in P. aeruginosa and E. coli (Kanack, Microbio/ogy (2006) 152:3485-3496). The E.
coli homolkRf igxaRIHe. iRt s Hanegt She droeatatiipies tiebdstavtdo cligid o Rptgériicand promoter P | of

the regA g&lgli g ,éhéi-yﬁe%ﬂ&&%&&% ALl AR &@éﬁ%&%ﬂ%@f{% JiEonsensus
sequence as described in Kanack, Aficrobio/. (2006) 55:1196. PA ToxA 5'- CACTCTGCAA
TCCAGTPeRIrAAA PEADES HE IS e MDyuscR B US 997 Spaalisd ONA #Eup BT 48sJUN-2008

DEFINITIQN, Rag4eemeras ApU9nRSAGEARRAGI4rBHRNE 1 358%iFOMNRIGERIHRNCE.
ACCESSION EU595736 REGION: 10145..10170 VERSION EU595736.1 GI:187939551

COORDINAY pEMgshanisty pf@ny one antibiotic or class of antibiotic. In one aspect sensitivity to a

broad spectrum of antibiotics or classes of antibiotics is increased.

In one aspect an increase in susceptibility is not specific to any one antibiotic or class of
antibiotic selected from: aminoglycosides (such as kanamycin); from the carbapenems (such
as meropenem); the cephalosporins (such as cefepime); the glycopeptides (such as
vancomycin and daptomycin); the penicillins (such as ampicillin, carbenicillin and
penicillin); the polypeptide antibiotics (such as polymixcin B); the quinolines (such as
levaquin); the sulfonamides (such as Bactrim); the tetracyclines (such as tetracycline); and

variously, chloramphenicol, rifampicin, Zyvox.

The decoy methods described herein can also be used to alter phenotypes such as cellular
adaptive responses, or cellular virulence. The methods may also be used to alter cellular
expression of essential genes and cell survival, e.g. under given culture or physiological

conditions, e.g. limiting nutrients.

In general the methods provide new means for targeting bacterial infections and associated
diseases. This may be by potentiating the effects of an antibiotic, or by a direct inhibitory
effect on the bacteria, e.g. growth or survival inhibition, inhibition of expression of
virulence determinants, inhibition of expression of essential genes. Thus, a TFD may act as
an antibiotic or an antibacterial agent in its own right. In one aspect the methods use decoys

which disrupt expression of genes which determine cell viability.

As above, the present methods use decoys to disrupt regulation of cellular pathways,

responses and resistance mechanisms. In some cases this involves targeting binding of a



PA RegA 5'- GTAACAGCGGAACCACTGCACAG -3' (SEQ ID NO: 21) LOCUSE1J59573626 bp DNA
linear BCT 15-JUN-2008 DEFINITION Pscudomonas acruginosa strain PACS458 clone fal366,
complete sequence. ACCESSION EU595736 REGION: 10145..10170 VERSION EU595736.1
G1:187939551 COORDINATES 312-334 Antibiotide: Decoys may be used without antibiotic to control
the expression of a set of genes that determine virulence in P.aeruginosa and E. colt Decoys may be
used to inetebdlaehel efivanylesdatibrstets dratofbtatsly thessenbioh lisetegisteitd propdanss. tNtrC NtrC
is a regulajprnf,an essential gene, ginA, which is required for environmental adaptation in at least
Klebsiella pneumoniae (Minchin et al, The EURO Journal (1989) 8:3491-3499). A native binding site in
K. pneumoniae comprises: KP NtrC 5'-

GCTTTG@;’%%I@E%Q&&@%%MG&GF GEEGCARBOH ARG id kOB MNRdge) 22 LOCUS

X1330324206 bp DNA linear BCT 18-APR-2005 DEFINITION Klebsiella pneumoniae DNA for nif gene
cluster. AGUESS| DN tk43BTNAERSI ONCRAESOS. 1G4 3820 COORD IMEN TESY 18 P5thy$9d1 B&W:

Decoys mgybe: ‘t@ﬁﬂl}éétﬁﬁlﬁt ANHRIBRRII, REFU RGP R RSRROUALIBOCAAGBRIR for

environmental adaptation, or in combination with antibiotics in general which may induce stress

(bactericicip repered isrmdhe reblupator tyemesenebehiliaeiadasbiin oh teledstvablicobacter
pylori, H. aginaaychis i shhs -IHA%@%'%'& KR cBRCIBHBIREY( 2304) ARR 3APed462)- Binding sites

occur in the amiE promoter and the rocF promoter as described in Pflock et al.
cytoplasm. Intrinsic resistance mechanisms may be induced in response to environmental

conditions, such as stress or other conditions listed herein. In some cases, expression of
genes encoding intrinsic resistance mechanisms is regulated in response to antibiotics. For
example, these may be genes encoding proteins with a physiological role whose expression
is regulated differently in response to antibiotics. Genes encoding proteins with a role in
intrinsic resistance may encode for example, efflux pumps, or proteins determining cell wall
composition or density or cell wall metabolism. In one aspect, the targeted genes encode a
resistance mechanism that is non-antibiotic specific or non-antibiotic class specific, e.g. in

terms of antibiotic structure or mechanism.

Targets may include regulators of cellular adaptive responses. Typically these are adaptive
responses to environmental conditions, e.g. hostile environmental conditions. For example,
these include stress responses such as oxidative stress responses or peroxide stress
responses, responses to lack of nutrients, ¢.g. nitrogen limitation, responses to toxins, €.g.
metallotoxins such as high iron conditions, responses to high acidity (low pH) conditions.
Thus targets may include regulators of stress response genes, metalloregulatory proteins,

and regulators of nitrogen fixation genes.

Cellular adaptive genes are those whose expression are determined by environmental factors
and influence the ability of the bacterium to survive and cause disease in that environment.
For example, a bacterium may need to adapt to conditions of low iron concentration found
inside a host and do so by inducing a set of genes that express proteins capable of
sequestering iron and bringing it into the cell. It will also include the formation of biofilms,

cell wall physiology and changes to primary metabolism.



Examples of a native binding sequence comprise: HP AmIE 5'- ATAATCATAA TGATTAAAGT
TTTCATATTC ATTATAAATC CGTTTACACA ATTATT -3' (SEQ ID NO: 23) LOCUS AE00051156 bp
DNA linear BCT 27-DEC-2005 DEFINITION Helicobacter pylori 26695, complete genome.
ACCESSION AE000511 REGION: 310910..310965 VERSION AE000511.1 G1:6626253
COORDINATES 310910-310965 HP_RocF 5'- GAAATTGTTC TATTTATTAT CCATTTGCTT
ATTAATANTCFSCEINSTIMATIIMT 6T PAG AL a&pay ieees ApsaaUsS REEY0B1IMBAr B DNA

linear BCT 44 a@%%a%?@ﬁ’ HEENIS QM HElicanasten Y IR 23098, 8%@‘?&%59@5@&}&58&%@3'0'\‘
AE000511 REGION: 1459830..1459890 VERSION AE000511.1 GI:6626253 COORDINATES

1459830- 34598902 3c)yde Phiedes)siantayHdcuatabi ebrEaMm 161 SdYilaveRpreaBidtiaithe essential
genes megjafing ipR-yRiRke Nk ple 6@[951'iB%Qté%ﬁ{)Vei{farEH&m@éPQ@%g@ﬂcméQr%%@lﬁ%vﬁ’ﬁ‘ with

antibiotics in general which may induce stress (bactericidal). Glycobeptide-resistant consensus
sequence{@! %I}Cﬂ-consensus sequence was determined by bioinformatical analysis of
non-proprietary microarray data. Motifs were found in genes shown to be up-regulated when
comparing a glycopeptide resistant strain with its parent, and the same resistant strain with a revertant

(Scherl, BMeomushataitareaoamympes 36 phypiolo gicshestaditigese ioundras iavayanpaded consensus
sequence A IGHATIHE L6 HPHEFIRYE SRANPRCRSHOMINHE RIABIOES B J6akkiak kpauyppositive

regulator of virulence (Maki, Antimicrobial Agents Chemother. (2004) 48:1953) may be used in a
decoy (Seél%}gg\],y@geg@@qors of proteins which determine bio-film formation and nutrient (e.g.

iron) scavenging.

Virulence factor genes are those that control the production of specific molecules from the
bacterium that cause disease, such as toxins, or elicit a response from the host that affect the

ability of the bacterium to survive and cause disease.

Targets also include regulators of essential genes. These are genes whose expression is
essential for cell survival in the prevailing environmental conditions. For example, a target
may be a regulator of genes encoding proteins needed for DNA replication, primary

metabolic pathways, fatty acid synthesis or cell division.
Essential genes are those that are required for the bacterium to survive in any environment.

Often there is overlap in the cell between the above described systems. Thus one regulatory
protein may regulate expression of genes encoding virulence factors and cell wall
metabolism in response to environmental stress. In another example, a regulatory protein
may control expression of a gene which is essential to the cell under particular

environmental conditions, ¢.g. nutrient shortage.

In one aspect the present method may target genes, the regulation of expression of which
determines the ability of the cell to survive in the presence of antibiotics generally, e.g.

more than one antibiotic or more than one class of antibiotic.

Examples of antibiotic resistance genes are disclosed in co-pending application

PCT/GB2008/003353. Decoys such as those described herein may be used to target any one



5'- TGAACACCTTCTTTTTA -3' (SEQ ID NO: 25) LOCUSCP0007302872915 bp DNA circular BCT |
6-NOV-2007 DEFINITION Staphylococcus aureus subsp. aureus USA300 TCH1516, complete
genome. ACCESSION CP000730 VERSION CP000730.1 GI:160367075 COORDINATES
2476452-2476436 The consensus sequence occut$ at least in S. aureus. Decoys targeting the
sequence may be used to target any of the regulatory proteins binding the sequences in the native

promoter$ﬂ199r@ql@thﬁ$@‘@$é§ Pé?_i{ﬁﬁ?ap%/ Biding carcesbngipre lgétﬁméseéﬂwsrm@@&@-g-
alycopeptides eisianeq AniRsyusnRe W AeGRXHTAY e e, ARRe plilcany e alycopept
des antibiotics. 24 A consensus sequence was deterniined by bioinformatical analysis of
non-propriegapgsnierbiitedis deatavestifdaset decrid imyesridan e o6 erposiiakesdgineied by Agr, a

requlator gsSeriHethIRMILIRNES ¢ BHINRR RAGITHAL (209D} A3 Add bnths QUIRH\GMPtif was

found to occur in two promoters thought likely to be involved in determining pathogenicity (SA2093
upstream BeaerarRts. ik dacarserpaomar egiiaiog i na scp don Giunkecgany a8h WEmM093 5'- AGA
AAG ACAALGAGGASGT AA -3' (SEQ ID NO: 26) LOCUSCP0007302872915 bp DNA circular BCT
16-NOV-2007 DEFINITION Staphylococcus aureus subsp aureus USA300 TCH1516, complete
genome. ACCESSION CP000730 VERSION CP000730.1 GI:160367075 COORDINATES

2414790-Z4H/h1 v 118 GR 2 1 CARG SO MM LRIARCr & br thdPELUIRMNn 20
LOCUSAP0093242880168 bp DNA circular BCT 09-JAN-2008 DEFINITION Staphylococcus aureus

subsp aurbHaMPRHNEIVE g headetie B ron sppbodese e S eRIAPODY39Y . 1

GI:15672Q4f%tions are amongst the commonest, the upper respiratory tract infections including the
ears, throat, and nasal sinuses that can be treated with tropical applications or acrosol
preparations. Lower tract infections include pneumonia (which is caused by a range of
bacterial pathogens, bronchitis and infective complications of cystic fibrosis. A common
problem in both community and hospital practice is urinary tract infections, where the urine
becomes infected and antibacterials need to enter the bladder, prostrate, ureter and kidneys.
The gut is vulnerable to infections (an example of gastrointestinal infections), where
bacteria cause disease by either by mucosal invasion or toxin production, an example of
which include cholera epidemics, and when used antibiotics are either ingested or
administered intravenously. Skin and soft tissue infections, which can be treated by topical
applications, are common following traumatic injury or burns, which allow colonisation and
ingression of micro-organisms resulting in infections that are both localised or have spread
rapidly through tissues. Microbes responsible for skin infections often arise from normal
skin flora, such as Streptococcus pyogenes causing superficial skin infections (impetigo),
cellulitis (more deep-seated infection that can spread to the blood) and necrotizing fasciitis,
a rapidly progressive infection that is often life-threatening. Finally infections of the central
nervous system, such as bacterial meningitis, are perhaps the most challenging to treat as

therapies must penetrate the blood-brain barrier, as too have the pathogenic bacteria.

Decoys may be prepared and tested as described in co-pending application

PCT/GB2008/003353.

Any one or more of the above aspects may be combined when considering the present

methods.



COORDINATES 1549580-1549561 The binding motif occurs at least in S. attretts and contains
homologues in many Gram-negative species, such as P. aeruginosa and E. colt Decoys targeting the
motif may be used to target any regulatory protein binding the motif in the native promoters. Typically
the genes regulated by binding at the native sequéfces determine virulence in the cell. B&W: Decoys
may be used to control the expression of a set of genes that determine virulence in P. aeruginosa and
E. coll. 25 tbeprisrany mhdierksceyr segere nebypralsstidption diactor BondieRpsieidn therpbiyroisiedtide is not
operably liked 10 B ARAS R SAPSCEPHAR faSRtbINAag Sis MAYhe iselaipd-fiatpaany other dements

of a cognate promoter. The decoy polynucleotide may comprise a plasmid vector. For example the

decoy pol§ficradiide thaprestnprsehadsnpsteiey praxntieledide schtvedisesbiperiditigdsslication

PCT/GB2 [ ] i i S [ pplication
pcweB28812{/%‘8%%%%‘ﬁé%e%%@%%?ﬁﬁ%‘éﬁé%ﬁﬁiﬁa% e decoy

sequence PSR deritransrapiomisgey Heleasiectiteates iprisiriptionastercepies of the
decoy seqyeneqy, ROLEXAIRNER. KR@B%&%&%%&QQ&%F&S% @YoIh@f%@r&%fé’i’é’og IR eeReS, for
example, 2-1000 copies, e.g. at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600,
700, 800 @&cupoiedpiesiFdperpiptionHeesn SyesTomeustpchasneadn clue: phenapreso, 30-80,
30-50, 30-40 copies. For example, there may be 30 copies of the decoy sequence. Typically there arc
multiple copies of the decoy, for example, multiple direct repeats of the decoy sequence. Alternatively,

the decoy HaRASHETEORI RSP 208 BEIS SRR R ORRELGtEoy Biihie vesalt wsthad sgtile copies of

the deCOYtﬁ@Qé!&ék‘é%eﬁlﬁ%ﬂéﬁP&Ydﬁﬁ|¥6‘-lffé|ﬁ9ﬂ§%§ﬁ¥a%'ﬁ'P@@?H&V%W%@%@&E‘)_the decoy
sequence. Typically the additional sequence results in increased resistance to degradation of the

decoy sedusAbd By dnehsdadAvIne s utBY BdsENRIeA: ssdIIE kb bty slra distRibitay
comprise @{égpesg one element of secondary structure. Typically this secondary structure results in
increased resistance to degradation of the decoy sequence due to the action of exoand/or
endonucleases. The decoy polynucleotide may comprise modified bases or sugars to confer greater

nuclease resistaneeio KagLIscay RYIHCIBRtidR FOdRIRPHSS & Qb ibseatidsp Pmarunes at the

termini of the polynucleotide to reduce or inhibit exonuclease activity. The decoy polignucleotide may

comprise &PRAEarBiRSbAIEIRSIISPPHESRUBY PEIFA tREeRfaEh a3 B A BFIsenelivGI BN bt Stranded

DNA, e.g. agecallsskemmbbrlironfiguratens (g stal BircsnicatRiopirssical BescGamee- (2003)
310:1048-1053). A dumbbell typically has a double stranded region incorporating the targeted

sequence ™8 BPAUNEtE HBP &VSIFIBRITS S SRRTETTHES O AR PLSERIsAIS YHE R LTassAicleotide
may compriserehalestarcldradification & ane-atRash 2 endptithepmalasuiee Thaeeesy

polynucleotide may comprise an?{ one or more of the above features in any suitable combination. A
I

decoy polyRtkiRsotidsthoss Eurfstiae armpimeaunss Liqlrsazdenssonrme desrhrddidr identified
according genthedagpIRdasiepcribeBegasngndapplicaionREd faRRAB/R3RRSy add may also

comprise additional sequence as described. As above, a decoy polynucleotide may comprise an

n[snare] phaSHY 2he PIARINIGS Wis/a IHekeavRlfitdgev i gl Lo salal T fitisr BifdE eRBHdes, that
they arc easdly iinttaduseskintedinaisiae caahRdNBINioed Rcopsitive srlewiGagaREbEikcHmvent the
problem of exonuclease degradation, The advantages of creating plasmid-borne versions of decoy
oligonucleBtitRigtiftiakvER sy &wéﬂmafaﬁm,eiﬂb@@@g@éer@lgmée%%%a”&&@radation by
nucleasesdgpgyntenance of plasmid concentration (by self-replication and positive selection if
necessary), broad host range, and the ability to test combinations or cis-regulatory sequences using
distinct but compatible n[snare] plasmids (to test for synergistic effects). An n[snare] plasmid is
suitable forise:gscadde oy padinieleniivaintb sipsRsaninnesiors bismarshalagmids and liararies are
also suitable for testing possible decoy function of a known or putative, cis-regulatory sequence, or for
screening 8%%&@%%&14&%%%&@%% AR LY W RN Ry YT Bﬂlﬁgﬁale of use
of an n[snasebRlasatdds. iiustsatasl dmbigukesatdplasigauaonises kershaie deglease (shown in
multiple copies in the Figyre). If the "snare” comprises a.transcripgtion factor binding; site which
competes YA SHERLFd G TRIBRPEBAREL S ?ﬁlmﬁg%lﬁp?r)aﬁ@eﬁaﬂ%“ﬁi br B9 decoy
function), feadsiciisepdf SaenbfsoRraldRsHIRIGSEIE cell will result in a titration of transcription factor off
the cellular cis-regulatory sequence and onto the snare. This can be detected as a change in
expression of a gene or gene(s) whose expression is regulated in the cell by that cis-regulatory
sequenceWwiiiBy alteration in the phenotype of the cell. 27



In general an n[snare] plasmid comprises a plasmid vector and an insert sequence (the insert
comprising the snare). Incorporating the snare sequence in a plasmid addresses the problems of
decoy degradation in the art, and allows stable maintenance of the decoy (and any affect on gene
expression) in the cell. The insert sequence comptfses one or more copies of a monomer sequence
(which comprises the snare). Thus the insert may comprise (for example) from 1 to 200 monomer
sequencedY A da s iaronAlg Wty gpleRotE IexatARte RIRBONCOpIEW BY§CEs least 10, 20, 30,
40, 50, 60,00, 0 UL 1204130, A0 ASDGI0, LT 50, L ES i Eorsample. there
may be 5-200, 5-150, 5-100, 10-150, 10-50; 5-50, 5-40, 10-40, 5-30 copies. For example, there may
be 30 copféslof fisadndnditer Hedmrcd 0Fht4skdnditldypically comprises a homopolymer of the
monomer. Typically they are multiple copies of the monomer, for example, multiple direct repeats of
the monomer sequence. Providing multiple copies of the monomer (and thus of the snare) increases
the titratingisower o MieBiebngdinghstmisnYnieressnibrite MEm pAS o MEspEre sequence. Typically a
transcription factor binding site in a snare is not operably linked to a gene, e.g. in the snare or snare

plasmid. In,that sense the binding site is isolated from its cognate gene or genes. A binding site in a
snare may al§d6&R6IG et At HHEIEIHhEntsMt (kS 8N SXE ﬁ%@?ﬁﬁ%m@ﬁgﬁ@@%Tmonomer

sequence fpeg HOROIPHFER 8%ecA R ANMEITRRONBISE ROEPRah SRAPEASAR Addition to the
snare. Often such additional sequence derives from the method used to produce the snare and/or the
plasmid in@&?%@eﬁé@@& H)rcl‘a‘b(ﬁbﬂier may comprise an adaptor sequence, such as the adaptor
sequence which typically results when "custom" snares arc produced for a custom n[snare] library
according to the methods herein. An adaptor sequence may comprise, for examc%e, recognition and/or

cutting sitéelene of R Estrictiont@r8yAfey A RbomeFiniy BorhdrsBRtci@8fide sequence

WhiCh Pro‘ﬂ@_@ﬁﬁl’ﬂ@i@@/ﬁj%ﬁ%t@rﬁﬂﬁ%@ﬁe 18 @ff;n}@@sﬁ%,i@d?ﬁ%@é{je ' : H&ﬁéf‘e monomer or of an
insert comgrlsmg multiple monomers. 28 For example, when a plasmid insert is prepared using a

rolling cir FEN o RO as described in co-pending application PCT/GB2008/003353, a
monomer {yRISalky N O MPPIFESI RE L ATIENtVBiIGH £orresponds to the binding site for the primer used in
rolling circle replication, e.g. a T7 primer. A monomer comprising a randomised snare sequence
typically a%@@gﬁm%%@&wg?%éﬁ@of constant sequence. For example, a randomised snare
sequence of n nucleotides may be flanked by regions of constant sequence. Alternatively, a central
core of constant sequence may be flanked by regions of randomised nucleotide sequence. The length
of a monofh¥r careBEsoTEsamaIee hiets! Tos RhaxbrabY gy dienhphic apliYs; 8661488, 600,
500, 400, 30k ARRs ALmBfos7OhIBRaraPh AR A0irRRASMOpAiRHGIEatidasahyRisaly the length of
the monomer is in the range of, for example 10-100, 10- 50, 20-75, 30-60, 30-50, 35-55 such as 35-54
nucleotide¥TIPHRBYEMRETHROBNGh BB EPHERbEBHRBBl 50 nucleotides. A snare portion
of a monomer may typically range in size from 10-30 nucleotides, for example, 10-25, 10-20, 15-20,
such as 15, 16, 17, 18, 19 or 20, for example 19 nucleotides. An adaptor sequence may comprise, for

example, -%%aglﬁt&feasW&ﬂ%&%‘ff@?@%ﬁ@%})@% or 5-10 nucleotides such as 10, 11, 12, 13,
14 or 15 nuaieptides Fypicaly@a hsertAmthe Glsteare] RE@$IC GARIWTIERS(PTE;Gr (Tore copies of a
monomer as described herein. Where the insert comprise multiple repeats of a monomer, these may
be tanderﬁS@&%N&i ﬁisFe’f?Wﬂlﬁ@)plasmid vector may comprise, for example about 1.5kb, for
example 1-2 kb, for example 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7 or 1.8kb. However, any suitable insert size,
which allows stable maintenance of the plasmid in a suitable host cell and efficient use in the present
methods e used. 29 The plasmid vector for use in the n[snare] plasmid may be suitable for use

in a prokapgaiciob eekaeyetie fhapkchas Lsamples henvestanalaie igr fuseitiyagitpkaneli such as a
bacterial, e.g. actinomycete host. For example, the plasmid vector may be suitable for use in a
Streptomy CALOE L0 AT 08 e B MR o Eybed CAT e Mo} oA w145
or M600), $9909li, Streptomyces lividans or Streptomyces camamoneous. Suitable hosts are described
further herein. Typically, the vector is a broad host range and/or shuttle vector and can therefore be
maintained and propagated in more than one host. The plasmid may a conjugative plasmid. This
allows easphy ansierfudm bindiaglhiie anBileetikylcanjugaiies tRrefgiably:the plasmid is self-replicating.
Typically the g!ﬁm!d [ E%J%?p W. For e r(rguz%§ tsl}(%% % y?’r majntained at,
for examp?e, - gia?g gﬁjﬁ% %éz{@% : %A ) é ?‘J&A erfdg opies per

cell. High samyAGOGATINAraases (HEQN® podvel ®f a decoy sequence in the snare.

LOCUS  CP000948 4686137 bp DNA  circular BCT 05-JUN-2008



Typically an n[snare] plasmid comprises an origin of replication. Suitable origins are known in the art.
Typically the plasmid additionally comprises one or more detectable marker genes, for example, one
or more genes encoding antibiotic resistance, e.g. the aac gene encoding apramycin resistance.
Expression of the marker gene(s) allows screenind’for maintenance of the plasmid in a host cell.
Examples of suitable plasm id vectors include, for example, plJ86. Suitable vectors are known in the

art. A snafeEHBYIddNNriEechesisdirerrie e kvEHsopiso RId 4o vP BBl HoasBABRYenomic fragment. A

genomic fragmess TARY (@ppBHsEsa gene or genes encoding a particular function or phenotype of
interest. A snare may comprise, for example, a sequence derived or isolated from the promoter region

of such geiBRY6MSurroBReid &éqtdie888é498sequence at a greater distance from a gene(s) than
the promogeh R HIRIETR]Y £oIMR{i56 s $egience that competes with such a sequence for transcription
factor binding, as described herein. Methods for preparing such snares arc described herein and in
co-pending application PCT/GB2008/003353. 30 Decoy polynucleotides may be prepared by any
suitable Meihedytiehsuampley demipais A HRRIERAN RS MY AGaouGepldes and then ligated
with T4 ligasc. Alternatively dumbbell decoys may be preparéd by PCR using appropriate primers, as
describedRHERSMpaM PRAKS BrivaY Hosr 2y peHeais el boriohRerias. wirfs e ieesstem loop of the
dumbbell shipeinige EsAMPIRSSFSUEBRIimer /e given in Example I. PCR amplification using the
primers is typically followed by restriction digest of the amplification product and ligation to form the
closed circle dumbbell. Alternatively, dumbbells can be prepared by restriction digest of a plasmid as

described i Exampie bRAgesHOrHED QlpwRd by digatan to form the closed circle dumbbell structure.
Methods for preparing n[snare] plasmids and n[snare] plasmid libraries are described herein and in

co-pendinEaé’Ep'EEQién TEB2005/0988 I AN sid b ht M&hbES maF plistGHeliRtrblidiction of
more thane Ageoy peauence dntora gelk. For example, a cocktail of decoy sequence may be used,
comprising variant sequences for binding of a regulator in difference strains, e.g. different clinical
strains. DZ@WS&M&@S%WE}@ Present in the cocktail in the same proportions that the different
strains occur in the clinic In another example, more than one regulator may be targeted. In one aspect
the methods described herein comprise in vitro methods. A host cell as referred to herein may be one
in which itYeeldsigetto alter gene expression (and phenotype) using a decoy molecule, e.g. a

pathogeniy hacterar TyRisalbmpdieie f@glm@&hmds«@eé e aligoaicell heratyrR iR hgst cells
display the phenotype in the absence of the decoy. Decoys for alteration of a medically or
therapeutit4IR e fovait Hnendtpe i 9ot iIREFEAB Mg AHE BB I BRALIRARE MY Be/ ¥dfdened in a

series of cgllpnbwh eXBRIQHaAANSPANIBE JESIechEirsbipAkanterialmadaehHaesphenaivpe, e.g. a

model of antibiotic resistance, then further validated in e.g. a pathogen or clinical isolate. Decoys may
be further YEEaRSS TRTaHHISRRGIdGTERINALIGN 2RA ST de b unt By RS deMspdska-frustala, typically
the host cglt ieRrmpBED @ B0Y) 188 plEMidgetor and/or is one in which the plasmid can be stably
maintained and replicated. The host cell is also typically compatible with any detectible marker gene in
the plasmid. In general, a host cell comprises the cis-regulatory sequence of interest, i.e. the
cis-regulatpy seakeRaaipalitedRINY RIraan e ta, iarswith-which the Upoa\seSuepeshipteeguced into
the cell is intended to compete, operably linked to a gene or genes. Modulation of expression of the
gene or g&ABYEEN be detected, directly or indirectly (e.g. by an alteration in phenotype). Typically the
cell comprises a promoter containing the cis-regulatory sequence, operably linked to the gene(s). By
operably linked is meant that the cis-regulatory sequence and/or promoter is linked to the gene or
genes in &Fa%g that the sequence and/or promoter can function (under appropriate conditions,
e.g. presence of the requisite transcription factor(s)) to regulate expression of the gene(s). Thus, when
bound by the coinate transcrigtion factor, the cis-re ulato,{r,y sequence functions to regulate (repress or

activate) &p@g ior Of thd @%3% ﬁ%? I%Ggé%éléfér §E&|gﬁ lHé cell can

be determined by monitoring for expression of the linked gene(s). This may be done by monitoring for
expression qof the gen (ﬂbﬁc ly, or by monitoring for expression of a particular phenotype which is
associate&‘@ﬁngpreég é}ihe gen?&ifi—]osr I%B(ar}?ﬁg scrUSHIAGH fdﬁcﬁéﬁr@ Zomprise
screening hEHeSITI@NCeIashigoebroosa@dtibiaiicp, teiaisass ASoomes] fol &xpeptiengehyiridence
factors or foééx ressi néff essential genes. Methods for screening arc described in co-pending
applicatioﬁ% k 0 889% . A host cell may comprise a cis-regulatory sequence (e.g. a promoter
containingth® SEoNenca)amoacbly (iked3eity fative (cognate) gene(s), i.e. linked to the gene or
genes the ression ii r? %hg%e nce (or promoter) regulates in its native occurrence. The
cis-regulagﬁﬁﬁiﬁﬁf ﬁ/ 3C réé%ﬁaﬁgd gene(s) may be endogeneous to the cell, e.g. genes
encoding an intrinsic resistance mechanism in an antibiotic resistance pathogenic bacterium. 32 The
present methods are suitable for use in prokaryotes generally. In particular the methods may be used

in pathogens, especially pathogenic bacteria, for example, pathogenic bacteria affecting humans
These include bacteria of the following genuses (listed according to result in the Gram stain test):



Gram negative: Acinetobacter; Bordetella; Borrelia; Bnicella; Campylobacter; Escherichia; Francisella;
Haemophilus; Helicobacter; Klebsiella; Legionella; Leptospira; Neisseria; Proteobacteria,
Pseudomonas; Rickettsia; Salmonella; Shigella; Treponema; Vibrio; Yersinia. Gram positive: Bacillus;
Clostridium; Corynebacterium; Enterococcus; Listéfia; Mycobacterium; Staphylococcus;
Streptococcus. Unstained: Chlamydia; Mycoplasma. Examples of gram negative pathogenic species
and of disézek daaded by them include: A. barumannii (Pneumonia, Bacteremia), Bordetella pertussis
(whooping cough), Borrelia burgdorferi (Lyme's disease), Brucella abortus (Brucellosis),
Campylobacter jejuni (Acute enteritis), Escherichia coli (septicemia and pneumonia), Francisella
tularensis {Fuldrémta) AHaEMEphisGnfed R 2N THLEAZR) (HTQEb X3y ori (Peptic ulcers),
Klebsiella pneumoniae (pneumonia), Legionella pneumophilla (Legionnaire's disease), Neisseria
gonorrhoeae (Gonorrhoeae), Acinetobacteria spp (Noscomia; infections), Pseudomonas aeruginosa

(sepsis), RiKettSia rickRU/ (Ricketts) 28aHNenkMa HPHImusiteklerAhbity NONy38ATeriae (Dysentery),
Vibrio chojsraeNENIRI A AIpIBa RStz ARlgHE) EXRMPIeS Qb ssaruresiive Aathraepin shecies and
of disease caused by them include: Bacillus anthracis (Anthrax), Clostridium difficile
(Pseudon@%%é“cdﬁﬁ%%é@ynebacterium diptheriac (Diptheria), Enterococcus faccalis
(Noscomig}iifeetians) (IpsiRAs NERPCYERa g ss(Listerosis), Mycobacterium tuberculosis
(Tuberculosisé, Staph\ﬁ[ococcus aureus (Septicemia), S. pneumaniae (Pneumonia). Bacteria of the
following ANl Flirg R8¢l Péferred to above) are particularly suitable for with the present
methods: Escherichia; Helicobacter; Klebsiella; Neisseria; 33 Proteobacter; Pseudomonas;
Salmonella; Bacillus; Clostridium; Enterococcus; Staphylococcus; Shigella. In one aspect the invention
relates to H¥ssttanase ediisrcymbrmarigliderdiasgssoNdrusichior 1aee s, (MoiRBA ) B cribed herein
(e.g. introduced to the cell by any method herein). In particular, the invention relates to such a host

cell(s) which display altered gene expression and/or phenotype, due to the presence of the decoy
polynucle&ide ey aheréxeeasisEcEpbirareasninsigte(s), decreased virulence, impaired adaptive

response, .GAMPAFeOstoGae oettining asenes O TAA PlasMididecaamaleciGTA RXample, the

invention relates to pathogens or clinical isolates which have been rendered less viable using decoy
polynucIe(§t‘i€fésT§%)d%’s‘?ﬁ?’lr eﬁ%r@iﬁT%ﬁ ﬁo‘}yﬁé@e‘éﬁ%gﬂaryryé fhttoduced to host cells by any
suitable meang. IDONEMR!S; transfemation, transfection, conjugation. For example, where a
polynucleotide comprises a conjugative plasmid, this may be introduced by conjugation. Decoy
polynucleotides, e.g. circular dumbbell structures, may be introduced to cells by transfection. Cells
may be indiguid syltrgighd the decoy added to the liquid. Alternatively, cells may be cultured on solid
media and decoys transfgcted from absorbent paper discs saturated with decoy and overlaid on the
media. Tyﬁrgg}ﬁéﬁ@&o%}gpd%aamf&élﬁ@%lmfg% tardyushaRS R AT b b Card where

cells are cytased, encsnlidgngdia dagox PRyhHucpotides iRy e added iaeniitekdissang taken up by
cells from the disc. A permeability buffer may be used to aid transfection. In one aspect, transfection of
decoy pol?ﬁﬁ%?&éfmyeéé}?ﬁﬁﬁ%’ﬂ“@{?gé‘lfﬂf Misrebiatesn PR far shathkthods may use linear
decoy polynucleotides, bearing a cholesterol modification at one or both 5' ends. The modification is
believed to facilitate uptake hy the cells. Decoys may additionally be labelled, e.g. at a 5' end with a
detectable bR RIAderf] 1{v(<] Wé‘ﬁg EYS iR iTCEENRSte monitoring of uptake and
maintenance in the cell. Cholesterol and/or detectably labelled decoys may be prepared using
cholesterol and/or detectable labelled primers, as described in Example I. 34 Transfection of decoy
polynucleé'ﬁ‘dé%to a cell may comprise use of R9-cholesterol, which consists of a cholesterol
molecule attacirad toad ieactheXTdGrs DFAAmTes (Mim Y ITelBhes KON NI@; 343-350). In
general, the uptake and/or maintenance of the decoy polynucleotides, or plasmid library in the cells is
monitored. For example, a plasmid decoy may comprise a detectable marker e.g. encoding antibiotic
resistancel. @pigh allowsoposive selecgrpiantbe pesencecitther plasmid-mohvapaororing of plasmid
propagation. Presenc a decoy polynucleotide can also_b itored by grt-PCR. In general a
decoy se Eﬁ&@@&?ﬁgrg&é’%ﬂﬁﬁaﬁwﬁg o ﬁ%’%"nggfﬁﬁ?og%@&tﬁé O SYTRYS &R8 R far
transcriptigiC taERST0INdiapeite781y binding of a transcription factor. By titrating transcription factor from
the cellulay site, the de iSrupts expressi f the gene or genes operably linked to the binding site
in the celﬁvﬁﬁé‘éﬁ se&i%‘@j?:boat/ 5&&1@?&9&5 sequence of a native cellular binding site for a
transcriptigOfaRDINNARS BEposncesaoe available in the art and examples of endogenous binding
sequences are presented herein for specific regulators. A decoy sequence may comprise a consensus
binding site for a given regulator. Again, such consensus sites may be available in the art, and
examplesre ggven for some specific regulators herein.




Alternatively a decoy sequence may comprise a variant of a native or consensus binding sequence,
which retains decoy function. A variant may be prepared by altering, for example, 1, 2, 3, 4,5, 6, 7, 8,
9, 10 or more nucleotides in the parent sequence. For example, footprinting experiments may indicate
that particular nucleotides are less crucial for trand@ription factor binding and might be altered. A
putative decoy sequence can be tested for ability to compete with a given transcription factor binding
site by inttod it d dea OdhptAeSIAE Ebaprsteihd 4Ecdy(SEQERN@td4 suitable host cell.
The host cell includes the target transcription factor binding site 35 operably linked to a gene or genes
whose expression can be determined directly or indirectly, e.g. by screening for a change in

phenotypd- @8y funelidiPéf a test sedftillicercaPNA detéreainddbly 5trdBRi1§%8r a change in
expressiopaEiRG BrNG (R1OF ARG HO R PRERAPEF A Uil decoy polynucleotides described
herein may be used. Any of the host cells described herein may be used. For example, a test
sequence MtdyHrSI Q¥ inkb3RRed into a suitable reporter cell and expression of a reporter gene
monitoredy@ REFERE dsepysfnctionigygeneric reporter-based assay systems using "dead or alive”
reporter cells described in PCT/GB2008/003353 may be used. This approach solves the problem of
needing aSPSIREMNARERISHE s 3#ier normal circumstances each reporter causes cell death, it is
only when an decoy relieves this by titrating off the transcription factor that the cells can grow. Hence
selection for both reporters relies on cell survival, which greatly expedites the screening process.
Another fdatarelBeisresEiens o fiictarividabapddrsipioserkctyibiiipe faerRltohated as a basis
of rapid, cgmprgbgnsivg,or high-throughput screens. It is also possible to identify regulatory
sequences controlling promoters which in their natural context have no easily scoreable phenotype.
Alternatively or additionally, a decoy sequence may be tested in host cells comprising the target
binding sitg eperably linked to its cognate gene(s), so that ability to disrupt expression of the gene(s)
can be determined. Where a decoy is intended to produce a change in phenotype, the host cell used
in screenify diRBHAIOhY Pdritialhr dserbads. irdreimpasientdeE PR seidpeYs B8F Bargeting regulators
described;fjereiApRY P& 836 BLSGIRBNE fobiRsraassshvegasiivitys ohthe agbkell to antibiotic. The
m

antibiotic may be chosen as described herein. In some cases, decoy sequences may be tested by
screening RSt B asEt RS pE b pRE SRS St TREN IR RS FtgRtatey PREElissiPRE) dtoys targeting

regulatorsgf Stiess 62sRANRACRASPS. 2998856t by/deesting.inpaires skessr@spanzearmeasured
by tolerance to physiological shock). Decoys targeglr;g é?gulators of virulence factors can be assessed

by determftth pEiesthueh&R0d: drdgEmae AeWihe latter could be low 36 viability
following re-suspension from a frozen vial or even the down-regulation of a specific gene (as
measured by qRT-PCR). For example, a FabB decoy which targets the regulation of genes essential
for fatty achCePPEABLISTARS G fistad bigdinstaaitayie st fo €0 /ECUDATE SN in e.g. Luria-Bertani LB
media (1% [w/v] Bacto-tryptone, 0.5% [w/v] Yeast extract, 1% [w/v] NaCl) in the presence of an
antibiotic which acts on the process of fatty acid synthesis, e.g. Cerulenin. For example, at
concentratiérd®Wf Cerulenin of 10 Rg/ml, untreated bacteria grow normally and act as a comparator for

bacteria treatad wiNCtRerder ¢ Whith giow mAkediyrmers slowlyar (simyven et dspsity. For
example, stress response can be induced in a sujtable strain e.g. S. attretts by growiﬁ; in, e.q. LB
Eﬁ%rpfl i

media undetEERASHASPEtresdr 8F Xkt ¢sHtrhS. RerBYhple 4 KEESMAHing KOH, e.g. at
30 mM maggdadssed. Untreated bacteria grow well in this media, due to the induction of the stress
response by the alkali conditions, whereas those treated with the SA sigB decoy, targeting the
regulation of sigB which is a major part of the regulatory response to stress, grow poorly. In some
instances mgerggning for expression of the relevant gene or genes comprises determining host cell
viability under suitable culture conditions. For example, when the phenotype being assessed is
antibiotic %S,%@E%g,ﬁﬁg % E%SF%e(w@ﬁRd\&ilé% the presence of the antibiotic and
determiningpweathestiacrisamiable. i@ $RANCOMIHEIBHINE Y98 ng83r sive” reporter host cells,
screening the cells comprises culturing the cells under conditions in which expression of the reporter
gene(s) (the gene(s) operably linked to the cis-regulatory sequence of interest) is determinative for
host cell viabiitycanediselating:riatile geisioFhepigsent methods may comprise culture of the host
cells in liquid media, as described herein, e.qg. if the cell phenotype which is being determined is cell
viability. Thi y have the advantage that only a small number of cells remain to be analysed. An
n[snare] pfas®itlas e sorhetAe rEiTTayb e plepayadiigy AaTnet oG Aompxisiar Apraviding a
polynucleggﬁglm |sing one or more copies of a monomer sequence; and - cloning the

polynucle iNnto Uﬂt le plasmid vector. 37 The composition of the monomer is as described
herein for t@M[snare plEsiofd. Suitablies@tsgmish vebisrs hayie alsoBEEN 2gsvineds The
polynucleotide comprising one or more copies of a monomer sequence may be provided by a method
comprising:

2



(I) providing a circular oligonucleotide comprising. (i) a sequence of interest; and (ii) a binding site for a
primer suitable for use in rolling circle amplification; wherein the monomer sequence comprises (i) and
(ii); and (2) performing rolling circle amplification using the circular oligonucleotide as a template,
thereby providing a polynucleotide comprising rep&hts of the monomer sequence. Step (1) of the
method may further comprise amplifying the rolling circle amplification products by PCR and isolating
polynucle eI EERShtH fapleasexjuirder stiu4 18y escaniple gharitents comprising 30-50 repeats of the
monomer geguyeieRyN higs@dy fedone by, e.g PAGE analysis. A circular oligonucleotide may be
prepared by a method comprising. - providing a linear single stranded oligonucleotide comprising: the

test sequeiER DFiNeresP) Hhva dheBihdg B for a primer suitable for use in rolling circle
amplificatipg (iR piRircyiRsi g iheliganucleotide, e.g. using Taq ligase, typically in the presence of a
universal joining oligonucleotide; - optionally digesting remaining linear DNA with an exonuclease; and
- recovering monomeric circular oligonucleotides, e.g. using PAGE. Primers suitable for use in rolling
circle ampjificatign. Are koAWAJD JheRitidTRS Sxamis: alicimemmAY beuseshddathads feuearrying
out rolling circle amplification are known in the art. For example, Bstl polymerase may be used. 38 In
general thécseruBayd i PisdHE RRIHsriErieBeBTsEsIE sHaps-EsgoRMcB e HHsEHEd herein. As
described heiRinnRRR4ES8pHERRES May be isolated from genomic DNA, c.g. from an entire genome,
or from a genomic fragment. A snare sequence, once isolated, may be used to form a n[snare]
plasmid by the method described in co-pending application PCT/GB2008/003353. A protocol for
preparatiofigksnare sequences from a genome or genomic fragment is described in

PCT/GB2008/003353 As described herein, a snare sequence may comprise randomised nucleotide
sequence TPIRiéniy HHerapiye Hgmplisdsr h%naamgéauééwma%t eyt et expaesicel s e

nucleotides iib 1B« Rsag ReralATRY VAMER FOMcaid b ol B AT £ SRR (RrifXamplRI20:40 e.0.
25-35 e.g. , 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 nucleotides. An oligonucleotide

6,7,8
comprisi?]défﬁé%r@&ﬂ{géaig@oﬁ%ﬁé%t&ﬁw@ﬂ]@&%ﬁéﬂ@ﬁ&ﬁ&hﬁ-é@&ﬁéﬁ%@%&@é&%@ﬁ;@@%e
synthesisegruaipgNnetRRAsIRONMD 4G Al A AYRiepidgohipsymay Lejiggioduced into randomised (or

variable) region of the oligonucleotide. For example, a GC bias may be introduced if appropriate. The
monomer in the method above may comprise an ol ganucleotide prepared in this way. An n[snhare]

plasmid may-hesh e piapiesiAm desgriRed. Qg aspect of the invention is to increase susceptibility
of prokaryotes to antibiotics. For example, this may involve targeting an intrinsic resistance mechanism

in the cell, or cellular adaptive responses which mean that the cell is less able to survive under
conditionsefigtress induced by the antibiotic. In one aspect, the present methods are suitable for
increasing the efficacy of antibiotics generally (Alckshun and Levy, Cell (2007) 128:1037-1050). This
includes both bacteristatic and bactericidal antibiotics. Examples include the class of antibiotics known

as aminogycasides fgualr A KanAMYGTT AEToRbARENANE (FYEhESTMETANSNESEQI® NO:
18)

Consensus sequence (TcdR, where -35 and -10 boxes are underlined) as described in

Dupuy, Mol. Micro. (2006) 55:1196.
Uses: Increase efficacy of many antibiotics most notably those with bacteristatic properties.

Vir
Vfr is a global regulator of virulence factors in P. acruginosa and E. coli (Kanack,
Microbiology (2006) 152:3485-3496). The E. coli homolog is CRP, with binding sites

occurring in the promoter of the tox4 gene and promoter P1 of the regA gene.

A consensus and two native binding sites in P. aeruginosa are:



39 cephalosporins (such as cefepime); the glycopeptides (such as vancomycin and daptomycin); the
penicillins such an ampicillin, carbenicillin and penicillin); the polypeptide antibiotics (such as
polymixcin B); the quinolines (such a levaquin); the sulfonamides (such a Bactrim); the tetracyclines
(such as tetracycline): and variously, chlorampherfitol, rifampicin and Zyvox. In one aspect, methods
which cause suppression of the stress response in a cell, or which cause the cell to become stressed
arc particllérly/suitable for potentiating the effects of bactericidal antibiotics (Kohanski et al, Cell

(2007) 13Q:7975819 5 Bactarieidal antbeties mﬂglq@@d%ﬁ@ﬂ& (a) Penicillins (b) Carbapenems

(c)Monbactams (d) Cephalosporins First generation: Cefacetrile (cephacetrile), Cefadroxil (cefadroxyl;
Duricef). Cefalexinysepiraleshs; deediebgd aekatpelci (epirdi dg8&in P3dfonium (cephalonium),
Cefaloridine (cephaloradine), Cefalotin (cephalothin; Keflin), Cefapirin (cephapirin; Cefadryl),
Cefatrizine, Cefazaflur, Cefazedone, Ccfazolin (cephazolin; Anccf, Kefzol), Cefradine (cephradine;
Velosef), €&frdR&dine, Ceftezole; Second generation: Cefaclor (Ceclor, Distaclor, Keflor, Raniclor),

Cefonicid MenoeisdferfiNazitdeslRiort SEIZNAFeitroxRpAanRb Zopcef, Ceftin, Biofuroksym),

Cefuzonam, Ccfmetazole, Cefotetan, Ccfoxitin, Carbacephems: loracarbef (Lorabid), Cephamycins:

cethuperakbfd]eefm&ld28f7 0 efazone), defmindRNeefotbitgar(AR§0t) TERO3ME (Mefoxin) Third
generationy (9 i¢RPANE. A:eidRIAKINE &I a(QfQBi‘P@IbQ%%jEﬁﬁ?@fa@%ﬁ%&%}ﬂ%@%ﬁ%%@%prax),
antin, ,

Ccfmenoxime, Cefodizime, Cefotaxime s@\lsforan), Cdpimizole, Cefpodoxime (

Cefteram, ERREANC 45385 Bt DEsl Qlkhe, 18 Eflzoxime (Cefizox), Ceftriaxone (Rocephin),

Cefoperazgpf {gsiobidy Seftadingg (Fadygysirortaz), Oxacephems: latamoxef (moxalactam) Fourth
generation: Cefclidine, Cefepime (Maxipimc), Cefluprenam, Cefoselis, Cefozopran, Cefpirome,

Cefquinork© SRRENpHERS! Yo/ %0 Yet to be classified: Ceftobiprole, Cefaclomezine, Cefaloram,
Cefaparole, Cefcanel, Cefedrolor, Cefempidone, Cefetrizole, Cefivitril, Cefmatilen, Cefmepidium,
Cefovecin, Cefoxazole, Cefrotil, Cefsumide, Ceftaroline, Ceftioxide, Cefuracetime Aminoglycosides:
@) amika(l)llﬁ\r@éﬁt%micin, kanamycin, neomycin, netilmicin, paromomycin, rhodostreptomycin,

streptomysin JANXETGRIRNVCAC TR)ANtKerySisBgeB Kexaupicin Ouinolones: (a)
Fluoroquinolones; First generation; .
LOCUS  EU595736 26 bp DNA lincar BCT 15-JUN-2008
DEFINITION Pscudomonas aeruginosa strain PACS458 clone fal366, complete sequence.
ACCESSION EUS595736 REGION: 10145..10170
VERSION EU595736.1 GI:187939551

COORDINATES 312-334

Antibiotics: Decoys may be used without antibiotic to control the expression of a set of
genes that determine virulence in P.aeruginosa and E. coli. Decoys may be used to increase

the efficacy of antibiotics most notably those with bacteristatic properties.

NtrC

NtrC is a regulator of an essential gene, glnA, which is required for environmental
adaptation in at least Klebsiella pneumoniae (Minchin et al, The EMBO Journal (1989)
8:3491-3499).

A native binding site in K. preumoniae comprises:
KP NtrC

5’- GCTTTGCACTACCGCGGCCCATCCCTGCCCCAAAACGATCGCT -3’ (SEQ ID
NO: 22)



Second generation; Third generation; Fourth generation. Glvcopeptide antibiotics: (a) vancomycin,
teicoplanin, telavancin, bleomycin, ramoplanin, decaplanin and dalbavancin. Peptide antibiotics: (a)
Lantibiotics; Duramycin, nisin, ep dermin, actagardine, microbisporicin and mersacidin; (b)
Lipopeptides; Cubicin. Streptogramins: Quinupristfd +dalfopristin (Synercithk)). However, the present
decoys and methods may also be used to increase efficacy of bacteriostatic antibiotics, such as

Macrolides Kt desXTaifcyclines, 13Aé88&midBN@ . g. letiertar:cin) 8 Gd-dhones (Linczolid). 41
Where thegegertioRINRES @La 45 INJRGERBX 2 A aeyRaletleptide may be applied in

combination with one or more antibiotics, in general antibiotic(s) to which the cell is rendered more
susceptiblaGG RS Y&oyX Kiiotics may be chosen from those described above. In some instances, it

is approprgig: tg gRlectaniiyotic(s) fpygyge according to the bacterial species, and the bacterial
infection which is being taaigted. For example, Af. tuberculosis is the causative agent of tuberculosis

which is cGPEHPIEATISUSIAGY188Rzid, rifampicin, ethambutol, pyrazinimide Therefore, in a method
targeting Al. tuberculosis, one or more of these drugs could be selected for use with a decoy
polynucleotide. Similarly, S. aureus infections are typically treated with pcnicillins, Gram-negative

infections With:Haeearaprydedisefextdrutansihiciaio reraetenpsssiend fthe stisentiel gadennoniae, are
often treatgg] yith Brla¢RmMs/RsIRMRGH 80 N8 YPE A KIRERYNRR MIMGIRRSHE 3N dhg genes

whose expression it disrupts in the cell will determine the type of antibiotic(s) that the cell becomes
more senstiehd AR IE SnibistRSII4#hich may be used in combination with the decoy. For
example, the FabB TFD described herein, targets a binding site for a regulator (FadR) of essential
enzymes required for fatty acid synthesis. Thus, a cell treated with the decoy becomes more
susceptibl@iRparticular to antibiotics which inhibit fatty acid synthesis. Further information for specific

targets is prQwided &%[ﬁﬁ'ﬂo%l%@ﬁ@%ﬂ&&ﬁﬁ%ﬁ%i@@daﬁ%ﬁ@@ﬁﬂ& AIRF ﬁ@}%&?@{w[@rpr}physiologiwl
responses, c.g. agé;])f the responses described herein. Decoys may also be used to aiter expression

of essentidrgrissiantethBrdrdic BReFk# wabiligseades| A88riitdrd 0d eRindiagyeitrs(s) is

essential. &%ﬁpﬁtﬁ%ﬁﬁ%&%H&‘%%ﬁ alterotepyiieneaaidheisell iPrAYS snay also be used to
increase the uptake of antibiotic, for example by causing changes to the composition of the cell wall or

membrane. The decoys may also target regulation of unknown genetic systems, in particular those
decoys digsayesed By dhatnlsnaghpracpradessibadin PCT/GB2008/003353. In these examples the

consequence of the treatment of the bacteria with decoys may be measured,
HP_ AmiE
5’- ATAATCATAA TGATTAAAGT TTTCATATTC ATTATAAATC CGTTTACACA
ATTATT -3’ (SEQ ID NO: 23)
LOCUS AEQ00511 56 bp DNA linear BCT 27-DEC-2005
DEFINITION Helicobacter pylori 26695, complete genome.
ACCESSION AE000511 REGION: 310910..310965
VERSION  AE000511.1 GI:6626253
COORDINATES 310910-310965

HP RocF

5’- GAAATTGTTC TATTTATTAT CCATTTGCTT ATTAATAATT GGTTGTTAAT
TTTGGTTTAG A -3’ (SEQ ID NO: 24)

LOCUS  AE000511 61bp DNA lincar BCT 27-DEC-2005
DEFINITION Helicobacter pylori 26695, complete genome.

ACCESSION AE000511 REGION: 1459830..1459890

VERSION  AE000511.1 GI:6626253

COORDINATES 1459830-1459890



42 for example antibiotic susceptibility, but the genetic mechanism underpinning that change in
susceptibility remain unknown. In some cases treatment with decoys targeting regulation of known
genes, such as WhiB7 and its homologues in mycobacteria, increase the susceptibility of the cell to
antibiotics but the phenotypic mechanism underpifting that change remains unknown. In some cases
decoys targeting regulation of genes implicated in determining antibiotic sensitivity by bioinformatic
methods, such as those identified by transcriptional profiling to be involved in glycopeptide resistance
in S. aureng angha.RIRRALIAN QL NiENHONAL IR BYR ATBMRRGIR ISaHlalmALEsHthin their
promoters, increase the susceptibility of the cell to antibiotics but the phenotypic mechanism
underpinningfthBng rangentaa dhat R Ao et Her sregeriraeiial adepiatere ot de stiab@dintimber of
applicationsinglHgingdher apRuis WRenS By RricaleENisinasand other exvivoe.g.
non-therapeutic applications, e.g. in disinfectants and cleaning products. The present decoys find use
in methods where there is a need to reduce prokaryotic cell viability, kill cells, inhibit growth or reduce
virulence. Ag dfrciRed-INg RIS AGs Y Relueiggiges and methods may be used to increase
susceptibility of prokaryotes to antibiofics. Thus the decoys may be used to potentiate the effects of
one or mofeCAARPISHTSCHIRE A Y thdsteTidadiar dioiTRiEa s o abysis odieal DY RSHEAry use, e.g. to
treat or preyepi.a-hagiesialibfectiond fHIANS AL AHASOYSap R MR LSEhEL A FRARING
composition. Thus the decoys may find use in bactericidal or bacteriostatic compositions. Alternatively,
the decoyBFPRGREASTESISIARUSHREBHE Hidaratusad therolrde Bitme il WK susvspaptlity of
prokaryotes tR.fatahenvifonmented 6a61072.06 Rt RAaCksRbAIS WerTiUAINPRE 23REGHhe invention
provides a method for treating bacterial infection in a subject comprising administering a decoy
polynucleS88&EB8EcYd88Erein. The subject may be a human or animal. The invention also provides
a decoy polynucleotide described herein for use in medicine, e.g. for use in treating or preventing
bacterial infection in a subject, and the use of the decoy for the manufacture of a medicament for

treating bdtleHAMRIE AR PRKNFEE SGIREAFH U T ROPIBIARIEEA Vit lan KPRIBILBLEEY® which the
decoy makes, i@ CoHVReIs e Silive BRHANWihBNhe (aRlRAsIeT@Res a k. F3stAkiR aBtibiotics are
described herein. The antibiaotic may be administered simultaneously with, or before or after the decoy.
The antibibtRddhd BecBy(AsaPPeMEministered in the same or in separate compositions. Thus the
invention includes combination therapies in which a decoy polynucleotide as identified, and/or as
described herein, is administered to a subject in combination with one or more antibiotics or other
antibacter%‘ﬁﬂ@"a’bies. In one aspect the invention relates to a pharmaceutical composition or

medicament qEMRLSING @TIRCPY PPiyAUSewitg Ayd@Ppbysiologically acceptable carrier or excipient.
The composition may additionally comprise one or more antibiotics or other anti-bacterials as

described “R¢dPtabl& B or diluetitdddt Idragdiitt usdstiRGkASWHAN he%Bharmaceutical art,
and are descrberioNexapRit bReninsiRRuBSRHIASRUlISAlZB0iercaY sV Rpklisbitwae. (A. R.
Gennaro edit. 1985). The choice of pharmaceutical carrier, excipient or diluent can be selected with
regard to ME SRt rdekQW R8ministration and standard pharmaceutical practice. The

pharmaceytigad goR poSIgIE/BIRY CaMBOSE78350r in addition to, the carrier, excipient or diluent any
suitable binder, lubricant susg)endingyaléent, coating agent, solubilising agent. A variety of methods

may be us(ég%@ém/%T%zé éf)l%a esent invention to the site of bacterial infection. Methods
for in vivo and/or in vitro delivery include, but are not limited to, bucchal or oral delivery, intravenous
delivery, direct injection into the infection or indirect injection (e.g. subcutaneous, intraperitoneal,

intramuscu & CBP ST ERERTT MRS AL CtshiBal ApHitatidRs Wit dMEskB8Lare i UAE S Hmedia
solléltion,OI t)meafﬁpt@ge(mgy @ﬁtﬁ&lf@(@k@&p}(}p\if&eﬁ@@ﬁmﬁﬁg&ﬂ@@eaﬁﬁaéﬁdaxﬁaﬁg@a@qdomweﬁ@id

mediated), transgenic expression (e.q. a decoy expression system delivered by microinjection,
embryonic $RIf 3éﬁhﬁ&?QFéﬂS%PISF%gF@\?HQlﬂ%ﬁET‘E?)P%‘Vérﬁ?‘&ﬂetﬁ%?%ﬂ‘?é‘?rgdﬁﬁﬁ%ﬁlﬁ?@é&t}?&éleic acid
delivery systemsdeaarvinthgeade Administration may be in combination with a suitable dose of
antibiotic, with the antibiotic(s) being administered at the same time as the decoy, or separately. 44 As
described in the examples below the number of TFDs needed to show a predictable effect on
expression/efsthiztasgeatag penscdnd nana s batiecipstatiowifeptidandacitdstittie as circa 5000
molecules per cell. It has been shown that in the standardised in vitro assays discussed in the
examples as many as 1, 000, 000 bacterial cells arc efficiently killed with as little as 1 nM of TFD,
suggesting\that it is sufficient to have a transfection efficiency of less than 0.001% to achieve killing.
Quantifying transfection using fluorescence microscopy to measure the uptake of a fluorescently
labelled TFD demonstrates that all S. aureus cells within view arc transfected. In comparison with
other nucleic acid-based strategies to tackle bacterial infections, such as antisense, this number of
molecules needed to kill the cell is 100 to 1000-fold less. This partly reflects that though both antisense
approaches and TFD act to inhibit genes, TFDs act at an early step to prevent transcription whilst
antisense, in the most common iteration, sterically blocks the products of transcription: many

thousands of MRNAs molecules. Secondly the TFDs have been designed to target essential genes
+that are nocitivvelvy indiiced <o need to he eswitched on for <irirvivval and nocitivelvy rearnilated (the




The particular infection or associated condition which the decoy is used to treat is in general
dependent upon the pathogenic cell that the decoy targets. Bacterial infections and associated
diseases which may be targeted using the present methods are listed herein in connection with
particular bacteria, and in Figure 2. Decoy polynucotides described herein can also be used in vitro,
for example, in antibacterial products such as those for cleaning, e.g. disinfectants, to kill or prevent
growth or ihfeatigRyUsTSBaEeaa WAR ST EeddYyihigbders atisst epabyitis abrantibiericctypically the
antibacteria| composiion pisAAnGILIdes aRe LRI RREPIRtIGS RO e LimareAREipacterial

agents. In one aspeéct the invention relates tosuch a cleaning composition. Decoy polynucleotides of
the presereg@atiopesycrlmtidroalsssd (Ryrawnces Heatare/ apiEd 183 Sdtace, such as a work
bench or hands, for a time and under conditions that arc sufficient to reduce or prevent growth of a
microorganism, and/or kill a microoré;anism, thereby reducing or preventing growth or killing a

microorgahShiursvetaphib & ad fuad factecdieblisonpagiapthgughb its tnohafaralvsdién spray
application &Ml i EXEMRRIRy (RUPISPAIIRGra.S HRSE AohOrRRAIANIRR AR IQPASIITOF sterilising an
object to be inserted into a patient. This is because spraying the decoy formulationreduces the
handling ot4AH@&Uriddk-bkoBRae): thereby further reducing the risk of contamination. Hand and mouth
wash applications are also contemplated within the scope of the invention. In the above
circumstances, the decoys may be formulated in a suitable aqueous format. In which instance, the
formulatioﬁ%éﬁgﬁc%%?ise water to forma and aqueous composition. The aqueous composition may

further comorisg RQULEUR ERANBARESAEN(E ANE: IRGIFPFRIDALQ)S. The invention also relates to
kits for antibacterial use comprising a decog polynucleotide as described herein and one or more

antibioticsld?etrer artiBAREHAI agent (3§ 18P EoRibinEd dse FKHHES TN RY g% th or virulence of
bacteria. Typigalirioakisinglydss lost Heoos (8 serAgaiR lpitroay bedaothsraneuiisse. €9
against bacterial infection, or for non-therapeutic use, e.g. for cleaning or disinfecting. 46 All
document&f&rERe D h&%‘?}‘?%’%ohereby incorporated by reference. The invention will now be
describedyRgredetaippoway af pan-dmisneyexamples with reference to the following figures in
which: Figure 1. A copy of Table | from Poole J. (Antimicrobial Chemother. (2005) 56, 22-24) listing the
efflux-meﬁ&%%ﬁyﬁc%%lﬁaﬁoﬂ%ﬁﬁmoline antibiotics and fluoroquinoline antibiotics respectively.
Reference numbers in the right hand column refer to those given in the paper. Figure 2. A copy of
Table 2 from Poole J. (supra) listing examples of regulators and regulatory sequences which can be
targeted a%ém‘%lﬁﬁglt%ﬁ e present methods. The Table also provides examples of bacterial strains in

which the segglRios o8 SEaUeRees AeRUNANd RXaBPISEOf ArResendications associated with these
bacteria. Figure 3. Provides agqraphic representation of how n[snare %Iasmids can be used to affect

gene expreBSidh A g&hYAIAE ranscridtIAahPhmadiVe dusits e Binbidiy BN -+d9&ssive transcription

factor (B) torrRigTEONat@iyISAEMRIES LGk thibshaReaRotes DINhe aanpleWbeiotoduced into a cell
lasmid is able to affect expression of the targeted gene by titrating off the transcription

the n[snarggp

factor B fr %5%mﬁp&%%%%er to relieve transcriptional repression of the downstream gene (D).
Figure 4. Sirsgadhe amplificatan peadisg ohtadaed using the primers in SEQ ID NOS: 3 & 4 and an
appropriate vector substrate %)ngam le 1.21. Figure 5. Shows growth curves for Al. smegmatis cultured
in the pre§%99§gfl§ﬁ31iﬁﬁi5§[ ééﬂc&n"t?gﬁ ns of isoniazid (12) or rifampicin (RF), where the bacteria
have been treated with a WhiB7 decoy sequence (+) or treated with a negative control sequence (-) as
in Example 2. Figure 6. Shows growth curves for E. cojl grown in the gﬁesence of cerulenin, where the

bacteria hat6 BEEHEBREHAGHT R AL fLcofiighy Bt gIRERS SRTINIRENT LRETEMHE28a with a

negative Gplial 68aLEBSuBR i BxampldsahhdRIWST DIbeWsarenil tauesifand Buises under
conditions of stress arising from electrqporation, where the bacteria are untreated (fjrst curve) or have
been treatOd R %gs&v%é%w@ée&m@m%%wtt Ry GRTCPAIRTE) 29I dRTple 4. Figure
8. Shows geawdthegumed torsimaitigtis eayinve bgupressteR iivbivioculaled imegin. (BHI negative
control), transfected with a control TFD having a scrambled TED sequence and grown in BHT media,
transfected with SsaA TFD (containing a WalR site) and grown in BHI media, transfected with fliu TFD
(designed il apecison piakeneadgeomtroin iRtk pregiantoansiecse donihthig détbmaind grown in BHI
media, transfected with an unrelated TED and grown in NRPMI media (iron-limited compared to BHT),
and transfSEEePRRH TR GOFNHNRPMI media. Figure 9. Shows that Fur TFDs do not
perturb growth of S. aureus in medium where iron is non-limiting. S. aureus was grown in BHI media
with the Fur_TFD but without the Gramicidin as a transfection reagent (TFD alone; hollow circles), or
combining 60 nM Gramicidin with 1 nM of a control TFD (Control TFD; hollow triangles) and the Fur
TFD (Fur TFD; filled squares) that is designed to manipulate expression of the Mu operon. Results are
the average of three repeats and error bars show the standard error. Figure 10. Shows that Fur TFD
lifts repression offhtt genes. (A). Gramicidin-mediated transfection of S. aureus. Cells were treated with
TFD alone, or Gramicidin and either the Control or Fur_TFD were harvested, washed and lysed. gPCR

was used to establish the average numbers of TFD relative to the number of genomes. (B).
Trancfectinn of Erir TED renreccec fiir denece in < arirerice Parallel eamnlec were 1iced to determine



Figure 11. Shows that Fur TFDs prevent growth of S. aureus in iron-limiting media. S. attretts was
grown in an iron-limited media, NRPMI, with the Fur TFD but without the Gramicidin as a transfection
reagent (TED alone; hollow circles), or combining 60 nM Gramicidin with | nM of a control TFD
(Control TFD; hollow triangles) and the Fur_TFD (Bur TFD; filled squares). Results are the average of
three repeats and error bars show the standard error. 48 Figure 12. Shows the results of genetic
analysis téidaestindietieqotepdist R dsinecipsomfigéonbthéis: stnbinsiRupabnigeatsatiiens (SAthu). The
MEME-degyediionaResys SeHene MU RtiedoR PaRRLA! e Ry 8J5.3 SefGAuR U binding
site motif created from the sequences listed in the bottom panel. Figure 13. Shows growth curves of
three MROAStlBcakheF drresagieasemascss a control TED or a TED (SA3 TFD) containing the -10/-35
recognition sequences for the S. aureus alternative Sigma factor SigB. Figure 14. Shows that Sig
TFDs in a "dumbbell" configuration repress the growth of the clinically-isolated MRSA strain MRSA-5.
Figure 15.TadReothee warkeatids manecdpribpelPksatiguraion preierpioherietEMRSAL5. The fhu
TFD s USg 5 RIEBHOM NG e S ste PR DR B i Bl JoMtANY R

TFD/DOTAP mixture but without Lysostaphin as a transfection reagent (TFD alone; hollow circles), or

combiningP6 X RIS AP MiAngaT prematee acsrding TEppstotdos b famsrdnand the WalR
TFD (filled,sauanes) Petigdesiangshis manipulate expression of the WalkR regulon. Figure 17. No
resistance mechanism has been detected. (A). Total viable counts of EMRSA- 16 following completion
of in vitro growth experiments described in Figure I. (B). Cells that were not killed by WalR TFD
treatmentW@&%@Fﬁyﬂwﬁ%ﬂ@éﬁﬁ%ﬁlﬂhyét&ﬁo%qw&ﬁ @ﬁ@@&m@ﬁ&ew&&ﬁ@%&a&ﬁ%m@y killed the
sub-cultured cells. Five subsequent rounds were performed and no re-growth was seen for those cells
treated wiltPVrIRCOtD MaxerBited By Heada Mmooty eame saamalticly samiessf giowth curves of
bacteria thel5adRIRMAUHYRea MBI PRRA IQJ@%U%%’H&%J&Q&W'@%F@Q@%WMQ@S of resistance

as they are efficiently killed Cell growth was measured by recording A420 of cultures over a period of

30 h, cellsSRRife: dfheraimkieateOIR SaRISSIGHE; B et b189) SetedOnith tHh BBnibIHPRD Plus
transfectiofpmixgere openotrianglas) & sbe WalR & piks ramstectiap weixtusedfiled sguages). 49

Figure 18. Microdilution ex(gaeriments demonstrate that only limited contact is needed for WalR TFD to

kill EMRSAZ962¢ 18381 £08itA B G i &R P bridrarige nee opsmBire sy etraards wsanEdhtrol TFD
plus transfggtiRBIPRdyeHRPaYfTaNg aRehiBentYabR cHpldbushsapsiscisndsixipre MHllghrauares)

by incubation for 30 minutes before being diluted 100-fold into media without either transfection agents
or TFD cofffisEBcthnf the dscosireaRiifally treated with WalR TFD were unable to grow. Figure 19.
WalR TFD is as effective as vancomycin in killing EMRSA-16 in a mouse sepsis model. Kidney burden
of EMRSA-16 was measured following systemic infection of mice and treatment with the control TFD

(Scr TED, AlSRRAHa R RIS RAGH St S SM¥ICORBRISS. TRAYE PP S ISR RS AR ASction of E.

coli with FaBB KRk sgsitisss e daders R antkiatics (cendenin) that inhibit fatty acid synthesis.
WhiB7 TFD is used as a negative control as it is a FD carrying a sequence that does not occur in the

E. coli genome. Figure 21. Shows that transfection of a TFD containing the recognition sequence for

the a54 fagtr pickiehsigia-RAEURRIASKRRIGSanteral GawicVWHIBE d&kbyisdssacas a negative

control. Fi%ure 22. Shows sequences identified as, WalR bindin? sites to find close matches in S
&

attretts and WSl BIBaAfdtional saRusRCS LS BB YRTRRCS (b AeEAdAonfUBRESI9Ys been

derived. Figyiiene3.dianetit sbayrsod MEMBdART RS GRISRRSUBIRAIENGR FTbIRcTidauraYS SigB
binding site. Panel B lists examples of FQccurrinces (with E-values <100) of matches to a consensus

sequence SATEALIAZRS 4TS PN SSIRRR LRSI UAEHES: rERYSaNH AR S gl RIEBISHE Bacillus, Li

str:aria andr&@l@bﬁiﬁﬁ%@u&.rawﬁc%o B%@H&i&h@ﬂﬂﬁ:ﬁéd&?sﬁiﬁeﬁE@d&ﬂl $okh® @ﬁlliwgmi@a)m) vitro.
The TFD containing the KP_Sig sequence prevented cell growth jn vitro (KP_ Sig, filled square). Two
controts vAHY @R CGISAEY S0 ﬁ%%HBB’Hw‘Hﬁ?Q&, a}wemwaﬂm%%%wef@b%ﬁgﬁéﬁng of a

scrambled:seuenreadicitant etdistbhdaoiaw decaghe)yened tiishwsentdENMBE-dgrived consensus
sequence for the K. pneutnoniae Si% binding site. 50 Brjef description of the sequences SEQ ID NOS:

1 & 2- oligBHUEIBIFIETIHINETS HLBA FIFAm SHAES RGN BACIOA ta e SuE R 8RR PP BB T-Easy
vector as wrfXample dckoy polynucleotide may comprise a linear oligonucleotide. The decoy

polynucleotide may comprise circular double stranded DNA, e.g. a so-called dumbbell
configuration (Ahn et al, Biochemical Biophysical Res. Comm. (2003) 310:1048-1053). A

dumbbell typically has a double stranded region incorporating the targeted sequence



SEQ ID NOS: 3 & 4 - oligonucleotide primers used for amplification of a target sequence from the
pGEMT-Easy vector in the production of dumbbell decoys as in Example 1.2. SEQ ID NO: 5 - the
WhiB7 decoy used in Example 2 SEQ ID NO: 6- the FabB decoy used in Example 3 SEQ ID NO: 7 -
the LytM decoy used in Example 4 SEQ ID NO: 8%%he SsaA decoy used in Example 4 SEQ ID NO: 9-
a native WhiB7 binding site in Al smegnuais str MC2 155 SEQ ID NO: 10- a native FadR binding site
in E. coil 1acked Iy sieilistermpleepivusitamagosiethsrsegemery chinSoanelys skotids Ney 12- a

native bingigepite IDEENER MGG S A T BRI A4 armiikiging site for Sigh in S.
camel's SEQ ID NO: 14- a native binding site for SigB in K. pnetunoniae SEQ ID NO: 15 - a

consensus sequence for Fur binding in S. attretts SEQ ID NO: 16 - a consensus sequence for Fur

binding in 5, LRSS HANRofide A URYRIACING SRAVEREHdYF Y dBPMATRER JR,NO: 18 - a
consensus binding site for TcdR in C'SEQ ID NO: 19- a consensus binding site for Vfi-in P.
aeruginos%ilg@dy ORBHN, native binding site for Vfr in P. aerttginosa SEQ ID NO: 21 - a native
binding site for Vfr in P. aeruginosa SEQ ID NO: 22 - a native binding site for NtrC in K. pnetunoniae
SEQ ID NO: 23- a native binding sequence for ArsR in H. pylori SEQ ID NO: 24- a native binding
sequencefof AR HYRUSIgeHIS Ry DO isHany ofyibe deptiscrasicant ewndsddissdrgnémée in S.

aureus 5ﬁ@:ﬂ@ﬂ%@é&%‘rd’iﬁgﬁ‘aftf?é’lﬂ@%ﬂd&@&@é&i%e@ﬂ(%%&%ﬁ%\%@éa%i%-nan Agr binding motif in S.
auretts SEQ ID NO: 28 - forward primer sequence for PCR preparation of the SasigB TFD SEQ ID

NO: 29- rfeFEBPRE0E340ntd o elre srapaiissigd Btignel SedngBet BEASIEIRY-NO: 30- forward
primer sequence for PCR preparation of the SAlhu TFD SEQ ID NO: 31 - reverse primer sequence for

PCR preparation of the SAfhu TFD SEQ ID NO: 32- forward primer sequence for PCR preparation of
the SsaA TEBLGE SEICY RO BT Icobds e pERREr bsfaH RS Pletnjstepas afevnddtha sdha TFD

SEQ ID NQ#3fha SO0 samuense SEQ B3R s anyence SERUIRNRAGnforward primer
sequence for PCR amplification of 16s rRNA SEQ ID NO: 37 - reverse primer sequence for PCR
amplificatib#f 6 #6SRI A EEMEIND POt e AR SEelBNed f8F PeRlgd&ftification of the fhu
gene SEQ.IB-NQ: 39 ddgvarspprimer sequence for PCR quantification of the fhu gene SEQ ID NO:
40- phosphorylated Sig dumbbell TFD oligonucleotide sequence SEQ ID NO: 41 - phosphorylated Sig
dumbbell TFD oligonucleotide sequence SEQ ID NO: 42- phosphorylated primer for dumbbell TFD

containingrser ampiRsL¥e bR AP RGNS SR FERIR M43, Jhiesrbesatedmrrimer for dumbbell
TFD containing scrambled version of Sig binding site SEQ ID NO; 44-Johosphorylated dumbbell
a

oligonucleddesthesthafamy e BhditgeassLsatansegdirive degradation by nucleases,

maintenance of plasmid concentration (by self-replication and positive selection if
necessary), broad host range, and the ability to test combinations or cis-regulatory

sequences using distinct but compatible n[snare] plasmids (to test for synergistic effects).

An n[snare] plasmid is suitable for use as a decoy polynucleotide in the present methods.
n[snare] plasmids and libraries are also suitable for testing possible decoy function of a
known or putative cis-regulatory sequence, or for screening for new cis-regulatory

sequences (which may act as decoy sequences).

The principle of use of an n[snare] plasmid is illustrated in Figure 3. The plasmid comprises
a “snare” sequence (shown in multiple copies in the Figure). If the “snare” comprises a
transcription factor binding site which competes with a cellular cis-regulatory sequence for
binding to a transcription factor (i.e. has decoy function), introduction of the n[snare]
plasmid to the cell will result in a titration of transcription factor off the cellular cis-
regulatory sequence and onto the snare. This can be detected as a change in expression of a
gene or gene(s) whose expression is regulated in the cell by that cis-regulatory sequence, or

by alteration in the phenotype of the cell.



SEQ ID NO: 45 - phosphorylated dumbbell oligonucleotide incorporating the binding sequence for
WalR SEQ ID NO: 46- phosphorylated dumbbell oligonucleotide incorporating a scrambled version of
the WalR binding site SEQ ID NO: 47- phosphorylated dumbbell oligonucleotide incorporating a
scrambled version of the WalR binding site SEQ 1B NO: 48 - phosphorylated oligonucleotide
incorporating the biding site for WalR SEQ ID NO: 49- phosphorylated ofigonucleotide incorporating
the biding site for WalR SEQ ID NO: 50- forward primer for FabB promoter SEQ ID NO: 51 - reverse

primer forl&?é%’ge%?{‘rpé%q{?é%%]@’%m cBApINWA I RIME L IEMVAUB fnT iR P R NGRS LRverse

primer for 7 NO: 54- forward primer for TFD containing the recognition sequence for
the (754 f&ETBPIBIIRE Prietiicnisa SHOIAY g G akesasie i erfgsmED ddistansify the recognition

sequence jpifag, 08 Jaci9 dRb K dRRGY IR PRIaR S i NOi 2l SRAHRAGH R AR/ dREsSaling peptide
SEQ ID NO: 57- WalR TFD consensus sequence SEQ ID NO: 58 - SigB TED consensus sequence

52 SEQ IBINGfsg orpesieresseglighits SEQ ID NO: 60 - KP Sig TFD consensus sequence.
EXAMPLES Although in general many of the techniques mentioned herein are well known in the art,
reference may be made in particular to Sambrook and Russell, 31d Edition 2001, Molecular Cloning: a
laboratory FAaHIAIT BSaueTle COMArCHABS 1 AMED ERNICT PSP RNE B sedtC o Biiehbtolysin-O Using

oligon UC'%H{H?{%EMEE%&P& OFRIGR NAR R maGhYERiesol Braiicaiien i inG otemamimiar

modification at its 5' end or some other (such as a fluorescent dye, such as Cy5, so that the uptake of

the transchistiSAYRCtbY RIEeBY (rTare AN et dBRiR Ridss R ERaMED S saris-wygpeticattthe TED

has been preyiusly AoReNAUETO! (06 FMT12aSYIdhe4primeysial: ARsigREbio gpneal to the
vector sequences immediately flanking the insert, for example: SEQ ID NO: 1 Chol_TEE 5'

p
CholestersRTes s exapts diereanr is SEBee &b & AT (150, 10-50, 5-50, 5-40, 10-40,

5-30 copies. For example, there may be 30 copies of the monomer sequence. The plasmid
typically comprises a homopolymer of the monomer. Typically they are multiple copies of
the monomer, for example, multiple direct repeats of the monomer sequence. Providing
multiple copies of the monomer (and thus of the snare) increases the titrating power of the

decoy.
The monomer sequence comprises the snare sequence.

Typically a transcription factor binding site in a snare is not operably linked to a gene, e.g.
in the snare or snare plasmid. In that sense the binding site is isolated from its cognate gene
or genes. A binding site in a snare may also be isolated from other elements in its cognate

promoter. In one instance, the monomer sequence does not comprise a gene.

A monomer may comprise additional sequence in addition to the snare. Often such
additional sequence derives from the method used to produce the snare and/or the plasmid
insert. For example, a monomer may comprise an adaptor sequence, such as the adaptor
sequence which typically results when “custom” snares are produced for a custom n[snare]
library according to the methods herein. An adaptor sequence may comprise, for example,

recognition and/or cutting sites for one or more restriction enzymes.

A monomer may comprise nucleotide sequence which provides a binding site for a primer,
¢.g. a primer used in production of the monomer or of an insert comprising multiple

monomers.



SEQ ID NO: 2 Cy5 TEr: 5' Cy5- AGG CGG CCG CGA ATT CAC TAG TG. If the sequence to be used
for a TFD has not been cloned it may either be directly synthesised (if short enough) and annealed to
form the TFD, or amplified directly from genomic DNA using primers designed to anneal within the
TFD. The PCR product is ethanol precipitated and¥esuspended in TE buffer (10 mM Tris.HC1, 1 mM
EDTA pH8.0) at a concentration of 500-1000 ng/ul. Typically antibiotic sensitivity assays are
performed using 96 well plates, each well containing 200 ml of broth. For example, in the case of

Enterococgys asgioa i brpituim BHIERpHeRC DGRk Media Gecinp Rickipron) fugplemented

with 0.2 U/m1Streptolysin-0 (Sigma) and 5 of vancomycin antibiotic and inoculated with a
vancomyci-fesisiast wrenrperdns dpah casion DOBrenaiet A SRDm bhetsf PeRaBymbbell decoys
are covalephyeiosed il suandes RNACItBRIINRERY G NI JrARSAaeRItRifFRRIaINing the
binding site for the targeted factor, flanked by stem-loop structures. The stem-loops stabilise the decoy
by prevenﬁﬁ@%&ﬁiﬁ@i@%@rﬁxcﬂﬂsﬁ@%ich would otherwise degrade the decoy polynucleotide. Hence
Dumbbell TFDs (DB) are so called because of their characteristic shape. DBs are prepared by PCR
using as a template a pPGEMTEasy-derived plasmid containing the targeted binding site, as described
in section 4. MOTRBP FABYRI 1SHREIA FRAANITREAtIHATE EISEORIINGH B R TR mpriFes @ TI’RES qITTTT
CCAAG AGABRARGELH CEATEFEHEGHRC CORRAMIHG SEQIRNOHARATEIR CCG TCT
ITT TGA CGG CGA AGA GCA GGC GGC CGC GAA TIC ACT AGT GA The portion of the primers
which will BmbthBadtesd hydssiare oheriaaHs AHprRcAdBHNRitCtneagsHIER rate QBB gRtes the DNA
product SQ@%&Mf@%éﬂﬂﬁ%@b@‘%%@ﬁ@@_f%ﬁﬁ@rﬁ&WH&%‘IEMUI_@E%EH&U%? transcription factor is
given by NNN NNN'. The sequences shown in bold represent a binding site for the nicking restriction
enzyme Nt.BspQl. In the second part of Figure 4 the consequence of digesting the PCR product with

Nt.B.spQ Hig-30R¥YR oUSfRRRES LR IEBHRAR SIEUGHHES (P SRS SHANdS A Reaipns whigh will form
a stem-IO(ép and can subsequenti/ be Iigated by treatment with 14 DNA ligase to form a covalently

I
closed cir %Oaﬁa%@%.@ﬁré%»r U838 DL HAOIR 899%9}[176%6%& 69’r&tﬁetié§r Grg&t of plasmid
Alternatively Suamilets, fraiRerRAgRRY HanindisRIVRIRHRGERERIUES ShawRp & Foawe 40nto a

suitable PCR-cIoning vector, confirming its iderg{i%and preparation of the plasmid. The plasmid can

then be digestdd’to taresd4mdinserd whibriis3 acthtisiant idrse ERICHHIAPIG:. Bisdeneth *bfease the

fragment showymin theysrcondipition ffckiguaesd. This can be similarly treated with T4 DNA ligase in
order to covalently dose the DNA molecule and form a DB. 54 1.4 Transftction with R9-cholesterol

agent. R9-cholesterol has been described for its properties of aiding transfect on of SiRNA (or other

nucleic-acid yyare ooy ) melRslasaARcBR ke imeukatyatis sellsbe Ratsnt dppiigation No.

2007-0207966). Here we describe its utility in transfecting various bacteria with TFDs. R9-cholesterol,

which conSTeiERIfal&rdledfbrd) hurbukchisdred told lite dP @t PhiTemRLr dhitsiatidss
synthesised as previously described (Kim W.J. et al, Mot. Ther. (2006) 14:343-350). TFDs were mixed
with increasing amounts of R9-cholesterol in a TE based buffer supplemented with 5°/§§Iucose. The

s P
mixture wALALIHATSI RERSE S IHTRPSR e es CE BRI Canc thitr isakidr b 48 el in fansiibtions or

analysed By13gar9s® gt RieGHQRNereaS.0T Ypically the MmypimumcrRmeRt of R9-cholesterol was used
that caused the complex with DNA not to run in the gel; i.e. the charge of the nucleic acid backbone

had been neutralized by binding of poly-arginine. The cholesterol molecule helps the TFD associate

with the bagigidailnembrans R spsemerfhersrllchPHRY-cholesiRel apivediemasmenixed at
various conce[rﬁgaéiﬁns into 200 R1 of culture in a 96 well plate. For example, in the case of
&t

Enterococtts Frcthis Bstie @%ﬁﬁ%&mg&s&%ﬂﬂgﬁmﬁ)@@w@ﬂ%&ﬁﬁWQttﬁ/mu

StreptolysignQddigiarand Sof vancomycin antibiotic and inoculated with a vancomycin-resistant strain
of E. laecium. Example 2 WhiB7 decoy to sensitise Mycobacterium smegmatis to antibiotics

An insert in the plasmid vector may comprise, for example about 1.5kb, for example 1-2 kb,

for example 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7 or 1.8kb. However, any suitable insert size,

which allows stable maintenance of the plasmid in a suitable host cell and efficient use in

the present methods may be used.

Typically the sequences of all monomers in a single plasmid are the same.



WhiB7 is a gene in Mycobacterium smegmatis that has been shown to have a role in determining
sensitivity of this bacterium to antibiotics. Functionally deleting this gene renders the bacterium
hypersensitive to antibiotics (PA/AS (2005) 102:12200). WhiB7 is believed to be a transcriptional
regulator and several such genes have been desctbed in the literature. A dose homologue of WhiB7
exisits in the pathogen Mycobacterium tuberculosis' which is the causative agent of Tuberculosis. A

decoy polgfrh@mée@ndé e%mimﬁg&ﬁél\mnie[mm@é@ﬁdén@g b@assq&b_baﬁ@dl@@sia@sm%wmiExample l.
and varioys coRECBHAHRMS HeraHsBIoHaRsIEFIRNAMMBHS QAU LI MOLRAT (n 200 mi shake
flasks containing a wire baffle). The media used was 9H Il 55 (Becton Dickinson) supplemented with
10% QpA@«(Bél@loﬁ@i@%mg@n)ca?@dlgebﬁﬁhmimplépﬂ@dﬂmtshgeévqh@%ﬁ%m@@l@éwa@mlmZ) or
rifampicin {Rfz)pId) eSSy were IGHARIES 3t 67 Wil %@%WQ&&Q)%QE vasipui ptesvals sqaples were
withdrawn and their absorbance measured (to monitor cell growth). Flasks were either treated with 100
nM of the SWRIBWTHDOLYI6P @e &tep Hyitt aneorivigatiademnton YF@IRYVIEN a8 6gHSAtat in the flasks
treated witf), the MB ZE Q. RiiRethe Sontrgl, TFD, cells were rendered sensitive to both the
antibiotics tested (see Figure 5). SEQ ID NO: 5- WhiB7 TFD 5' TGG CCA CGG ATC CGG GTG ACT
GCG GGT CCG TGG CCT 3' Example 3 FabB decoy to down-regulate Escherichia coli essential
genes Therabderoy containsuiia PidingriitefRrdhentadR teqnlaiardhpteanpisexpression of
genes involved in"the essential pathway of fatty acid synthesis (including lab A and fabB). It has been
demonstraaintracLdiBrRIRE KiSEARIAY SUbaneoRiR Y e ABCralS Y diTRE ches T HER bt PESTNY in a strain
that is defigigpt b RSReGS AL IRV RRIdRW DS 8,206 84 %5%i‘n the presence of the antibiotic
cerulenin (which targets fatty acid synthesis (J. Bacteria (2005) 183:5292)). The FabB decoy contained
the sequence: SEQ ID NO: 6 FabB TFD 5 TTT ATT CCG AAC TGATCG GAC TTG TTC AGC GTA
CAC GTGPIFA B HA TGS COTEGHTAGA 3\ Fharearpnamrraparshas fesgrgd in Example

1.1 and used at various concentrations to transfect a well of a 96-well plate containing 200 ul of Rich
media (10MTitoRer SxgmMpe tha nlavaikmeyihscngiyaredatater prremisn et R OP®%Rsfucose and
0.4% acetai, finalGanaenitagons) supBiementedoyith 3s04mlogRBPRRIPLIIAMAigh ke R/ates were

incubated at 37C with shaking and absorbance readings (at 595 nM) were taken using a plate reader.
All data pAwRDFERCTSaFSHIENNE Rpliensd 2plsers WeRsithibie dAfSated with TFDs (Untreated),
transfected with FabB TFD (FabB) or a negative control consisting of a TFD whose sequence did not
occur within the genome of E. calf (Van). 56 As is evident in Figure 6, the untreated sample and

negative chrRict o gletetsl ebripit SBTBNAIES 3R FRE B BfHaRlicRER R hERR PR BRM PR caused
the cells tonhardly: IT9pi @IRIkhE HRBRIRl 4dAREANII SRRRIlISEoRBRMACARILS AIEGHE R Stress

response Decoy polynucleotides were transfected into S. aureu.s by electroporation. Bacterial cells
were prep8iBEFblPSEXATRG: IPRAEFRO TSRS TRl B R BTN $0 SAPEX 0 RetA 3R in LB media
at 37C as GrRUne aprieariine: AR M OFpRERioh 8 Bat AdbkeM:cheR)callswyetecehilleddp 4C and

harvested by low speed. centrifugation and washed three times in a similar volume of sterile, ice-cold
10% (viv) GRREFes ik erlesald erdtdstidbended in a tenth of their original volume in 10%
glycerol. Electroporation was performed by mixing 50 ji,1 of cells with 1 pi of TFD (typically 100 ng to 1
jig of DN,Al%iEr; an electroporation cuvette and_electroporated in a BioRad Genepulser with settings of
2.5 KEV, TOGBPPLE aBIGREITIL YSHREMSI O TN gRR B RYE% THEARAESIRFSH G of
electroporgigd-celishyare used to inoculate 10 ml of BH1 or LB media with 30 mM KOH (to induce
stress response). 200 IA of cells were aliquoted into wells of a 96 well plate that was incubated at 37C
with moderate shaking, growth was monitored by measuring absorbance. Plots of growth curves
demonstrategiherefiecsnptispacifigutidesibtistavingdhecainaf grrntimednpaiesiofganriiol that had

been taken through a mock-electroporation (where no DNA had been transfected), or transfected by
an unrelatedBSRYTEHIBFRRIIB%) CTRBTSA ST 8&&89%&&88?‘1‘:9&5\/98%%‘% BREBPSRBwing the growth

of S. attrefiBeabdgrcGgitanRs of stiessyRMPHNO fof: dxyivh EFDsbqeade Addved & KoRdEGA CAA

TOT AAT GAG TTT AGT AAA AA 13 SIEQ IDd\gO: 8 SsaA TFD 5' ATT ACA AAT TTG TAA CAG ACT
TAT TTT Ao the promoter region of such gene(s) or surrounding sequences, ¢.g. sequence at a

greater distance from a gene(s) than the promoter. A snare may comprise a sequence that
competes with such a sequence for transcription factor binding, as described herein.
Methods for preparing such snares are described herein and in co-pending application

PCT/GB2008/003353.



Example 5 Sig TFD mlubited growth of S. aureus Sig_TFD contained the binding site for the S.
aureu.y SigB protein. This protein is the alternative sigma factor that controls a large set of stress
related genes (Wigneshawerajaj, Molecular Microbiology (2008) 68:538). By transfecting S aureus
cells with this TFD and growing the cells in 96 welPblates in defined medium, it is evident that the TFD
inhibits growth of the cells. Fhu DNA contains the binding site for the Fur transcription factor that 57
regulates Dsealepehiroslepfidasdomd v paned dyHabicniisblenmieigqHorsburgh etal, J. Bacteriol. (2001)
183:468). SsaA contains the binding site for the two-component regulator WalR, which has previously
been shown to regulate 12 genes that affect the rate of growth (Dubrac & Msadek, .1. Bacteriology

(2004) 186 aricrsypie. praphbatis may PEDy EERIITE qEpsuslsqidgsaed thyrHeRekvddscribed in
CO-pe”din@@ﬂgﬁ@&%ﬁ&ﬂ@?%QQ%‘Q&?@%I%&'&%%#EB@QM P&W%%%%%&?CR reaction

typically modified at the 5' end; for example, one o as a 5' cholesterol modification. Other

modificati®fsngsedsiersabedoak wmiples - derb orateameg pelbricestaorasetnn Wck ekl as Cys or
fluorescin gsiovthiat theBiakehinRAER fatRe FeEXMERW e RReREediicatensconsidered for

testing include lipids that are characteristic of the membranes of pathogenic bacteria. TEDs generated

by PCR caixarurerbrE 6B aerlidcatiannsing tehaamam i Darealhofollencdbsrastitdimdigssincrease
the in vivo,stability Affbeid i PrdacEeane 1De: Bl e L Piale §nablg Agiegiion by fluorescence. If

the TFD has been previously cloned into a vector (0GEMT-Easy) the primers are designed to anneal
to the vector sequences immediately flanking the insert, for example: SEQ ID NO: | - Chol _TH: 5'

CholesterolitEGHRHE faRbhOR LABE FRBSELGE QRO T SEsBo PERANGs desGird B ' CyS-
AGG CGG CCG CGA ATT CAC TAG TG 3'. The PCR product is ethanol precipitated and

resuspendediPTE! brsstipa isdhlenratunisraoniedonibritlosd reghsdvathshstusiwanealing

together pairs of synthetic phosphorylated oligonucleotides that contain the binding site to be tested.
Each pair of oligonucleotides contain an adenine at the 3' end, this is for ease of cloning into the

pGEM Tcadgthedidpimaeniang st Byandangd nonskphaliencid Mg atPeripradrddrrsie primer

sequencegdat Wﬁﬁﬂtﬁﬁg igp sl PEDGB0(RGER3ID NO: 29- SASiIgB REV: TAT TAT ATA CCC
ATC GAA ATAATT TCT AM CTT C A The primer sequences that were used for the Fhu TFD are:

SEQ ID NO: 30- SAfhu FOR: ACT ACA AGT ACT ATT AGT AAT AGT TAA CCC TA SEQ ID NO: 31-

SAthu REYhAGE GtThofifdds Tal EdMpidnbAkrddifetibhGf Iee Tiad BRRIBASY sefesacaidhat were
used for the SsaA TFD are: SEQ ID NO: 32- SsaA FOR: ATT ACA AAT TTG TAA CAG ACT TAT TTT

A SEQ IDRbFes exunpleR ookl afideoREs searacs MRXDEASKHTCRNTARg AP SRARSASTRG growth
studies in RB-¥¥eHi RY€S regulator in difference strains, e.g. different clinical strains. Decoy

sequences may be present in the cocktail in the same proportions that the different strains

occur in the clinic. In another example, more than one regulator may be targeted.
In one aspect the methods described herein comprise in vitro methods.

A host cell as referred to herein may be one in which it is desired to alter gene expression

(and phenotype) using a decoy molecule, e.g. a pathogenic bacteria.

Typically, where the method is used to alter a cell phenotype, the host cells display the
phenotype in the absence of the decoy. Decoys for alteration of a medically or
therapeutically relevant phenotype, e.g. for increasing antibiotic sensitivity, may be
screened in a series of cells. For example, decoys may be tested first in a bacterial model of
the phenotype, ¢.g. a model of antibiotic resistance, then further validated in e.g. a pathogen

or clinical isolate. Decoys may be further validated in an animal model, ¢.g. a mouse model.



CholesteraCy5-labeled decoy polynucleotides were prepared as in section 5.1. Typically 1 Rg of TFD
was then complexed with 0.3 RI of the liposomal transfection reagent DOTAP (Roche) and incubated
at room temperature for 10 min. The assays to determine their effect on growth of bacterial cells were
performed using 96 well plates, each well containitiy 200 RI of broth consisting of BHI media (from
Becton Dickinson), which is not iron-limited, supplemented with 60 nM Gramicidin (from Sigma

COrporatith@a_t#@'é@oﬁ)applﬁr_&midletmét@élyﬁb@lilepeNWiiMly@mﬂ&hiﬁgublpréﬁmhﬁ@@i@mm@?amicidin.
The methag fer. ropsdepletion indppsrinadin BUIsRSIRASEanRE (BAPAL 30B:L6R0r L6R%). 1 Lt of
various concentrations of a CholesteraCy5-labeled decoy complexed with TFD were added to each
well and tiaksie &ffaetlbndeamatiblegralenyfistestibbemaiterietedipghaelisarilg absorbance of the broth
at intervals during incubation. The plates were incubated at 37C with shaking and absorbance
readings (at 450 nM) were taken using a plate reader. Several decoys were tested: Sig, thu and SsaA.
As can pelgé’@ﬁQWF?gb‘Pétg,ell @@m&qﬁtthﬁa@lfré@gmwm@@ﬁmf a&tqresmestae]t&b prevented
growth in BM,mediighile daiianaesahel e B RRRRY iR aliss arhartesiakaiqu in this

media, which is non-iron limiting. 10 nM of the SsaA TFD resulted in a measurable delay in bacterial
growth. 590y9Hba ehl olrdesdaremacitaoriebly dinsadopiae st orrpnsrolirfalsieom frevent growth,
whereas %%?yééfoﬁfapﬂﬁt & 6PpLRl TERYSsafbadinecalfertinmtanterial g whhybdenthese
conditions. Example 6 Fur TFDs control expression of lhu and preventing growth of S. aureus in
iron-limite M HREAALYAPDs were designed to bind to the Fur transcription factor, which plays a central
role in controlling bacterial iron uptake (Somerville and Proctor (2009)Microbiol. Mot Biol. Rev. 73:
233-248), negatively regulating the jhu operon that controls import of scavenged iron. Iron is essential
for growth LyPiseHE B actbpoieRitess rarunst e Heiaing e sfatesr A orussiEpymane thbcesses.
However, ji thg f0sk g&fe@%@ﬁ&ﬁbi%iﬁﬁgﬁmﬂ%ﬁﬁﬁﬂﬂtﬁ% pauRlly rapaetesuinreceRpihle to the

bacteria by incorporation into host carrier proteins such as transferrin and lactoferrin. In response, S.
aureus syRTABSIEEdigkestm iBeirsRsPetsissinsitehGomarasatiihe piANSREH KoL SEOME 3R porters,

such as thaheReRYeSHbY HRHSGRG . G iRRidhe r presidlssata SpmRIeXkdnierthedaastasat pytoplasm.

Since the import of excess iron would result in free radical formation by the Fenton reaction, with

subsequeift EEP B RAGE RIS BsRcANd Dereptandonnt ydbonrgotiieroontin dadias47), iron
uptake mygk ba HgAMRIUIRIRShE UL KRG QUSRS EFANsP 8P HYt 1Pt golind@th AGiRcI ¥itro and
lose their pathogenicity in animal models (Horsburgh, et al. J. Bacteriol (2001) 183:468-475),
demonstr&irk§the potential of Fur as a therapeutic target. 6.1 METHODS 6.1.1 Bacterial strains and
culture conditions S. aureus ATCC 6538NA cultures were grown and maintained in BHT media
(Becton Dickenson). Frozen stocks were prepared by mixing equal volumes of a culture in early

exponentiEFGFERRINESD BF G5 e ety wrarStRR igihersll 448 RedsiFigineb menine s media

used for ngg QL dHtAe: ARNiligRs-ANdTHR ML véiehhed hesioBiaPrIeskprcRYi 0B sl deseribed
(Skaar et al. 2004), for iron-limjting growth conditions. 6.1.2 Preparation of TFDs Plasmids containing
the TFD sefEEhees Wé?é%‘i‘&’éf@&%ﬂ} SFRIESIAR ANk BRTIGRBHAESSRRSINREHE Bisatr e for Fur
(SAFur, SR AGIARALAGTAS TR APIAME ARG RAGERTARHSEQIRNR) #R) and
SAFur2, 5' P- AGG GTT AAC TAT TAC TAATAG TAC TTG TAG TA-3' (SEQ ID NO: 31)), and a
control sefiEHERCECOANSPPTRAIE BERBES R TECHENETES AETREE BET BEETASYSEQ ID
NO: 34) apGOndrERorAR G GAGIGERCAGIBFAGGE G TRAGKB GG :AMordlitSEQ 1D NO:
35), ligating them intg the pPGEMTEasy vector (Promega) and transformed into E. coil DH5a
(Invitrogeﬁ?pﬁﬁ%t?ﬁlggwgg%ﬂgﬁg‘(%g ified by PCR using pGEMTeasy targeted labelled primers
chol-Tef (5'- Cholesterol- GGC CGC CAT GGC GGC CGC GGG AAT TC- 3' (SEQ ID NO: 1)) and
cy5-Ter (5'- Cy5- I@GG CGG CCG CGA ATT CAC TAG T@A- 3' (SEQ ID NO:.2)) and purified by
ethanol preciPRbEth T8N % PRARSREHGH BIGLRBNTEIRERSIE SRS G SOREIIN Sigma) was freshly
prepared byqdisslyigrablynenited @ hiestianobodiuterpriers Joi ustinRanatehandihivhgesiifirg 1/100
in growth medium to iv?gia final concentrgtion of 60nM. Supplemented media was ingculated 1/100

with the frESBITSIOR AR RIJER SHUSRET BB RS RS A NP RTHT D - DS FAP

complexeseyigieediersaqddayaaidngclreg bt IR wl) 2ag bé BMAd fidReebehandlircyaiirg at room
temperature for.10 min on the bench. The gﬂFD complex ng then mixed with inoculated medium,

aliquoted MPEE SN HABOGETHEG HE RS ARETIOIRPNFAE URBR SSH BY CURIANE BICSAE WiH s haking in

a BioTek plate reader. 6.1.4 Quantification of TED number by real-time qPCR Cells from individual
wells were, wa ge%é%/ic in Pﬁ(s hospgate b%ered saline) and resuspended in?loo water. jil of
each samlt TS DA CHE B T b S R d8 F SA BT AR mers to
either amplify the TFD (Tcf and Ter; SEQ ID NOs 1 & 2) or 16S rRNA (stypF, 5'- ACG GTC TTG CTG
TCA CTT ATA- 3' (SEQ ID NO: 36); stypR, 5'- TAC ACA TAT GTT CTT CCC TAA TAA- 3' (SEQ ID
NO: 37)) in 12.5 ul of SYBR Green DNA mix supplemented with 0.5111 of ROX (Invitrogen). The

resultant data was used to calculate the number of TEDs present per genome. 6.1.5 RNA Analysis

Cultures were treated with RNA Protect reagent (Qiagen) and the bacteria harvested as described and
<ctored at -QNC The cell nellete weare reciiecnended in 100n1 of TE hiiffer (10 mNM TriccHC1 1 mM



6.2 RESULTS 6.2.1 Transftction of Fur TFD in non-iron-limiting medium. Iron availability affects the
regulation of fifty nine S. aureus genes of which seventeen have been shown to be Fur regulated
(Allard et al"ilicivbiol. Infect. (2006) 8:1679-1690; Xiong eta!, .1 Infect. Dix. (2000) 181:1020-1026;
Horsburgh eta!, .1 Bacteriol. (2001a) 183:468- 478} Fur also acts as a positive regulator of some
Per-regulated genes, including katA, which encodes a catalyse required for oxidative stress resistance

(Horsburghhstresiitt ectingsie (roetls) feo8r4n 3pkaryotsrizsseyady alnipssdeuipiherim ool
72:972-973) ad &%ﬁ%ﬂ&@’éﬁﬁ,%@&&%%&%&ﬁ%@%ﬁ&?%i&q}ﬁﬂlé}lﬂﬁm&geﬁ{%g%}%ic

hydroxyl radical formation. These diverse and complex regulatory properties may account for the
reduced vitifsties breins Thersusduderaelistiaref éhvafolesving apphcatiiitcefaserimD Woisiotich for
modulating, it eiivittafh 1&B. was designed incorporating the Fur binding site, which had been
identified previously by footprinting experiments performed on thefhu promoter of S. aureus (Xiong et
al. 2000). The control TFD consisted of an unrelated sequence of similar nucleotide composition that

does not QgL LIGV- AURUSHIERPRerIRIBINABIAaRaRITR N AR NG RACHAN BidGiEin. TFD was

sequence-specific and whether there was a killing effect caused by the transfection procedure alone.
Each nuclE&tgseldejdsrraonhdusy dlelichiectpe K &i%hw@ét&%@m%@w@ﬁa;the resultant
plasmids weeg wibpimess fiepkingdheiirsationsitado.aenerate theridosch PEBridhe primers were
routinely modified at the 5' end, partly to increase the stabﬂlty of the TFBS by protecting them from
exonuclea¥88Hat also to functionalise the molecule with cholesterol (forward primer) and a cy5 dye
(reverse primer). Hence, the total lengths of TFDs were 60 bp for the Fur TFD and 62 bp for the
Control TED. 62 To achieve transfection, TFDs were mixed with the commercially available lipid
preparatioH PO PR fteai Husidblestidipie Canmnehistarina niusre etitiideBeie phosphate
backbone e el AT B R BRbREasHRaB mixgd with S. aureus in BH1, a non-iron limiting
medium, which had been supp emented with 60 nM gramicidin. Gramicidin is an antimicrobial peptide
with activity against the membranes of Gram-positive bacteria (Herrell and Heilman, J. Clin. Invest.
(1941) 20.583=29H- ﬁiﬁﬂ%%?%&gﬁﬁﬁ%by the inventors have established that sub-lethal
concentrations of gramicidin were sufficient to allow fusion of the TFD-DOTAP complex to the bacterial
membrane and uptake of the TFD. The addition of the transfection reagents together with the control

TFD resulted ifyf SRAUFHAMRE LIRS S AEEERYC RN RIS of BiScisPrapatb(luets srRmadactericidal

activity caused though weakening of the cell wall. Transfection using 1 nM of either the Fur or the

Control TP YEXMH P eempaimiBactrsmite BOulstpllap oz A HEORMS cergtive B ipkarestingly, the
fir knock-ayi-shomasl @ g Rideieg! BraicdmadiHm (Harshwas) et an?l08dwdisEpas nocdiference

was seen between the control and Fur_TFD treated sample. One explanation for the difference could

be the difféREHttiyolrtRlcsRaitGRY (RPEXSHB RN D BT BHInTErNeE Ma Il HpstasisdAd Aserid but more
pertinent ¢psdehbshtig fundamenta giléaranaasikRebyesh iy BeNalip ko ateryt rrEdeLffects of TFD

treatment. The Fur_TFD will prevent binding of any transcription factor capable of binding that site, not
only the FERQIORIIADRSYROOHE! hretent trRrmanD e SsHRNBRES 1h RISl BRing realised
that transgiipbenakRadationtibdaas et isonriertosppleNdmpl iRy OPghidanrtbms in
eukaryotes, has inputs from many regulatory networks and hence is modular, with more than one
transcriptiBi 8618y ARty BiGhebebro iR ek is cBamepiHa MiRbaBIIB 6P o b2 08),
QuantitativgRhiEue@ReEnsmedvbastamlish.w Elbariansigaiopeafiiiipiegiidyad occurred and if so
how many TFDs had entered per genome. In the absence of gramicidin and DOTAP, TFDs were not
detected inside of or attached to the bacterial cells, demonstrating that TFDs do not enter the cells
spontanequglnpid diakihepyashingapocesuig fac suacessildiy J eneyedamymhmiRsuden-specifically
associated with the cell surface. In the pres ,nceﬂ(%)éﬂq]ji transfection reagents, Fur and the Control TFD
1

were deteBs 48 48558 S8M R d LR GuRb SHeCHIRR BRI 1iénce, the transfection
procedureCwameBiidering dipghsianiBipeigr Bhbesbot bl FisiolitheNosetetial Getistiwiibput having any
observable differential effect on growth in iron-rich media. 63 6.2.2 TED-controlled expression off hu.
If the Fur TES R ACIRAGIESH Etﬁf%ﬂa)%%?%Q%%?ﬂ%?ﬁ%ﬁ?&?ﬁ&%ﬁ‘ﬂ%%ﬁ?& it would be
expected Siaphgessienatibelisdarnatohsuphbeniies: Madesidhis). the copy number offhtt
transcripts (standardised to ribosomal DNA) present in the Fur TFD-treated sample was compared

with the Control sample (Figure 10B). Performing quantitative real-time RT-PCR on RNA isolated from
the samplsagbawefith&fgleyhestahlisReththadithetiuspbEios haftrmdde ibewrnediciasichanye to/7/u

transcription; i five-fold higher than in the Control s le. Hence, transfectjon of specific TFDs
can be s TR Dt ST BRSSO S SISk RS e LSl fo1
pathogenicity. 6.2.3 Effect on growth of Fur TED in iron- limiting media Using the same transfection
protocol the Fur and Control TFDs were introduced into S. attretts cultured in an iron-limited medium
(Skaar et al, Science (2004) 305:1626-8). As expected growth was delayed in this medium when

compared with growth in BHI. However, the culture that had been transfected with the Fur TFD failed

to show any signs of growth over the course of the experiment (Figure 11), demonstrating that
neartiirbation of iron-readiilation rinder iron=limited conditionc ic delateriniic to arowth and renlicatina the



Example 7 Sig TFD inhibits growth of MRSA strains CholesteraCy5-labeled decoy polynucleotides
were prepared as in Example 5.1. Typically 1 pg of Sig TFD was then complexed with 0.3 pl of the
liposomal transfection reagent DOTAP (1,2-diolecgi-?rtrimethylammonium propane; Roche) and
incubated at room temperature for 10 mm. The assays to determine their effect on growth of bacterial
cells were performed using 96 well plates, each well containing 200 pl of broth consisting of BHI media
(Becton Dluriissbayten giyridemassitalsorllachasibidif-(siga oo kpbesrnsctat# 65 G5002). 1 pl of
various cog}gsgﬁgggmlgfS’;hfégggesteraCyS-labeIed decoy complexed with TFD were added to each
well and the effect on bacterfal growth of clinical isolates of S. aureus that had been determined to be
methicillin-resistant strains (MRSA) was monitored. Growth was monitored by measuring absorbance

of the brotf, 3f,im& tervals Suine et R Y Aol NE-RIBISR NG SAPRURRIG 4 @lod Mo YL RIG#¢OY and

absorbance readings (at 450 nM) were taken using aé)late reader. As shown in Figure 13, it was

evident thédasentmelaeuleraddneiabad horeim(Sky preoevted grdwee bibmany Rsikastkaring B
medium. A similar- amoHtafithe-caniseb [ sonainingai Merelaipd paALensR of sipilagiignath not

found in the S. attretts genome had no effect on bacterial growth in this media. Example 8 Sig TFD

potentiatednerattme ypardisidachorisissceMrsAlesoandineiglyatdfaed. Bl strain) Sig
dumbbell TER-WasIRiERARG AT IRICHRG SR EXRIRE D i @@&a%élgggwﬁsb,a@@me@étsamed out

as described in Example 5.2 with a well-characterised MRSA strain, EMRSAL15. This strain shows

resistancehé eRBtchRbpRIAe fishe ol 4rBid/ RecomBrpht ot e Eotrsianta)ths sy tanapaoycin and
0.5 mg/ml{REglaxerinitRall R BRc RARAH. HasRiak Ifecion A%k 6RiR8 LS shown in Table 1

below, the EMRSA15 strain was resensitised to methicillin, erythromycin and ciprofloxacin, in the
presence BPYOUFIRP b sSigs ey s diesRiired by determining the lag-time in growth of the bacterial
culture. In such experiments a lag-time of Oh for the media-treated with Control TFD (as described in
Example 5.1) and an antibiotic indicates that the culture began growing at the same time-point as the

untreated BSeQ¥ RO isIeIs ot It Bravsbph B asbsssd whestise i utah kh B et e faaiicwith the
Sig TFD, then|agrtimeols thadelani) aspiiacampareddashatasen witheeontobdhR i ihe

presence of antibiotic. Hence, lag-times of 6.4 h (in the presence of 2 mg/m1 methicillin), 8.2 h (in the
presence S USHHYARMIETPIE SRy EIRY RRd0EadNGEH Mecprisaiian dPecsghrIucIBrEtsxath) indicate
that the Sig Ehik: AGIaEHYINAFIANIRUCAIR, WithntheaR antbilIcL ioFatarst GsawtiiSh e mechanism for

this effect is likely to be the Sig TFD preventing or down-regulating the antibiotic-mediated induction of

the stress B¥ddrdRTRERATHE Mi5aeiNG 4 & ibre AHRRIAVEC s bR AN S SHENTEd W8k
stress-respansm¥E Al Ige8PeahifsTictda Yere 43eehih Corpbinaiiania.inreast isifigacy of all or
thc majority of such antibiotics. Table 1 Antibiotic Contro] TED Lagtime (h) Sig TFD Lagtime (h)
MethicilIinOZ’ﬁf&@@.IQté%nedla' Typically, decoy polynucleotide is added to the culture medium and

taken up by cells. Where cells are cultured on solid media, decoy polynucleotides may be

added to a filter disc and taken up by cells from the disc. A permeability buffer may be used

to aid transfection.

In one aspect, transfection of decoy polynucleotides may comprise the use of cholesterol. In
particular, the methods may use linear decoy polynucleotides, bearing a cholesterol
modification at one or both 5’ ends. The modification is believed to facilitate uptake by the

cells.

Decoys may additionally be labelled, ¢.g. at a 5° end with a detectable label such as a
fluorescence dye, e.g. Cy5. This will facilitate monitoring of uptake and maintenance in the

cell.

Cholesterol and/or detectably labelled decoys may be prepared using cholesterol and/or

detectable labelled primers, as described in Example 1.



Erythromycin 0.5 mg/L -0.3 8.2 Ciprofloxacin 0 5 mg/L 0.3 8.3 Lagtime is defined as the time that
growth is delayed (in comparison to a mock-transfectcd culture) due to treatment of the TFD. Example
9 9.1 Preparation of TED dumbbells by ligation (DB-TFD) Two oligonucleotides were synthesised,
each containing one strand of the recognition site #ér the S. aureus alternative sigma protein. At either
end of the molecule a small hairpin loop acted to protect the molecule from degradation. Each
oligonucleotidc was re-suspcndcd in dH20 at a concentration of 250 pmo1411. To form the Sig

dumbbell TER GRiREaT IRAR FOR R [RiPwIg Hﬁ?%h%&i?é%%%@ﬁ@%&f%%‘?&lﬂ%&h
synthesised: SEQ ID NO: 40° SIgDB_SA3: CTTGG TTTTT CCAAG GAA GAT TAG AAA TTA TTT

CGA T GGOSTRTATAREA SEmIendy: drckigiprdiagrrivoemir FREonadETAT AT ATA

CCC ATC&@;%'E%&"}T@@E)&AB%H&6‘)‘ 67 When annealed these formed the following molecule:
Tr...c..c.AAugatg aa

In general, the uptake and/or maintenance of the decoy polynucleotides, or plasmid library
in the cells is monitored. For example, a plasmid decoy may comprise a detectable marker
e.g. encoding antibiotic resistance, which allows positive selection for the presence of the
plasmid and monitoring of plasmid propagation. Presence of a decoy polynucleotide can

also be monitored by qrt-PCR.

In general a decoy sequence comprises a binding site for a transcription factor that competes
with a cellular transcription factor binding site for binding of a transcription factor. By
titrating transcription factor from the cellular site, the decoy disrupts expression of the gene

or genes operably linked to the binding site in the cell.

A decoy sequence may comprise the sequence of a native cellular binding site for a
transcription factor. Native sequences are available in the art and examples of endogenous

binding sequences are presented herein for specific regulators.

A decoy sequence may comprise a consensus binding site for a given regulator. Again, such
consensus sites may be available in the art, and examples are given for some specific

regulators herein.

Alternatively a decoy sequence may comprise a variant of a native or consensus binding

sequence, which retains decoy function.

A variant may be prepared by altering, for example, 1, 2, 3,4, 5,6, 7, 8,9, 10 or more
nucleotides in the parent sequence. For example, footprinting experiments may indicate that

particular nucleotides are less crucial for transcription factor binding and might be altered.

A putative decoy sequence can be tested for ability to compete with a given transcription
factor binding site by introducing a decoy polynucleotide comprising the decoy sequence

into a suitable host cell. The host cell includes the target transcription factor binding site



..__ _Mmegutgggta'itt........ . T:QPTT.c-PPENCTA..AIVITK:448Tiy.
-.10CM:ccci:AITATAT:IITAMPOPAGIT Typically 30 RI of each oligonucleotide was mixed with 27 RI of
dll20 and annealed using the following PCR programme: ANNEAL: 95C 3 min, cool at -0.1C/s to 8C,
end. Following which, 10 RI of 10xNEB Ligase buffér and 3 RI HC T4 DNA ligasc (NEB) were added.
The mixture was incubated overnight at I6C. The material was then extensively digested with 17

exonucleare(pbbB) thokin e\ anrsaga el oigatrisotdes hndatseminacoliseedysr two rounds of

ethanol prejgpitati I | ini I ig binding
e It e P e S T S TR e

TTTTT CCANG TREAA GarceammE fa GchansGa cRgssiar af ArAMKE SE® ¢mpgo infesigScr
SA2: CCGPH'&&J &I TGA CGG ATA TAT TAT AAAATC GCC CTAAATCTTCTT TCT A9.2
Performing growtﬁ studies in 96-well plates A growth assay was performed as described in Example
5.1 using the Sig TFD in Its dumbbell configuration and a clinically-isolated MASA strain. As shown in

Figure 14.5ig it cROGEARHRRRARIOBS AR FoMHRIRI el olpydpRsas A similar
concentration of the control TFD could not. Example 10 WalR DB-TED rcvents rovv-th of EMRSA15

10.1 Prepéestiobedfireprpry dsrtstding WalR binding site 68 The binding sequence for WalR was
incorporated into dumbbell oligonucleotides and prepared as described in Example 9.1. The
sequences of these phosphorylated oligonucleotides were: SEQ ID NO: 44- WalRDB2.1: CTTGG
TTTTT cdanesampleTaEasisra anesTry Assils dnbescrsinta asuMed s eertarceadrAc SEQ ID

NO: 45- WalRRBen’o aGlpditef gehd hGiit&P@R@desCddet) Fanbtlofr. Pl oTAERPRGS CTT TAA

ACT CAT TCA TTA A second pair of oligonucleotides containing a scrambled version of the WalR

binding sifeAtFdrestisety i HBstage dratonterdurnosir csis. darsTRpdrndSdyuBR088/8P8ade

phosphoryaied oligenEROleSWPLE Ve ER: BrofR 61 WalRDBIchr&ttd IJ}@&%JIJ G PAG GTA
ATA TGA C AAG ATT GTA AAT GAC CTA GTT GAG AG ATGCCA SEQ ID NO: 47- WalRDB3.1:

P-CCC TE9Mat giesanestansssaasioigmosiqicearess s dosthaitieeniyrhsean dveoyrederesAsaT TAC

by titrating off the transcription factor that the cells can grow. Hence selection for both
reporters relies on cell survival, which greatly expedites the screening process. Another
feature of the system is that such dead-or-alive screens can be readily automated as a basis
of rapid, comprehensive or high-throughput screens. It is also possible to identify regulatory
sequences controlling promoters which in their natural context have no easily scoreable

phenotype.

Alternatively or additionally, a decoy sequence may be tested in host cells comprising the
target binding site operably linked to its cognate gene(s), so that ability to disrupt expression
of the gene(s) can be determined. Where a decoy is intended to produce a change in

phenotype, the host cell used in screening displays the particular phenotype.

For example, decoy sequences for targeting regulators described herein may be tested by
screening for increased sensitivity of the host cell to antibiotic. The antibiotic may be

chosen as described herein.

In some cases, decoy sequences may be tested by screening for another phenotype
appropriate to the target regulator. For example, decoys targeting regulators of stress
response can be assessed by detecting impaired stress response (as measured by tolerance to
physiological shock). Decoys targeting regulators of virulence factors can be assessed by

determining an impaired virulence programme. An example of the latter could be low



10.2 Trans fection of EMRSA /5 by co-treatment with Lysostaphin Growth assays were performed as
described for Example 7.1 with the sole difference being that the media was supplemented with
between 0.5 and 2.5 pg/mlLysostaphin instead of Gramicidin. Lysostaphin is a lysozyme-like enzyme
that is specific for the walls of S. aureu.s. As can B8 seen in Figure 15, as little as 10 nM of Sig
DB-TFD was capable of inhibiting bacterial growth, whereas similar amounts of the control DB-TFD

had no effeiebibEafolitevinprsHRuTIEDSiaR biesgr ey MRS Avien dhn dova-segdidiatoelet The TED used
in this Exas%@ﬁiplg&{%s(gg%gg&%@ww tﬁ«/_@@g\mponent system WalKR. These proteins form an

essential signal transduction pathway that controls expression of a small regulon of genes involved in
cell wall metabolism, particularly peptidoglycan synthesis. 69 11.1 METHODS 11.1.1 Bacterial strains

and growtp 3 autelS FMRP AR CWIHISS WEER ﬂ{@%@ﬁ@ﬁoﬁ‘?ﬂéﬂ%@%&ﬁﬁﬂﬂﬁgﬂ% (Reeton

Dickenson). Frozen stocks were prepared by mixing equal volumes of a culture in early exponential

growth (OB #hesB MIXETOLth FOmsh FpeaRIP sHafreegidy at/iguovn ine 2 HrepeRBedtnblBD5 TFDs

were prepﬁ{&ﬁa"gl%%%ﬁ@é'c&ﬁ IRl G F{W]%M 9%95@?%(602]%%1?99@@ plcRawere
prepared by ligating pairs of hotsp oglated oligonucleotides to form a TFD containing the binding site
lfﬁgﬁé frPth

for the WRapratBodis v DREATEHS ST OW SirRtreTs) eraCGardeedmtEMing a scrambled

version of thebinding site£85tiohE B CLRARigRRyelagtides waa JesusRendsdeharfinalcongentration
of 100 pmolfiul'in a 14 DNA ligase buffer (New England Biolabs) and 400 U of T4 DNA ligase and

incubatedast HEGURRATAL TPREFeEWieRiPd iy s <lpeavtinhiph gErWas &G enesn iderlith 10 U
Exonucleagg {{INFR)} aind digasted for 30 min at 37C, before purification by phenol-chloroform
extraction and ethanol precipitation. The TFDs were resuspended in water at a concentration of 1mM.
The sequences of the pairs of oligonucleotides used to form WalR_TFD were: SEQ ID NO: 48- WalRI:

5" P-CTT (3Bdxdnt]lc] st MMGEpbAR EadHhGud n hIifdle kit & G Tarend Il CAG
TAC- 3' and SEQ ID NO: 49- WalR2: 5'- P-CCC TCT TTT TGA GGG GTA CTG ATA CCC CTT TTA

CAT GGG eTHBrmadRemdenconditionsiof sgessof s sty enditient ditssierts SEOIBNO: 46-

WalRDB3dntainhs&AE S 1130 KA YD EEEdATAEE A Gate B Mol T MG AT AGT TGA
GAG ATG CCA- 3"and SEQ ID NO: 47- WalRDB3.1: 5'- P-CCC TCT ITT TGA GGG TGG CAT CTC

TCA ACT B to the Andretioncof IR 6iresEeiroast Ry thaelkali conditiomsapdiersas thepatiraedin vitro
TFD-DOTARCORBIEXGS IVEEEHR et iy THXiRG v Pbf PRt At @nhafdT ph(tasbe) and

incubating at room temperature for 10 min on the bench. The TFD complex was then mixed with
inoculated TRBHEHORY STBARIHENEESVIBIOM PRIFAT- Lysostaphin (Sigma; L9043),

In some instances, screening for expression of the relevant gene or genes comprises
determining host cell viability under suitable culture conditions. For example, when the
phenotype being assessed is antibiotic resistance, screening may comprise culturing cells in
the presence of the antibiotic and determining whether the cells are viable. In a screen
comprising the “dead or alive” reporter host cells, screening the cells comprises culturing
the cells under conditions in which expression of the reporter gene(s) (the gene(s) operably
linked to the cis-regulatory sequence of interest) is determinative for host cell viability, and

isolating viable cells.

The present methods may comprise culture of the host cells in liquid media, as described
herein, e.g. if the cell phenotype which is being determined is cell viability. This may have

the advantage that only a small number of cells remain to be analysed.

An n[snare] plasmid as described herein may be prepared by a method comprising:
- providing a polynucleotide comprising one or more copies of a monomer sequence; and

- cloning the polynucleotide into a suitable plasmid vector.



70 aliquoted into 96 well flat-bottomed plates and growth was analysed by culturing at 37C with
shaking in a BioTek plate reader. 11.1.4 Mouse sepsis model The mouse sepsis study was performed
by Euprotec (UK). Mice used in this study, male CD1 mice were supplied by Charles River (Margate
UK) and were specific pathogen free (16-18g at défivery). All mice weighed 22-25g at the beginning of
the experiment. 11.1.5 Tolerability study For the tolerability study, animals were treated in groups of 2
mice per treatment group, therefore 10 in total for the study. All the mice were weighed on day 1 of the
study and-placechARdRm e iRper0a RS e adrl R ing HealmeRlsAHIINiIeEed
intravenously using 10 nallkg, the five treatment groups were: 100 jiM WalR TFD; 2.5 mM DOTAP; 6.3
ug/miLysdseaphhyectonxturec s sorxm &R ostaphin; saline. The mice were weighed dialy
post-treatment over a 100 h period before they were euthenised and lungs, liver, spleen and kidneys
were removed and visually examined and weighed. 11.1.6 PK Study For the PK study, animals were
treated in Ghsulpdyausleatide OISO MRS 0P PGt ANPHP TR SEGHYNAiBEY/BRe treated with
intraveno%d:{gggg%cy‘ﬁém5g%gnq{§§ﬁ kg WalR TFD, 25nM/kg DOTAP, 31.5 mtkg Lysotsaphin Sets
of mice were bled by cardiac puncture following isofluorane anaesthesia at 5 minutes, 15 minutes, 30
minutes, X houpvadipsipscizewign edig meiipetidrcompidtir post dose. All samples were collected as
plasma (anticoaguated,with hepaiitapd,siored on ice before separation). Following blood collection
kidneys were removed and homogenized in Iml ice cold PBS. TFDs were detected in the biological
samples vithapedng site forspumeuTeeh der use infeltiss sé darkienldtaeiomnimals were treated in
groups of upicg, PEL Hﬁ%ﬁﬁ%&g@&@é@@ﬁﬁjﬁg@sﬁ@ inhtptal.fepdhe study. 2 x 1 Oml cultures of
Staphylococcus aureus EMRSA 16 were prepared and placed on orbital shaker (220rpmi) overnight at
37C. The f@NOFiToBRZ rM@@aﬁﬁ&ﬂ@ea&ﬁ%aaepéeﬁmmsa&cm@wita?egc‘m%iﬁeaﬁé\r@m 8% shaker,
pelleted a [ ' | i &&1% .5 x 108cfutml).
This stockﬂ&ﬁ%%?ﬁ{g{%@%%?ggi%i%?gﬁﬂgggé?g% ﬂ;?éaas?%h%r%{fblﬁﬁﬁfdilutedél%l.S in saline 71 (1
x 108 cfu/ml) i.e. 2.0 x 10" bacteria per mouse. 48 mice were then infected with 0.2m1 of the 1.0 x

108/mL susBEREIT- IO MANRPEEL P RIBRPYREREEUSAMIBHA M IRSA AP ARE kD REEMbN the

remainder of the suspensions after inoculation was also counted to confirm infection load. Mice were

treated 1, FefFEPREGR prdispkeéns bt eRnbreSrpaeRia o herrasiradoith Pasesmplsn was only
administerggd aftatsd o hBERANNSNSNEIR SFtREGHUIECABHIEUER Of tiEEMDR D Rélsestaphin using
a concentration of 1nM/kg TFD in a 5:1 molar ratio with DOTAP and 63134/kg Lysostaphin. After 25
hours post e f8Al4Inimals were weighed and then euthanized. The kidneys were immediately
removed and homogenised in ice cold sterile phosphate buffered saline + 0.05% Tween 80. Organ
homogenates were quantitatively cultured onto CLED agar and incubated at 37C for up to 3 days and

colonies cOUEH T Aleqape rptd sHBY R PEBRRERY WAStEALKRIBA B e Kruskal-Wallis test using
Stats DirechrdlidimESiHediSihkl strMalid_oliRbhirRighaKils iy Rstad arRWEL: isbyiteact g MigRbyt

conserved two component system WalK/WalR (also referred tQ as YycG/YycFE) has been shown in

genetic kridbRRfithsx H?ﬂ%ﬁf?t@b@@%@ﬁﬁ‘éﬁlt?é}e\/f%ﬁﬁ?/lﬁﬁrgu%éﬁglﬁﬁﬁl%’éﬁl@%ﬁl})positive
pathogens. clieg1iReiBaIsitel{es iha dserasCEptiasiiactag Walkk, hasihernidaptfiedisergral promoters
of genes in the regulon, including lytM/SA0265 (Dubrac, Boneca et al. 2007). It was this version that
was used RSV ARR ARGl IgpRP S tidfbled version where the sequence was randomly re-arranged,
Scr TFD. Epirévxikpd i MisSeradiaineheamisna WiinesRiialaicnasdiaad in the study (Cox,

Mallaghan et al. 1995). TFDs were mixed with a commercially available lipid formulation, DOTAP, and
mixed withi FREHET 1S CRARIBCHIHT ERNR SRR URAL SO sEp RS E68tphin is a lysozyme agent that
acts on the walls of S. aureu.s, use of it in this experiment was to thin the outer peptidoglycan layer of
the bacteria and allow the TFD to transfect the cell following fusion of the DOTAP carrier with the
exposed iNAEeTHE ef%f%eelaaﬂa%ﬁmlfs?ﬁ@vﬁ% FORstET -am&e&%&%%g GB¥BRIEthat
treatment Withrikecontrok ifséd. Scr_TFD, had no detectable effect on bacterial growth when compared
to an untreated sample. However, the WalR_TFD prevented growth of EMRSA-16 in vitro at a
concentration of 1 nM (Figure 16). Total viable counts confirmed the results that treatment with WalR
TFD reducgettibasfomberydidiving el kit fiveralt ficaisa aforagwiilideldiguiot éigmphe Bacteria that
were not killed by WalR_TED treatment were sub-cultured 72 in order to determine whether there was
any incideMt& BFESiISIANCE. YPHE process was repeated a total of four times and both the reduction in
viable counts (Figure 17B) and in vitro growth curves were recorded (Figure | 7C, black squares:
bacteria in fourth pass gg))G ence, no evidence for the deyelo nt of a resjstance mechanism to
TFD-mec GBI Clr 8 AR LIS R TEOPBCEUIA BIPAOH o bt
prolongedusiosisreatacvydiikic EMR SAs B ad/feredilans teatiechiniihiflcadd n\MagRTF T AP complex and
incubated for 30 minutes before being microdiluted into fresh media, without any TFD complexes or
Lysostaphin. In vitro growth was followed for a further 48 hours (Figure 18) and it was evident that no
growth was observed, confirming that TFDs effectively killed the cells on first contact.



11.2.2 Tolerability study MI drugs were well tolerated following IV administration; there were no acute
events to report. Following treatment, mice fed and drank normally with no signs of distress. The
weight increase of the treated mice was the same as the vehicle controls. Autopsy showed no gross
abnormalities of kidneys, lungs, liver or Gl tract. TR® weights of kidneys, lungs and liver were within
the normal range. All test compounds are tolerated and suitable for fitrther dosing up to the maximum
dose used in this tolerability study. 11.2.3 Tissue burden study The infectious dose administered was

fargeted ot LT BRCISHARS OSSR SRS miFIellvel ML BleRton s FRlabished (N i

more sensitive to treatment). The mice were treated with systemic injection of either the vehicle, 1 nM
of the Scr TFD complex, 1 nM of WalR TFD complex or vancomycin, used at a concentration sufficient

to achieveq ZIQIGHEAHGUAN .GRIOMEALTIRGY LS G FPIABR HEATRERL (e fige iere sacrificed

and the burden found within the kidneys measured (Figure 19). Statistical analysis of the results
showed tHtt Hee2PVaIRe TRDMEA NS SEEIB0BE A SHHITACAIGNEHNNRT Balded todieaesibved by

vancomycip iyt epRRIesk e Sefe HRS@AE{TablE bRty Tahle: Zigiatistcal analysis of in

vivo results. Kruskal-Wallis: all pairwise comparisons (Dwass-Steel-Chritchlow-Fligner) for Scr TFD 1
tiM Scr TR §/6BRI80UE3 932549 0.7804 0.0062 0.0173 1 nM WalR TFD Vancomycin Vehicle  The
WalR TFD in this experiment was found to have a rapid bacteriocidal activity at nanomolar
concentrations against MRSA both in vitro and in vivo. Example 12 Transfection of E. coil with FabB
TED sensiiduetane iRE@icRaS oD ICHEECReRUAPTBH oy herustplespgomic fragment is

described in PCT/GB2008/003353

As described herein, a snare sequence may comprise randomised nucleotide sequence.
Typically the snare comprises a randomised (or variable) nucleotide sequence of “n”
nucleotides in length. In general n may range from 5-50, for example 10-50, for example

20-40 e.g. 25-35¢.2.6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 nucleotides.

An oligonucleotide comprising the randomised sequence (and optionally constant sequence

as described) may be synthesised using methods known in the art.

A nucleotide bias may be introduced into randomised (or variable) region of the

oligonucleotide. For example, a GC bias may be introduced if appropriate.

The monomer in the method above may comprise an oligonucleotide prepared in this way.

An n[snare] plasmid may then be prepared.

As described, one aspect of the invention is to increase susceptibility of prokaryotes to
antibiotics. For example, this may involve targeting an intrinsic resistance mechanism in the
cell, or cellular adaptive responses which mean that the cell is less able to survive under

conditions of stress induced by the antibiotic.

In one aspect, the present methods are suitable for increasing the efficacy of antibiotics
generally (Alekshun and Levy, Cell (2007) 128:1037-1050). This includes both bacteristatic
and bactericidal antibiotics. Examples include the class of antibiotics known as

aminoglycosides (such a kanamycin); the carbapenems (such as meropenem); the



12.1 Preparation of FabB TED FabB TFDs were designed to incorporate the binding site for the
transcriptional regulator of fatty acid synthesis enzymes, FadR, which occurs upstream of the FabB
gene in Escherichia colt The FabB gene encodes an enzyme involved in fatty acid synthesis (1.
Bacteriology (2005) 183:5292). PCR TFDs were nmade as described in Example 4.1 with the exception
that a 60 base pair portion of the FabB promoter that was cloned into the pGEMT-Easy vector. The

oligonucletstidledsizerinto sp fyctfepprei dhsrdlpepnantid sy éseclsBYATE QD CEDafdbBE TCT TTA AAT
GCGC TCALGGGAS: S SFER IR NRE 2h-ABRE I Ch AR T o é&%ﬁﬁﬁﬁ%ﬁﬁ%&m A

control TFD having a the sequence that gave rise to a similar sized PCR fragment whén used in an

amplificatigitifagideiniui g pabimic NR)isbaemeldrasNirebiraleeriwn s e gt AmEs a(sBcdenerated.

The sequenggs Al 1ese:QHIANYHEOHAER YUQEFaoFRnlD:, NG waiol '?ghf'oﬁi%%h%&ICCG AAA AGG
CCA COG SEQ ID'NO: 53- WhiB7.r: CAA AAA TGG CCA COG ATC CGG GTG 74 The effect of

TFDs on tHE&gwigihHEe6ikbacterial cultures was measured as described in Example 4.1 with a few
modifications: the media used was LB; the co-transfectant used was 40 TIM polymixin, rather than
gramicidin; the media was also supplemented with 10 m.g/m1 Centlenin (CER). CER is an antibiotic
that acts di fayAsRGEsAsthediswAICtheassmeatrationts AfdBe stssTaw pBtcBabReIbHECY Bislyrowth of E.

colt Figure. 4Q SHSIINBLERIBRRE QLR afof il L1 WhabIbeoF 3BRtalh Lingfacitrol TFD

(WhiB7; containing a se%éjéence known not to occur within the E coilé);nome , rendered the bacteria
sensitive tergierisitp nikiatigediorpgbetimicte/ (97 dAlHIA-tERR), does begin to inhibit cell

growth in the presence of the control TFD at 20 uglml, by which point the cells are being killed by the
synergenistic action of the FabB TFD. As the FabB TFD is designed to downregulate genes of the fatty
acid synthBasscsisidtelrntiasiss mpotdyriethat this TED could be used in combination with any
antibiotic t@qj&mgr perturbs fatty acid synthesis, directly or indirectly, to increase the efficacy of that
antibiotic or counteract a resistance mechanism. Example 13 Transfection of a TED containing the
recognitiokPs8§EHEBYor the u54 factor of Kleb.s el a pneutnoniae retards bacterial growth A PCR
TFD contgip)iegheSieding site for the alternative sigma factor, a54, from the pathogenic organism
Klebsiella pnetnnoniae, was made and tested. Compared to the activity of an unrelated control TFD,
the Sig TEDMPBRE@HFowth of the cells. us4 is another example of a sigma factor that controls
regulation(gj sleprsisgspense in bacteria. 13.1 Preparation of TED The TED was prepared as
described in Example 5.1. The sequences of the annealed oligonucleotides used were: SEQ ID NO:

54- Kss4fFpsegsacriignaGtrestitls cxeheseftilpr § ol ooy § By e R Blekigs ar: p-ATA
ACC ATG(%R&QQQ, ﬁgﬁg%ﬁﬁgﬁﬂ&ﬁﬁl@gl}&n), Cefalonium (cephalonium),

Cefaloridine (cephaloradine), Cefalotin (cephalothin; Keflin), Cefapirin (cephapirin;
Cefadryl), Cefatrizine, Cefazaflur, Cefazedone, Cefazolin (cephazolin; Ancef, Kefzol),
Cefradine (cephradine; Velosef), Cefroxadine, Ceftezole;

Second generation: Cefaclor (Ceclor, Distaclor, Keflor, Raniclor), Cefonicid (Monocid),
Cefprozil (cefproxil; Cefzil), Cefuroxime (Zinnat, Zinacef, Ceftin, Biofuroksym),
Cefuzonam, Cefmetazole, Cefotetan, Cefoxitin, Carbacephems: loracarbef (Lorabid),
Cephamycins: cefbuperazone, cefmetazole (Zefazone), cefminox, cefotetan (Cefotan),
cefoxitin (Mefoxin)

Third generation: Cefcapene, Cefdaloxime, Cefdinir (Omnicef), Cefditoren, Cefetamet,
Cefixime (Suprax), Cefmenoxime, Cefodizime, Cefotaxime (Claforan), Cefpimizole,
Cefpodoxime (Vantin, PECEF), Cefteram, Ceftibuten (Cedax), Ceftiofur, Ceftiolene,
Ceftizoxime (Cefizox), Ceftriaxone (Rocephin), Cefoperazone (Cefobid), Ceftazidime
(Fortum, Fortaz), Oxacephems: latamoxef (moxalactam)

Fourth generation: Cefclidine, Cefepime (Maxipime), Cefluprenam, Cefoselis, Cefozopran,

Cefpirome, Cefquinome, Oxacephems: flomoxef



Growth assays were performed as described in Section 4.1 with the difference being that the media
used was M9 media (Sambrook et al (1989) Molecular Cloning. 2n1 Edition vol.3 p.A3). The media
was not supplemented with any co-transfectant. Transfection was achieved by complexing the TFD
with a cell penetrating peptide. The peptide consisttd of two portions: a linear chain of nine
D-arginines and a previously described peptide sequence found to be capable of penetrating the

membrand ef kR YsrdessisitColtahiarodnirmierbtntzase Siefalnmonenfopscr ¢ ¢f996).40:1801). The
positively @é%@ﬁ%ﬁf@é‘ﬁaﬁgiﬁﬁ%,5@&’8&90‘%[‘@éh@iﬂhoﬁi%%%i%ﬂ‘}@%%%ﬁ&ﬁ%k’%%%&&gh a charge

interaction. The use of such R9 tails to complex transfecting moiéties to transféct bacteria has been
described préviaediy GafintiiSletiuarden ripyebood) duisady. Frieuagaissequence of the peptide
used was: SEQ ID NO: 56- IKFLKFLKFL-(D-arginine)9 TFDs were mixed with increasing amounts of
1KFLKFLKKL-R9 peptide in a TE based buffer supplemented with 5% glucose. The mixture was
incubated%t%@ﬁb@?ﬁéé@*ature for 1 hour and then either used directly in transfections or analysed by
agarose ggl electpphyssisnityRikalyiReiminnmm ameufitK FhiSRbitERR9 was used that caused
the complex with DNA ot to run’in the gel; i.e. thé charge of the nucleic acid backbone had been
neutraliseBNBYASHRNHEOTHbLISUARGINYS UK KK [IRIIYE conjugates were mixed at various
concentragigng iR RARLOL Ity inKRe well plate. Figure 21 shows that 10 riM of Sig TFD was
sufficient to inhibit growth of the K. pneumoniae culture, whereas no inhibition was seen with the
control TFD. Example 14 Bioinformatical analysis to detect the occurrences of the WalR binding sites
within S. afffaligand deduce its consensus sequence. A MEME search
(http://meme.sdsc.edu/meme4/cgi-bin/meme.cgi) was used to find additional occurrences of published
examples @7 fHEVPAIRIBIABRY site in S. aureus (SA) and other pathogenic organisms where it was
found to opﬁg{,ggﬁg&@&lgnterococcus faecium (EF), Streptococcus pnetnnoniae (SP), Lysteria
monocytogenes (LM) and Streptococcus mutans (SM). 76 A subset of the hits derived from the
search is SE6WH BFRFGRIR™ 2. From the complete set a consensus site was derived, having the
sequencehfad JWAMLNNN NNT GTA AW [SEQ ID NO: 57] The IUPAC single letter code is used,
where: Wis A or T. The WalR TFD consensus sequence is therefore expected to affect the growth of
the organig%@hs%@éﬁ%&%. Example 15 Bioinformatical analysis to detect the occurrences of the SigB
binding sites within S. aureus and deduce its consensus sequence. A MEME search
(http://meme.sdsc.edu/meme4/cgi-bin/meme.cgi) was used to find examples of occurrences (with
E-values <2 FEIRADMEERESRIISSconsensus sequence of the SigB binding site in S. aureus in Bacillales
(G fam'W%Ej‘&%ﬂ@fﬁﬁﬁé‘lﬂ?)&&?ﬁHﬁﬁﬂ eREearaiatIsReNeRa inallenBaeesp histesiry and
Staphylococcus. Examples of the hits derived from the search is shown in Figure 23. From the
complete 48P3YeR8ensus site was derived, having the sequence: GKT TWA NNN NNN NNN NNN
NNK GGT AW [SEQ ID NO: 58] The IUPAC single letter code is used, where: KisGor T, Wis Aor T.

Example 16 . e L
Peptide antibiotics:

(a) Lantibiotics;
Duramycin, nisin, epidermin, actagardine, microbisporicin and mersacidin;
(b) Lipopeptides;

Cubicin.

Streptogramins;

Quinupristin +dalfopristin (Synercid®).

However, the present decoys and methods may also be used to increase efficacy of
bacteriostatic antibiotics, such as Macrolides, Ketolides, Tetracyclines, Lincosamides (e.g.

clindamycin), Oxazolidinones (Linezolid).



Bioinformatical analysis to detect the occurrences of the Sig binding sites within Kelhsiella
pneumoniae and deduce its consensus sequence A TED containing the binding site for the alternative
sigma factor (sigma 54) was taken from the promoter region of the K. pneumoniae gInA gene, as
described in Barrios et al. 1999 (Nucl. Acids Res. 20: 4305-4313) and, when incorporated into a PCR
TFD, was shown to kill K. pnetnnoniae cells in vitro (see Figure 24A). 77 The TFD sequence used

was: SEQWhaohsgresmicthods @acsedintceo adeuisnobreugisatficamrey & dprlieibed in
Example 1.3, 45108 shGelliPEREHARRINGERINS SN LER COURBIDEIRSE R mig saLange prevented cell

growth in vitro while the two controls showed no effect on cell growth. The two controls used were:
untreated EaKisTad. paeLTAsRIE) ek thedaerl PRID ety bf shesearfieladhasqdsneebSimilar
binding sitgs,{Qund in other K. pnettmoniae genes (nitB, nilE,/IL, nitlf and MP) were used to define a
consensus sequence: SEQ ID NO: 60- TGG NNN NNN WTT TGC W The IUPAC single letter code is
used, where Wis Aor T. 78 FURTHER ASPECTS Further aspects and embodiments of the

invention ?ﬁ%&%"iﬁ%ﬁ&%siﬁttﬁeaf&ﬂl%}?gﬁge%'@%@@JF&E@@&'@PF&; it hainpdetaioadhal the

invention encompasses these aspects: Paragraph 1. A method of reducing the viability of
prokaryotitPeelps, ad thetbrsiceghipfesiien rayiphavibirirgdaieeisd- polynucleotide comprising a binding
site for a target transcription factor (a decoy sequence); (b) introducing the decoy polynucleotide into a
prokaryotic cell which comprises a binding site for the transcription factor, operably linked to a gene or

genes; wHeRB RxaRpdeIuKE G srate de o pemypiiéTs et Riiubechiptimtyie s eargttranscription

factor to thphinpintsitRMithRICEEAMI GRUSREANAIIC IO essiRRL AL e, oty linked gene
or genes; and wherein the target transcription factor comprises a regulator of expression of a gene or

genes endBHAESHY. GriEHE oFs (1918 8INIE addinscirashemdld; tepelectnd B intrinald astasitic
resistance,giegfianiime. (Bikaicalukrvirdignag fastar afivBically IRE SUeSatesRABEE O1GYAA- cellular

essential gene. Paragraph 2. A method of increas;%%(grokaryotic antibiotic susceptibility, the

method caliEIRd e BRSIHR P2 R (I ST bUIE CERRRHIIN & A28t ARG Sshi f6r eofafiet
transcriptign fActon Ja £eGry SRaHeRas) (RnpUasuaiag the decoy polynucleotide into a prokaryotic cell
which comprises a binding site for the transcription factor, operably linked to a gene or genes; wherein

introduction of the decoy polynucleotide reduces binding of the target transcription factor to the binding

site in the H@dbﬁ[&qﬂﬁé&ﬁ%&%H&%%Mb&ﬁ?@f?ﬁ%%@&é%&ﬂ@@&%di%@c@ﬁ@@e@ﬁgﬁﬂes, thereby

increasing antibiotic susceptibility of the cell; and wherein the target transcription factor comprises a

regulator G BYPILELBA G E L sryBsebees dhapshiotrmdhatahe et enamssMaftive response:
(ii) a cellulaniftrinsis @AtV HCTaTBRACER MEHENRR; Kk el eanyiHAeNc S facts ddvd ¢ geliular

essential gene. Paragraph 3. A method according to claim 1 or claim 2, wherein reducing viability
50

comprise<SHBRIE S E ERhilsimrtped hangiar Bissitiodindipenies QiaragipardEadRigbnse; (i)

increasing-caidlar sseantiitrta antihieliasidilyntigiinthexpressigt.efPRaIPIHNAEessSential genes;
(iv) inhibiting expression of one or more virulence genes. ragraph 4. A method according to any

Paragt :
one of clafiePMES BIafheRsAPitRiGdrger taraciptiibiatesrhich dRt Rty apit B Atheslir, YycG/YycF;
Sigma 54 e foritid® fbedfsc Uit titsets A pRvIFAAGRA; WalR; sigB; Ksig; fhu; or a functional

variant or homolog of any thereof
The present decoys may be used to alter cellular adaptive or physiological responses, ¢.g.
any of the responses described herein. Decoys may also be used to alter expression of
essential genes and therefore alter the viability of the cell under conditions where the

gene(s) is essential. Decoys may also be used to alter the virulence of the cell.

Decoys may also be used to increase the uptake of antibiotic, for example by causing

changes to the composition of the cell wall or membrane.

The decoys may also target regulation of unknown genetic systems, in particular those
decoys discovered by the n[snare] process described in PCT/GB2008/003353. In these

examples the consequence of the treatment of the bacteria with decoys may be measured,



Paragraph 5. A method according to any of claims 1 to 4, wherein the prokaryote is a bacterium.
Paragraph 6. A method according to claim 5, wherein the bacterium is pathogenic. Paragraph 7. A
method according to any of the preceding claims wherein the transcription factor binding site in the
decoy polynucleotide is not operably linked to a géfe. Paragraph 8. A decoy polynucleotide
comprising a binding site for a target transcription factor, wherein the binding site is not operably linked

to a gene faheranelepntihotiangeermitnl faclor dbergsists meekprsorundexpradsiohafchaesdior genes
encoding %%éiftmﬁ findia.selylgs adaptive response; (i) a cellular intrinsic antibiotic resistance
[

mechanism; (iii) a cellular virulence factor; (iv) a cellular stress response; or (v) a cellular essential

gene. Paragraph 9. A decoy polynucleotide according to claim 8, wherein the target transcription

factor comprisgs. 2eAUIRLAEHEXPIEISION-OLARS QY FORE A5 () OGS, CrACHsH S0aptling cellular

efflux pump protein, protein determining cell wall composition, cell wall density or cell wall metabolism;
(b) a cellufidstrdianalgsyrs éngarieobrgenadnErRYybsssiegailaseridimes hiransragiivatby
prOte'n(S)_&ﬁg)pﬂ&%%@rﬂéﬁﬁ%ﬁmﬁ’ﬁd%%{ﬂﬁﬁ%ﬁﬁa@%ﬁﬁﬁ&&@?ﬂ%iﬂéﬁ)ﬁﬁ%@&e“e or genes encoding
pathogenicity protein(s) or virulence factor(s); (f) an essential gene or genes. Paragraph 10. A
dec_oy polynucleotide accordi_ng to claim 8 or 9, wherein the target transcription factor is selected_ from:
WhIBT: FaRorfYeRROE SAmE:RAQE I B chedBnMIENIG: AviTraAgiGsValR: sigB;
Ksig; or fhu; or a functional variant or homolog of %he‘reof‘ Paragraph 11. A decoy
polynucleSEREtEEBOPYREptafar)asicariheds. e aganepsiiens it by bwmﬁt&ﬂ@é@@(ﬁ%@ﬁig@s:
circular d%&%ﬁ%ﬁ%%@%e%iﬁé if@ﬁ*iéﬂ&%%‘?'gﬁ@@iaﬁﬂ(y%@d&%{ Qﬂ“@lﬁ@m@ﬁﬁ@{éﬁ&%dary
structure; and/or more than one copy of the transcription factor binding site; and/or additional
sequence YRR BirfdiFrEeldQsy; pdio M g BB Hates. dpates hoserpabal ity elehsctlsistance
of the polyguclesiides and{es ﬁiﬁiﬁﬁ%ﬁ MRl tRtRYinning %ﬁ%@ﬂ@é&rﬁ&ﬂﬁﬁ%@%ﬂm'eo“de
according to claim 11, wherein the decoy polynucleotide comprises multiple direct repeats of the
transcription factor binding site. Paragraph 13. A decoy polynucleotide according to claim 11,
wherein thepdecey paly _ W%ﬁc‘?&lﬁ@@ﬁ%@yE%_U%ﬁ%ﬁi@ﬁéﬁ@}%&iﬂ%@gﬁﬁﬁeuﬁc iRaragraph
14. A decoy polynucleotide according to claim 11, claim 12 or claim 13, wherein the decoy
polynucleStRIEEi AP RIS TiRaRE 8NEOHIRISHHA kiRglatheaBe Wi aBriisationtere_niBdification.

Paragraphyiki b 8eeoynaQMaalegHiga RECARiNG 4 ANY-05e: A aitasnlddmdds Whateinthesdecoy

polynucleotide comprises a circular dumbbell. ~ Paragraph 16. A decoy polynucleotide according to
claim 11, W tHRCaSERRAREA I SRR b nHiselsa BRARHh IO QIHEFRIFFHEYYESRid has one or
more copies of a monomer sequence comprising a snare sequence, the snare sequence comprising
the transcription factor binding site wherein the binding site is not operably linked to a gene.

Paragraph ‘¢ i HBeby oR R BRRY ReLHHIRRP HEISIRNEMITENAS CBANRY RGO WETRIR the
transcriptigiséaptayi ipding siayo thadaaminlyNHss oHE 8 GeMPiiae HeaYealtS BEcHAiN R 25 to 60,

or a variant or fraﬁ%ment thereof which retains decoy function. Paragraph 18. A cell comprising an

exogeneotit WL e, PSIPh AL LD ipeH sl etdbatr s bRy o Bindiay Rrdoromsdisaler

transcriptioprdeiatal, \WEHCh is RatQpemahiv inkediaageng: mberminthreel canmises: dkinding site for
the transcription factor operably linked to a gene or genes; and wherein the target transcription factor

comprises’ 4 febiiflatcf o BEHTELGS ABFRAFERE of BEnES AL MRS R SHARARPBET AR Iar adaptive
response;yivtarkptitidrcitipasieiguyibiotic resistance mechanism; (iii) a cellular virulence factor; or (iv) a
cellular essential gene. Paragraph 19. A cell according to claim 18, wherein the decoy
polynucleotide is as defined in any of claims 8 to 17. 81 Paragraph 20. A cell according to claim

18 or claim k&nuthesginibe el ipdiveietiatidathagencthods may be used to provide or increase

the susceptibility of prokaryotes to fatal environmental factors or antibacterial agents.

Thus in one aspect the invention provides a method for treating bacterial infection in a

subject comprising administering a decoy polynucleotide described herein. The subject may
be a human or animal. The invention also provides a decoy polynucleotide described herein
for use in medicine, e.g. for use in treating or preventing bacterial infection in a subject, and

the use of the decoy for the manufacture of a medicament for treating bacterial infection.



Paragraph 21. A cell prepared according to the method set out in any one of claims 1 to 7.

Paragraph 22. A method of treating bacterial infection in a subject comprising administering a decoy
polynucleotide as defined in any of claims 8 to 17, optionally in combination with one or more
antibiotics and/or antibacterial agents. Paragradph 23. A decoy polynucleotide as defined in any of
claims 8 to 17 for use in treating bacterial infection. Paragraph 24. Use of a decoy polynucleotide
as definedinleaey slaidimesedin TP BAE M AritiTaetapsibipt atte dicaiieh e daemtimg kradherkalinfection.
Paragraph,h. &-ASROY RAYBHARRUASAEAHABRAAUFIRGHO SR aRd L Srein gl the
bacterial infection comprises use of one or more antibiotics and/or other antibacterial agent(s).
Paragraphosina Fhettitsthidee sapdigadelausigece suselaseordirgvithapy befetaipr s er b5 wherein
treating bagleraliniesignFRMRIRSTSAINS caanditen-aelemie dirg: Reymopia bacteremia,
whooping cough, lyme's disease, brucellosis, acute enteritis, septicaemia, tularemia, influenza, peptic
ulcers, LegRmpritiéensidbussheybhsaiite s yisscombiniieatiberapiesysiay iekatdecghoid, dysentery,
cholera, plaguie, AShERaPREHIRmRSIHIBRAVSehis  dintharia dinigresisctiBerulgsizisepticemia.
Paragraph 27. An ex vivo method of killing bacteria, inhibiting bacterial growth, or reducing bacterial
virulence, $p@ bR wE PR Mgsp RAHGIatHs B\ B ridhestedis ld8amissed in any of claims 8 to 17,
optionally in combination with one or more antibiotics and/or antibacterial agents. Paragraph 28. A
pharmaceutical composition comprising a decoy polynucleotide according to any of claims 8 to 17 and
a pharmadB e BpIARRR B TSIBHSIP hiimastisicall o OHHINA LHEAHIATBRIE or more

antibiotics aag{atia W&@é@bg&%@r@oﬁ%@ and PAESSIABD; &1/ CepRING CATANSItQRiFRMPrising a
decoy polynucleotide according to any of claims 8to 17, optionally in combination with one or more
antibiotics Bicremantitiaaara) adeaally cpBiapreIn. oK BEIMSSH YT & Heeaytpbigidbotide
according 4o fRY-#f-glaims 8 to 17, and one or more antibiotics and/or antibacterial agents, wherein the
decoy and the one or more antibiotics and/or antibacterial agents are for combined use in killing
bacteria, inhibiting bacterial growth, or reducing bacterial virulence. Paragraph 31. Use of

transcription fasiasidesnus SFRRGRY eslusR bR MiRRINOARS RIKeRSRticiReHS pharRA@AI@RN32. Use of

transcription factor decoys (TFDs) to reduce the virulence of prokaryotic cells. Paragraph 33. A
transcriptiBPratsetaRsf (IR yeBRiprisify Siheen Rsrmpepiicairpanges AMgek BuhbtbHgactor

decoy (TFE).¢aMRrisinieh§6 QP 13 P& 1B IRWaBh pharndsansalirtiantacieidesay: (il comprising
SEQ ID NO: 60 Paragraph 36. Use of the transcription factor decoy of any one of claims 33, 34 or

35 in the tFAPReRICSIBLYIt iEgRId o nlstdedimmte ef Adpissi MRttt Ebmprising a binding
site for a tgraghi@nscHPPRR asiahVHEaiadhR BINBIgHSLRIth D Al HReyRblysinked it adighsa and

wherein the transcription factor comprises a regulator of expression of a gene or genes encoding one
or more of©; the carrier, excipient or diluent any suitable binder, lubricant, suspending agent, coating

agent, solubilising agent.

A variety of methods may be used to deliver the decoys of the present invention to the site
of bacterial infection. Methods for in vivo and/or in vitro delivery include, but are not
limited to, bucchal or oral delivery, intravenous delivery, direct injection into the infection
or indirect injection (e.g. subcutaneous, intraperitoneal, intramuscular, or other injection
methods), topical application, direct exposure in aqueous or media solution, transfection
(e.g. calcium phosphate, electroporation, DEAE-dextran based, and lipid mediated),
transgenic expression (e.g. a decoy expression system delivered by microinjection,
embryonic stem cell generation, or retroviral transfer), or any of the other commonly used
nucleic acid delivery systems known in the art. Administration may be in combination with
a suitable dose of antibiotic, with the antibiotic(s) being administered at the same time as the

decoy, or separately.



(1) a cellular adaptive response; (ii) a cellular intrinsic antibiotic resistance mechanism; (iii) a cellular
virulence factor; (iv) a cellular stress response; or (v) a cellular essential gene. 2.A decoy
polynucleotide according to Claim 1, wherein the target transcription factor comprises a regulator of
expression of one or more of: (a) a gene or genestncoding cellular efflux pump protein, protein
determining cell wall composition, cell wall density or cell wall metabolism; (b) a cellular stress

response éérﬁ@@ri_ééﬁésﬂl_ecf)x_a@éké b?lgéfrtég RHBOEITY Wiﬂ?&l!@@@@l&t@m@@m@}a@ﬁ a gene or
genes encadipg AitragenBAlPM PIAEIE L AL ERR AHIERES GRECHIRG PAYIGNIRINERLOteIN(S) or
virulence factor(s); (f) an essential gene or genes. 3.A decoy polynucleotide according to Claim 1 or 2,

wherein théreargedQraedesipeioperaetdr ishss bega gtenra: thohis thoderlasdjsd MyaroisaYa 54 (or SigA);
Fur; TedR NG NG AISReahféy AgHanYVRIR: (98B doside kil Let & funsianalyvaiiagtathamolog of
y

any thereof 4.A decoy polynucleotide according to any of Claims 1 to 3, wherein the deco

polynuclediide asohipsst e saeesig dhatr s sefbNeatde Ravreafrangisatienedfivicnendblest least one
element of3RCONHRTY RHLEIIR IANHOT RANRFNAL AAR AR R LIG RIFEIRCR AEIBLRIpFia site;

and/or additional sequence to the binding site(s); and/or modified bases or sugars to increase

nuclease FagistaAcBeotiE pRivnTlicrsetrgat laneheted dikEhderemstaaasichnbrdiny. @4a@ycelttoy
polynucleqlige AeRATAING I A HRBEBIRLBR ARRVIRLNRUICIE UL CRRIPHRRS Y i dikect
repeats of the transcription factor binding site. 6.A decoy polynucleotide according to Claim 4, wherein
the decoy ¥36HakEIBEfdONS, such as antisense, this number of molecules needed to kill the cell is

100 to 1000-fold less. This partly reflects that though both antisense approaches and TFD

act to inhibit genes, TFDs act at an early step to prevent transcription whilst antisense, in the

most common iteration, sterically blocks the products of transcription: many thousands of

mRNASs molecules. Secondly the TFDs have been designed to target essential genes that are

positively induced, so need to be switched on for survival, and positively regulated (the

transcription factor drives its own production). In vitro this later characteristic means that

relatively few copies of the transcription factor are likely present when the gene is

uninduced and so a small number of TFDs can block induction. It may be that in a

therapeutic situation there are more transcription factors per cell, due to natural variety

amongst the bacterial population or the gene being already induced. In this situation it is

expected that more TFDs will be needed to see a therapeutic effect and estimate that

increasing the dose by a factor of 100 (to 100 nM) or improving the transfection efficiency

(by two orders of magnitude) will be sufficient to see a beneficial effect.

Some decoys may be used without antibiotics to treat or prevent bacterial infection. For
example, some of the decoys described herein will reduce the ability of the cell to survive
under conditions of stress, or to express essential genes or obtain essential nutrients. Some
decoys will neutralise cell virulence, e.g. by preventing expression of virulence factors.
Thus decoys used to target essential genes could be used on their own to prevent growth of
particular pathogenic bacteria, either as a therapy in its own right or as a form of
preventative medicine to tackle bacteria before they become infections. Similarly those
decoys which target virulence determining genes could be used on their own to prevent the
spread of infection. In another example the decoys listed herein which act against H. pylori

could provide free standing therapies against stomach ulcers/development of peptic cancer.



comprises multiple transcription factor binding sites. 7.A decoy polynucleotide according to Claim 4,
Claim 5 or Claim 6, wherein the decoy polynucleotide comprises a linear oligonucleotide having at
least one 5' cholesterol modification. 8.A decoy polynucleotide according to any one of Claims 4 to 7,
wherein the decoy polynucleotide comprises a cirCtlar dumbbell. 9.A decoy polynucleotide according

to Claim 4, wherein the decoy polynucleotide comprises a plasmid and wherein the plasmid has one or
more copiedblaalyrnseirer sshushteriersptitinga sHaps Seepiereecunhasivascapliuenecddmprising

the transcgggip&ﬁ,g%p{ggtilqg@g@ld(ﬁpﬁ{gm the binding site is not operably linked to a gene. 10.A

decoy polynucleotide according to any of the preceding claims wherein the transcription factor binding
site in the decoy polynucleotide comprises any of SEQ ID NOS: 25 to 60, or a variant or fragment

thereof whigh rGIAINF ASLRLABAHR sdt Aol RAMA HRQIAMH SIS RANELRCRYPRIYRYEIRONe, the

polynucleotide comprising a binding site for a target transcription factor which is not operably linked to

a gene; wHependeRbURSI EanipsiResepipieditkatile dpcmetiianterBtigarfacicsperanidlinked to a gene
or genes; andiherARdhe JaraRh RIS U IR RGO EAMPFIRES R IRAMALOL Ol RSRIRMIf @ gene or

genes encoding one or more of: (i) a’cellular adaptive response; (i) a cellular intrinsic antibiotic
resistancecAHBERERRSTYtiny A celnn RaciRiine red REIBRT®L (iv) a cellular essential gene. 12.A cell
according to Claim 11, wherein the decoy polynucleotide is as defined in any of 85 13. A cell
according to Claim 11 or Claim 12, wherein the cell is a bacterial pathogen. 14. Use of a decoy
polynucleIrfe uBUBHHderidsh e abshiseihcrn pdioke wiethiradtineor expricdment for treating

bacterial infeion. ApjiesRibtR AL INBLO Wi AMG08 MQrsiARERIAIC AN oF fribRCERERRgeNtS. .
15. Use according to Claim 14 wherein treating bacterial infection comprises treating a condition

selected RSN TpFiEURIGHBRdete WRAES MRSOYI Y CostsustRRID Hiseiesentirigticn sepicalbutbcenteritis,

septicaemigBAatemIRoNPHENER JRRPHC IIR] Sné BLIABRAMNE S HISQASRY/GPHRI08BR sascomial
infections, sepsis, ricketts, typhoid, dysentery, cholera, plague, anthrax, pseudomembranous colitis,
diptheria, a&sHa]s aeiser by RIS SSBeHBEANECN BN Aflatss ( tHRRctSRr BN TG 24i8Ra, inhibiting
bacterial growth, or reducing bacterial virulence, the method comprising applying a decoy

polynucleotide as defined in any of Claims 1 to 10, optionally in combination with one or more
antibioticsl%ﬁ?@/}bp‘%ﬂﬁ{ﬂﬂ‘é]@@ﬁ%ﬂsﬁéh?spresent invention may further be used in products that are

applied to a surface, such as a work bench or hands, for a time and under conditions that are
sufficient to reduce or prevent growth of a microorganism, and/or kill a microorganism,
thereby reducing or preventing growth or killing a microorganism. For example, one or
more decoys may be sprayed onto the surface. Such spray application is useful, for example,
for preparing a surface for preparation of a foodstuff or sterilising an object to be inserted
into a patient. This is because spraying the decoy formulation reduces the handling of the
surface or object, thereby further reducing the risk of contamination. Hand and mouth wash

applications are also contemplated within the scope of the invention.

In the above circumstances, the decoys may be formulated in a suitable aqueous format. In
which instance, the formulation may comprise water to forma and aqueous composition.
The aqueous composition may further comprise aqueous and organic solvents and their

combinations.

The invention also relates to kits for antibacterial use comprising a decoy polynucleotide as
described herein and one or more antibiotics or other antibacterial agent(s) for combined use
in killing or inhibiting growth or virulence of bacteria. Typically the kit includes
instructions for use. Again the kit may be for therapeutic use, e.g. against bacterial infection,

or for non-therapeutic use, e.g. for cleaning or disinfecting.



17. A pharmaceutical composition comprising a decoy polynucleotide according to any of Claims 1 to
10 and a pharmaceutically acceptable excipient or carrier, optionally in combination with one or more
antibiotics and/or antibacterial agents. 18. A cleaning composition comprising a decoy polynucleotide
according to any of Claims 1 to 10, optionally in cdfhbination with one or more antibiotics and/or
antibacterial agents. 19. A kit comprising a decoy polynucleotide according to any of Claims 1 to 10,
and one or more antibiotics and/or antibacterial agents, wherein the decoy and the one or more

antibioticsjﬁlpq&h%gm@dqg%%i%rgrgq{eggggqmg&%é@ gyligge%g@ria, inhibiting bacterial

growth, or reducing bacterial virulence. 20. Use of transcription factor decoys (TFDs) for the
manufacture of a medicament to reduce the viability of prokaryotic cells. 21. Use of transcription factor

decoys (TR} ALHsh AN URE e Al AtRE HCARENTQi ¢ %rtBPﬁGHJlﬁHﬁﬁlgfeQé%ﬁ&QUm{?e"5- 22. A
transcription factor decoy (TFD) comprising SEQ ID NO: 57. 86 23. A transcription factor decoy

(TFD) conipitesngesethafoNeyving fpares irawbidhstion factor decoy (TFD) comprising SEQ ID NO: 60
25. Use of the transcription factor decoy of any one of Claims 22, 23 or 24 for the manufacture of a

medicament for the treatment of bacterial infection. 1 SEQUENCE LISTINGS Organization Applicant
5Street : NidgHEnl BloaprubbIGILIN & riteen Fosde dreirtaricr chim &y pang eit{20Rrmie B 33%te : Country :

UK POStalM‘% iR AR JARberaNwRbely f&%ﬁ%ﬁﬁél@@@ﬂﬁ%ﬁ%ﬁd fluoroquinoline

antibiotics respectively. Reference numbers in the right hand column refer to those given in

the paper.

Figure 2. A copy of Table 2 from Poole J. (supra) listing examples of regulators and
regulatory sequences which can be targeted according to the present methods. The Table
also provides examples of bacterial strains in which the regulators or sequences occur and

examples of disease indications associated with these bacteria.

Figure 3. Provides a graphic representation of how n[snare] plasmids can be used to affect
gene expression. A gene (A) is transcriptionally inactive due to the binding of a repressive
transcription factor (B) to a cis-regulatory sequence (C) within the promoter of the gene.
When introduced into a cell the n[snare] plasmid is able to affect expression of the targeted
gene by titrating off the transcription factor B from the genomic promoter to relieve

transcriptional repression of the downstream gene (D).

Figure 4. Shows the amplification product obtained using the primers in SEQ ID NOS: 3

& 4 and an appropriate vector substrate (Example 1.2).

Figure 5. Shows growth curves for M. smegmatis cultured in the presence of sub-inhibitory
concentrations of isoniazid (IZ) or rifampicin (RF), where the bacteria have been treated
with a WhiB7 decoy sequence (+) or treated with a negative control sequence (-) as in

Example 2.

Figure 6. Shows growth curves for E. coli grown in the presence of cerulenin, where the
bacteria have been treated with a FabB decoy (targeting the FadR binding site) or treated

with a negative control sequence, as in Example 3.



<110> OrganlzatlonName : Procarta Blosystems Limited 15 Application Project <120> Title :
Transcription Factor Decoys <130> AppFileReference : PO00087SG2 <140> CurrentAppNumber :
20<141> CurrentFilingDate :- - Earlier Applications <150> PriorAppNumber : US 61/102,414
25<151> PriorFilingDate : 2008-10-03 Earlier Appfi¢ations <150> PriorAppNumber : US
611167,592 30<151> PriorFilingDate : 2009-08-04 Earlier Applications <150> PriorAppNumber :
GB 09069130 35<151> PriorFilingDate : 2009-04-08 Earlier Applications <150> PriorAppNumber :

PCLIGB2ARQUIR3 OSSR ENEHIADA 2008 S RSO A QigalsmName :

45<400> PreSequencesString : ggccgccatg goggccgogg gaattc 26 <212> Type : DNA <211> Length :
26 50SeqakNEEReHONSHRIDINbactegaglie e P (trbsurve) or have been treated with a

SsaA decoy (second curve) or a LytM decoy (third curve) as in Example 4.

Figure 8. Shows growth curves for S.aureus grown in the presence of uninocculated media
(BHI negative control), transfected with a control TFD having a scrambled TFD sequence
and grown in BHI media, transfected with SsaA TFD (containing a WalR site) and grown in
BHI media, transfected with thu TFD (designed to block iron uptake) and grown in BHI
media, transfected with sig TFD and grown in BHI media, transfected with an unrelated
TFD and grown in NRPMI media (iron-limited compared to BHI), and transfected with thu
TFD and grown in NRPMI media.

Figure 9. Shows that Fur TFDs do not perturb growth of S. aureus in medium where iron is
non-limiting. S. aureus was grown in BHI media with the Fur TFD but without the
Gramicidin as a transfection reagent (TFD alone; hollow circles), or combining 60 nM
Gramicidin with 1 nM of a control TFD (Control TFD; hollow triangles) and the Fur TFD
(Fur_TFD; filled squares) that is designed to manipulate expression of the fau operon.

Results are the average of three repeats and error bars show the standard error.

Figure 10. Shows that Fur TFD lifts repression of fhu genes. (A). Gramicidin-mediated
transfection of S. aureus. Cells were treated with TFD alone, or Gramicidin and either the
Control or Fur TFD were harvested, washed and lysed. qPCR was used to establish the
average numbers of TFD relative to the number of genomes. (B). Transfection of Fur TFD
represses fur genes in S. aureus. Parallel samples were used to determine relative levels of

thu expression by qPCR.

Figure 11. Shows that Fur TFDs prevent growth of S. aureus in iron-limiting media. S.
aureus was grown in an iron-limited media, NRPMI, with the Fur TFD but without the
Gramicidin as a transfection reagent (TFD alone; hollow circles), or combining 60 nM
Gramicidin with 1 nM of a control TFD (Control TFD; hollow triangles) and the Fur TFD
(Fur_TFD; filled squares). Results are the average of three repeats and error bars show the

standard error.



2 Sequence <213> OrganlsmName : <400> PreSequencesString : 5 aggcggccgc gaattcacta gtg 23
<212> Type : DNA <211> Length : 23 SequenceName : SEQ ID NO: 2
10SequenceDescrlptlon : Sequence <213> OrganlsmName : 15<400> PreSequencesString : cttg ttttt
ccaagagaag agcccgccat ggcggcecgceg ggaattc 47 <B12> Type : DNA <211> Length : 47
20SequenceName : SEQ ID NO: 3 SequenceDescrlptlon : Sequence 25<213> OrganlsmName :

<400> Prddgunrehbeeing theagtolteodaengiigermyagcagiptemeieg tirapeteat defigatve kosto> Type :
DNA range of the S. aureus Fur targeted TFD (SAfhu). The MEME-derived consensus sequence

shown in the top panel of the figure is a S. aureaus Fur binding site motif created from the

sequences listed in the bottom panel.

Figure 13. Shows growth curves of three MRSA strains either in the presence of a control
TFD or a TFD (SA3 TFD) containing the -10/-35 recognition sequences for the S. aureus

alternative Sigma factor SigB.

Figure 14. Shows that Sig TFDs in a “dumbbell” configuration repress the growth of the
clinically-isolated MRSA strain MRSA-5.

Figure 15. Shows that WalR TFD in the dumbbell configuration prevents growth of
EMRSAI1S5. The fhu TFD is used as a control.

Figure 16. Shows S. aureus grown in BHI media with 1 nM WalR_TFD/DOTAP mixture
but without Lysostaphin as a transfection reagent (TFD alone; hollow circles), or combining
62 pg/ml Gramicidin with 1 nM of a control TFD (Scr TFD; hollow triangles) and the
WalR TFD (filled squares) that is designed to manipulate expression of the WalKR

regulon.

Figure 17. No resistance mechanism has been detected. (A). Total viable counts of
EMRSA-16 following completion of in vitro growth experiments described in Figure 1. (B).
Cells that were not killed by WalR TFD treatment were sub-cultured and tested in in vitro
growth experiments. WalR_TFD effectively killed the sub-cultured cells. Five subsequent
rounds were performed and no re-growth was seen for those cells treated with WalR_ TFD
as determined by measuring total viable counts. (C) Similarly growth curves of bacteria that
had previously been exposed to four rounds of TFD-selection show no signs of resistance as
they are efficiently killed. Cell growth was measured by recording A420 of cultures over a
period of 30 h, cells were either untreated (media alone; open circles), treated with the
control TFD plus transfection mixture (open triangles) or the WalR_TFD plus transfection

mixture (filled squares).



30<211> Length : 47 SequenceName : SEQ ID NO: 4 SequenceDescrlptlon : Sequence 35 <213>
OrganlsmName : M. smegmatls str MC2 155 <400> PreSequenceString : tggccacgga tccgggtgac
tgogggtccg tggcect 36 40 <212> Type : DNA <211> Length : 36 SequenceName : SEQ ID NO: 5
SequenceDescriptlon : 45 Sequence <213> OrgartsmName : E. coli str K12 <400>
PreSequenceString : tttattccga actgatcgga cttgttcagc gtacacgtgt tagctatcct gegtgcttca 5060 <212>
Type : DNRiggreth Miemdihitisn Seeuaisaentamensseotipt Noy dted sprieDdsdpdehfo5Sequence

<213> Of%@l‘ﬁf_ﬂfﬁﬁ'}s kiP BMRIUS16. Cells were either untreated (media alone; open circles),
treated with the control TFD plus transfection mixture (open triangles) or the WalR_TFD
plus transfection mixture (filled squares) by incubation for 30 minutes before being diluted
100-fold into media without either transfection agents or TFD complexes. Only those cells

originally treated with WalR_TFD were unable to grow.

Figure 19. WalR_TFD is as effective as vancomycin in killing EMRSA-16 in a mouse
sepsis model. Kidney burden of EMRSA-16 was measured following systemic infection of
mice and treatment with the control TFD (Scr_TFD, 1 nM WalR_TFD, vancomycin and

vehicle alone).

Figure 20. Shows that transfection of E. coli with FabB TFD sensitises the bacteria to
antibiotics (cerulenin) that inhibit fatty acid synthesis. WhiB7 TFD is used as a negative

control as it is a FD carrying a sequence that does not occur in the E. coli genome.

Figure 21. Shows that transfection of a TFD containing the recognition sequence for the
054 factor of Klebsiella pneumoniae retards bacterial growth. WhiB7 TFD is used as a

negative control.

Figure 22. Shows sequences identified as WalR binding sites to find close matches in §
aureus and other organisms. A subset of hits is shown from which a consensus sequence has

been derived.

Figure 23. Panel A shows a MEME-derived consensus sequence for the S. aureus SigB
binding site. Panel B lists examples of occurrences (with E-values <100) of matches to a
consensus sequence in Bacillales (Gram-positive infections for which representative genera

include Bacillus, Listeria and Staphylococcus).

Figure 24. Panel A shows that KP_Sig TFD kills K. preumoniae in vitro. The TFD
containing the KP_Sig sequence prevented cell growth in vitro (KP_Sig, filled square). Two
controls were used: untreated cells (K. pneumoniae, hollow circle) and a control TFD
consisting of a scrambled sequence (KP-control TFD, hollow triangle). Panel B shows a

MEME-derived consensus sequence for the K. pneumoniae Sig binding site.



<400> PreSequenceString : gctatttt t aatgacaatg taatgagttt agtaaaaa 1038 <212> Type : DNA
<211> Length : 38 SequenceName : SEQ ID NO: 7 SequenceDescrlptlon : 15 Sequence <213>
OrganlsmName : S. aureus <400> PreSequenceString : 20 attacaaatt tgtaacagac ttatttta 28 <212>
Type : DNA <211> Length : 28 Sequenceffame : SEQ ID NO: 8 25SequenceDescrliptlon :
Sequence <213> OrganlsmName : M. smegmatls str MC2 155 30<400> PreSequenceString :
caccagccga aaaggccacg gacccgcagt caccoggatc cgtggccatt tttgtcggac 60 ccoccgagaa atctggtcge

aggatccatgﬂgﬁi:&g?ﬁﬁigﬂtgpﬁl%ggq%%ﬁgg@> Type : DNA <211> Length : 106 SequenceName : SEQ
ID NO: 9

SEQ ID NOS: 1 & 2 —oligonucleotide primers used for amplification of a target sequence
from the pGEMT-Easy vector as in Example 1.1.

SEQ ID NOS: 3 & 4 —oligonucleotide primers used for amplification of a target sequence
from the pGEMT-Easy vector in the production of dumbbell decoys as in Example 1.2.

SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

: 5 —the WhiB7 decoy used in Example 2

: 6 —the FabB decoy used in Example 3

: 7 —the LytM decoy used in Example 4

: 8 —the SsaA decoy used in Example 4

: 9 — anative WhiB7 binding site in M. smegmatis str MC2 155

10 — a native FadR binding site in £. coli K12

11 — a native binding site for YycF/YycG in S. aureus

12 — a native binding site for YycF/YycG in S. aureus

13 — a native binding site for Sig"® in S. aureus

14 — a native binding site for Sig"® in K. pneumoniae

15 — a consensus sequence for Fur binding in S. aureus

16 — a consensus sequence for Fur binding in E. coli

17 — a native binding sequence for Fur in H. pylori

18 — a consensus binding site for TcdR in C. difficile

19 — a consensus binding site for Vfr in P. aeruginosa

20 — a native binding site for Vfr in P. aeruginosa

21 — a native binding site for Vfr in P. aeruginosa

22 — a native binding site for NtrC in K. preumoniae

23 — a native binding sequence for ArsR in H. pylori

24 — a native binding sequence for ArsR in H. pylori

25 — a glycopeptide-resistant consensus sequence in S. aureus

26 — an Agr binding motif in S. aureus

27 — an Agr binding motif in S. aureus

28 — forward primer sequence for PCR preparation of the SasigB TFD
29 —reverse primer sequence for PCR preparation of the SasigB TFD
30 — forward primer sequence for PCR preparation of the SAthu TFD
31 —reverse primer sequence for PCR preparation of the SAthu TFD
32 — forward primer sequence for PCR preparation of the SsaA TFD



SequenceDescriptlon : 40 Sequence <213> OrganlsmName : E. coil K12 <400> PreSequencesString :
agtaagtttc gaatgcacaa tagcgtacac ttgtacgccg aacaagtccg atcagccatt 4560 taa 63 <212> Type : DNA
<211> Length : 63 50SequenceName : SEQ ID NO: 10 SequenceDescrlptlon : 4 Sequence <213>
OrganlsmName : S. aureus <400> PreSequenceSSﬂ'ing . 5 gctatttt t aatgacaatg taatgagttt agtaaaaa 38
<212> Type : DNA <211> Length : 38 SequenceName : SEQ ID NO: 11 10SequenceDescrlptlon :

SequenceSEQ ID NO:
SEQ ID NO:

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

33 —reverse primer sequence for PCR preparation of the SsaA TFD

34 — control sequence

35 — control sequence

36 — forward primer sequence for PCR amplification of 16s rRNA

37 — reverse primer sequence for PCR amplification of 16s rRNA

38 — forward primer sequence for PCR quantification of the thu gene

39 —reverse primer sequence for PCR quantification of the thu gene

40 — phosphorylated Sig dumbbell TFD oligonucleotide sequence

41 — phosphorylated Sig dumbbell TFD oligonucleotide sequence

42 — phosphorylated primer for dumbbell TFD containing scrambled version

of Sig binding site

SEQ ID NO:

43 — phosphorylated primer for dumbbell TFD containing scrambled version

of Sig binding site

SEQ ID NO:

44 — phosphorylated dumbbell oligonucleotide incorporating the binding

sequence for WalR

SEQ ID NO:

45 — phosphorylated dumbbell oligonucleotide incorporating the binding

sequence for WalR

SEQ ID NO:

46 — phosphorylated dumbbell oligonucleotide incorporating a scrambled

version of the WalR binding site

SEQ ID NO:

47 — phosphorylated dumbbell oligonucleotide incorporating a scrambled

version of the WalR binding site

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

48 — phosphorylated oligonucleotide incorporating the biding site for WalR
49 — phosphorylated oligonucleotide incorporating the biding site for WalR
50 — forward primer for FabB promoter

51 —reverse primer for FabB promoter

52 — forward primer for WhiB7 TFD

53 —reverse primer for WhiB7 TFD

54 — forward primer for TFD containing the recognition sequence for the 654

factor of K. pneumoniae

SEQ ID NO:

55 —reverse primer for TFD containing the recognition sequence for the 654

factor of K. pneumoniae

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

56 —sequence of a cell-penetrating peptide
57 — WalR TFD consensus sequence

58 — SigB TFD consensus sequence



<213> OrganlsmName : S. aureus 15<400> PreSequenceString : attacaaatt tgtaacagac ttatttta 28
<212> Type : DNA <211> Length : 28 20SequenceName : SEQ ID NO: 12 SequenceDescrlptlon :
Sequence 25<213> OrganlsmName : S. aureus <400> PreSequenceString : ttattatata cccatcgaaa
taatttctaa tcttc 35 <212> Type : DNA 30<211> Leﬁ@th : 35 SequenceName : SEQ ID NO: 13
SequenceDescrlptlon : Sequence 35 <213> OrganlsmName : K. pneumonlae <400>
PreSequehEQIHANO yateBg g dddacgauenseatggttat 30 40 <212> Type : DNA <211> Length : 30

Sequencedjaify REQID NP: 4 $RBHERRERESSHRHAR < 45 Sequence

EXAMPLES

Although in general many of the techniques mentioned herein are well known in the art,
reference may be made in particular to Sambrook and Russell, 3" Edition 2001, Molecular

Cloning: a laboratory manual.

Example 1

1.1 Cholesterol labeled TFDs in the presence of Streptolysin-O

Using oligonucleotide primers, one of which has a 5° cholesterol modification and the other
a similar modification at its 5* end or some other (such as a fluorescent dye, such as Cy35, so
that the uptake of the transcription factor decoy (TFD) can be easily measured) a TFD is
prepared by PCR. If the TFD has been previously cloned into a vector () GEMT-Easy) the
primers are designed to anneal to the vector sequences immediately flanking the insert, for

example:

SEQ ID NO: 1 Chol TEf: 5’ Cholesterol-TEG-GGC CGC CAT GGC GGC CGC GGG
AAT TC
SEQ ID NO: 2 Cy5 TEr: 5° Cy5- AGG CGG CCG CGA ATT CAC TAG TG.

If the sequence to be used for a TFD has not been cloned it may either be directly
synthesised (if short enough) and annealed to form the TFD, or amplified directly from

genomic DNA using primers designed to anneal within the TFD.

The PCR product is ethanol precipitated and resuspended in TE buffer (10 mM Tris.HCI, 1
mM EDTA pHS.0) at a concentration of 500-1000 ng/ul. Typically antibiotic sensitivity
assays are performed using 96 well plates, each well containing 200 ml of broth. For
example, in the case of Enterococcus faecium this broth is BHI (Brain Heart Infusion)
media (Becton Dickinson) supplemented with 0.2 U/ml Streptolysin-O (Sigma) and 5 ug/ml

of vancomycin antibiotic and inoculated with a vancomycin-resistant strain of E. faecium.



<213> OrganismName : S. aureus <400> PreSequenceString : actacaagta ctattagtaa tagttaaccc tt
5032 <212> Type : DNA <211> Length : 32 SequenceName : SEQ ID NO: 15 SequenceDescription :
Sequence 5 <213> OrganlsmName : E. coil <400> PreSequenceString : gataatgata atcattatc 19
10<212> Type : DNA <211> Length : 19 SequencéName : SEQ ID NO: 16 SequenceDescrlptlon :
15Sequence <213> OrganlsmName : H. pylon<400> PreSequenceString : gttgtcccat aattatagca
taaatgatad tBaaadgtiva/20unbbzily bR : DNA <211> Length : 42 SequenceName : SEQ ID NO:

17 Sequem@fl@é&'}s' 4r covalently closed single stranded DNA characterised by a double-
stranded centre, containing the binding site for the targeted factor, flanked by stem-loop
structures. The stem-loops stabilise the decoy by preventing action of exonucleases which
would otherwise degrade the decoy polynucleotide. Hence Dumbbell TFDs (DB) are so

called because of their characteristic shape.

DBs are prepared by PCR using as a template a pPGEMTEasy-derived plasmid containing

the targeted binding site, as described in section 1.1. The primers used in amplification are:

SEQ ID NO: 3 DBTEf: 5’ P- CTTGG TTTTT CCAAG AGAAGAGC CCG CCA TGG
CGG CCG CGG GAATTC

SEQ ID NO: 4 DBTEr: P- CCG TCT TTT TGA CGG CGA AGA GCA GGC GGC CGC
GAA TTC ACT AGT GA

The portion of the primers which will form the stem-loops are underlined. Amplification
with the appropriate vector gives the DNA product shown in Figure 4, where the portion of
the DB which will bind to the transcription factor is given by ‘NNN NNN’. The sequences
shown in bold represent a binding site for the nicking restriction enzyme Nt.BspQ1. In the
second part of Figure 4 the consequence of digesting the PCR product with Nt.BspQ1 is
shown; this exposes the stem-loop structures as single stranded regions which will form a
stem-loop and can subsequently be ligated by treatment with T4 DNA ligase to form a

covalently closed circle and DB.

1.3 Preparation of Dumbbell oligonucleotides by restriction digest of plasmid
Alternatively dumbbells can be made by cloning the blunted PCR product shown in Figure
4 into a suitable PCR-cloning vector, confirming its identity and preparation of the plasmid.
The plasmid can then be digested to release the insert which is additionally digested with
Nt.BspQ1 to release the fragment shown in the second portion of Figure 4. This can be
similarly treated with T4 DNA ligase in order to covalently close the DNA molecule and
form a DB.

The advantage of this approach is that is more amenable, both practically and economically,

to scaling up should the dumbbell be required in large quantities.



Sequence <213> OrganlsmName : C. difflolle <400> PreSequenceString : 30 aagtttacaa aattatatta
gaataacttt tttatt 36 <212> Type : DNA <211> Length : 36 SequenceName : SEQ ID NO: 18
35SequenceDescrlptlon : Sequence <213> OrganlsmName : P. aeruglnosa 40<400>
PreSequencesString : aaatgtgatc tagatcacat tt 22 2> Type : DNA <211> Length : 22
45SequenceName : SEQ ID NO: 19 SequenceDescrlptlon : Sequence 50<213> OrganismName :
P.aeruginosa <400> PreSequenceString : 6 5 10 cactctgcaa tccagttcat aaatcc

1.4 Transfection with R9-cholesterol agent.

R9-cholesterol has been described for its properties of aiding transfection of siRNA (or
other nucleic-acid based therapy) molecules and the like in eukaryotic cells (US Patent
Application No. 2007-0207966). Here we describe its utility in transfecting various bacteria
with TFDs.

R9-cholesterol, which consists of a cholesterol molecule attached to a linear chain of nine
D-arginines, was synthesised as previously described (Kim W.J. et al, Mol. Ther. (2006)
14:343-350). TFDs were mixed with increasing amounts of R9-cholesterol in a TE based
buffer supplemented with 5% glucose. The mixture was incubated at room temperature for 1
hour and then either used directly in transfections or analysed by agarose gel
electrophoresis. Typically the minimum amount of R9-cholesterol was used that caused the
complex with DNA not to run in the gel; i.e. the charge of the nucleic acid backbone had
been neutralized by binding of poly-arginine. The cholesterol molecule helps the TFD

associate with the bacterial membrane and so enter the cell.

TFD/R9-cholesterol conjugates were mixed at various concentrations into 200 ul of culture
in a 96 well plate. For example, in the case of Enterococcus faecium this broth is BHI media
(Becton Dickinson) supplemented with 0.2 U/ml Streptolysin-O (Sigma) and 5 pug/ml of

vancomycin antibiotic and inoculated with a vancomycin-resistant strain of . faecium.

Example 2

WhiB7 decov to sensitise Mycobacterium smegmatis to antibiotics

WhiB7 is a gene in Mycobacterium smegmatis that has been shown to have a role in
determining sensitivity of this bacterium to antibiotics. Functionally deleting this gene
renders the bacterium hypersensitive to antibiotics (PNAS (2005) 102:12200). WhiB7 is
believed to be a transcriptional regulator and several such genes have been described in the
literature. A close homologue of WhiB7 exisits in the pathogen Mycobacterium tuberculosis

which is the causative agent of Tuberculosis.

A decoy polynucleotide containing the WhiB7 decoy sequence was prepared as described in
Example 1.1 and various concentrations were used to transfect M. smegmatis grown in 20

ml of broth (in 200 ml shake flasks containing a wire baffle). The media used was 9H11



26 <212> Type:DNA <211> Length:26 SequenceName:SEQ ID NO:20 SequenceDescription:
Sequence <213> OrganismName:P. aeruginosa <400> PreSequenceString: gtaacagcgg aaccactgca
cag 23 <212>Type:DNA 15<211> Length:ZiS%5

(Becton Dickinson) supplemented with 10% ODAC (Becton Dickinson) and sub-inhibitory
concentrations of the antibiotics isoniazid (IZ) or rifampicin (RF). The flasks were
incubated at 37°C with shaking and at various intervals samples were withdrawn and their
absorbance measured (to monitor cell growth). Flasks were either treated with 100 nM of
the WhiB7 TFD (+) or treated with the negative control TFD (-). It was evident that in the
flasks treated with the WhiB7 TFD, but not the control TFD, cells were rendered sensitive
to both the antibiotics tested (see Figure 5).

SEQ ID NO: 5 - WhiB7 TFD 5* TGG CCA CGG ATC CGG GTG ACT GCG GGT CCG
TGG CCT 37

Example 3

FabB decov to down-regulate Escherichia coli essential genes

The FabB decoy contains the binding site for the FadR regulator that controls expression of
genes involved in the essential pathway of fatty acid synthesis (including fabA and fabB). It
has been demonstrated that functionally knocking out the fadR gene results in Escherichia
coli results in a strain that is deficient in aspects of fatty acid synthesis and unable to grow
in the presence of the antibiotic cerulenin (which targets fatty acid synthesis (J. Bacteriol.

(2005) 183:5292)).

The FabB decoy contained the sequence:
SEQ ID NO: 6 FabB TFD 5° TTT ATT CCG AAC TGA TCG GAC TTG TTC AGC GTA
CAC GTG TTA GCT ATC CTG CGT GCT TCA 3’

The decoy was prepared as described in Example 1.1 and used at various concentrations to
transfect a well of a 96-well plate containing 200 ul of Rich media (10 g Tryptone, 5 g
NaCl, 1 g Yeast extract per litre and supplemented with 0.2% glucose and 0.4% acetate,
final concentrations) supplemented with 1 pg/ml cerulenin (Sigma). The plates were
incubated at 37°C with shaking and absorbance readings (at 595 nM) were taken using a
plate reader. All data points were performed in triplicate. Bacteria were either untreated with
TFDs (Untreated), transfected with FabB TFD (FabB) or a negative control consisting of a

TFD whose sequence did not occur within the genome of E. coli (Van).



SequenceName:SEQ ID NO:21 SequenceDescription: Sequence 20 <213> OrganismName:
K. pneumoniae

56

As is evident in Figure 6, the untreated sample and negative control both grew at
comparable rates in the broth but treatment with the FabB TFD caused the cells to hardly

grow at all.

Example 4

Decoys to sensitise Staphyvlococcus aureus 1o stress response

Decoy polynucleotides were transfected into S. aureus by electroporation. Bacterial cells
were prepared by standard methods. Briefy, cells were grown to early exponential phase in
LB media at 37°C as defined as reaching an Absorbance of 0.3 at 420 nM. The cells were
chilled to 4°C and harvested by low speed centrifugation and washed three times in a
similar volume of sterile, ice-cold 10% (v/v) glycerol. Finally the cells were resuspended in
a tenth of their original volume in 10% glycerol. Electroporation was performed by mixing
50 ul of cells with 1 ul of TFD (typically 100 ng to 1 ug of DNA) in an electroporation
cuvette and electroporated in a BioRad Genepulser with settings of 2.5 kEV, 100 Q and 25
uF, giving time constants in the range 3.8 to 4.8 ms. Typically 50 ul of electroporated cells
were used to inoculate 10 ml of BHI or LB media with 30 mM KOH (to induce stress
response). 200 ul of cells were aliquoted into wells of a 96 well plate that was incubated at
37°C with moderate shaking, growth was monitored by measuring absorbance. Plots of
growth curves demonstrated the effects of specific TFDs in slowing the rate of growth
compared to a control that had been taken through a mock-electroporation (where no DNA
had been transfected), or transfected by an unrelated sequence (Figure 7). The following

decoy sequences were capable of slowing the growth of S. aureus under conditions of stress:

SEQ ID NO: 7: LytM TFD 5° GCT ATT TTG TAA TGA CAA TGT AAT GAG TTT
AGT AAA AA Y
SEQ ID NO: 8 SsaA TFD 5 ATT ACA AAT TTG TAA CAG ACT TATTTT A 3".

Example §
Sig TFD inhibited growth of S. qureus

Sig TFD contained the binding site for the S. aureus SigB protein. This protein is the
alternative sigma factor that controls a large set of stress related genes (Wigneshawerajaj,
Molecular Microbiology (2008) 68:538). By transfecting S. aureus cells with this TFD and
growing the cells in 96 well plates in defined medium, it is evident that the TFD inhibits
growth of the cells. Fhu DNA contains the binding site for the Fur transcription factor that



<400> PreSequenceString: gotttgcact accgcggccc atccctgecc caaaacgatc got 43 25 <212>
Type:DNA <211> Length:43 SequenceName:SEQ ID NO:22
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regulates uptake of iron under conditions where that ion is limiting (Horsburgh et al, J.
Bacteriol. (2001) 183:468). SsaA contains the binding site for the two-component regulator
WalR, which has previously been shown to regulate 12 genes that affect the rate of growth
(Dubrac & Msadek, J. Bacteriology (2004) 186:1175).

5.1 Preparation of TFDs by PCR

The TFDs are prepared by PCR as described in co-pending application
PCT/GB2008/003353. The oligonucleotide primers used in the PCR reaction typically
modified at the 5° end, for example, one of which has a 5° cholesterol modification. Other
modifications used include biotin, amines, cell penetrating peptides, fluorescent dye, such as
Cys5 or fluorescin, so that the uptake of the TFD can be easily measured. Other
modifications considered for testing include lipids that are characteristic of the membranes
of pathogenic bacteria. TFDs generated by PCR can therefore be modified at their 5° ends
with a variety of molecules that serve to: increase the in vivo stability of the TFD; increase
the efficiency of uptake; enable detection by fluorescence. If the TFD has been previously
cloned into a vector (pGEMT-Easy) the primers are designed to anneal to the vector

sequences immediately flanking the insert, for example:

SEQ ID NO: 1 - Chol TEf: 5° Cholesterol-TEG-GGC CGC CAT GGC GGC CGC GGG
AATTC¥
SEQ ID NO: 2 - Cy5 _TEr: 5’ Cy5- AGG CGG CCG CGA ATT CACTAG TG 3.

The PCR product is ethanol precipitated and resuspended in TE buffer at a concentration of

500-1000 ng/pl.

The TFDs are cloned by annealing together pairs of synthetic phosphorylated
oligonucleotides that contain the binding site to be tested. Each pair of oligonucleotides
contain an adenine at the 3’ end, this is for ease of cloning into the pGEM_Teasy vector that

has 5’ thymine overhangs (to expedite cloning of PCR products).

The primer sequences that were used for the Sig TFD are:

SEQ ID NO: 28 — SasigB FOR: GAA GAT TAG AAATTATTT CGA T GGG TAT ATA
ATA A



SequenceDescription: 30 Sequence <213> OrganismName: H. pylori <400> PreSequenceString:
ataatcataa tgattaaagt tttcatattc attataaatc cgtttacaca attatt 35
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SEQ ID NO: 29 - SASigB REV: TAT TAT ATA CCC ATC GAA ATA ATT TCT AAT
CTTCA

The primer sequences that were used for the Fhu TFD are:
SEQ ID NO: 30 — SAfhu FOR: ACT ACA AGT ACT ATT AGT AAT AGT TAA CCC
TA

SEQ ID NO: 31 - SAthu REV: AGG GTT AAC TAT TAC TAA TAG TAC TTG TAG
TA

The primer sequences that were used for the SsaA TFD are:

SEQ ID NO: 32 — SsaA FOR: ATT ACA AAT TTG TAA CAG ACT TATTTT A
SEQ ID NO: 33 — SsaA REV: AAA ATA AGT CTG TTA CAA ATT TGT AAT A

5.2 Performing growth studies in 96-well plates.

Cholesterol/Cy5-labeled decoy polynucleotides were prepared as in section 5.1. Typically 1
ug of TFD was then complexed with 0.3 pl of the liposomal transfection reagent DOTAP
(Roche) and incubated at room temperature for 10 min. The assays to determine their effect
on growth of bacterial cells were performed using 96 well plates, each well containing 200
ul of broth consisting of BHI media (from Becton Dickinson), which is not iron-limited,
supplemented with 60 nM Gramicidin (from Sigma Corporation. Cat# G5002) or iron-
depleted media (NRPMI) similarly supplemented with Gramicidin. The method for iron-
depletion is described in full elsewhere (Science (2004) 305:1626-1628). 1 ul of various
concentrations of a Cholesterol/Cy5-labeled decoy complexed with TFD were added to each
well and their effect on bacterial growth of S. aureus monitored by measuring absorbance
of the broth at intervals during incubation. The plates were incubated at 37°C with shaking
and absorbance readings (at 450 nM) were taken using a plate reader. Several decoys were

tested: Sig, thu and SsaA.

As can be seen in Figure 8, it is evident that treatment with as little as 10 nM Sig TFD
prevented growth in BHI medium, while a similar amount of the thu TFD had no effect on
bacterial growth in this media, which is non-iron limiting. 10 nM of the SsaA TFD resulted

in a measurable delay in bacterial growth.



56 <212>Type:DNA <211>Length:56 SequenceName:SEQ ID NO:23 40
SequenceDescription: Sequence
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When an iron-limited media was used 10 nM of the thu TFD proved able to prevent growth,
whereas a similar amount of a control TFD (SsaA) had no effect on bacterial growth under

these conditions.

Example 6

Fur TFDs control expression of fhu and preventing growth of S. aureus in iron-limited

media.

TFDs were designed to bind to the Fur transcription factor, which plays a central role in
controlling bacterial iron uptake (Somerville and Proctor (2009) Microbiol. Mol. Biol. Rev.
73: 233-248), negatively regulating the fiu operon that controls import of scavenged iron.
Iron is essential for growth - it is needed for electron transfer and acts as a cofactor in many
enzymatic processes. However, in the host, iron is present in limiting amounts and is usually
rendered inaccessible to the bacteria by incorporation into host carrier proteins such as
transferrin and lactoferrin. In response, S. aureus synthesises high-affinity iron-chelators,
siderophores, that bind iron and use ABC transporters, such as that encoded by fhuCBG, to
import the iron-siderophore complex into the bacterial cytoplasm. Since the import of
excess iron would result in free radical formation by the Fenton reaction, with subsequent
cell damage (Wandersman and Delepelaire, Ann Rev Microbiol (2004) 58:611-647), iron
uptake must be tightly regulated. Fur knock-out strains grow poorly in iron-limited media in
vitro and lose their pathogenicity in animal models (Horsburgh, ef al. J. Bacteriol (2001)

183:468-475), demonstrating the potential of Fur as a therapeutic target.

6.1 METHODS

6.1.1 Bacterial strains and culture conditions

S. aureus ATCC 6538NA cultures were grown and maintained in BHI media (Becton
Dickenson). Frozen stocks were prepared by mixing equal volumes of a culture in early
exponential growth (OD of 0.3 at Agg) with 50% glycerol and freezing at -80°C. BHI was
the media used for non-iron limiting conditions and NRPMI, which had been prepared as

previously described (Skaar et al. 2004), for iron-limiting growth conditions.

6.1.2 Preparation of TFDs
Plasmids containing the TFD sequences were created by annealing oligonucleotides

containing the binding site for Fur (SAFurl, 5’ P- ACT ACA AGT ACT ATT AGT AAT



<213> OrganismName: H. pylori 45 <400> PreSequenceString: gaaattgttc tatttattat ccattt ctt
attaataatt ggttgttaat tttggtttag 60a 61 50
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AGT TAA CCC TA- 3’ (SEQ ID NO: 30) and SAFur2, 5° P- AGG GTT AAC TAT TAC
TAA TAG TAC TTG TAG TA-3’ (SEQ ID NO: 31)), and a control sequence (Conl, 5’ P-
TGG CCA CGG ATC CGG GTG ACT GCG GGT CCG TA- 3’ (SEQ ID NO: 34) and
Con2, 5’ P- ACG GAC CCG CAG TCA CCC GGA TCC GTG GCC AA- 3’ (SEQ ID NO:
35), ligating them into the pGEMTEasy vector (Promega) and transformed into E. coli
DH5a (Invitrogen). The TFDs were then amplified by PCR using pGEMTeasy targeted
labelled primers chol-Tef (5°- Cholesterol- GGC CGC CAT GGC GGC CGC GGG AAT
TC- 3’ (SEQ ID NO: 1)) and cy5-Ter (5°- Cy5- AGG CGG CCG CGA ATT CAC TAG
TGA- 3’ (SEQ ID NO: 2)) and purified by ethanol precipitation.

6.1.3 Transfection procedure

A stock solution of gramicidin (Sigma) was freshly prepared by dissolving 21 mg in 1 ml
methanol, diluted prior to use in water and further diluting 1/100 in growth medium to give
a final concentration of 60nM. Supplemented media was inoculated 1/100 with the frozen S.
aureus stock and incubated at room temperature for 10 min. TFD-DOTAP complexes were
formed by mixing 1 ug of TFD with 2ug of DOTAP (Roche) and incubating at room
temperature for 10 min on the bench. The TFD complex was then mixed with inoculated
medium, aliquoted into 96 well flat-bottomed plates and growth was analysed by culturing

at 37°C with shaking in a BioTek plate reader.

6.1.4 Quantification of TFD number by real-time gPCR

Cells from individual wells were washed twice in PBS (phosphate buffered saline) and
resuspended in 100ul water. 1ul of each sample was used in each qPCR reaction, mixing
DNA standards or samples with primers to either amplify the TFD (Tef and Ter; SEQ ID
NOs 1 & 2) or 16S rRNA (stypF, 5’- ACG GTC TTG CTG TCA CTT ATA- 3’ (SEQ ID
NO: 36); stypR, 5’- TAC ACA TAT GTT CTT CCC TAA TAA- 3’ (SEQ ID NO: 37)) in
12.5 ul of SYBR Green DNA mix supplemented with 0.5ul of ROX (Invitrogen). The

resultant data was used to calculate the number of TFDs present per genome.

6.1.5 RNA Analysis

Cultures were treated with RNA Protect reagent (Qiagen) and the bacteria harvested as
described and stored at -80°C. The cell pellets were resuspended in 100ul of TE buffer (10
mM Tris-HCI, 1 mM EDTA) containing 100ug/ml lysostaphin and incubated at 37°C for 30
min to lyse the cells. 700 ul of RLT buffer was added (Qiagen RNA extraction kit) and
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RNA harvested as per the manufacturer’s protocol. Any remaining DNA was digested using
an Invitrogen DNase I, mixing 2.5ug of the RNA sample with 1.25 U DNAsel in 25 pl at
room temperature for 15 min. The DNAsel enzyme was deactivated by adding 2.5ul of
25mM EDTA and heating at 65°C for 10 min and the treated RNA used for cDNA synthesis
using random primer synthesis (NEB Protoscript). Using standard real-time PCR methods
the cDNA was used to quantify relative transcription using primers for the thu gene
(qSAfhuF, 5°- CGT CAA TCA TTG GTC CTA ACG GCT GC- 3’ (SEQ ID NO: 38);
qSAfhuR, 5°- GCC ATC TGC TAC TTC AGG TGA TTG AGG- 3° (SEQ ID NO: 39)) and
normalising using levels of 16s rRNA (using primers stypF and stypR; SEQ ID NOs: 36 &
37).

6.2 RESULTS

6.2.1 Transfection of Fur TFD in non-iron-limiting medium.

Iron availability affects the regulation of fifty nine S. aureus genes of which seventeen have
been shown to be Fur regulated (Allard et al, Microbiol. Infect. (2006) 8:1679-1690; Xiong
et al, J. Infect. Dis. (2000) 181:1020-1026; Horsburgh et al, J. Bacteriol. (2001a) 183:468-
475). Fur also acts as a positive regulator of some Per-regulated genes, including katA,
which encodes a catalyse required for oxidative stress resistance (Horsburgh et al, Infect.
Immun. (2001b) 69:3744-3754; Morrissey et al, Infect. Immun. (2004) 72:972-979) and
consequently fur mutants are thus compromised in their ability to prevent toxic hydroxyl
radical formation. These diverse and complex regulatory properties may account for the
reduced virulence of the S. aureus fur mutant. To evaluate the applicability of the TFD
approach for modulating Fur activity, a TFD was designed incorporating the Fur binding
site, which had been identified previously by footprinting experiments performed on the fhu
promoter of S. aureus (Xiong et al. 2000). The control TFD consisted of an unrelated
sequence of similar nucleotide composition that does not occur in the S. aureus genome; this
was to establish whether the action of the Fur TFD was sequence-specific and whether there
was a killing effect caused by the transfection procedure alone. Each nucleotide sequence
was ligated into the Escherichia coli vector pPGEMTEasy and the resultant plasmids used
with primers flanking the insertion site to generate the TFDs by PCR. The primers were
routinely modified at the 5 end, partly to increase the stability of the TFDs by protecting
them from exonucleases, but also to functionalise the molecule with cholesterol (forward
primer) and a cy5 dye (reverse primer). Hence, the total lengths of TFDs were 60 bp for the
Fur TFD and 62 bp for the Control TFD.
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To achieve transfection, TFDs were mixed with the commercially available lipid
preparation DOTAP to form a stable complex and shield the negative charge of the
phosphate backbone. The TFD-DOTAP complex was then mixed with S. aureus in BHI, a
non-iron limiting medium, which had been supplemented with 60 nM gramicidin.
Gramicidin is an antimicrobial peptide with activity against the membranes of Gram-
positive bacteria (Herrell and Heilman, J. Clin. Invest. (1941) 20:583-591). Previous
experiments by the inventors have established that sub-lethal concentrations of gramicidin
were sufficient to allow fusion of the TFD-DOTAP complex to the bacterial membrane and
uptake of the TFD. The addition of the transfection reagents together with the control TFD
resulted in a reduction of the S. aureus growth rate. This is probably due to some
bactericidal activity caused though weakening of the cell wall. Transfection using 1 nM of
either the Fur or the Control TFD resulted in very similar growth curves in an iron-rich
medium (Figure 9). Interestingly, the fur knock-out showed a growth defect in rich medium
(Horsburgh et al, 2001) whereas no difference was seen between the control and Fur TFD
treated sample. One explanation for the difference could be the different growth conditions
(for example, poor acration on 96 well plates) and media but more pertinent could be the
fundamental differences between a genetic knock-out and the effects of TFD treatment. The
Fur TFD will prevent binding of any transcription factor capable of binding that site, not
only the Fur protein but additional proteins that bind to the same site. Increasingly it is being
realised that transcriptional regulation in bacteria is more complex than previously thought
and, as in eukaryotes, has inputs from many regulatory networks and hence is modular, with
more than one transcription factor affecting expression (Barnard et al, Curr. Opin.

Microbiol. (2004) 7:102-108).

Quantitative PCR was performed to establish whether transfection of the cell had occurred
and if so how many TFDs had entered per genome. In the absence of gramicidin and
DOTAP, TFDs were not detected inside of or attached to the bacterial cells, demonstrating
that TFDs do not enter the cells spontancously and that the washing procedure had
successfully removed any TFDs non-specifically associated with the cell surface. In the
presence of the transfection reagents, Fur and the Control TFD were detected at 4500 and
5340 TFDs per genome, respectively (Figure 10A). Hence, the transfection procedure was
delivering a substantial number of both TFDs into the bacterial cells without having any

observable differential effect on growth in iron-rich media.
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6.2.2 TFD-controlled expression of fhu.

If the Fur TFD was acting to bind Fur and so prevent it from binding to fAu promoter it
would be expected that repression of the fhu genes should be lifted. To test this, the copy
number of fhu transcripts (standardised to ribosomal DNA) present in the Fur TFD-treated
sample was compared with the Control sample (Figure 10B). Performing quantitative real-
time RT-PCR on RNA isolated from the samples shown in Figure 9 established that the
Fur TFD had made the predicted change to fAu transcription: it was five-fold higher than in
the Control sample. Hence, transfection of specific TFDs can be used to modify patterns of

expression of genes in S. aureus known to be essential for pathogenicity.

6.2.3 Effect on growth of Fur TFD in iron- limiting media

Using the same transfection protocol the Fur and Control TFDs were introduced into S.
aureus cultured in an iron-limited medium (Skaar et al, Science (2004) 305:1626-8). As
expected growth was delayed in this medium when compared with growth in BHI.
However, the culture that had been transfected with the Fur TFD failed to show any signs of
growth over the course of the experiment (Figure 11), demonstrating that perturbation of
iron-regulation under iron-limited conditions is deleterious to growth and replicating the

results seen with the Fur knock-out mutant (Horsburgh et a/, 2001a).

The Fur transcription factor is generally thought of as a globally acting repressor which
down-regulates the transcription of iron uptake genes under conditions where iron is in
excess, preventing iron toxicity, which is caused by Fenton’s reaction (Wandersman &
Delepelaire, Ann. Rev. Microbiol. (2004) 58:611-647). Mutation of S. aureus fur also has a
detrimental effect on virulence with an inability to grow under iron-limiting conditions,
resulting in attenuation in vivo (Horsburgh et al. 2001a). The reasons for this remain
unclear, but perhaps reflect the central role of Fur in adapting bacteria to changes in the
environment, and a compromised ability to respond to oxidative stress. The effect on
virulence does not appear to be unique to S. aureus. Mutation of fur causes the attenuation
of Vibrio cholerae, Campylobacter jejuni, Helicobacter pylori, Actinobacillus
pleuropneumoniae and Bacillus cereus in vivo (Mey et al, Infect. Immun. (2005) 73:8167-
8178; Palyada et al, J. Bacteriol. (2004) 186:4714-4729; Bury-Mone et al, Mol. Microbiol.
(2004) 53:623-638; Jacobsen et al, Infect. Immun. (2005) 73:3740-3744; Harvie et al,
Microbiol. (2005) 151:569-577). Bioinformatic analysis of the S. aureus Fur consensus
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previously identified sequences (Horsburgh ef al. 2001a) demonstrated that it was highly

conserved in Bacillus cereus, Bacillus anthracis, Bacillus subtilis, Lysteria monocytogenes

as well as in S. aureus (Figure 12), predicting activity against other Bacillales.

Antisense molecules have been used to treat pathogenic bacteria. Most notably using
modified backbones, such as peptide nucleic acids (Good & Nielsen, Nat. Biotech. (1998)
16:355-358) and morpholino oligonucleotides (Shen et al, Proc. Natl. Acad. Sci. USA
(2009) 106:8163-8168), and achieving delivery with cationic peptides. These down-regulate
translation of targeted mRNAs at micromolar concentrations to inhibit growth of microbes
in vitro and in vivo. The switch to modified backbones has the advantages that it increases
the stability of the oligonucleotide in biological fluids and reduces or removes the negative
charge of the phosphate backbone. This later effect has the advantage that modified
oligonucleotides are casier to transfect through the negatively charged outer membrane of
bacteria. However, as TFDs work by interfering with DNA-protein interactions and it is
probable that the phosphate backbone is important for protein recognition it cannot be

readily replaced.

In this example, it has been demonstrated that TFDs, as sizeable oligonucleotides with
natural backbones, can be efficiently delivered into cells, using a combination of peptides
and liposomes to kill bacteria at nanomolar concentrations. TFDs are effective at much
lower concentrations as they block an enzymatic process (transcription) whereas antisense
work as steric blocks on the products of transcription (mRNA). A further advantage of using
TFDs is that they block the expression of many essential genes, rather than having a single

target, making them less susceptible to resistance mechanisms.

Example 7
Sig TFD inhibits growth of MRSA strains

Cholesterol/Cy5-labeled decoy polynucleotides were prepared as in Example 5.1. Typically
1 pg of Sig TFD was then complexed with 0.3 pl of the liposomal transfection reagent
DOTAP (1,2-dioleoyl-3-trimethylammonium propane; Roche) and incubated at room
temperature for 10 min. The assays to determine their effect on growth of bacterial cells
were performed using 96 well plates, each well containing 200 pl of broth consisting of BHI

media (Becton Dickinson) supplemented with 60 nM Gramicidin (Sigma Corporation. Cat#
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G5002). 1 pl of various concentrations of a Cholesterol/Cy5-labeled decoy complexed with
TFD were added to each well and the effect on bacterial growth of clinical isolates of S.
aureus that had been determined to be methicillin-resistant strains (MRSA) was monitored.
Growth was monitored by measuring absorbance of the broth at time intervals during
incubation. The plates were incubated at 37°C with shaking and absorbance readings (at 450

nM) were taken using a plate reader.

As shown in Figure 13, it was evident that treatment with as little as 10 nM Sig prevented
growth of the MRSA strains in BHI medium. A similar amount of the control TFD
containing an unrelated sequence of similar length not found in the S. aureus genome had

no effect on bacterial growth in this media.

Example 8
Sig TFD potentiates the action of antibiotics against EMRSA15 (a clincially isolated

epidemic strain)

Sig dumbbell TFD was prepared as described in Example 9.1 (see below). A growth assay
was carried out as described in Example 5.2 with a well-characterised MRSA strain,
EMRSAT1S5. This strain shows resistance to methicillin (being able to grow in 2 mg/ml of the
antibiotics), 0.5 mg/ml erythromycin and 0.5 mg/ml Ciprofloxacin (Porter and Damani, J.
Hospital Infection (2007) 65:88).

As shown in Table 1 below, the EMRSA 15 strain was resensitised to methicillin,
erythromycin and ciprofloxacin, in the presence of 10 nM of Sig TFD, as measured by
determining the lag-time in growth of the bacterial culture. In such experiments a lag-time
of 0 h for the media-treated with Control TFD (as described in Example 5.1) and an
antibiotic indicates that the culture began growing at the same time-point as the untreated
bacteria grown in media supplemented with the antibiotic. For the cultures treated with the
Sig TFD, the lag-time is the delay in growth compared to that seen with the Control TFD in
the presence of antibiotic. Hence, lag-times of 6.4 h (in the presence of 2 mg/ml
methicillin), 8.2 h (in the presence of 0.5 mg/ml erythromycin) and 8.3 h (in the presence of
0.5 mg/ml Ciprofloxacin) indicate that the Sig TFD acted synergenistically with these

antibiotics to retard growth.
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The mechanism for this effect is likely to be the Sig TFD preventing or down-regulating the
antibiotic-mediated induction of the stress-response regulon, rendering the cells more
sensitive. As most antibiotics cause stress-response we would expect if TFDs were used in

combination to increase the efficacy of all or the majority of such antibiotics.

Table 1
Antibiotic Control TFD Sig TFD
Lagtime (h) Lagtime (h)
Methicillin 0.2 6.4
2mg/L
Erythromycin -0.3 8.2
0.5 mg/L
Ciprofloxacin 0.3 8.3
0.5 mg/L

Lagtime is defined as the time that growth is delayed (in comparison to a mock-transfected

culture) due to treatment of the TFD.

Example 9
Sig TFDs in dumbbell configuration repress growth of a clinically-islated MRSA strain
9.1 Preparation of TFD dumbbells by ligation (DB-TFD)

Two oligonucleotides were synthesised, each containing one strand of the recognition site
for the S. aureus alternative sigma protein. At either end of the molecule a small hairpin
loop acted to protect the molecule from degradation. Each oligonucleotide was re-suspended

in dH,O at a concentration of 250 pmol/pl.

To form the Sig dumbbell TFD (referred to as SA3 TFD) the following phosphorylated

oligonucleotides were synthesised:

SEQ ID NO: 40 - SigDB_SA3: CTTGG TTTTT CCAAG GAA GAT TAG AAATTA
TTT CGAT GGG TAT ATA ATA

SEQ ID NO: 41 - SigDB_SA3: P-CCG TCT TTT TGA CGG TAT TAT ATA CCC ATC
GAA ATAATT TCT AAT CTT C
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When annealed these formed the following molecule:

TCCAAG gaa gat tag aaa tta ttt  cgat ggge tat ata ata ¥
TITT

Typically 30 pl of each oligonucleotide was mixed with 27 pl of dH,O and annealed using
the following PCR programme: ANNEAL: 95°C 3 min, cool at -0.1°C/s to 8°C, end.
Following which, 10 ul of 10xNEB Ligase buffer and 3 ul HC T4 DNA ligase (NEB) were
added. The mixture was incubated overnight at 16°C. The material was then extensively
digested with T7 exonuclease (NEB) to remove any unligated oligonucleotides and then

recovered by two rounds of ethanol preicpitation.

A DB_TFD was also prepared containing a scrambled version of the Sig binding site. In this

instance the phosphorylated primers used were:

SEQ ID NO: 42 —SigScr SA1: CTTGG TTTTT CCAAG TAG AAA GAA GAT TTA
GGG CGATTTT ATA ATATAT
SEQ ID NO: 43 — SigScr SA2: CCG TCT TTT TGA CGG ATA TAT TAT AAA ATC
GCC CTA AAT CTT CTTTCT A

9.2 Performing growth studies in 96-well plates

A growth assay was performed as described in Example 5.1 using the Sig TFD in its

dumbbell configuration and a clinically-isolated MRSA strain.

As shown in Figure 14, Sig TFD concentrations as low as 10 nM could inhibit cell growth,

whereas a similar concentration of the control TFD could not.

Example 10
WalR DB-TFD prevents growth of EMRSAL15
10.1 Preparation of DB TFDs containing WalR binding site
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The binding sequence for WalR was incorporated into dumbbell oligonucleotides and
prepared as described in Example 9.1. The sequences of these phosphorylated

oligonucleotides were:

SEQ ID NO: 44 — WalRDB2.1: CTTGG TTTTT CCAAG TAA TGA ATG A GTT TAA
AGC CCA TGT AAA AG GGG TAT CAG TAC

SEQ ID NO: 45 - WalRDB2.2: CCC TCT TTT TGA GGG GTA CTG ATA CCC CTT
TTA CAT GGG CTT TAA ACT CAT TCA TTA

A second pair of oligonucleotides containing a scrambled version of the WalR binding site
were used to generate the control dumbbell (Scr. WalR). The sequences of these

phosphorylated oligonucleotides were:

SEQ ID NO: 46 — WalRDB3.1: P-CTTGG TTTTT CCAAG GTA ATA TGA C AAG ATT
GTA AAT GAC CTA GTT GAG AG ATGCCA

SEQ ID NO: 47 - WalRDB3.1: P-CCC TCT TTT TGA GGG TGG CAT CTC TCA ACT
AGG TCATTT ACAATC TTG TCA TAT TAC

10.2 Transfection of EMRSALS by co-treatment with Lyvsostaphin

Growth assays were performed as described for Example 7.1 with the sole difference being
that the media was supplemented with between 0.5 and 2.5 pg/ml Lysostaphin instead of
Gramicidin. Lysostaphin is a lysozyme-like enzyme that is specific for the walls of S.

aureus.

As can be seen in Figure 15, as little as 10 nM of Sig DB-TFD was capable of inhibiting

bacterial growth, whereas similar amounts of the control DB-TFD had no effect.

Example 11
WalR TFD inhibits growth of MRS A in a mouse sepsis model

The TFD used in this Example blocks the action of the two component system WalKR.
These proteins form an essential signal transduction pathway that controls expression of a
small regulon of genes involved in cell wall metabolism, particularly peptidoglycan

synthesis.
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11.1 METHODS

11.1.1 Bacterial strains and growth

S. aureus EMRSA16 cultures were grown and maintained in BHI media (Becton
Dickenson). Frozen stocks were prepared by mixing equal volumes of a culture in early

exponential growth (OD of 0.3 at Aggo) with 50% glycerol and freezing at -80°C.

11.1.2 Preparation of TFDs

TFDs were prepared in a dumbbell configuration as previously described (Ahn et al, 2003).
TFDs were prepared by ligating pairs of phosphorylated oligonucleotides to form a TFD
containing the binding site for the WalR protein as it occurs in the promoter of [ytM
(WalR_TFD) or a TFD containing a scrambled version of the binding site (Scr_ TFD). The
oligonucleotides were resuspended at a final concentration of 100 pmol/ul in a T4 DNA
ligase buffer (New England Biolabs) and 400 U of T4 DNA ligase and incubated at 16°C
overnight. The following morning the reaction buffer was supplemented with 10 U
Exonuclease I (NEB) and digested for 30 min at 37°C, before purification by phenol-
chloroform extraction and ethanol precipitation. The TFDs were resuspended in water at a

concentration of ImM.

The sequences of the pairs of oligonucleotides used to form WalR_TFD were:

SEQ ID NO: 48 - WalR1: 5’- P-CTT GGT TTT TCC AAG TAA TGA ATG AGT TTA
AAG CCC ATG TAA AAG GGG TAT CAG TAC- 3’ and

SEQ ID NO: 49 - WalR2: 5’- P-CCC TCT TTT TGA GGG GTA CTG ATA CCC CTT
TTA CAT GGG CTT TAA ACT CAT TCA TTA- 3.

For Scr_TFD the sequences were:

SEQ ID NO: 46 — WalRDB3.1: 5’- P-CTT GGT TTT TCC AAG GTA ATA TGA CAA
GAT TGT AAA TGA CCT AGT TGA GAG ATG CCA- 3’ and

SEQ ID NO: 47 — WalRDB3.1: 5’- P-CCC TCT TTT TGA GGG TGG CAT CTC TCA
ACT AGG TCATTT ACA ATC TTG TCA TAT TAC- 3".

11.1.3 Transfection of MRSA in vitro
TFD-DOTAP complexes were formed by mixing 1 ug of TFD with 2ug of DOTAP (Roche)
and incubating at room temperature for 10 min on the bench. The TFD complex was then

mixed with inoculated medium supplemented with 10 ng/ml Lysostaphin (Sigma; 1.9043),
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aliquoted into 96 well flat-bottomed plates and growth was analysed by culturing at 37°C
with shaking in a BioTek plate reader.

11.1.4 Mouse sepsis model

The mouse sepsis study was performed by Euprotec (UK). Mice used in this study, male
CD1 mice were supplied by Charles River (Margate UK) and were specific pathogen free
(16-18g at delivery). All mice weighed 22-25g at the beginning of the experiment.

11.1.5 Tolerability study

For the tolerability study, animals were treated in groups of 2 mice per treatment group,
therefore 10 in total for the study. All the mice were weighed on day 1 of the study and
placed randomly in to boxes. The mice had the following treatments administered
intravenously using 10 ml/kg, the five treatment groups were: 100 uM WalR TFD; 2.5 mM
DOTAP; 6.3 ug/ml Lysostaphin; a mixture of TFD/DOTAP/Lysostaphin; saline. The mice
were weighed dialy post-treatment over a 100 h period before they were euthenised and

lungs, liver, spleen and kidneys were removed and visually examined and weighed.

11.1.6 PK Study

For the PK study, animals were treated in groups of 3 mice per time point, therefore 24 in
total for the study. Mice were treated with intravenous delivery of a mixture of 5SnM/kg
WalR_TFD, 25nM/kg DOTAP, 31.5 m/kg Lysotsaphin. Sets of mice were bled by cardiac
puncture following isofluorane anaesthesia at 5 minutes, 15 minutes, 30 minutes, 1 hour, 2
hours, 4 hours, 8 hours and 24 hours post dose. All samples were collected as plasma
(anticoagulated with heparin and stored on ice before separation). Following blood
collection kidneys were removed and homogenized in 1ml ice cold PBS. TFDs were

detected in the biological samples with qPCR.

11.1.7 Tissue burden study

For the tissue burden study, animals were treated in groups of 8 mice per treatment group,
therefore 48 in total for the study. 2 x 10ml cultures of Staphylococcus aureus EMRSA 16
were prepared and placed on orbital shaker (220rpm) overnight at 37°C. The following day,
the Staphylococcus aureus EMRSA 16 cultures were removed from shaker, pelleted and
washed twice before being resuspended in saline to an OD of 0.132 (1.5 x 10°cfu/ml). This
stock solution of Staphylococcus aureus EMRSA 16 was then further diluted 1:1.5 in saline
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(1 x 108 cfu/ml) i.c. 2.0 x 107 bacteria per mouse. 48 mice were then infected with 0.2ml of
the 1.0 x 108/mL suspension. The number of Staphylococcus aureus EMRSA 16 bacteria per
mL in the remainder of the suspensions after inoculation was also counted to confirm
infection load. Mice were treated 1, 9 and 17 hours post infection with either compound or
vehicle, though vancomycin was only administered after 1h. The treatments were as
previously a mixture of TFD/DOTAP/Lysostaphin using a concentration of InM/kg TFD in
a 5:1 molar ratio with DOTAP and 63ug/kg Lysostaphin. After 25 hours post infection all
animals were weighed and then euthanized. The kidneys were immediately removed and
homogenised in ice cold sterile phosphate buffered saline + 0.05% Tween 80. Organ
homogenates were quantitatively cultured onto CLED agar and incubated at 37°C for up to
3 days and colonies counted. The data from the culture burdens was analysed by the

Kruskal-Wallis test using Stats Direct.

11.2 RESULTS

11.2.1 WalR_TFD rapidly kills MRSA growth in vitro

The highly conserved two component system WalK/WalR (also referred to as YycG/YycF)
has been shown in genetic knockout experiments to be essential for viability in S. aureus
and other Gram-positive pathogens. The binding site for the transcription factor WalR has
been identified in several promoters of genes in the regulon, including lytM/SA0265
(Dubrac, Boneca ef al. 2007). It was this version that was used in the WalR_TFD and a

scrambled version where the sequence was randomly re-arranged, Scr TFD.

EMRSA-16, an MRSA strain endemic in UK hospitals, was used in the study (Cox,
Mallaghan et al. 1995). TFDs were mixed with a commercially available lipid formulation,
DOTAP, and mixed with media inoculated with EMRSA-16 and Lysostaphin. Lysostaphin
is a lysozyme agent that acts on the walls of S. aureus, use of it in this experiment was to
thin the outer peptidoglycan layer of the bacteria and allow the TFD to transfect the cell
following fusion of the DOTAP carrier with the exposed inner membrane of the bacterium.
Using this transfection protocol it was observed that treatment with the control TFD,

Scr_ TFD, had no detectable effect on bacterial growth when compared to an untreated
sample. However, the WalR_TFD prevented growth of EMRSA-16 in vitro at a
concentration of 1 nM (Figure 16). Total viable counts confirmed the results that treatment
with WalR_TFD reduced the number of living cells by five-fold orders of magnitude
(Figure 17A). The bacteria that were not killed by WalR_TFD treatment were sub-cultured
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in order to determine whether there was any incidence of resistance. The process was
repeated a total of four times and both the reduction in viable counts (Figure 17B) and in
vitro growth curves were recorded (Figure 17C, black squares: bacteria in fourth passage).
Hence, no evidence for the development of a resistance mechanism to TFD-mediated

killing,

In order to determine whether TFDs killed bacteria on contact or needed prolonged
exposure to work, EMRSA-16 were transfected with 1 nM WalR_TFD/DOTAP complex
and incubated for 30 minutes before being microdiluted into fresh media, without any TFD
complexes or Lysostaphin. /n vitro growth was followed for a further 48 hours (Figure 18)
and it was evident that no growth was observed, confirming that TFDs effectively killed the

cells on first contact.

11.2.2 Tolerability study

All drugs were well tolerated following IV administration; there were no acute events to
report. Following treatment, mice fed and drank normally with no signs of distress. The
weight increase of the treated mice was the same as the vehicle controls. Autopsy showed
no gross abnormalities of kidneys, lungs, liver or GI tract. The weights of kidneys, lungs
and liver were within the normal range. All test compounds are tolerated and suitable for

further dosing up to the maximum dose used in this tolerability study.

11.2.3 Tissue burden study

The infectious dose administered was targeted at 2.0 x 107 bacteria per mouse to ensure a
relatively mild infection was established (this is more sensitive to treatment). The mice were
treated with systemic injection of either the vehicle, 1 nM of the Scr TFD complex, 1 nM of
WalR_TFD complex or vancomycin, used at a concentration sufficient to achieve a 2-fold
reduction in colony forming units (cfu). Following treatment the mice were sacrificed and
the burden found within the kidneys measured (Figure 19). Statistical analysis of the results
showed that the WalR_TFD-treated mice achieved a similar reduction in burden to that

achieved by vancomycin when compared to the Scr TFD control (Table 2 below).

Table 2. Statistical analysis of in vivo results. Kruskal-Wallis: all pairwise comparisons

(Dwass-Steel-Chritchlow-Fligner) for Scr TFD
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cr i
1 nM WalR_TFD 0.2549 0.0062
Vancomycin 0.0173
Vehicle

The WalR_TFD in this experiment was found to have a rapid bacteriocidal activity at

nanomolar concentrations against MRSA both in vitro and in vivo.

Example 12
Transfection of £. coli with FabB TFD sensitises the bacteria to antibiotics that inhibit fatty-

acid synthesis
12.1 Preparation of FabB TFD

FabB TFDs were designed to incorporate the binding site for the transcriptional regulator of
fatty acid synthesis enzymes, FadR, which occurs upstream of the FabB gene in Escherichia

coli. The FabB gene encodes an enzyme involved in fatty acid synthesis (J. Bacteriology
(2005) 183:5292).

PCR TFDs were made as described in Example 4.1 with the exception that a 60 base pair
portion of the FabB promoter that was cloned into the pPGEMT-Easy vector. The

oligonucleotides used to amplify the promoter sequence were:

SEQ ID NO: 50 — fabBf: TCT TTA AAT GGC TGA TCG GACTTG
SEQ ID NO: 51 — fabBr: AGT AAG TTT CGA ATG CAC AAT AGC GTA

A control TFD having a the sequence that gave rise to a similar sized PCR fragment when
used in an amplification reaction with genomic DNA isolated from Mycobacterium

smegmatis was also generated. The sequences of these oligonucleotides were:

SEQ ID NO: 52 — WhiB7.f: CAC CAG CCG AAA AGG CCA CGG
SEQ ID NO: 53 - WhiB7.r: CAA AAA TGG CCA CGG ATC CGG GTG

12.2 Growth assays
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The effect of TFDs on the growth of E. coli bacterial cultures was measured as described in
Example 4.1 with a few modifications: the media used was LB; the co-transfectant used was
40 nM polymixin, rather than gramicidin; the media was also supplemented with 10 pg/ml
Cerulenin (CER). CER is an antibiotic that acts on fatty acid synthesis. At the

concentrations used it has no noticeable effect on growth of E. coli.

Figure 20 shows that treatment of E. coli with 10 nM of the FabB TFD, but not a control
TFD (WhiB7; containing a sequence known not to occur within the E. coli genome),
rendered the bacteria sensitive to the action of cerulenin. The antibiotic used, cerulenin
(CER), does begin to inhibit cell growth in the presence of the control TFD at 20 ug/ml, by
which point the cells are being killed by the synergenistic action of the FabB TFD.

As the FabB TFD is designed to downregulate genes of the fatty acid synthesis operon, it is
our hypothesis that this TFD could be used in combination with any antibiotic that either
perturbs fatty acid synthesis, directly or indirectly, to increase the efficacy of that antibiotic

or counteract a resistance mechanism.

Example 13

Transfection of a TFD containing the recognition sequence for the 654 factor of Klebsiella

pneumoniae retards bacterial growth

A PCR TFD containing the binding site for the alternative sigma factor, 654, from the
pathogenic organism Klebsiella pneumoniae, was made and tested. Compared to the activity
of an unrelated control TFD, the Sig TFD inhibited growth of the cells. 654 is another

example of a sigma factor that controls regulation of stress response in bacteria.

13.1 Preparation of TFD
The TFD was prepared as described in Example 5.1. The sequences of the annealed

oligonucleotides used were:

SEQ ID NO: 54 — Ks54f: P-CCG ATA AGG GCG CAC GGT TTG CAT GGT TAT A
SEQ ID NO: 55 — Ks54r: P-ATA ACC ATG CAA ACC GTG CGC CCT TAT CGG A

13.2 Transfection of K. pneumoniae
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Growth assays were performed as described in Section 4.1 with the difference being that the
media used was M9 media (Sambrook et al (1989) Molecular Cloning. 2™ Edition vol.3

p.A3). The media was not supplemented with any co-transfectant.

Transfection was achieved by complexing the TFD with a cell penetrating peptide. The
peptide consisted of two portions: a linear chain of nine D-arginines and a previously
described peptide sequence found to be capable of penetrating the membrane of K.
prneumoniae (Vaara, Antimicrobial Agents and Chemotherapy (1996) 40:1801). The
positively charged arginines (R9) serve to bind the phosphate backbone of the TFD through
a charge interaction. The use of such RO tails to complex transfecting moieties to transfect
bacteria has been described previously (Kim, Molecular Therapy (2006) 14:343). The entire

sequence of the peptide used was:

SEQ ID NO: 56 - IKFLKFLKFL-(D-arginine)9

TFDs were mixed with increasing amounts of IKFLKFLKKL-R9 peptide in a TE based
buffer supplemented with 5% glucose. The mixture was incubated at room temperature for 1
hour and then either used directly in transfections or analysed by agarose gel
electrophoresis. Typically the minimum amount of IKFLKFLKKIL-R9 was used that caused
the complex with DNA not to run in the gel; i.e. the charge of the nucleic acid backbone had
been neutralised by binding of poly-arginine. IKFLKFLKKL-R9 -TFD conjugates were

mixed at various concentrations into 200 pl of culture in a 96 well plate.

Figure 21 shows that 10 nM of Sig TFD was sufficient to inhibit growth of the K.

prneumoniae culture, whereas no inhibition was seen with the control TFD.

Example 14

Bioinformatical analysis to detect the occurrences of the WalR binding sites within S.

aureus and deduce its consensus sequence.

A MEME search (http://meme.sdsc.edu/meme4/cgi-bin/meme.cgi) was used to find
additional occurrences of published examples of the WalR binding site in S. aureus (SA)
and other pathogenic organisms where it was found to occur, such as Enterococcus faecium
(EF), Streptococcus pneumoniae (SP), Lysteria monocytogenes (LM) and Streptococcus

mutans (SM).
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A subset of the hits derived from the search is shown in Figure 22. From the complete set a

consensus site was derived, having the sequence:

TGT WAW NNN NNT GTA AW [SEQ ID NO: 57]

The TUPAC single letter code is used, where: Wis A or T.

The WalR TFD consensus sequence is therefore expected to affect the growth of the

organisms listed above.

Example 15

Bioinformatical analysis to detect the occurrences of the SigB binding sites within S. qureus

and deduce its consensus sequence.

A MEME search (http://meme.sdsc.edu/meme4/cgi-bin/meme.cgi) was used to find
examples of occurrences (with E-values <100) of matches to a consensus sequence of the
SigB binding site in S. aureus in Bacillales (Gram-positive infections) of which

representative genera include Bacillus, Listeria, and Staphylococcus.

Examples of the hits derived from the search is shown in Figure 23. From the complete set,

a consensus site was derived, having the sequence:

GKT TWA NNN NNN NNN NNN NNK GGT AW [SEQ ID NO: 58]

The IUPAC single letter code is used, where: Kis Gor T; Wis A or T.

Example 16

Bioinformatical analysis to detect the occurrences of the Sig binding sites within Kelbsiella

pneumoniae and deduce its consensus sequence

A TFD containing the binding site for the alternative sigma factor (sigma 54) was taken
from the promoter region of the K. pneumoniae ginA gene, as described in Barrios et al.
1999 (Nucl. Acids Res. 22: 4305-4313) and, when incorporated into a PCR_TFD, was

shown to kill K. preumoniae cells in vitro (see Figure 24A).
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The TFD sequence used was:

SEQ ID NO: 59 - KP_Sig TGG CAC aga ttT CGC T

Cells were transfected as described in Example 13, using a cell penetrating peptide. The
TFD containing the KP_Sig sequence prevented cell growth in vitro while the two controls
showed no effect on cell growth. The two controls used were: untreated cells (K.

prneumoniae) and a control TFD consisting of a scrambled sequence.

Similar binding sites found in other K. pneumoniae genes (nifB, nifE, nifH, nifJ, nifL, nifM

and rnifU) were used to define a consensus sequence:

SEQ ID NO: 60 - TGG NNN NNN WTT TGC W

The TUPAC single letter code is used, where W is A or T.
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FURTHER ASPECTS

Further aspects and embodiments of the invention are now set out in the following

numbered Paragraphs; it is to be understood that the invention encompasses these aspects:

Paragraph 1. A method of reducing the viability of prokaryotic cells, the method
comprising: (a) providing a decoy polynucleotide comprising a binding site for a target
transcription factor (a decoy sequence); (b) introducing the decoy polynucleotide into a
prokaryotic cell which comprises a binding site for the transcription factor, operably linked to
a gene or genes; wherein introduction of the decoy polynucleotide reduces binding of the
target transcription factor to the binding site in the cell and causes an alteration in expression
of the operably linked gene or genes; and wherein the target transcription factor comprises a
regulator of expression of a gene or genes encoding one or more of: (i) a cellular adaptive
response; (i1) a cellular intrinsic antibiotic resistance mechanism; (iii) a cellular virulence

factor; (iv) a cellular stress response; or (v) a cellular essential gene.

Paragraph 2. A method of increasing prokaryotic antibiotic susceptibility, the method
comprising: (a) providing a decoy polynucleotide comprising a binding site for a target
transcription factor (a decoy sequence); (b) introducing the decoy polynucleotide into a
prokaryotic cell which comprises a binding site for the transcription factor, operably linked to
a gene or genes; wherein introduction of the decoy polynucleotide reduces binding of the
target transcription factor to the binding site in the cell and causes an alteration in expression
of the operably linked gene or genes, thereby increasing antibiotic susceptibility of the cell;
and wherein the target transcription factor comprises a regulator of expression of a gene or
genes encoding one or more of: (i) a cellular adaptive response; (ii) a cellular intrinsic

antibiotic resistance mechanism; (iii) a cellular virulence factor; (iv) a cellular essential gene.

Paragraph 3. A method according to claim 1 or claim 2, wherein reducing viability
comprises one or more of: (i) inhibiting a cellular adaptive response such as a stress response;
(1) increasing cellular susceptibility to antibiotics; (ii1) inhibiting expression of one or more

essential genes; (iv) inhibiting expression of one or more virulence genes.

Paragraph 4. A method according to any one of claims 1 to 3, wherein the target

transcription factor is selected from: WhiB7; FadR; YycG/YycF; Sigma 54 (or SigA); Fur;
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TcdR; Vir; NtrC; ArsR; TcaA; AgrA; WalR; sigB; Ksig; thu; or a functional variant or

homolog of any thereof.

Paragraph 5. A method according to any of claims 1 to 4, wherein the prokaryote is a

bacterium.
Paragraph 6. A method according to claim 5, wherein the bacterium is pathogenic.

Paragraph 7. A method according to any of the preceding claims wherein the

transcription factor binding site in the decoy polynucleotide is not operably linked to a gene.

Paragraph 8. A decoy polynucleotide comprising a binding site for a target
transcription factor, wherein the binding site is not operably linked to a gene, and wherein the
transcription factor comprises a regulator of expression of a gene or genes encoding one or
more of: (1) a cellular adaptive response; (i1) a cellular intrinsic antibiotic resistance
mechanism; (iii) a cellular virulence factor; (iv) a cellular stress response; or (v) a cellular

essential gene.

Paragraph 9. A decoy polynucleotide according to claim 8, wherein the target
transcription factor comprises a regulator of expression of one or more of: (a) a gene or genes
encoding cellular efflux pump protein, protein determining cell wall composition, cell wall
density or cell wall metabolism; (b) a cellular stress response gene or genes; (c) a gene or
genes encoding metalloregulatory protein(s); (d) a gene or genes encoding nitrogen fixation
protein(s); (e) a gene or genes encoding pathogenicity protein(s) or virulence factor(s); (f) an

essential gene or genes.

Paragraph 10. A decoy polynucleotide according to claim 8 or 9, wherein the target
transcription factor is selected from: WhiB7; FadR; YycG/YycF; Sigma 54 (or SigA); Fur;
TcdR; Vir; NtrC; ArsR; TcaA; AgrA; WalR; sigB; Ksig; or thu; or a functional variant or

homolog of any thereof.

Paragraph 11. A decoy polynucleotide according to any of claims 8 to 10, wherein the
decoy polynucleotide comprises: circular double stranded DNA or a linear oligonucleotide;
and/or at least one element of secondary structure; and/or more than one copy of the

transcription factor binding site; and/or additional sequence to the binding site(s); and/or
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modified bases or sugars to increase nuclease resistance of the polynucleotide; and/or a

plasmid or plasmid library.

Paragraph 12. A decoy polynucleotide according to claim 11, wherein the decoy

polynucleotide comprises multiple direct repeats of the transcription factor binding site.

Paragraph 13. A decoy polynucleotide according to claim 11, wherein the decoy

polynucleotide comprises multiple transcription factor binding sites.

Paragraph 14. A decoy polynucleotide according to claim 11, claim 12 or claim 13,
wherein the decoy polynucleotide comprises a linear oligonucleotide having at least one 5’

cholesterol modification.

Paragraph 15. A decoy polynucleotide according to any one of claims 11 to 14,

wherein the decoy polynucleotide comprises a circular dumbbell.

Paragraph 16. A decoy polynucleotide according to claim 11, wherein the decoy
polynucleotide comprises a plasmid and wherein the plasmid has one or more copies of a
monomer sequence comprising a snare sequence, the snare sequence comprising the

transcription factor binding site wherein the binding site is not operably linked to a gene.

Paragraph 17. A decoy polynucleotide according to any of the preceding claims
wherein the transcription factor binding site in the decoy polynucleotide comprises any of

SEQ ID NOS: 25 to 60, or a variant or fragment thereof which retains decoy function.

Paragraph 18. A cell comprising an exogeneous decoy polynucleotide, the
polynucleotide comprising a binding site for a target transcription factor which is not operably
linked to a gene; wherein the cell comprises a binding site for the transcription factor operably
linked to a gene or genes; and wherein the target transcription factor comprises a regulator of
expression of a gene or genes encoding one or more of: (i) a cellular adaptive response; (ii) a
cellular intrinsic antibiotic resistance mechanism,; (iii) a cellular virulence factor; or (iv) a

cellular essential gene.

Paragraph 19. A cell according to claim 18, wherein the decoy polynucleotide is as

defined in any of claims 8 to 17.
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Paragraph 20. A cell according to claim 18 or claim 19, wherein the cell is bacterial

pathogen.

Paragraph 21. A cell prepared according to the method set out in any one of claims 1

to 7.

Paragraph 22. A method of treating bacterial infection in a subject comprising
administering a decoy polynucleotide as defined in any of claims 8 to 17, optionally in

combination with one or more antibiotics and/or antibacterial agents.

Paragraph 23. A decoy polynucleotide as defined in any of claims 8 to 17 for use in

treating bacterial infection.

Paragraph 24. Use of a decoy polynucleotide as defined in any of claims 8 to 17 for the

manufacture of a medicament for treating bacterial infection.

Paragraph 25. A decoy polynucleotide or a use according to claim 23 to 24 wherein
treating the bacterial infection comprises use of one or more antibiotics and/or other

antibacterial agent(s).

Paragraph 26. A method, decoy polynucleotide or use according to any of claims 22 to
25 wherein treating bacterial infection comprises treating a condition selected from:
pneumonia, bacteremia, whooping cough, lyme’s disease, brucellosis, acute enteritis,
septicaemia, tularemia, influenza, peptic ulcers, Legionnaire’s disease, gonorrhoeae,
noscomial infections, sepsis, ricketts, typhoid, dysentery, cholera, plague, anthrax,

pseudomembranous colitis, diptheria, listerosis, tuberculosis, septicemia.

Paragraph 27. An ex vivo method of killing bacteria, inhibiting bacterial growth, or
reducing bacterial virulence, the method comprising applying a decoy polynucleotide as
defined in any of claims 8 to 17, optionally in combination with one or more antibiotics and/or

antibacterial agents.

Paragraph 28. A pharmaceutical composition comprising a decoy polynucleotide
according to any of claims 8 to 17 and a pharmaceutically acceptable excipient or carrier,

optionally in combination with one or more antibiotics and/or antibacterial agents.
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Paragraph 29. A cleaning composition comprising a decoy polynucleotide according to
any of claims 8 to 17, optionally in combination with one or more antibiotics and/or

antibacterial agents.

Paragraph 30. A kit comprising a decoy polynucleotide according to any of claims 8 to
17, and one or more antibiotics and/or antibacterial agents, wherein the decoy and the one or
more antibiotics and/or antibacterial agents are for combined use in killing bacteria, inhibiting

bacterial growth, or reducing bacterial virulence.

Paragraph 31. Use of transcription factor decoys (TFDs) to reduce the viability of
prokaryotic cells.

Paragraph 32. Use of transcription factor decoys (TFDs) to reduce the virulence of

prokaryotic cells.
Paragraph 33. A transcription factor decoy (TFD) comprising SEQ ID NO: 57.
Paragraph 34. A transcription factor decoy (TFD) comprising SEQ ID NO: 58.
Paragraph 35. A transcription factor decoy (TFD) comprising SEQ ID NO: 60

Paragraph 36. Use of the transcription factor decoy of any one of claims 33, 34 or 35

in the treatment of bacterial infection.
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CLAIMS

1. A decoy polynucleotide comprising a binding site for a target transcription factor,
wherein the binding site is not operably linked to a gene, and wherein the transcription factor

comprises a regulator of expression of a gene or genes encoding one or more of:

(1) a cellular adaptive response;

(i1) a cellular intrinsic antibiotic resistance mechanism;
(ii1) a cellular virulence factor;

(iv) a cellular stress response; or

(v) a cellular essential gene.

2. A decoy polynucleotide according to Claim 1, wherein the target transcription factor

comprises a regulator of expression of one or more of:
(a) a gene or genes encoding cellular efflux pump protein, protein determining cell
wall composition, cell wall density or cell wall metabolism;
(b) a cellular stress response gene or genes;
(c) a gene or genes encoding metalloregulatory protein(s);
(d) a gene or genes encoding nitrogen fixation protein(s);
(e) a gene or genes encoding pathogenicity protein(s) or virulence factor(s);
(f) an essential gene or genes.

3. A decoy polynucleotide according to Claim 1 or 2, wherein the target transcription
factor is selected from: WhiB7; FadR; YycG/YycF; Sigma 54 (or SigA); Fur; TcdR; Vfr;
NtrC; ArsR; TcaA; AgrA; WalR; sigB; Ksig; or thu; or a functional variant or homolog of any
thereof.

4. A decoy polynucleotide according to any of Claims 1 to 3, wherein the decoy

polynucleotide comprises: circular double stranded DNA or a linear oligonucleotide; and/or at
least one element of secondary structure; and/or more than one copy of the transcription factor
binding site; and/or additional sequence to the binding site(s); and/or modified bases or sugars

to increase nuclease resistance of the polynucleotide; and/or a plasmid or plasmid library.
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5. A decoy polynucleotide according to Claim 4, wherein the decoy polynucleotide

comprises multiple direct repeats of the transcription factor binding site.

6. A decoy polynucleotide according to Claim 4, wherein the decoy polynucleotide

comprises multiple transcription factor binding sites.

7. A decoy polynucleotide according to Claim 4, Claim 5 or Claim 6, wherein the decoy
polynucleotide comprises a linear oligonucleotide having at least one 5’ cholesterol

modification.

8. A decoy polynucleotide according to any one of Claims 4 to 7, wherein the decoy

polynucleotide comprises a circular dumbbell.

9. A decoy polynucleotide according to Claim 4, wherein the decoy polynucleotide
comprises a plasmid and wherein the plasmid has one or more copies of a monomer sequence
comprising a snare sequence, the snare sequence comprising the transcription factor binding

site wherein the binding site is not operably linked to a gene.

10. A decoy polynucleotide according to any of the preceding claims wherein the
transcription factor binding site in the decoy polynucleotide comprises any of SEQ ID NOS:

25 to 60, or a variant or fragment thereof which retains decoy function.

11. A cell comprising an exogeneous decoy polynucleotide, the polynucleotide comprising
a binding site for a target transcription factor which is not operably linked to a gene; wherein
the cell comprises a binding site for the transcription factor operably linked to a gene or genes;
and wherein the target transcription factor comprises a regulator of expression of a gene or

genes encoding one or more of:

(1) a cellular adaptive response;

(i1) a cellular intrinsic antibiotic resistance mechanism;
(111) a cellular virulence factor; or

(iv) a cellular essential gene.

12. A cell according to Claim 11, wherein the decoy polynucleotide is as defined in any of

claims 1 to 10.
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13. A cell according to Claim 11 or Claim 12, wherein the cell is a bacterial pathogen.

14. Use of a decoy polynucleotide as defined in any of Claims 1 to 10 for the manufacture
of a medicament for treating bacterial infection, optionally in combination with one or more

antibiotics and/or antibacterial agents..

15.  Use according to Claim 14 wherein treating bacterial infection comprises treating a
condition selected from: pneumonia, bacteremia, whooping cough, lyme’s disease,
brucellosis, acute enteritis, septicaemia, tularemia, influenza, peptic ulcers, Legionnaire’s
disease, gonorrhoeae, noscomial infections, sepsis, ricketts, typhoid, dysentery, cholera,

plague, anthrax, pseudomembranous colitis, diptheria, listerosis, tuberculosis, septicemia.

16.  An ex vivo method of killing bacteria, inhibiting bacterial growth, or reducing bacterial
virulence, the method comprising applying a decoy polynucleotide as defined in any of
Claims 1 to 10, optionally in combination with one or more antibiotics and/or antibacterial

agents.

17. A pharmaceutical composition comprising a decoy polynucleotide according to any of
Claims 1 to 10 and a pharmaceutically acceptable excipient or carrier, optionally in

combination with one or more antibiotics and/or antibacterial agents.

18. A cleaning composition comprising a decoy polynucleotide according to any of Claims

1 to 10, optionally in combination with one or more antibiotics and/or antibacterial agents.

19. A kit comprising a decoy polynucleotide according to any of Claims 1 to 10, and one
or more antibiotics and/or antibacterial agents, wherein the decoy and the one or more
antibiotics and/or antibacterial agents are for combined use in killing bacteria, inhibiting

bacterial growth, or reducing bacterial virulence.

20. Use of transcription factor decoys (TFDs) for the manufacture of a medicament to

reduce the viability of prokaryotic cells.

21. Use of transcription factor decoys (TFDs) for the manufacture of a medicament to

reduce the virulence of prokaryotic cells.

22. A transcription factor decoy (TFD) comprising SEQ ID NO: 57.
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23. A transcription factor decoy (TFD) comprising SEQ ID NO: 58.
24, A transcription factor decoy (TFD) comprising SEQ ID NO: 60

25. Use of the transcription factor decoy of any one of Claims 22, 23 or 24 for the

manufacture of a medicament for the treatment of bacterial infection.
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SEQUENCE LISTINGS

Organization Applicant
5 Street : Norwich Bio-Incubator, Norwich Research Park, Colney Lane
City : Norwich
State
Country : UK
PostalCode : NR4 7UH
10 PhoneNumber
FaxNumber
EmailAddress
<110> OrganizationName : Procarta Biosystems Limited

15 Application Project
<120> Title : Transcription Factor Decoys
<130> AppFileReference : P000087SG2
<140> CurrentAppNumber

20 <141> CurrentFilingDate : - =

Earlier Applications
<150> PriorAppNumber : US 61/102,414
25 <151> PriorFilingDate : 2008-10-03

Earlier Applications
<150> PriorAppNumber : US 61/167,592
30 <151> PriorFilingDate : 2009-08-04

Earlier Applications
<150> PriorAppNumber : GB 09069130
35 <151> PriorFilingDate : 2009-04-08

Earlier Applications
<150> PriorAppNumber : PCT/GB2008/003353
40 <151> PriorFilingDate : 2008-10-03

Sequence
<213> OrganismName
45  <400> PreSequenceString
ggccgccatg gcggccgcgg gaattce
26
<212> Type : DNA
<211> Length : 26
50 SequenceName : SEQ ID NO: 1
SequenceDescription



SequenceName:SEQ ID NO:48 10 SequenceDescription: Sequence <213> OrganismName:S.
aureus 15 <400> PreSequenceString: ccctcttttt gaggggtact gatacccott ttacatgggc tttaaactca

Sequence

<213> OrganismName

<400> PreSequenceString
5 aggcggccgc gaattcacta gtg

23

<212> Type : DNA

<211> Length : 23

SequenceName : SEQ ID NO: 2

10 SequenceDescription

Sequence
<213> OrganismName
15 <400> PreSequenceString
cttggttttt ccaagagaag agcccgccat ggcggccgcg ggaattce
47
<212> Type : DNA
<211> Length : 47
20 SequenceName : SEQ ID NO: 3
SequenceDescription

Sequence
25 <213> OrganismName
<400> PreSequenceString
ccgtecttttt gacggcgaag agcaggcggc cgcgaattca ctagtga
47
<212> Type : DNA
30 <211> Length : 47
SequenceName : SEQ ID NO: 4
SequenceDescription

Sequence
35 --—————-
<213> OrganismName : M. smegmatis str MC2 155
<400> PreSequenceString
tggccacgga tccgggtgac tgcgggtccg tggcect
36
40 <212> Type : DNA
<211> Length : 36
SequenceName : SEQ ID NO: 5
SequenceDescription

45  Sequence

<213> OrganismName : E. coli str K12

<400> PreSequenceString

tttattccga actgatcgga cttgttcagc gtacacgtgt tagctatcct gcgtgcttca
50 60

<212> Type : DNA



ttcatta 57 <212> Type:DNA 20 <211> Length:57 SequenceName:SEQ ID NO:49
SequenceDescription:

<211> Length : 60
SequenceName : SEQ ID NO: 6
SequenceDescription

5 Sequence
<213> OrganismName : S. aureaus
<400> PreSequenceString
gctattttgt aatgacaatg taatgagttt agtaaaaa
10 38
<212> Type : DNA
<211> Length : 38
SequenceName : SEQ ID NO: 7
SequenceDescription
15
Sequence
<213> OrganismName : S. aureus
<400> PreSequenceString
20 attacaaatt tgtaacagac ttatttta
28
<212> Type : DNA
<211> Length : 28
SequenceName : SEQ ID NO: 8
25 SequenceDescription

Sequence
<213> OrganismName : M. smegmatis str MC2 155
30 <400> PreSequenceString
caccagccga aaaggccacg gacccgcagt cacccggatc cgtggccatt tttgtcggac
60
cccccgagaa atctggtcgce aggatccatc agctcagaca gatcac
106
35 <212> Type : DNA
<211> Length : 106
SequenceName : SEQ ID NO: 9
SequenceDescription

40  Sequence
<213> OrganismName : E. coli K12
<400> PreSequenceString
agtaagtttc gaatgcacaa tagcgtacac ttgtacgccg aacaagtccg atcagccatt
45 60
taa
63
<212> Type : DNA
<211> Length : 63
50 SequenceName : SEQ ID NO: 10
SequenceDescription



Sequence 25 <213> OrganlsmName: <400> PreSequenceString:

24
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Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

gctattttgt aatgacaatg taatgagttt agtaaaaa

38

<212> Type : DNA

<211> Length : 38
SequenceName : SEQ ID NO: 11
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

attacaaatt tgtaacagac ttatttta

28

<212> Type : DNA

<211> Length : 28
SequenceName : SEQ ID NO: 12
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

ttattatata cccatcgaaa taatttctaa tcttc

35

<212> Type : DNA

<211> Length : 35
SequenceName : SEQ ID NO: 13
SequenceDescription

Sequence
<213> OrganismName : K. pneumoniae
<400> PreSequenceString
ccgataaggg cgcacggttt gcatggttat
30
<212> Type : DNA
<211> Length : 30
SequenceName : SEQ ID NO: 14
SequenceDescription

Sequence

<213> OrganismName : S. aureus
<400> PreSequenceString

actacaagta ctattagtaa tagttaaccc tt
32

<212> Type : DNA

<211> Length : 32

tctttaaatg gctgatcgga cttg



30 <212> Type:DNA <211> Length:24 SequenceName:SEQ ID NO:50
35 Sequence
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SequenceName : SEQ ID NO: 15
SequenceDescription

Sequence

<213> OrganismName : E. coli

<400> PreSequenceString

gataatgata atcattatc

19

<212> Type : DNA

<211> Length : 19
SequenceName : SEQ ID NO: 16
SequenceDescription

Sequence

<213> OrganismName : H. pylori

<400> PreSequenceString

gttgtcccat aattatagca taaatgataa tgaaaaagta aa

42

<212> Type : DNA

<211> Length : 42
SequenceName : SEQ ID NO: 17
SequenceDescription

Sequence

<213> OrganismName : C. difficile

<400> PreSequenceString

aagtttacaa aattatatta gaataacttt tttatt

36

<212> Type : DNA

<211> Length : 36
SequenceName : SEQ ID NO: 18
SequenceDescription

Sequence

<213> OrganismName : P. aeruginosa

<400> PreSequenceString

aaatgtgatc tagatcacat tt

22

<212> Type : DNA

<211> Length : 22
SequenceName : SEQ ID NO: 19
SequenceDescription

Sequence

<213> OrganismName : P.aeruginosa
<400> PreSequenceString

SequenceDescrlptlon:



<213> OrganlsmName:S. aureus <400> PreSequenceString:

27 <212> Type:DNA <211> Length:27
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cactctgcaa tccagttcat aaatcc

26

<212> Type : DNA

<211> Length : 26
SequenceName : SEQ ID NO: 20
SequenceDescription

Sequence

<213> OrganismName : P. aeruginosa

<400> PreSequenceString

gtaacagcgg aaccactgca cag

23

<212> Type : DNA

<211> Length : 23
SequenceName : SEQ ID NO: 21
SequenceDescription

Sequence

<213> OrganismName : K. pneumoniae
<400> PreSequenceString

agtaagtttc gaatgcacaa tagcgta 40

gctttgcact accgcggccc atccctgccce caaaacgatc gct

43

<212> Type : DNA

<211> Length : 43
SequenceName : SEQ ID NO: 22
SequenceDescription

Sequence

<213> OrganismName : H. pylori
<400> PreSequenceString

ataatcataa tgattaaagt tttcatattc attataaatc cgtttacaca attatt

56

<212> Type : DNA

<211> Length : 56
SequenceName : SEQ ID NO: 23
SequenceDescription

Sequence

<213> OrganismName : H. pylori
<400> PreSequenceString

gaaattgttc tatttattat ccatttgctt attaataatt ggttgttaat tttggtttag

60
a
61
<212> Type : DNA
<211> Length : 61
SequenceName : SEQ ID NO: 24



SequenceName:SEQ ID NO:51 SequenceDescrlptlon: 45 Sequence
M. smegmatis
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SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

tgaacacctt cttttta

17

<212> Type : DNA

<211> Length : 17
SequenceName : SEQ ID NO: 25
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

agaaagacaa acaggagtaa

20

<212> Type : DNA

<211> Length : 20
SequenceName : SEQ ID NO: 26
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

gaagaaacaa aaagcagcat

20

<212> Type : DNA

<211> Length : 20
SequenceName : SEQ ID NO: 27
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

gaagattaga aattatttcg atgggtatat aataa

35

<212> Type : DNA

<211> Length : 35
SequenceName : SEQ ID NO: 28
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

tattatatac ccatcgaaat aatttctaat cttca
35

<213> OrganismName:



<400> PreSequenceString: 50 caccagccga aaaggccacgg 21 <212>Type:DNA 13 <211>
Length : 21 SequenceName : SEQ ID NO: 52 SequenceDescription : 5Sequence <213>
OrganismName : M. smegmatis <400> PreSequencesString : caaaaatggc cacggatccg ggtg

8

<212> Type : DNA

<211> Length : 35
SequenceName : SEQ ID NO: 29
SequenceDescription

Sequence
<213> OrganismName : S. aureus
<400> PreSequenceString
10 actacaagta ctattagtaa tagttaaccc ta
32
<212> Type : DNA
<211> Length : 32
SequenceName : SEQ ID NO: 30

15 SequenceDescription
Sequence
<213> OrganismName : S. aureus

20  <400> PreSequenceString
agggttaact attactaata gtacttgtag ta
32
<212> Type : DNA
<211> Length : 32
25 SequenceName : SEQ ID NO: 31
SequenceDescription

Sequence
30 <213> OrganismName : S. aureus
<400> PreSequenceString
attacaaatt tgtaacagac ttatttta
28
<212> Type : DNA
35 <211> Length : 28
SequenceName : SEQ ID NO: 32
SequenceDescription

Sequence
40 -
<213> OrganismName : S. aureus
<400> PreSequenceString
aaaataagtc tgttacaaat ttgtaata
28
45 <212> Type : DNA
<211> Length : 28
SequenceName : SEQ ID NO: 33
SequenceDescription

50 sequence

<213> OrganismName



1024 <212> Type : DNA <211> Length : 24 SequenceName : SEQ ID NO: 53 SequenceDescription :
15 Sequence <213> OrganismName : K. pneumoniae <400> PreSequencesString : 20 ccgataaggg
cgcacggttt gcatggttat a 31 <212> Type : DNA <211> Length : 31 SequenceName : SEQ ID
NO: 54 25SequenceDescription : Sequence <21:3> OrganismName : K. pneumoniae 30<400>
PreSequencesString : ataaccatgc aaaccgtgcg ccottatogg a 31 <212> Type : DNA <211> Length : 3]-
35Sequenceghame : SEQ ID NQ: 55 SequenceDescription : Sequence 40 <213> OrganismName :

<400>FWQ§ﬁﬂH§ﬂQ%§U¥Ek§@g%§§EL Bgtccg ta
32

<212> Type : DNA
5 <211> Length : 32
SequenceName : SEQ ID NO: 34
SequenceDescription

Sequence
10 --—-——-
<213> OrganismName
<400> PreSequenceString
acggacccgc agtcacccgg atccgtggcecce aa
32
15 <212> Type : DNA
<211> Length : 32
SequenceName : SEQ ID NO: 35
SequenceDescription

20  Sequence
<213> OrganismName
<400> PreSequenceString
acggtcttgc tgtcacttat a
25 21
<212> Type : DNA
<211> Length : 21
SequenceName : SEQ ID NO: 36
SequenceDescription
30
Sequence
<213> OrganismName
<400> PreSequenceString
35 tacacatatg ttcttcccta ataa
24
<212> Type : DNA
<211> Length : 24
SequenceName : SEQ ID NO: 37

40 SequenceDescription
Sequence
<213> OrganismName : S. aureus

45  <400> PreSequenceString
cgtcaatcat tggtcctaac ggctgc
26
<212> Type : DNA
<211> Length : 26
50 SequenceName : SEQ ID NO: 38
SequenceDescription



11 <212> Type : PRI 45<211> Length : 11 SequenceName : SEQ ID NO: 56 SequenceDescription :
Sequence 50 14 tgtwawnnnn ntgtaaw 17 <212> Type : DNA <211> Length : 17 5SequenceName :
SEQ ID NO: 57 SequenceDescription : Sequence 10 <213> OrganlsmName : Bacteria <400>
PreSequencesString : gkttwannnn nnnnnnnnnn kggt w 26 <212> Type : DNA 15<211> Length : 26
SequenceName : SEQ ID NO: 58 SequenceDescrlption :

Sequence
<213> OrganismName : S. aureus
<400> PreSequenceString
5 gccatctgct acttcaggtg attgagg
27
<212> Type : DNA
<211> Length : 27
SequenceName : SEQ ID NO: 39

10 SequenceDescription
Sequence
<213> OrganismName : S. aureus

15 <400> PreSequenceString
cttggttttt ccaaggaaga ttagaaatta tttcgatggg tatataata
49
<212> Type : DNA
<211> Length : 49
20 SequenceName : SEQ ID NO: 40
SequenceDescription

Sequence
25 <213> OrganismName : S. aureus
<400> PreSequenceString
ccgtcttttt gacggtatta tatacccatc gaaataattt ctaatcttc
49
<212> Type : DNA
30 <211> Length : 49
SequenceName : SEQ ID NO: 41
SequenceDescription

Sequence
35 --—————-
<213> OrganismName : S. aureus
<400> PreSequenceString
cttggttttt ccaagtagaa agaagattta gggcgatttt ataatatat
49
40 <212> Type : DNA
<211> Length : 49
SequenceName : SEQ ID NO: 42
SequenceDescription

45  Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

ccgtcttttt gacggatata ttataaaatc gccctaaatc ttctttcta
50 49

<212> Type : DNA

<211> Length : 49



Sequence 20 <213> OrganlsmName : K. pneumonlae <400> PreSequenceString : tggcacagat ttcgct
16 25<212> Type : DNA <211> Length : 16 SequenceName : SEQ ID NO: 59 SequenceDescrlptlon :
30 Sequence <213> OrganlsmName : K. pneumonlae <400> PreSequenceString : tggnnnnnnw tttgcw
3516 <212> Type : DNA <211> Length : 16 SequenﬁName : SEQ ID NO: 60 SequenceDescrlptlon :
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SequenceName : SEQ ID NO: 43
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

cttggttttt ccaagtaatg aatgagttta aagcccatgt aaaaggggta tcagtac
57

<212> Type : DNA

<211> Length : 57
SequenceName : SEQ ID NO: 44
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

ccctettttt gaggggtact gatacccctt ttacatgggce tttaaactca ttcatta
57

<212> Type : DNA

<211> Length : 57
SequenceName : SEQ ID NO: 45
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

cttggttttt ccaaggtaat atgacaagat tgtaaatgac ctagttgaga gatgcca
57

<212> Type : DNA

<211> Length : 57
SequenceName : SEQ ID NO: 46
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

ccctettttt gagggtggca tctctcaact aggtcattta caatcttgtc atattac
57

<212> Type : DNA

<211> Length : 57
SequenceName : SEQ ID NO: 47
SequenceDescription

Sequence
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<213> OrganismName : S. aureus
<400> PreSequenceString

cttggttttt ccaagtaatg aatgagttta aagcccatgt aaaaggggta tcagtac

57

<212> Type : DNA

<211> Length : 57
SequenceName : SEQ ID NO:
SequenceDescription

Sequence

<213> OrganismName : S. aureus
<400> PreSequenceString

ccctettttt gaggggtact gatacccctt ttacatgggce tttaaactca ttcatta

57

<212> Type : DNA
<211> Length : 57

12

48

SequenceName : SEQ ID NO: 49
SequenceDescription

Sequence

<213> OrganismName

<400> PreSequenceString

tctttaaatg gctgatcgga cttg

24

<212> Type : DNA

<211> Length : 24
SequenceName : SEQ ID NO: 50
SequenceDescription

Sequence

<213> OrganismName : S. aureus

<400> PreSequenceString

agtaagtttc gaatgcacaa tagcgta

27

<212> Type : DNA

<211> Length : 27
SequenceName : SEQ ID NO: 51
SequenceDescription

Sequence

<213> OrganismName : M. smegmatis

<400> PreSequenceString
caccagccga aaaggccacg g
21

<212> Type : DNA
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13

<211> Length : 21
SequenceName : SEQ ID NO: 52
SequenceDescription

Sequence

<213> OrganismName : M. smegmatis

<400> PreSequenceString

caaaaatggc cacggatccg ggtg

24

<212> Type : DNA

<211> Length : 24
SequenceName : SEQ ID NO: 53
SequenceDescription

Sequence
<213> OrganismName : K. pneumoniae
<400> PreSequenceString
ccgataaggg cgcacggttt gcatggttat a
31
<212> Type : DNA
<211> Length : 31
SequenceName : SEQ ID NO: 54
SequenceDescription

Sequence
<213> OrganismName : K. pneumoniae
<400> PreSequenceString
ataaccatgc aaaccgtgcg cccttatcgg a
31
<212> Type : DNA
<211> Length : 31
SequenceName : SEQ ID NO: 55
SequenceDescription

Sequence

<213> OrganismName

<400> PreSequenceString

IKFLKFLKKL R

11

<212> Type : PRT

<211> Length : 11
SequenceName : SEQ ID NO: 56
SequenceDescription

Sequence

<213> OrganismName : Bacteria
<400> PreSequenceString
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tgtwawnnnn ntgtaaw

17

<212> Type : DNA

<211> Length : 17
SequenceName : SEQ ID NO: 57
SequenceDescription

Sequence

<213> OrganismName : Bacteria

<400> PreSequenceString

gkttwannnn nnnnnnnnnn kggtaw

26

<212> Type : DNA

<211> Length : 26
SequenceName : SEQ ID NO: 58
SequenceDescription

Sequence

<213> OrganismName : K. pneumoniae

<400> PreSequenceString

tggcacagat ttcgct

16

<212> Type : DNA

<211> Length : 16
SequenceName : SEQ ID NO: 59
SequenceDescription

Sequence

<213> OrganismName : K. pneumoniae

<400> PreSequenceString

tggnnnnnnw tttgcw

16

<212> Type : DNA

<211> Length : 16
SequenceName : SEQ ID NO: 60
SequenceDescription



