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 number PCT/GB2008/003353 filed on 3'd October
2008, US provisional application number 61/167,592 filed on 4th April 2009 and UK patent application
number 09069130 filed on 4th April 2009, the contents of which are incorporated herein by reference
in their entirety. Control of bacteriZRXOWCRIRT KNI EAETIORBFEATONS easing problem, particularly in
medical and veterinary applications, and may become a major challenge to public health. Antibiotics
for use against pathogenic bacteria are well known in the art. However, extensive use of such
antibiotics habd@eetontievenimmyrattesde buthedaanh shmansifesistanmesalaléssplmetyaedh some cases,
multiple antibigiics {&Q: patied M tsdRdgasisiaRtistARg IR SAtIaRS fRGeHatedLY a decrease
in the numbers of conventional antibiotics being discovered and under development. Indeed, antibiotic
resistance is a major challenge for antibacterial research and threatens the potency of marketed
antibiotics agvieibaadieseistlunterueyriopmRNfpaaaemueRilctrEreds,a nees for séw
a”“'baCte“%%%EQJB&SQ"iﬂt&%&f?)ea‘fsﬁt%&?ata‘ﬂ‘c'%igﬁ%tel{%é"%&“fﬁ&%‘&%&ﬁ@ﬁ@ gnsaxample,
Staphylococcus aureus ’representns majorpéhaﬁenge 0 gﬁo al health causing numerous human and
animal dised¥asbevitiCs HiSauspsctalnpplistiseritymitemodkin it fitdotoifhtaselie dydtoxic shock
(Lowy, New gl - Mo (1999), 33%520833) fhds Sstimalss] Seb20%:ofdhe Bumapingpulation are
carriers of the bacteria in soft tissue infection, often with unnoticeable clinical features, from where the
bacteria canf}senaraits iracHbbly iarsRsst thePIsHHSH thereafter bone and cardiac tissues (Gordon
and Lowy, Gin, Infect. DiS. (2008) 40 (S5):S350-9). Though primarily thought of as an extracellular
pathogen, substantial evidence is emerging that suggests that S. aureus can avoid antibacterial action
or macropha@élté#dﬁﬁ‘?ﬁ?ﬁ W@?z%‘{d Wﬁ&%&%ﬁﬂ@ﬁ%ﬁ’ﬁ%ﬂ{?%ﬂe&?%é% Microbial. (2009)
17:59-65), potetitidliy complicatingple iteatnadimRebisiance mgchanitengchayatdishdaddn acquired or
have deveIoRg ) %rﬁ%e fférrstsggpols,U{e at%gnetibci%tglg? (o] gruc@ g’)hr](gg\%enltnt atm ié)\!gé-‘grug resistant strains
are now the norm in the BCHT%%IﬁﬂgW e%/,nj. nttnicrob, Chethother. %88 (§i’):i1-9), which has
further limitek s ineriprdntoptomzoTeidres dee todhe ranreessone i Sl areb s resiske (ersatile

pathogen: it pQSIeSFESMGRRARIS NSO AYARRIRBRELS IFIMNE IRSRONSE (EosiatsNahsRev.
Microbial. (2005) 3:948-958); it can produce a wide range of virulence determinants (Novick, Moi.

Micro. (2003)EeHupsigm s 4835t briece HfRtgaRs EathhBRBb o ef HRRVREIUA MU RPYSS BSi) Proc.
Natl. Acad. &isddsefe®aQHAZr HONAdYrand. iticredeadiivil adapide: he Majoeadimigdand anoxic

environments f%undi ide the host (Hasclbeck et al, CWT. Pharrn..Des. (2002? 8:1 55-1]]?2). Many of
these antibacteria retseaﬁc dan t'h eflten t Ft]?otenc?[.o .marke‘g anfibigtics as well as f Oﬂ: S%h t t f
processes are controliea at the Ilevel of transcription and as such are not currently the targets o

traditional antibeties it Comeogtigntn hetewsad| pprdfeimow BiNRbagtathe sisntStréptococbus
pyogenes (ngggpo%&[ggég&%gﬁe%% 'ﬁg{g&ﬂg{ls can usually be treated with many different

antibiotics. Early treatment may reduce the risk of 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

iliness, suppegtive-carp 1) S RIENSING CaltNit FraxReNagdethdieh RIS eRSIVitRanRCrtiFIRg fasciitis,
surgery often is needed to remove damaged tissue.P??tfgrains of S. pyog,enes resistant to macrolide

antibiotics hAYE BRSIYEEHEWADEPHIFEH4Rs PATMARARTRISEMSIVEES Befichifh. Resistance of
Streptococciisqoriensno fia depgie bicibiv cuhd ddlies e tiidadiaghs/iSiadresiRiBdmsiiwide). The major
mechanism ]I%fe% LAt deat %%"cﬁ%ﬁg‘ﬁ 'r%tz{x?‘f)%)‘ C&‘l%ﬁo%fa%“é?&%ﬂ&'ﬂ%%‘&%%”01996'%&19%%%'C'"'”Tb.'”o.“”g
proteins. Se‘ec |\(e pressure ISt OU.g top a;?an Important role, and use 0 _ eta-lactam antibiotics has
been implicaréertignaadisic faichomiantiefelichmen telurisdiion vBwupiocersterapae parohide is
responsible fQr RREUBARIE, ARTBHRMIR QLIS ABLHIA: MRNAITHS NS S RSHIRRITS @Y arthritis.

Clin. Infect. Dis. (2008) 40 (S5):S350-9). Though primarily thought of as an extracellular

pathogen, substantial evidence is emerging that suggests that S. aureus can avoid

antibacterial action or macrophage engulfment by persisting intercellularly (Garzoni and

Kelley, Trends Microbiol. (2009) 17:59-65), potentially complicating its treatment.

Resistance mechanisms have also been acquired or have developed since first exposure to

antibiotics to such an extent that multiply-drug resistant strains are now the norm in the



Penicillin-resistant pneumonia caused by Streptococcus pneunioniae (commonly known as
pneumococcus), was first detected in 1967, as was penicillin-resistant gonorrhoea. Resistance to
penicillin substitutes is also known as beyond S. aureus% By 1993 Estherichia coli was resistant to
five fluoroquinolone variants. Mycobacterium tuberculosis is commonly resistant to isoniazid and
rifampin and sometimes universally resistant to the2 3 common treatments. Other pathogens showing
some resistance include Salmonella, Campylobacter, and Streptococci. Enterococcus faecium is
another supelibieq fowichin/hdspitadso P €itioitlin: el BN E (Bé o toucubivkalsas éathim 188
vancomycinfﬁg%%%&%rb rggoccus (VRE) in 1987, and Linezolid-Resistant Enterococcus (LRE) in the
late 1990s. Pseudomonas aeruginosa is a highly prevalent opportunistic pathogen. One of the most
worrisome characteristics of P. aeruginosa consists in its low antibiotic susceptibility. This low

susceptibility iR RUEHDLERRIE 1.8 £ONGETICH AEHOR QIMUKIGEHG EFlho PHTRD WVildises
chromosomally-encoded antibiotic resistance genes (e.stlgF tnexAB-oprM, mexXY etc) and the low

permeability ST BR G RPEE AR AOEhy SBpES swgashint st deSetalieopohdtiiosa easily
develop acqsiweglve8)sinngepaiiher hywiddtatign dnvihiiento skeralliyancaikedigenes]. aribypthe horizontal
gene transf bt istapce determinants. Devel nt of multi-drug resj by P.
eruainosu o e R R R S i o
mutations aniorAvorizoritdlsraPSfH 6 At Bibtin dekistarsedi tyenaedap yp dremutaigon fansdranthe selection

of mutation-ghiyen ANHBIHEHEFRIANERIIR FreaBWAINRSARIRING RIDAUBNG FNIRICIpHestions, whereas

the clustering of several different antibiotic resistance genes in integrons favours the concerted

acquisition Jf hhttbidti k¥drtanELherstBinsRisasarSoriE Yad ehthstlfoid © hves SRiion thaLphenotypic

resistance assdciaiedtteubigfilinfeianatien Ori@itb e MEEaNEs Whishal-cRlRR@EaNamay be
important in the resp(ﬁﬁéof P. ae$uginosa populations to antibiotics treatment (Cornelis P. (editor)
[

Pseudomon¥$ EEAD Sé'ﬁgl?ﬂ% ecular Biology (1st ed.) (2008) Caister Academic Press).
Clostridium difficile is a nosocomial pathogen that causes diarrhoeal disease in hospitals world wide.
Clindamyeingjesistant & dificile, was, [2904Rd 05 e, causalysagent el rge RHiRipalisof diarhocal
disease in hose |tgf?|cn !ilgﬂv/\?g\(grﬁ:eﬁﬁ?zu(?na, Ig r%% a#g'Masélacﬁusetts betweer%qlggag and 1992
(Johnson S.vetamaediHergiinatiuiiea st v it 1899y dre the 45K GEipticEegrayRsedly dispersed

outbreaks of,foufifficilepattainaresisiantiafiveraquinglonsentibiolicarsHets astgrfiv¥asin and
levofloxacin, were also reported in North America in 2005 (Loo V. et al N. Engl. J. Mel (2005) 353
(23):2442-9)" I'ETY CBiCahty SRR SHRIXCELMEERAEEAY P ROHEIATRARGE 1BISE> T T Hidat that is
contaminatedayits fecded, Bigptyspaycairt afdloeas fastai i siasisiatictoione dyrdmorendiigs made; it
causes bladger ifcetions Watareresisiant o antbiaties CHIUS Fagtahert) Salmapella was first
found in humanssin the 19708 Bha i E87HE CASES IS reSiStant to as many as nine differént antibiotics
("HSUS Fach@twet'yll withen othibasitrimlyresspreado seniollsthealth conditions arise. Many people
are hospitalised each year after becoming infected, and some die as a result. On the 5th November
2004, the Centres for Disease Control and Prevention (CDC) reported an increasing number of
AcinetohactBfHiganiashitresgetaaryinfactssdampusitinad pmaytiriaciuas st which

service mempgIgwiddreddmiier krahsauaib fegionarditoRtghasistenvens tealaekiddost of these
showed multi-drug resjstance with a.few isolates resjstant to all drugs tested. DNA-based therapies
o Alpshind Sl sl

constitute a PR RS BERSAISAL R AU ERIL TSt 2P ARSI GRS REIEH §R&%4Pyets that are
essential forimpdotiatyt ml@athbgemﬁhytagammﬂm&ﬂimmas potentigllicapplicablektthaordst array of
pathogens qg%éngnda%\éeé%mgmo%f g%lselﬁgg%%%utsopneumoniae is responsible for pneumonia,

bacteremia, otitis media, meningitis, sinusitis, peritonitis and arthritis.

Penicillin-resistant pneumonia caused by Streptococcus pneumoniae (commonly known as
preumococcus), was first detected in 1967, as was penicillin-resistant gonorrhoea.
Resistance to penicillin substitutes is also known as beyond S. aureus. By 1993 Escherichia
coli was resistant to five fluoroquinolone variants. Mycobacterium tuberculosis is

commonly resistant to isoniazid and rifampin and sometimes universally resistant to the



these therapeutics, through target site modification, is anticipated to be a highly unlikely event. In
addition, the agents have the advantages of potentially quicker des elopment 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 expréssion of an antibiotic resistance mechanism or by
inhibiting growth by down-regulating essential or adaptive genes. In addition, bacteria are unlikely to
develop resistameantodiiesetadeuts pglibisnwehid regsnrecsitvisitane outidefelions fhat affected both the
transcriptioncf%a;f% O%ggtgs g&gﬁé t(pégggpg site(s). This is particularly true for agents that control
several essential’genes. Transcrlgtlon 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 bingdingcte thefn&ognaiearnemisdagais.With R eanieauantmedification of gene
expression (Mann and Dzau, J. Clin, Investigation (2000) 106:1071-1075). 5 Their utility has been
demonstrated SHRRAHIYS I BURENYBHC &Y RN HRrE s st ?Iﬁ?rt?f@?cﬂl‘é\ggl)%ﬁ?ﬁ’éﬁ? Waé’i%eir potential to
function as névelotiassssahtiztapeuticadgeRsy (Maoini Boas (2000)). To this end, decoy
oligonucleotides have been used to demonstrate that transcription factor EF2 represses smooth
muscle proliferation in rats (Morishita et al, Proc. Natl. Acad. Sc!. USA (1995) 95: 5855-5859); to block
STAT3-medixtedqoliferatiogivfsoasciioghispicedan erporRIGT: Rettiogeoa®nsef. thiSne¢003)
100:4138-4143) a0l 9 2000URL ATEeingHf e CANR 18SRNFSAIBIHROLFRBEBNIR) FRGCEr
proliferation in vivo (Park et al, .1. Biol. (hem. (1999% 274: 1573-1580). TFDs have distinct advantages
over other DRIAMESEHRHEYpatitibetablidn hrearetrerrienetion tdsaplBuneyrRont®l gene

ﬁxp(rjgssiogl QmﬁﬁﬁgﬁﬁféﬂrmmaCJMmfié%@&@ﬁn@igvgﬁ@%I%iﬁ@e&ﬁfmwmmm@mgters by)
ooding the cell wit erous copies. qf the specific bin .sequences (hence, the term "decoys").
This o ColPaR T AR S AR SRR T RRE m TR T B L3 the complen
secondary sMagiwesofemMyﬁnp@nquiaﬁémmaamigﬂhmd)apprkaaohéespﬂ'rﬁmest_xmaﬂ}the further
advantages (hat fliey act rex g'%ffeﬁf(?r‘{z%rﬁwg%@ﬁ%o{rgﬁﬁ‘&%Pﬁﬁﬁﬁ;ﬁc Whsteas %ﬁé‘o fsfapproaches deal

with the consequences of expression. As aTesult, TFDs are effective at mu wer concentrations,
because a siRyldopERutrahawiibior festErIaedtation tair o ER Fan seqiptRonor e kdiecaene that

otherwise may have, SivemAissciadnaniheusandsolarpigs iR N6y Nhistheeastlitwehe targets for

the antiscnse approach, To the knowledge of the inventors, two reports have been made of the use of
decoys in proREGEESSIAMS BROESaHYRTREHIRLEY Stig Shutalstion o BuBHeE 5 ¥Rnic an AT-rich
element in taetpionidatsisahtd il ose d pHsphosphatedoahoxytase| ygenase {ehay ganes, was used
to alter COZjegulation of the srpression;ofihe b denes i, Gyanobateriuin (nizuka etg!, FEBS
Lett. (2003) A74058) " the‘sedond report, decoy ol nucleotides were used to 1den |?y new
cis-regulatoncgasitienoéstititiot prevsetere dfrotiuoris id@rcretitolordis (R) ashivhnghdodes the

pathway Sp%ﬂé&&‘o%‘i&’ AOLIRIP IR R BT E AN HRINGAT MO RN AR BIAR, RYAS
(2008) 105:1020-1025). 6 The inventors have used TFD technology to disrupt regulation of cellular

pathways, rédpamsaayRg resritarice metsanmsaal iR prokeirstcRon BEnes {8 aNEredPviability. For

example, the-eaeibRAT 51aiDe. Usaitbip ALRHANE08: NoRre R AnLDINttFRRIS BT P (RNElYPE, cellular
adaptive res&aaﬁito e%o&me[ﬁ?l conditions, cellular virulence and cellular essential metabolism.
In doing s0, Yhe iHvertsts WACETBFViasY means for treating bacterial infections and containing
bacterial growth. Accordingly in one aspect the invention resides in the use of transcription decoy

factors (TFD@)&?},{%Q}%C&%?@/ @QIJII&O%]‘O%Q@%%%QHC%UE 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. et al N. Engl. J. Med. (2005) 353 (23):2442-9).



In particular, the invention encompasses 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 reidduces 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&he tamgkbaannseliptiomd dotar ydnoprises anregudafiord Ot essivthafia gene or genes

encoding one RIS M eel ar ARl eTaR0se: (AL BN BRIC ooy fesistance

mechanism; a cellu ar virulence ular stress response; or (v) a cellular essential

gene. In andtlaée:dspaisesthladdeanirstiprolielese resipvroduefiintiedsglprdlatybaet Antibiotic
susceptibility, e Meiied EoMRIaNe: humans in the 1970s and in some cases is resistant to as many

as nine different antibiotics (“HSUS Fact Sheet”’). When both bacteria are spread, serious
health conditions arise. Many people are hospitalised each year after becoming infected, and

some die as a result.

On the 5th November 2004, the Centres for Disease Control and Prevention (CDC) reported
an increasing number of Acinetobacter baumannii bloodstream infections in patients at
military medical facilities in which service members injured in the Iraq/Kuwait region and
in Afghanistan were treated. Most of these showed multi-drug resistance with a few isolates

resistant to all drugs tested.

DNA-based therapies constitute a new class of antibacterial agents that are designed to work
on gene targets that are 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 simultancous 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).



(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; 7 wherein introduction of
the decoy polynucicotide reduces binding of the target transcription factor to the binding site in the cell
and causes an alteration in expression of the operdbly linked gene or genes, thereby increasing
antibiotic susceptibility of the cell; and wherein the target transcription factor comprises a regulator of
expression diaigenéyphgdres éncoding neioranigna ofKirwtelpsamad aptiveargsponsesicii) a cellular
intrinsic antBQUe KRIRIANRSHIP EORRIAMG (68 IN'REWIUleRee dreiak i aelilpugregntial ene.
The invention also provides: - a decoy polynucfeotldp comprising a mdd)lng sité for a target

transcriptiondaetd?20AherEmtiec bin dRegysécrmdedistondistycl bicad sedd qéereonstigtoshatein the

transcription/faieneRMRLRREaT egPHALRS SheXRESSIAN b AeNGh arDBIGNERdINg;preRr more of (i)
a cellular ad]%ptive response; , L
atl. Acad. 'Sci. 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 of the cAMP response element can control cancer proliferation in vivo (Park et

al, J. Biol. Chem. (1999) 274: 1573-1580).

TFDs have distinct advantages over other DNA-based therapeutics. Their mechanism of
action is simple - they control gene expression by sequestering transcription factors,
preventing the latter from binding to promoters by flooding the cell with numerous copies of
the specific binding sequences (hence, the term “decoys”). This is in contrast to antisense
strategies where targets are difficult to define due to the complex secondary structure of
mRNA. In comparison to antisense approaches, TFDs have the further advantages that they
act rapidly, preventing expression of genes, whereas antisense approaches deal with the
consequences of expression. As a result, TFDs are effective at much lower concentrations,
because a single TFD-transcription factor interaction can block transcription of a single

gene that otherwise may have given 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 oligonucleotide, designed to mimic an AT-rich
clement in the promoter of ribulose 1,5,-bisphosphate carboxylase/oxygenase (rbc) genes,
was used to alter CO,-regulation of the expression of the rbc genes in Cyanobacterium

(Onizuka et al, FEBS Lett. (2003) 542:42-46).

In the second report, decoy oligonucleotides were used to identify new cis-regulatory
sequences in the promoter of actll-orf4 in S. coelicolor A3(2), which encodes the pathway
specific activator for production of the antibiotic actinorhodin (McArthur and Bibb, PNAS
(2008) 105:1020-1025).

It is against this background that the present invention has been devised.



(ii) a cellular intrinsic antibiotic resistance mechanism; (iii) a cellular virulence factor; (iv) a cellular
essential gene. The target transcription factor may be selected from: WhiB7 (SEQ ID NOs: S & 9);
FabB (SEQ ID NO: 6); LytM (SEQ ID NO: 7); Ssa (SEQ ID NO: 8); FadR (SEQ ID NO: 10); YycG/YycF
(SEQ ID NOs: 11 & 12); Sigma 54 (or SigA) (SEQ ID NOs: 13 & 14); Fur (SEQ ID NOs: 15, 16 & 17);
TcdR (SEQ ID NO: 18); Vfr (SEQ ID NOs: 19,20 &621); 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 |DhN @v&8prohd(sigs¢s QD B¢i@do5i0t& ddyporeaflatiotiadakitakianttbwapimolog of any

ihereof The layeian slse preHSs A aRaRRMILAOdh rlFaETbd abays foMRsing more than

one binding site for more than one target trans factor. - a cell comprising an exogencous decoy
polynucicotig&arée pbiy/methestidatbmpeiding behmging e fraatthinjstwrseehBemeaa®r which is not

operably linkgd fara @9 c WapsRiastRe-ReltrRRRHses aikindingIRilg (Rribsctranscrimtign factor operably
linked to a gene ar 8 genes; and wherein the target transcription factor comprises a regulator of

expression GPEYENETERINES Bheyaimy dhe By rRYS B eine dnd mrasdptiveaas s te iy a cellular

intrinsic antibificisasisihoce dneghbaismal (gipataellular virulence factor; (iv) a cellular essential gene.

Accordingly in one aspect the invention resides in the use of transcription decoy factors

(TFDs) to reduce the viability of prokaryotic cells.

In particular, the invention encompasses 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:

(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.

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 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;



a method of treating bacterial infection in a subject comprising administering a decoy polynucicotide of
the invention, optionally in combination with one or more antibiotics and/or antibacterial agents. - an a
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 phaiinaceutical composition comprising a decoy
polynucleotide of the invention and a pharmaceutically acceptable excipient or carrier, optionally in
combinationwhitieonetadnetre ahthsidtiosygrdyondedibiotehiat ayadisg & disiafectanmnhsoippasition

oo BB HRUNEIE QNI e IYaAN ORIANAING N ATIPIIAURD M B A more
anti I I d

L a :
antibiotics ang}%r acterial agents. a cleaning composition comprising a decoy polynucleotide of

the inventiohinspdiesralgriaceembierabi Wit BaaBIbIAbES WA ERIGHES ahtordhtibacterial agents. a kit

comprising afecay-aalRusieotidn Qi e INRMIRB N RRe QL MBFR AAiRIclies ansdiRhaptibacterial
agents, wherein the decoy and the one or more antibiotics and/or antibacterial agents are for
combined uSENF KIFAGALRERS MRFitfiting bacterial growth, or reducing bacterial virulence. a method
of reducing viruleng Dfalyiepkanyetic eeflotle method comprising: (a) providing a decoy polynucleotide
comprising a bindi@ﬁsite [oraa.t rl%\t trag,%cri tion factor; 9 ni&t%)_ introducing the decoy polynucleotidc

. . 1) t i) h. I .
into a prokaryotic ¢ Whic 551rlnrpr|slce§na lﬁld:lﬁ%Slssltaél ?%mﬁce ranscription factor, operably linked to a

gene or genes; wheneindelirdduatidenc thefatecoy polynucleotide reduces binding of the target
transcription factor (g, the. hingdingsite. i3 dhe cell and causes an alteration in expression of the operably
linked gene or genes, thereby reducing cellular virulence; and wherein the target transcription factor
comprises a regulator of expression of a gene or genes encoding one or more of:

The invention also provides:
- 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;

(ii) a cellular intrinsic antibiotic resistance mechanism;

(iii) a cellular virulence factor;

(iv) a cellular essential gene.

The target transcription factor may be selected from: WhiB7 (SEQ ID NOs: § & 9); FabB
(SEQ ID NO: 6); LytM (SEQ ID NO: 7); Ssa (SEQ ID NO: 8); FadR (SEQ ID NO: 10);
YycG/YycF (SEQ ID NOs: 11 & 12); Sigma 54 (or SigA) (SEQ ID NOs: 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



(1) a cellular adaptive response; (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 treatmentof bacterial infection. In general, a transcription
factor decoy (TED) sequence (or decoy sequence) comprises a transcription factor binding site which
comprises ogaes,)pedeghaitin ahnatnget oraeswipgen dusaisorepudatanc gelgtoendexpresgell édrbinding to a
cognate tra se%g%tli%gljgscé Edﬂiﬁng%lﬁgg gyct}glaé:ntroduced into suitable host cells comprising the
cis-regulator%/ sequence (Ey a met odr escribed herein or otherwise) the decoy sequence competes
with the cis-regulafbry sdtilricentiva espgoichinding to the cognate transcription factor. Such
competition reduces inding.pithe densasiption-fasiardmthe pisregulatory 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-regulato@@é"q‘i?ﬁﬁ@é.Vﬁ%lﬁaﬁﬁffﬁ‘iafém as used herein refers to the capability of a sequence to
compete with a cis(egudationyrseguencecfer binding to a cognate transcription factor in this way. A
cis-regulatory sequence or element 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 expressitndébiegmgdartgetesicfypidallysubick-renolaiosdosedearre domprises a binding
site for a projein, (LRBAAURHAR fActan.Ang,hintANg: R LI RIS RIUIRIES HARSGHBIRRL! the given
gene(s). Binding of the protein to the sequence results directly or indirectly in modulation of expression
of the gene(%l}.dgéﬁ’ét%ﬁﬁ‘l@} fi#8™bund protein may interact with another protein bound to a nearby
region which is needed for transcription and anchor the protein in the correct position, or may inhibit

bindi f th tei ich.i ry T iption., Typically the cis- lat
clomont ocetrd O SRS YOIk BF i R BT L RBL G gF RS R Bh e romutatory
sequences Mmkmasmemmjmdwdmmfgb@s@p@i@apﬂ@m@%ﬂmef@aﬁm@ﬂmgen% they affect.
A cis-regulatory 56 %”&ﬁn'ﬁ% B% RIS e NDDIR A EIHGRS 5&{%1%%8{%%%8&@6 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, gffectRtieRiESSALNRIGINL AR PASHINE S PO @SS MRS theAntRIARhSSRAUENCE for a
decoy polynucleotidc or decoy sequence refers to the cellular transcription factor binding site with

which it corPETBRTE HGIRTSPHRISSITRIGN PLHOF GiRRT th &S G TERN AYSP R transcription
factor whichriloe: detibip sSegudnaeahtibdsciifieganget gene(s) of the decoy sequence is the gene(s)
which is/arc operably linked to the cellular transcription factor binding site. Thus a decoy sequence

disrupts the regulation of expression of the target gene(s).
- 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.

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

transcription factor;



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 (esswishiergsbadserpihvigreabed Buscepibikyriotantibiotics) omppired stress
response, IRl YIYienRe [ERRARS AACA’ SISRARIPH RUPIGSSIOn.f Gegential genes. The present
methods may use éecoys to weakenh cel e?en e or survival systems and or virulence systems. The
11 methods YiajemaRetstioa el the ke meramieleatidsireibisgs bindrog Millisitaestivtanserpaipibgenicity.
Thus in one ﬁéﬁ?%,tﬁé%ﬂkﬁﬁgQﬁé’ﬁ%ﬁ%&l%@é@&&@%@ah@ﬁﬁ%ﬁﬂ%kﬁfe@ﬁ&ﬁedﬁtﬁtl?p&ﬁ@?- For
example, in gne aspect the inventors have used decoys to alter the antibiotic susceptibility phenotype
of prokaryotB8XSH Bt Balberr Al et N pEIHGYEHic bacteria. In one aspect the increase in
susceptibilityrig natspedilicagonamotipiiciatalasseiantibiglidatty oNapspdeh it iggrease in
susceptibilit ei%eg%tn g&ﬁcifig nteo trheoster%?_ture and/or mechanism of any one antibiotic or class of
antibiotic. Inone aspec{l%ensi?lvﬁly 0 a'broad spectrum of antibiotics or classes of antibiotics is

increased. In one d8pectafrindrptse iesgerseeptibility is not specific to any one antibiotic or class of
antibiotic selected from. amiNaAyeRIdRSHSHE RER kRRam¥ G f1om the carbapenems (such as

meropenem); the cephalosporins (such as cefepime); the glyeopeptides (such as vancomycin and
daptomycin); the pAdRIGIRALHRLE erifsitaflin, carbenicillin and penicillin); the polypeptide antibiotics
(such as polymixcifB): ¢bguauingbings fgueh as levaquin); the sulfonamides (such as Bactrim); the
tetracyclines (such as tetracycline); and variously, chloramphenicol, rifampicin, Zyv-ox. The decoy
methods described herein can also be used to alter phenotypes such as cellular adaptive responses,
or cellular virulépnaey. pdiennoéibrodiscoreyrialsg heiubeg toedlien celiclanexpnessidacairesserdial genes and
cell survival,e.g. under.qi culture aor physi ' itigNs e, G- it ' ~general the
methods pr(;t\l%d%emﬁIgii rgﬁ%gﬁg c%ré %lg?(gce%tils‘% a%%ﬁi&%r%? ’a%%aa%%@a?e%%%%@eﬁs@his may be
by potentiatifi}) 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 m%act as an antibiotic or an antibacterial agent in its own right. In one

aspect the mEfEd2 deeyBebe Rt SRS AT BRI LIR M e hRIR A Riability. As
above, the FeseSEQEddR 6&éndreay st alisftipiktagllatianiod.cellular pathways, responses and
resistance mechanisms. In some cases this involves targeting binding of a 12
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 element 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



global regulatory molecule. Targeted gene(s) may those which are regulated in response to antibiotic.
Targets may include regulators of intrinsic antibiotic resistance mechanisms, including intrinsic
multi-drug resistance mechanisms. Intrinsic mechanisms may provide a physical barrier to drugs such
as antibiotics, for example by increasing the rate at which antibiotics are removed from the cell or by
reducing penetrability or permeability of the cell wall. Intrinsic mechanisms may provide resistance to
antibiotics which have entered the cytoplasm. Intrinsic resistance mechanisms may be induced in
response toenuarerrmenpalsconditidmg, stedoraspsotess(oarstptioodaitiohsnisbediingreinhdn some cases,
expression ing Jniinsic resi e isms i ipr antibiotics.
For exam plgifr%ge%%%ﬁ?%(} %Qe{%%%ae&g %%c%ﬁ?rl%gb?eg%e%%s%@?ﬁ g%ﬁ%?iéﬁ%ﬁ%ﬁ%lg\}vﬁ?gs%]%%ér)ession is
regulated difRsedistiristhe op drEeced aitipRstideian o exnsersiung theceiae Wier axaeln therinsic

resistance mMgy i f&@nfﬁfa%ﬁt@}%%@tmh!ffo 1 BERRIRS AlaupirinecRliwall cesaresition or
density or cell wall metabolism. In one aspect, the targeted genes encode a resistance mechanism

that is non-aRtiBHET 4P ARG HOREAMIBID ML SPEES e8It B BHIRSHRESfucture or
mechanism.ahaige isoty Witthde naegwatosatasttijaioadappivel iegpansesulapioalydtirse are
adaptive responses fo,enyironmental conditions, .0, hostle, environmental condiions For example,
these include s%ress responses SHch as oxidative Stress responses or peroxide Strées responses,
responses toiasigditniemsnegtonir pgefidiedthtiohede op bassax it tosingire qy. dowetaiigtoxivls such as
high iron cogggt'égﬁés figsPARRes 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 thexallity:0faths, Ragieiiemi Berpesand GarbrRsdsrABeH HRLApNbIOBMIRNEcRaEeXxample, a
bacterium ma}\{ need t(?badalpt to cotndit:%?s (if low iron coQacent{ation. found inside a host ?nd do so by
inducing a s&t'© %%?ﬂes thAtARBTELOB SRS LA B bf SEHUE SIS TFER A HE B HMYIRG W into the cell.
It will also indledentit® forendtoomndbbiofibmsyipahwiattphyshologyrand: ghandesdovdrichdipdnetabolism.
13 Stress re I f Jlar [ The rc a limite ber of sets
of genes, allgz)Q r%@f‘%?%ﬁ‘%%ﬁ%“%@i%Hgﬁiﬂ?égégggég }th %ﬁ%@%&ﬂ%@gﬁﬁg@i{%_ '?%ée]cligt?esses can
include phydrsaividetdrs (temperature changes, acidity, low oxygen), biotic factors (in response to host
or other bacterium) and chemical factors (such as treatment with antibiotics). Also included are
responses to physiological conditions. Thus targets may include regulators of expression of
pathogenicity GERSS BN LNE FRW RO LR QU AR R c s PRSI iR S &6 D rs of proteins
which determanschiawdinfatesnaiiongedid nutientdeigcdrapitscirenging Jfittileneptfactacigenes are
those that control the, production of specific molecules from the terium that cause disease, such as
toxins, o I M e P L ) e ST O b B S S % case
disease. Tatgers atwo(incliite degulatarsfeasdengiciagondsciT héae eperginbskwhtsthexpression is
essential foreeglgupal i fieiey ailiam e NRENIALEOCIIonS: GGk fXafRlEn AiRifst may be a
regulator of genes encoding proteins needed for DNA replication, primary metabolic pathways, fatty
acid synthesSiPFsion ARISATLEISSRIERI 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 prqtein may regulate expression of genes eré(é:@in virulence factors and cell wall
metabolism 1 4RBGS WSS ARERA e b 2R IR R bRRSRY BRStein may contro
expression oftacyenereitnaht i® gsentibpithtgeniallyundes pakiimgldreavatonfreictallogradiiiolas, e.g.
nutrient Shoﬂl%ngentors 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



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. 14 or more of the genes in PCT/GB2008/003353 encoding beta
lactamascs, efflux pumps e.g. those in Figure I, aminoglycosidc-modifying enzymes or crmB gene, in
order to after, e.g. increase, antibiotic resistance. Illdeed, decoys may contain two or more sequences
targeted to act on more than one gene or transcription factor and/or more than one bacterial strain. For
example, a detbydsayycorhprisedis Bigbinthogigetdroet GratimumigatiieagdoGtanr-positive bacteria.
TFDs may b fre riety. rial ion %ﬁ e F within the human body.
Five goneral L B b e e H e e amongst the
commonest bisEcTippiét ESpiratory tract infections including the ears, throat, and nasal sinuses that can
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 cOMTIGHBIODIENSHBth CEMNTAME A WSIEsP ¥ Ae Al DarMENy tact infections, where
the urine besampsibiliecihenang aofipatietiels nagdita enteéntheibladdspeprostiaidopeaier and kidneys.
The qut is vylnerable, (9,infections. (an example, of gastiomiestinal Infections), whete bagteria cause
disease by either 6‘y MUCoSAl nvasion o toxin production, an example ofwhich mcldde cholera
epidemics, adwhistiudedrmraibistids anreredshen ingexte [y administefedtirravendusly. Skin and soft
tissue infectigng, whick,6Rm BE s FacaliiRnica aRRlicAlianioAla s SRmQR follawing:rayimatic injury

or burns, which allow colonisation and ingression of micro-organisms resulting in infections that are
both localise¥Bf Kereprabentiintsy ﬂfrgﬁﬁﬁst%%éi}’é%’}cm%r%@‘ér‘?@?ﬂonsible for skin infections often
arise from normal skin flora, such as Streptococcus pyogenes causing superficial skin infections
(impetigo), cellulitis émore deeé)-seated infelg '

ion.that can sfPread to the bl odg andlnecr?tizing fasciitis,
a rapidly pro&r%%%ﬁ? S RSACARS LTS GYEER T lffmselé%?ﬁﬁﬂ. fﬁﬁﬁ@y MR NBRS St h& &8fttal nervous

system, suchnaibibactettatathéoingitisinaptypestdap6 thk anbstahgatiending thdreabasttesdpies must
penetrate th -brain. barri . P eni i o) be prepared and
tested as de%c%%%%%%@ggéﬁgﬁ% ?clla?%?gsr?ll %g%fgyé%%l(%@/%hggg%gg%%gg%§%r@r%%re of the above
aspects may 8EupKibined denomyerdidesipiiiviliprésmhtaneteSiniGrppeiplésamd methods use

decoy polynpgicstidgsiie shiypaitrna@bres slaminpakanvete 8 Aleaaorabinugaqude comprises a
transcription factor binding site (decoy sequence). Generally in the present methods, a decoy
polynucleotitf¥38uikdht el B sk d8 Pt (U AGERI G GRS SPraishramiedd o a
cis-regulatoruseaysnddoeanppesiag, aibingiog,stg/6ar the transcription factor. The polynucleotide
titrates transcription factor from the cellular binding site and disrupts regulation of expression of the
operably linked gene or genes in the cell. The alteration in gene expression causes changes in cellular
phenotypes Theatesopipicshotkicdossr nd paeiesanhilsh heayddedattye et neimgsthechressHularethods

include thosgdescripeghRerein 2o 18 SARERdneh2pRIGBHOR F GILEHR 2008033 ImReCific examples
include the following regulators and regulatory sequences which are also listed in Figure 2.
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



Reference to each of the specific regulators includes reference to that regulator in the species listed
and to any species homologues thereof For each target a native binding site and/or a consensus
binding sequence is presented. A decoy sequence targeting the regulator may comprise the native
sequence or consensus sequence presented or a variant or fragment thereof which has decoy function
as described herein, e.g. a native binding site in amdther species. Methods for testing a variant
sequence for decoy function are described in co-pending application PCT/GB2008/003353. Decoys
targeting a pavtieUteguieguiator and pditigotedigesuitanieyf trass evincprakarpgotesdnnvbipbntiegaregulator
occurs, as Iigﬁ%igﬁépw. Also listed 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, it will be

appreciated-thatdQ ajurR aad i throfF snalthe Aesent RYRERR thaseauenaes il be double
stranded. The complementary strand to the sequences listed herein are clearly and easily derivable,

for example PSR MBIBE PTG AT SBBPAIIN MHAYIS SRS A2 0B6Y By 41ReiH Sambrook
and David RussetltoMRig/sutb A/nBiésia, transaripiongl inegpakaigrtnd antibiotiddesisitiogesgenes in

Actinomycetes including Mycobactcria (e.g. Af. smegmatis and M. tubercuylgsis) and.Streptomyces
(Nguyen et SRS RS o 00Ls L SOy sl e e Do i A
smegmatis $ntACi0 e oumprives PEYGACTHBCOTGATRINGEECINBE: GACTTGCAGT

CACCCGG%%GPB&I GhGALsLh GG RiR Ha Tl hatledih Alfle B tribnmiakM TCCATC
AGCTCAGACA GATCAC- 3' (SEQ ID NO: 9) LOCUSCP0004806988209 bp DNA circular BCT

12-DEC-2008 RN TUEN MR QBT SHBgMiiIderaich 195e CaiphIRtRIgRsINgAE. ACCESSION
CP000480 \(ER S GRARNOHSR. A Sikahi8 HaRA2T HOP REINAT B RP&k368 2Bkt 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, ¢.g. hostile environmental conditions. For example,
these include stress responses such as oxidative stress responses or peroxide stress
responses, responses to lack of nutrients, e.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.



Uses: increase efficacy of a broad range of hydrophilic/hydrophobic antibiotics, including macrolidcs,
lincosamides, chloramphenicol, imipcnem, pristinamycin, rifampicin, streptomycin, spectinomycin,
tetracycline, isoniazid, ethambutol. One example of a WhiB7 TFD sequence comprises: WhiB7 TFD 5'
TOG CCA CGG ATC CGG GIG ACT GCG GOT CCG TGG CCT 3' (SEQ ID NO: 5; Example 2) FadR
FadR is a regulator of expression of genes in an essential pathway for fatty acid synthesis (including
fabA and fabB) in E. coli (Campbell & Cronan, Bacteriology (2001) 183:5982- 5990) The native FadR
binding site HirEsscodpis? gomplisesittliessefjudhder: HlapGTAAGCT ThSGAATEDACAARTIAGCGTACAC

L1 8 TACO e GRS SR AR GO RE i BaRe 1 d PRI AR

Eschcrichia coli St K12 Subsir. DH10B, comp ete genome. ACCESSION CP000948 VERSION
CP000948. BIGHE8 98B MYBIODDRE | RATE § 753 1dYS: grpes peidity, low oxygen), biotic

factors (in response to host or other bacterium) and chemical factors (such as treatment with

antibiotics).

Also included are responses to physiological conditions. Thus targets may include
regulators of expression of pathogenicity genes or virulence factors, such as toxins. Targets
also include regulators 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



Uses: Increase efficacy of any antibiotic that targets fatty acid synthesis, such as: platensimycin,
platnccin derivatives, phomallcnic acid, corytubcrine, cyclic solfoncs, anthranilic acid derivatives,
cerulenic acid. One example of a FadR TFD sequence comprises FabB TFD 5' TTT ATT CCG AAC
TGATCG GAC TTG TTC AGC GTA CAC GTG TTA GCT ATC CTG CGT GCT TCA 3'. (SEQ ID NO:
6; Example 3) YvcG/YycF YycGlYycF is a 2-compénent regulator in low G+C gram positive bacteria,
including S. attreus, B. subtilis, S. pneutnoniae, S. pyogenes, Listeria thonocytogene.s. YycG/YycF is
known to becamesseittialgegs iatBCH GBIOABI0D2 G reso dniUiditadaciaihsasdeShanuans also genes for
e TN asl Rl Ysslp RS dsAdet JenTR GiBRciapiagy (2004
186:1175-1181). Thehative mgl sites for YycFandYycG in S. aureus (in the LytM and Ssa
promoters) ¢efFafBenYOHq ipRAtancs OIS T ARY ORBRATGCTANTCREBTTFAGEAANAA-3' (SEQ

ID NO: 11) LOLURAGRPOMERGAS 5295 BRI LIH A6 Bad /ol GablOMAQNE BAEEHI THAN.
Staphylococcus aurcus subsp aureus USA300 TCH1516, complete gchome. ACCESSION CP000730

For example, a decoy may comprise the Sig binding set from Gram-negative and Gram-

positive bacteria.

TFDs may be used to treat a variety of bacterial infections wherever they occur within the
human body. Five general areas of bacterial infection can be described. Respiratory tract
infections 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.



VERSION CP000730.1 G1:160367075 COORDINATES 322073-322109 18 YycF SsaA 5'-
ATTACAAATTIGTAACAGACTTATITTA-3' (SEQ ID NO: 12) 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
2415067-2415093 Uses: Increase efficacy of mactélide-lincosamide-streptogramin B (MLSB)
antibiotics Examples of a YycGlYycF TFD sequence include:

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 into a target cell,
comprising a gene or genes operably linked to a cis-regulatory sequence comprising a
binding site for the transcription factor. The polynucleotide titrates transcription factor from
the cellular binding site and disrupts regulation of expression of the operably linked gene or

genes in the cell. The alteration in gene expression causes changes in cellular phenotypes.

Transcription factors and genes which may be targeted using the present methods include
those described herein and in co-pending application PCT/GB2008/003353. Specific
examples include the following regulators and regulatory sequences which are also listed in

Figure 2.

Reference to cach of the specific regulators includes reference to that regulator in the
species listed and to any species homologues thereof. For each target a native binding site
and/or a consensus binding sequence is presented. A decoy sequence targeting the regulator
may comprise the native sequence or consensus sequence presented or a variant or fragment
thereof which has decoy function as described herein, e.g. a native binding site in another
species. Methods for testing a variant sequence for decoy function are described in co-
pending application PCT/GB2008/003353. Decoys targeting a particular regulator are
particularly suitable for use in prokaryotes in which the regulator occurs, as listed below.
Also listed 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, it will
be appreciated that in nature and in the TFDs of the present invention, the sequences will be
double stranded. The complementary strand to the sequences listed herein are clearly and
casily derivable, for example from Molecular Cloning: A Laboratory Manual (3™ Edition),

2001 by Joseph Sambrook and David Russell.

WhiB7



LytM TED S' GCT ATT TTG TAA TGA CAATGT AAT GAG TTT AGT AAA AA 3'SsaA TFD 5' ATT
ACA AAT TTG TAA CAG ACTTATTTT A 3. (SEQ ID NOs 7 & 8, Example 4) Sigma 54 or Sigji
Sigma 54 or SigBLis a major controller of the adaptive response and occurs in about 60% of bacteria,
including Al stnegtnatis, P. aeruginosa, Streptococcus pneumonia, Klebsiella pneunsoniae
(Wigneshweraraj, Molecular Microbiology (2008) 688: 538-546). The native binding sites in S. aureus
and K. pneurnoniae comprise: SA sig 5'- TTATTATATA CCCATCGAAA TAATTTCTAATCTTC-3'
(SEQ ID NOWHS 1O CHBSPA00T30a8T2616f bt Dk cirisiac8ENct 6aNONAROPFTBEFINITION

Staphylococge AYlCLS SHISRALELSISAIO0 FCHIS] G oomplete asnane, AGEESRINEP000730

VERSION CP000/30.1 GI:160367075 COORDINATES 2187051-218 7017
et al, Trends in Microbiology (2006) 14:304-312).

The native WhiB7 binding site in M. smegmatis stt MC2 155 comprises:

5’- CACCAGCCGA AAAGGCCACG GACCCGCAGT CACCCGGATC CGTGGCCATT
TTTGTCGGAC CCCCCGAGAA ATCTGGTCGC AGGATCCATC AGCTCAGACA
GATCAC- 3’ (SEQ ID NO: 9)

LOCUS  CP000480 6988209 bp DNA  circular BCT 12-DEC-2006
DEFINITION Mycobacterium smegmatis str. MC2 155, complete genome.
ACCESSION CP000480

VERSION  CP000480.1 GI:118168627

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, ethambutol.

One example of a WhiB7 TFD sequence comprises:
WhiB7 TFD 5° TGG CCA CGG ATC CGG GTG ACT GCG GGT CCG TGG CCT 3’
(SEQ ID NO: §; Example 2)

FadR

FadR is a regulator of expression of genes in an essential pathway for fatty acid synthesis
(including fabA and fabB) in E. coli (Campbell & Cronan, J. Bacteriology (2001) 183:5982-
5990)

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)

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



19 CCGATAAGGG CGCACGGTTT GCATGGTTAT-3I (SEQ ID NO: 14) LOCUS X1330324206 bp
DNA linear BCT 18-APR-2005 DEFINITION Klebsiella pncumoniac DNA for nif gene cluster.
ACCESSION X13303 VERSION X13303.1 01:43820 COORDINATES 18301-18330 Uses: Increase
efficacy of bactericidal and bactcriostatic antibiotics, for example, those described herein. Fur Fur
regulation was initially described as being importafit for iron regulation but is increasingly recognised to
be involved in other adaptive pathways, most notably metalloregulatory (Zn- Zur) and also determining
resistance t®pEdNIHRY (Pei)chamaeglilstidaldcobss iDH (B soSpatceeseiae.coli, Helicobacter pylori,

B. subtilis (FXéCPEgﬁgﬁ;rCW%(Horsburgh 2001; Lavarr 2003; and Delany 2001). A consensus

sequence for Fur in S. aureus and E. coli comprises: SA fur
VERSION  CP000948.1 GI:169887498

COORDINATES 2531419-2531481

Uses: Increase efficacy of any antibiotic that targets fatty acid synthesis, such as:
platensimycin, platnecin derivatives, phomallenic acid, corytuberine, cyclic solfones,

anthranilic acid derivatives, cerulenic acid.

One example of a FadR TFD sequence comprises

FabB TFD 5’ TTT ATT CCG AAC TGA TCG GAC TTG TTC AGC GTA CAC GTG TTA
GCT ATC CTG CGT GCTTCA 3°.

(SEQ ID NO: 6; Example 3)

YycG/YycF

YycG/YycF is a 2-component regulator in low G+C gram positive bacteria, including S.
aureus, B. subtilis, S. pneumoniae, S. pyogenes, Listeria monocytogenes. YycG/YycF

is known to be an essential regulator of at least 12 genes, including LytM and SsaA, and
also genes for virulence determination and cell wall synthesis (Dubrac & Msadek, Journal

of Bacteriology (2004) 186:1175-1181).

The native binding sites for YycF and YycG in S. aureus (in the LytM and Ssa promoters)

comprise:
YycF LytM
5’- GCTATTTTGTAATGACAATGTAATGAGTTTAGTAAAAA-3’ (SEQ ID NO: 11)

LOCUS  CP000730 2872915bp DNA  circular BCT 16-NOV-2007
DEFINITION Staphylococcus aureus subsp. aureus USA300 TCH1516, complete genome.
ACCESSION CP000730

VERSION  CP000730.1 GI:160367075

COORDINATES 322073-322109



5'- ACT ACA AGT ACT ATT AGT AAT AGT TAA CCC TT-3' (SEQ ID NO: 15) Consensus sequence
(‘'Fur BOX') as described in Horsburgh, J. Bacteriology (2001) 183:468. EC_fur 5'-
GATAATGATAATCATTATC-3' (SEQ ID NO: 16) Consensus sequence as described in de Lorenzo, J.
Mol . Biol. (1998) 283:537. A native binding sequence in H. pylori comprises: HP fur 5'- GTT GTC CCA
TAA TTA TAG CAT AAA TGA TAA TGA AAA AGTBAAA-3' (SEQ ID NO: 17)
LOCUSCP0010721608548 bp DNA circular BCT 12-JUN-2008 20 DEFINITION Helicobacter pylori
Shi470, complefeetomc. ACCESSION CP001072 VERSION CP001072.2 GI:189491895

5’- ATTACAAATTTGTAACAGACTTATTTTA-3’ (SEQ ID NO: 12)

LOCUS  CP000730 2872915bp DNA  circular BCT 16-NOV-2007
DEFINITION Staphylococcus aureus subsp. aurcus USA300 TCH1516, complete genome.
ACCESSION CP000730

VERSION  CP000730.1 GI:160367075

COORDINATES 2415067-2415093

Uses: Increase efficacy of macrolide-lincosamide-streptogramin B (MLSB) antibiotics

Examples of a YycG/YycF TFD sequence include:

LytM TFED 5° GCT ATT TTG TAA TGA CAA TGT AAT GAG TTT AGT AAAAA ¥
SsaA TFD 5 ATT ACA AAT TTG TAA CAG ACT TATTTTA 3.

(SEQ ID NOs 7 & 8; Example 4)

Sigma 54 or SigB

Sigma 54 or Sig® is a major controller of the adaptive response and occurs in about 60% of
bacteria, including M. smegmatis, P.aeruginosa, Streptococcus pneumoniae, Klebsiella

preumoniae (Wigneshweraraj, Molecular Microbiology (2008) 68: 538-546).

The native binding sites in S. aureus and K. pneumoniae comprise:

SA_sig
5’- TTATTATATA CCCATCGAAA TAATTTCTAA TCTTC-3’ (SEQ ID NO: 13)

LOCUS  CP000730 2872915bp DNA  circular BCT 16-NOV-2007
DEFINITION Staphylococcus aureus subsp. aurcus USA300 TCH1516, complete genome.
ACCESSION CP000730

VERSION  CP000730.1 GI:160367075

COORDINATES 2187051-2187017

KP sig



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 alternative sigma factor that is autoregulated and that
regulates expression of two major exotoxins that determine virulence. TcdR regulation known to occur
in Clostridiwn clifficile, C. botuliniutn (where the hothologue is BotR), C tetani (TetR) and C.
perfringens (UviA) (Matamourous, Molecular Microbiology (2007) 64:1274-1288) A consensus binding
site m C. difficil€ CoxpaSEHGEURCRCAAE TITGRTABRPATTA BERTRGAABNMAC TTTTTTATT-3'
(SEQ ID 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 bacteridt@dpropetidd Wir Vir is a24i8dirediMior dnowiuIBsce BR8P, aeruginosa and E.
coli (Kanackp Migxapie)SOx (AR06h B52:3485:3696). Thei Facseliomolog is CRP, with binding sites
occurring in thec%romoter of the toxA gene and promoter P1 of the regA gene.

ACCESSION  X13303

VERSION  X13303.1 GI:43820

COORDINATES 18301-18330

Uses: Increase efficacy of bactericidal and bacteriostatic antibiotics, for example, those

described herein.

Fur

Fur regulation was initially described as being important for iron regulation but is
increasingly recognised to be involved in other adaptive pathways, most notably
metalloregulatory (Zn- Zur) and also determining resistance to peroxidise (Per). Fur
regulation occurs in at least S. aureus, E. coli, Helicobacter pylori, B. subtilis (Fur, PerR,

Zur, MntR), (Horsburgh 2001; Lavarr 2003; and Delany 2001).
A consensus sequence for Fur binding in S. aureus and E. coli comprises:

SA_fur

5’- ACT ACA AGT ACT ATT AGT AAT AGT TAA CCC TT-3’ (SEQ ID NO: 15)
Consensus sequence (‘Fur BOX’) as described in Horsburgh, J. Bacteriology (2001)
183:468.

EC fur
5’- GATAATGATAATCATTATC-3’ (SEQ ID NO: 16)
Consensus sequence as described in de Lorenzo, J. Mol. Biol. (1998) 283:537.

A native binding sequence in H. pylori comprises:

HP_fur

5’- GTT GTC CCA TAA TTA TAG CAT AAA TGA TAA TGA AAA AGT AAA-3’
(SEQ ID NO: 17)

LOCUS  CP001072 1608548 bp DNA  circular BCT 12-JUN-2008



21 PA Vir 5- AAA TOT GAT CTA GAT CAC ATT T-3' (SEQ ID NO: 19) Consensus sequence as
described in Kanack, Microbia (2006) 55:1196. PA_ToxA 5'- CACTCTGCAA TCCAGTTCAT
AAATCC-3' (SEQ ID NO: 20) LOCUSEU59573626 bp DNA linear BCT 15-JUN-2008 DEFINITION
Pseudomonas aeruginosa strain PACS458 clone fal366, complete sequence. ACCESSION
EU595736 REGION: 10145..10170 VERSION EU8B95736.1 01:18793955 | COORDINATES
10145-10170 PA_RegA 5'- GTAACAGCGGAACCACTGCACAG -3' (SEQ ID NO: 21)
LOCUSEUSPEFBSPB G DNichivress BT 1SN -Q0Q8cte genome.

ACCESSION CP001072
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 alternative sigma factor that is autoregulated and that regulates expression of two
major exotoxins that determine virulence. TcdR regulation known to occur in Clostridium
difficile, C. botulinium (where the homologue is BotR), C. fetani (TetR) and C. perfringens
(UviA) (Matamourous, Molecular Microbiology (2007) 64:1274-1288)

A consensus binding site in C. difficile comprises:

TcdR

5’- AAG TTT ACA AAA TTA TAT TAG AAT AAC TTT TTT A TT-3’ (SEQ ID 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 rox4 gene and promoter P1 of the regA gene.

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



DEFINITION Pseudomonas aeruginosa strain PACS458 clone fal366, complete sequence.
ACCESSION EU595736 REGION: 10145..10170 VERSION EU595736.1 01:18793955 |
COORDINATES 312-334 Antibiotics: Decoys may be used without antibiotic to control the expression
of a set of genes that determine virulence in P.aerug,inosa and E. coli. Decoys may be used to
increase the efficacy of antibiotics most notably thake with bacteristatic properties. NtrC NtrC is a
regulator of an essential gene, gIlnA, which is required for environmental adaptation in at least
Klebsiella péurviémiae (Minchin et al, The EMBO Journal (1989) 8:3491-3499). A native binding site in
K. pnetunoniae COMRESEE MPNIE o1 cAC ATT T-3° (SEQ ID NO; 19)
GCTTTGCACTACCGCGGCCCATCCCTGCCCCAAAACGATCGCT -3' (SEQ ID NO: 22) 22 LOCUS
X1330324266 s DMNAHereBeteIBiles R Xgogck, Microbiol. (2006) 55:1196.

PA ToxA
5’- CACTCTGCAA TCCAGTTCAT AAATCC-3’ (SEQ ID NO: 20)
LOCUS  EUS595736 26 bp DNA linear BCT 15-JUN-2008

DEFINITION Pscudomonas acruginosa strain PACS458 clone fal366, complete sequence.
ACCESSION EU595736 REGION: 10145..10170

VERSION EUS595736.1 GI:187939551

COORDINATES 10145-10170

PA RegA
5’- GTAACAGCGGAACCACTGCACAG -3’ (SEQ ID NO: 21)
LOCUS  EUS595736 26 bp DNA linear BCT 15-JUN-2008

DEFINITION Pseudomonas acruginosa 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)



DEFINITION Klebsiella pncumoniac DNA for nif gene cluster. ACCESSION X13303 VERSION
X13303.1 G1:43820 COORDINATES 18159-18201 Uses: Decoys may be used without antibiotic to
perturb expression of the essential gene, gInA, required for environmental adaptation, or in
combination with antibiotics in general which may induce stress (bactericidal). ArsR ArsR is a regulator
of genes encoding acid adaptation in at least Heli@gdbacter pylori, H. acinonychis and H. fells (Pflock
eta!, J. Bacteriology (2006) 188:3449-3462). Binding sites occur in the amiE promoter and the rocF
promoter asldeStisbed Xl PHi3ck et al. EXRQbples ddEAatiliechindng S8epBREDEDOMprise: HP AmIE 5'-

ATAATCATAATGATTAANGT T TEATATICATTATAMITE GRITTACACA ATTATT -3 (SEQ D

NO: 23) LOCUS AE00051156 bp DNA linear BCT 27-DEC-2005 DEFINITION Helicobacter pylori
26695, compieteEgShahe X 13303

VERSION  X13303.1 GI:43820
COORDINATES 18159-18201

Uses: Decoys may be used without antibiotic to perturb expression of the essential gene,
glnA, required for environmental adaptation, or in combination with antibiotics in general

which may induce stress (bactericidal).

ArsR
ArsR is a regulator of genes encoding acid adaptation in at least Helicobacter pylori, H.
acinonychis and H. felis (Pflock et al, J. Bacteriology (2006) 188:3449-3462). Binding sites

occur in the amiE promoter and the rocF promoter as described in Pflock et al.
Examples of a native binding sequence comprise:

HP_ AmiE

5’- ATAATCATAA TGATTAAAGT TTTCATATTC ATTATAAATC CGTTTACACA
ATTATT -3’ (SEQ ID NO: 23)

LOCUS  AE000511 56bp 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



ACCESSION AE000511 REGION: 310910..310965 VERSION AE000511.1 01:6626253
COORDINATES 310910-310965 HP_RocF 5'- GAAATTGTTC TATTTATTAT CCATTTGCTT
ATTAATAATT GGTTGTTAAT TTTGGTTTAG A -3' (SEQ ID NO: 24) LOCUS AE00051161 bp DNA
linear BCT 27-DEC-2005 DEFINITION Helicobacter pylori 26695, complete genome. ACCESSION
AEO000511 REGION: 1459830..1459890 VERSIORBAE000511.1 01:6626253 COORDINATES
1459830-1459890 23

Uses: Decoys may be used on their own to perturb expression of the essential genes
mediating iron-uptake that are required for environmental adaptation, or in combination

with antibiotics in general which may induce stress (bactericidal).

Glycopeptide-resistant consensus sequence (GISA)

A consensus sequence was determined by bioinformatical analysis of non-proprictary
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, BMC Genomics (2006) 7:296). 17/22 promoters were found to have a shared

consensus sequence.

An example of the consensus sequence, found in the promoter of fca4, a known positive
regulator of virulence (Maki, Antimicrobial Agents Chemother. (2004) 48:1953) may be

used in a decoy (see below).

SA TcaA
5’- TGAACACCTTCTTTTTA -3° (SEQ ID NO: 25)
LOCUS  CP000730 2872915bp DNA  circular BCT 16-NOV-2007

DEFINITION Staphylococcus aureus subsp. aureus USA300 TCH1516, complete genome.
ACCESSION CP000730

VERSION CP000730.1 GI:160367075

COORDINATES 2476452-2476436

The consensus sequence occurs 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 promoters.
Typically the genes regulated by binding at the native sequences contribute to glycopeptides

resistance and/or virulence.

Uses: decoys may be used to increase efficacy of glycopeptides antibiotics.

AgrA



Uses: Decoys may be used on their own to perturb expression of the essential genes mediating
iron-uptake that are required for environmental adaptation, or in combination with antibiotics in general
which may induce stress (bactericidal). Glycopeptide-resistant consensus sequence (GISA) A
consensus sequence was determined by bioinformatical analysis of non-proprietary microarray data.
Motifs were found in genes shown to be up-regulatéd when comparing a glycopeptidc resistant strain
with its parent, and the same resistant strain with a revertant (Schell, BAIC Genomics (2006) 7:296).
17/22 promaiersnyessesfoqudia vasel dcshaned tgpomserisusaseguanbeisir examppeighthe consensus

sequence, f i : /4 ) iti > 0 ol i i,,Antimicrobial
Agents Ches B R e A

TGAACACCTaEor pyspaiaigd (s ity ilsnce GBynaeyidterendy 8987283343 DNA circular BCT
16-NOV-2007 DEFINITION Staphylococcus aureus subsp. aurcus USA300 TCH1516, complete
genome. ACCESSION CP0Q00730 VERSION CP000730.1 GI:160367075 COQRDINATES
2476452-247BABEFHE TOHESRSIRUEEJREATY BLETRS AN MOSSHHIKHE 'DREBYS iy Bing the
sequence méycbaitBRchithtargetian® abise pertatonl pioteinsiikadingdheisesuendesinitie native
promoters. 'lé)ﬁ)f’Qggyatg?t_%%gegnre%gulated by binding at the native sequences contribute to
glycopeptides resistance andior virulence. Uses: decoys may be used to increase efficacy of
glycopeptides antibiotics.

SA Agr 2093
5’- AGA AAG ACA AAC AGG AGT AA -3’ (SEQ ID NO: 26)
LOCUS  CP000730 2872915bp DNA circular BCT 16-NOV-2007

DEFINITION Staphylococcus aureus subsp. aurcus USA300 TCH1516, complete genome.
ACCESSION CP000730

VERSION  CP000730.1 GI:160367075

COORDINATES 2414790-2414771

SA Agr 1269
5’- GAA GAA ACA AAA AGC AGC AT -3’ (SEQ ID NO: 27)
LOCUS  AP009324 2880168 bp DNA circular BCT 09-JAN-2008

DEFINITION Staphylococcus aureus subsp. aureus Mu3 DNA, complete genome.
ACCESSION AP009324

VERSION  AP009324.1 GI:156720466

COORDINATES 1549580-1549561

The binding motif occurs at least in S. aureus and contains homologues in many Gram-
negative species, such as P. aeruginosa and E. coli. 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 sequences determine virulence in the cell.

Uses: Decoys may be used to control the expression of a set of genes that determine

virulence in P. aeruginosa and E. coli.



24 A consensus sequence was determined by bioinformatical analysis of non-proprietary microarray
data. Motifs were found in genes shown to be positively regulated by Agr, a regulator associated with
virulence (Dunman, Bacteriol. (2001) 183:7341). The putative motif was found to occur in two
promoters thought likely to be involved in determining pathogenicity (SA2093 upstream of an AraC-like
transcriptional regulator and SAI269, a Blt-like ger#8). SA Agr 2093 5'- AGA AAG ACA AAC AGG ACT
AA -3' (SEQ ID NO: 26) LOCUSCP0007302872915 bp DNA circular BCT 16-NOV-2007 DEFINITION
StaphylococGuscauihg ubesidosp eqreuscUSASG( TaHAB6) icdmpiets gothopdy ACICEBSSIONtCP000730

VERSION COOINLSIP0387 470 CORRRINATES AMIRAMILIRALY 5 OAA OAA

ACA AAA A CAT-3
other elements of a cognate promoter.

The decoy polynucleotide may comprise a plasmid vector. For example the decoy
polynucleotide may comprise an n[snare] plasmid as described in co-pending application
PCT/GB2008/003353 and/or prepared according to a method described in co-pending
application PCT/GB2008/003353.

The decoy polynucleotide may comprise more than one copy of the decoy sequence. The
polynucleotide may comprise a multimeric molecule comprising multiple copies of the
decoy sequence. For example, from 1 to 1000 copies. Typically there are two or more
copies, for example, 2-1000 copies, ¢.g. at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200,
300, 400, 500, 600, 700, 800 or 900 copies. For example, there may be 10-200, 10-150, 20-
120, 20-100, 30-100, 30-80, 30-50, 30-40 copics. For example, there may be 30 copies of
the decoy sequence. Typically there are multiple copies of the decoy, for example, multiple

direct repeats of the decoy sequence.

Alternatively, the decoy polynucleotide may comprise more than one decoy sequence as

well as multiple copies of the decoy sequences.

The decoy polynucleotide may comprise additional sequences to the decoy sequence.
Typically the additional sequence results in increased resistance to degradation of the decoy
sequence due to the action of exo- and/or endonucleases. The decoy polynucleotide may
comprise at least one element of secondary structure. Typically this secondary structure
results in increased resistance to degradation of the decoy sequence due to the action of exo-
and/or endonucleases. The decoy polynucleotide may comprise modified bases or sugars to
confer greater nuclease resistance. The decoy polynucleotide may comprise 2° OH
nucleotides or amines at the termini of the polynucleotide to reduce or inhibit exonuclease
activity. The decoy polynucleotide may comprise a linear oligonucleotide. The decoy
polynucleotide may comprise circular double stranded DNA, ¢.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



LOCUSAP0093242880168 bp DNA circular BCT 09-JAN-2008 DEFINITION Staphylococcus aureus
subsp aureus Mu3 DNA, complete genomc. ACCESSION AP009324 VERSION AP009324.1
Gl:156720466 COORDINATES 1549580-1549561 The binding motif occurs at least in S. aureas 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 regutatory protein binding the motif in the native
promoters. Typically the genes regulated by binding at the native sequences determine virulence in
the cell. Usdsadetalyisymay becuskdictoantros, treodxpregsionaf Bhsatcodypolgsittiat it erayine

virulence in %ﬁg%%%%%%a%ﬁh&ﬂ%ﬁ% o ?ega%%lllyé,t@ghd@ce% §)§%erﬁgﬁ&q§nscription factor binding

site) in the pol tide Is not operably lin to a gene. The transcription factor binding site may be
isolated from any other elements of a cognate promoter. The decoy polynucleotide may comprise a

plasmid vectgfe EQLSFRMRIRIREHaRY RRIRUEIROIR BIaX.romtisemt-NeRaliplasmid as described
in co-pending application PCT/GB2008/003353 and/or prepared according to a method described in

co-pending PR GE8R BEFNSB2008/003353. The decoy polynucicotide may comprise more than
one copy of the decoy sequence. The polynueleotide may comprise a multimeric molecule comprising

multiple copigs, of the decoy sequence. For.exam from 1 to 1000 copies. Ty icallé%q re are two or
ore copiee T BB a S a A R A S 2R R SR 50, 500,
300, 400, 500¢833d 2000 80E tr HOMetpidsdFonxdbimpiepanding apalidagon0-200, 10-150, 20- 120,

20-100, 30‘%/é@iﬁ%%bﬁ%?gﬁé%ﬁ%l%cgﬂfﬁr‘?g@m&k‘i‘o&ﬁ%@qﬁgﬁé’e B¢ RQ.cRRies of the decoy

sequence. Typically there are multiple copies of the decoy, for example, multiple direct repeats of the
decoy sequence. Alternatively, the decoy polynucleotide may comprise more than one decoy

sequence ax\wglbas, BdltipyeeRRIRsofithedeeompagaNEB are] plasmid. The plasmids have the
advantage, ¢.g. compared to linear oligonucleotides, that they are easily introduced into
bacteria, can be maintained by positive selection, and circumvent the problem of

exonuclease degradation.

The advantages of creating plasmid-borne versions of decoy oligonucleotides include
reduced cost of manufacture, increased resistance to in vivo 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.



The decoy polynucleotide may comprise additional sequences to the decoy sequence. Typically the
additional sequence results in increased resistance to degradation of the decoy sequence due to the
action of exo- and/or endonucleases. The decoy polynucleotide may comprise at least one element of
secondary structure. Typically this secondary structure results in increased resistance to degradation
of the decoy sequence due to the action of exoandfor endonucleases. The decoy polynueleotide may
comprise modified bases or sugars to confer greater nuclease resistance. The decoy polynucleotidc
may comprise 2' OH nucleotides or amines at the termini of the polynucleotide to reduce or inhibit

exonucleasq gl J119 decoy AGhUCIaRTde. T sompriss adingaraliganieleaiie. g decoy

polynucleotide'may comprise Citcular double stra NA, e.g. a so-ca um configuration

(Ahn et al, BioeRasehB HprH) sibeRestDs HmsZo68)wree 104§ agsg)adlgsieiibell typically has a
double strangggi¢geioninerdYatinginm incastethseavehsabRGIackalRd Mtirnaaliostemdoop

structures, or other sequences. The decoy polynucleotidc may comprise a cholesterol modification at
one or at ea®VBERHSEHE Fvtseii ThEuedby polynucleotide may comprise any one or more of the

above features in any suitable combination. A decoy polynucleotide may comprise any of the decoy

sequences scribeéj herein and/olrisidsegrtlgigrdr%:r%ocrodilrég 5?§heon8?ﬁgos%51§ie%§gr§9ﬁl% in co-pending

application T8 68%1}816?30%}1% may also con'Pprlse adlc]iltlllonalrse%uenc as described. As above,

a decoy polyrosiessidbersrayedoRhpside anajsnay sppipssaidoTixepheniios havdtheanvantage, e.g.

compared tQ inRALligopHEIRPILRS INRTREYBIE &RRY H’@QHg&Q NYPasiREa. calt Rgsmaintained by
€g

positive selection, and Circumvent the é)roblem of exonuclease radation. The advantages of

creating pladfhid%dPndOvelsitths biifedBy!8igbHudEdtidEs IAtiddd EGuddt 8%t St iHnufacture,
increased registangeteanie, drResasatinshyoouslesises) ooaintesanae f plasnsidgancemtration (by

If-replicati d ifi lection if , t , and th ility to test
combimationy 8 B FSgLRAE 0t EHERR gL AQEOE UL BASALE RS ey ALITG (o test or
synergistic effgctdly mmm@mﬁaﬂmmmaaﬂ@mwwbbmmm th_”e present
methods. n[3nagel Rlasmygs.and lleraries %i@%é&ééé‘&?sb&? é%%%%%ﬂ%‘?;%ﬁeﬁ'é%'%dﬁr%‘%}’dﬂ ction of a

known or putative cis-régulatory sequence, or for screening for new cis-regulatory sequiences (which
may act as dagsplesapieneétic meaosridiie bruebtet men)dnecspei dapiidaing wevated theFigure 3.
The plasmiddgggpprises 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
win result inEnditathomerf dtqnserpieiphastic efatdeablular 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. 27
Typically a transcription factor binding site in a snare is not operably linked to a gene, ¢.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,
e.g. a primer used in production of the monomer or of an insert comprising multiple

monomers.



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 comprises one or more copies of a monomer sequence
(which comprises the snare). Thus the insert may Zomprise (for example) from 1 to 200 monomer
sequences. Typically there are two or more copies, for example, 2-200 copies, e.g. at least 10, 20, 30,
40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, or 190 copies. For example, there

may be > 2 2o W égr%%%dﬁgéﬁa%%gaéa“%i Oé?gth{t’f%igrgpepiﬁljjﬁ%%t?& Guthere may

be 30 copies of t onomer sequence. T smid typically comprises a homopolymer of the

monomer. T¥pieatybrtey speppdifiplerebpteerof ¢HeGREABHIXE 361 axaamsrechivMisiéydirect repeats of

the monomeyagalieNsSJrromiding mulinlsoaapisseivhaimanemeiapa sl thenage) increases
the titrating power of the decoy. The monomer sequence comprises the snare sequence. Typically a

transcription“ B EdPiing: Site in'd BHAYE 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
share may aXs,o be isolated fram other. elemgnts in its cogn te.pr moter. In one instance, the monomer
monomer COI‘IlgI‘lSln a randomiscd Snarc seguen € ical g Cil GS? COH}pl‘lSGS a rec%an or, ..
sequence does not comprise a gene. A‘ monomer may com%se itional’'sequence In addition to the
snare. Ofterregiehs additiohal sempgercd derivefeonTahdomistidodans ed tensrofuceutieodere and/or the

plasmid ins%;ﬁtﬁty RARTPIS BBRNOMIGHMAY CORREISE AL AHRRIOT SEHENCS HCBRBHe adaptor

sequence which typically results when "custom™ snares are produced for a custom n[snare] library
according to*tHECRIStABUSh BBl A¥ %%?@é&%ﬁ@é%&@%%%?%@?%?exampIe, 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,. e.g. a primer u in production of the monomer or of an
insert Compr RS TR AIGHBHIRS Dag e SubitD SohO & BISCiH T 1 RER R BIE 85 using o
rolling circle S Z00 6o tHisd 409 dexrabed ) codpeh ding apiilicérion, PC TAB2008,1003353, a
monomer tth%?%_%ﬁQ@P%‘émrﬁl%@l%ﬁ{ &%%%%%U&%P%QQ%h%f_’r%%ebd’f‘,‘gﬂ%?ﬁ% g Ryimer used in
rolling circle replication, &.g. a'T /7 primier. A monomer comprising a ran omlseg snare sequence

typically alsé&ct¥rpisée-e0r8gidh. P redivak wf toprstaslessdae fice cropriratplengirahtiomised snare

sequence ofp,puialeqtides.mayibe flankeddayidegions of constant sequence. Alternatively, a central
core of constant sequence may be flanked by regions of randomised nucleotide sequence. The length

of a monomer can be, for example, up to 1000 nucleotides, for example, up to
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, 5-30 nucleotides, for example, 5-25, 5-20,

5-15 or 5-10 nucleotides such as 10, 11, 12, 13, 14 or 15 nucleotides.

Typically, an insert in the n[snare] plasmid comprises one or more copies of a monomer as
described herein. Where the insert comprise multiple repeats of a monomer, these may be

tandem repeats.

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.



900, 800, 700, 600, 500, 400, 300, 200, 100, 90, 80, 70, 60, 50, 40, 30, 20, 15, or 10 nucleotides.
Typically 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 nucleotides. For example, the length of a monomer may be 30, 40 or 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, 17,228, 19 or 20, for example 19 nucleotides. An
adaptor sequence may comprise, for example, 5-30 nucleotides, for example, 5-25, 5-20, 5-15 or 5-10
nucleotides $ticiplasiid yadtod for 13; ttar i Snared pletidebmiy picaliyg taa fiorsext im ¢ ipeokfsyatre] plasmid

comprises oge,of MAIE £RRISR,PLAMANINEI-AR ARs5eg hetsin, \harsdhe nselt somprise multiple
he

repeats of a monomer, these may be tandem repeats. An insert in plasmid vector may comprise,
for example taiststieh SRbaqinaReGPisIBosLARp Cramala thpllapmidvectar aay he sugablgfor seim gkb.

However, anysgiabiednsert sizen \whigh alloyws stahipdvamienanse.stihepiesrid Kz srtable host
cell and efficient use In the present methods may be used. 29 The plasmid vector for use in the

n[snare] plaSid Mg oy 1 6P e TP R B SR B O K BHE RS A EBP A ple, the vector

may be for uRi6tiibla [prakarydtscsbeh fasiebiastatial, e.g. actinomycete host. For example, the plasmid
vector may be suitable for use in a Streptomycete or E. coil strain, e.g. one or more of Streptonzyces
coelicolor e.g. A3(2) (or strain M145 or M600), E. coil, Streptomyces liviclans or Streptomyces
cinnamoneolwiSuirabie Yrosis iarebdessthiise i figrthed/ heskittl Tygicalipdtien vewrdeis & broad host range

and/or shuttie.vecior A G5 RSIE A #BR: Mainiaincd @ rt-aRanaies @c%@a%%ﬁﬁ@St- The

plasmid may a conjugative plasmid. This allows eas}i%transfer. from one cell to another by conjugation.
Preferably tH& iSRG B SRl Eatmenesicamrenes i sani#8tihigh copy number plasmid. For
example, the plasmid may be maintained at, for example, 20-100 copies per cell, for example 20, 30,

40, 50, 60, 70, 80,90 or 9 .100 ies. pe . Hi i titrati f
ocoy SequOnE T AR s e LA DL B SRR BF PABemtion. Sutable
origins are krlewmdnEireesatnfllypicafiathmédptasrhidhadditiondilly tomyangds, 306 OF enpie detectable
marker gens 9% SAARIE o8 IITATE oA £URRT AHIYOLG LeSISIR0E i dhe aac gene

encoding apramycin resistance. Expression of the' marker gene(s Ws screening for maintenance of
the plasmid WalsostEedh cERHAINRBOTS Bt aslecprantr i ssertis Stefude, for example, pTJ86. Suitable
vectors arc known in the art.

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 screening for

maintenance of the plasmid in a host cell.

Examples of suitable plasmid vectors include, for example, plJ86. Suitable vectors are

known in the art.

A snare may comprise a sequence derived or isolated from a genome or genomic fragment.
A genomic fragment may comprise a 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 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.



A snare may comprise a sequence derived or isolated from a genome or genomic fragment. A
genomic fragment may comprise a 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 gene(s) or surrounding sequences, e.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 BppligatbmRCHUB2008/0038p3 A3ty Becayitpolymethedtides may be prepared by any
suitable method. For example, dumbbells may be prepared as linear oligonucleotides and then ligated
with T4 ligase. Alternatively dumbbell decoys may be prepared by PCR using appropriate primers, as

described infioxerapielc dexehoisimay beperatydcsiangs digoradrotitte anditheorhgated stém loop of the

dumbbell strpgturcExamplas.af MBHMM@J@@E@@M@B@E&@B}M@R PG figation using the
primers is typically followed l%%restriction dib%é(;st of the amplification product and ligation to form the

closed circle®HIBORIC AT AR B ERIMb IS BB resHre B ReARHET KBE88 'a plasmid as
described inflzxamplecin Digestiba dafoibeiesubytigaiampeciataudiepeiosachairgiesadumbbell structure.
Methods for preparing are] plasmids and n[snare] plasmid,li ies are descrjbed,herein and in
co-pencing Ao L HU 0D RE ok B TR ag BopA b i Kb clucton of
more than opithieooy!dagtiempeoie anddibafon exémplbe alosvkeaitlofddeddylsequence may be used,
comprising variant sequences for binding of a 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 occuf TR ERlcIYRRRsdkherndiearTRov ehor ectirast o digstinhictiiadise fareiabed in one aspect

the methodseslgspibedhesgioncomPEsRdbYy il e todsmAhbesiseetagd alentediiathrigie. 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 pYiethodyderiprthermigsescechbtieniiscoyl d)ewosyisptesnailddrbtiorsofra deedioallircorin

therapeutic %rﬁlgg_%g}l&lgfgqggggﬁ gnq,éz])g&@m ﬁgtibiotic sensitivity, may be screened in a

series of cells. For examp coys may be tested first in a bacterial model of the phenotype, e.g. a
model of antibiotic resistance, then further validated in e.g. a pathogen or clinical isolate. Decoys may

be further vafidgted dn aRABHDAIANOGRhrR IR MEMRRHBREEMore than one decoy sequence into a
cell. For example, a cocktail of decoy sequence may be used, comprising variant sequences
for binding of a regulator in difference strains, ¢.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, ¢.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, e.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, e.g. a mouse model.



31 Where a decoy is a plasmid, typically the host cell is compatible with the plasmid vector 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-regulatory sequence that is being screened for, or with
which the decoy sequence introduced into the cell3is intended to compete, operably linked to a gene or
genes. Modulation of expression of the gene or genes can be detected, directly or indirectly (e.g. by an
alteration in pherotyjoedy 1y pidaimitheypath bpthp isetsceal [psarmoteribientaihithg phemid-veguatatory

sequence, 0&%?%#%5%8@%9?&%&% &4 %Q%@o@éﬁﬂﬁﬁ?&%@fﬁé@fﬁ%‘cﬂ %ﬁé%é?ﬁé@ﬁﬁ? fy sequence

and/or promoter Is to the gene or genes in such a way t equence and/or promoter can
function (undkp Appealhyiseepaidiivs dqiredblsceagfrrene dutsreanseription factor(s)) to regulate
expression of the gene(s). Thus, when bound by the cognate transcription factor, the cis-regulatory
sequence functions to regulate (repress or activate) expression of the gene or genes Functioning of

the cis-regult8R) el AR O BEICEAN 16 TRt RRe By oRRBITG ol ©XBT&&Sion of the linked
gene(s). This:gnaydde sdaginen bythaoniitetingstoscaxprogion o thie gahe dicegtyqomby imarditosthg for
expression of & pariuiar phenatype whieh i assodiaied with expression gf 6 gene(s). For example,
screening for function may comprise s reénlﬁg or resistance o one or more ant iotics, for stress
response, forxergssensivrihofasiraleresmdactorbesicforted sliessipeohdiseehtic gryem Metdtous for
screening atg M%gl in co-pending application PCT/GB2008/003353. A host cell may comprise a
cis-regulatory sequence (e.g. a promoter containing the sequence) operably linked to its native
(cognate) gene(s), i.e. linked to the gene or genes the expression of which the sequence (or promoter)

re@gJI ulates in ﬁwﬁ@a&ﬁ@éﬂrmﬁq&sw@w@gﬂb@mmﬁ@que@ggser@gmlatbﬂy @;}g&&@.&@_ ,dpgem@)_g}ay be
endogeneoys to the cell, e.g. genes encodi n intrinsic resistance mechanism in an antibiotic
esistano pBU SSRGS DPACAR M G ITE CTEIETo? SRR LR otes
generally. Inppaniceray lihkerthethedsmay gmessedunhpathaygbaishe spaeiadlyqpdiogenictbacteria, for
example, p [ t 'Of1 [ imans Thes ' Io A el Q . ' uses (listed
according tgﬁrﬁsﬁ%{q [ ﬁ’&&é%ééﬁm g%%\%%sgtw%%ra%grﬁg a%ﬁ{\?g Lﬁcﬁn%%g%%rﬁe%%%&%&&%?%ggglia;
Brucella; Camigelbiictspr Esenerithizcrancldatavbrichaoph isherelimedetescrnEpaiBege egionella;

Leptospira; Mgissatig: RpieRbactetiaiRaskdemanas: Rickelivaraerimoaghrsshigsia: Jsrponema;
Vibrio; Yersinia Gram positive: Bacillus; Clostridium; Corynebacterium; Enterococcus; Listeria;
Mycobacterift*Staphylococcus; Streptococcus. Unstained: Chlamydia; Mycoplasma.

Functioning of the cis-regulatory sequence in the cell can be determined by monitoring for
expression of the linked gene(s). This may be done by monitoring for expression of the gene
directly, or by monitoring for expression of a particular phenotype which is associated with
expression of the gene(s). For example, screening for function may comprise screening for
resistance to one or more antibiotics, for stress response, for expression of virulence factors
or for expression of essential genes. Methods for screening are described in co-pending
application PCT/GB2008/003353.

A host cell may comprise a cis-regulatory sequence (e.g. a promoter containing the
sequence) operably linked to its native (cognate) gene(s), i.e. linked to the gene or genes the
expression of which the sequence (or promoter) regulates in its native occurrence. The cis-
regulatory sequence and the regulated gene(s) may be endogencous to the cell, e.g. genes

encoding an intrinsic resistance mechanism in an antibiotic resistance pathogenic bacterium.

Suitable host cells are known in the art and are described herein in the present Examples.



Examples of gram negative pathogenic species and of disease caused by them include: A. banimannii
(Pneumonia, Bacteremia), Bordetclla perbassis (whooping cough), Borrelia burgdorferi (Lyme's
disease), Brucella abortus (Brucellosis), Campylobacter jejuni (Acute enteritis), Escherichia coli
(septicemia and pneumonia), Francisella tularensis (Tularemia), Haemophilus influenzae (Influenza),
Helicobacter pylori (Peptic ulcers), Klebsiella pnewhoniae (pneumonia), Legionella pneumophilla
(Legionnaire's disease), Neisseria gonorrhoeae (Gonorrhoeae), Acinetobacteria spp (Noscomia;
infections), Fse pdamonashadniginosablsdpsisy; RiglodttsiateickettsilliRickettsinBatheonethadyphimurium
(Typhoid), S ] ré% -i% ' | JE) ra). Yersinj is (pl .Examples of
gram positiv%lggaﬁﬁrg%%edr%g é%gi%?s&%n ec})'i1 %P ggle% %é%%ég %%h%grrne%cﬁlgégé Bgleté%é% ant?%ggs (Anthrax),
Clostridium afffieifeg(ingaisoiensirshiadeantis picrjeldtyaag eemsel Stiscadas Qirgdei agsult
Enterococcys frceplis (Ngseqmial infections), Listens monocytogenes (Listerosis), Mycobacterium
tuberculosis (Tuberculosis), Staphylococcus aurcus (Septicemia), S. pncumoniac (Pneumonia). 33
Proteobacter; Pscudomonas; Salmonella; Bacillus; Clostridium; Entcrococcus; Staphylococcus;
Shigella. In onenasgecivihe\tineotiancie Béed:tclla; Mastctiall Brucells, Campyising tardeedyrixdhinucleotide
(decoy molecule). as d cribe(.g‘ri1 erei ge. . Intr ed 1o the cell by any methaqd herein). In particular,
the invenion FA B L B s e e ot e SRR anorype.
due to the pResenbectstithd stadonpulyRiclstitide Selmonttee Sbeat busepeitititg; t8ibineibiotic(s),
decreased WLlgpge, impaired adaptive response, compared to the cell in the absence of the
plasmid/decoy molecule. For example, the invention relates to pathogens or clinical isolates which
have been rendered less viable using decoy polynucleotides as described herein. Decoy
polynucleotidesmmayibeciniedused tntiasieatis Hic-am SuilabiRmeansufarigxample, transformation,
transfection, conjugation. For example, where a polynueleotide comprises a conjugative plasm id, this
may be intro t‘fﬁé%ag%ﬁrgldﬂ]%%@fg PBEESYPSRIREEBkides, e.g. circular dumbbell structures, may be
introduced to cells by transfection. Cells may be in liquid culture and the decoy added to the liquid.
Alternatively;.cells. ma r id media and decoys transfected from absorbent paper discs
saturated wﬁ{wﬁgé%ggfé&rﬁgﬁr{%ﬁ%‘?&%ﬁﬁédia Typically, decoy polynucleotide is added to the culture
medium and taken up by cells. Where cells arc cultured on solid media, decoy polynucicotides may be

added to a filtedirg angriakre,p By AriSfTRMp R dise. & Mesmeahility bytiRnMmayLe: used to aid

transfection. In one aspect, transfection of decoy polynucleotides may comprise the use of cholesterol.
In particuIarpﬁﬁ@mﬂﬁgﬂgemﬁgp&gﬁﬁm@c&%% R RRLHESVBediRg L WHBIERER P modification at
one or both buguadser iEymoditicatiey), BriaetieyesbtafaBitiiatdipiakatiyylbbacaliiseeqaysiay
additionally be labelled, e.g..at a 5' end.with a detectable label such as, a fluore ce dye, e.g. Cy5.
This wil T o o B B e R e R B R S sty
labelled decbygsmakibe wibpared (Iisflignehb|Bstadieared foyletet@ctdislefabol Kt brieHers, as described in

Example 1. ﬁéeumoniae (pneumonia), Legionella pneumophilla (Legionnaire’s disease), Neisseria
gonorrhoeae (Gonorrhoeae), Acinetobacteria spp (Noscomia; infections), Pseudomonas
aeruginosa (sepsis), Rickettsia rickettsii (Ricketts), Salmonella typhimurium (Typhoid), S.
dysenteriae (Dysentery), Vibrio cholerae (Cholera) Yersinia pestis (plague).

Examples of gram positive pathogenic species and of disease caused by them include:
Bacillus anthracis (Anthrax), Clostridium difficile (Pseudomembranous colitis),
Corynebacterium diptheriae (Diptheria), Enterococcus faecalis (Noscomial infections),
Listeris monocytogenes (Listerosis), Mycobacterium tuberculosis (Tuberculosis),

Staphylococcus aureus (Septicemia), S. pneumoniac (Pneumonia).

Bacteria of the following genuses (including the species referred to above) are particularly

suitable for with the present methods: Escherichia; Helicobacter; Klebsiella; Neisseria;



Transfection of decoy polynucleotide into a cell may comprise use of R9-cholesterol, which consists of
a cholesterol molecule attached to a linear chain of nine D-arginines (Kim W.J. et al, Hot Ther. (2006)
14:343-350). In general, the uptake and/or maintenance of the decoy polynucleotides, or plasmid
library in the cells is monitored. For example, a plasm id decoy may comprise a detectable marker e.g.
encoding antibiotic resistance, which allows positivé selection for the presence of the plasmid and
monitoring of plasmid propagation. Presence of a decoy polynucicotide can also be monitored by
grt-PCR. In §enerbdacddtoydoammeceaboomplisd3aal hinciigssitdfor, Ettemscrijution factor that competes
with a ceIIuI%?até %QP&%%E%%% binding site for binding of a transcription factor. By titrating
transcription factor from the ¢ u?élr 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 fRLALRPSIIRIOR dAGSANRNALIME SEELQRARS aftsavallanmdn hefrpand Rxam@les of
endogenous binding sequences are presented herein for specific regulators. A decoy. sequence may
comprise a COTFS¥TRAIS BiTAHTY!SIEE T6f AR e dUiabIceA %ﬁﬁ?@%ﬁ%&%&ﬁ&&déﬁé@%&} be available
in the art, andexamptas aregive ictorcs anechpaaificctigy) atocd defeiy. Alekhasively@daocny sequence
may comprise a variant of a native,or consensus binding sequence, which.retains,decoy function A
Variant may B9 SIBRTR By e s ey AL f BB oty G PR Cleotides in the
parent sequewsceptitolieampibiofousprilstirgsetpenaertsmayéddidatevihas pasic gkmprieieotides are

less crucial fgr ransciRten.fRe1OF Rinslinchfne fpiohh ke Alared. Akpiative;acen Seamenes can be
tested for abﬂﬂ% to compete with a given transcription factor binding site by introducing a decoy

polynucicotifiét fiftniRe! dekuys sl ke iPrerd QuieEas deriose bl usiedReRY cell includes the

target transgripfiar feigsshingingisie ecaperably linked to a gene or genes whose expression can be
determined directly or indirectly, e.g. by screening for a change in phenotype. Decoy function of a test

sequence can be determined by screening for a change in expression of the gene(s) or a change in
the phenotypPecéynyobyfrindedadoynpolyruestediidettddssritadd heseinsmiaylbencsed Férpraohphe host cells

described h‘?&ﬁ%}éﬂﬁ%i%ﬁ, RS S E R CX BRI Sh [B5k %%%fl%?%ﬂ@%yafﬁgﬁe&&%i?&?f’d%%%%ﬂg'E‘ste% g suitable

reporter cell an‘ expressmn'o a. reporter. ene monltore. to aSSESS uncthn. e generic
reporter-baseaagsiaye faterds thisingy dederodadickby spoitett el Ddesc apeaud P B 2008/003353

may be used;Jhis apRRRERERNGS e, B%hlﬁfﬂa%é@%dé%%ys%ﬁ%t?{%ﬂ'mﬂtﬁﬁz gsinder normal
circumstances each reporter causes cell death, it is og%when an decoy relieves this by titrating off the

transcription fHEET e a1 daideean Yl fols leudidtignatr b e Ps fanes Feis bAcell survival,
which greatlyoapesiiesHiecsoreenindeprarLasm fAnoiher faptidisol tarsystienmisitay stich

dead-or-alive sefeens ganbateadiy aitomated a5 a basia ol A camprahensive or high-throughput
screens. It is also possible to ide regulat r)Ps quences controlling promoters which'in their natural
context havéakenemdily stiordbhies ghbnatypdtured 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, e.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.



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 id¢reased 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

requlators of SIFERR AGTRPOSE,CH0E, ARSASSSY ARARQ ARl R sRsS FerRanSe (A7 neasured

by tolerance to p Decoys targeting re rs of virulence factors can be assessed
by determinifg-asisiaifeireteiviabmeleprsgiseline toxnliagamspin off tiaa Rtaieasngd Genol 36 viability
following re-gugpensiondraruady948a3i8d@r even the down-regulation of a specific gene (as
measured by gRT-PCR). For example, a FabB decoy which targets the regulation of genes essential
for fatty acid synthesis may be tested against suitable strain, e.g. E. coil grown in e.g. Luria-Bertani LB
media (1% [wiy}tRediak yptokeatd oY n{vmnteass ikt deto Yo [ywiv]1 86aidd) o3 pharmpiesenee of an
antibiotic which acts, on the proc of fatty,acid synthesis, e.q. Cerulenin. For mple, at
concenratioh it CLr T B TD T G B M ok SRR S SR et fo
bacteria treat@donitiiltheadgboyiondsicherow hidrkBoiys mesit vslookby tamdeo thovweesfined elethsity. For

example, St {RSRNEEHARREINHUSAR :&&é '[ﬁl?ﬂ.ef’%ﬁéf{&eeoga§eé§gﬁ&§qﬁbél%%’é%d”’ e.g.LB
co

media under conditions of stress, eé?% alkali conditions. For example media containing KOH, e.g. at
30 mM may 3 beeenintrdtedbBERria 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
inetances, S SHTRY F°EHD UL T R o B SR B R T ot cel
viability undentbuitailel autturedpmnditfactsr Podegampfer bvhdingloé pinenotiperb&ictgraBgessed is
antibiotic regj reeni 5 [turi IIs.in.the presen iplotic and
determining%\lfg}%,\,%f%eet rr %:gg?tl,s% i}%ffgg%a E%H %{155 es%&rﬁég rgml%gb?ln%pcr%sél%}gat Sglp%?e%axci? %??a{ F\?egf?g%o%%r host cells,
screening ther eenes eoriphlsdueedtiorthg bhisg|teindide eothditions 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 quuid"rﬂfé‘ifﬁfé,sea"é‘?ﬂﬁéﬂ%&oﬁ@rréﬁﬁ,ﬂ?.é?clf‘i’ﬁ‘ée@éplfiBﬁté‘ﬁ%?ﬁﬂlél%ﬁeﬂ%g BEFG determined is cell
viability. This-anayipase ftheadaniagedbaiconty avamalknvmbert ahdelameraast ¢adogeanadysed. An

n[snare] pla mgzl as described herein may. be qrepare?l by a i’nethod comprising: providing a
.Qindin se(ilslences are é)resente erein O_F S‘PGCI 1C regulators. . -
polynucleotidc comprising one or more coples of a mononter sequence; and cloning the

polynucleotide into a suitable plasmid vector.

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



37 The composition of the monomer is as described herein for the n[snare] plasmid. Suitable plasmid
vectors have also been described. The polynucleotide comprising one or more copies of a monomer
sequence may be provided by a method comprising: (1) 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 cordprises (i) and (ii); and (2) performing rolling circle
amplification using the circular oligonueleotide as a template, thereby providing a polynucleotide
comprising rgpedtly dihked meponeer segerenbescStgpelkionfanebméittrodinedydfuedthepicomprise amplifying

the roling cifele.ampiicaionpadels b EGR and isplatnomalrislsaisaaneniaelhe reauired

size, for examp g s comprising 30-5 eats of the monomer sequence. This can be done
by, e.g PAGER&PaREsmNedrbY leresides (el e shiereeriay BEprEpaEd bycachban s ¢ kpridtity: providing
a linear singlgstsgnided oligonucleotidc comprising: the test sequence of interest (i) and the binding
site for a primer suitable for use in rolling circle amplification (ii); circularising the oligonucleotide, e.g.
using Taq ligase, typically in the presence of a universal joining oligonucleotide; optionally digesting
remaining linesar dDMA duiiblyaio iexocltclidasdeafiied herein may be used. Any of the host cells

described herein may be used.

For example, a test sequence may first be introduced into a suitable reporter cell and
expression of a reporter gene monitored to assess decoy function. The generic 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 a scoreable phenotype as under
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
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 casily 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



recovering monomeric circular oligonucleotides, e.g. using PAGE. Primers suitable for use in rolling
circle amplification are known in the art. For example, a T7 primer may be used. Methods for carrying
out rolling circle amplification are known in the art. For example, Bstl polymerasc may be used. 38 In
general the sequence (i) in the monomer comprises a snare sequence as described herein. As
described herein, snare sequences may be isolated from genomic DNA, e.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 thiemieyHototesg nbeusrcoepdrdingi@pplicatlan RCSTRBRBOB1003353 & protocol for

preparation e%ﬁﬁr%%gcd%e&%g&tggrﬁyaqeﬂ%_ or gcnomic fragment is described in
s de er

PCT/0B2008/0033 scribe In, a snare sequence may comprise randomised nucleotide
sequence. Typically the snare comprises a randomised (or variable) nucleotide sequence of "n"

nucleotides jRyjeRgthh 1N L8 ALDLNAVYIFANSS HOM Sl rampleclQaE for exgmale 20-40 e.g.
25-35e.9.6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 nucleotides. An oligonucleotide

comprising AP SPs BE S ARt SPEPBISORING Cofisteft BRYtdR S ak Bt Fay be
synthesisedmi&iig(MeihodsBasaniyiftding aBYAwuglEeiidedag, may[ e imeadycetditeyardomised (or
variable) regipn of the oligonucleotide. For exam GC,bias, may be introduced. if appropriate. The
onomar e RSB e e B B e o e L el
plasmid maythenlpeprepantdtioss eesorbetinad Gspeact ohtivethdmation ew inprealbeadsceptibility

of prokaryotgs 1Q 2B0RIOHES: R EXRITPIR IS MAYHOYOLG, RIAGHRY @ HIMINRIGISSISIaNEe mechanism

in the cell, or cellular adaptive responses which mean that the cell'is less able to survive under

conditions oftriedevradieatidsysife antibiotic.

For example, stress response can be induced in a suitable strain e.g. S. aureus by growing in,
¢.g. LB media under conditions of stress, e.g. alkali conditions. For example LB media
containing KOH, ¢.g. at 30 mM may be used. 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, 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.



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 39 cephalosporins (such as cefepime); the glycopcptides
(such as vancomycin and daptomycin); the pcnicilihs such an ampicillin, carbcnicillin and penicillin);
the polypeptidc antibiotics (such as polymixcin B); the quinolines (such a levaquin); the sulfonamides
(such a Bactrim); the tetracyclines (such as tetracycline)' and variously, chloramphcnicol, rifampicin

and Zyvox. a0 ARRSELDERPAB M causa R RSSIAT G SHGss RsROSs ol or which

cause the ceI ome stressed are partlcu or poten 1atin effects of bactericidal
antibiotics (&&ﬁﬁﬁ‘ék’ﬁéﬁoaﬂ,héélla{%b%ﬂ@@@@?dsm). Bactericidal antibiotics may include: p-lactams
(a) Penicillins (b) Carbapenems (c)Monbactams (d) Cephalosporins First generation: Cefacetrile

(cephacctrlla) Ccfadroxn (ccfadroxyl; Duricet). Cefalexin (cephalexin; Kcflex), Cefaloglycin
(cephaloglycifi§, R BFHelRI e(%%‘BﬂréTB}%l?H?)Off@?é?o“r?é’ﬁ%%%B?%ER}PSHﬁ‘f&)‘e@@fH}%Yﬁe(cephalothln

Keflin), Cefgpisindephapicihp Cedaghiyinefatrizinc, Ccfazaflur, Cefazedone, Cefazolin (ccphazolin;
Anccf, Kefzc&) Cefr dine éce hradine; Vel %eQ Cefroxadine, Ceftezole;
)p FSvid mg a FERALS 1gon’ucle ¢ Comprising:
(1) a sequence of interest; and
(i1) 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 repeats of the monomer sequence.

Step (1) of the method may further comprise amplifying the rolling circle amplification
products by PCR and isolating polynucleotide fragments of the required size, for example,
fragments comprising 30-50 repeats of the monomer sequence. This can be done by, e.g

PAGE analysis.

A circular oligonucleotide may be prepared by a method comprising:

- providing a linear single stranded oligonucleotide comprising: the test sequence of interest
(1) and the binding site for a primer suitable for use in rolling circle amplification (ii);

- circularising the oligonucleotide, 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, ¢.g. using PAGE.

Primers suitable for use in rolling circle amplification are known in the art. For example, a

T7 primer may be used.

Methods for carrying out rolling circle amplification are known in the art. For example, Bstl

polymerase may be used.

In one example, PCR amplification of the rolling circle amplification products is carried out

using the same primer that was used for rolling circle amplification, e.g. T7 primer.



Second generation: Cefaclor (Ceclor, Distaclor, Keflor, Raniclor), Cefonicid (Monocid), Ccfprozil
(cefproxil; Cefzil), Ccfuroxime (Zinnat, Zinaccf, Ccftin, Biofuroksym), Cefuzonam, Cefmetazole,
Cefotetan, Cefoxitin, Carbacephems: loracarbef (Lorabid), Cephamycins: cefbuperazone, ccfmetazole
(Zefazone), ccfminox, cefotetan (Ccfotan), cefoxitin (Mefoxin) Third generation: Cefeapene,
Cefdaloxime, Cefdinir (Omnicee, Cefditoren, Cefet@met, Cefiximc (Suprax), Ccfmenoxime,
Cefodizime, Cefotaxime (Claforan), Ccfpimizole, Cefpodoxime (Vantin, PECEF), Cefteram, Ceftibuten
(Cedax), Ceftiofur, Ceftiolene, Ceftizoximc (Cefizox), Ceftriaxone (Roccphin), Cefoperazone (Ccfobid),

Ceflazidime (Fotuon fFoag. QasElRMR FIRROKH(Osacam Eouth dRnerliqRr Gefelidine,

Cefepime (Maxipime), Cefluprenam, Cefoselis, Cefozopran, Cefpirome, Cefquinomc, Oxacephems:
flomoxef 40 Yet to be classified: Ceftobiprole, Cefaclomezine, Ccfaloram, Cefaparole, Ccfcancl,

Ccfcdrolor, Q@faéga@@a\ﬁe{éﬁi‘,cgﬁ%elgecﬁ&ﬁ'eé&rﬂlagmﬁﬂh@éu SRR CAfQVEGRInCgfoxazole,
Cefrotil, Cefsumide, Ceftaroline, Ceftioxide, Cefuracetime Aminoglycosides: (a) amjkacin, gentamicin,

kanamycin, TS8R et RS AN Phau ST STHGYH En O Lt SAHR e MY d5rAiF cin,
apramycin; tbjoAnthrfayetinphseid.bgakermiiaid Quéniblenaso(enFiuwpglitacienes; First generation;

Second genggafien TR Agas aton:

A protocol for preparation of snare sequences from a genome or genomic 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 ¢.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



Fourth generation. |_ysopcptide antibiotics: (a) vancomycin, tcicoplanin, tclavancin, blcomycin,
ramoplanin, dccaplanin and dalbavancin. Peptide antibiotics: (a) Lantibiotics; Duramycin, nisin,
epidcrmin, actagardinc, microbisporicin and mersacidin; (b) Lipopeptides; Cubicin. Streptogramins:
Quinupristin +dalfopristin (Synercid(r)). However, the present decoys and methods may also be used
to increase efficacy of bacteriostatic antibiotics, su¥h as Macrofides, Kctolides, Tetracyclines,
Lincosamides (e.g. clindamycin), Oxazolidinones (Linezolid).

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, chloramphenicol,

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 are particularly suitable for potentiating the effects of

bactericidal antibiotics (Kohanski ez al, Cell (2007) 130:797-810).

Bactericidal antibiotics may include:

B-lactams

(a) Penicillins

(b) Carbapenems

(c)Monbactams

(d) Cephalosporins

First generation: Cefacetrile (cephacetrile), Cefadroxil (cefadroxyl; Duricef). Cefalexin
(cephalexin; Keflex), Cefaloglycin (cephaloglycin), 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



41 Where the present methods are used in therapy, a decoy polynucleotide may be applied in
combination with one or more antibiotics, in general antibiotic(s) to which the cell is rendered more
susceptible by the decoy. Antibiotics may be chosen from those described above. In some instances, it
is appropriate to select antibiotic(s) for use according to the bacterial species, and the bacterial
infection which is being targeted. For example, M.4uberculosis is the causative agent of tuberculosis
which is currently treated using: isoniazid, rifampicin, ethambutol, pyrazinimidc. Therefore, in a method
targeting Al.Yaberbealdsisifede(@ftoiopeotd, hdseldrnegacdidtilbense lectgrfoe USefauittl,a decoy
polynucicorigeimiiarsSnatsusdafastions erpiupicaliAls Ui prialinsram negative

infections with bacteria prodlucing exten spectrum 13-lactamases e.g. E. coli or K. pneunzoniae, are
often treated- WKl diafiesili ¢ elopma dastaficedinpCgfiexida ey siimacieotide and the genes
whose expression it disrupts in the cell will determine the type of antibiotic(s) that the cell becomes
more sensitive to (and so the antibiotic(s)) which may be used in combination with the decoy. For
example, the BARE XS %8s cribed herein, targets a binding site for a regulator (FadR) of essential
enzymes reqaited Kaifiaiynacitdcsyiiesiscihhusodyel] tradtedinifaihecdeesy, becomes more
susceptible |r (%ao%ircu][grrn to, angitigéoyo%s{ Wpi%tj%rr'rilbictiﬂag r?ﬁidcs nthesis. Further information for specific
targets is provide Heren. The pPese?I\% a’ecoys ay’b tised o alter cellular adaptive or physiological
responses, €y Aaiyasiithoeespprisasrdbisaribed 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%%@a@%% antibiotic, for example by causing changes to the composition of the cell wall or
membrane. Gheldesrymbigealso target regulation of unknown genetic systems, in particular those
decoys discavered by the n[snare] process described in PCT/GB2008/003353. In these examples the
consequenc i ﬁ%ge%éélé’ﬂhent of the bacteria with decoys may be measured, 42 for example antibiotic
susceptibilitycbendiygengemeiic mechanism underpinning that change in susceptibility remain unknown.
In some cas§§ht&eg% ﬁﬂBH’ith decoys targeting regulation of known genes, such as WhiB7 and its
homologues in mycobactefia, increase the susceptibility of the cell to antibiotics but the phenotypic
mechanism Gpidergistiabothat change remains unknown.

Glycopeptide antibiotics:

(a) vancomycin, teicoplanin, telavancin, bleomycin, ramoplanin, decaplanin and

dalbavancin.

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).



In some cases decoys targeting regulation of genes implicated in deteimining antibiotic sensitivity by
bioinformatic methods, such as those identified by transcriptional profiling to be involved in
glycopeptide resistance in S. aureus and a proportion of which found to have common cis-regulatory
motifs within their promoters, increase the susceptibility of the cell to antibiotics but the phenotypic
mechanism underpinning that change remain unkdbwn. The present decoy polynucleotides have a
number of applications, including therapeutic use, e.g. medical or veterinary, and other ex vivo e.g.
non-therapeWicapplipationsmethods adisintectatits aryd cieeoyny lyrodicotsiciheygresearitedecoys find use
in methods ‘é’%ﬁﬁ%&%‘éﬁ%ﬁl&%%&i’&%{ RS RIQKAS 348&8%994!19{8"1?31'&%2 &%&?&ﬁtﬂ”'&@ﬁ@rowﬁh or reduce
virulence. As described, the present decoy pofynue eotides and methods may %e used to increase
susceptibilitycafigisikanye ey aldbio s draysARBLIRIESy8aN &Y Begadipe thetedasgabek effects of
one or moregpiibiotics, such as those listed herein. This may be for medical or veterinary use, e.g. to
treat or prevent a bacterial infection in humans or animals, or for in vitro use, e.g. in a cleaning
composition Thus the decoys may find use in bactericidal or bacteriostatic compositions. Alternatively,
the decoy polysuicelatidesandimefhodamaysbrusadiiopreyide 8t ncedsy thehsbaceptibility of
prokaryotes Sto f?etsal %H\{rg%rlrclt%%ql.f?gg Is gvﬁla%tgg%g}gri%ra%ggts. Thus in one aspect the invention
provides a method for tréa Ing bacterial inféction in a ch comprising administering a decoy
polynucicotide described herein. The subject may be a human or animal. The invention also provides a

decoy polynpgleQtidt deserines DRSNS M USGRiveRiGinGs GilriRlUSS/RdRSRURGHIPreventing

bacterial infection in a subject, and the use of the decoy for the manufacture of a medicament for
treating bact&isidrrdegioronigsid HECBYGHayhethadelinvetribmidtioh Gt n BtiBioREs) to which the
decoy makegstheigel/mare sepsitivhcanaierdviinnodngrsastikasietrt rgant usiiahle @tibiotics are
described herein. The gntibiotic may be administered simultapeously with, or before gr after the decoy.
The antbiotto R GG D e A G I8 BUF s SH M B COTABA LT (s the
invention incleglkes € orftbinationtthereprespiro dubich & dedal/spetynuefebtidenas sdentfied/iamd/or as
degcribed_h?geiQe&%g’glr&ipﬂ%rﬁg&%%ﬁéjQ}'ﬁgébi_@agtgmgination with one or more antibioti<_3§ or other
antibacteria th%raples. In"one aspect the inveéntion relates to a pharmaceutical composition or
medicament comprising a decoy polynucleotide and a physiologically acceptable carrier or excipient.
The com poqhﬁ@&:{@@ﬁ@@ﬁ@éﬁgﬁ@ldyp@m&? RSRE AR andkietics Qratber aptkRagierials as
described. Acceptable carriers or diluents tor theragoeu,ti,c use are well known in the pharmaceutical art,
and are desEHBES BISEHHBIE! 5 REBHIRGDRNSRAAMREUHCAMSEIBRCEY PREQEIEPUBIhing Co. (A. R.
Gennaro edierk885)tolardaociacaafipbanmpoehithahapbiercxaipaitiatdiueil canibegefeeted with
regard to the inteded rpute g dminisiiation. and, standard pharmaceutioal practicepfhie
pharmaceuﬂcaafné)orﬁposmons may comprise as,’ or i addition to, the carrier, exc pient’or diluent any
suitable bindessitblivayimnsusgendingagentcebstinbcsige hhusclsbllisierged gatit the dasisty of methods

may be usegda,delivesthe, desayr of faribIeseatLImsianIadne Sits ?Jt%ﬁr%g’iﬂé‘%ﬁt.ion- Methods

for in vivo and/or in vitro delivery include, but are not limited to, bucchal or oral delivery, intravenous
delivery, dird®tihseEtBrIAttHR irfedfiefrerch direvidfichiRite.g. subcutaneous, intraperitoneal,
intramuscular, or other injection methods), topical application, direct exposure in aqueous or media

solution, transfection ge.eg. calcium phosphate, el cttr?gp ration, D AE-&%xtr n based, and lipid
mediated). tARSGENTE SSHEsEIoh Yo gy SRR Sre B AL by PRiSHb ffection.
embryonic stepofeikgesperatiodssoribetrbereal. trxesiaringr Asvybofuled athiéercomrssioly afsed nucleic acid

detivery SySIEMRRUINIAS AAIOSHAIOR MaY bR . comblnafiomuiih Asigble dose o
antibiotic, Wit% tﬁe a%%o%% s%n%l;alfnig gg‘m%%tereéﬁg tﬁeesaine time as t 1e ecoy, or separately.
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,



44 As described in the examples below the number of TFDs needed to show a predictable effect on
expression of the targeted gene and have a bacteriostatic effect can be as little 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 are efficiently killed with as little as 1 nM of TFD,
suggesting that it is sufficient to have a tramsfectid@ efficiency of less than 0.001% to achieve killing.
Quantifying transfection using fluorescence microscopy to measure the uptake of a fluorescently
labelled TFDoderaondtratebithatsalcSptaulicudwshs wethin vievhanstrandfgotednd thebohpagéson with
other nuclei idz eq| tackle bacterial infections, such as antisense, this number of
molecules n%@gé%é%%%%ﬁﬁceﬁlgagg’ to 1000-fold less. This partly reflects that though both antiscnse
approaches and TED act to inhibit genes, TFDs act at an early step to prevent transcription whilst
antisense, indheeeatsarsmamittiatiafhostericalhnpleekmnia oreausisRhansaliptiamigyany
thousands of mMRNAs molecules. Secondly the TFDs have been designed to targ[et-essential genes
that are posfiety RRlB S HEP R S REFBE RIS SR aﬁ%hfss&lﬂn et RIGHESHRY (the
transcriptionfaglendtiyésriscomitsprosietivnndthairchihis latesiehankatevistic means that relatively few
copies of the transcription factor are likely present when the gene is uninduccd and so a small number
of TFDs can block induction. It may be that in a therapeutic situation there are more transcription
factors per delkothsectocndtgraisvangetinampwiggonitd bersterian pomdlatidetwminmgenedbinging already
induced. In thissitiataYbiR SrReGadhsi e IERsWillhe ReaderkiR sarichinsranemiiceffect and

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

(by two ordei% BYPREGrtEdePRENtiSS R fbSsar 4/ She fidiEaramdel. oS siishuidesgsnhayehe used
without antikigtigs toc ek BIk RIS YR HaGtBRahifeRIRBLrQRFaMPiR: SN ithe deroysidescribed

herein will reduce, the ability, of the cell.to survive under conditions of stress, or to express essential
genes or obl&H BRCH RHh S AR BB BB B B P LS R R R B R Breventing

expression of virulence factors. Thus decoys used to target essential genes could be used on their
own to preventgrowth ef Barigular PAINRIRING bagissia. %‘%’J f@mshinGIaRYdl IR Qpafioior as a
form of preventifve_ medcl?:ﬁ’lé(_)t tefc%?e actevr(léa'be org tﬁe gécolme ’ir%ect(l%rgs. gi%‘ﬁﬁ%rﬁy t e(f)se decoys
which targetdrimeicel gatetqiinmiy geheddionldibeasadbHeRIP W anDlstEoahtBe®pread of

infection. In gopibenexampletis dersRdisted prein M%'@B?@ ask againshdhpilQmi coud pioyide free
standing therapjes against stomach ulcers/development.o éeE,eptic cancer. 45 Similarly decoys which

act to preveRtEAEGFANAR RSP ERESID colk i IyAY cdbiidbibti st AR EIBF VBV  feeth
discolouration. The particular infection or associated condition which the decoy is used to treat is in
general dependent n the pathogenic cell that the decpy targets. Bacterial infections and associated
Ciseases whih sy ba Lhrgutad o par o ECRAR Ry AR GRS o with
particular bactesrptikihty iof PighteyoteDocoyibolynutlaotiie daesebedhesedricpetalsgddaised in vitro,
for example. i agtipagtasiahprogkIfiR BUC AR INORGAIKERBINY. i FaiPIRGANR IR K Or prevent
growth or infectivity of bacteria. Where a decoy increases susceptibility to antibiotic, typically the
antibacterialVEsTfrB%itith s CiER 96 STsHE bR %%%%ﬂfﬁm 8BRS i PeChiRibActerial
agents. In ong-asRE. the INVRAHREG telakesitRSUTHE Gleaning crmpRItioniaeRyidalyoycleotides of
the present jnvention may thither be used in products that arc applied to a surface, such as a work
bench or haRfe TSP A i RHS ifer 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

microorga”ii@eﬁ?ﬁ& ,'HB'ﬁeé%fgep%f?ml%?oﬂﬁ&oé’éd%?%E’c?? %E’%?X@%%R‘t% H?gf (G GeRMeh Spray

application is useful, for examp preparing a surface for preparation of a foodstuff or sterilising an
object to be tisgeeP iR phpekarTips fo Fedanseyprayinfaperd et aytfoiptenatisgrréduces the
handling of the surface or object, thereby further reducing the risk of contamination. Hand and mouth
wash applications arc also contemplated within the scope_ of the invention. In the above
circumstanceBUHE YEESYShils BERS oA shednsthembier dtateg RagirRal iR SHARAR fhstance, the
formulation sdjeaammpse waidniodferma add aopeons kompaiitteibed heragUentisubfpatpasition may
further com%ris a%%goggnq%gl arilrilc sn(%fvgg[s arrld tgeira C(Pmbin icr)lnsl. TE}E i(rllveplgo Halrsclnnrelates to
kits for antibactenial use comprismeg a ec8y p%?fnﬂ‘@le%stldeeg%yc?eos\én Cee(f%eereleﬁcang ohe of more
antibiotics ofwtheriamtivacterialcafEnt(s)foreomvingd wsang killingabinfiibiting gsobythtomdirulence of
bacteria. Tyﬂi‘e‘%}! 6@%5'&&'88&%?% manufacture of a medicament for treating bacterial infection.



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. 46 All documents referred to herein are hereby
incorporated by reference. The invention will now be described in more detail by way of non-limiting
examples with reference to the following figures in which: Figure I. A copy of Table | from Poole J.
(Antimicrobial Chemother (2005) 56, 22-24) listing¢the efflux-mediated resistance to non-fluorquinoline
antibiotics and fluoroquinoline antibiotics respectively. Reference numbers in the right hand column
refer to thosa docep imjhie: pagem Eegurie2ioA woh yrodnteinde @siromyPiob b cdd¢suprakiistimgeebamples of

requiators an EQH GO SEANSIRRSMNICH SANDRAITEIRE SARRIIA PTG messnrmgthods, The

Table also provides examples of bacterial strains in which the regulators or sequences occur and

examples ofgistaddqraitinnnsasbe cdmunivittrd Hasd threenetia Wity siebsfomy eviftes Bigraphic
representatigg.gf. haw HspRir] HlaanislskanRedastsiaaffechosnacmessian. A gene (A) is

transcriptionally inactive due to the binding of a repressive transcription factor (B) to a cis-regulatory
sequence (CPRRAIHARE SBMBEINSPTHEGBAKIGY AR AR R tetrts 8 2dithe $hare] plasmid is able
to affect expyessiasicofithadadgeiciddand dnalitatngcdfhéherranskniptiba daaiar BHieprithe genomic
promoter to Cr((?lllil%\lle&1 rgnn%(l:trlilpotionoa}l Jepres 19&1%]; toq% gévxén§ r%%m@%&ea&?g.s Figure 4. Shows the
amplification prodttlJ& obtame%eusing the primersin blﬁri 08 3€%'and an appropriate vector
substrate (Example 1.2). Figure 5. Shows growth curves for M. smegmatis cultured in the presence of

sub-inhibitory, gaogeniatiangRhiRAAzZIL (£) pRARBRIGIRRpSNRIE IR LACHER have been treated

with a WhiB7 decoy sequence (+) or treated with a negative control sequence (-) as in Example 2.
Figure 6. SHORPEIBW& thdsarvae faruelcetflrothmnpyiiriosiedbnaes eteif farifT WisrPipr bacteria have

been treatedrnd b afor B Heeowdtangaiingdhiepriss thbindingsiigaticestehei tha nirgative control
sequence, aasS igeslic%(%rg&ple 3. 47

Acceptable carriers or diluents for therapeutic use are well known in the pharmaceutical art,
and are described, for example, in Remington’ Pharmaceutical Sciences, Mack Publishing
Co. (A. R. Gennaro edit. 1985). The choice of pharmaceutical carrier, excipient or diluent
can be selected with regard to the intended route of administration and standard
pharmaceutical practice. The pharmaceutical compositions may comprise as, or in addition
to, 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. subcutancous, 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.



Figure 7. Shows growth curves for S. aureus under conditions of stress arising from electroporation,
where the bacteria are untreated (first curve) 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 (BHT negative control), transfectcd with a control TFD having a
scrambled TFD sequence and grown in BH1 medi, transfected with SsaA TFD (containing a WalR
site) and grown in BHI media, transfected with fhu TFD (designed to block iron uptake) and grown in
BHI media, thanisfeoted withestgaipl2 saredogr dwmimBdd of HEDanded edfoctedvwitiiedirtablelated TFD and
grown in NRE#M} &%Q@&EE&'B@%@%%@%R [Gd %FMa a%%@ré%@%&ﬁ%?%é@’@&@&l’ﬁ%@ ) grown in
NRPMI media. Figure 9. Shows that F—%r TFDs do not perturb growth of S. aureus in medium where

iron is non-lifHkiNYL 08 rerlrsbls st eplbirhig BoTshexdidhwith thestadaded i Witadstare Gramicidin as

a transfectiog &eaaeNh (hE Exakanes Laklawy eiralage afopamhining 66 oM Graidigidikn with M of a
control TFD (Control TFD; hollow triangles) and the Fur TFD (Fur TFD; filled squares) that is designed

to manipulatd&S@r bR diftRe ™ easetEs e LU SUHS BRSNS e PR RBRARISHY &r bars
show the stahgdaodertoro higire: killibhanantitifirah e didis rdpsabsien@ifbstrgernssopio

Gramicidin-mediategﬁt?rans ectionof S. aureu | re treat dwit@ FD_alone, or Gramicidin and
ther the G A B B e e the
average numitdrs oETER ralativelad theompabernol gentherasic{BY. arrdrbsfedtiontefiFuo BEderepresses

fur genes in3 . AN Hire BRI Ch SPRIRIGR ML S S RdHR HIERDING K& ALUNE denalH 1 9hdRi EgPression by

gPCR. Figure 11. Shows that Fur TFDs prevent growth of S. aureus in iron-limiting media S. aureus

was grown ih4dartifriatédesnetiis N rrileciithahtheighPed Hiisahtsopiprestardddi as a

transfection sgag emititphalomeDbalowy Gireles)step aoprbionng-HRoRvticH armiktdintMeRd, pMhef a control
TFD (Control TED; hollow trian Ies%arﬁ tE FurtTFD ur TFD; filleq.squares)hResu {s are the
average of tHi&% ?%%8%?&%?6%?18%& ars s %ﬁ%&es?a% SR YEPSHE IR SHENE e results of

genetic analyd$id o detkouise Shepdiethtidl ldekiixebhostiesiggedab thee S cassreiad genedalrgeted TED
(SAJhu). Th =ME-derived cansen own.in.th nel of. the fi is a S. aureaus
Fur binding ﬂ%%%ﬁf%ggg?é’ (é{érﬁgtﬁczgge%%%k%g?ﬁz%gﬁ%f%% E%g%?g?nﬁ%gﬁg%é}lg%tréeg Li{ge Shows growth
curves of thiEeIRSANdaeaitrelts e tHePprésdinge &t HitetiplafrOherastTsOc(SABSTIHE) containing

the -10/-35 regagRifjaswsespiencesdoriierp sk irisralie iy graigmadactae RigBisFigure 14. Shows
that Sig TFDs in a "dumbbell" configuration_repress the %{g%lwt of the clinically-isolated MRSA strain

MRSA-5. Fi@lﬂ}’édi%?dsaﬁﬂ\ﬁ&%ﬁ%f&}ﬁbﬁﬁﬁ recauhiy i‘fﬁ}ﬁiﬁ@u}b’ﬁﬁﬁ ]b‘?é%ﬁ’fsagrowth of
EMRSA15. TheaflrutitkRuisios et ewit ahds@ipiod Gcthops &lladie s gravwinvariBlgl media with 1

nM WalR_TED/DOTAP mijxture but without Lysostaphin as a transfection reagent.(TED alone; hollow
Cicies). or CaMB R G e BT S & S BTk TS REANEN Hiangies) and
the WalR_ TEDqfikd dhstimare J)HRaris] desicpied to ssranibetatenbxpféssion eftthatevhikR regulon.

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.



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 det#érmined by measuring total viable counts. (C)
Similarly growth curves of bacteria that had previously been exposed to four rounds of TED-selection
show no sigAsmwkrésistaysevashey tang effitiéntiyrdwibod Cetegrawthuiw asmeasute ddysedcording A420
of cultures OtYQJt%ffF%i‘%% é’tQ Eﬁs&ﬁﬂﬁr\ﬁ% . either. untreated (media alone; open circles), treateq with
the control TFD plus transfection mixture (open triangles) or the WalR TED plus transfcct ion mixture
(filled squares). 49 Figure 18. Microdilution experiments demonstrate that only limited contact is

needed for Wigd Bafifcdeikil EEMRPD Asd QatclisSnieis Qithal wetisaipd (edigalongippanaircles),

treated with the control TFD plus transfection mixture (oPen triangles) or the WalR_TFD plus
transfection YRGS (HHIER VGPAHRYBIFiFcLBHiLIT R5E20 Whkitie BBLTTHE BiSIHIP HiIERE 100-fold into
media withotseithed tiassiectiviv AgerRtsonhedasmp ibxesc ninhtiass eellsserdiaally treated with
WalR_TFD \é\é%rneeé{nabletho glrtclaé/lvﬂaFig?ure 19, \/(y{)%ll%lgﬂr: is as effective as vancomycin in killing

EMRSA-16 Il & mouse sepsis mod Fi&“ r’13§ h 6f EMRSA-16 was measured following systemic

infection of mice and treatment with the control TFD (Scr TFD, 1 nM WalR TFD, vancomycin and

vehicle along), GighEaicshausitiatitanciertion Al eQlidith FabBLFRR sprsifises the bacteria to

antibiotics (cerulenin) that inhibit fatty acid synthesis. WhiB7 TFD is used as a negative control as it is

a FD carryirfjabagi§tiahiiedrett dedsthdtase & s hBE ccoliigevieniiatsrig il orrayaherenak

transfection & iafddrviGasTtpavivgat e HacouvitigN saaueRsestepibaily Riafamioriof tehsiglia. pnetanoniae
retards bacterigl growth. WhiB7 TFD is u eLg as a negative cl?ntr.ol. Fié?ure 22. Shows sequences
identified asax‘)\‘%ﬁgt%ﬁ"r? Fr?&@ﬂ%%%?ﬁ%?i‘é SR REY TSRS 4R TiRBF STEAARIRE. A subset of
hits is showhdrenahdgoltsaloamsenpes Sequentehadabsan dehvededrigy @ 2Bofamel 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 foPegRichoepreketiteivd e marsein enyaeiBaay ULt horehiauastiiseaghrio dbeiclis). Figure 24.
Panel A shoyys thatd< st Fackils 4w BREMRINIRRNIVItG T TP rRRIRININGiHAS KRR 0 sequence

prevented ceultq%rovvth in vitro (KP Sig, filled square). Two controls were used: untreated cells (K.
pneutnoniac’ HOSIEN AredcaRE HSAUECTEL LB RERRAGRH SIS Axhob Y &8y GRIE* B control TED,
hollow trianglejcRakel 8rghavpscachni fredati e ditinse st seaueicE doetheifc, paednioniae Sig
binding site. 50 B({ief descri%tion of the sequences T
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, ¢.g. for cleaning or disinfecting.



SEQ ID NOS: 1 & 2 - oligonucleotide primers used for amplification of a target sequence from the
pPpGEMT-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: 5 - the Wh1B7 decoy used in Example 2 SEQ ID NO: 6- the FabB
decoy used in Example 3 SEQ ID NO: 7 - the LytMédecoy used in Example 4 SEQ ID NO: 8 - the SsaA
decoy used in Example 4 SEQ ID NO: 9 - a native WhiB7 binding site in M. sinegmatis str MC2 155
SEQ ID NO: 10- a native FadR binding site in E. coil K12 SEQ ID NO: 11 - a native binding site for

YyoF NYCC I BHRUR RGP N8 5 NALYERIORRA SIS IR G YCC In 5. awreus SEQ D
NO: 13- a native binding site for SigB In S. aureus SEQ ID NO:" 14 - a native binding site for SigB in K.

pneumoniae SEQ ID NO: 15 - a consensus sequence for Fur binding in S. aureus SEQ ID NO: 16 - a

consensus SRAUGRGRIHRIHUBINBOGR&Heaall REQ RNy Wiy & RatiyeRinding.seruenae for Furin Il
pylori SEQ ID NO: 18 - a consensus binding site for TcdR in C. ant-Pelle SEQ ID NO: 19- a consensus

binding site ISP ISRIGHES EEES IBRIS"20 - a native binding site for Vfr in P. aeruginosa SEQ
ID NO: 21 - a native binding site for Vfr in P. aeruginow SEQ ID NO: 22 - a native binding site for NtrC

in K. pneumgniae SEQ ID NQ: 23 - a nati indi equence for ArsR | [ ID NO: 24 - a
native bindirlll;]gl%l(-:‘rceqEé‘r%%ceo?(?)/roinrrs@|en1a:%p ;O)y (\)ﬁ)(r?l) @%%P%%rﬁ%q?aé%f%@%rp @&%ﬁéﬂ%consensus
sequence inlShizg e BRODING redstare qgrmoinding quottiire Sntduetios BE Quiboydode an Ag,r

binding motif i3,y E%éb%éﬁgy'ﬁké\@é&% af AR ShRAMEB RAHEAAGSA-EGRoRTERaEReN T the
SasigB TFDthSEQ ID NO: 29- réverse primer sequence for PCR preparation of the SasigB TFD
€ 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 (1Z) 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.



SEQ ID NO: 30 - forward primer sequence for PCR preparation of the SAfhu TED SEQ ID NO: 31 -
reverse primer sequence for PCR preparation of the SAN] TFD SEQ ID NO: 32 - forward primer
sequence for PCR preparation of the SsaA TED 51 SEQ ID NO 33 - reverse primer sequence for PCR
preparation of the SsaA TFD SEQ ID NO 34 - control sequence SEQ ID NO 35 - control sequence
SEQ ID NO 36 - forward primer sequence for PCRamplification of 16s rRNA SEQ ID NO 37 - reverse
primer sequence for PCR amplification of 16s rRNA SEQ ID NO 38 - forward primer sequence for
PCR quantification of the fhu gene SEQ ID NO 39 - reverse primer sequence for PCR quantification of

the fhw genar iR QIR A0 Algsphan B o MR LR RIBAMCISENS skfience SEO 1B NO
41 - phosphorylated Sig du ell TFD oligonucleotide sequence SEQ ID NO: 42- phosphorylated
primer for dGHEHEIPTRED coReatiltg aeikiin Ble 4nfeaRsHBn Sy B it stBeIECIRdNGh 43 -

phosphorylatgghpiiasy fQestinbhel Ikl sani@iniqreenkleryasiom@fSig 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- grigeph8irglates dunthlatveliganticleatide ineoipokapirg-acs ertumbled vMetsianedfdhe WalR
binding site S 10 NO 475 o3Rhonaied 4Rel QAP RHAIRPIdEnSRIpoY g Asgrambled
version of th a Inding si

and grown in BHI media, transfected with SsaA TFD (containing a WalR site) and grown in

BHI media, transfected with fhu 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 fhu 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.



SEQ ID NO: 48 - phosphorylated oligonucleotide incorporating the biding site for WalR SEQ ID NO:
49- phosphorylated oligonucleotide incorporating the biding site for WalR SEQ ID NO: 50- forward
primer for FabB promoter SEQ ID NO: 51 - reverse primer for FabB promoter SEQ ID NO: 52 - forward
primer for WhiB7 TFD SEQ ID NO: 53 - res erse primer for WhiB7 TFD SEQ ID NO: 54 - forward
primer for TFD containing the recognition sequenc for the a54 factor of K. pneunioniae SEQ ID NO:
55 - reverse primer for TFD containing the recognition sequence for the a54 factor of K. pneurnoniae
SEQ ID NO FigursdduShewestha reslikp el gtratingpeptisie 8EQnidN@: fotenfud|BfdFEDedonsensus

sequence SRR N £%:319BI RGBS SSRIUPRERIAIEERIR NRs s KGRI PP
q 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
EMRSALS. The thu 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).



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 manual. Example 1 1.1
Cholesterol labeled TFDs in the presence of Strepwlysin-O Using oligonucleotide primers, one of
which has a 51 cholesterol modification and the ot¥fer a similar modification at its 5' end or some other
(such as a fluorescent dye, such as Cy5, so that the uptake of the transcription factor decoy (TFD) can
be easily mdégured$ aMiEiodgupepansatiimgRCRmitia € ERthasydaencp revieusly relefweddaonto a vector
(PGEMT-Eagy) jhe primeta e Resioned ip.apnealin MeGegy seayenses qmediaely flanking the
insert, for example: SEQ ID NO: 1 Chol_TEf: 5° Cho esteroﬁi-TE -GGC CGC CAT GGC GGC CGC
GGG AAT TesEqvih Nocoieyd Figtus teysegicontae: oo carast prarAVERGTFE. If the
sequence to,RR Harddara MRS RRERO8DEeLILNRY eiingy ks tike st rynihesiaaedif short

enough) and annealed to form the TED, or amplitied directly from genomic DNA using primers

designed to KA WithRHE S| THO B ERIYFSHOR AR B nbT B redpitiet AP Fedtssénded in TE
buffer (10 mddiditisil €datddrwivh BT PHS O} ratuaabonaegisation of 500-1000 ng/ttl. Typically antibiotic
sensitivity assays are performed using 96 well plates, each well containing 200 ml of broth. For
example, in the case of Enterococcits lheciton this broth is BHI (Brain Heart Infilsion) media (Becton
Dickinson) stigpkent®nYed RyiliD. 3 b mifStrepio Nainc01ySigmé) hing EMiBNl ofvansowsycin antibiotic
and 'nocumt@e‘ﬂﬂ\é'm&ié{aﬁmﬁﬁ}d@?ﬁﬁ%ﬁ@%%g'rﬁ%%ﬁpémfoﬁ’o?wmg 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 S
aureus and other organisms. A subset of hits is shown from which a consensus sequence has

been derived.

Figure 23. Pancl 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.



1.2 Preparation ofDutnbbells by PCR Dumbbell decoys are covalcntly 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 prefared by PCR using as a template a
pGEMTEasy-derived plasmid containing the targeted binding site, as described in section 1.1. The
primers used in amplification arc: SEQ ID NO: 3 DBTEf: 5' P- CTTGG TTTTT CCAAG AGAAGAGC

CCG CCA T, T1C SEQ ID NO: 4 DBTEr: P- CCG TCT ITT TGA CGG CGA
R R R RO

AGA GCA GG ' AGT GA The portion of the primers which will form the
stem-loops &EUHIRAReH Spinpakisemistontids HEnepprostitcayattBsayive sfth & MR ACEHSHERt shown in

Figure 4, whggg, e mﬁj@m_gﬁ?@@&wb@p%&ﬂ@g fo the transcription factor is given by "NNN NNN'.
The sequences shown in bold represent a binding site for the nicking restriction enzyme Nt.B.spQl. In

the second parL PRGN Aiffe COIRSBURIEREE B OGS LtRE I BRIR YA WAFERISBEISESE is shown:
this exposedithe siepGIap-Siscidies: asthingledatrandett iegibels dvtieh avilh ioxamalste-loop and can

subsequentl| ]#g ' d?by re t with T4 DNA ligase to form a covalently closed circle and DB. 1.3
Preparation% #r%%téél o] %%%g:}?e% ides Bf/ergélgt%éﬁqélﬁ ai%est of plasmid Alternatively dumbbells can

be made by BiéhikyNRe biuthebPlE Regrodesst whiovemiteBigure 4 into a suitable PCR-cloning vector,

continuing itgdeity@ng nignarai Rl the Plagtich Ihg plasmid can then be digested to release the
insert which is additionally digested with Nt.Bsp%l to release the fragment shown in the second

portion of Fighfe % ¥RisScathbasamiraty tesdt PI49DNA ligasc in order to covalently close the
DNA molecigg@nd foooa-2Batidd WitB7 ansfigtion witz Rl-chalesiernic@mess. R9-cholesterol has

been descri far its properties. of aiding.transfection of siRNA (or other nucleic-acid based therapy)
molecules a%%qgh%sIﬁfg%%gﬂﬁ%bvﬁcﬁgg‘#sg&%'55]{&%? pf)ci/é 6n No. 2007-0207966). Here we
describe its SERYINNNEfectingivatiousnpactefia Yyt /VHOG.1RS-chalesterol, which consists of a
cholesterol eHlg attaehed 1o a linear chain. ofnineP-grginincs, was synthesised as previously
described (Eﬁﬁ/&ﬁe@fjﬁ Mot T’f%rlmz?z(%(% 114:0343\{%5/(%}.’916%D§@ V\C/%?gu?nixed with increasing amounts of

R9-cholestefSiGR NP Hased Muife bidmtaitriediavits 5%6/iicose. The mixture was incubated at

room tempeggraaick wur,apdJbhengitherugadiitestly intansigstions or analysed by agarose gel
electrophoresis. Typically the minimum amount of R9-cholestergl was used that caused the complex

with DNA notk QiHe gaIcT B A HAFESIRER it ald-t4¢kBbne had been neutralized by
binding of pslgcarpinac.1§heacbalestesatquotecdte hedpinthiey Tir . associate with the bacterial

membrane %ﬁ%%e:rlm—e & gelllfive binding sequence for Fur in AH. pylori
SEQ ID NO: 18 — a consensus binding site for TcdR in C. difficile
SEQ ID NO: 19 — a consensus binding site for Vfr in P. aeruginosa
SEQ ID NO: 20 — a native binding site for Vfr in P. aeruginosa
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. preumoniae
SEQ ID NO: 23 — a native binding sequence for ArsR in H. pylori
SEQ ID NO: 24 — a native binding sequence for ArsR in H. pylori
SEQ ID NO: 25 — a glycopeptide-resistant consensus sequence in S. aureus
SEQ ID NO: 26 — an Agr binding motif in S. aureus
SEQ ID NO: 27 — an Agr binding motif in S. aureus
SEQ ID NO: 28 — forward primer sequence for PCR preparation of the SasigB TFD
SEQ ID NO: 29 —reverse primer sequence for PCR preparation of the SasigB TFD
SEQ ID NO: 30 — forward primer sequence for PCR preparation of the SAthu TFD
SEQ ID NO: 31 —reverse primer sequence for PCR preparation of the SAthu TFD
SEQ ID NO: 32 — forward primer sequence for PCR preparation of the SsaA TFD



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 fitecium this broth is BHI media (Becton Dickinson)
supplemented with 0.2 U/ml Streptolysin-O (Sigma) and 5 pg/m1 of vancomycin antibiotic and
inoculated with a vancomycin-resistant strain of E. faeciurn. Example 2 WhiB7 decoy to sensitise
Mycobacterium smegmatis to antibiotics WhiB7 ish gene in Mycobacterium smegmatis that has been
shown to have a role in determining sensitivity of this bacterium to antibiotics. Functionally deleting this
gene renderSERQdDadte 30m feypeegensitisedecactiolCR (R&PASH{R005HE S22 AZPOI0). WhiB7 is believed

to be a transgcfz%téﬁr}@br:%g_laégl{t rllgea%&gggl such genes have been described in the literature. A close

homologue IB7 exisits in the pathogen Mycobacterium tuberculosis which is the causative agent
of Tubercul o9& oy poipiticlesadenedntaining the WhiB7 decoy sequence was prepared as

described indexpmpiel 3k andrvarie &@&ﬁﬁ&@@%ﬁ%@rﬂﬁ@ﬂch@i&%ﬁf@ﬁ%&megmatis grown in
20 ml of broth (in 200 ml shake flasks containing a wire baffle). The media used was 9H Il 55 (Becton

Dickinson) stipglEheRtet! with TO9F BRFAL IOl DIt RSty AR - concentrations of the
antibiotics isep(auuNI) 3% rifarmpidiprikén)schhentlasksPusr qunaifatash af 8:2Chwigbnshaking and at
various inter, les,were withdrawn and their rban easured (to monitor cell growth).
Fiasks weres 0D T 0iad Wi Lo PR WP L a) o et e B R gative control TeD
(-). It was eidiéhtraOirttherfleskiomdatestiSig hithebINBR Tipndeototetbreorsirol TFD, cells were

rendered seggiiue QBN ﬂk@-%ﬁlﬂg}?ﬁ@éd@%%‘Elrﬁ%%@lﬁ%%l%oﬁ'@l%iﬁe@ wedlI137 TFD ' TGG
CCA CGG ATC COG GTG ACT GCG GGT CCG TOG CCT 3' Example 3 FabB decoy to

down-regulat6 R $eeHlchtaddip e weratadguiae fondundibel dEEB ARG saieBilsdiNg YRR for the
FadR regulajesihatnaantrals expression of genes involved in the essential pathway of fatty acid

synthesis (ihscr,'tjf1 dj ._b Aa dfaﬁg&}.’ tth srbee.n de op) t ?ﬁqatgattfunctionrall Iin cking out thg fadR
gene results %E ¢hetichia ngﬂs & élffg]irf%(g@% %‘é icient M A5Pets ('51?)421 ?ﬁf Aeid“Synthesis and
unable to grof\Sig birelesence of the antibiotic cerulenin (which targets fatty acid synthesis (J.
Bacterial. (ZQB@ Ib8§(§ 24942 ))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: 48 — phosphorylated oligonucleotide incorporating the biding site for WalR

SEQ ID NO: 49 — phosphorylated oligonucleotide incorporating the biding site for WalR

SEQ ID NO: 50 — forward primer for FabB promoter

SEQ ID NO: 51 —reverse primer for FabB promoter

SEQ ID NO: 52 — forward primer for WhiB7 TFD

SEQ ID NO: 53 — reverse primer for WhiB7 TFD

SEQ ID NO: 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: 56 —sequence of a cell-penetrating peptide

SEQ ID NO: 57 — WalR TFD consensus sequence

SEQ ID NO: 58 — SigB TFD consensus sequence



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 OCT ATC CTG COT OCT 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 in of Rich media (10 g Tryptone, 5 g NaC1, 1 g Yeast extract per litre and
supplemented with 0.2% glucose and 0.4% acetat®, final concentrations) supplemented with 1 ttg/m1
cerulcnin (Sigma). The plates were incubated at 37C with shaking and absorbance readings (at 595
nM) were takER UbitNDa Plat&PeadeFERlsdatenpoints were performed in triplicate. Bacteria were either

untreated Wg%a FB&@J% eeﬁ%db é %@g% B%g Vs\ﬂgk gﬂzﬁkg@Cél'FD (FabB) or a negative control consisting of

a TFD whose sequence did notoccur wit |n t e genome of E. coil (Van). 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 FabpxTpp¢gised the cells to hardly grow at all. Example 4 Decoys to sensitise
Staphylococcus aureus to stress response Decoy polynucicotides were transfected into S. aureus by
electroporation. Bacterial cells were prepared by standard methods. Briefy, cells were grown to early
exponential mhasﬁgmih@eﬁwdimmﬁﬁha&%edmmm asheiaabing@inh Aksectamos 0idtcaik420 nM. The

cells were chlkl%ad tcoe ?nC 65? %r%/ve?\%gﬂycero‘/v Egm d thfﬁgatlﬂn@’lg dv%/laorslt}?g thl(/?q t|n1es in a similar

volume of sterfie, ice-c nally the cells Were resuspende |n & tenth of their
original volufrlening 0% yiyaterpimBioetroporation Was performed by mixing 50 ul of cells with 1 p1 of
TFD (typically 100 ng to 1 jig of DNA) in an electroporation cuvette and electroporated in a BioRad
Genepulser with settings of 2.5 KEV, 100 D. and 25 uF, giving time constants in the range 3.8 to 4.8
ms. TyplcaIIF’E‘rU'}jl'@)ilclectroporated cells were used to inoculate 10 ml of BH1 or LB media with 30

MM KOH (tg induesuessmsnpnse): i20Rpefsels nsere aliiptod into wells of a 96 well plate that
was incubated.at 37C wit derate shakin [OW, onitore easuri sarbance. Plots
o orowth ool DL RLEEANEIFAES BEette or LT T R B e ot 10
a control that Siadldresedifkemthrough amhockeele ottep Gratiors a/ﬂteresnﬂl[ﬂyé, hatl pe€pstransfected),

or transfected, f (Eigure I e 2re capable of
slowing the%%c?v}&ﬁ lg%gﬁﬁe%sa%%%?e?%%n I%%%lg%) St{"ﬁ: g‘@( éIJDQEN %ég%@%??%ﬁ%%ﬂOCT ATTTTG

TAA TGA CRArEGd X RERS Alccht TFIART bspmpmm@am@m 8@§@A(wﬁbwﬁw)x@m AAT TTG
TAA CAG AGTmEA T idsndd o @mRI&Pthe 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 pg/ml

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



Sig TED inhibited growth of S. aureus 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 aureuv 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 thé3Fur transcription factor that 57 regulates uptake of
iron under conditions where that ion is limiting (Horsburgh et al, J. Bacterial. (2001) 183:468). SsaA
contains thel/binttiggsitedor thetb/eiéomptirient regulator WalR, which has previously been shown to
regulate 12 %%H%?)éh%%@5&%%%‘@&%%8{1Igféjs"ev&*}iﬁagiébsﬁ%g%g’ﬁﬁ%eé‘hs}aéﬁé’r‘r‘s‘%@@a%fo(%‘i’eq“) 186:1175).

5.1 Preparation of TFDs Ds are prepared by PCR as described in co-pending

application PCGE 2owsr00R8EBiIEHeAigdng sl éhp tarastedise@inTik mbR serctoon typically
modified at g, GuRRITHRIRXATBIR. ses10E Wh i@&é?%%&%ﬁl%&@ﬁ%h@@@iﬁﬁé&i@ébe@&hﬁéﬂnOdifications
iae

used include biotin, amines, cell penetrating peptides, fluorescent dye, such as Cy5 or fluorescin, so
that the uptak®"lst B EYS destads Bedrrmesbinsletiel MoaiieaibAl thhsitRRd Hitesting include
lipids that arexttbbaciesistictbfithdanermtviangsed. pathogenic bacteria. TEDs 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 previolMly slonewirtd by Védtors(pGE M T sly) an&bhhErsyaterdediplaeditocanamatgo the vector
sequences 'ménﬁ%@&lmﬁaawetqg 40 ThefPm xR SER JRNR e GR Ak AR ion are:
Cholesterol-TEG-GGC CGC CAT GGC GGC CGC GGG AAT TC 3' SEQ ID NO: 2- Cy5_TEr: 5' Cy5-
AGG CGG CCG CGA ATT CAC TAG TG 3'. The PCR product is ethanol precipitated and

resuspendeg QD Notes BT ERCeNEAIRETIOP1 000 A LGIICGARS @ dheneddy annealing
together pair ic.p lated oligonucleotides that contain the binding site to be tested.
Each pair of@ﬁ%o%?é%&?&é‘%%ﬁfﬁ an adenine at the 3' end, this is for case of cloning into the
pPpGEM Tcas$ReOab¥itat4aB BEthPrili&oheTHBRE S (id €Xje dite/cbhin G OAPGRpoeduCIS) . The primer
sequences tagtA\Nﬁf% %%flg%jtt@ASig TFD arc:

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.



58 SEQ ID NO: 29- SASigB REV: TAT TAT ATA CCC ATC GAA ATAATT TCT AATCTT C A The
primer sequences that were used for the Fhu TED arc: SEQ ID NO: 30- SAthu FOR: ACT ACA AGT
ACT ATT AGT AAT AGT TAA CCC TA SEQ ID NO: 31- SAfhu 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 TAI TTT 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.
CholesteroUCy5-labeled decoy polynucleotides were prepared as in section 5.1. Typically 1 of TFD

was then com‘pl)%%g It nowgtM@f t);lgg é}pgg%%@nlransfcctlon reagent DOTAP (Roche) and incubated
at room temperature for 10 min. The assays to determine their effect on growth of bacterial cells were

performed uBfhghobsirsnl herbscedetsibell EvritamnngrionafiestinedtrnetasmtinbsdiBMOmedia (from

Becton Dickiig@addnicktis Rakirandipyiiesbistinplemente dhwit SRp: e emicigiptiam Sigma
Corporation. Cat# 05002) ar iron-depleted media (NRPMD similarly su%fglemented with Gramicidin.

The methodABPHEH Ol O ér%efaemmmféwﬁgfél@aéﬂé@% BAEXEIEARHR). 1 i.t1 of

various coneeifiiraibes of a Cholesterol/Cy5-labeled decoy complexed with TED 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 37C with shaking and absorbance
readings (atG0hatevelrevizikenonsisty &f pletel estantd meevdeaitdetal/ o wéredechen: Giginfhu and SsaA.

As can be seen i HAULE.8 Ihin QWAPR! thaksiraimcelivdinesdie as 10 ndl 91,7 ngevented

growth in BH1 medium, while a similar amount of the fhu TFD had no effect on bacterial growth in this

media, which¥ShtARorT Mg Toor withHacessinm yais At &P irha Ipseal P IEReRs in bacterial

growth. 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 ug/ml of

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

Example 2

WhiB7 decoy 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 baftle). The media used was 9H11



59 When an iron-limited media was used 10 nM of the fhu 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 ex ression of hu and reventin rovv-th 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 (SomervilleSand Proctor (2009) Microbiol. Afol. Biol. Rev. 73:
233-248), negatively regulating the Jim operon that controls import of scavenged iron. Iron is essential
for growth - {Bisctvaddiellifico®|egipdemtcardfeithri@’acdPdas d Baf@otDidkimemyash zybmatidbpoocesses.
However, '“_J&%&%&i&%‘%’bﬁ}%@&?&&mé'HHHB%&"@BS}*Q%%’&?FEM ﬁ#'.yrh%'}fa%k‘i Ipaccessible to the
bacteria by incorporation into host carrier proteins such as transferrin and lactoferrin. In response, S.
aureus syntisiagsdabhZaHinih Mtdiesapdotsasioerspporessanatosing i ontgiavusand etransporters,

such as that,gpeesied ldinikBGo iRdMBPEING M SideiRPhere SamRISXIARithe dastedal cytoplasm.

Since the import of excess iron would result in free radical formation by the Fenton reaction, with
subsequent M&ﬁ?a@gl?\i\felﬁaét@mgﬁ%@B@?@ﬁé‘fﬁi?@%&ﬂﬁ%&'wé%ﬂST’&%H)%%%61161-647), iron
uptake mustlsktighithe degitiatedviiB7KNPOKtau hst NG grOWTEFDY ry1in weab démitecd medidamva vitro and
lose their pattohg%ﬁqi{:eité/nj[%lawrg eISQgg Seels Hl(l)rres%ilrgh, et at. ,L Bacterial (2001) 183:468-475),
demonstrating the potenha?o urasa e?ape ic target. 6.1 METHODS 6.1.1 Bacterial strains and
culture conditions S. aureus ATCC 6538NA cultures were grown and maintained in BH1 media
(Becton DickgRsap)NTUOZC ARk MEse RERPREH By MRINY CguabYelueaswh@ Geltredg early
exponential growth (OD of 0.3 at A600) with 50% glycerol and freezing at -80C. BHI was the media
used for norf%hq itthg conditions and NRPM1, which had been prepared as previously described
(Skaar et al. 2004), for iron-limiting growth conditions. 6.1.2 Preparation of TEDs Plasmids containing
the TFD segﬁjence? were created by annealing oligonucleotides containing the binding site for Fur
(SAFurl, 5 BPABRIAEA AGT ACT ATT AGT AAT

FabB decoy 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).



60 ACT TAA CCC TA- 3' (SEQ ID NO: 30) and SAFur2, 5' P- AGG GTT AAC TAT TAC TAATAG TAC
TTG TAG TA-3' (SEQ ID NO: 31)), and a control sequence (Con!, 5' PTGG CCA COG ATC CGG GTG
ACT GCG GOT CCG TA- 3' (SEQ ID NO: 34) and Con2, 5' P- ACC CAC 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 TE®s 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 NOA4 ) andeoy 5 Feau(s's, EybundiGB CROGp € G GEATChrRAIDTAGHFGA- 3' (SEQ ID NO: 2))
and purified g SINANOLALSSIPHR RN bl L (ARRISAOMOFASECHD Rusloah AN plgfamicidin
(Sigma) was freshly prepared by dissolving 21 mg in 1 ml methanol, diluted prior to use in water and
further dilutigép%/208lin 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 4..g of DOTAP (Roche) and
incubating aFF38mIte perature for 10 min on the bench. The TED complex was then mixed with
inoculated nedivmtcadigigiviedsinia Iacwel flai-bationedplatesnand growth was analysed by culturing at
37C with shaking in a BioTek plate reader. 6.1.4 ntification of TED number by real-time @JCR
el rom O] W 1 et e Ao e B s S panded n
| 00ril water Wdjit ofeacti darsiprelavdmeibedsiBeath gliCRere gotion forvixihyee Reafiahefsgdsor samples

with primersptg giher AP eRREP.CTelAnE T8ARERIRNES 3 (550 M 1R BNALRYPF, 5- ACC
GTC TTG CTG TCA CIT ATA- 3' (SEQ ID NO: 36); stypR, 5~ TAC ACA TAT GTT (TT CC C TAA

. 36); ) ,
TAA- 3' (SEEMIESNO 457 prihbepesisrdnIvB R sissh NG iAResdpmEird Hiesq Wik dshlofROX
(lnvitrogeln)-sTrhgaTawﬁaebﬂat@iw,a%@s@g 10Zalewiate b numiey m%tﬁ[asr@f@hs@mmﬁ@@gpme- 6. (lj-5
RNA Analysis tures were treated with RNA Protect reagent (Qiagcn) and the pacteria harvested as
ovorbort At BB/ T OB N CBIF SR W8 T e T LS LETSFE BT i v
Tris-HCI, 1 rﬁMEcEﬁﬁélbscmﬂthdimwmomgmallyswagmargpﬁi@ﬁlé@tﬁnhab&?@omnawmm to lyse the
cells. 700 p. .}, t@%Jd%&@‘J% ?Et&Pﬂ%"sﬁ%@%ﬁ%’\ﬁﬁﬁ%&jﬁ%@% 0 &ls GE RNy karygsied as per the

manufacturer's protocol. Any remaining DNA was digested using dan Invitrogcn DNasc T, mixing 2.5pg
of the RNA sdplangiting aatpmiinsecringes i tartSons. tbynpetirafedsrf eBerirporHedonlasel enzyme

was deactivgigd hyaddinggilof REon MHE BT Peanciheating ki & i &0 minRnddhe treated RNA

used for cDNA synthesis using random primer synthesis (NEB Protoscript). Using standard real-time

PCR methodSRABSEbRIR W b&uMtery enmive triseridptish BgisgBrvR s8PaiRd Mu gene
(GSATittF, 53COTiBAMIEGA TTEI T GOTAACHRIGT G {SER MDMBIS) PUBHATIUR, 5- GCC

ATC TGC TAC TTC AGG TGA TTG AGG: 3 (SEQ | : 39)) and.normalising using levels of 16s
"RNA (sing BT A ST o R 06 B S R o7 508

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 AAAAAY
SEQ ID NO: 8 SsaA TFD 5° ATT ACA AAT TTG TAA CAG ACT TATTTT A 3".

Example 5
Sig TFD inhibited growth of S. aureus

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



6.2.1 Tran.sfection of Fur TED 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 at Alicrobiol.
Infect. (2006) 8:1679-1690; Xiong et at Infect. Dis. (2000) 181:1020-1026; Horsburgh et al.1 Bacterial.
(2001a) 183:468- 475). Fur also acts as a positive regulator of some Per-regulated genes, including
katA, which encodes a catalyse required for oxidafiVe stress resistance (Horsburgh et al, Infect.
Inunun. (2001b) 69:3744-3754; Morrissey et at Infect. Imtnun. (2004) 72:972-979) and consequently
flu mutants aceuthtes gorkprohmise dnidethverdtmlity vibgorehend toxicrmyideottyd redichl doemétion. These
diverse and gomplex gﬁ%?f@%@@%%é@%dﬁ%&?ﬁ%%ﬂ&% the 1%%‘1}{&890‘-’&%%%88&%5?a%raure“S Jim
plicability of t

mutant. To evaluate the a e TED approachTor modulating Fur activity, a TFD was

designed incORTor st thie Fighioidirity Sitehaniéh raaid e bh deiessthath fretbashesy eothinting
experiments pgrtainzesiomike MpLEmREr ©b&Hageesy§Xiong et at 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 killinggffeabeayigedbytire mansfection procedure alone. Each nucleotide sequence was

ligated into erichia cok ve GEMTEasy. and the, resultant plasmids used with primers
flaning the DIEHH S SRl (e TEISS g LR M SRS ke routinely modified at he 5
end, partly tBWE&i&%@&?‘@%ﬁéBiIﬁywﬁgwﬁﬁmimmmemmm frok m@mdmse@ but also to
functionalise,fhe dpglacuieswith chplesiarel (aRRIhRIME . 3 iR EYRAY B IRNEISePOMEY). Hence, the

total lengths of TFDs were 60 E‘E‘éor the Fur TFD and 62 bp for the Control TFD. 62 To achieve
transfection mPdEisatiens widdaclviR birtiectinsrcralipsnetiatbe mntdsre PupsisrrbO T ARk form a

stable comp{s)s and shigldihe areativechargaief tire phesphaiayhackhens Othe TFD-DOTAP complex

was then mixed.with.S. aureas in BUT, a nan-iron limiting mediym, which had been supplemented with
e R e RS R e
Gram-positivé fralotecia o breteelh ahicDisl giineeate JbCRAORI nwe Stefd®dIby 2OE88459 HeilP fé vialss
experiments hy the, iny J ' hatsubrlethal. nirat amicidin were
Sl)J(ffiCiIent to ‘éaécf)lv? ?uﬁﬁ%f@g% '?’l\é%qétg'?%%%%%mgfeé%%{%e ba%%gﬁégq}rﬁ%%lnﬁ%ﬁfggﬁgk tljcpl)%g%gv of the
TFD. The adbitisHcineiect ankefes worble dgeptendycinerosithcthdf sbnirBPIRDbRssuItetidRsEy reduction of

the S. aureug gramoratRcbhigisenabakly) dnefonsamedrglericidahagtivity grugeehthough weakening

of the cell wall. Transfection using 1 nM of either the Fur or the Control TFD resulted in very similar
growth curvé%qﬁ?’é“r?qW@Wﬁ%ﬁﬁl?ﬁi@ﬁﬁé‘s@ﬁ’ YFERAYy, the fin- knock-out showed a growth
defect in rich medium (Horsburgh et al, 2001 ) whereas no difference was seen between the control
and Fur _T ted sample. explanation f iffer I I owth
conditions (%}r: g)flg)mp e',alpa%r%geprgﬁfsr? o@@%s\'?veéﬂgpﬁ-g}g'sggﬁd& r%%ed%? gu%ﬁ%ggpcggﬁ%erﬁ%(%uld be the
fundamentaldiffeféntes between a genetic knock-out and the effects of TFD treatment. The Fur_TFD
will prevent Binging Rlany tensaintiandastorsanabls ot bieding Ahatsites RRECNY $he 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 regulataeypastweykscaR ¢ heneiscipReulpdmaitbuspera dhalmansutiensciiptirdaston affecting
expression rm 8 et at Cum Opin. Alicrobiol. (2004) 7:102-108). Quantitative PCR was performed
to establish élﬁé\ ﬁ%{H fection 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 bacteriagﬁgllﬁggggggﬁ%ggﬁigg éﬁgéaa];igglé F%cgh %tjg%tg% Eggﬁﬁﬂig%&%%ggg@y and that the washing

1l
procedure had successfully remove TFDs non-speci ( ‘with the cell surface. In the
presence of theorariepticies thaé afeinins teUrindiagtbiée GobricHTE a0k raig efetteenuelasotrand 5340 TFDs

per genomegreRELINeMitiguie 35Oé)dﬁlﬁﬁl%fo%&%ﬁﬁ%ﬁi%ﬁ&%@%@ﬁwaﬁb&@ iekingsubstantial
number of both TFDs into the bacterial cells without having any observable differential effect on growth

in iron-rich rA&tiTa 37678 ' FEBSHRSIRYISHREER BHRPRYISEUr TFD was acting to bind Fur
and so prevent it from binding to fhu promoter it would be expected that repression of theihu genes
should be IifJIehd. 'Ir'lo test thisIi the,[hc?:lggr&yrnumlgi ¢ ingitr r?il;[:t,s (standardised to ribosomal DNA)
present in the &Brﬁ%ﬁef@rueea &d sampﬁee\lflvsgs coomﬁar i the Control sample (Figure 10B).
Performing quantitative real-time RT-PCR on RNA isolated from the samples shown in Figure 9
established Yjah tig Kot 2BF R haghmese teLregictedshange iy -raeseringer i yves fixe-fold
higher than in the Control sample. Hence, transfection of specific TFDs can be used to modify patterns
of expressioﬁ%‘fé%nes 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 BHT. 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
conditione ic daleteriniic to arowth and renlicatina the reacrilte cean with the Eiir knock-011t miitant




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 (Wandcrsman & Delepelaire, Ann. Rev. Microhiol. (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 att&huation in vivo (Horsburgh etal. 2001a). The
reasons for this remain unclear, but perhaps reflect the central role of Fur in adapting bacteria to
changes in thEQ@ iSO Zht, Shsi eBARANIrdAISEA Bl (00€ Spin@oroXxitathEISTEISARREe effect on
virulence do@?f‘ﬁt ppear to be unique to S. aureus. Mutation offitr causes the attenuation of Vibrio
cholerae, Catnpylobacterjejuni, Helicobacter pylori, Actinobacillus pleuropneunwniae and Bacillus
cereus in vivo (Mcy et al, Infect. Inzmun. (2005) 73:8 |1 67- 8178; Palyada et al, .1. Bacterial. (2004)
186:4714-473Q; By ManenetainMelMigralial {2 eRd)rpd §23-638; Jacobsen et al, Infect. Inunun.
(2005) 73:3740-3744; Harcie etal, Microhiol (2005) 151:569-577). Bioinformatic analysis of the S.
aureus Fur consensus 64 sequence (using MEME software (http://meme.sdsc.cdu/meme4
1/intro.htm!) SanQ@ IpeN©u3ly-idartilied Re aEn sesA(W BT MatTah @OALE) dermonsiated that it was
highly conseryed in Bacillus cereus, Bacillus anthracis, Bacillus sufitilis, Lysteria monocytogenes as
well as in S. aureus (Figure 12), predicting activity against other Bacillalcs. Antisense molecules have
been used tSEQ@ADNMPOYeniBAThBEY : ¥16€1 GdtR UsTAg modiflehhokbdnésTSGchAS peptide
nucleic acidg gGood & Nielsen, Nat. Biotech. (1998) 16:355-358) and morpholino oligonucleotides
(Shen eta!, 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 micrebeisni véiieeand iRayiverchiRedsorteld Brdanomifiegtbackbones 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 easier tSEBEIRNONh33ugbsiAchidy 2AiVEIN Chatgel BIET Ave MibGaAEC DT DEEETR. AHowever, as TFDs
work by integpyy\{ih. BNARI SR NRIARIRNR ARdhiiF GPPRRIA A ha phogRiate 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 intp £ellsoWsing g-cRmbination dkpentiges.and liposomes to kill bacteria at nanomolar
concentrations. TFDs are effective at much lower concentrations as they block an enzymatic process

(transcription MRS FEAC A ATARHES d5ERK YRR Wity BR RFE BRI et iPAmsbribiifr RN A). A
further advapgagersbusinghti Rsrpléthad thiety llockothactirassio frak foain essertiDljeses, rather than
having a single target, making them less susceptihle ta resistance mechanjsms. Exam Sig TFD
ibite oron A S e T b i By SR PR LR SEsL o as m
Example 5. lonTypiedllgf baigeon Big ¥ FRrassiteacormgl@cedWith0s3ckt vt cliptssongal fansfection

reagent DOTAR (ld;digloouds ST e RAMRARKL HIORRRG ROCDRLAIHINGHRRIRH BG room

temperature for 10 min. The assays to determine their effect on growth of bacterial cells were

performed u%%ﬁ@l‘gBeWéﬁ WF&%@Q @ééﬁr%ﬁiéﬁ}{t%{ﬂﬂh%i%@(ﬁPﬁ’PE%?H&?ﬁ%iQﬁﬁ?@chﬁ ?media (Becton
Dickinson) S&w?mﬁfﬁtﬁlg mmlsﬁ)@wilﬂ%&a?r%i%gisn{&wma@pmm@m @a@ﬂn&ﬁdga&é}?&nl filhof Vﬁrio%s
concentrations of.a Cholesterql/Cy5-labe oy complexed with TED were ed.to each well an
e otfocr o BRI SFSTT B A e o e e L oo
methicillin-resbgtanttfstoaimf @W&&léstmsﬂy@ﬂdt@taﬂ dééogwdmmlase_:mwﬁth&‘Eﬁ bymmdﬁngaahsorban ce
Of the oroth Gl iSRG ARG IDaAaIaM The plates weIR G BRIRd Al gigkng and

absorbance readings (at nM) were taken using a plate reader. own Im Figure 13, it was

evident that eféherpeth fithtgzdleuaseliominiSig. ghorlptesangrowe bittda MRS vsthaiingBHI

medium. A sinilasamaKBLoldnesarise MTPReOIRARING AR Mpralatedisequansriet similarlength not

found in the S. aure,usﬂ?cnome ad no effect on bacterial growth in this media.
tested: Sig, fhu 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 fhu 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.



Example 8 Sig TED potentiates the action of antibiotics against EMRSA15 (a clincially isolated
cpidemic 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, EMRSAI5.
This strain shows resistance to mcthicillin (being able to grow in 2 mg,/m1 of the antibiotics), 0.5
mg/m1 erythromycin and 0.5 mg/m1 Ciprofloxacin$Porter and Damani,./. Hospital Infection (2007)
65:88). As shown in Table 1 below, the EMRSA15 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

T (as doh R Ry ciCa IR SXREE ANE & RITIT S B (Y dfe paciatd i Coniro

TED (as descri in Example an antibiotic indicates the cu ture egan growing at the
same time- pﬁh?f% el emditRicsaatigloliR i addied up sldeaeritddcisits tee wHtWGEE. For the
cultures treaipd-wihdthensig 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/m.1
methicillin), 8.2 h (in the presence of 0.5 mg/ml erythromycin) and 8.3 h (in the presence of 0.5
mg/m1Ciprofiexagie)éndicate that the Sig TED acted synergcnistically with these antibiotics to retard
growth 66 TPhe , hanltsm for thls eff |s Illgiel}/ to t%e the %&TF L[z‘)reventln {lmc%wdp regulating the
antibiotic-media ' oTe sensitive. As
most antibiotiedieause stress-response we Would expect if TFDs were used in combination to increase
the efficacy fpll QcibaMAIRHY BlaustRMRIRiES TabledARRIgiR oAtk Fi R kagtime (h) Sig

TFD Lagtime (h)
controlling bacterial iron uptake (Somerville and Proctor (2009) Microbiol. Mol. Biol. Rev.

73: 233-248), negatively regulating the fhu 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 fAuCBG, 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, 4nn Rev Microbiol (2004) 58:611-647), iron
uptake must be tightly regulated. Fur knock-out strains grow poorly in iron-limited media irn
vitro and lose their pathogenicity in animal models (Horsburgh, et 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 Aggo) 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



Methic Ilin 0.2 6.4 2mg/L Erythromycin 0.5 mg/L -0.3 8.2 Ciprofloxacin 0.5 mg/L 0.3 8.3

60

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 pPGEMTEasy 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



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 TED dumbbells by ligation (DB-TFD) Two
oligonucicotidcs were synthesised, each containing one strand of the recognition site for the S. auretts
alternative sigma protein. At either end of the moledule a small hairpin loop acted to protect the
molecule from degradation. Each oligonucleotide was re-suspended in dH20 at a concentration of 250
pmol/pl. To RNA thevSigdanpbbeld Tfabu{aefemes toasdb A3 Fbate foNSwingsphgsittouytege d

oligonucleotigas WesE YHNESeH BEQIR NO IANIARR. BAT PG LRI ARG GAA GAT

TAG AAATTATIT CGA T GGG TA ATA SEQ ID 41 - SigDB SA3: P-CEG TCT TTT TGA
CGG TAT TRYAFAERATT tﬁmnATh@ Waeé:qniwe ePreacsvaisthenaddigaledtthése formed the

following molegmieEDTA 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 kat4,
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 aeration 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 spontaneously 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.



Typically 30 d of each oligonucleotide was mixed with 27 pl of dH20 and annealed using the following
PCR programme: ANNEAL: 95C 3 min, cool at -0.1C/s to 8C, end. Following which, 10 pl of 10xNEB
Ligasc buffer and 3 pl HC T4 DNA ligase (NEB) were added. The mixture was incubated overnight at
16C. The material was then extensively digested with T7 exonuclease (NEB) to remove any unligated
oligonucleotides and then recovered by two rounds&3of 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 SAl: CTTGG TTTTT CCAAG TAG AAA CAA GAT TTA
GGG CGA L TTT-ATA O%%J@g;?%@ P %I?A ), 43- SigScr_SAZ: CCGTCT TTT TGA CGG ATATAT
TAT AAA ATC GCC CTA AAT CTT CTT TCT A 9.2 Performing growth studies in 96-well plates A
growth assalf has'pedbihes agigesehibubiv Exbsapesnt iiding hiadsig tpefy premademtbbell

configuration, 3 B.cipicalliialalad MBSABUAIN oA SHRUR R TiaureTkA-$iaTRR eapeentrations as

low as 10 nM could inhibit cell growth, whereas a similar concentration_of the control TFD could not.
Example 10" WA BEHHBFE0EEr6wincof ERhRSRTE DM Mrapiradbh or o8 RER Entaining

WalR binding:sip&: 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 fhu 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 ez 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 ef 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



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 CCAAG TAATGA ATG AGTT TAA AGC CCATGT AAA AG
COG TAT CAG TAC SEQ ID NO: 45- WalRDB2.2: CCC TCT TTT TGA COG GTA CTG ATA CCC
CTT TTA CAT GGG CTT TAA ACT CAT TCA TTA4A second pair of oligonucleotides containing a
scrambled version of the WalR binding site were used to generate the control dumbbell (Scr. WalR).
The sequensapiofchesephdEptiosyiated: dligprucieotides adeirecBHEQL DOt MB-alalRDB3.1.:

o) 105 Bt AR R] QAL A 217 00 AChGMaMENTSARAS ATECA

SEQ ID NO:47- WalRDB3.1: P-CCCTCT TTT TGA GGG TOG CAT CTC TCAACTAGO TCATTT
ACA ATC TTY@STCad TNFagifes vorais rBed faeaoib/or EVIRS Ik 5B o LiregtiAertrgitiagysestaphin

Growth assaysyweks Resfarmed @sdrseribprdiixamnle, achindtihihe saladifierence being that the
media was supplemented with between 0.5 and 2.5 pg/miLysostaphin instead of Gramicidin.

Lysostaphin is a lysozyme-like enzyme that is specific for the walls of S. aureu.s. As can be seen in
Figure 15, asitilenas iolaiMafhaig bBn s wasceapaligaalidmhdottingNaatestablrosith, whereas similar
amounts of trploed?ﬁ)gc} rt%'c%b%h%ﬁ%u%ﬁ%snpoe&fifﬁcﬁuc )e(lachBI(Fs g’&ood & 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 easier 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 ug of Sig TFD was then complexed with 0.3 ul 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#



WalR TED inhibits growth of MRSA in a mouse sepsis model The TFD used in this Example blocks
the action of the two component system WallCR. 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 //././ Bacterial strains and growth S. MUCUS
EMRSAL6 cultures were grown and maintained in6BI-11 media (Becton Dickenson). Frozen stocks
were prepared by mixing equal volumes of a culture in early exponential growth (OD of 0.3 at A600)
with 50% glyeEod and. frdezinguate80@tritiohsd Préimiatiorn If ¥3-Dbelk Dscosecemripadeditin a dumbbell

configuraion s MVipuBly deserined (ABreL At 0%, TERS Wers BFerAsS G igating pars o

phosphorylate eotides to form a TFD containing the binding site

e

WalR protein as it

occurs in theprarmibeshad Bam detRRnTD bemeticilisoistitirg g QbR varsismn etk binding
site (Scr_TRE, wilevaligiueieatifassugne fesiisnandedratavingl sonceniation afrHd0 pmol.lulin a T4

DNA ligase buffer (New England Biolabs) and 400 U of T4 DNA ligase and incu%?te %EEC
BRY

overnight. THEYBHRDnE RN e Pesichabdficr WAL SusmeAdRRE Ritf 4 &

éhse | (NEB)

and digestedNora@dmiReatu3ifg aligdarecpduification 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 GOT TTT
TCC AAG TAASTGE ATEWG T3TIT AR AGISTC TSI wNGAEE FAT OASTAS<8tEnd SEQ ID

NO: 49- WalRe RsiCRSN ST dsTil St G&fade W@ Adbuft S Chohad AT GGG CTT TAA

ACT CAT TCATTA- 3"

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 EMRSA1S5 (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,

EMRSALS. 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.



For Scr TFD the sequences were: SEQ ID NO: 46- WalRDB3.1: 5'- P-CTT GOT TTT TCC AAG GTA
ATA TGA CAA GAT TOT AAA TGA CCT AGT TGA GAG ATG CCA- 3'and SEQ ID NO: 47-
WalRDB3.1: 5- P-CCC TCT TTT TGA COG TOG CAT CTC TCAACT AGO TCATTT ACAATCTTG
TCA TAT TAC- 3'. 11.1.3 Transfection of AIRSA in vitro TFD-DOTAP complexes were formed by
mixing 1 ug of TFD with 24g of DOTAP (Roche) ane incubating at room temperature for 10 min on the
bench. The TFD complex was then mixed with inoculated medium supplemented with 10
nglmiLysostaphimo@ignser 1o 043,20t adigkdict intoho G igdiFaprbottomeod: platesrendagngwlin was
e ratiing LA IR PR ST BSRAGIRA Sk QUG BRPS S model The
mouse sepsis study was performed by Euprotec (UK). Mlcg used In this study, male CD1 mice were
supplied by ©hgfEe RIBP§MEHRERED RushRrereg)9asiic uthbbermersd tild21 syrmtugedvery). All mice
weighed 22-Zpghaaths RegineiRe @t dia @xpermesthbinksrikprakilitnasigikor 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 abmiistered intravenously using 10 mtikg, the five treatment groups were: 100 it,M

- . Ionll vionactanihin: A b e ~fF T Ta 1
micewere [oGRUGHY postcaneh e 1480 s pSHk Dford ey verecensedand ungs,
liver, spleen and kidneys were renovddagtichwi@vally exbagtieet @nd weighed. 11.1.6 PK Study

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 CGA T 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



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 5nM/kg WalR_TFD, 25nM/kg
DOTAP, 31.5 nn/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 (anticeagulated with heparin and stored on ice before
separation). Following blood collection kidneys were removed and homogenized in Iml ice cold PBS.
TFDs were detected in the biological samples with gPCR. 11.1.7 Tissue burden study For the tissue

burden StUdWI?erﬁi%%léa gEﬁegee%@ge%%%%s\&ﬁgtmiggu@r treatment group, therefore 48 in total for

the study. 2 x 10m1 cultures of Stap coccus aureus EMRSA 16 were prepared and placed on
orbital shaker (220rpm) overnight at 37C. The following day, the Staphylococcus aureus EMRSA 16
cultures were remayeRAErom, kefag)eigeateg@ngtwacsé@d buice iaefore being iended in saline to
an OD of 0.132 (1.5 x 108cfu/m1). This stock solution of Staphylococcus aureus E A 16 was then
further diluted'2:1.5 in saline 71 (1 x 108 efuiml) i.e. 2.0 x 107 bacteria per mouse. 48 fiice were then
infected with 0. e aureus EAIRSA
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 vancbifaiyi8stoigashplistasig tideer an miked tratrmvent e i ERO 28 ravfalsstydngixture of
-El;g|Xﬁ<OIARﬂeM§QE§%BE;PGI§ﬁB1%g%M6€NNNEMf' L9 f)'&“’k‘l'W&ﬂﬂi@d'ﬂa@@k@?%"ﬁ‘%ﬂ%ﬁ@ﬁh DOhTA_P %lnolT )
ug/kg Lysostaphin. After ours post infection all animals were weighed and then euthanized. The
kidneys wergqﬁ?ﬁﬁgﬁiﬁf@%}’rj&%%ﬁgpﬁ%m%ﬁﬁg afiﬁ“ﬂ:z %%CST(%%P OhBEPRARBURSSd saline +
0.05% Tweend&d. Trgatixnomegeinatdatadsecenightitatic@ly Thitorec ahta Oh&lragaviaity incubated at
37C for up t$i3 (Sjt%xsw %ﬂdr %I)gorlllieae%(s)g t Wt'he d%ta fgom ttlie u(%tu e burc(ilé-:-ortl1 was (Ptnagsed by the
Kruskal-Walli& fest using Stats Direct. 11. k%gﬁlﬁ% Y ENE Isl?&%lrapl y Kills ,Rf SA growth in
rum The higfisozereddryedotvosbrabehent systamtativpalk/WalR (also referred to as YycGlYycF) has
been shown in genetic knockout experiments to be essential for viability in S. aureus and other
Gram-positive pathogens. The binding site for the transcription factor WalR has been identified in
several pro s ity anealie iMerrse i roRtamaNg diner KARIPS Xeroes pHtsraig utingaist &.1h607). It was
this version thaiwashy$adsishtrgaiéalirihbl ’sdwcserambled 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, SERQTIAPN@nd 2nixegbowith A ediBlioocUBed with BURSE-AB ArdNySosTaphih. Lysostaphin

is a lysozyme aget hataefs\anthg wallsof 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 carrdQuih W: d3poSiedshrigknehibrent b ThEph&efuml 3ing Td temdfédifon protocol it
was observesdbhattreataeatiwithithgcenirol TFD, Scr TFD, had no detectable effect on bacterial
growth when compared to an untreated sample. However, the WalR TED prevented growth of
EMRSA-16 in vitro at a concentration of 1 nM (Figure 16). Total viable counts confirmed the results that
treatment wigh? \Riay- L9 sgedutadthe missbes/Dpliving cells by five-fold orders of magnitude (Figure
17A). The b%cteriaflhat were nat killed b)é eal%egli: treatment were utg—l%%ed i

growth assay was performed a8 descri n Examp using the 10 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 EMRSA15
10.1 Preparation of DB TFDs containing WalR binding site




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 | 7B) 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 exp®sure to work, EMRSA-16 were transfected with 1
nM WalR_TFD/DOTAP complex and incubated for 30 minutes before being microdifuted into fresh
media, withdutednyditigdegoonpécioe SVaiR_ysostaptyiotatndvitto grabbhllvdgdollolaedideradfurther 48 hours

(Figure 18) i ident t It t s.ohsen irmj 1 0Ds effectively killed the
cells on firstﬁgt%%%%%%g%%%glera fﬁ&g\g&ﬂ%é?ﬁgg v\\égifvﬁ\%?lgré%?%g? #o-{fgiwing IV administration;

there were rdigRitieetidptsiveport. 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 abnarmalities of kidneys Iuaebs liver or Gl tract. The weigﬁlts of kidneys, lungs and

liver were withi} #VGHAAr RSP Ril & obitpddndd 64418 it A58 ilSite Gl flhAter dosing up

to the maxininGa duse teadAn thisGalerabilAy stady TAL 2.3 Tissue burden study The infectious dose

admimswre%ﬁé%%ﬁ%g E‘R)@a%é%?z:ﬁ?r@frﬁﬁ?ﬂ% Qs erelatvely il qfection was

established IS more sensitive to tre e mice were treated with systemic injection of
either the veRlAeCAT ST HETSEAXRPI EdIebA hAof 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 athfySRSPHfLiRes KHeREes PR IHENG AR Pt s drecatint i € QKPR Paerdigithiflar reduction
in burden tohas @clieveshivancesmsinvyissIcoveparakio the Sichc& eomisq) (Table 2 below).
Table 2. Statistical analysis of in vivo. results. Kruskal-Wallis: all pairwise comparisons

(Dwass-Steg -@Rﬁ%ﬂﬁﬁéﬁ?@ﬁ SHEEMED 73 1 nM Scr TFD | nM WalR TFD Vancomycin Vehicle

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
AGGTCATTT ACAATCTTG TCA TAT TAC

10.2 Transfection of EMRSAIS 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/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 MRSA 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.



0.0043 0.0062 0.2549 0.7804 0.0062 0.0173 The WalR TFD in this experiment was found to have a
rapid bacteriocidal activity at nanomolar concentrations against MASA both in vitro and in vivo.
Example 12 Transfection of E. colt with FabB TFD sensitises the bacteria to antibiotics that inhibit
fatty-acid synthesis 12.1 Preparation of FabB TED FabB TFDs were designed to incorporate the
binding site for the transcriptional regulator of fattysacid synthesis enzymes, FadR, which occurs
upstream of the FabB gene in Escherichia coll. The FabB gene encodes an enzyme involved in fatty
acid synthedi$(0 MBEEI#ODIBgy (2005) 183:5292).

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 I1mM.

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 AGGTCATTT ACA ATCTTG 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; L9043),



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 pGEMT-Easy vector. The oligonucleotides used to amplify
the promoter sequence were: SEQ ID NO: 50- fabBf: TCT TTA AAT GGC TGA TCG GAC TTG 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 frament when used in an amplification reaction with
genomic DNA isolated from Mycobacterium smegniatis was also generated. The sequences of these
oligonucleotidigsoteiret SEQVE R boRedhiBp7tds GRErOAE \CE GARAIAGGIEGA @G SGEQ ID NO:

53- WhiB7.r; GAAMA ;E%%l%eﬁg%%%eﬁ&g: CGG GTG 74 The effect of TFDs on the growth of E.

colt bacterial cultures was measur escribed 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 supplementedwith IQ.gimdbdeerulenin (CER). CER is an antibiotic that acts on fatty acid
synthesis. At the concentrations used it has no naticeable effect on growth of E. coll. Figure 20 shows

that treatmehPOPEUEoIFIiH HIRNED PR ERAR YR ¥t Adkd MRt e AIHEY, Bftaining a
sequence Kritunitied tecacayppiisthiy tieuesaoil genne)e ekiiaie dvihe spacittripagasitifiecto the action

of ccrulenin. Theantibigtic used, cerulenin ) Ifo begin to.inhi% cell growth in the presence of
the control 1D L2 e by A SR e STe B b ek e b e R lanistc acton of the
FabB TED. As the FabB TFD is designed to downregulate genes of the fatty acid synthesis operon, it
is our hypothesis;thgt this; T ER,gould 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 nf@éﬁl&ﬁgﬁ{g@k%b@yi@imals 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



Transfection of a TED containing the recognition sequence for the u54 factor of Klebsiella
pnetnnoniae retards bacterial growth A PCR TED containing the binding site for the alternative sigma
factor, u54, from the pathogenic organism Kiebsiella pneuntoniae, was made and tested. Compared to
the activity of an unrelated control TED, the Sig TFD inhibited growth of the cells. u54 is another
example of a sigma factor that controls regulation ©f stress response in bacteria. 13.1 Preparation of
TED The TFD was prepared as described in Example 5.1. The sequences of the annealed
oligonucleotidesl08ethingye.c SEQXI D0 NBctBda pes5d6uR-BE BiATRAABO GG @AGIITMITE CAT

SOt AT ARER PIORERuiSRAE RS e SR G DTD BT TR 7O

Growth assays were performe In Section 4.1 wit erence being that the media

used was MIkigdhs (Sanstaoi Breaueposaynyafiss inardisainy22al1e Eumishto6PBHBIAZ). The media

was not supplraRRteRA VN @Ysortarafeciany TrapsfepienrasigehignedRy campladag the TFD
with a cell penetrating peptide. The peptide consisted of two pﬁétions: a linear chain of nine

D-arginines SHEC JHRVRR K 9EEHL 8 pubtiadabiRRt altouhy [P pEepat s phetrating the
membrane gh&i@reunzokiae (¥aamDOTaMtraabfdgenisnandhematiarapiniiSo)RDi1801). The

positively charged arginincs to,bind the phosphate hackhone of the TED throygh a charge
reracion. Tre a0 B BN oS S s R oot s 1o e ro B iAo beer
described pravioalsiyqi<insigholemddhcTvathpya2006) kutey3)wIkeremtide sdyieenpedinde peptide

used was: i dRNQd BPrcKBHKERKBhaBraroiine) Uihs Ve Mixgdwib ipgsgRsing amounts of
1KFEKELICKL-R9 peptide in a TE based buffer supplemented with 5% glucose. The mixture was

incubated atfSRRSCEsSp IR MBI INRI culber A enteitdiRdeer and iy tatehristeidpisiBrianalysed by
agarose gel3 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 et 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



electrophoresis. Typically the minimum amount of IKFEKFEKKE-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. 1IKFEKFLKKE-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. 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. aureasiarid digclntedtsicdnsehsgsveequeneedciedit Missaaecihe process was

e e neTadlgr o e AR RRIE R INCL B ARGl acurTangsp o pubiohed

examples of the WalR binding site in S. auretts (SA) and other pat lic organisms where it was
found to occUif; g HsCERRSrBeEse e ditig(E F)C Stlegistertetidprietinne foaeh BPyaggsteria
tnonocytogengscéLM) SN el eRtAROESHSoPIANST (XM staf Aridhsatafidhertacgrivad from the

search is shown in Figure 22. From the complete set a consensus site was derived, having the
sequence: TEFWAW NNN 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 organisnfs Ii%te a&?ve..Exa@ I

1 ordet to determine w %rlﬁ:Ds 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. /r 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 10 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



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.cdu/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 Bacillalcs (Gram-positive infections) of which representative
genera include Bacillus, Listeria, and Staphylococ@ys. 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 e is used,
where: K i
Sig bindin FD containing
the binding dittMorcthéBERernative sigma factor{8ifha 54) wad&en from théd giddhoter region of the
K. pneuinonigg\gkiAigenepas described in Barrios et al. 1999 (Nkg). Acids Resygea: 4305-4313) and,
when incorporated into a PCR_TFD, was shown to kill K pneurnonwe cells in vitro (see Figure 24A).
77 The TFD YEK0BRER used was: SEQ ID NO: 59- KP Sig TGG CAC aga UTEBEB T Cells were
transfected azidescribed 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. pnezunoniae) and a control TFD consisting of a
scrambled s€uBrdB. Bibifartiindipeyisites fourdouird sthenKa pred bzdniasiddres (ifg, nifE, nifH, nig

nifL, nitAl ang nigh) wers,HSeaLe.Aefinn.a CRESERSHS RETISRES 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 pGEMT-Easy vector. The

oligonucleotides used to amplify the promoter sequence were:

SEQ ID NO: 50 — fabBf: TCT TTA AAT GGC TGA TCG GAC TTG
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



SEQ ID NO: 60 - TGG NNN NNN WTT TGC W The 1UPAC single letter code is used, where W is A or
T. 78 CLAIMS 1.An in vitro method of reducing the viability of prokaryotic cells, the method
comprising: (a) providing a decoy polynucleotide comprising a binding site for a target
Stranscription 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;

in which introduction of the decoy polynucleotide reduces binding of the target transcription factor to
the binding dite iriftheoddIFBndcdusesath altératidivantexgradsion Mashitrewpdratilstmbetigene or
genes, 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 . 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 £. 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

preumoniae 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



and in which 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; 15(iii) a cellular virulence factor; (iv) a cellular stress response; or (V)
a cellular essential gene. 2.An in vitro method of increasing prokaryotic antibiotic susceptibility, the
method comprising: 20(a) providing a decoy polynticleotide comprising a binding site for a target
transcription factor (a decoy sequence); (b) introducing the decoy polynucleotide into a prokaryotic cell
which compfisesth biswying siteddbthmedransripbiohiddstarooddraltly fhekbffdecmgbnegohgehes;

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.
pneumoniae (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 R9 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 IKFLKFLKKIL-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.

preumoniae 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/memed/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).



in which introduction of the decoy polynucleotide reduces binding of the target 25 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; 79 and in which 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 intrins# antibiotic resistance mechanism; 5(iii) a cellular
virulence factor; (iv) a cellular essential gene. 3.An in vitro method according to Claim 1 or Claim 2, in
which reducing viability comprises one or more of: () inhibiting a cellular adaptive response

such as a StrAe SobSEPBPRR rits 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 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

organisms listed above.

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 <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 TUPAC single letter code is used, where: Kis Gor T; Wis Aor 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 glnA 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. pneumoniae cells in vitro (see Figure 24A).



10(ii) increasing cellular susceptibility to antibiotics; (iii) inhibiting expression of one or more essential
genes; (iv) inhibiting expression of one or more virulence genes. 4. An in vitro method according to
any of Claims 1 to 3, in which the target transcription factor is selected from: WhiB7; FadR,;
YycG/YycF, Sigma 54 (or SigA); Fur; TcdR; Vir; 15 NtrC; ArsR; TcaA; AgrA; WalR; sigB; Ksig; fhu; or
a functional variant or homolog of any thereof 5. Af in vitro method according to any of Claims 1 to 4,
in which the prokaryote is a bacterium. 6. An in vitro method according to Claim 5, in which the
bacterium isIpathibRenimcaCc i wavitro method according to any preceding claim in which the

transcriptiors %Wigg _S'E%irg} %@%@X@Q%ﬂ%@%@? is not operably linked to a gene. 8. A cell

prepared according to a method set out in any of Claims 1 to 7. 9. Use of transcription factor decoys
(TFDs) as claimed in any of Claims 1 to 7 to reduce the viability of prokaryotic cells.

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.

pneumoniae) 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 nifU) were used to define a consensus sequence:
SEQ ID NO: 60 - TGG NNN NNN WTT TGC W

The ITUPAC single letter code is used, where W is A or T.



80 11. A transcription factor decoy (TFD) as claimed in any of Claims 1 to 7 comprising SEQ ID NO:
57. 12. A transcription factor decoy (TFD) as claimed in any of Claims 1 to 7 comprising SEQ ID NO:
58. 513.A transcription factor decoy (TFD) as claimed in any of Claims 1 to 7 comprising SEQ ID NO:
60. 14.Use of a transcription factor decoy of any of C]Igaims 11, 12 or 13 in the manufacture of a
medicament for the treatment of bacterial infection.

CLAIMS

1. An in vitro method of reducing the viability of prokaryotic cells, the method

comprising:
(a) providing a decoy polynucleotide comprising a binding site for a target
5 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;

in which 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

10 of the operably linked gene or genes;

and in which the target transcription factor comprises a regulator of expression of a

gene or genes encoding one or more of:
(1) a cellular adaptive response;
(11) a cellular intrinsic antibiotic resistance mechanism;
15 (ii1) a cellular virulence factor;
(iv) a cellular stress response; or

(v) a cellular essential gene.

2. An in vitro method of increasing prokaryotic antibiotic susceptibility, the method
comprising:
20 (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;

in which introduction of the decoy polynucleotide reduces binding of the target
25 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;
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and in which 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;
(ii1) a cellular virulence factor;
(iv) a cellular essential gene.

3. An in vitro method according to Claim 1 or Claim 2, in which reducing viability

comprises one or more of:

(1) inhibiting a cellular adaptive response such as a stress response;
(11) increasing cellular susceptibility to antibiotics;

(i11) inhibiting expression of one or more essential genes;

(1v) inhibiting expression of one or more virulence genes.

4. An in vitro method according to any of Claims 1 to 3, in which 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; thu; or a functional variant or homolog of any
thereof.

5. An in vitro method according to any of Claims 1 to 4, in which the prokaryote is a

bacterium.
6. An in vitro method according to Claim 5, in which the bacterium is pathogenic.

7. An in vitro method according to any preceding claim in which the transcription factor

binding site in the decoy polynucleotide is not operably linked to a gene.
8. A cell prepared according to a method set out in any of Claims 1 to 7.

9. Use of transcription factor decoys (TFDs) as claimed in any of Claims 1 to 7 to reduce

the viability of prokaryotic cells.

10. Use of transcription factor decoys (TFDs) as claimed in any of Claims 1 to 7 to reduce

the virulence of prokaryotic cells.
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11. A transcription factor decoy (TFD) as claimed in any of Claims 1 to 7 comprising SEQ
ID NO: 57.

12. A transcription factor decoy (TFD) as claimed in any of Claims 1 to 7 comprising SEQ
ID NO: 58.

13. A transcription factor decoy (TFD) as claimed in any of Claims 1 to 7 comprising SEQ
ID NO: 60.

14. Use of a transcription factor decoy of any of Claims 11, 12 or 13 in the manufacture of

a medicament for the treatment of bacterial infection.



