TRANSCRI PTI ON FACTOR DECOYS The present invention relates to nethods and
conpositions for nodul ati ng phenotypes of prokaryotes, particularly
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filed on 3rd Cctober 2008, International patent application nunber

PCT/ GB2008/ 003353 fil ed o sional application
nunber 61/167,592 filed PRA Eprsnt appl i cati on nunber
09069130 filed on 4th April 2009 the contents of mhlch are incorporated

her ei n reference in their irety. Contr.ol eria rowt h .and
virul engfile;%eset Rr TR rUAG fngmohat S copobttias B mpailine et At

veteri n%EM(a%R)%s' 5@’{&@1&1&3/ p@tﬁggéi%’b&%‘&ﬁnﬁslﬁ‘g H@ﬁs@ﬁpt@&ﬁfakt%?ggco%%ewkésc heal t h.
Antibiotics for use agal nst pathogenic bacteria are well known in the art.
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I nter Cel"['he s%uatyon(lseg‘{azcgr%ate% by 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 as well as those still
under development. Consequently there is a need for new anti-bacterial agents which can be

used to tackle bacterial spread and infection.

As an example, Staphylococcus aureus represents a major challenge to global health causing
numerous human and animal diseases, with a broad spectrum of severity from skin
infections to fatal sepsis by toxic shock (Lowy, New Engl. J. Med. (1998) 339:520-532). It
is estimated that 20% of the human population are carriers of the bacteria in soft tissue
infection, often with unnoticeable clinical features, from where the bacteria can penetrate
the body to infect the blood and thereafter bone and cardiac tissues (Gordon and Lowy,
Clin. 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



Kell ey, Trends M crobiol. (2009) 17:59-65), potentially conplicating its
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may be needed. For persons with necrotizing fasciitis, surgery often is needed to remove
damaged tissue. Strains of S. pyogenes resistant to macrolide antibiotics have emerged,

however all strains remain uniformly sensitive to penicillin.

Resistance of Streptococcus pneumoniae to penicillin and other beta-lactams is increasing
worldwide. The major mechanism of resistance involves the introduction of mutations in
genes encoding penicillin-binding proteins. Selective pressure is thought to play an
important role, and use of beta-lactam antibiotics has been implicated as a risk factor for
infection and colonization. Streptococcus pneumoniae is responsible for pneumonia,

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

Penicillin-resistant pneumonia caused by Streptococcus pneumoniae (commonly known as
prneumococcus), 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



pneunococcus), was first detected in 1967, as was penicillin-resistant
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Clostridiumdifficile is a nosocom al pathogen that causes diarrhoeal
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report e%n%io{ip Fes?s@d%%ggénveg Ialgpee%u%tioh #V3firs the selection of mutation-driven
antibiotic resistance in P. aeruginosa strains producing chronic infections, whereas the
clustering of several different antibiotic resistance genes in integrons favours the concerted
acquisition of antibiotic resistance determinants. Some recent studies have shown that
phenotypic resistance associated to biofilm formation or to the emergence of small-colony-
variants may be important in the response of P. aeruginosa populations to antibiotics
treatment (Cornelis P. (editor) Pseudomonas: Genomics and Molecular Biology (1st ed.)

(2008) Caister Academic Press).

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

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



out breaks of diarrhoeal disease in hospitals in New York, Arizona, Florida
and Massachusetts between 1989 and 1992 (Johnson S. et al, e England
Jour nal oWolgBtssrse (1999) 341: 1645-1651). Geogr aphi cal PgTdiERp@vsSemd1
out breaks of C. difficile strains res#stant to fluoroqui nol one antibiotics,
such as ciprofloxacin and | evofl oxacin, were also reported in North Anerica

0 2005 1 L 4l shiopbiidkork@hectt) roHeom éRARBM (358 A meddRad) . col i and

Sal monel I a cone directly fromcontam nated food. O the nmeat that is
cont an mattechingtedwith Ecobli, cightyghtrgenpef therbractofia atvgchistentan oac ar morediuigs ant t o

one or nore drugs ; .1t causes bl adder infectj.ons f.arg resistant to
ant i bi ofEe: - HaRPRARY kP T b FUHEM & EEOH Y SESIRRE Fhhinmna i n
the 197Qs/a0ik Va8 PR @RS hufhah€5i 15 3070st0d 38 seBOVYaseSistbdifastith herany
antibiotics ("HSUS Fact Sheet"). When both bacteria are spread, serious

heal t h @pndictdildersntantibvtichallp (pebist Sheatd. Nawpiboth bastatiagae sproasha perigfus er
becom ng i.nf ect.ed, and ne die as a resulf. the, 5t h Nove r. 2004, the
Cont r es Apul il us L5, RATP rdhie AR Bh iKY peetr Eig Pl TR e dtett g
nunber @bmAdidwtaobadt er baumannii bl oodstreaminfections in patients at
mlitary nedical facilities in which service nmenbers injured in the

Iraq/ Kuwait region and in Afghanistan were treated. Mst of these showed

mul ti - di hE%ﬁ{ ﬁB@é?ﬁt?er%()& the EEWdsS B Qa%erc%?iirglfq?@?rte%n%h (éggg%pto% ed.

DNA- based thérapies constitute a new class o acteri al nt's that are
desi gnednticrywing mumige n€AtiaegbiSert hatnoani besdentanainfdcabns/inglatibmtt yt or

pat hogenicity. Such therapies are potentially appljcable to.a vast array of
pat hogeﬂgﬁmwﬁ@éhfé@_@r%@pww%ﬁ%g PN lﬁlé_lg%ﬂf“ﬂ{ Hyegies andhr ough
target $h WgoHIMkdnl Ak HRRBted] Mo@MF ks fhdRFbdl RuBEIrfg RisGnke Withi KBIWsQ¥RPL - 1N
addition, the agents have the advantages of potentially quicker devel opnent

ti mes amebisind alhdegasdstedact i ng upon a nunber of novel, resistance- free
targets. DNA-based therapi es have the potential to overcone the limtations
of existing therapies because they can be designed to treat potentially any

pat hogemeAtassd th¥rapics ¥Emtitiig a B¥RICRSS bPihtDhcteNalaBEhR kIR b deSiShsd RNGSK
mechani smor by inhibiting growth b{ downr egul ating essential or adaptive
1

genes. lon gabelfargasnthatye eesentaal doreviabilitykasippthogerieie Suph thesipdesamee to t hese
agent s %%te%ﬂﬁl?y X&"I’ilcgolg VA ar%tyn‘gtL ﬁa?l?o%%ﬂ? aI{HJttthilexgerllgprﬁgl%tof %sis?a%%g % bot h

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

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

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

that control several essential genes.

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

gene expression (Mann and Dzau, J. Clin. Investigation (2000) 106:1071-1075).
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Transcri pyvoaniokasisdsr Decoys (TFDs) are one such DNA- base@edTidBen@psisoi c.
Decoy ol i gonucl eotides are designed t® mmc the binding sites of
transcription factors and prevent the latter frombinding to their cognate

genomi c ThRIGElif, ha\énbresh aerﬁ&&%eu% f 1nféu<1‘<§4yb99 sPherBERMcRXPERS R BRir( MaNN
and Dzau, J. I nvesti gation 0) 106:1071- 1075) Their utility has

been derdemibpramemqs thamepaténtial to ﬁuktanyztstnowelsglwsm thevhpauéic agepsitMam &hei r

devel opnent t hei r. ential.to func e asses her apeutic
agent o LR (2080, 4 s B e TalideRn it BByt e srsBrastr Bt have boen
used t 0 tRaERRSbA RlctortHIa rehfcdfR§ @ﬁlb@ﬂllrﬁtﬁbcfegﬁbﬁfer?ﬁﬁa if 0§ EVI58shita RRL IPropiscl e
proliferation in rats (él\/brlshlta et al Nat|. Acad. Sci. USA (1995)

95: 5858MgHoyd. St USJdRIBPAT I8 Hedt Wt biock SEAF hnicdintastprebifcedtinwis ( Leong

et al, Proc 3 4 )i how t hat

Car get i ReeBiontR Sl o e £5, Qe tarE e L a3 nd RO oni
vi vo ( Palidt te&getﬁig,ofihe cBAMIP re@@ﬁﬁﬁ cléh8RPan 2dtrol Larl@r prBdratidi-Rsvihagharidést i nct
advant ages over ot h sed therapeutics. Their nmechanismof action is

si npl e 4lthéip! c@?ﬂ”féﬂ”j’ér?@“eiﬁ%%%&%n by sequestering transcription

factors, preventing the latter frombinding to pronoters by flooding the
cel | vvith nuner ous copi es of the specific binding sequences (hence, the
t er m " ddEdpdiaye difhing adsaritapes ontrabdr DWAdnktdshospcsics AT leg @schahsmeoft ar get s
are difficult to define due to the conpl ex secondary structure of nmRNA. In

conpar i 6018 SHRRIF s B SORBRrEsAE ﬁé&fessmﬁy Kavesterig t?%?‘f%lronaf%‘érﬁt ages t hat

they act, rév%ﬁﬂu‘i% the lﬁfe?‘ﬁ%ﬁi hiRGinE XPHRIVQY b9fﬂog§1'ﬁ§ $he é’@?l%l?@ﬁulﬁ%h§ &H& of
appr oaches d the conséquences of expression. As a result, 1FDs are

ef fecti e mecm&)mdmg/\mquetmqeétmcatthmmgn d@maﬁis)eTlasmlnqbet@Fm ANCAETECT | ption

fact t t b f that aoth i
my haveRyEEEn e SRty T BRRAC B el SR Rt e shst  tut o
the tar gﬁtNAf B cdnhifaridént tosnisénsa Bppreadis, TID ke kmwrm@kg@veﬁtagé@ehatnmnt ors,

two reports have been nmade of the use of decoys in prokaryotes. In the
first, anttamidhy orevdelentscxorisgion of Betssi wbsreapexitigened apryorihes deanvilithe i ch

(e'r ggantg goHsehH&ch SFRLRLsigh. AL PHLRR eripOarc REBARRIP ALK 16AL RS AaRbRX Y 9enase

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
element in the promoter of ribulose 1,5,-bisphosphate carboxylase/oxygenase (rbc) genes,
was used to alter CO,-regulation of the expression of the rbe 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.
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(TFDs) to reduce the viability of prokaryotic cells. In particular, the
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(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;

(1) 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;
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decoy pol ynuglieotdltéar derpsic Shiigotc RisReinb@mstHaishQr a target transcription
factor, wherein the binding site is not operably linked to a gene, and
wherei n the (Haaselylpt vigHercsdrser:conpri ses a regul ator of expression of a

gene or gene%gfgggmhgqmgggmp%?ﬁFre of: (i) a cellular adaptive response;

(ii) a cellul intrinsrc an otic resistance nmechanism (iii) a cellular
virul ence factor; (iv) a cellular essential gene. The target transcription
factor y .be sel ected tJ°U‘ VWhi B7 (SEQ ID NGs: 5 & 9); FabB (SEQ I D NO

6); Lyt %@S}E@n‘i@lﬂl@p%‘? ®8sa (SEQ ID NO 8); FadR (SEQ ID NO 10);

- 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;

(1) 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: 5 & 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



YycG YycF (SEQ ID NOs: 11 & 12); Sigma 54 (or SigA) (SEQ ID NGs: 13 & 14);
Fur (SEQ ID NGs: 15, 16 & 17); TcdR (SEQ ID NGO 18); Vfr (SEQ ID NGs: 19,
20 & 21) ;whi2n0/38B® | D NO 22); ArsR (SEQ I D NGs: 23 & PAY/GBRO@AS{IEQ | D
NO 25); AgrA (SEQ ID NGs: 26 & 27); %alR (SEQ I D NOs: 44, 45, 48, 49 &
57); sigB (SEQ ID NGO 58); or Ksig (SEQ ID NGs: 59 & 60); or a functional
vari ant g@ﬁes‘j‘ %H&e&fth@begét Iﬁ%ﬁ@c?ifptioﬂ- @a%tdr%%hk&rh 1%%@9‘[09 69&1985%10% dHacoy

pol ynucleot 1 de as descri bed above conprising nore than one binding site for
mor e t hannooregdnas gebdingansor inpté¢ ofh factor. - a cell conprising an
exogeneous degoy | ynucl.eotide, the pol ynucl eotide conprising a binding
site for a tzﬁdﬁﬁﬁ%?"fg@ VOIPRHSPact or which is not operably Iinked to a
gene; wher ei i} Heele®rlintciasip bhSsti drlisdtdBiesian®nf;0r the transcription
factor operably linked to a gene orgenes; and wherein the target

transcri pti ofif) acebilacompencsdacter;r equl at or of expression of a gene or genes
encodi ng one Rzﬁa%olrhﬁaroefs:sen@ ) ez%lecel | ul ar adaptive response; (ii) a cellular
intrinsic antibioticoredystahce mechani sm (tii) a cellular virulence
factor; (iv) a cellular essential gene. - a nethod of treating bacterial
infection in a subject conprising adm njstering, a decqy. pal ynucl eoti de of

t he i nverthghod offtdagnabpgienia] irfgemA ) YR o oM eAdnHpsEriaaeidssdt i cs

and/ or j j = vy : : il eria,

i bi ¢ o "Bac g &GRSl . Sp@baly it LR ER AP b phRIRBSHEL 24 o
conpr i siandfoapgibacegalaagdatsoy pol ynucl eotide of the invention, optionally in
conbination with one or nore antibiotics and/or antibacterial agents. - a
pharmaceutical conposition conprising a decoy pol ynucl eotide of the

i nventi onyAnRd;id 15&91_%&%?Eﬂ'ltiﬂm&e)ﬁa?ﬁlﬁﬁi?ﬁ@gbﬂ)a%te@?é_? R lor P&due R Uablerial _
optionally i n conbination wth one or nore antibiotics and/or antibacteri al
agent s. viruknd¢, shavethpdwomposipg spilyog aclenpy palymesleotide obthepoyontioel eot i de of
the invent.ion .optional.ly in conbination.with one or nore antibiotics

and or - SRt EPpp AR ofe AP RRE MR B8 A RE R kg o decoy
pol ynucl eoti de of the invention, optionally in

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

more antibiotics and/or antibacterial agents.

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

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

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

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

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

reducing bacterial virulence.

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

transcription factor;



conmbi nation wth one or nore antibiotics and/or antibacterial agents. - a
kit conprising a decoy polynucl eotide of the invention, and one or nore
ant i bi ot iwe 2ardi38i83ant i bacteri al agents, wherein the deeoy/GBrdo%diesoone or
nore anti biotics and/or antibacterial 9agents are for conbined use in
killing bacteria, inhibiting bacterial growth, or reducing bacterial

virulence. - (g iBbfRshOhe "d@&ij?ﬂdl‘ﬁm\éieb‘dh@ﬂl@@a BifokﬁrlyBEiQ!ééﬁ ¥@lchCoffphises 4 he

met hod conprising: (a) providing a decoy pol ynucleotide conprising a
bi ndi ng bsiding fiterfonthedragstription fister ppdrady fiakddoto;a(dene ongenediuci ng t he decoy

I | eoti.de i nto. k ti |1..which i bi Si.te f
Phe t r anErIBESRus g R doshy appurleaidsaonios Dptne o ihgamel frgreption,
i nt r odughdi@ino Phe BiRGingd 8RO BAOLYINE] eRbésdR JlRekiessn Bipreisia Thhd SiRritdy get
transcription factor to the binding site in the cell and causes an

al t er at iloked gensyopieerssi Giaredy redveingpetuler yirelergeed gene or genes, thereby

reduci ng &el | ul. a{ \{i rutl ence: anqP wher ein. the ta[ goet transcription factor

. nd Wherein the arge t%ranscri 11011 Tactor cofmprlses d regulator of expressmndcg) a gene or
conpri ses a regulator of expression of ‘a gene<=or genes" eéncodi ng-one or nore
of 1 (i) gansednkeding ondlaphoresfy esponse; (ii) a cellular intrinsic antibiotic
resi stance nmechanism (iii) a cellular virulence factor; (iv) a cellular
essential gefhB 2 cellgagetp(ivespansel eoti de conprising a binding site for a

target transgpy pti f.ac - el 1: i.adi .Ssite has a sequence set
out in SEQ I%ﬁjl\%;é@%r I@EEQF I?)nt\!@sﬁgge&g{ragg%%leﬁ%h%’ 60. - use of a decoy

pol ynucl eot i d#i) eeniulasvindeddedagequence of SEQ ID NO 57, SEQ ID NGO 58 or
SEQ ID NO 60. in thﬂrtreat nt of bacterial infection. In general, a
transcriptioﬁ“éé@?@%mﬁﬁéﬁﬁw/3@%3 sequence (or decoy sequence) conprises a
transcription factor binding site which conprises or conpetes with a native
or endogenous c -regul atory sequence in a cell for binding to a cognate

t r anscr i-ptdecooy papnupicotide compurehg a binklerg sitetfpoa tacend tiangcoipgon faatirewhosin cel | s

conpri sing, L e G ha S AL oY SEIUCEES 1BN0Ps7, SEQ ID NO: 58 or SEQ ID NO:

60.

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

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

factor in this way.

A cis-regulatory sequence or 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



met hod descri bed herein or otherw se) the decoy sequence conpetes with the
cis-regul atory sequence in a cell for binding to the cognate transcription
factor. Swohlowmaspmssi ti on reduces binding of the transcriPpptriGBodasion to the
cis-regul atory sequence in the cell ard alters the expression of a gene(s)
whose expression is regulated by binding of the transcription factor to the
Cl s-reg !ééq?lfeﬁéé’ cOHRSHAROE BindiRCON f&“@ﬁr‘o‘t&ﬁ‘ t%s&ﬁﬁ%n*’f%t@ﬂ) And %frﬁi@ Jqnd he
capability of a sequence to conpete with a ¢ -regul atory sequence for

bi ndi ng pracia repdatas wartscapisor ofghe gived gerteds). Bmding of thvagrotedn to the egpukeateor y

sequence o | enent .generally refers to a nucl eqgti de sequence i.ch occurs
Upst r eans ks g DRRRBIELL R Pedyiafer ot Grppaint of MsiseBral Fol Srmr e of
gene or wgeREsrott miiigBrabREh bRdiBertRoteRBYuaH € £XEUrBY fdofth Which endeane or
genes. Typically, a ¢ -regul atorysequence conprises a binding site for a

pr ot ei n f¢n transerentioptang pnehe tlay proteruinghe e@ st DOsiti¢e op ey eitHbit bidingtafs
transcr ia (5tihgrn ro][ceiﬁ[ vhzﬁicgi'él ge%e%%p £ ﬂr'ansBiringi g OE hh?hep crz'sq}re%iuﬁtg 9 st rheencsteequence
results |recQPy or 1ndirec Q’ln froaufati onPof %xpre35|on of Sthe gene(s).

For exampkRmehhécchaun thdrotmtdd ré@yn oMt genacbutid i motunaishdllin prakasiofesiforind to a
near by region which is needed for transcription and anchor the protein in
the cor CBCHCSHBOIY FPHCNGP (RS PRSHIANSH hupdrads ¢fdPas PHIIPREP2M PHERYRSRAMOR i s

necessary, &%Sﬁ£2g§%&iption. Typically the ¢ -regulatory sequence or _
el ement octurs 1h the pronoter region of a gene, but it is not unusual in

prokaryotes for c -regulatory sequences to be positioned hundreds of base
pai rs upstream or downstream of the.g they affect. Ac -re ulatgsy

enes .
sequence* fEYCBRAPRPIBLICG 12y O APISFESE Cd M Rt AL ST UCP RSP FRHInaH 1BF 8
gene(s) WRRBoRWHHa ?r)in&ﬁbgi@ﬁ‘ ﬁa%fdrp&' &ﬂvﬁt\?\lﬁl @E%Va%sd&gﬁdré’&%@{ré’nseﬁﬁﬁdnyﬁt es or

i ncreases transcription of the gene(s) en boun y a transcription

f act or) theTgans(sa whemhewrd It 4 anstaptior fapdor )c Whind sttgnsaription gier atharhybisdsquence
may be a.negafgve ef fect or ﬁre ressor %yot in% or a ﬁ{sitivefeffﬁc%or

(act i vatBrFEUA LGNS IRt e v ac T 6%5)(??3’6 YHRPEGY oG8 Per e tdsr Yequence
refers fgtivB®rcel lular transcription factor binding site with which it
conpetes for binding of transcription factor. Simlarly the target
regulator is the transcription factor which the decoy sequence binds. The

target %e&?é]ez Le@lnddBr §AERY REMENGRAL 5 dd26y IGMEASI N Bind BLRNE OPerably

| i nked to
transcription factor binding site with which it competes for binding of transcription factor.

Similarly the target regulator is the transcription factor which the decoy sequence binds. The
target gene(s) of the decoy sequence is the gene(s) which is/are operably linked to the
cellular transcription factor binding site. Thus a decoy sequence disrupts the regulation of

expression of the target gene(s).

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

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

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

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



cellular transcription factor binding site. Thus a decoy sequence di srupts
the regul ati on of expression of the target gene(s). The inventors have used
decoys t oweal2avo3gisekar yoti ¢ phenot ypes, especi al | y phenecymmosisciviar e

rel evant to bacterial pathogenicity and to tackling bacterial infection. In
particular the inventors have used decoys to disrupt expression of cellular
pat hmy%etﬁ&ﬁ?ﬁi}?ﬁ%@tﬁ@ cEIRShSIANGR TR RAR IR h! A IR HHibit Qro'{ﬁl@gﬁr cells nore
susceptible to Killing or growh inhibition, and/or |ess capable of

sur vi valpathederciho dhius o @endpddt.chspresend decoys sy produsk erbiactetinidelne aspect, the
pr esent brrett hotdsd%i srupt gene expression in order to render the cell |ess

vi abl e, PGS he prevailing conditions. For exanple, cells may becone
| ess vi abl e because of increased susceptibility to antibiotics, inpaired
stress response, inpaired virul ence response and/ or disrupted expression of
essent i dlor geanende, iTrpac pypeetethe inventesdiavaayeddesopclomtsr the apaiken cel | def ence
or surviyval 1St e nd. of Vvirulence syst .rhenet hods make the cells
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in one as@efi. InbheafPpeeshs inctRsOinSsubEytipild@isawt Spdoatteone htkiliotdd or class
bacteristatic effect. For exanple, in one aspect the inventors have used
decoys ©banfihigtic. dihangFPPEHitet INETeassiBSYsGeRiiPiliEyiSs PREMSENISHO i SHushEs yot es, in
parti cul I pad s e i ect the
Focr easctval BELRI, rhaRaalRl ¥ oPRIAERiGioNATh Skl Aupct MeANBRTREE . ot
ant i bi otbraad shbactame o fapdbaitick beciasses efaibiatics ussioeqebsdedi | ity is not specific to
the structure and/or nmechani smof any one antibiotic or class of

antibiotic. In one aspect sensitivity to a broad spectrum of antibiotics or

cl asses 1Rhn@Mpk R AlihGeaden SRCERDIRT is hét SPREFERPERoRANEPOIEBS8ladsbf =
susceptibility 1s not specific to any one antibiotic or class of antibiotic
sel ect ednfibiotiv seenterbdmcanindglycosdesisedh dsdmnanyydim) frofy thcerthepanamsapehens

(such as neropenem.. the cephal osporins. (such, as, cefepine); the

G yoope gt FLYr ST E e R A SH e (R A bty BF RYESPREARRAIE 11 ns (such as
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(such as pol ym xcin B); the quinolines (such as |evaquin); the sulfonam des
(such acBaghn) the;pobypeptida sndibjatics faish ps peliimaxcin Bp:rthe geinpless (sughdsvar i ousl y,
chlor ampvecla{lﬁ?;lthe gdlfo?l%llcf:els IaSucg%X %)éctrirn); the tetracyclines (such as tetracycline); and

variously, chloramphenicol, rifampicin, Zyvox.

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

conditions, e.g. limiting nutrients.

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

which disrupt expression of genes which determine cell viability.

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

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



The decoy net hods described herein can also be used to alter phenotypes
such as cellul ar adaptive responses, or cellular virulence. The nethods may
al so be wseaotom3sisser cel | ul ar expression of essential gemaB2a0dh5ch
survival, e.g. under given culture ori2physi ol ogi cal conditions, e.g.
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the effects of an antibiotic,” or by a ditect inhibitory effect on the

bact eri antigoge. growt h or survival inhibition, inhibition of expression of
virul ence determ nants, inhibition of expression of essential genes. Thus,
a TFD may act as an antibiotic or an antibacterial agent in its own right.
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Targets may include regulators of cellular adaptive responses. Typically these are adaptive
responses to environmental conditions, e.g. hostile environmental conditions. For example,
these include stress responses such as oxidative stress responses or peroxide stress
responses, responses to lack of nutrients, 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.



Targets may include regulators of cellular adaptive responses. Typically
these are adaptive responses to environnental conditions, e.g. hostile

envi ronnmewoab10oss@Bdt | ons. For exanpl e, these include stPeTGR2e®E®ES such
as oxidative stress responses or peroli de stress responses, responses to

| ack of nutrients, e.g. nitrogen l[imtation, responses to toxins, e.g.
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ant i bi otilonyjcavéiggimp.i ncl uded are responses to physiol ogical conditions. Thus
targets may include regul ators of expression of pathogenicity genes or

virul ence factors, such as toxins. Targets al so include regul ators of
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scavengi ng. Virulence factor genes are those that control the production of
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or elicit.ar nse.fromthe host that affect the ability of the bacterium
Lo survitbPsnftE RaE n dl et e 187 5uisd %rdS: Tncl ude regul ators of eseential
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the prevailing environnental conditions. For exanple, a target may be a
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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
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gener al ly act®nGnor@ @i dndaRnOBErAREHHIdRH! faStoPindIB BolcRdh GehacleAsSstAln.

anti biotic. Exanples of antibiotic resistance genes are disclosed in

co- pendifing cxgu ¢, caddcoy TRETOERRODRK CIB3BBdingdethys (FamhnegstivhasleGuascri bed
herein may..be, used to target any oneor nore of the genes in

PCT/ GBZ@B%?%?)B 3 %encodi ng beta | actanases, efflux punps e.g. those in
Figure 1, am noglycosi de-nodifying enzynmes or ernB gene, in order to alter,
e.g. increase, antibhiotic resjistance. |1ndeed, decoys may contain two or
nore sedddlidBay buysgdtebcats VaEEtYH bagiedalipieatisavipatier gieyocarsrithipthcon

factor and/.A rbggsp eyd Han,9 Ql%a??FlSa%'Eégﬂ in¥ddidh Ran 5O Hesgﬁ%%#%%%ﬁt%g&%% nmay

conprise the Sig binding set from G am negative an cteria.
TFDs maynfbetians ack dmorigsetht camvhee) the appdractpdmioay tractfietii@nsndbdngver t hey

occur within the hunan body.. Five, general .areas of bacterial infection can
be descrPBediroaRespini! siystrthycan Y _ETE%tF@W_étﬁéWQlC&ﬁﬂFPg%UQI}%@Téﬁfﬁ?ﬁinest, t he
upper r %%éﬁafa%ﬁ&lo%fe@%ot‘iﬂ%@ﬁéﬂsqﬂélu&é‘ﬁdéﬁﬁioﬂgl Gceidkfusell BY Q@hnge | nasal

sinuses that can be treated with tropical applications or” aeroso

pr epar atagagal pathegens, bmathitis et nfeptiye icomplicktiopneliemshic dibfoabi Alconen@aused by
a range of .bacterial pathogen bronchi.ti.s and infective conplicati.ons of

Cystic Fravaars boh RS araBrunef Mgk LB ARE R el Cho ShbeaRC Bt e i ce
IS uri naeyorhdsdffecicdfafe bt terivRiaied t@ntétthdBlaBRG OpBStrdt & feGbeshdangheys.

anti bacterials need to enter the bladder, prostrate, ureter and ki dneys.

The gut Tihs gutiisramerible toonfeatienst (b axanipln obgastrpinéestnalgaleetiishtvere nal

it gifﬁt ip(r%g érg% ?%1%5 815%)@3%% %{ﬁeercbg?rﬁﬁco%ialsﬁé%?mpé@ tggii]ilrfb%du%ﬁom%%§%pfe% sion or
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.



whi ch include chol era epidem cs, and when used antibiotics are either

i ngested or adm nistered intravenously. Skin and soft tissue infections,
whi ch carwbeotwssisad by topical applications, are conmorCiraB20e903¢301
traumatic injury or burns, which allow col onisation and ingression of

m cro-organi snms resulting in infections that are both |ocalised or have
spread rap 'p?és%nthﬁét%'&"hs% 'd%&di%lyﬂ‘dc%ﬁ@é‘ssto I %%h@&@brés@fon%ﬁ bfbk'aﬂfo%‘é%? KONS
often arise fromnormal skin flora, such as Streptococcus pyogeries causing
super f i diealy iymicieofide toroprisses iarnpesdrpopn faedr uhding sitq (Mocay stqegeskpat ed

i nfecti t hat .can spread to . the bl oo and .necr.otizing.fasciitis, a

ot dl y pbgTe S P R e PRare B O BRI RaSeRTisa Bl AEr Sl Ty

i nfecti @pmpabing AGcREHL Edks BEINY SRSl Vis-fbt @S sERRh&s éathprip Hgitis, are
per haps the nost challenging to treat as therapies nust penetrate the

bl ood- bbaidingositerfpethe trgsarpbion factort hac pelymesicatide tivates aianseriptiee Sptordigyn be

pr epar ed, an ested as. described in. co-pending. appllcatign .

P cezotar o a5 B sl UhyetioreasfiSe ROV STRE iRy e asng e

when conpshdah itiged INBhPilesaivn ilgtho g rdNdnRaess Bharpes Hogslulas heREEs.
pol ynucl eoti des to disrupt gene expression in prokaryotes. A decoy
pol ynucl eoti de conprises a transcription factor binding site (decoy

SeqUENC &g, GRS Al rd Mol IR SR My RUAA0S uAnD BEHRAL MOHELERLI I | ©

i ntroduce a target conp ing a gené or genes oper y |inked
to a c thmgdbatribed hsemuadde ca-popding apygicatidn PATAGBRINRO0BAS3. tSpecificanscri pti on
factor. The pol cleotide.titrates transcription factor fromthe cellul ar
bi ndi ng eé?@@@%ﬁ%ﬂﬁ'ﬁé%{%l@wr@grﬁg@ﬁﬁoawr@rre@%ﬂpﬁgwwcs* wied aaﬁ‘o%lé%ﬂwg M nked
gene orpggﬂgg‘in the cell. The alteration in gene expression causes changes
in cellular phenotypes. Transcription factors and genes which may be
targeted using the present nethods include those described herein and in

co- pendi appl.icati PCT/ GB2008/ 003353, Speci fi X | es i.ng¢l ude the
for Pon MsterBBR o i o Ine s ar PN B e e B ek o T B i et g 1

Fi gure Zpediafigtangd b enearbicohombRgtBeBblcbe Fore4dhakiesa ARk BiREngd gfcer ence
to that regulator in the species listed and to any speci es honol ogues

t her eof angrer a eemsniua beputingsaquenoges prcsrntasy Asdacey asicase taresting tesegiigphdi ng
sequenc ?na{yscoﬂ{p?i%g ﬂ}een%’tiveA seql%&%/e 0%%8}?{5669&% ste&ﬁe%%é Ipf%ge&tg'&? 01r & gaq’la%% 81r 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



may conprise the native sequence or consensus sequence presented or a
variant or fragment thereof which has decoy function as described herein,
e.g. a navDweelo3s@Bng site in another species. Mthods PorT/GB28tY03g30a

vari ant sequence for decoy function are described in copending application
PCT/ GB2008/ 003353. Decoys targeting a particular regulator are particularly

sui t abl eyvfi@f 1H§%rah&r1@f19ﬂf£"ré’g%ﬂa€f§r dnBio6h rés%@arfc@%b‘ﬂlé%tlﬁ AcBSMYCotes?S listed
bel ow. Also listed for each regul ator are exanples of uses of decoys

t ar get i myrlucheg Mpgabator, (ce. Y. sangidisoiniddd. wberahiosh) andcBldptanyyrics ANgyyebecone
more suscep i ble. f a decoy. The sequences provided
herein i° f%uz Py & f%ﬁ%{mg%%/l(%(ﬁ)@q&%“#éﬁgl nding sites. However, it will be
appreciated that in nature and in the TFDs of the present invention, the
sequences wi |l be doubl e stranded. The conpl enentary strand to the
sequencddcinpiyeWhHa? bindingrsitc an dashygragiés %lgﬁﬁ@ywéélompalb%e for exanple from
Mol ecul ar C oning: A Laboratory Manual (3rd Edition), 2001 by Joseph

Sanbr ook and David Russell. Whi B7Wii B7 is a transcriptional regul ator of

ant i bi OBi’OCAesjiAﬂ@@Gﬁ @AAQK}CGA@G GAOTEECAST 08CadGeAMW aobacterdAaTTe. g.
snmegmati s and t uber cul osi s)r(ﬁand Streptonyce qﬁ%uyen@et al, Trends in

M crobi di TJ@WQ@@@ C@@CMA@MA HEGH GO A GhEE CABAGAM
t 5' - CACCAGCCGA AAAGGCCACG GACCCGCAGT

srregna 'C’?‘?%% I?ﬁ%‘l’b eSC CCCCCGAGAA ATCTGGTCGC AGGATCCATC
AGCTCAGACA GATCAC- 3' (SEQ ID NO 9) LOCUS CP000480 6988209 bp DNA circul ar
BCT 12- DEC: | N i sne 55, conplete

genone. [EE&@% %@965%480 \%@%@% o‘gg]@so gnéﬁ’f ﬁ‘f@ﬂ@s‘éggz%@@?u NATES
2031363?)]%@@11?@\1 %?@obabﬂéﬁﬁﬁ gﬁfaﬁk %‘MC@%@ Qe LaRGRe. Of

hydr ophi I'i ¢/ hydr ophobic antib ics, Including nacr oI i des, lincosam des,

chl or anp{eRESVION | GPPHHEM pr| stinanycin, rifanpicin,
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 4686137 bp DNA  circular BCT 05-JUN-2008



streptomycin, spectinomycin, tetracycline, isoniazid, ethanbutol. One

exanpl e of a Wii B7 TFD sequence conprises: Wi B7 TFD 5 ' TGG CCA CGG ATC CGG
GIG ACT 02600388 TGG CCT 3 ' (SEQ I D NO 5; Exanpl e PrTEEIRAECGR1I S a
regul ator of expression of genes in ar essential pathway for fatty acid
synthesis (including fabA and fabB) in E. coli (Canpbell & Cronan, J.

Bact er | Shigqu It RAGIAERIRO oL RAD)y e IRGIY SofRUR Birificng site in B col |
K12 conprises the sequence: 5 CAA” TAGCGTACAC TTGTACGCCG
AACAAGT CCE ASSIABCCARTO0PAS.- 3 (SEQ I D NQ 10) LOCUS CP000948 4686137 bp DNA

ci rcul ar, J scherichia coli str. K12 substr. DH OB,
conpl et e @&S’?@ %@%%%MVERSI ON CP000948.1 G : 169887498
COORDI NATRSRBPSAFES- 2531448Dbskery: I ncrease efficacy of any antibiotic that

targets fatty acid synthesis, such as: platensinycin, platnecin
derivatives, phonallenic aci d, corytuberine cyclic sol fones, anthranilic

acid der| vatl vVes, rulepic a of ;a FadR TED _sequence
conpr | see BT aRELY GRS B b R AU B L SRR ER 82 TG Cac et
TTA CCT phltéastalizifplat#en E[@Pvaﬁvcs pRkGhIldRidNQid, GoryitxEimiak ecyd)ic YoledaeyvCF

Yyc@ YycF is a 2-conmponent uI ator in low G+C gram positive bact eri a,

i ncl udi /gt Sﬁnl]&hfl‘cé@léen‘ﬁtw%ﬁﬁm iacgl. pneunoni ae, S. pyogenes, Listeria
nonocyt ogenes. Yycd YycF is known to be an essenti al regul ator of at | east
12 genes, including LytM and SsaA, and al so genes for virul ence

det er m Gatcicaamalech fadiad RUEHD ssymhdrvasingrisBubr ac & Msadek, Jour nal

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



of Bacteriology (2004) 186:1 175-1 181). The native binding sites for YycF
and YycGin S. aureus (in the LytMand Ssa pronoters) conprise: YycF LytM
5' - GCTATWO RGIABIBACAATGTAATGAGI TTAGTAAAAA-S ' (SEQ | D ROT/GIERPOIIBCIIS
CP0O00730 2872915 bp DNA circul ar BCT 186- NOV- 2007 DEFI NI TI ON St aphyl ococcus
aureus subsp. aureus USA300 TCH1516, conpl ete genone. ACCESSI ON CP0O00730
VERSI ON 00430. 1 GL160367075 COORDI NATES 322073-322109YycF_SsaA 5' -
ATTACAAATTTGTAACAGACTTATTTTA-S ' (SEQ ID NO 12) LOCUS CP000730 2872915 bp
DNA circul ar BCT 16- NOV-2007 DEFI NI TI ON St aphyl ococcus aureus subsp. aureus

160367075 COBAN AT EST 311503 AT o5t e SERHBRONTR: lcacy of

macrol i de-1incosam de-streptogramn B (M.SB) anti biotics Exanples of a
Yycl YycFE TFD sequence include: LytM TFD 5 GCT ATT TTG TAA TGA CAA TGT AAT
GAG TTT LAGIUAAA &EOOQB(SsaA TR B ISAPT IATA AATCTREBTAN ERBVAZIOTAT TTT A 3'.
(SEQ I D%N;T]ﬁﬁ;St q clogcu%)aurseiug %55431 %us%gg(ﬁj 1%116(” Sil%@ Ier? e T8y or
control I'ef "0 e a aB’ Ive response And" 8Ccurs T nabout “eUYblof T Bact eri a,

i ncl udi nCOESSIORYNM@Pr®)730. aer ugi nosa, Streptococcus pneunoni ae, Klebsiella
pneunoni alf\?déw neshweraraj, Ml ecul ar M crobiology (2008) 68: 538-546). The
native Iﬁﬁ\?si@%@oﬂﬁo-éﬁﬁm(&?@%d K. pneunoni ae conprise: SA sig

COORDINATES 2415067-2415093

Uses: Increase efficacy of macrolide-lincosamide-streptogramin B (MLSB) antibiotics
Examples of a YycG/YycF TFD sequence include:

LytM TFD 5° GCT ATT TTG TAA TGA CAA TGT AAT GAG TTT AGT AAA AA 3’
SsaA TFD 5° ATT ACA AAT TTG TAA CAG ACT TAT TTT A 3’.

(SEQ ID NOs 7 & 8; Example 4)

Sigma 54 or Sig”

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

prneumoniae (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. aureus USA300 TCH1516, complete genome.
ACCESSION CP000730

VERSION  CP000730.1 GI:160367075

COORDINATES 2187051-2187017

KP sig



5'- TTATTATATA CCCATCGAAA TAATTTCTAA TCTTC-3' (SEQ ID NGO 13) LOCUS
CP000730 2872915 bp DNA circular BCT 16- NOV-2007 DEFI NI TI ON St aphyl ococcus
aur eus swwepolen3s@das USA300 TCH1516, conpl ete genone. AECESIH20M/GPHI0730
VERSI ON CP000730.1 G.160367075 COORDIMATES 2187051-2187017 KP si g5' -
CCGATAAGGG CGCACGGTTT GCATGGIT AT-3" (SEQ ID NGO 14) LOCUS X13303 24206 bp

DNA 11 nearc 86T 668 EBOAEETN BT8R £kl (SSEIZQBWOE DNA for nif
gene cluster. ACCESSION X13303 VERSI ON X13303.1 GL33820 DI NATES

18301- 18330 Uses: Increase efficacy of bactericidal and bacteriostatic

anti biotics,.for le, th escri bed herei Fur r..regul ati on was
initial !t[gpc@gcr |>6ggfb s bei ngaﬁ‘_ﬁ%)gl?pt ahh\P. orlu}e%nﬂpgglggrégk'&qogut is

i ncr easipEHIXNITERO WleBE6l 14 phelfohAXBIN L o1 Kif éR&lusddapt i ve pat hways, nost
notably netal |l oregul atory (Zn- Zur) and al so determ ning resistance to

per oxi diAeCESHON Kb$3U3eqgul ation occurs in at least S. aureus, E. coli,
Hel i cob | og | . btidis (Fur, PerR, Zur, WtR), (Horsburgh 2001,
ST bl Stdayd

Lavarr A consensus sequence for Fur binding in S.
aur eus EORDINAMESCI@3Priige® 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
i n Horsburgh, J. Bacteriology (2001) 183:468. EC fur 5'-

GATAATG@;@@T%@JK%E%CEW g%térRidﬂ@ané‘@Qcteriostatic 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



Consensus sequence as described in de Lorenzo, J. M. Biol. (1998)
283:537. A native binding sequence in H pylori conprises: HP fur 5 - GIT
GIC CCA WO 20038086 CAT AAA TGA TAA TGA AAA AGT AAA-3 ' PCSEB200/08C0117)
LOCUS CP001072 1608548 bp DNA circul a0 BCT 12- JUN- 2008DEFI NI TI ON

Hel i cobacter pylori Shi470, conplete genonme. ACCESSI ON CPOO 1072 VERSI ON

CPOO107%@Iﬁﬁﬁﬁé%@ggbmmlg@@%ﬂ%ﬁet@g%% Uses: I|ncrease efficacy of

antibiotics in general which may induce stréss (bactericidal). Fur decoys
may be USeAESHICROUCPAO7RI otic to perturb stress-response nechani sns and

environ |..ad [ . is an alternative sigma factor that is
autoreg%ggn\gnﬁ(ﬂgp%@ggfg{%yggpressi on of two mmj or exotoxins that
det er M EOORDUNATES. 6918 0Rc0 egUl at i on known to occur in dostridium
difficile, C botulinium (where the honologue is BotR), C tetani (TetR)

and C. perfri ngens (Wi A (Mat anourous, Ml ecular M crobiol ogy (2007)

64: 1274- 288 co nsu ng site |j diffi,cile co r| se dR 5
oG T U st SORRERRAST RO k] Qaden (RIS e RATRLLRAR S8
Consens dscERaugrreustd SdiRoutneibBtic 3O pandh stesshoxppasamecianiiaislanged) as
described in Dupuy, MIl. Mcro. (2006) 55: 1196. Uses: Increase efficacy of

many antepb‘i“lﬁm%%alr%%ﬁtatﬂﬂﬁ ably those with bacteristatic properties. Vfr Vfr
is a global regulator of virulence factors in P. aeruginosa and E. coli
(Kanack, M crobiol ogy (2006) 152:3485-3496). The E. coli honolog is CRP,
wi th bi AddRg sites

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. tetani (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

V1t is a global regulator of virulence factors in P. acruginosa and E. coli (Kanack,
Microbiology (2006) 152:3485-3496). The E. coli homolog is CRP, with binding sites

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

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



occurring in the pronoter of the toxA gene and pronoter P | of the regA
gene. A consensus and two native binding sites in P. aerugi nosa are: PA Vfr
5' - AAA WD 20038088 GAT CAC ATT T-3' (SEQ ID NO 19) ComsercReossigeence as
descri bed in Kanack, M crobiol. (2008 55: 1196. PA ToxA 5'- CACTCTGCAA
TCCAGITCAT AAATCC-3' (SEQ ID NO 20) LOCUS EU595736 26 bp DNA |inear BCT
15- JUN- 2008,¢DEFI NI TI ON Pseudononas aer ugi nosa strai n PACS458 cl one fal 366,
conpl ete sequence. ACCESSI ON EU595736 REG ON: 10145. .10170 VERSI ON
EU595736.1AGA TGETYSDETA GAORDANATES Ti91(4EQLID NODPW)RegA 5' -

GTAACA CCACTGCACAG - 3'. (SEQ,1 D .21, J 36 26 bp DNA Iinear
BCT 15- S%%S%Eﬁ}cﬂlaﬁﬁﬁﬁﬁr%g‘gﬂ%ﬁﬁﬁ%%%@ @sdg) E%Jﬁ? PACS458 cl one

fal 366, conplete sequence. ACCESSI ON EU595736 REG ON: 10145. .10170 VERSI ON
EU595736.1 G : 187939551 COORDI NATES 312-334 Antibiotics: Decoys may be
used wi PHalioxdntibiotic to control the expression of a set of genes that
det erm ne i Fer% . ' ggﬁaﬁdc ,Sc]%)(gi ¢ may be used to

i ncreasg 't(\h%bg fi caAc%?r:To C%ﬁﬁfg::Ag?l cS m)s'E & t;Py hg%s‘)z with bacteristatic

proper t il@CUM r GEBE9IB36Ss a regWeaipor DBA ariress eBCTab-Jganeo0q! nA, which is
required for environnental adaptation. in at |east Klebsiella pneunoni ae

(M nchi PEANATION Hescwdgmeynss aereinogegue) PACSA%Y clono fyl 360, cramiafeseiuaicng site
In K pneurpss e CRIBSS AR ECION {(t45..10170
VERSION EU595736.1 GI:187939551

COORDINATES 10145-10170

PA RegA
5’- GTAACAGCGGAACCACTGCACAG -3’ (SEQ ID NO: 21)
LOCUS  EU595736 26 bp DNA linear BCT 15-JUN-2008

DEFINITION Psecudomonas aeruginosa strain PACS458 clone fal366, complete sequence.
ACCESSION EUS595736 REGION: 10145..10170

VERSION EU595736.1 GI:187939551

COORDINATES 312-334

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

the efficacy of antibiotics most notably those with bacteristatic properties.

NtrC

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

A native binding site in K. preumoniae comprises:

KP NtrC

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



5' - GCTTTGCACTACCGCGECCCATCCCTGCCCCAAAACGATCECT -3' (SEQ I D NO 22) LOCUS
X13303 24206 bp DNA |inear BCT 18- APR-2005 DEFI NI TI ON Kl ebsi el | a pneunoni ae
DNA for mwb 2gemBsasBust er. ACCESSI ON X13303 VERSI ON X13308TIGBA6b3B2501

COORDI NATES 18159- 18201 Uses: Decoys 2tay be used wi thout antibiotic to
perturb expression of the essential gene, glnA required for environnental

adapt at f@puQr |1 R1$RADI nati onsyd i apN Al OfidGs BOTAREPRI200H1 Ch may induce
stress (bactericidal). ArsR ArsR iI's a regul ator of genes encoding acid
adapt at iDEFFINGTHEIN | elabsiclkepricooloart éINpydomif gerd. chastérnonychi s and H.felis

(Pflock riology (2006) 188:3449-3462). Binding sites occur
in the éﬁi%ﬁﬁlgﬁ)tg%@ﬁd the rocF pronoter as described in Pflock et al.
Exanpl esygisi@Nnatxysobi indiraggsgequence conprise: HP Ami E 5' - ATAATCATAA
TGATTAAAGT TTTCATATTC ATTATAAATC CGITTACACA ATTATT -3' (SEQ ID NG 23)
LOCUS AKSYOBRPINATESHS bR iAS2hear BCT 27- DEC- 2005 DEFI NI TI ON Hel i cobact er
pylori 26695, conplete genone. ACCESSI ON AEO0051 1 REA ON. 3109 10. .3
10965 VERSI ON AEO0051 1.1 (6626253 COORDI NATES 310910- 310965 HP RocF 5' -

GAAATTGTGs: DTS FATIABe Gl THTKST AntiiTADART I HGRPTSSSIOAST tHE RERETATAGA - 3'
(SEQ ID NO 24) LOCUS AE00051 1 6 1 bp DNA |jnear BCT 27-DEC-2005
DEFI NI TIZON: FRIUIES BicanaFropperal adapiatian. o dnpnrabigatipanpite 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  AEO000511 56bp DNA lincar 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 61 bp 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



ACCESSI ON AE00051 1 REG ON: 1459830.. 1459890 VERSI ON AE00051 1.1 (6626253
COORDI NATES 1459830- 1459890Uses: Decoys nay be used on their own to perturb
expr essi omoabiwdsgosassent i al genes nedi ati ng iron-upt ake PCnaiB2009)513qUi r ed
for environmental adaptation, or in cBnbination with antibiotics in general
whi ch may i nduce stress (bactericidal). G ycopeptide-resistant consensus
sequence (G SA) A consensus sequence was determ ned by bioinformati cal

anal ysis of non-proprietary mcroarray data. Motifs were found in genes
shown t d/sbe Repoyeyay bt estdwingheic owpde perturh egprgsopepf thdesscetsdl geaast st rai n

with its parent, and.t sane resjstant. strain wth.a revertant .(Scherl,
BNC Gon M BRTESsAP R eaBe e BapB3l i St st disfebts ShiPlabThar e
CONSENS YFHSAMBRMNES in {éﬁe%mhﬁn@finﬁﬁ& fRBs@assciagguence, found in the
pronoter of tcaA, a known positive regulator of virulence (Mki,
Anti m crobial Agents Chenother. (2004) 48:1953) nmay be used in a decoy (see
bel ow) . (SEQ I D NO 25) LOCUS CP000730

ar— BC FI NI TI ON St aphyl ococcus aur eus
subsp. auE@sensuSARON EGIisSdebermé: yeigingenatieal aAJCESSE Ad-pi3pHEE30 VERSI ON
CP000730.1 (3160367075 COORDI NATES 2476452-2476436 The consensus, sequence
occurs &ticrogyay data. Motifyyagsounddp goresishewetq bryun-Freukieiush@ecomipring 2aused t o
t ar get : I r.y: 1.Ns, i ndi i native
pr oot e oAl R PR ER ol R e R By L Cences
cont ri bySehctlp Y Copspis MHO6Y EIDEL ANER peomdtors ware flvad ce hatdsesiaradecoys may
be used to increase efficacy of glycopeptides antibiotics. AgrAA consensus
sequenc&OWEESHSE A hed by bioi nformatical analysis of non-proprietary

An example of the consensus sequence, found in the promoter of tca4, 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



m croarray data. Motifs were found in genes shown to be positively

regul ated by Agr, a regul ator associated with virul ence (Dunman, J.

Bact eri olwo(2B800B3¥08283: 7341). The putative notif was fouRrdTiGB20@0051301Nn t WO
pronoters thought likely to be involvsd in determ ning pathogenicity

( SA2093 upstream of an AraC-like transcriptional regul ator and SA1269, a

51 L-1 1 ko) 858l SA080: 2ASRSin AT NAGARLAAGH ATE BT SEQ I D NO
26) LOCUS CP000730 2872915 bp DNA circul ar BCT 16-NOV-200 BE | TI ON

St aphy| ovomeusy datreMstiSubsp foumdrie gsndsSAGO0 toTbH—ﬂ@itBJelm@gpﬂawtid)yg%groare.

ACCESSI ON CP000730 VI 000730, 0 TES

2414790 AP 7S LRI Sdf%@‘fp 8@3&”&2 KZAYZ%;@ @XI&A " (SEQ I D NO
27) LOCUS AP009324 2880168 bp DNA circul ar BCT 09- JAN-2008 DEFI NI TI ON

St aphyl ococcus aur eus subsp. aureus Mu3 DNA, conplete genonme. ACCESSI ON
AP009324 hyERSHTNMALH 098 fopnd tepecur 56 FEDABeOGIOHDUE TS|y 948580 18149561 The
Cy o 0 (PRSI Rl FOTRo R RS AP R R RDRTR G e
t he not iSA 1289, bBItUikegetd). t ar get any regul atory protein binding the notif in
the native pronmoters. Typically the genes regul ated by binding at the
native sequences determ ne virulence in the cell. Uses: Decoys nmay be used
to contrg| A 'ﬁ?@pressi on of a set of genes that determne virulence in P.
aer ugi nosa . coli.Cenerally, the decoy sequence (transcription factor
bi ndi ng SQA@)AAAGAQAMAQWGG%GM%M 3 (SEQ peN@26e) |inked to a gene. The

Lranscr A0 (aSkRl0R 191 19,8015 STRY B84 S92l R0 ShgT e erents

of a co
DEFINITION Staphylococcus aureus subsp. aureus 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.



The decoy pol ynucl eotide may conprise a plasm d vector. For exanple the
decoy pol ynucl eotide may conprise an n[snare] plasm d as described in

co- pendi nyoapplizsmBi on PCT/ GB2008/ 003353 and/ or pr epar egCacmr@/a3geoio a
met hod described in co-pending appliceti on PCT/ GB2008/ 003353. The decoy
pol ynucl eotide may conprise nore than one copy of the decoy sequence. The
pol ynuclpalilg, #BMCERAMRALSEC ArdfbikBRITh o BhemY L Re AR TR NR1BHL o

copi es of the’decoy Sequence. For exanple, from 1 copies. Typically
t here amemmhbiumﬁwUreg@mpihsuammnpmmaﬁpkmbnﬁmgﬁm©nmoﬁmasﬂm@d@nnamb1east 10,
20, 30, 40, éo 60,. 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800 or
900 copi®8¥T ClEBIMBH sPRNAY R Fay be 10-200, 10-150, 20- 120, 20- 100,

30- 100, 30-80, 30-50, 30-40 copies. For exanple, there may be 30 copies of
t he decoy sequence. Typically there are nultiple coples of the decoy, for
exanpl e, hﬁﬁp@qymcéyrmde@@ﬂe Papeamyrisy a phemwem‘wrs Eqrj@wmp ¢ t&ptdémat ively, the
decoy pOI0 nuc eotl Irgle I‘(I:S% rnI ssneare asrm S de CIT el%%?; enc aa 101\1NeI | as
ﬁU|tIp|£ opres of "the’ gue % 3ecoy po Q) may
conpri S@(HddBtZO(ﬁmaﬂB%equ@/ﬂﬁpﬁephl@dhh@)rﬁiﬁg &ya &eﬂuﬁraeecnbw@m c@bbwlﬁge

addi tional sequence results in increased resistance to degradation of the
decoy seppiétien H(d/¢B2QH0USPPon of exo- and/or endonucl eases. The decoy
pol ynucl eoti de may conprise at | east one el enent of secondary structure.
Typically this secondary structure results in increased resistance to

degr adatlihencafy jidignudeoayc arnguempascdmerd that ke @plyiodtheodecex sapudhceoMhe
endonucle?ses The deco onn .Ieatiqg %ﬁ% conpri se |f|ed Eﬂggs or
sugar s YeuReRfdegPRRERRP Fﬁ?@if@ BIFIE B ArcEO MR AL BY ep‘&ﬂpgﬁ‘ﬁl? ti de may
conpri S%lego %M@lﬁﬁtekﬁjrﬁﬁleoﬁoﬁnﬂ 88908 kopite Tty’ﬁfc'gllﬁ thefd aﬂe o BPRUIC! eoti de
to reduce or i'nhi bit exonucl ease activity decoy pol ynucl eoti de may

conpr i seopics,iforeemanylld, §ordd]cepich.deg. afrhtestd@cb(?/ 3}90#@/@996%(5’@; 8@ 9ey0& e i se

ct ol BB ok o0 A ateddeid B oo T o 208y BB el

typi cal l1gohze 160, doubbe3aio,Budar 30201 @Pick KR leRhple] therethgy E@J(B&hﬁéi!; of
sequencebracketed by snal | sten1|oop structures, or other qyences The

decoy pdhednsey sestucns. frupicalbniberosse mudtine eenies ofitherderioyi toacramplatmultiglcor at
each 5 %n‘gi[ rglgeattshoeftﬂé)hecgg sgquence.

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, e.g. a so-called dumbbell
configuration (Ahn et al, Biochemical Biophysical Res. Comm. (2003) 310:1048-1053). A

dumbbell typically has a double stranded region incorporating the targeted sequence



The decoy pol ynucl eoti de nmay conprise any one or nore of the above features
in any suitable conbination. A decoy pol ynucl eotide nay conprise any of the
decoy sequerross3s@scri bed herein and/or identified accordrmp2@/isia1met hods
described in co-pendi ng application PE8T/ GB2008/ 003353, and may al so
conprise additional sequence as described. As above, a decoy pol ynucl eoti de
may COMpELdcREicABy MnaNafct] 108h l@ﬁ*ﬁ@tﬂres,ﬂ?%tt&'r t@ét{ﬂﬁﬁéeshﬁl’{eedécbﬁ Ipéﬂz)ﬁéé’l&&tﬁ%m g.

conpared to |1 near oligonucleotides, tha ey are easily’introduced into

bact er i apmpase dehatestarolainpdificityonpone pvat eaehh &cendof thamdleculecunvent t he
probl em of exonucl ease degradation. The advantages of creating
pl asm d- borne versions of decoy oligonucl eotides include reduced cost of

manuf actige @ecd yWdlRARRStIHE Ha§ caRBHsd hyl dhe\or Worel 6HIRABLVORafdYesHehEases,
mai nt enance of plasm d concentration (by self-replication and positive

sel ect i onitabflc prupleiafsnny) | broad host range, and the ability to test
conbi nations or ¢ -regul atory sequences using distinct but conpatible
n[snare] plasnmds (to test for synergistic effects). An n[snare] plasmd is

sui t abl e\ #&oy PpsBnasleatidiaa sy cqoprydrual @bthiedR coysdgnendes dseiibediérbiadad/on[ snar e]
plasm ds and libraries are also suitable for testing possible decoy

functioh¢%$ﬁﬁdR%@%ﬁngﬁfﬁﬁﬁﬁﬂﬂm@dé“WPé@H1%%B@Vh@%ﬁﬁﬁﬁﬁém»or for screening
for “?W%T/Qﬁﬁﬂégé}&@%s?ﬁﬁ%ﬁ@f@fo ‘(F:)(Y\g]glifng% C?ﬁﬁﬂioﬁﬁ[se engggé)éfesﬁ nces). The

principle of use of an n[sn Is illustrated in Figure 3. The
pl asm d conprises a "snare" sequence (shown in nultiple copies in the

Figure). If the "snare" conprises a transcrjption fact bj ndi site which
conpet e*SAPPKS & ASEPY Diplxpuclcotide (RAYFOIYISE @aabﬁé@?wm@i- Ths HBS%Q%&V@ the

transcr iaﬁ{fa.ln@é'ge‘: agt &fmﬂhairecﬁtoll{h@& (ﬁlfg%ﬁﬁ{cl&?{ﬂﬁg,itﬁﬁ)theﬁ 4t Eé’s‘i’l’&%ﬂr&ﬂﬁc@é idibe

n[snare] plasmdto the cell w result In a tirtration of transcription
fact or bhftetihean bt malirdzined by poutivt sstogtismgnd woeuranght thet woble afnare. This can
be detected as & chanpge in expression of a gene or gene(s) whose expression
is regultRYHEIGE d9iee gP? by that ¢ -regul atory sequence, or by alteration
in the phenotype of the cell.In general an n[snare] plasm d conprises a

plasm d vector and an insert sequence (the insert conprising the snare).
| ncor porldeiadvpntdass eheticatingep]aemdOorre eerppriseh dgcedaligonygelsotidps 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.



probl ens of decoy degradation in the art, and all ows stabl e nmaintenance of
the decoy (and any affect on gene expression) in the cell. The insert
sequence WOrZpro/sem3one or nore copies of a nononer sequenTAR20W 5301
conprises the snare). Thus the insert27may conprise (for exanple) from1l to
200 nmononer sequences. Typically there are two or nore copies, for exanple,
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 exanple, there may be
5-200, 9a g&GralsmbQMhare] Plabbid caropr@s aplsomid Secddr, and Gn4isertSe@@enco fthe siseEor

exanpl e, there be 30 copies t he nononer. sequence,, The plasmd
ol bal FYTOGNDE RELEa) RO RBTy e Sinae IS fes Pyt CTyet ey ar e
nul ti pl @reNBhest ®lcol BErARARNEA thef 21, afK ARV Lstalld biaimdéRineld 606E dE@RAS of the
nmonomer sequence. Providing nultiple copies of the nmonomer (and'thus of the

snare) iaAxAded ey gepeckiressiwn) iythpedktr of the decoy. The nonomer sequence
conpri ses the snare sequence. Typically a transcription factor binding site
in a snare is not operably linked to a gene, e.g. in the snare or snare

pl asm d.Thkfindehatque@ns eorh sl bndlonBlosl doPick 9f b aWndhed sdquemdel (Whichognat e gene
or genes. A binding site in a snare may al so be isalated from ot her
el enent $OMATipesdhe sgRRt Ehysrtherseit may copwEse (et arerlofrm ddp dAR mosaigence

does no i . . i bl in
addi t1 one FTRRL T EpiBa G e FROREr IBK AP L ESEA00 AR SEERSE

met hod U9e2, 30, 40, 30u6E 70h&0, HOat @), anal/1@0, 13le 140,501 th(, N13@rit80, &or0exanpl e, a
nononer nmay cQnprise an adaptor _sequ : c t he Qr , sequence

whi ch t FBPERI T Fawale %@ﬁygeéﬁﬁ@ﬁqgﬁaﬁrﬁ@ﬁ?@%&ﬁbé@g’g%,ér“%ﬁﬁu om
n[S”afekeh]&ﬁ@%YF&Q%QﬁQkﬂQK%&hﬁﬁﬁe@@E§@9§oﬁ£éﬁkﬂom@ﬁxﬁﬁéRkQThéﬁﬁMﬁﬂCe may
conprise, for exanple, recognition and/or cutting sites for one or nore

restri ctymenlyrooympeiscs dhoroopipnemafthc oepeinse Typichléo thicy ercsmultipec@pishiof h

id bi ndi ite f . pri. .0. i d i ti f
Ehe. mondNeroBgr Ry als v fistdiret ingSitpt PsimoRas sepErseor KaIRg) e, vihen
a pl asningLiliipe @bpick 5f AE BRAMOAE USIdNBus Y dHaRY ikdréskethamatifiy pekéT thet hod as

describ%q i n co-pendi ng application PCT/@G2008/ 003353, a nononer typically
ecoy.

The monomer sequence comprises the snare sequence.

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

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

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

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

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

monomers.



conprises a segnment which corresponds to the binding site for the priner
used in rolling circle replication, e.g. a T7 priner. A nononmer conprising
a randomweaosmmss@3sequence typically al so conprises a PeFiGBH@OsI3gYi ons of
constant sequence. For exanple, a ram$om sed snare sequence of n

nucl eoti des may be fl anked by regions of constant sequence. Alternatively,
a central core of constant sequence may be fl anked by regi ons of random sed
nucl eoti de sequence. The length of a nonomer can be, for exanple, up to
1000 nudloeotdngds, wianra @xsmgdliesertup ptepai@d Msing @0pllinQ@@jrcBGdplifoaiondethod00,

200, 100, .90,..80, 70, 60, 50,. 40 10 nucl eotides. Typically
Che 1 engt ACBHbERIR shosraridie PRtishopdl aRgRotRoa G, meltiarES s 50, 16. 50,
20- 75, 30mPHscsIsephent3PhioR cStsPoRd t§5h§6’inﬂ'iﬁ? RO r dRSprifius8X aillig t he

| ength of a nononer nmay be 30, 40 or 50 nucleotides. A snare portion of a

nmononer Ciely replppden.loye. ediguimer. si ze from 10-30 nucl eotides, for exanple,
10- 25, 10-20, 15-20, such as 15, 16, 17, 18, 19 or 20, for exanple 19
nucl eoti des. An adaptor sequence nay conprise, for exanple, 5-30

nucl eot iAd@®noher cotxaitilges rabdabisc®sndde sdqudirc@ypibalbalsicdng@iscsle seggstcdr as 10,
11, 12, 13, 14 or 15 nucleotides. Typically, an insert in the n[snare]

pl asmi d reseyefcenstyscgicnay fer expnrle. opndoiserbinsEc sequenss of npwelepddesi n.

Where t ' I j : be

{ andom Po3ear arka B REIAR I B S e el e P b Sl
about 1.s&kiencd mny bx fafited bl-r2gikbs of andexaapheldotitle sdquznedl. 3, 1.4, 1.5, 1.6,
1.7 or 1.8kb. However, any suitable insert size, which allows stable

mai nt enance of the plasmd in a suitable host cell and efficient use in the

present THRIHRHS o MPMoREMUSEH be TR LEAhPIY, 1S 1960UBAESRIRS fofblanREOQFEES I N a
single plasmd are the same. The plasmd vector for use in the n[snare]

pl asni d 908y809e76UI60ALT0S, Ao, 3082000160, 9Pok& 79060, S0040,80K20 )6t orcl thost . For

exanpl e, the.yector. be for e in a prokaryotic .such as.a ery al,

o g acPrgARS: EietB g redari moref i F e o B S a0t bl e 1 or
use in g03e-epPLIHE 8008555 sGe ds BtsAhibledRidss. FORExiplEMh&lcAbthIfaept omyces
coelicolor e.qg. AB(Z) %@r strain ML45 or M600), E. coli, Streptonyces

| i vi dangnanonst pajytbs e dd ocd hrizpentideus .

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.



Sui tabl e hosts are described further herein. Typically, the vector is a
broad host range and/or shuttle vector and can therefore be nuaintained and
pr opagat ewtoizniom3g@s3t han one host. The plasnm d may a conpa@aiB20@/qhzsm d.
This allows easy transfer fromone cel9 to another by conjugation
Preferably the plasmd is self-replicating. Typically the plasmd is a high

copy nurg g)_lé%hf?é Pidor fﬁpﬁse%@mh[gnafr&]flﬁaﬂiamydoegm%%@ foPRsP:fh PR aRbtic f OF

exanpl e, 20-100 copies per cell, for exanpleé 20, , 40, 50, 60, "70, 80, 90

or 95 orr t@Grywpilest. fer cxaeiple, th givtaopay rufohesc innqrelasedidsuch as a ng power of
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exanpl e, one or nore 8gnes encodi ng antibiotic reésistance, e.g. the aac

gene enctainddlbpeaMpeOnEr edi, Strapicerycd{jyidys podiraftonpees wiyikepnepne(s) al | ows

screen %%it]%ﬁg oL DtSfaens %d%rtﬁe?%el%lnasm d ina host cell. Exanples of
sui tabl e plrasmd”vectors Tnclude,” Tor exanple, plJ86. Suitable vectors are

known in the art. A snare nmay conprise a sequence derived or isolated from
a genone or genom c fragnment. A genomi c fragnment nmay conprise a gene or
genes erdduriy the peater it a beradhesicengmangior shells tvysrer gid qaﬁg&r@@m b snare may
conpri se,.; i i ter
Feg) on’ oy hGied ST BoBee e SRR ARINE TRE ploSlhetla LOATLIRE RIATR ™ot or
di st anc&higdiova cgenedisiertifvanotde ity another by drgupatiennay conpri se a seguence
that conpetes with such a sequence for transcription factor binding, as
descri bed herein. Methods for preparing such snares are described herein

and in @sBRBAI MY pARRId SAIFOGHHRGTAL éﬁ%ﬁpﬁ%ﬁ%&&@@m@ﬁbb{ﬁ%&ﬁ@&i des may
be prepared by any suitable method. For exanple, dunbbells may be prepared
as | i neptasolid.gonasireplt, tHe plaamél mhe he Magraieed st fon eTampleg2(sE00 gipiesmeat i vel vy
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g I0 \r/ (rannt ?ﬁluﬁﬁb@f@nh@@ﬁbs@ﬁraﬁﬂ@p&b‘%' decsy sddubitcan tiaaRl es of such priners are
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, ¢.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 1n 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.



Exanple 1. PCR anplification using the priners is typically followed by
restriction digest of the anplification product and ligation to formthe
cl osed ciwolzelodsgdsbel | . Alternatively, dunbbells can beprpramen@dsisot
restriction digest of a plasmd as de¥cribed in Exanple 1. Digestion is
followed by ligation to formthe closed circle dunbbell structure. Methods

for pregchPgohsdediiks Hﬁ?%@‘p@egaa?e’atdo yUsaiglic Rlegp@ d |ibraries are
descri bed herein and i n c0-pending app |cat|on PCT/ GB2008/ 003353. The

present nethods may conprise the i ntroduction of nore than one decoy
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the cocktail in the same proportions that the different strains occur in
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bacteria. Typically, where the nethod is used to alter a cell phenotype,

t he hostof i qmplidicappmprodue apa dggignde fomm theelopsd stiele d@mbbﬁlé decoy. Decoys
for alteration of a nedically or therapeutically rel evant phenotype, e.g.
for increasing antibiotic sensitivity, nmay be screened in a series of

cel | s. Rdterextiznlyl éymbledioysn baprebaedéytr@lri«ftiom&ﬁgdsno@a plagherasalksaribdélin of t he

phenoty a nodel. oticr S|stan then fu r validated in
%&@W@&eh Dygestipp iy @14? éh}/ llg%tlon[se % CFQ}FFHE‘&)%QEFt%‘FEd in an
anlnal nodel, e.g. a nouse nodel . \Were a decoy is a plasmd, typically the

host cell is conpatible with the plasm d vector and/or is one in which the
pl asmi d M@thOd:séosplaparyngw['smﬂr@]i Madnidhehd Wphdrelatlednid Tiherles gte desdribederdin o

typlcall atlble ﬁ% rker gene in the plasmd. In
general 2 Pet%ﬂ%an? Fp@%%ﬂfﬁ%ﬁhé%bgggaatory sequence of interest, i.e.
the cisregulatory sequence that is being screened for, or with which the

decoy sequence introduced into the cell is intended to conpete, operably
| i nked tlhc@rggerfanghodsanasconpahglthe inrdedtionod mose then oo de¢ny sgawncointganes
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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, e.g. a pathogenic bacteria.

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

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



Typically the cell conprises a pronoter containing the ¢ -regulatory
sequence, operably linked to the gene(s). By operably linked is neant that
the c -reyol2atoo3gossequence and/ or pronoter is |inked toPCHa&EREMASOIOIgENES
in such a way that the sequence and/ o¥ pronoter can function (under
appropriate conditions, e.g. presence of the requisite transcription

fact or (Syhert @ de&GML AlpRashu Pt G5BAIRNhE hodtREII GERAkible NS the IR @ oUAe: DY the
cognate transcription factor, thHe ¢ -regulatory sequence functions to

r egul at end/oepromssn whichahé plasmid @xpessdiyomanfainddeangeedicatcdgémelsost Belhist i oni ng

of the c,-regul.ator uence in the cell can be.determ ned by nonitoring
for exprlseayiariBreonatpl nelitnyedrigcdPle Tk By THUCARE Sy noni t or i ng for
expression of the gene directly, or by nonitoring for expression of a
particul ar phenotype which is associated with expression of the gene(s).
For exarpiencralcs beshiceldcompprises thet dinreerory sppicnexoisiniceeshilggthP ofs- r esi st ance
to one or more ant i bi t%cgj.for sLLEss responge fo& expressi on o&

. r%gufla Qry sequence hal 1§ Yeine screencd for, or Wi ICP the decqy SREERes dmtrP uced
virul enc actors or tror “expression of’ essential genes’ ods tor

screeni igoalicecales aitédied td SoripetO@pdiably lakel it aktorRehé CREIIBABA3B53. A host
cell may conmprise a c -regulatory sequence (e.g. a pronoter containing the
sequenc EXPIEREHH the peraaEches Gandehlstecied. disssyaf edigethe(csy. byjangltcrafigred t o
t he gene, BheBRPES t he expression of which the sequence (or pronoter)
regulates in I'ts native occurrence. The cisregul atory sequence and the
regul ated gene(s) may be endogeneous to the cell, e.g. genes encoding an
intrinsic reﬁistange mechani smin an antiq%ptic rﬂsistance pathoqﬁnic
Y
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herei n iifEd® (RE BSRYY). ﬁ?%ﬁ&laﬁl 1ihREd RrBSaNthaMBERAIS cRhry WduBilcBinli®y use in
prokaryotes generally. 1n particular the nmethods nay be used I n pathogens,
especi alprgmetat isdigead ® thagtmrdrgenéon sextamplag thay dtchregemice abdiot poimtaifchect i ng
humans These inc]ude bacteria.of the foll ow enuse | isted_.according to
Fooult T RB (GRASaR TS RoRiSone o nigksary atle REUREE St BHON BOTIBVEI |
Bor rel i a rdBilieeédpdsssionBPYHORAEE R ThuESemariouhd 8y tier @pakts @lahgiripte® R | us;
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Pr ot eobdlet @fegulatey seatenea incrpasie resilae (rspicporrelctigate)Shipgrsbipa of theeggsopena;

Vi bri o; Oyggéeis‘ni a.

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 endogeneous 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.



G am positive: Bacillus; Costridium Corynebacteriunm Enterococcus;
Listeria; Mycobacterium Staphylococcus; Streptococcus. Unstained:

Chl anydi avolymopi@sma. Exanpl es of gram negati ve pat hogenrGep@dse®iand of
di sease caused by theminclude: A ba2umannii (Pneunonia, Bacterem a),
Bordetel l a pertussis (whooping cough), Borrelia burgdorferi (Lyme's

di sease)peBrueRlhanaRont YarbR 1 Bld phalary o@@srg%ylkﬁiw%q;arﬁc%w Mhe AGHLE
enteritis), Escherichia coli (septicema and pneundbni a), Francisella
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AC|netob@qquhﬁlﬁgﬁt&ﬁpscon1a |nfect|ons) Pseudononas aer ugi nosa
(sepsis), Rickettsia rickettsii (Ricketts), Sal nonella typhinmurium
(Typhoid), S. dysenteriae (Eysentery) Vi brio chol erae (Cholera) YErsinia
pestis S r osjitive gnic s
dlseaseQ%aus %B@Eéﬁ%PC%am: 5ﬂm3 %@iﬁ th%n rggfsmPK#Pﬁ?é%) eﬂc
di ffici |F€adcf§ﬂ&{dmn§@hﬁﬁ@m&h@&$dctdr S leb&iella, nebpaties; ileplodhipd; h&fiSSaﬁa
(Diptheria), Enterococcus faecalis (Noscom al .infections), Li st ens
monocyt GiekeacterinsPdamanas; Ricketbas tSefmenalleuped i dssnonemunaibin) osi s) |
St aphyl agoggyYs aureus (Septicem a), S. pneunoni ae (Pneunonia). Bacteria of
t he follomnng genuses (including the species referred to above) are
partlcularly suitable for with the present methods: Escherichia,
Hel i cobacter; Kleb %%ﬁla hb serja; Prot eobacter; Pseudononas; Sal nonell a;
Baci | | u&TaR RStV uSEF?EOéF HacHeEyNpagt A RLCCEh &é?riaa In one
aspect tMH%d%Q%&ﬂthﬂaﬁ%m§k@§mtguaﬁgaﬁku§el| or cells conprising a decoy
pol ynucl eoti de (decoy rol ecul ) as described herein (e.g. introduced to the
cell by any nethod herein). In particular, the invention relates to such a
host cel hj disp t ered gene expression and/ or phenotype, due to
t he preégﬁgékﬁ¢bgﬁgbﬂgbgﬁxﬁgk§ﬁﬁcIeotlde e.g. increased susceptibility to
antibiotic(s), decreased virulence, inpaired adaptive response, conpared to
the cell in the absence of the plasm d/dec nol ecul e. For exanple, the
i nvent i dxamplesoégrampneeatiopehescaic wicrias e 03/ destasq eayshbycthemanelufedh

render e%a}‘u?r?a%nu (ﬁt?éu%m'ﬂ?a, %%ct%?e?r?X), Bordetella pertussis (whooping cough), Borrelia

burgdorferi (Lyme’s disease), Brucella abortus (Brucellosis), Campylobacter jejuni (Acute

r1d|um

enteritis), Escherichia coli (septicemia and pneumonia), Francisella tularensis (Tularemia),
Haemophilus influenzae (Influenza), Helicobacter pylori (Peptic ulcers), Klebsiella
pneumoniae (pneumonia), Legionella pneumophilla (Legionnaire’s disease), Neisseria
gonorrhoeae (Gonorrhoeae), Acinetobacteria spp (Noscomia; infections), Pseudomonas
acruginosa (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. pneumoniae (Pneumonia).

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

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



pol ynucl eoti des as descri bed herein. Decoy pol ynucl eotides may be
introduced to host cells by any suitable neans. For exanpl e,
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pol ynucl eoti de conprises a conjugati v plasmd, this nay be introduced by
conj ugati on. Decoy pol ynucl eotides, e.g. circular dunbbell structures, may
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the decoy added to the liquid. Altérnatively, cell's may be ¢ul tured on
sol i d nethiphybmdcadecsiysellar ansf ect ed from absorbent paper discs saturated

wi th decoy and overlaid on the nedia. Typically, decoy pol ynucleotide is
added to the culture nedium and taken up by cells. Were cells are cultured
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taken up by cells fromthe disc. A perneability buf may bé used to aid
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Decoys may additionally be labelled, e.g. at a 5° end wth a detectable
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pol ynucl eptide i.npto cel l . conprise use of R9-chol esterol, which
consi st $° ugetﬁgpé§8@$HL“h§§é€ule attached to a linear chain of nine
D-arginines (KimWJ. et al, Ml Ther. (2006) 14:343-350). In general, the
upt ake and/or mai ntenance of the decoy pol ynucleotides, or plasmd library
in the ducbgpolynudentidos ey bE@mtrmuaerbﬂOélosacqﬂls by ping sdebbympang. Corpringl, a
detectabl e in ntibiotic.resjstanc
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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 may be cultured on

solid media and decoys transfected from absorbent paper discs saturated with decoy and

overlaid on the media. Typically, decoy polynucleotide is added to the culture medium and

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

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

to aid transfection.

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

cells.

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

cell.

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

detectable labelled primers, as described in Example 1.



In general a decoy sequence conprises a binding site for a transcription
factor that conpetes with a cellular transcription factor binding site for
bi ndi ng oloaotwmsmari ption factor. By titrating transcrippTiGB06%St3mn from
the cellular site, the decoy disrupts3expression of the gene or genes
operably linked to the binding site in the cell. A decoy sequence may
conpri se the sequence of a native cellular binding site for a transcription
factor. Native sequences are available in the art and exanpl es of
endogendusnshichidi nfjdsey pehweslcatnde iptoesetlt redy tenmiise usopf BPebolesterol.egutiat or s.

A decoy sequyence conprise a consensus binding si for. a gi.v

egul at 6P enlehisoRBAlsers Auaed 5L2 T sBan PR s gl s &R V. and
exanpl esr af 8141 MR (bove)aanm3speei fic regulators herein. Alternatively a
decoy sequence may conprise a variant of a native or consensus binding

sequence, which retains decoy function. A variant may be prepared by

alterin for .exa 1,, 2. 3. 4 5 7. 8,9 10.0r nmore n eotides in
Fhe par o gt R TRI:Re afa/alrmabronttncer e ackoy o Ruc it AHIEARHRRERY | HE
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bi ndi ng and m ght be altered. A putative decoy sequence can be tested for
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cui t 2ol & RaaFe e GRATAESB8 bR R PR b B R AREBIIC ! P o0 o

bi ndi ng akbtbeapetitabddybyt gRER.t 0 a gene or genes whose expression can be
determ ned directly or indirectly, e.g. by screening for a change in
phenot ype. Decoy function of a test sequence can be determ ned by screening

for a changRrin RXPY 63RLAR Brilis SERENEIOTr EhRAYRIhTaEENBNSAYIRE. Any

of the decoy pol ynucl eoti des described herein may be used. Any of the host
cel | s dedtird baldldndnaesaniptray fdseoripsreting fitrfoekiadpigef adranegiptise datercBymay fir st
be introduced into a suitable reporter .cell and expression.of reporter
pene monfgr s agubt g Ref e R g PRS REp B 900k §P5E sy
Syst ens odgbmd opeRBE 18ikedkd M8 bidd@ROsiteah ti&eddlis descri bed in PCT/ GB2008/ 003353
may be used. Tﬁis approach sol ves the problem of needing a scoreable

phenot ype as under

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

binding sequences are presented herein for specific regulators.

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

regulators herein.

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

sequence, which retains decoy function.

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

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

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

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



normal circunstances each reporter causes cell death, it is only when an
decoy relieves this by titrating off the transcription factor that the
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of rapid, comprehensive or high-throughput screens. It is also possible to identify regulatory
sequences controlling promoters which in their natural context have no easily scoreable

phenotype.

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

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

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

chosen as described herein.

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

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



For exanple, stress response can be induced in a suitable strain e.g. S
aureus by growing in, e.g. LB nedia under conditions of stress, e.g. alkal
condi t i ons0 2Bvo3ge8anpl e LB nedi a contai ni ng KOH, e.g. arC3GBIMIMEy3obe used.
Untreated bacteria grow well in this 3edia, due to the induction of the
stress response by the alkali conditions, whereas those treated with the SA

sigB deQz?a)bilitSz%IWihQQe-Elﬁﬁeﬂs?&Pﬁ&hia%z%n%m@r WhinGhe HSwR R RfonRARt Of the
regul atory response to stress, grow poorly. In sone instances, screening

f or exprpssiiogensf(ag measuedddyaqRT-HE€RS. or genes conpri ses det erm ni ng host
cell viability under suitable culture conditions. For exanple, when the
phenot ype bei ng assessed is antibiotic resistance, screening nay conprise

cul turi mgr e@dohfle, A FABEI R ¢ SANEE abtstther-atlatibh 6f féhed Ble el ity Bddwhet her
the cells are viable. In a screen conprising the "dead or alive" reporter

host celsyrthesicmar by frjtediigainst Sugalle fisriises &yl growyin he lowiatBertpna bB
condi ti gns;.i Nowhi expr.essi an, Qf e Leporter. ge e _gene(s
oo bl maid (A &T BERBLSRRIET0 00 NP LERERERL AP RE R N DT 8RR hes ot ve

f or hostofeehhtiblbt@divhichicts@fdhd probak iofi gattyi szl §narkissc.¢ h@ulgh@SEsMt Met hods
may conprise culture of the host cells in |iquid nedia, as descrjbed

her ei n, csagple; gt copgengrations i &ieilgnia ofhP e/ mls unasatngl kesteaip gy ove goynaal yend
i abi | i ' t , N
Vo n 5 e tohyfor Bt Back}s AENAN ARG IRSy, Atioh GoRi TRy koA TREE Blupel | ©

pr epar edndyo weetinddicagtypri si ng: - providing a pol ynucl eoti de conpri sing

one or nore copies of a nononer sequence; and - cloning the pol ynucl eoti de
into a suitable plasm d vector. The conposition of the nononer is as

descri bed, Bergiif shiefs elfony SPHShdRleA$Th duitaBtt! R €0 PS 23084 bY§Fswing ihave
al so been described. The pol ynucl eotide conprising one or noie copres of a

mononer csedBencda magerivengitiond efestickyy ¢ . atlbtlhoehdetoomsr Fayiaxgmplel)B prediai di ng a
circular _oligo otide, conprising. (i).a seguence of interest; and (ii) a
b1 i ng ceteu ROLE B AV BIPPaEbE st UruBof BT g ot AL FUB R cat i on.
wher ei n dub@ e RRIR oS SLIE REEssGPBhIcSBSthE hlkaRREnditibns, whBfdas 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.



(2) performng rolling circle anplification using the circular

ol i gonucl eotide as a tenplate, thereby providing a pol ynucl eoti de
conpri si nyonrepassm3of the nononer sequence. Step (1) of PCEEBTRIIIGMIMRY
further conprise amplifying the rolli3fg circle anplification products by
PCR and i sol ating pol ynucl eotide fragnments of the required size, for
exanpl e, fragnents conprising 30-50 repeats of the nononer sequence. This
can be done by, e.g PACE analysis. A circular oligonucl eotide may be

pr epar ed hbyompostitiodf tho mpmbsien . as-degribed Hemg &r Hiengsnargiphgphed SSuitablded

ol i gonucl eoti de comprising: the test sequence of interest (i) and the

bi ndi ng? iSP%& ygiory Yqﬂﬂ?g§ﬂfggﬁh§afor use in rolling circle anplification
(ii); - circularising the oligonucleotide, e.g. using Taq |igase, typically
in the presence of a universal joining oligonucleotide; - optionally

di gesti r"f@erpebmnﬁpeﬁgiel qomEa IS INBNRC\WI 1IPTe PO IS ICNeROTRCT SaqiPnce maEdver i ng

nononeric ¢ (fﬁlfﬁm dggnug“%otldes e.g. using PAGE. Prinmers suitable for
use in P&Pilng36|rc n? f€ation are known in the art. For exanple, a T7

pri mer maymbem&gﬁdnKMB&bﬁgankﬁbnﬂ@édm@m@mgut rolling circle anplification
are known in the art. For exanple, Bstl polynerase may be used. In one
exanpl e, CR(Q#&PWFW@%Pf@Hﬂ%¥EWHe rolling circle anplification products is

carried blﬂﬁfng%nél?cﬁ ﬂﬁer%it éf&rhﬁél ?%r?&&lé‘ ﬁf?é(al %)ﬁ‘g circle

anpllflc I on rimer. genera sequenc in the nononer
conprlse@mﬁnsﬁ&n&n&mmmeag&naswﬂqaﬁ&sb@dmh@ﬂﬁnm, As descri bed herein, snare

seqguenc may be isqQlated fr enom ¢ from an nt|re , or
from a 3%&%@1%@%&01@& a&éﬂ@a%%ﬁ%%@e cigkr ?I&ﬂn&@ls%ﬂ SBled to
forma @ﬂié&%f Olgrbwla @%cﬁyﬁ%léohae EEhPRGngRELt Qﬁéle'nﬁbxﬁ)%e%&ﬁfeﬂ& appl ication

PCT/ GB2008/ 353. "A protocol for preparation of snare sequences from a
genone or genonlc fragnent is described in PCT/GBZOOS/003353 As descri bed

herei n, snar nce rlse ran% uc eo ence.
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sequencr@fuctsiby 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, ¢.g. using Taq ligase, typically in the presence of a
universal joining oligonucleotide;

- optionally digesting remaining linear DNA with an exonuclease; and

- recovering monomeric circular oligonucleotides, e.g. using PAGE.

Primers suitable for use in rolling circle 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, ¢.g. T7 primer.



nucl eotides in length. In general n may range from 5-50, for exanple 10-50,
for exanple 20-40 e.g. 25-35 e.9. 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 1Woan10ABs0sacl eoti des. An ol i gonucl eoti de conpri eCmgGR2b@/0583vdom sed
sequence (and optionally constant seqsence as described) may be synthesi sed
usi ng net hods known in the art. A nucleotide bias nmay be introduced into
random sed (or variable) region of the oligonucleotide. For exanple, a GC
bi as nmay be introduced if appropriate. The nononer in the nethod above nmay
conpr i sén genandlitiosaqotreot(i) de therreeament comptikiss: snaxe, scgmenef sndesetibgl lasemd may
then be prepared. As described, one aspect of the invention is to increase
susceptibility of prokaryotes to antibiotics. For exanple, this may involve

targeti ng @Bcrivdt heRsh, Gnii8 StfleatGandESN R &N Fdin %&%nﬁ@ IDNA Qg GRIrh bh ar
adapti ve responses which nean that the cell is less able to survive under

condi t i GABregEenamng.caydram 8 geramisyraghmeni At $sroIGqBCICE ronsAdsodxpb anay hehisehr esent
nmet hods ,are _suit able .for..incyreasiing the.efticac f antihiotics generally
(A oksn i m b O Fodia GRS DS ;858 s Bndlia AMRlBes Dot h

bact er i $IayGBaogloREBeri ci dal anti biotics. Exanpl es include the class of
anti biotics known as am nogl ycosi des (such a kananycin); the carbapenens
(such as neropenem; thecephal osporins (such as cefepine); the

| ycopept | 2 i in) i cidLtns such an
ot o1 1 74 protiol i RS OF AHEL R BRE: AR L B or BRI ot BTS1 e
(such aslcgoibydikRCT/@3200810838%3 nol i nes (such a | evaquin); the sul fonam des

(such a Bactrim; the tetracyclines (such as tetracycline); and variously,
chl oranpheni col, rifanpicin and Zyvox. |In one aspect, nethods which cause

suppr es s @betiMeresd, &P Rre sSEFRABS ﬁla.& @oﬁipﬁ% fand@histhgdlefRl %@(erﬂge cell to
becone stressed are particularly suitable for potentiating the effects of

bact er i diygehllnfitci sharstoooprisésohandkised (alvarigdt)] nyckoody sa@oneart--810) .
ggfégggcﬁlgﬁgloti erS]tilll elng | fiP gerrrlae}/al Inr}gallyurggge g’érlnaS(ig(i Tor &3 pﬁem-gb,lfjo} enxsam(p?g

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

An oligonucleotide comprising the randomised sequence (and optionally constant sequence

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

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

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

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

An n[snare] plasmid may then be prepared.

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

conditions of stress induced by the antibiotic.

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

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



(c) Monbactans (d) Cephal osporins First generation: Cefacetrile
(cephacetrile), Cefadroxil (cefadroxyl; Duricef). Cefal exin (cephal exin;
Kef | ex), wefalomgBosdi n (cephal ogl yci n), Cefal oni um ( cephaCordB2ng9/051301

Cef al ori di ne (cephal oradi ne), Cefal otd9n (cephal othin; Keflin), Cefapirin
(cephapirin; Cefadryl), Cefatrizine, Cefazaflur, Cefazedone, Cefazolin

( cephaz@bbiyjosposs Gsuéfﬁefsz&fe)pimgegel#feggﬁrdg?)q%t%Q @A L9 GancyRlyeRehY, Cef roxadi ne,

Ceftezol e; Second generati on: Ceclor, Distaclor, Keflor,
Rani ¢l odppto@etmni tbe deridinosiich an Gepiprllz,ichrbeoeflpn emd beni@Himi thy pol@eénptrdexi me

Zinnat, Zi.nacef, Ceftin,. Bi oks " f .Cef net | e, f ot et an,
Cot ot PRODBA TSR e DA BOR L ar Sor o A WEP Bt i by one.
cef met az@ Rt AR iazengdyclif&@f (BhIhX teteRl SRy hd Verb@I R hlor&BpRidol,n ( Mef oxi n)
Third generation: Cefcapene, Cefdal oxinme, Cefdinir (Omicef), Cefditoren,

Cef et amstiamplefmdndel\vSkipr ax), Cef menoxi me, Cef odi zi ne, Cef ot axi me
(G aforan), Cefpimzole, Cefpodoxine (Vantin, PECEF), Cefteram Ceftibuten
(Cedax), Ceftiofur, Ceftiolene, Ceftizoxime (Cef zox), Ceftriaxone

( Rocephilfipne £pbaparananeh(cbehod ppreSd azthel btidss (Espohdémn afcol t@zyhich
Oxacephens: | at anpxef (noxal actam Fourth generation: Cefclidine, Cefepine
( Maxi pi ayse teseeqll forbspring stesspesksasr particgarly for pafepiiztigghe ededuphone,
Oxaceph ¢ of Y. . i :S@b Lebkpiol e, Cefacl onezi ne,

Cef al org)?n&e%% %@?@‘Pﬁ% @e@gg%é }%Og@z rol72)??6'2‘z?§£%)i done, Cefetrizol e,
Cefivitril, Cefinatilen, Cefinepidium Cefovecin, Cefoxazole, Cefrotil,

Cef sumide, Ceftaroline, Ceftioxide, Cefuracetime Am noglycosides: (a)
ani kaci PeclgERdAMIEOIRICR SRY RS neonycin, netilmicin, paronomycin,
r hodost rﬁelg@tgglgci n, streptomycin, tobranycin, apranycin; (b) Anthracyclines,

e.g. doxorubicin Quinolones: (a) Fluoroquinolones;
(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



First generation; Second generation; Third generation; Fourth generation.

A ycopeptide antibiotics : (a) vancomycin, teicoplanin, telavancin,

bl eomyci nyvonamopk@ai n, decapl ani n and dal bavanci n. Pept ipd&/GB009S0301CS :

(a) Lantibiotics; Duramycin, nisin, efiderm n, actagardi ne, m crobisporicin
and nersacidin; (b) Lipopeptides; Cubicin. Streptogramns : Quinupristin
+dal T oprtgid fe él%éﬁ%d@b@ﬁéﬂi%ro,lm%mezﬁﬂ@ CRIESEAL CHREAUR, @RF7ABL hods may

al so be used to increase efficacy of bacteriostatic antibiotics, such as
Macr ol i desqdridet, dldfetesidonite Cebatyzlle, {eegivittil, (odeamtied eSefnepigliune| Cefdearisi n) ,

Oxazol i di nones, (Li ol.id). Were.the present t hods .are used in therapy, a
decoy p%%E&SD#?@ﬁné?fgﬁ“\ﬁgp{;ﬁtaég@eﬁCgﬁ}%‘fq‘i’gﬁie ARITS one or nore
antibiotics, in general antibiotic(s) to which the cell is rendered nore
suscepti bl e by the decoy. Antibiotics may be chosen fromthose descri bed
above. Amgogkcosidasances, it is appropriate to select antibiotic(s) for use
accor di ng § LS RAGHELH AL RSCHCReorAd LIGLRAR! SrbAbafect on which is
bei ng t rgéltlecﬁ ‘Bor exanpr e, t TEEPEH SETEUFD PHRMeINERy iy e agent of

t uber culrsdostryfio@icin sst@pon®Rrid, Yobrieadigtapeshy@i; 1 soni azid, rifanpicin,

et hanmbut ol yrazini mde., Therefore, in a nmethod targeting M tubercul osis,
one or &B}f(&.n'g{a%’ﬁwé - f§30BIFIY be sel ected for use with a decoy

pol ynucl eotide. Simlarly, S. aureus infections are typically treated with
penicillins, G amegative infections with bacteria produci ng extended

spect r uQuindlactsanases e.g. E. coli or
(a) Fluoroquinolones;
First generation;
Second generation;
Third generation;

Fourth generation.

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).



K. pneunoni ae, are often treated with b-lactans. In sone instances, the
type of decoy pol ynucl eoti de and the genes whose expression it disrupts in
the cel |l wbl2b1odss®sm ne the type of antibiotic(s) that trhe/asbéydsemonres
nore sensitive to (and so the antibiotlic(s)) which nmay be used in
conbination with the decoy. For exanple, the FabB TFD descri bed herein,

target s vandb il Bt Methbas af% us&gfﬁ' tﬁ&@?y (FRER) pAlnRISRIAL nRly t?e%%ﬁ@&inr equi red

for fatty acid synthesis. a cell 'treated wth the decoy becones nore
suscept |cbmb1nat101p anithiong Ioamotr@araﬂvuotb:s anlgcsemlrmmlhlqtm(ﬂ) ) whicatthe/cadlas d

synthe5| rther inf tion, for cific target rovi erein. The
o esont bR uisaP QLERY 1 dieblr RERors Sy ek FoRoat o iy St Dg ca
responsggevee. 9. any of the responses descri bed hereln EEcoys may al so be

used to alter expression of essential genes and therefore alter the
viability of the cell under conditions where the gene(s) is essential.

bDZCSZZ q ffﬂgorﬁl% %S:n%glglgeesuf[ed 1;[&??1)8‘4(21%@ {%segﬁ‘% & It{bllj%ltl%gss %?I‘OIISG tacceor 1fe1|% lt%thD%%gtgrlalrgmy al so

changes sp@méshald:mmb@abxﬁal@llﬂfeaﬁod\hﬁlcﬁed bein@datgetid. rrerrbr ane The decoys nmay
al so target regulation of unknown genetic systens, in particular those
decoys di scovered by the n[snare] process described in PCT/ GB32008/ 003353.

| n thesq.examyiest g J%?B%%'ﬁ’l@% s%vé {B%Bélf'éﬁ‘l%s@fwhbrfhl Qﬁ‘ﬁ&g%{ at ‘A“'et h

decoys may measured, for exanple antibiotic suscepti Ity,
genetic tmtehaﬂmgmmmaizad,pﬁfamph@ teﬁambuttﬂf;geaznmnﬁdﬁ déptdfdaic] intaymetbomdi n

unknown. In.so ases treatnent w_.th deco etin egul at i on, of known
genes, Sgpie AP BTl ‘i’IiesorHB‘?Fﬁloé&?é‘*sg’iuﬁg %gé@e@?@ U P Slerme
suscept ipBiynbt o snﬁl&gﬂ ks, &&eﬁ?ﬂhfe@h@ﬁé &8 tMall&%aﬁ%ﬁ%ﬂf@’&i&lhﬁ?@%ﬁi—sm

under pi nni'ng t hat change remai ns unknown. T'n some cases decoys targeting
r egul at inogatot infectemsivigl bactere roducdetaxtanided spectmnmi blagtanesesengiX. icelivy by

bi oi nforyrati c net hods e identified by transcriptiona
profili @Fﬁ‘”ﬁ%’”ﬁ’%%ﬁ%@%%e W@b@ ¥ resistance in S. aureus and a

proportion of which found to have common ¢ -regulatory notifs wthin their
pronoters, increase the susceptibility of the cell to antibiotics but the
phenot yéﬁl gome dlstnpesnihgrivies ofi dsapynpoly izdlcatida BB thecaens W ONEISSINESSIThE pr esent

Sggoy Pl KIS [ ERL LARS P A% E il H{gb[%e §f an%B%ltllcEs?rtﬂa?ﬂl% el BELSHGokher apeut i ¢

sensitive to (and so the antibiotic(s)) which may be used in combination with the decoy. For
example, the FabB TFD described herein, targets a binding site for a regulator (FadR) of
essential enzymes required for fatty acid synthesis. Thus, a cell treated with the decoy
becomes more susceptible in particular to antibiotics which inhibit fatty acid synthesis.

Further information for specific targets is provided herein.

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

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

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

changes to the composition of the cell wall or membrane.

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

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



e.g. nedical or veterinary, and other ex vivo e.g. non-therapeutic
applications, e.g. in disinfectants and cl eaning products. The present
decoys fiw0 2000038083net hods where there is a need to redece/godasymti c cel
viability, kill cells, inhibit growth2or reduce virulence. As descri bed,
the present decoy pol ynucl eoti des and nmet hods may be used to increase
Susceptmgk&h&¥kﬂﬁnﬁkﬁk%ﬁM%bﬁ&hB@b&ﬂ%bQ&Rﬁh%%xhiﬁﬁﬁuhﬁ&pﬁﬁﬁﬁ%ﬁaﬂﬁﬁngﬁmysed

to potentiate the effects of orie or nore antibiotics, such as those listed
her ei n. si¥veptibrhty romafnamkmedincal 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
cl eani ng conposition. Thus the decoys may find use in bactericidal or

bact er i gtathé 6ase®FPAMIchi WS deddlyt Bl ftinig\eMatidn T KABHAYcRQ! YitHGE vphisdes and
met hods may be used to provide or 1ncrease the SUS%%gtlbl|lty of

pr okar y gneéds homplogues ianyyqobatieni, aicrdage thersysesptibibity efoe eell tl angigiotics butThus i n
one aspegl LS bAVEDL! N, RrAL Aes, pHIPLNGH. fOL. fr eati0g bacterial infection
in a subjé@% cgﬁpr|5|ng Adm RiPSt er ng a 8%00y pglynudWebtide descri bed

herein. The subject nmay be a human or aninmal. The invention also provides a
decoy pol ynucl eoti de descrjbed herein for use in medicine, e.qg.. for use in
treat i ndh 89MH ERSFBALGONE tApSREINE regillationrod genesimphcaied pjesyrminigg gntitieti¢se of t he

decoy f : ; i far.. i i .

"t oot ShngayRMbAR G BloyRd IRk AR IAUCOR ADMRARRE bBEline to i
t he decoby imekes ih kEycopddtidonesistarnsn 5.1 aeeuseand/agrropartibn ahwhishifowamntto thaed er i al
agent. Suitable antjbiotic: arﬁ.dﬁscribed herei n. The antibioti%¥nay be
admi ni sCEPEPLGIHASH RIS RIS Withiy thejf Pipspalers 1gereayerths syspeptipdty f thprsll
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conpositions. Thus the invention includes conbination therapies in which a

decoy pol ynucl eotide as identified, and/or as described herein, is
adm nistered to subj.ect .in. copbinati gn wi.t h.one or. npre aptibiotics or
other ardiF Buerdias PHER e oBeS TR eauinep Bt Ra Ty BB Pabar 8 65 o
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As described, the present decoy polynucleotides and methods may be used to increase
susceptibility of prokaryotes to antibiotics. Thus the decoys may be used to potentiate the
effects of one or more antibiotics, 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, ¢.g. in a cleaning composition. Thus the decoys may find use in bactericidal or

bacteriostatic compositions.

Alternatively, the decoy polynucelotides and methods may be used to provide or increase

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

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

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

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



and are described, for exanple, in Rem ngton' Pharmaceutical Sciences, Mack
Publ ishing Co. (AL R GCennaro edit. 1985). The choi ce of pharmaceuti cal
carrier, weenp/ssis3or diluent can be sel ected w th regardTiGB20dv5130 ended
route of adm nistration and standard 43har maceuti cal practice. The
pharmaceutical conpositions may conprise as, or in addition to, the
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agent, coatihg agent, solubilising agent. A variety of methods nmay be used
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intraperitoneal, intranmuscular, or other injection methods), topical
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medi at e@f, 'y ansgeni c expreession (€.g. a decoy expression systéem delivered

by m cr @bmbaRtib®Withemb by afdr€ argibestics oF bthgenaibatican, thetpiegt roviral transfer),
or any of the other comonly used nucleic acid delivery systens known in
the art. Admnistration may be in conbination wwth a suitable dose of

ant i bi oty i FH TR\ i 1. i . me time as
he. decay5m e b e e e D ber of
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and have a bacteriostatic effect can be as little as circa 5000 nol ecul es
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di scussgdiddrible exanples as many as 1, 000, 000 bacterial cells are
efficiently killed with as little as 1 nMof TFD, suggesting that it is
sufficient to have a transfection efficiency of |less than 0.001%to achieve

kKilling. tifying transfectipn usi.ng fluorescence m cr.oscopy..tq neasure
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ant i sengBarnaeiith@l 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. subcutaneous, intraperitoneal, intramuscular, or other injection
methods), topical application, direct exposure in aqueous or media solution, transfection
(e.g. calcium phosphate, electroporation, DEAE-dextran based, and lipid mediated),
transgenic expression (e.g. a decoy expression system delivered by microinjection,
embryonic stem cell generation, or retroviral transfer), or any of the other commonly used
nucleic acid delivery systems known in the art. Administration may be in combination with
a suitable dose of antibiotic, with the antibiotic(s) being administered at the same time as the

decoy, or separately.



nost common iteration, sterically blocks the products of transcription:
many t housands of nRNAs nol ecul es. Secondly the TFDs have been designed to
target eswenioal3sganes that are positively induced, so meeaHR200951¥M t ched
on for survival, and positively regul#ted (the transcription factor drives
its own production). In vitro this later characteristic neans that
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on their own to prevent growth of particular pathogenic bacteria, either as
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bacteria bef.or.g. t hey Pgéome i nf ec}i ons. Simlarly those decoys which target
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that the decoy targets. Bacterial infections and associ ated di seases which

may be telegetiefrusimes afilec pansseptiomigetaoars likely nresenewheretheigané ¥ connect i on
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therapeutic situation there are more transcription factors per cell, due to natural variety

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

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

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

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

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

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



anti bacterial products such as those for cleaning, e.g. disinfectants, to
kill or prevent growth or infectivity of bacteria. Wiere a decoy increases
suscept i bwbi2ow/a3sosant i bi otic, typically the antibacteri acCTaBp@gisidoon al so
i ncl udes one or nore antibiotics and/4r one or nore anti bacterial agents.
In one aspect the invention relates to such a cl eaning conposition. Decoy
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that are applied to a surface, suchas a work bench or hands, for a tine
and undératarpdétenotesthtdhstolaaraiosuf fi ci ent to reduce or prevent growth of a
m croorgani sm and/or kill a m croorgani sm thereby reducing or preventing
gromh or killing a mcroorganism For exanple, one or nore decoys nay be

spr ayed 1o8hartichRr SHEdt AR asieehitcRbalitidR Whidetht @bedySs UgRftY hrcat i9n gofRrA! €,
for preparing a surface for preparation of a foodstuff or sterilising an

obj ect tdepindentripentieaipdtinasnis qsHithas the deppy sargeds. pBeciersd infpetps aed t he decoy
fornul ati on. duces t he ;handlin f,the surface or.,object.. thereby further
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al so corbeigptied adthwattlufir bhacssape ivFighRe.i nvention. In the above
ci rcunst ances, the decoys may be fornulated in a suitabl e aqueous fornmat.
I n which instance, the fornulation nay conprise water to forma and aqueous
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organi c so el'r conbinations. The 1 nvention also'relates to kits
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use, e.g. against bacterial infection, or for non-therapeutic use, e.g. for
cl eani nageriaiagenth.dotoinagspact thd aogneon wlates tersneua tleateg epmpesiteother eby

i ncorporated by reference. The invention will now be described in nore
detail by way of non-limting exanples with reference to the foll ow ng

figures pdao J)Ighﬁclé;dtﬁl'éﬁ 8f the pfese@fidv@itiod adlyGudhdrRMsEPR Roduct{ Mat 481 cr obi al
Chenot her. (2005) 56, 22-24) listing the efflux-nmedi ated resistance to
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given in
thereby reducing or preventing growth or killing a microorganism. For example, one or

more decoys may be sprayed onto the surface. Such spray application is useful, for example,
for preparing a surface for preparation of a foodstuff or sterilising an object to be inserted
into a patient. This is because spraying the decoy formulation reduces the handling of the
surface or object, thereby further reducing the risk of contamination. Hand and mouth wash

applications are also contemplated within the scope of the invention.

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

combinations.

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

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



the paper. Figure 2. A copy of Table 2 fromPoole J. {supra) listing
exanpl es of regulators and regul atory sequences which can be targeted

accor di ngvoaotomsssesent net hods. The Tabl e al so provi desTasanp/Es300f
bacterial strains in which the regul at6ors or sequences occur and exanpl es
of disease indications associated with these bacteria. Figure 3. Provides a
graphic representation of how n[snare] plasm ds can be used to affect gene
expression. A gene (A) is transcriptionally inactive due to the binding of
a repr el dwumeatgcicinpd tohertiactoher¢B) incorparated byegldrencer y sequence (C)

within the pronoter of the gene. Wen introduced into a cell the n[snare]
plasmid is able to affect expression of the targeted gene by titrating off
the trangehhwrhtion wildas®beBeldr®ay iR ogen@dT] By WhPBPAG- lifnRideedxafip®s with
transcriptional repression of the downstream gene (D). Figure 4. Shows the
anpl i fi cefercaec fortbelidlovarg Gweslinushisl: t he primers in SEQ ID NOS: 3 & 4 and
an appropriate vector substrate (Exanple 1.2). Figure 5. Shows growth
curves forM snegmatis cultured in the presence of sub-inhibitory

concent Ragurens Acdoply®dMablzildidrh PooRr]. (AAtaiiprodidl ((RptheWR0GS)Sloe2bacy eri a
have been treated with a Wi B7 decoy sequence (+) or treated with a

negat i véistghihe sfilwepgdited resistancs to Ropglypyguinopine pptihipticsaind SgTRIUEIOHNRE h
curves for.:E.: ' ' l.eni.n, - teria
nave. becnbtafges iRk AR eRaR. B bl Bl TR Rl ByARE °0,
treat edthd pdpca negati ve control sequence, as in Exanple 3.Figure 7. Shows
growm h curves for S. aureus under conditions of stress arising from

el ectroporation, where the bacteria are untreated (first curve) or have
been trqggad Mgt &)E@ oPTAHIDEEAN POSRIONGpAHTNEN e HanthlddrYESRHON anlihi rd curve)
as in Exanple 4. Figure 8. Shows gromﬁﬁ curves for S.aureus grown in the

pr esencecoilatory segeagésavbkidh vedbataf®itd avegalingte thoprtcsait methadanBfeekabédd with a

control TFD haying a scr | ed , TED sequen and grown in BH nedia

CF anst cakBaro it SadateBbtG Armnng o s tery BN e dieains TR redi

t ransf eckadphé bhditdide TdRatif@sisgnasted dithltRGK bhéteia Upt ake) and grown in BHI
nmedia, transfected with sig TFD and grown in BH nedia, transfected with an

unrel at ed

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

transcriptional repression of the downstream gene (D).

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

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

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

Example 2.

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

with a negative control sequence, as in Example 3.



TFD and grown in NRPM nedia (iron-limted conpared to BH ), and
transfected with fhu TFD and grown in NRPM nedia. Figure 9. Shows that Fur
TFDs do mwO 2psva3sesd growt h of S. aureus in nmedi um wher e PCT@B20&/051301
non-limting. S. aureus was grown in8H nedia with the Fur TFD but w t hout
the Gamcidin as a transfection reagent (TFD al one; hollow circles), or
conbining 60 nMGamcidin with 1 nMof a control TFD (Control TFD;, holl ow
triangles) and the Fur TFD (Fur TFD; filled squares) that is designed to
mani pul d?ﬁglmﬂpShswis glm)wbhttmwf:s fom Sowmnundéesmditsomroé strm aaviegé@m of three

t th t that F
TRD T eLepairaln. Sl B B yanut \ARES (e o Histhedt b ER bt i on of
S. anelS%aA@@&dy_slgFé’&%hé chive RS EALYM BecbiPtildaneve) @t ikEm@e di n and either the

Control or Fur D were harvested, washed and | ysed. gqPCR was used to
establish the average nunbers of TFD relative to the nunber of genones.
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sarrpl es ermne re u expressi on

Fi gure mHI Mebbﬁtolﬁﬂﬂan%@sd piith\eesdhitrglr DD hiaahgsscrambeaasrfrm scbc[u@ﬂcel l m tl ng
media. S. aureus was grown in an iron-limted nedia, NRPM, wth the Fur

TFD but 2@ £rov Al wediad Eangfastedsvith $ydnSFR Eeaening AgMAR YiteEmndeiona; Mhol | ow
circles I (Control
TFD; ho)q ol\(}vhtcﬁ?gﬁiélﬁfegg an%ln%?wd%éﬂ%ﬂ)&(tyur%@%? lﬁe é&{s)%%g@es;ﬁiﬁl?esul ts
ar e t he naodéx, agesfedted ithgig 'Bfie ahd gaowch i@rBIdr mbdie stralfratct vathsdnanatalnetd

error. Fi 12. Sho e resylts of genetic. an sis to ermne t

pot ent i ﬁﬁemdegspwvén M@ﬁ%é%a?n-%lﬂlétegcoga%rs%o ﬁh‘?b £8¢ Efé‘ﬂsg eﬁ{fﬁﬂ%%&n i u).
The Wwﬁmgﬂd?gwﬁqgmmgﬁg‘uence shown in the top panel of the figure is
a S. aureaus Fur binding site notif created fromthe sequences listed in

t he bottom panel. Fi gure 13. Shows grow h curves of three MRSA strains

07 - 35 Telragn R B L TeARDS pae sk SeuR ol ub i ndru SRR or
Si gB. FinghN@nifi §HQ}‘Q@!S Wﬁ@groﬂ'tgmmmb&la vithuePhe mFD &aRfitieut ki on repress
the or ngrgm(lj(;rldlil as a transfection reagent (TFD alone; hollow circles), or combining 60 nM
Gramicidin with 1 nM of a control TFD (Control TFD; hollow triangles) and the Fur TFD
(Fur_TFD; filled squares) that is designed to manipulate expression of the fau operon.

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

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

thu expression by qPCR.

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

standard error.



clinically-isolated MRSA strain MRSA-5. Figure 15. Shows that WalR TFD in

t he dunbbell configuration prevents growh of EMRSAI 5. The fhu TFD is used
as a contwol2o10#i3gnsse 16. Shows S. aureus grown in BH nmediraBmaednsizomnM WAl R
TFD/ DOTAP m xture but wi thout Lysostahin as a transfection reagent (TFD

al one; hollow circles), or conbining 62 ng/mM Gamcidin wwth 1 nMof a

control F-(gé:lﬁe(ﬁc Shoihe Qé&lult%/f E&lcBOGhBs ﬁ%tér&‘ﬁle\/%ﬁé Eot@ﬁt%l%?fb&th&%%ﬂuar es)

that is désigned to nmanipul até expression of the regul on. Figure 17.
No resi sa@amé theet lwandus huh sgdbeb iR € 5.4/G1 e dhe (MSEMETdﬂraded vouﬂ@hwscswrmse of

EMRSA- folI ti.on of in vitr per e i bed in
Fgure By P bR, G BRedts Skonfrh Tl ol ve SRR EEMELEabe

sub- cul ts&i@chngterdqlsrtmdu@m pun¥i.tro growth experi rrent s. Wl R 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 et R U EER LD A 1 i PR EASBUTS e, RATRL gl curves
of bacter ad preV|ous €en expose Nas

TFD- sel em) @ﬂ’h ShOWSAG qulgrcsn@fmﬂige&bsl(almseree(sgnﬁtlftﬁyse@@cei folr‘t?heeﬂtcﬂuyedsl I ed.
Cell growh was neasured recordi ng A420 of cultures over a period of 30
h, cell §1t9@|""’é"ee$1gﬁ’érfa%%$léét ed (rmedia al one; open circles), treated with
the control TFD plus transfection m xture (open triangles) or the WVAIR TFD
plus transfection mxture (filled squares).Figure 18. Mcrodilution

exper i miigwreddnBhsts dibeSip HdDsanlay‘duinbbelBttonfigtiaton teprese dbegtofvdrofaie R TFD t o
kill EMRSA- } Fel I sﬁ\és,%re ei t he gntreated (nmedi a al one; open circles),

t r eat ed SHMEALY-HelaEeshY Pransfection mxture (open triangles) or
the WalR TFD plus transfection mxture (filled squares) by incubation for
30 m nutes before being diluted 100-fold into nedia w thout either

t r ansf edtigwe 13g8htws hat WIE[R &"BBpiheb@e®m®¢llwonﬁgisetime1bﬂesem$ gowtlabfy treated

wi th Wal row ure 19. WVAIR TFD is as effective as
vancowﬁ\ﬂﬁgglﬁl}e fﬁ'éar% Rse %”W‘P use sepsis nodel . Kidney burden of
EMRSA- 16 was neasured foll ow ng system’ c infection of mce and treatnent

with the control TFD (Scr TFD, 1 nM Wal R TFD, vanconycin and '
Figure 16. Shows S. aureus grown in BHI media with 1 nM Wa _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).



vehicl e alone). Figure 20. Shows that transfection of E. coli wth FabB TFD
sensitises the bacteria to antibiotics (cerulenin) that inhibit fatty acid
synt hesi swoO\WhioBB8OBED i s used as a negative control as i PCTGBEIEDICAIrYi Ng a
sequence that does not occur in the B9 coli genone. Figure 21. Shows that
transfection of a TFD contai ning the recognition sequence for the s54

factor qffi@ﬂe@%?ivﬁ&ﬂoéﬂﬁﬁ%%@ﬂiﬁ%nt& ALAbAG ARG Al in@e@ Woitact W0hBbed E(%?Ri s used

as a negative control. Figure 22. Shows sequences identified as Wa
bi ndi ng WalRe$FDdo fkilhBMR S5 6 nEitishese icnth@ uatregod (raedla eloheropon ganlcsis. A

subset of hiits.is shg 0 e consensus sequence S rived.
oure S5l EaluRia TE Myl fof SR snet SOERS EorcBe R RS

aur eus  PigBraakReiAImSithR (fifangluaBs) b nSuBHRATLEN Ainu@GWFsEBERE dilMcth
E-val ues <100) of matches to a consensus sequence in Bacillales

( G am pd9P1foMdantorinekia wtheutfedtherdiians fecrierpagostsmrak iy eorgelazgsa OnhcthasteccBaci | | us,
Li steria_and; St aphyl o igure 24. Panel A shows that KP Sig TFD
kKills K.Orléﬁlggﬁ%rﬁigtgée{wlt%q&gﬁglsd;wgm%%gé% AT ng the KP Si g sequence
prevented cell growth in vitro (KP Sig, filled square). Two controls were
used: untreated cel I,E'H&K. pneunoni ae, hollow circle) and a control TFD

consi st iFignIerl 9 W R AHHP évps<dpvices arpomygin ibkilleEMBoA- b & Maukl ) . Panel

B shows i ] . I Si-.0.#bi ndi ng
i to. B it O e e R B o I B e R i S R e B o e
pri mer s miseand ocat@on! with thatcootnolGFFIA(Scar hiEd, sedudalie TRy vahdvenyeGEME Easy
vector as i E\é&xagpl e 1.1. SEQID NOCS: 3 & 4 - oligonucleotide prinmers used
for anplMFRIFEA9h of a target sequence fromthe pGEMI-Easy vector in the
production of dunbbell decoys as in Exanple 1.2. SEQID NO 5 - the Wi B7
decoy used in Exanple 2 SEQID NO 6 - the FabB decoy used in Exanple 3 SEQ
| D NO. FiguneR8. Shaws thettoansiestion pHhE Fodimpitle FabBSEED| sendiixes 8he- bactpsia®saA decoy

used in agé‘t?iggése(cgrulenin) that inhibit fatty acid synthesis. WhiB7 TFD is used as a negative

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

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

negative control.

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

been derived.

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

include Bacillus, Listeria and Staphylococcus).

Figure 24. Panel A shows that KP_Sig TFD kills K. prneumoniae 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.



SEQID NGO 9 - a native Wi B7 binding site in M snmegmatis str MC2 155 SEQ
ID NO 10 - a native FadR binding site in E. coli KI 2 SEQID NO 11 - a
nati ve biwdi2n/issdse for YycF/ YycG in S. aureus SEQ | D NECTIGB200%05mati ve
binding site for YycF/ YycGin S. aure¥s SEQ ID NO 13 - a native binding
site for SigBin S. aureus SEQID NO 14 - a native binding site for SigB
in K. pneunoniae SEQ ID NO 15 - a consensus sequence for Fur binding in S
aureus SEQ ID NO 16 - a consensus sequence for Fur binding in E. coli SEQ
| D NO Brief deseripitioncofithadéquensesquence for Fur in H pylori SEQ ID NGO 18 -
a conse \ndi ite.for TcdRin C difficile.SEQIDP NO 19 - a
TR % 2 higoRuptpSiidy s i G o Ko Soainfin 1 ve

consens
bi ndi ng fnt BefIEMTLELsD vEctoRRriHExBRpR: SEQ ID NGO 2 1 - a native binding
site for Vfr in P. aeruginosa SEQID NO 22 - a native binding site for
Nt r C i n SEQ HhdiGHndidd -SE@onmxlpgidegimerg usedtipyamplifinating o§ e tigeicequesee Ar sR i n

H Y1 OSBRI ERY \aod TR ¥BRIAL H paueRsS Lo i SRin B PY! Or
SEQ ID i -—a glycopepti de-tesi stant consensus sequence i'nh” S aur eus

SEQ | D NBQ ABNO:an- hgWhiBTdicogy BRidiih EximBle 2aur eus SEQ ID NO 27 - an Agr
binding notif in S. aureus SEQ ID NO 28 - forward prinmer sequence for PCR
pr epar atSEShIRNQ: e~ B &iabB deeyy wedin Bxagple39 - reverse priner sequence for

PCR pre i of _ i . r 30 - forward prinmer sequence
for Pm@%:%‘%%f&?['?]onﬁ%?ytﬁﬂzde%%‘E%Qﬁg%%e:xg NO 31 - reverse priner
sequencSHQID RCR 8pr ehp SsaA idocoyafsed heESaile 4TFD SEQ I D NO 32 - forward

pri mer u for PCR ation of the SsaA TFD ID_NO 33 - reverse
pri mer ggghﬁﬂ@%—ra%ﬁeﬁ%@;%haﬁ%ﬁf 0y Y e STeeGIR A 5 lgﬁ) NO. 34 - control
sequenc&EF® No.NO'— Brative FaiR HldiSEIREAGE c5FR1ED NO 36 - forward priner

sequence for PCR anplification of 16s rRNA

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

26 — an Agr binding motif in S. aureus

27 — an Agr binding motif in S. aureus

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



SEQ ID NO 37 - reverse priner sequence for PCR anplification of 16s rRNA
SEQ ID NO 38 - forward primer sequence for PCR quantification of the fhu
gene SEQWOD2bi0/03883- reverse priner sequence for PCR quanridB2o@tisosviof the
fhu gene SEQ ID NO 40 - phosphoryl at®gd Si g dunbbell TFD ol i gonucl eoti de

sequence SEQ ID NO 4 1 - phosphorylated Sig dunbbell TFD oligonucleotide

sequencyE NG._ se PRASH. [ - HIBREA | D contai ni ng
scr anbl gdgvﬂ?r is\]:éorl?(j?offé%?rae @?ﬂgl %gﬁ%%c?g&%E%ﬁkg%@lgﬁgg- ph%lékangl ated priner

f or dunishi€) 1D NED 3¢ ontamiml seguseeanbl ed version of Sig binding site SEQ ID

NO 44 - oryl at e unbbel I ol i gonucl eoti de i ncorporating the binding
sequencéﬁﬁf%'égsﬁngﬁpﬁ@e%g - phosphoryl at ed dunmbbel | ol i gonucl eoti de

i ncor pors@q‘ MYNI8 6L ek g phigtyd 8RR n O or PERRINSHB daBoMN6 14GRNAhosphor yl at ed

dunbbel | oligonucl eotide incorporating a scranbled version of the WalR

bi ndi ng S&EQ B NER 37D w@rsamrimehedupiso il BeR dmplifbaisiniofdios giNdcl eot i de

i hcor poregtd SGr | ed version of th | R hi-ndi n ite SEQOID NO 48 -
phosphor NG oA sl T SFhefrs oy By ROl e 850 vk Seo
| D NO.  4%Q IIpNgsphorlateprimbi gqueet €atPCR quaedicposasf they fignbi di ng site

for WValR SEOQO ID NO 50 - forward prinmer for FabB pronoter SEQ ID NO 51 -
reverse G: 40 -mpwerhnrpatsdeyie dpaphal N ofgonuctestige peiuphGener for Wi B7

N
TFD SEQSI®) DIPNGE31- SRAIGARUSTR B ORIV TLITERRERML BfitheS4 - Forvard

pri mer cont ai ni ognition seqtience tor the s54 factor of K
pneunoniS&€) BERQ: B2N@hoSphorylatedetriser o dueibbe b T FDREdntaning iscdamdylddhersion
recogni toingg ‘t?ig ilrjlgrs]ﬁg for the s54 factor of K. pneunoni ae
SEQ ID NO: 43 — phosphorylated primer for dumbbell TFD containing scrambled version
of Sig binding site
SEQ ID NO: 44 — phosphorylated dumbbell oligonucleotide incorporating the binding
sequence for WalR
SEQ ID NO: 45 — phosphorylated dumbbell oligonucleotide incorporating the binding
sequence for WalR
SEQ ID NO: 46 — phosphorylated dumbbell oligonucleotide incorporating a scrambled
version of the WalR binding site
SEQ ID NO: 47 — phosphorylated dumbbell oligonucleotide incorporating a scrambled
version of the WalR binding site
SEQ ID NO: 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



SEQ I D NO. 56 -sequence of a cell-penetrating peptide SEQID NO 57 - WAIR
TFD consensus sequence SEQ ID NO 58 - SigB TFD consensus sequenceSEQ I D
NO 59 - WB 28i0p33i8® sequence SEQ ID NO 60 - K P Sig TFPCT®BBRENHN3$301
sequence. EXAMPLES Al t hough in general2 many o f the techni ques nentioned
herein are well known in the art, rreeffeerreennccee mmayy bbee mmuaddee

I inn ppagy b Neylsar kp g;}gwjj)g%@@&g Russel |, 3rd Edition 2001, Mol ecul ar
Cloning: a | aboratory manual . anple 1 1.1 Cholesterol |abeled TFDs in the

pr esencSEQF IIBNGe 906! i Bi $igTFls¢angerohis sopandeeot i de primers, one o f which has
a5 "' cholesterol nodification and the other a simlar nodification at its
5 "' end or sone other (such as a fluorescent dye, such a s Cy5, so that the
upt ake gEXAMM.ES anscription factor decoy (TFD) can b e easily neasured) a
TFD is prepared by PCR | f the TFD has been previously cloned into a
vector (pGEMI-Easy) the prinmers are designed to anneal to the vector

sequenc i medi ately flankjng the insert, f.or exanpl e, . SEQ.1DQ NO 1 Choi
Ters oo IR Sl man? B oo BB ioget e MR iSRRI S5 ey 2
y5 TEr: r&ferenty iy ASmaI8m G I oAbMbeAk abAR uESeLl, BfEditer Zquemteutd b e
used for_a TFD has not been cloned it may either b e directly synthesised
(i f shoitlopgigiakoraedy BAeHl ed to formthe TFD, or anplified directly from
genom ¢ DNA using priners designed to anneal within the TFD. The PCR
product is ethanol precipitated and resuspended in TE buffer (10 mM

Tri s. HOExainpt/l EDTA pH8. 0) at a concentration o f 500-1000 ng/ ml.

Typical ly tibioti ensitivity assays,.are performed using 96 well plates,
each wel/t! @g?ff%{?r_ﬁ? ?«%el}éﬁﬂsvnéﬁﬁmﬁ%fﬁ?@@ﬁ@% e, in the case o f
Ent er oc Qeesss lﬁg%ﬁhél%ﬁd%gﬁ%&’e{r%toge '§$ bv/@l‘c“h HaBh &P Bhd18@Erb1 hBAMREGSH aﬂ?iecgé gthé:ﬁeCt on

Di cki nson) suppl enent e m Streptolysin-0 (Sigm) an ng/ m

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

example:

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

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

genomic DNA using primers designed to anneal within the TFD.

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

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



o f vanconycin antibiotic and inoculated with a vanconycin-resistant strain
of E faecium 1.2 Preparation of Dunbbells by PCR Dunbbell decoys are

coval ent lwochmsssossi ngl e stranded DNA characteri sed by acCumHh@zsiznded
centre, containing the binding site f®r the targeted factor, flanked by
stem | oop structures. The stem| oops stabilise the decoy by preventing
action qf> PXODMGIRAFERMBLALWBER ot herwi se degrade the decoy

pol ynucl eoti de. Hence Dunbbel’l TFDs (DB) are so call ed because of their
char act éhinslibed dsbaperc @Bslcatly closepsingld styyndeCRNA ichgraatsrisedt byngodllatbée-a

pCEMIEasy- deri ved plasm.d containin h argeted binding,site, as

esor | bettdrdSEes ghninine SRk aedonSedRAch Histars LT B) Skrbl9%8E0 1 b NO
3 DBTEf strizcturel, FhelsteaRobb btlabﬂ@@%@ee@t%e% £360n b delublcblebwiidn GAA TTC
SEQ ID NO 4 DBTEr: P - CCG TCT TIT TGA AGA GCA GGC GCGC CGC GAA TTC
ACT AGT vaaldretepgse dagtadsithe fecopmohlmpeleolirdee hleagd PumbbeH THEEs €PBhcsops ar e
under | i ne .dt,)%rcrglllsi foif aetl-ricra]1 \/C\,j'[etrllgtiét '11% zeappropri ate vector gives the DNA product
shown i n Figure A, ere the por§|8n' of the DB which will bind to the
transcription factor is given by "NNN NNN . The sequences shown in bold

represent a bindi n% site for the nicking restriction enzyne t.Bspd . In
t he secd¥p papteraredbydifrfousing pea tempdg et bEagyrdpaiyed AlgsmpbcoEiBE oduct
with t. ' e d D - I : as: Singl e

St anded SR it fofRBORRRL A PhCTe ARSI dhBRAEH g
|igated by treatnment with T4 DNA |igase to forma covalently closed circle

and DB. 3. Prepa i f  Dynhhel | ucl eot i des ricti di gest
o pl as S Wi s /A, S chrdebESE tEH BEARGARAAENY (T HE SR od PoR
product cghowrd odd gweTdd nto a suitable PCR-cl oning vector, confirmng
its identity and preparation of the plasmd. The plasm d can then be

di gest eSEQ IPNQ@a4 DBHa: Pneetit TURITIH TEALJdGIG@n G4 Wi yesi€ &G oG . BspQ
torele f t .shown in the second portion of Figure 4. This can
be sim @?@ﬁé&?ﬂ%&@ﬁ T4 DNA ligase in order to covalently close the
DNA nol ecul e and form a DB.

b

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.



The advantage of this approach is that is nore anenable, both practically
and econom cally, to scaling up should the dunbbell be required in | arge
guantiti es0o2ow/oBs@ast ecti on with R9-chol esterol agent. ReT@R@aSeI0l has
been described for its properties of #iding transfection of siRNA (or other
nucl ei c-aci d based therapy) nolecules and the |ike in eukaryotic cells (US
Pat ent Application No. 2007-0207966). Here we describe its utility in
transfecting various bacteria with TFDs. R9-chol esterol, which consists of
a chol edt€lonsfadieoultieRatchalckrerb! ugerd. | i near chain of nine D arginines, was

synt hesi sed as, previously described (KimWJ.. et al,.MIl. Ther., (2006)

T4 35 005notS R ik BE A R roPeder g euieyetione SR erof in a
TE basedtyhhi@bic I L86EMNRHy MnblcBK ShdEeIiRe il BifkafjorcUeBs W8S Phtegubat ed at

roomtenperature for 1 hour and then either used dirtectly In transfections

or anal yawdictipndyarZ98é-0ge7968) ddere oystitsserdicsts ufifity mardngfecties wrimiusmbastaidunt  of
R9- chol est e];ll%s was used that caused the conplex with DNA not to run in the
gel; i.e. ht e charge of the nucleic acid backbone had been neutralized by
bi ndi ng of poly-arginine. The chol esterol nolecul e hel ps the TFD associ ate
with the bacterial menbrane and so enter the cell. TFD/ R9-chol esterol

conj ugattdschpdgsteroh whishgensists pbayshalevirehmplecyls pitaghsd do adincarichgp ofgincure in a

96 wel | : F ' 0 aegi u is broth
s b1 oo s TR R o o ARG AR rftlod BRIE RS 37 R ol Pl D] 0770
(Si gma) 1dr3d 353 50w/THDsok ere anigeahy ith incadisinigi aodouatsarf® I-cimdastcad leid aWi R basad
vanconyci n-resi stant strajin of E.faecium Exanple 2 Wi B7 decoy to

sensi ti i@&ﬁ&%ﬁ%&eaﬁdmfg%g%% RIS AT 1HCaRed gFopR tsl?a@%@rq for b
Mycobact,gli 4 REPGIRE L d RLUPASrARERHSROMINER sOPYEa ArdsRlg8l | N determ ni ng

sensitivity of this bacteriumto antibiotics. "Functionall'y deleting this
gene r ertisirephdresihdyperilythchypensmwnasiounted RGcholtitbbwacesed ENASays2d OF)

102: 12200) ., Wi B7..i s bel i eved a.t iptional. | |
such geRBEPIRAETLRAR B4t AIbRAhTRe: 1o 1] Ry Sier SE Phina Bt of ©
Wi B7 exb&i hdutiallzdd g, iR @€ okt ehd eHbldsulsT GolkOst SelphtieTiS t he

causati ve agent of Tubercul osis.
associate with the bacterial membrane and so enter the cell.

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

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

Example 2

WhiB7 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 baffle). The media used was 9H11



A decoy pol ynucl eoti de containing the Wi B7 decoy sequence was prepared as
described in Exanple 1.1 and various concentrations were used to transfect
M snmegmwo0nveses3in 20 mM of broth (in 200 m shake flpaslGB20@vt5a3omi ng a
wire baffle). The nedia used was 9H S5(Becton Di cki nson) supplenmented with
10% ODAC (Becton Dickinson) and sub-inhibitory concentrations of the

ant i bi ol besiol BRI R sipbRIncAted Wit 1), BIACRBLetod Ifcllih 35k indEibEnhgbRAl ed at
37C with shaking and at various intervals sanples were Wthdrawn and their
absor baroecentrasarsed thea antibmrics coneeid| (I@rwm&thplcﬁi @I sTheflaskeiveteer t reat ed
with 100 nM of Vhi B7 ) .or .treated with the ne ive cqntr.ol TFD
()7 1 Ty b Pibrhakine, iy Pivioes TR B P S TR FRE DUt o
the contp@rbalcPmcasirts (tw&mbﬁmpg@dft@epﬁsﬁsl Wée tRhdatdhtciRatAIgo Qi cs
tested (see Figure 5 Whi B7 TFD 5' TGG CCA CGG ATC CGG GIG
ACT GOGHGRN hEREAT OIS BoTir G e e lcercaamite LBDI. Hovn o dgul thkin the

Escheri sSen SERS he, FahB .d ains_t bi ndi.ng site
for t heqlﬂiswreraeedu : glr \’tvﬁlBt con’tsbr gPst te"l:1>e< C?netgg%(%%) ogl b ats lren(peredl Sen%ihle?l t he
essenti ad;baatthmambﬁtftlcfs@ést@d (36 Flgeny ) heS| s {inchxm fab andf abB). It has been

denonstrated that functionally knocking out the fadR gene results in
Escherichia coli results in a strain that is deficient in aspects of fatty

acid sy n r i ot

cer ul on N B Sy T QY A BRSSP A LT AR Bl

183: 5292)JG Cthe3’FabB decoy cont ai ned the sequence: SEQ ID NO 6 FabB TFD 5

" TTT ATT CCG AAC TGA TCG GAC TTG TTC AGC GTA CAC GIG TTA GCT ATC CTG CGT

GCT TCA 3 ' The decoy was prepared as described in Exanple 1.1 and used at

various gsqpafiPsrations to transfect a well of a 96-well plate containing

200 m of Rlch medi a (10 g Tryptone 5 g NaCI 1 g Yeast extract per litre
P L i GsaAtphgatcat e, final concentrations)

oo e g Ll LS le“s'é%fgwb% Pob 35BS SR YB

genes involved in the essentlal pathway of fatty a01d 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).



pl ate reader. Al data points were perfornmed in triplicate. Bacteria were
either untreated with TFDs (Untreated), transfected with FabB TFD (FabB) or
a negat i weocorwassisdconsi sting of a TFD whose sequence dipdTraR20@os1301Wi t hi n
the genone of E. coli (Van).As is evid®ent in Figure 6, the untreated sanple
and negative control both grew at conparable rates in the broth but

t reat ment iWedilledths FiaRBs thDufUs@ahibe £R1dc3atiR RALE] YotBLRW &t al | . Exanpl e
4 Decoys to sensitise Staphyl ococcus aureusto stress response Decoy

pol ynuclcempabk rafes & the &ngh but techtmenttovith tha liekld S Fbycasbatthe oplbyr tathiaaily
Bacterial cells were prepared by standard nethods. Briery, cells were grown
to earl )gr%%ﬁtoﬂinti al phase in LB media at 37C as defined as reaching an
Absor bance of 0.3 at 420 nM The cells were chilled to 4C and harvested by
| ow speed centrifugati on and washed three tines in a simlar volune of
steril e Exappledl d 10% (v/v) glycerol. Finally the cells were resuspended in

2 tenth Sl e il Yol T, 0, O AL KoL, B ect roporation wes
my of Di¥Rkoy Polghudtriics aRay @dnsatedumets auansbekretrompaiont Bdctealacl oRad
Genepul ser wwth settings of 2.5 kEV, 100 Wand 25 nF, giving.tinme constants
in the Phigaregaigd by stengardynethagsi Beefvycally ware grove) leceflp suproncade pdpiesnver e
used toqi : : i i i e stress
rasponsdy” M5 7 &plorca BtleaBlipi i AR L Bl oR 0 R PO R TSP T

t hat washilled tih At andaliar3k€dvibyt lowrapdet atnerifapatianrigd vepsbed thravetgmesaniat or ed by
nmeasuri ng absorbance. Plats qf ow h curves_denonstrated the effects of
Speci 11 TR Ot ST el 4De B PSREQ TBHpaine g oV eredeweRaic! Hat  had
been takemh BF ﬁié%r%iﬂé@%ruﬁle%tlb@@@&@&bl@ﬂle@%ﬁdr@ti&?w%rﬁﬁﬁe@%g)‘ihixi%ﬁe

transfected), or transfected by an unrel ated sequence (Figure
f ol | owi B Ldet oslisseithubnt eEThR(epranblengto &ugwi PNAhe agretastrhp@hti®  aur eus

under conditions,of stress: SEQID NQ 7 : t M.TED &' JT TTG, TAA TGA
CAR TG SRSHRE b roR e Bt Gy fei iR Y. B2 AAT Tr
TAA CAGACEivERTthd dofdtadits infEX@RREE3 S to 4.8 ms. Typically 50 ul of electroporated cells

were used to inoculate 10 ml of BHI or LB media with 30 mM KOH (to induce stress

response). 200 ul of cells were aliquoted into wells of a 96 well plate that was incubated at
37°C with moderate shaking, growth was monitored by measuring absorbance. Plots of
growth curves demonstrated the effects of specific TFDs in slowing the rate of growth
compared to a control that had been taken through a mock-electroporation (where no DNA
had been transfected), or transfected by an unrelated sequence (Figure 7). The following

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

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

Example 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



Sig TFD inhibited growth of S. aureus Sig TFD contained the binding site
for the S. aureus SigB protein. This protein is the alternative sigm
factor tha0220mBsBBs a | arge set of stress rel at ed gene®CrM/BIN@®IITE3Rr 2] 3] |
Mol ecul ar M crobi ol ogy (2008) 68:538)57 By transfecting S. aureus cells with
this TFD and growing the cells in 96 well plates in defined medium it is

evi dent Lhadted RakEFI? iddANInBLL SnaltRWE Whefe thitGof &l iiSitinE oM OPLAINS t he

binding site for the Fur transcription factor thatregul ates uptake of iron
under cdadietiobri2004hdB3:468)atsdloporitsing theibindiugg §itdoios hertgh-e@mpahent JegulBetot er i ol .
(2001) 46 SsaA con insthet}indin ite for the two-conponent

Fegui At O e PRI BV RED SIS P BedR e BT LS T BENGE ¢ hat
af f ect {bebraaeMRhdd VB A2 1dr go@mms& Bacteriol ogy (2004) 186:1
175). 5.1 Preparation of TFDs by PCR The TFDs are prepared by PCR as

described in co-pending application PCT/GB2008/003353. The ol i gonucl eoti de

primers 5u13ﬁpe iapatltoh%;ﬁsrbeﬁg on typically nodified at the 5 end, for
exanpl e= i chol esterol nodification. O her

nodi fi cathearDsuseprepiet b @GR &f dcritaaiines-peidih apdretisat i ng pepti des,

fl uorescent d§e such as Cy5 or fluorescin, so that the uptake of the TFD
can be &4I/CP2AHA0RSE. Ty dlionnelertidedutnenyseddn e R deaction twisalliig i ncl ude
| i pids . ragteri.stic.of . t f e i a.
TrDs. gen B e e T TR R A 3Bl B RROB B N |7,
var i et y nafdifictionulised indlade setivantines, celpamasetintgyeptidesy fluoresdeabdyd, sychafs t he

TFD; increase the efficiency of uptake: enable detection by fluorescence.
If the oo OFSEh- %@%@%P@%P@ﬁ?@ﬁ%ﬁﬁa&abg G Stlaﬁasebeé_ewﬁ%@asy) the
primers n?cfd%ﬁ&l%hg&ﬁﬁidteﬁbd%f‘%@ing Bclube YRS LRk aREABRREES ! FTRIhRLBrE | anki ng
the insert, for exanple: SEQID NO 1 - Choi TEf: 5 Chol esterol - TEG GGC
CGC CAT ooeh@aniJaCtaBaGI BT cdigrged BEQCRBaNthergfore @ymodified abthe@p5endhGG CGG

CCG CGA ATT CAC TAG TG 3' . .The PCR product i.s et hanol cipitated and
Fesuspertut? TR SRt Fenes i Sptos R R /1 s 0RPLO00! G MMP: THRESTRDs are
cl oned ki embRAty HuptAGEERBIe RAdtON BF fRVRsEGIcE.af BROBIIN A5ybh @eviously

cloned into a vector (pGEMT-Easy) the primers are designed to anneal to the vector

sequences immediately flanking the insert, for example:

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

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

500-1000 ng/pl.

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

has 5’ thymine overhangs (to expedite cloning of PCR products).
The primer sequences that were used for the Sig TFD are:

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



ol i gonucl eotides that contain the binding site to be tested. Each pair of
ol i gonucl eoti des contain an adenine at the 3' end, this is for ease of

cl oni ng iwWDQots8EBEEM Teasy vector that has 5 thym ne @cerdBengs{ioo
expedite cloning of PCR products). Th® primer sequences that were used for
the Sig TFD are: SEQ ID NO 28 - SasigB FOR GAA GAT TAG AAA TTA TTT CGA T
GGG TAT shTAIH NOASEQShRINOR ERQ TA SASITIBT RE:C FAT GATL ATA O8E RTCAGHA ATA
ATT TCT AAT CIT C A The primer sequences that were used for the Fhu TFD
are: SEQTIDCMO 30 - SAfhu FOR ACT ACA AGI ACT ATT AGT AAT AGT TAA CCC TA
SEQ ID NO 31 - SAfhu REV: AGG GIT 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: ATThAGAnMIequibfect At GR%e Nl fdthe Fd TADSER | D NO 33 - SsaA REV: AAA
ATA AGT CTG TTA CAA ATT TGT AAT A 5.2 Performng growh studies in 96-well
pl ates. Chol esterol /Cy5-1abel ed decoy pol ynucl eoti des were prepared as in

section I £al 1 of h I i f the
| i posona é%%-r&sl@e% i_g%ﬂ}%gggh#%g\gaéﬁgcﬁgy%mAgx%ég}éngﬁgé?gﬁ
tenperatiwye for 10 mn. The assays to determne their effect on growh of
bacterial cells were perfornmed using 96 well plates, each well containing
200 M SEQIBNOcIhsSHMhBEYE Ay C(TMﬁEpf’ééé%AnTbQWﬁs%Tﬁ,Tw}i chis
not iroR-{imted, supplemented with 60 nM Gramcidin (from Si gma
Corporation. Cat# G5002) or irondepleted nmedia (NRPM) simlarly

suppl emented with G amcidin. The nethod for irondepletion is described in
full elsewhere {Science (2004) 305:1626- . 1 m of various

concentfr ipélﬁ‘serg?quﬁn‘@%haéé"feé?Bﬁeﬁé?/ﬁsﬂl‘lagﬁ%‘%%@o"é%y conpl exed with TFD were
added to each well and their effect on bacterial growh of S. aureus

nonitored by neasuring absorbance of the broth at intervals during
i ncubat iSEQ IO pB2at sa AEOR  IACIUBEYe ATt TBG T A TUAG &K hgT 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.

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

tested: Sig, thu and SsaA.

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

in a measurable delay in bacterial growth.



and absorbance readings (at 450 nM were taken using a plate reader.

Several decoys were tested: Sig, fhu and SsaA As can be seen in Figure 8,
it is eviwenbiwdsisitreatment with as little as 10 nM Si @CTHB2prsesvt ed
growh in BH nedium while a simlars9amunt of the fhu TFD had no effect
on bacterial growth in this nmedia, which is non-iron [imting. 10 nM of the
SsaA TFD resulted in a neasurable delay in bacterial growh.Wen an iron-
limted nmedia was used 10 nM of the fhu TFD proved able to prevent growh,
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growt h under these conditions. |l e 6 .Fur, TFDs control. expressi on of fhu
ana pr evaiiting Sn et & % el S P Sr i T e e B ap T

desi gneghdse chidiglodso t he Fur transcription factor, which plays a central
role in controlling bacterial iron uptake (Sonerville and Proctor (2009)
Mcrobiol. MIl. Biol. Rev. 73: 233-248), negatively regulatingt h e z

oper on t]&%hl ogtrols i nport of scavenged iron. lron is essential for growh
- it isHEeHES for electron transfer and acts as a cofactor in many

enzynmat iFgr PFDE e65@s .ex bWy e £ /71 And BeevBftsits, orotweofl $ apr&@s éirom-Ninditedi ti ng
anounts and is usually rendered inaccessible to the bacteria by
incorporf_lﬁ(_il@@n into host carrier proteins such as transferrin and

| act of ergdH. : hegi [ f.ini :

| on- charhtore? dEFERASRIndty G ASAHRATAES IR Rhlroleine o sucn
as t hat cemcateg biyéial wuCBGptake (Somparillctand Procor- (200 ridichorel. tdRieXk Rent 0 t he

et LTI R S by BB B e b
(Wander spRns afdniie If&%;b@{hr St is%gdéae%r Mﬁ&?&pﬂré}{sfefr 20049t 28 @é-faét‘opﬂitl)lan}j ron

upt ake nust be tightly regulated. Fur knock-out strains grow poorly’in

i ron- | i shtecktiegupeessas. Mpweeeramdhd bese itdnab progeathio fenfiing angounts and ismbuatiydel s

(Hor sburgh, et. al. J. teriol. (2001) 183:468-475), .denpnstrating the
bot ent 1 AdsreSknfeegsie (86 St b Papiperition 1o s s SFACE: BT o
strai ns tangfel i dndrgct6RAGH. th @RPonse, S. aureus synthesises high-affinity iron-chelators,

siderophores, that bind iron and use ABC transporters, such as that encoded by fhuCBG, to
import the iron-siderophore complex into the bacterial cytoplasm. Since the import of
excess iron would result in free radical formation by the Fenton reaction, with subsequent
cell damage (Wandersman and Delepelaire, Ann Rev Microbiol (2004) 58:611-647), iron
uptake must be tightly regulated. Fur knock-out strains grow poorly in iron-limited media in
vitro and lose their pathogenicity in animal models (Horsburgh, 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 Agg) with 50% glycerol and freezing at -80°C. BHI was
the media used for non-iron limiting conditions and NRPMI, which had been prepared as

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

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

containing the binding site for Fur (SAFurl, 5’ P- ACT ACA AGT ACT ATT AGT AAT
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Cy5- AGG CGG CCG CGA ATT CAC TAG TGA- 3 &SE& ID NO 2)) and purified by
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growh mediumto give a final concentration of 60nM Suppl enented nedi a was
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t enper atlur & LB egtompiocedtty. DOTAP conpl exes were formed by mixing 1 ug of
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formed by mixing 1 ug of TFD with 2ug of DOTAP (Roche) and incubating at room

temperature for 10 min on the bench. The TFD complex was then mixed with inoculated

medium, aliquoted into 96 well flat-bottomed plates and growth was analysed by culturing

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

6.1.4 Quantification of TFD number by real-time gPCR

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

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

6.1.5 RNA Analysis

Cultures were treated with RNA Protect reagent (Qiagen) and the bacteria harvested as
described and stored at -80°C. The cell pellets were resuspended in 100ul of TE buffer (10
mM Tris-HCI, 1 mM EDTA) containing 100ug/ml lysostaphin and incubated at 37°C for 30
min to lyse the cells. 700 ul of RLT buffer was added (Qiagen RNA extraction kit) and
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reaction, mxing DNA standards or sanples with priners to either anplify
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CTG TCA CTT ATA- 3' (SEQID NO 36); @typR 5 - TAC ACA TAT GIT CIT CCC TAA
TAA- 3' (SEQID NGO 37)) in 12.5 ul of SYBR Green DNA m x supplenented with
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added (Q agen RNA extraction kit) andRNA harvested as per the

manuf ac g rrargiom mm@roﬂynthmy (NEBdTrmOﬁglnI)\lN smt@idg@srte@ldtlmg PR methedsi t rogen
DNase | of t S el |n 25 m at room
t enper at urel%I afélse Oquflﬂ ES%V? %ngscrl%onusm rlm |m ﬂ%y Addi ng 2.5m

of 25n1v|(@muanﬁ st Cagy BCABBOC JTC CI(A ACG (a@af @@es 1(SEQ HNN‘@JAss)s ed for
cDNA synt hesi s using random (E‘)frl ner _synt hesi s (NEB Pr ot OSC”EEN)& )
I S‘Pg

st andar dSASRIR Y nECPaRI Gditod &G hEC s T 4G ek ¥

transcriy TTG
arc cra e B B TRE R RN HragR bR T PR S QB P I e
AGG TGA3TIG AGG 3' (SEQ ID NO 39)) and normalising using | evels of 16s
rRNA (using priners stypF and stypR, SEQ ID NGs: 36 & 37). 6.2 RESULTS
6.2.1 Transfection of Fur TFD in non-iron-limting nmedium Iron

avai | abigld Rgseifrects the regulation of fifty nine S. aureus genes of which
sevent een have been shown to be Fur regulated (Allard et al, Mcrobiol.

| nf ect . 6(2006)nsBcAe7Y-A690°D ¥ wngiret-lialitingdmedinfiect . Dis. (2000)

al 50 act@rg T RL8 hSisalaret oL ELRE Speireh SGUFAPERT L ARE AT ng
l{ﬁé rAS b\g@gﬁhsehtmgﬁ%'lé rli?é g%[%hﬁlté(ﬁ@\lraﬁﬂb{ﬂ d1EHidrObio DXhfe@L (2006)58:16BE 1698 Xsdpnce
ef al, J. Infect. Dis. (2000) 181:1020-1026; Horsburgh et al, J. Bacteriol. (2001a) 183:468-
475). Fur also acts as a positive regulator of some Per-regulated genes, including katA,
which encodes a catalyse required for oxidative stress resistance (Horsburgh et al, Infect.
Immun. (2001b) 69:3744-3754; Morrissey et al, Infect. Immun. (2004) 72:972-979) and
consequently fur mutants are thus compromised in their ability to prevent toxic hydroxyl
radical formation. These diverse and complex regulatory properties may account for the
reduced virulence of the S. aureus fur mutant. To evaluate the applicability of the TFD
approach for modulating Fur activity, a TFD was designed incorporating the Fur binding
site, which had been identified previously by footprinting experiments performed on the fhu
promoter of S. aureus (Xiong et al. 2000). The control TFD consisted of an unrelated
sequence of similar nucleotide composition that does not occur in the S. aureus genome; this
was to establish whether the action of the Fur TFD was sequence-specific and whether there
was a killing effect caused by the transfection procedure alone. Each nucleotide sequence
was ligated into the Escherichia coli vector pGEMTEasy 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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i ron-ri @ndamental differences between a genetic knock-out and the effects of TFD treatment. The

Fur TFD will prevent binding of any transcription factor capable of binding that site, not

only the Fur protein but additional proteins that bind to the same site. Increasingly it is being

realised that transcriptional regulation in bacteria is more complex than previously thought

and, as in eukaryotes, has inputs from many regulatory networks and hence is modular, with

more than one transcription factor affecting expression (Barnard et al, Curr. Opin.

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

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

observable differential effect on growth in iron-rich media.



medi um (Figure 9). Interestingly, the fur knock-out showed a growth defect
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aeration on 96 well plates) and nedia but nore pertinent could be the
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iron-regulation under iron-limited conditions is deleterious to growth and replicating the

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

The Fur transcription factor is generally thought of as a globally acting repressor which
down-regulates the transcription of iron uptake genes under conditions where iron is in
excess, preventing iron toxicity, which is caused by Fenton’s reaction (Wandersman &
Delepelaire, Ann. Rev. Microbiol. (2004) 58:611-647). Mutation of S. aureus fur also has a
detrimental effect on virulence with an inability to grow under iron-limiting conditions,
resulting in attenuation in vivo (Horsburgh er 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



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

target, making them less susceptible to resistance mechanisms.

Example 7
Sig TFD inhibits growth of MRSA strains

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

media (Becton Dickinson) supplemented with 60 nM Gramicidin (Sigma Corporation. Cat#



nodi fi ed backbones, such as peptide nucleic acids (Good &Ni el sen, Nat.

Bi ot ech. (1998) 16: 355-358) and norpholino oligonucl eotides (Shen et al,
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in ExanﬁP§1§mT"rWVﬁ¥@ gropt “H%md?e g TFD was then conplexed with 0.3 nl of
the |i posonal transfection reagent DOTAP (I, 2-diol eoyl -3-trinmethyl anmoni um
propane; Roche) and incubated at roomtenperature for 10 mn. The assays to
det er m Mxanipde B ef f ect on growth of bacterial cells were performed using 96
wel | pl h.co sisﬁ'n of BH nedia
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bact er i g gurabledhl BD avai praparedias deseridsd gf Exgmple 9.1 (see below). A growth assay

was carried out as described in Example 5.2 with a well-characterised MRSA strain,

EMRSAT15. This strain shows resistance to methicillin (being able to grow in 2 mg/ml of the
antibiotics), 0.5 mg/ml erythromycin and 0.5 mg/ml Ciprofloxacin (Porter and Damani, J.
Hospital Infection (2007) 65:88).

As shown in Table 1 below, the EMRSA 15 strain was resensitised to methicillin,
erythromycin and ciprofloxacin, in the presence of 10 nM of Sig TFD, as measured by
determining the lag-time in growth of the bacterial culture. In such experiments a lag-time
of 0 h for the media-treated with Control TFD (as described in Example 5.1) and an
antibiotic indicates that the culture began growing at the same time-point as the untreated
bacteria grown in media supplemented with the antibiotic. For the cultures treated with the
Sig TFD, the lag-time is the delay in growth compared to that seen with the Control TFD in
the presence of antibiotic. Hence, lag-times of 6.4 h (in the presence of 2 mg/ml
methicillin), 8.2 h (in the presence of 0.5 mg/ml erythromycin) and 8.3 h (in the presence of
0.5 mg/ml Ciprofloxacin) indicate that the Sig TFD acted synergenistically with these
antibiotics to retard growth.
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was nmonitored. Gowh was nonitored by neasuring absorbance of the broth at
time i ntewoabm/dsesdng i ncubati on. The pl ates were i ncubaCeaB2D0IABCG0M t h
shaki ng and absor bance readi ngs (at 460 nM were taken using a plate
reader. As shown in Figure 13, it was evident that treatnment with as little
as 10 nMSingcREGYETEEHIsPTRM B 11RELy1H 8 MRS STHDA Ila@eﬂtfﬂg%'f'ho%%g{ﬂatiqg b mlar
anount of the control TFD containing an unrel ated sequence of simTar

| engt h Rotibibbentbdiated ihdu@ionad theusregervopensh acguhm, efnflestg tha cbldcmers al gr owt h

n this nedia. ,Exanple.8 Sig TFD potentiates the, actia anti biqtics
hgai nst SERREA A5 ST it By ubRaeat ey et SesrhT s Fitmsiar | Teo
was prepamBthatisn demerchRate bifick&AOPdIFordhd mafRRy BELRWantikioBEQW h assay was
carried out as described in Exanple 5.2 with a well-characteri sed MRSA

strain, EMRSAl 5. This strain shows resistance to nethicillin (being able
to grOWTiaBIeZ ng/ M of the antibiotics), 0.5 ng/m erythronmycin and 0.5
ng/m G oxacin (Porter and Damani, J. Hospital Infection (2007)

methici|lin, erythronycin and ciproflokacin, in the presence of 10 nM of
Sig TFD| as neasured by det dragitimeid)t hp | bagtimegh)iin growth of the bacterial
cul turer—t uuL‘-cApcl;ll ft =ag-t;||., f—O0——For| the nedia-treated with
Cont r ol TF%eﬁﬁ%lﬂﬁlescri bed iﬁ)‘%xarrpl e5 1)6'élnd an gntibiotic indicates that
the cul furampggan growing at the same fine-point gs the untreated bacteria
grown i pnedia supplenentled with the aptibiotic Hor the cultures treated
with the SEgthrpdycihe | ag-ti-B8 is the fel&y in growh conpared to that seen
with the C@Sté]r%‘g# TFD in tlhe presence of antibioticg. Hence, lag-tines of 6.4
h (inthe p ce of 2 mg/m nmethicillin), 82 h|(in the presence of 0.5
my/ m el ythpeiidabh and & 3 ¢n (1n the preggnce of |0.5 ng/m G profloxacin)
indicate that the Sig TFD acted synerggnistically wth these antibiotics to
retard groWemghe mechanifsmfor this effect is likely to be the Sig TFD

pr event Hg—er—dowr—regutatng—the

U

65: 88) . | ASAnfiBitic! N Tabl a 1 (st TG | EMjoAlEp Strjai n was resensitised to

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

culture) due to treatment of the TFD.

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

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

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

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

oligonucleotides were synthesised:

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

SEQ ID NO: 41 - SigDB_SA3: P-CCG TCT TTT TGA CGG TAT TAT ATA CCC ATC
GAA ATAATT TCT AAT CTT C
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recovered by two rounds of ethanol preicpitation.

A DB_TFD was also prepared containing a scrambled version of the Sig binding site. In this

instance the phosphorylated primers used were:

SEQ ID NO: 42 —SigScr SA1: CTTGG TTTTT CCAAG TAG AAA GAA GAT TTA
GGG CGATTTT ATA ATATAT
SEQ ID NO: 43 — SigScr SA2: CCG TCT TTT TGA CGG ATA TAT TAT AAA ATC
GCC CTA AAT CTT CTTTCT A

9.2 Performing growth studies in 96-well plates

A growth assay was performed as described in Example 5.1 using the Sig TFD in its

dumbbell configuration and a clinically-isolated MRSA strain.

As shown in Figure 14, Sig TFD concentrations as low as 10 nM could inhibit cell growth,

whereas a similar concentration of the control TFD could not.

Example 10
WalR DB-TFD prevents growth of EMRSAL15
10.1 Preparation of DB TFDs containing WalR binding site




A DB TFD was al so prepared containing a scranbled version of the Sig
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ATC GCC CTA AAT CTT CTT TCT A 9.2 Performng growth studies in 96-well
plates Anghmiith @3aakc1esSwRE el RErRR.ALRES dBRchd N B¥AMILRides dnd!Si Ng t he
Sig TFD in its dunbbell configuration and a clinically-isolated MRSA

st rai n. pAgpasddammicsanibed guEsanigle 93i. §hT Ffuconres efitheat plosphaslataly as 10 nM coul d
inhibit cell gr &th whereas a simlar concentration of the control TFD
coul d n8lg°IE3?gﬁi‘?§ & Y8 °Wal R DB- TFD prevents growth of EVMRSAI 5 10.1
Preparation of DB TFDs contai ni ng Wal R bi ndi ng siteThe bi ndi ng sequence for

Val R was incorporated into dunbbell oligonucleotides and prepared as
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ol i gonug| i : » | RDB2. 1: CTTGG TTTTT CCAAG TAA TGA
e GACEETARARA BEUGR T A R Tac SEQ ID NO 45 -

VWl RDB2 SEQ QOO IS5 TWalROR2GGGE (G ACCTHATA ACGC G TATTAGORTA @& CTT TAA ACT
CAT TCA TTA A second ,Eai r of oli gfonucl eotides containing a scranbl ed

ver si on 1A EAd GEOCHT Adihg Gl €8 TwErd Tised t o generate the control dunbbel |
(Scr. WalR). The sequences of these phosphoryl ated oligonucl eoti des were:
SEQ ID NO 46 - Wal RDB3.1: P-CTTGG TTTTT CCAAG GTA ATA TGA C AAG ATT GTA

AAT GAC ACTRokdl faif-As IAGnAJICEIdAs StaainD NG crahdbled VWaisiBDBS thelWalk BRingGHe TTT TGA

GGG TGG CAT CIC TCA ACT AGG TCA TTIT ITG TCA TAT TAC
were used to generate the control dum‘t-)li)ell/%gé. %\)—aq:R).-ﬁ%e sequences of these

phosphorylated oligonucleotides were:

SEQ ID NO: 46 — WalRDB3.1: P-CTTGG TTTTT CCAAG GTA ATA TGA C AAG ATT
GTA AAT GAC CTA GTT GAG AG ATGCCA

SEQ ID NO: 47 - WalRDB3.1: P-CCC TCT TTT TGA GGG TGG CAT CTC TCA ACT
AGG TCATTT ACAATC TTG TCA TAT TAC

10.2 Transtection of EMRSAILS 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 MRS A in a mouse sepsis model

The TFD used in this Example blocks the action of the two component system WalKR.
These proteins form an essential signal transduction pathway that controls expression of a
small regulon of genes involved in cell wall metabolism, particularly peptidoglycan

synthesis.
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16C oveinbghlcicofif&s \fv&lelré’éﬁs'\}%@\dg@ b gl LBEchBRESH QN 0Bl ul WRS TS WAPA enent ed
with 10 U Exonucl ease | (NEB) and digested for 30 mn at 37C, before
puri fi caigasrbufier fRen dinghhd Badlabsnaex #9Gibtafdid BING legebanmsl inputediduttiatCon. The
TFDs V\erogerrmegﬁl"fl.sﬂl%r}gﬁgw{ng n\{\olargnef\lr;g tﬁ‘é re%ction buffer was supplemented with 10 U

Exonuclease I (NEB) and digested for 30 min at 37°C, before purification by phenol-

chloroform extraction and ethanol precipitation. The TFDs were resuspended in water at a

concentration of ImM.

The sequences of the pairs of oligonucleotides used to form WalR_TFD were:

SEQ ID NO: 48 - WalR1: 5’- P-CTT GGT TTT TCC AAG TAA TGA ATG AGT TTA
AAG CCC ATG TAA AAG GGG TAT CAG TAC- 3’ and

SEQ ID NO: 49 - WalR2: 5’- P-CCC TCT TTT TGA GGG GTA CTG ATA CCC CTT
TTA CAT GGG CTT TAA ACT CAT TCA TTA- 3.

For Scr_TFD the sequences were:

SEQ ID NO: 46 — WalRDB3.1: 5’- P-CTT GGT TTT TCC AAG GTA ATA TGA CAA
GAT TGT AAA TGA CCT AGT TGA GAG ATG CCA- 3’ and

SEQ ID NO: 47 — WalRDB3.1: 5’- P-CCC TCT TTT TGA GGG TGG CAT CTC TCA
ACT AGG TCATTT ACA ATC TTG TCA TAT TAC- 3".

11.1.3 Transfection of MRSA in vitro
TFD-DOTAP complexes were formed by mixing 1 ug of TFD with 2ug of DOTAP (Roche)
and incubating at room temperature for 10 min on the bench. The TFD complex was then

mixed with inoculated medium supplemented with 10 ng/ml Lysostaphin (Sigma; 1.9043),
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begi nning of the experinent. 11.1.5 Tolerability study For the tolerability

study, gnimal . ted in groups of 2 mce per treatnent group,
therefore'g% ?%”?@?%Fhﬁgr the study. Al the mce were weighed on day 1 of
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post-treatnment over a 100 h period before they were eutheni sed and
intravenously using 10 ml/kg, the five treatment groups were: 100 uM WalR TFD; 2.5 mM
DOTAP; 6.3 ug/ml Lysostaphin; a mixture of TFD/DOTAP/Lysostaphin; saline. The mice
were weighed dialy post-treatment over a 100 h period before they were euthenised and

lungs, liver, spleen and kidneys were removed and visually examined and weighed.

11.1.6 PK Study

For the PK study, animals were treated in groups of 3 mice per time point, therefore 24 in
total for the study. Mice were treated with intravenous delivery of a mixture of 5SnM/kg
WalR_TFD, 25nM/kg DOTAP, 31.5 m/kg Lysotsaphin. Sets of mice were bled by cardiac
puncture following isofluorane anaesthesia at 5 minutes, 15 minutes, 30 minutes, 1 hour, 2
hours, 4 hours, 8 hours and 24 hours post dose. All samples were collected as plasma
(anticoagulated with heparin and stored on ice before separation). Following blood
collection kidneys were removed and homogenized in 1ml ice cold PBS. TFDs were

detected in the biological samples with qPCR.

11.1.7 Tissue burden study

For the tissue burden study, animals were treated in groups of 8 mice per treatment group,
therefore 48 in total for the study. 2 x 10ml cultures of Staphylococcus aureus EMRSA 16
were prepared and placed on orbital shaker (220rpm) overnight at 37°C. The following day,
the Staphylococcus aureus EMRSA 16 cultures were removed from shaker, pelleted and
washed twice before being resuspended in saline to an OD of 0.132 (1.5 x 10°cfu/ml). This
stock solution of Staphylococcus aureus EMRSA 16 was then further diluted 1:1.5 in saline
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f rom t hd'he dighly eonseiveeé tigo gempensat sistean BalK¥alR (also referred to as YycG/YycF)

has been shown in genetic knockout experiments to be essential for viability in S. aureus
and other Gram-positive pathogens. The binding site for the transcription factor WalR has
been identified in several promoters of genes in the regulon, including lytM/SA0265
(Dubrac, Boneca ef al. 2007). It was this version that was used in the WalR_TFD and a

scrambled version where the sequence was randomly re-arranged, Scr TFD.

EMRSA-16, an MRSA strain endemic in UK hospitals, was used in the study (Cox,
Mallaghan et al. 1995). TFDs were mixed with a commercially available lipid formulation,
DOTAP, and mixed with media inoculated with EMRSA-16 and Lysostaphin. Lysostaphin
is a lysozyme agent that acts on the walls of S. aureus, use of it in this experiment was to
thin the outer peptidoglycan layer of the bacteria and allow the TFD to transfect the cell
following fusion of the DOTAP carrier with the exposed inner membrane of the bacterium.
Using this transfection protocol it was observed that treatment with the control TFD,
Scr_TFD, had no detectable effect on bacterial growth when compared to an untreated
sample. However, the WalR_TFD prevented growth of EMRSA-16 in vitro at a
concentration of 1 nM (Figure 16). Total viable counts confirmed the results that treatment
with WalR_TFD reduced the number of living cells by five-fold orders of magnitude
(Figure 17A). The bacteria that were not killed by WalR_TFD treatment were sub-cultured
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report. Following treatment, mice fed and drank normally with no signs of distress. The

weight increase of the treated mice was the same as the vehicle controls. Autopsy showed

no gross abnormalities of kidneys, lungs, liver or GI tract. The weights of kidneys, lungs

and liver were within the normal range. All test compounds are tolerated and suitable for

further dosing up to the maximum dose used in this tolerability study.

11.2.3 Tissue burden study

The infectious dose administered was targeted at 2.0 x 107 bacteria per mouse to ensure a
relatively mild infection was established (this is more sensitive to treatment). The mice were
treated with systemic injection of either the vehicle, 1 nM of the Scr TFD complex, 1 nM of
WalR_TFD complex or vancomycin, used at a concentration sufficient to achieve a 2-fold
reduction in colony forming units (cfu). Following treatment the mice were sacrificed and
the burden found within the kidneys measured (Figure 19). Statistical analysis of the results
showed that the WalR_TFD-treated mice achieved a similar reduction in burden to that

achieved by vancomycin when compared to the Scr TFD control (Table 2 below).

Table 2. Statistical analysis of in vivo results. Kruskal-Wallis: all pairwise comparisons

(Dwass-Steel-Chritchlow-Fligner) for Scr TFD
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12.1 Preparation of FabB TFD

FabB TFDs were designed to incorporate the binding site for the transcriptional regulator of
fatty acid synthesis enzymes, FadR, which occurs upstream of the FabB gene in Escherichia
coli. The FabB gene encodes an enzyme involved in fatty acid synthesis (J. Bacteriology

(2005) 183:5292).

PCR TFDs were made as described in Example 4.1 with the exception that a 60 base pair
portion of the FabB promoter that was cloned into the pPGEMT-Easy vector. The

oligonucleotides used to amplify the promoter sequence were:

SEQ ID NO: 50 — fabBf: TCT TTA AAT GGC TGA TCG GACTTG
SEQ ID NO: 51 — fabBr: AGT AAG TTT CGA ATG CAC AAT AGC GTA

A control TFD having a the sequence that gave rise to a similar sized PCR fragment when
used in an amplification reaction with genomic DNA isolated from Mycobacterium

smegmatis was also generated. The sequences of these oligonucleotides were:

SEQ ID NO: 52 — WhiB7.f: CAC CAG CCG AAA AGG CCA CGG
SEQ ID NO: 53 — WhiB7.r: CAA AAA TGG CCA CGG ATC CGG GTG

12.2 Growth assays
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concentrations used it has no noticeable effect on growmh of E. coli.
Figure 20 shows that treatnment of E. coli with 10 nM of the FabB TFD, but
not a cdwtthoFabB 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

prneumoniae retards bacterial growth

A PCR TFD containing the binding site for the alternative sigma factor, 654, from the
pathogenic organism Klebsiella pneumoniae, was made and tested. Compared to the activity
of an unrelated control TFD, the Sig TFD inhibited growth of the cells. 654 is another

example of a sigma factor that controls regulation of stress response in bacteria.

13.1 Preparation of TFD
The TFD was prepared as described in Example 5.1. The sequences of the annealed

oligonucleotides used were:

SEQ ID NO: 54 — Ks54f: P-CCG ATA AGG GCG CAC GGT TTG CAT GGT TAT A
SEQ ID NO: 55 — Ks54r: P-ATA ACC ATG CAA ACC GTG CGC CCT TAT CGG A

13.2 Transfection of K. pneumoniae
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Preparation of TED The TFD was prepared as described in Exanple 5.1. The
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P ATA ALY CANERE R R R P EReTRO ) Qe RCTrGpudiesdr

pneunoniaahtigo\itthraaseahe wee ef yueh RoOrtakdtoasmpéscransfedtingimBetics ntrahsteciv t h t he

di fference hejng that e nedi a used \%e] ia ( t (1989)
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W th anye n&g@ﬂﬁ@ﬁgﬁtﬁ[@tusedr{;@@sfectl on was achi eved by conpl exing the TFD

with a ce penetrating peptide. The peptide consisted of two portions: a
| i near chal n of nine D-arginines and a previously described peptide

(vaar o, B NG Ca an AR Er P ERE T er apy (1606) 40: 1801) . Tho

TFDs were mixed with increasing amounts of IKFLKFLKKL-R9 peptide in a TE based
buffer supplemented with 5% glucose. The mixture was incubated at room temperature for 1
hour and then either used directly in transfections or analysed by agarose gel
electrophoresis. Typically the minimum amount of IKFLKFLKKIL-R9 was used that caused
the complex with DNA not to run in the gel; i.e. the charge of the nucleic acid backbone had
been neutralised by binding of poly-arginine. IKFLKFLKKL-R9 -TFD conjugates were

mixed at various concentrations into 200 pl of culture in a 96 well plate.

Figure 21 shows that 10 nM of Sig TFD was sufficient to inhibit growth of the K.

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/meme4/cgi-bin/meme.cgi) was used to find
additional occurrences of published examples of the WalR binding site in S. aureus (SA)
and other pathogenic organisms where it was found to occur, such as Enterococcus faecium
(EF), Streptococcus pneumoniae (SP), Lysteria monocytogenes (LM) and Streptococcus
mutans (SM).



positively charged arginines (R9) serve to bind the phosphate backbone of
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agar ose g el ect roglagr esj E %% caIlIFF¥I t he m ni num amount of | KFLKFLKKL- R9
was usedORITATUSSHE 4 PHE BN CRFIHIBNA not to run in the gel: i.e. the
charge of the nucleic acid backbone had been neutralised by blndlng of
pol y-argi ni ne. | KFLKFLKKL-R9 - TFD conjugates were m xed at vari ous

concent r BETON4A W ANGN DOOI GIT AW [SEQAP NQ: 87b6 wel | plate. Figure 2 1 shows
that 10 nMof Sig TFD was sufficient to inhibit growth of the K pneunoni ae
culture, whereas no inhibition was seen with the control TFD. Exanple 14

Bi oi nf ormiiUeAIC simdt Yesies cdde islatedcivhéddewoscuer ences of the Wal R bi ndi ng
sites within S. aureus and deduce its consensus sequence. A MEME search
(http://meme. sdsc. edu/ menme4/ cgi - bi n/ mene. cgi) was used to find additional

000””5{%@%8&%%&%’8&%% k@ﬁtﬁérmﬁg?@e%@h@d%éﬁéoun b dF e aur eus

(SA) and ot her pathogenic o gani sis ere’it was o occur, such as

Ent er oc ocgamsshadsiadmbp i) | Strept ococcuspneunoni ae (SP), hysteria

nonocyt ogenes (LM and Streptococcus mutans (SM. A subset of the hits
derived fromthe search is shown in Figure 22. Fromthe conplete set a
consenSlEsXaﬁi j€1¥as derived, having the sequence: TGI WAWNNN NNT GTA AW
[SEQID NO The IUPAC 5| ngIe Ietter code |s used V\/nere WIS A or T.

of the organ d ab ove.
cauce ltS COIlSGIlSllS scquence.

A MEME search (http://meme.sdsc.edu/meme4/cgi-bin/meme.cgi) was used to find
examples of occurrences (with E-values <100) of matches to a consensus sequence of the
SigB binding site in S. aureus in Bacillales (Gram-positive infections) of which

representative genera include Bacillus, Listeria, and Staphylococcus.

Examples of the hits derived from the search is shown in Figure 23. From the complete set,

a consensus site was derived, having the sequence:

GKT TWA NNN NNN NNN NNN NNK GGT AW [SEQ ID NO: 58]

The IUPAC single letter code is used, where: Kis Gor T; Wis A or T.

Example 16

Bioinformatical analysis to detect the occurrences of the Sig binding sites within Kelbsiella

pneumoniae and deduce its consensus sequence

A TFD containing the binding site for the alternative sigma factor (sigma 54) was taken
from the promoter region of the K. pneumoniae ginA gene, as described in Barrios et al.
1999 (Nucl. Acids Res. 22: 4305-4313) and, when incorporated into a PCR_TFD, was

shown to kill K. preumoniae cells in vitro (see Figure 24A).



Exanpl e 15 Bioinformatical analysis to detect the occurrences of the SigB
bi nding sites within S. aureus and deduce its consensus sequence. A MEME
search (hwopoivaserss. sdsc. edu/ memed/ cgi - bi n/ mene. cgi ) wa®CugEL0M5130md

exanpl es of occurrences (with E-val ue’ <100) of matches to a consensus
sequence of the SigB binding site in S. aureus in Bacillales (G ampositive
i nfecti aqna)Tres sHlbeR s&Phgsentative genera include Bacillus, Listeria, and
St aphyl ococcus. Exanples of the hits derived fromthe search is shown in

Fi gure 3%Q BNt Fe- KPnPiete@GIeA aga tdr(s@ddus site was derived, having the
sequence: CGKT TWA NNN NNN NNN NNN NNK GGT AW [ SEQ I D NO 58] The | UPAC
single letter code is used, where: Kis Gor T;Wis Aor T. Exanple 16

Bi oi nf orgeat ivead tralRfdcksli 8 dta&rﬂl)@a CExdrifle 8 ClideNE@SpRbtrithy peplddiThdi Ng sites
wi thin Kel bsiella pneunoni ae and deduce its consensus sequence A TFD

cont ai mTrF@ méalmng dhanlgP s$igescqusnce prevertededlbgpweh &iviia whale thyy twostoghrals54) was
taken fr -0t el of the neunoni a as descri bed
- Bar r ROVl o, PRRTB 81 KGR W e Balon BERTRR ARV GHERE: 20

i ncor popatHkodiné)and al%GaraiFIFD mlmhgwmasaakibldd skqudppeunoni ae cells in vitro
(see Figure 24A). The TFD sequence used was: SEQ ID NO 59 - KP Sig TGG CAC
aga ttT CGC T Cells were transfected as described in Exanple 13, using a

cell pe B vent ed
ol 1 ot UREnp Rl Bfpd WAfnckTC SO AL, Bk Dt At RGE. 2

gr owt h. andheitAivercooued o defireedcomsansus seqticreat ed cel s (K. pneunoni ae) and a
control TFD consisting of a scranbled sequence. Simlar binding sites found
in other K pneunoniae genes (nifB, nifE, nifH nifJ, nifL, nifMand nifU)
were usggd AN HE- RGEPRRRMINN Ragqueaesey SEQ ID NO 60 -TGG NNN NNN WI'T
TGC W The TUPAC single letter code is used, where Wis A or T.CLAI M5

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



1. A nethod of reducing the viability of prokaryotic cells, the nethod
conprising: (a) providing a decoy pol ynucl eotide conprising a binding site
for a tarwetotwmsmssri pti on factor (a decoy sequence); (prTiGR2o@diciong t he
decoy pol ynucl eotide into a prokaryoti8c cell which conprises a binding site
for the transcription factor, operably |linked to a gene or genes; wherein

i ntrodugti QpvQf the decoy pol ynucl eotide reduces binding of the target
transcription factor to the binding site in the cell and causes an
alteration in expression of the operably Iinked gene or genes; and wherein

the target transcyipti.on. factor c r ses | at or .of expression of a
Gone. o JoerbtRaf et fems el PhkaR e S 24 B Bba HrffE™T eaponse:
(ii) a cell uI(@rprbﬂafnlgrane@oﬁPélyﬁm&édtﬁerc@ﬁipﬁﬁlﬁg@%lﬂm@ﬁw b tdrbdti ) a cel lul ar
virul ence factor iv) a cellular stress response; or (v) a cellular

essentl@mngéméonﬁWKﬁ(ﬁé@%ﬁde@#mpﬁbrea5|ng prokaryotlc antibiotic
suscepti b 11 ;.06 B! B0 SORAL 810l REONAIL08. 81 HFEReBREae! et de

conprising a rans

sequenC®)nd1ﬁg091telmfm@dﬁaﬁsdﬂgmbﬂeaoﬁﬁp@permwm t@@tgedeot pémes;a prokaryotic cell
whi ch conprises a blndlng site for the transcription factor, operably
C

| i nked tdicEeiyER©dgstione{dle degasme Yﬁuvlﬁwdﬁdﬁé@q%hméfngtqféh%@&wt%ﬂcvmm eoti de
reduces g, th&ﬂb@&- ﬁBd{ng%té @8 kel LRANSEELP a%raftlaﬁtu??xﬂr sfo'ﬁeoft?l'leg(?ﬂ P%l;?' tein

t he cell causes eratlon I n expression o e oper a nked gene
or genedinktdgenely gemsr easi ng anti biotic susceptibility of the ceII and

wherein the target transcriptjon factor ri ses a regul ator_of expression
of a geddd thebeéth@g t@ﬁet&mnﬁglpawa'}wowr@rw@ (qg}faaor@ef [CRRe SO Taeffh 89y O
responsgendsdntoding 6hd &l @breldft i nsic antibiotic resistance mechani sm

(1) a cellular adaptive response;

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

(iv) a cellular stress response; or

(v) a cellular essential gene.

2. A method of increasing prokaryotic antibiotic susceptibility, the method comprising:

(a) providing a decoy polynucleotide comprising a binding site for a target
transcription factor (a decoy sequence);

(b) introducing the decoy polynucleotide into a prokaryotic cell which comprises a
binding site for the transcription factor, operably linked to a gene or genes;
wherein introduction of the decoy polynucleotide reduces binding of the target transcription
factor to the binding site in the cell and causes an alteration in expression of the operably
linked gene or genes, thereby increasing antibiotic susceptibility of the cell;
and wherein the target transcription factor comprises a regulator of expression of a gene or
genes encoding one or more of:

(1) a cellular adaptive response;

(1) a cellular intrinsic antibiotic resistance mechanism;

(iii) a cellular virulence factor;

(iv) a cellular essential gene.



(tii) a cellular virulence factor; (iv) a cellular essential gene.3. A

met hod according to claim1l or claim?2, wherein reducing viability

conpri seswoneloo3sesdre of: (i) inhibiting a cellul ar adapCraB2o@apEoise such
as a stress response; (ii) increasing9cellular susceptibility to
antibiotics; (iii) inhibiting expression of one or nore essential genes;

(iv) inhiRihiA&d §8%F£§§iooﬂalﬁf 1 Qpﬁaﬁ’ﬁ 2 "PE&eMIrE M CBRCRa S BRES M fise fofE]hod

according to any one cl ai s to 3, wherein the target transcription
factor inmrsefiected from Wi B7; FadR YycG YycF; Sigma 54 (or SigA); Fur;

TcdR;, Vir; N rC A A, VIR sigB; Ksig; fhu: or a functiona

variant or héﬂﬁ@@@“Bgaﬁﬁ@ﬁWHﬁégé ¢ regpongE jih %ﬁ E@E%%Fﬂfﬁﬁito any of clainms 1
to 4, wherei @11}ﬁi@reﬂﬁﬂiﬁ%lmr%ué&ﬂﬁblﬁaﬁ%%htlﬂlmlcﬁ A method according to claim
5, wherein the bacteriumis pathogenic . A nethod according to any of the

precedi ng cl &lipgnhapiting cxpresseon ofzoms oF Mere evctiat BoRcshbi nding site in the decoy

pol ynucl eot i erably |nked to .a.gene. 8. A decoy pol ynucl eotide

n
conpri si ng an?nliMJn%l mﬁ$mnlo 8?5“%”??%%scrﬁ%Plon factor, wherein the

binding site is not operably linked to a gene, and wherein t he
transcription factor conprises a regulator of expression of a gene or genes
encodi nd- &riectBed pgserdipg to %rmons Oé élarrm bFO %zdfatgﬁr@véher f@gﬁbﬁ%@crlmm faatoaséﬂ | ul ar

| ntrinsi @t)@&a CeMll?lPWePécﬁ% (Qr‘%&A)’?‘ IRaky AL N ence

factor; i stre pdns af essent’i al gene.
9. A deaﬁo'prDda)Ar; uadrapWatle; sagB,d{dgrl@ui @ a:ifuactmIﬁl vamat en hibrhddeg bAamget
transcrgﬁ%io factor conprises a regul ator of expression of one or nore of:
(a) ag genes encoding cellular efflux punp protein, protein
determning cell wall conposition, cell wall density or cell wall

nmet abol i sm
5. A method according to any of claims 1 to 4, wherein the prokaryote is a bacterium.

6. A method according to claim 5, wherein the bacterium is pathogenic.

7. A method according to any of the preceding claims wherein the transcription factor

binding site in the decoy polynucleotide is not operably linked to a gene.

8. A decoy polynucleotide comprising a binding site for a target transcription factor,
wherein the binding site is not operably linked to a gene, and wherein the transcription
factor comprises a regulator of expression of a gene or genes encoding one or more of:

(1) a cellular adaptive response;

(1) a cellular intrinsic antibiotic resistance mechanism;

(iii) a cellular virulence factor;

(iv) a cellular stress response; or

(v) a cellular essential gene.

9. A decoy polynucleotide according to claim 8, wherein the target transcription factor
comprises a regulator of expression of one or more of:

(a) a gene or genes encoding cellular efflux pump protein, protein determining cell
wall composition, cell wall density or cell wall metabolism;

(b) a cellular stress response gene or genes;

(c) a gene or genes encoding metalloregulatory protein(s);



(b) a cellular stress response gene or genes; (c) a gene or genes encodi ng
net al | oregul atoryprotein(s);(d) a gene or genes encoding nitrogen fixation
pr ot ei n( sWQ 20®)03808gene or genes encodi ng pat hogenicity pPCOIGB20(9051301

virul ence factor(s); (f) an essenti al8gene or genes. 10. A decoy

pol ynucl eotide according to claim8 or 9, wherein the target transcription
factor is sel f i gma 54 (or SlgA) Fur
TcdR;, Vfr; Nt@%[ g%re SOF?%%I'GS fﬁb&ﬁmg E%% Kyﬁgny%lllél§g or fhu; or

functi onal v &¢)i sagene or ghmmhcxgimg pamygentvey @odtein(s) or mruﬂencwfagot(y);lucl eoti de
according to 6 é of ﬁlalns to 10, wherein the decoy pol ynucl eoti de
conprises: cilPElCN R HE 58S ded DNA or a |inear ol i gonucl eotide; and/ or

at | east one el enent of secondary structure; and/or nore than one copy of
the transcription factor binding site; and/or additional sequence to the
bi ndi ng 18i Aé@gc)y palyiycnotidp avdording Kaelaisn §or ngh@rsmttbe fapgat &aBssriptien Bgtns

resi stance t na/ or 0 I ry. 12.
A decoyl%“??%ﬁ% eotlgﬁggggggdyxdE Cgfggnl (?mﬁkggiﬁufhe&@19ﬂ<Ngba

pol ynuclAaerj TeaAG pAL s&eﬁR;r@igB ] mélg ¢lifhecdr arfemaﬁlsl @iriahhér Hoh@eesf 4yi on
factor blndlng site. 13. A decoy polynucleotlde according to claim11,
wher ei n Wﬁ@)decoy pol ynucl eoti de conprises nultiple transcription factor
bi nding sites. 14. A decoy pol ynucl eotide according to claim1l, claim12
or claim 13, wherein the decoy pol ynucl eotide conprises a |inear

ol i gonudll eAtdedey paynurieotitic hemsding rearhy/ ofchaime Stterl 6) whadinfthe dédogn. 15. A
decoy pol ynucl e 0 i de accordi ny one claims 11 to 14, . n the
decoy p@P\L/y el WERESHY efreddr dpufe Saded ﬁ&@b%fe% mea&@hg%%ualée#q h&or

pol ynucl.e I%Eét%%e @Eﬁ%@bf’&c&ﬁia@ ahrkd, an\ﬁ’fb? rnﬁlr@ tHaR®nd 86 Y o AL YAKEHBAGA de
conprises a plasmd d wherein the plasnid has one or nore copies of a
nnnonerﬁywqdembeg@@npndbrm@hapwmampwmequ@md@ndmgendﬁhmedbeqméﬁbéb@ﬁﬁpr|sing
t he transcr |on factor |nd| Sit

odifed bosy
e i P e Pt B e N s on Rl ki B BB B BB, of
t he preq&ﬁhgg clains wherein the

12. A decoy polynucleotide according to claim 11, wherein the decoy polynucleotide

comprises multiple direct repeats of the transcription factor binding site.

13. A decoy polynucleotide according to claim 11, wherein the decoy polynucleotide

comprises multiple transcription factor binding sites.

14. A decoy polynucleotide according to claim 11, claim 12 or claim 13, wherein the decoy
polynucleotide comprises a linear oligonucleotide having at least one 5’ cholesterol

modification.

15. A decoy polynucleotide according to any one of claims 11 to 14, wherein the decoy

polynucleotide comprises a circular dumbbell.

16. A decoy polynucleotide according to claim 11, wherein the decoy polynucleotide
comprises a plasmid and wherein the plasmid has one or more copies of a monomer
sequence comprising a snare sequence, the snare sequence comprising the transcription

factor binding site wherein the binding site is not operably linked to a gene.



transcription factor binding site in the decoy pol ynucl eoti de conprises any
of SEQID NCS: 25 to 60, or a variant or fragnent thereof which retains
decoy furwDi201m/038@3 A cell conprising an exogeneous dec®¢TmB2mIsimoti de,

t he pol ynucl eotide conprising a bindiflg site for a target transcription
factor which is not operably linked to a gene; wherein the cell conprises a
bi ndi ng 151 A&1cESY pd1PSudoRnS GEdRIh O 4RSI ANe AREEAR NatnEdcihqn@ gene or

genes; and wherein’ the target transcription factor conprises a regul ator of
expr essit@nsaiptian frete bondige sigsinghe datiop goymeclootideomoepoises 4ry)ofa EEeID NCH:

adaptive_response; (il celluylar .intrinsic antibiotic resistance
nmechani ?ﬁ]to ?61 qrya Vgriany (?Tﬁaﬁple%}* %Te8ﬁggl$égﬁa3¥s;deﬁory O cel lul ar essenti al
gene. 19. A cell according to claim 18, wherein the decoy pol ynucl eotide is

as defined in any of clainms 8 to 17. 20. A cell according to claim18 or
cl ai m 198. MmseH epmpritiag eekrogeschinaicesy polypldesigerthe polynudeatisicicoppepiag ed

accordin .0 t. nmet hod.set out i.n,anyv..-ane of cl ai.ns o 7. 22.. A nmethod
o Cor ity iR LAOR (B 8lerPlthn FE WA R Bt B Einked B ranf el o

decoy pehyeulicloagirisekea Bindihefsita@st thortramyripfiorcfadionBp&abl lihKed @Rt g@dakly in
conbination with one or nore antjhiotics and/or antibacterial agents. 23. A
decoy p&FYssuendEwhergd the taneat tiayeripHOR FFtaIfCORPEpGHs tggplator pf pgyessivd afg

treatin%?ggﬁgé%kgéukaﬁﬁg%%gpnm)40fLBe of a decoy pol ynucl eoti de as defi ned
clarns to

in any or the manufacture of a nedicament for treating
bacteri al 1 nf(patactnlar 2aptife cepamge;pol ynucl eoti de or a use according to claim
23 to 24 whereij the hacterjal infection conprises use of one or

in treatin )
more anti bi ofik%ced 6‘?tf13§1ﬁé¥1tllaﬂttl‘?{?é’éta€??@Fc%é“%(s).26. A nethod, decoy

pol ynucl eot i ggy) Qlceigir ARAN I Mot 8rany of clainms 22 to 25 wherein treating
bacterial infection conprises treating a condition selected from

pneunoni a, bd&od ercellilar, cspdndiopgang. cough, | yne' s di sease, brucellosis, acute
enteritis, septicaem a,
19. A cell according to claim 18, wherein the decoy polynucleotide is as defined in any of

claims 8 to 17.

20. A cell according to claim 18 or claim 19, wherein the cell is bacterial pathogen.

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

22. A method of treating bacterial infection in a subject comprising administering a decoy
polynucleotide as defined in any of claims 8 to 17, optionally in combination with one or

more antibiotics and/or antibacterial agents.

23. A decoy polynucleotide as defined in any of claims 8 to 17 for use in treating bacterial

infection.

24. Use of a decoy polynucleotide as defined in any of claims 8 to 17 for the manufacture of

a medicament for treating bacterial infection.

25. A decoy polynucleotide or a use according to claim 23 to 24 wherein treating the
bacterial infection comprises use of one or more antibiotics and/or other antibacterial

agent(s).



tularem a, influenza, peptic ulcers, Legionnaire' s disease, gonorrhoeae,
noscom al infections, sepsis, ricketts, typhoid, dysentery, cholera,

pl ague, awmoOhlnm3sE3eudonmenbranous colitis, diptheria, | PESTAB2809051301
tubercul osis, septicema. 27. An ex W2vo net hod of killing bacteria,

i nhi biting bacterial growh, or reducing bacterial virulence, the nethod
conprising applying a decoy pol ynucl eotide as defined in any of clains 8 to
17, optionally in conbination with one or nore antibiotics and/or

ant i bact2ér Aahetbarb dtsny RBynuslephde omcseur¢ardingdo aposi ¢dlaiors 28dn@bivdiengna decoy
pol ynucl eoti de according to any of clains 8.to 17 a pharmaceutically

Do at abieB s EiehT B intesmOp s rPBtes Mspfndh arndiorhechsu el SRR one o or e
ant i bi otpgisreaiisl/ voopal JBBER,8Yindls @Y Brucdfosisha&lte aitbigs, GeRASH Tl ON
conprising a decoy polynucl eotide according to any of clainms 8 to 17,

opt i onaltilgrepa, defidsingatnconc weets, eggdonnairpsdiscasst Bpiattiogae, apshostalant i bact eri al

agents. .30...A kit .conprising a deco O%, ucl eoti de.according tgo any of
cPat . $peidy i TR st I3RS b R Bl dihelbe s

wher ei n cblis, dggieytiaaisteiobis, B&cOlosiNepti@tinbi ot i cs and/ or anti bacteri al
agents are for conbined use in killing bacteria, inhibiting bacteri al
grow h, or reducing bacterial virulence. 31. Use of transcription factor

decoys (iF r - viahj Lt . vl 32. of

tr ansor Ut oy s EHGE b i Rler n Rl QKREKPEL RS K HELERRAT | o
cel | s. 3JBuleAct, tlanscthoptomprifiag bplyueaalecdyl pddynudepide as defifslE@h bby 8O 57. 34.
A transcription factor decoy (TFD) conprising SEQ.1.D.NO 58. 35. A

transcr iC[ffriea f¢ é@tqﬁloaaégyoly Celﬂ%ﬁ)atlewﬁﬁhiogﬁeﬁg TIDiRsS 200882 TBE B ¢ he
transcrgg&hgn factor decoy of any one of clains 33, 34 or 35 in the
treatment of bacterial infection.

28. A pharmaceutical composition comprising a decoy polynucleotide according to any of
claims 8 to 17 and a pharmaceutically acceptable excipient or carrier, optionally in

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

29. A cleaning composition comprising a decoy polynucleotide according to any of claims §

to 17, optionally in combination with one or more antibiotics and/or antibacterial agents.
30. A kit comprising a decoy polynucleotide according to any of claims 8 to 17, and one or
more antibiotics and/or antibacterial agents, wherein the decoy and the one or more
antibiotics and/or antibacterial agents are for combined use in killing bacteria, inhibiting
bacterial growth, or reducing bacterial virulence.

31. Use of transcription factor decoys (TFDs) to reduce the viability of prokaryotic cells.
32. Use of transcription factor decoys (TFDs) to reduce the virulence of prokaryotic cells.
33. A transcription factor decoy (TFD) comprising SEQ ID NO: 57.

34. A transcription factor decoy (TFD) comprising SEQ ID NO: 58.

35. A transcription factor decoy (TFD) comprising SEQ ID NO: 60
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36. Use of the transcription factor decoy of any one of claims 33, 34 or 35 in the treatment

of bacterial infection.



