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WD 2004/ 014423 PCT/ GB2003/ 003529 METHODS FOR THE
TREATMENT OF AN | NFECTI QUS BACTERI AL DI SEASE W TH AN

WORIDHALHACTONE OR LACTONE DERI VED S| GNAL MOLECUREBGB2003/003529

ANTI BODY Fields of the invention 5 The present

invention relates to nmethods for controlling and

treating bacterial infections in patients

B§@QC@'5RWSPISEASE WITH AN

AN TILACTQNEORANCE TONEDERIYEMSIGNAL MQLEGULES IANTIBODY

i nfections. The invention provides for the

application of therapies based upon, in the preferred

enbodi ment, i munogl obulin or 10 i nmunogl obulin-1ike

receptor nol ecul es that have affinity and specificity

f fEcrashOmelihveddiono! ecul es involved in the processes of

bacterial cell to cell communication. By binding to

such nol ecul es, the receptors can be used to di agnose
presence of. ba ter| e

stgeergreparranon, T b Bebf, 397 ERRre (hACAGRg bucteral

C PRYEQHUNE 34 ?Qﬁtﬁlt@leﬂ@h@ﬁlUH§5f iheiptevitidn are dppticabiletp most, if not all
virulent state in opportunistic and 1

ﬁ, ot her . des for th

pardnogegaive Bad lggawwum b@qfﬁ@m AfeFHangn TR dn fsptiph grovides for the

ma aus s i
&Jp&iﬁlgn 9 1&%&&&@ h, eat Q{réﬂ b AIRBSS fmmunoglobulin or

0| ng I'n hospital s today
i Sm@ﬂﬁo%]@bﬂmﬁk& afeceop inicletulexf etmn bave stfsntyptan@u $peeificity for

such infection can be as a resH t of,t

i Islm@ﬁ@gffmle%@%ﬁv?lﬂﬁd ipdhe erpcesiesOf Hagiarel %e 1 Cimthunication.
roﬁmglndl%# ?lﬂn‘()?echfe@ ah IS ploR Ot B ukh t@%ha%nose the presence of
conséquence "o P

Imjury "resulting 1n serious skin
daxe@da o3 U6 hasswss Mrthseaﬁéhﬁatbaxftpahelllm and oshifartherHes used to control
hi ghest proportjon of cas attr
PongRWHAS SopliHERayop e m Edne rdgisat sptlp opgortuniste and
oggﬁgﬁﬁﬂ?g A<C pathogen of humans. The bacteri um al nost
never ‘I nf&cts unconprom sed tissues, yet there is
hardly any tissue that It cannot |nfect, if the tissue
def ences sed in some manner. Al though
3%H§ﬁf‘ﬂg{¢3% Y%ﬂ%ﬂﬁvely snal | nunber of speci es,
it poses a serious threat to human health and is used

hereafter as a representatlve example of an infectio
ba@oeof Wk mejel ervees plomortaligingnd mﬂwaw [APRnesty m?gegtedggergomg

g{ﬁf;ea%%gdgﬂmé@aiga Q&%?, F;Q tdu!s Y %%Eﬂﬁp acmea ggfae/c{i)&ﬂ"'gﬁsceptlblhty to

aer ugi‘nosa
OpRRhliHRLESA caPdtBOe festialf thalpsmmrju nlilmeas yoit whaich the patient was

i nfections,
admitted, of immuno-suppressive treatment regimes, or as a consequence of injury
resulting in serious skin damage, such as burns. The bacterium to which the highest
proportion of cases is attributed is Pseudomonas aeruginosa. It is the epitome of an
opportunistic pathogen of humans. The bacterium almost never infects
uncompromised tissues, yet there is hardly any tissue that it cannot infect, if the tissue
defences are compromised in some manner. Although accounting for a relatively
small number of species, it poses a serious threat to human health and is used

hereafter as a representative example of an infectious bacterium, and does not in any

way limit the scope or extent of the present invention.
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respiratory systeminfections, dermatitis, soft tissue
i nfections, bacteraema and a variety of systemc

w0 ndjogotd44ehs, particularly in victinms of sever er@IGB2003/003529

and in cancer and AIDS patients who are

I mmunosuppr essed. Respiratorxﬁinfections caused by Ps.
5 aerugi nosa occur al nost exclusively in individuals
with a conprom sed |ower respiratory tract or a

C QP IR 3RSk S Shif BpForflefi #ieC fathGeh athias dhusEs iubiaty tract infections,
pneunoni'a occurs in patients wth chrgonjic_ |un

dirspirsrariisteonbetions drampktis oftufisuc BaEeiinse %?‘Efefaemla and a

pneum)nl t r.00eni d
Vtaps fa s %tg{é}% gﬂf%ctlo%g Eéﬁm%lﬂargﬁfﬁ $if %%\5/]\8? s?xggé‘; ISfrirélts oa}ny in cancer

t fa@@tAIDS piticaat winn al@flnﬁlylﬂiols@pfresb&fcbSResplmmnysnfestl@}s ¢hDsed by Ps.

mucoi d strains of Ps. aer ugil nosa
¢

didetrginase, ogqur nmosimsEEEsEFLS, g Bldwlé‘laaﬁs wifh %ﬁa@B?mlsed lower

be}gg ?fa?o??tﬁcﬂocg Jh]%%rrh{éd s - JePERE %CﬁﬁgsrﬁaPﬁl%nyspneumoma
sdi I'SpOSi con ons i u e haemat ol ogi c

najcblg@almpamm withehmonitelihg rlfsmsy ané kcant gentgvet eayt| fBiPre. Bacteraemic

neut ropeni a, di abetes nelljtus, and.severe bu

PSEEHBABIa sCHABPRIY 2 cPRCHTS s RGHOPEC | (FARGE pi R mgF%tS arﬂﬁ‘dergomg

n%h§ﬁ%ﬂleglc§ﬁeio\0@? MBspifatdd§ CRAD td1dnNati 8P At cydBic FRIr688 tpatients by
hospi tal "acquired gram negative

banﬁcmx@eimmas of Fheadraginesd sreoimsnanoangrdiffigyltf i mot IIBPOSSIble to treat.

13 Skt AT S A0SR ST el Fredposin

ch%ngﬂ%nb ?nclﬁ(féeﬁa%frﬁfcﬁ@glé‘ mab@hdrced] RfhindladTaedney Selatigy to AIDS,
drea pat hogen. Al so, its tendency to col onise

sureﬂmopsna,crhabeteas hekitus, and ecrwm’ams Mn%,t Rssuflgnonas bacteraemia is

ervi pus to. ther euti ¢ conc
a CAr 1ncléosp1§iilﬁ AR gltlrgmlgg} Eﬂ,eglw oﬂrcitsofgnhabout 2? percent of all
| '%sﬁﬂal'a@qﬁ%ﬂ%hﬁtﬂegﬂtlw Eahtehh:ﬁn&)saCl I I i, actinomycetes
and moul ds, it has devel oped resistance to a variety

of their naturally occurring antibiotics. Moreover,

fg#d%“% r%g E %ﬁtd}ﬁ)lu?tf&l fts ?lg %ZQIIQEI%%H{ ﬁsjﬁhﬁrbﬁﬁblgtlcs due to the

es| st ance ors - tors)
Reﬁdrﬁféﬂﬁﬁ@ Baamf &fforfad thyr $ts (dAérs menttiargn dLPSr ench ke thegefore, a
transfer these genes by of the hacte

pripseadady gangerqus Rad @&aﬁg Etagego Qdtsit en@z] R,ccgoqléwurfaces
angi bi ﬁgflﬁ‘ﬁli%'h‘ﬁ ﬁ{af(gsckﬁev%el@ﬁh?&%oug SeUGRPR@® concentrations of

i ncl udi ng uor oqui nol one amcin and i m penem
anghtidy@its! ISase 1tmﬁtm1bl bztblttaslsethe soibtlivang masswata@awﬁls the bacilli,

all strains. jons of tam cin .an

c afHBRMYFSES AR plgu 6%@%8F‘§Flcg%eaégstl§t%ce £ apvatqeg/n?f their naturally
Wi t R oAt Gnffoti@EMUBIB9§a AsBld@mion@h Spp. 3thaitt@n f antibldticyresistance
of treating Pseudononas infections %h antibiotics is

rroplasm:danmh Rabistancd factioss (ﬂhfaewrs)randﬁs%lﬁ@wq ‘BrapsfesFactors (RTFs),
itugﬁm > ré%gtgzl;%{eﬁ 4%5%%?% %%8%3?5 e bgﬁ?&ﬁﬂ processes of
transduction and conjugation. Only a few antibiotics are effective against
Pseudomonas, including fluoroquinolone, gentamicin and imipenem, and even these
antibiotics are not effective against all strains. Combinations of gentamicin and
carbenicillin are reportedly effective in patients with acute Ps. aeruginosa infections.
The futility of treating Pseudomonas infections with antibiotics is most dramatically

illustrated in cystic fibrosis patients, virtually all of whom eventually become infected
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wth a strain that is so resistant it cannot be
treated. Because of antibiotic resistance,

waeemgeptedi ity testing of clinical isolates iBCT/GB2003/003529

mandat ory. Ps. aerugi nosa can usually be isolated from
soil and water, as well as tRhe surfaces of 5 plants
and animals. It is found throughout the world,
V\,her ever these habitats occur, so it is quite a
" GOSNPRRIA fabls Pdastishatuitannbt bs treaakt Bamsspokaiviot@sesistance,
part of the normal flora of humans, although the
peeveptinity testing of slnisaltsabFiesys MBEMPRY i ndi vi dual s
outside the hospital is relatively |ow (estimates
range fromO to 24 percent depending on the
apal @rginbsd @oalsellly baisblagydifrah soil tnd s/atem oasnwelbas the surfaces of

cqlmpriseansaal du Pl PERHER0Y: DAL GHEESF e S Eabigs ocour
u%&'e}{ Ly Jﬂ[eege'g %ndﬁg) dl%"'ﬂ%@t%nmﬁ P 1s%%h&éﬁhfé@§ﬁesehh§s part of the

exact ‘sdurce an e of transm ssion of the pathogen
amern@:ilt éiorarut| Bamaine catiwegiof the t previleupe tobusolpriesiioncef healthy

in _the environ n ive care

, indipidnals ﬁpt‘é@pltgﬂ?sgltémbeg ng’ ]igﬁ/ e%tfrp?ﬂe%l‘ﬁng rggh(géo 24 percent
gaﬁﬁ’ éat% @Q%E’t@ﬁﬁca‘? ?bc'afé?nid hdsphhig itS9 Uh&®n k®Eolonise food, sinks,

ct Currentl , 400 deaths worl| dwi de are

C aapse dngsc hestanatdry @ésupmn uglrgmslamstrumnméns iAthoggl ecolonisation

bk BT . B L g e a0 moce o

AQ&HE&SHQMO‘P thd'Batfd¥en dOBfte V€184 bebﬁl&'edﬁritéalbikﬁmﬁﬁs presence in

aerugi nosa infections in US hospitals averages_ about

o tlde eliZ\@mpE]en'e nAmpagy entenhGocale pelieatsgasyhoma ifeetina is suspected on

umis the four
RO B b Bah LB TRR! o6 PPRRY L3R Rhtecion. Cumenty
hq&FUOt @htha G dwade arlethewt ieaftsdayByoRalakygiiost $n intensive care units
onsi bl e for 16% of nosoconi al pneunonia cases, 12%

of(I CuimakdngitithealNg Likildggt i nfections, 8% of surgi cal

wound i nfections and 10% of bl oodstream i nfections.

| mmuno- conproni sed patients such as neutropeni c cancer
2psan@dronsanegrprimarily ansploaotigd giaiteges  akerosdisg éptthdl@C, the

OBt B PhaaeriE P el I Sions dhar MRAtD o Sy gpout 0.4
aﬁ%?éelnf‘?@ h 61;5165@%5@15%653”%%@ Bct@iitn 39 O Fold@atdst commonly

atients bums cases Ps. aerugi nosa
i nﬁ@lmted onssdaammldpaxhogamd apmunangnforyéﬁrlgo defe allo hospital-acquired
i nproved t i.etar

RLONS, R SRR o e coe, 125

degt &lﬁ;ﬂrg’c@ uﬁi’lﬁr tt?ac'ieiﬁf%@ﬁ’(ﬁ{s}’ s beeldeal ¥foullMBfections and 10% of
patie 04/ 014423 PCT/ GB2003/ 003529 4 One

r ddeadstitan infeetionsr sbninimae- yompropgsedamtlggtjs rfgsh ap gieptEepenic cancer

| tan%rlg)o%lécnggrrgw rla\ﬂseprlgn pa’[El it ae & susceptlble to opportunistic Ps. aeruginosa

infection, leading to 30% reported deaths. Itis also responsible for 38% of ventilator-
associated pneumonias and 50% of deaths amongst AIDS patients. In burns cases Ps.
aeruginosa infections have declined in recent years due to improved treatment and
dietary changes. Mortality rates however remain high, accounting for 60% all deaths

due to secondary infection of burns patients.
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virul ence determ nants including el astase, LasA
prot ease, al kaline protease, rhamolipids, type IV

w@rloysiqesli ated twitching notility, pyoverdi n ¥O¥/GBR@A®03529

et al., 1996, Stintzi et al., 1998, dessner et al.,
1999), pyocyanin (Brint & Chgan, 1995, 5 Rei mmann et
al ., 1997) and the cytotoxic lectins PA-I and PA-II

(Wnzer et al. 2000). It is now known that many of

t Bge ‘Feag(’)r[ B %@er?a@%%f & PARLEgARa il iapedueds a dieerse battery of
genetic level in a cell density-dependent nmann

thlmiwgh (letrrminasisnShelydings elastes udidfds é’r‘ﬁﬁ%%esgg%lm&t protease,
ast uor S y }
gy LR A e APt e
h Q00 BGULS et abRI9oRCEmRedr et &1.10999)) pyElvinin IBﬁm) &a@timan, 1995,
RthI (VsnRI iLat i1 fi et al., .1995) rl)ect 'ffﬁﬁ 1
(Rlegaummz}et al.ad997) gind e chfqﬁ@ﬂ%;}?&tWés‘?fi d (Winzer et a
Jated at th
1%@@ ’_\lglrm(g\gﬁ?lfa%grpaﬁl ? tlﬁgﬁglrélgﬁ%h%egﬁgﬁ%ﬁ% ﬁE ated at the
QT nle@él &l .a cdl®UzhsityFiepehdent amdnrich ethravigh gm@ngensmg Ps.
are thought to exist in a hierarchy where the

sylsnuﬁmf?éék eptgsict Shdkatt Pis AEAR SORE oY ey PRRLA e fas and i
( ichy c&ﬁ@ﬁse Besgl ©Bixral hombRBdds LASRI t8ambello &

angcrl p activator LasR functions in
cqglbwmt 1991)%«1 RhRIoqVemBIRIH8E at al., 19950 respectively (Figure 2). Lasl

LS el S50 PRSI of D HAAOGR c , 1990

pr @thﬁkI199 99he las and th
{ege@@ @ ﬁkﬁr&ﬁ%ggﬁﬁﬁh&%l%@%ﬂg?qgfmgﬁl993 Pesz?r sor? cést and the

alth s&ﬁ&ﬁ& as thehghia® laist .in Bt dderarchyi wheighfhe {qs system exerts

S ancptonl e goh st RR CERE e R}, 1300, OB EMANN1097).  The

MY A§RiptibRalC ARaltAt L AR Whidtioat kal dgurptioh eriike 3-bx@|C§@—HSL to
causes 1nactivation of gamma Interferaon (I

Tungu]atte MescexpséssiofFf fhsr g@wm}cod@gsfpr the; Ylg)éqrgce@?:,@nmnants elastase,
Ilr,]?tageptsrlgt%?s%fe &glgqe progé%s hn Sﬁ\o tﬁfeﬁlov& ﬁg%le\%ﬁé R1991, Toder

pronoter an cre tes a

f egdbapdo1s aherllo th @1 JROOR Peastmceti abt Il@%l asaeetl] salaok. , Elastase is
along with its cognate AHL (C4-HSL), Iate £ bacterial
exghtectogilesiye @pll@g@pp@(}zgld(lgﬁaqﬂquqhﬁq; d’?m aélt agarfﬁm tates bacteria

&%ﬁ?sml{ %Lg ig%?cco\é?mlﬂ 41ﬁ%§nh§ﬁl§'a@#§ﬁ plrotgﬁk@ it also causes

Laihadiivagén af gamiBOmierfeear QINF) etnddl umolm’glgscrosw\ﬁﬁgtgﬁ (ENF). Lasl

al ., 1995, Latif t I t
Thiiseisls syhesnof fosesn2iian i ReFhgh i d MRy £ R 10 the Last
Lg@gfn% %04 ge%fe's'lglpo"sﬁglé rada®ackr SYsfnd. Lihd Rhll@fra@lcnpnonal activator,

E‘SCI et al 1997) and consequently both
sysbeyrswal eits emgna@dﬁﬂﬂn {GeHSEgu | ragylatgs exprgssion (pf rhiAB

gbovqe@gé% eg@gggpertée ag};alslldev%%lo%glglﬁél%%léﬁg’ lectins PA-I and PA-II
(Ochsner et al., 1994, Brint & Ohman, 1995, Latifi et al., 1995, Pearson et al., 1995,
Winson et al., 1995, Latifi et al., 1996, Winzer et al., 2000). These exist in a

hierarchical manner where by the LasR/3-ox0-C12-HSL regulates rhIR (Latifi et al.,
1996, Pesci et al., 1997) and consequently both systems are required for the regulation

of all the above virulence determinants.
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A nunber of different approaches are being actively
pursued to devel op therapeutics for the treatnent or

w@e@entdedn of Ps. aerugi nosa infection. Sone BCEGB2003/003529

intended to be broad ranging while others are
directed at specific types ofzPseudoi nonas infection.
Those that follow traditional™ routes include the

devel opnent of vaccines such as that 5 described in US

p@&%ﬂhb@r 3@811“@5&1{ aﬁﬁk@a@ae@% Bihg Réthielycputsued 16 Sebdp therapeutics
that 1s hoped w | be effective agai nst gram neg

baor € twarfmerg@nemenbm of Bs. desagrasdl ipfertingr | Pyme areae&enged to be

agal nst Ps. ag 0sa

"SRabShGie SFRL LRGS0 SR BE Preppignel i
| sy dRRhd: el irabitiohlGrostey idvhulenhé dewdbrinmns be vawtigs such as that
sub-optimal growh inhibitory concentratio

si dnstriladdo 57 patenifpi¥seds anha nqy 2pHbiatc flT”@réHT)ﬁE‘at is hoped will
h 3
gg%%gecgﬁg agzﬁ%@g%é glte(lg%}lg)ﬁasa\ @ﬁggﬁphaﬁkdggugfsgfel gg@léﬁ?g?ly to act

t higatrlse absresdrugihofe rand sise admidstera@rygiannsel  inllaioni or further

Cream fornul ati ons cont ai ni arrph at hi c tides are
al esehalipg UngxatfvAEEaEen és H@g Sho PRI €Ty roﬁ»ygweml@ﬂgtered at

In of LhiOnS KEiulMRsREE, ddBpresses  the
pa{ en‘%ﬂ@&é Qgr@g@s lﬁfs]lg?[% ac cglg tthat nantll buodl es glgal ggt
t h oH’GcEtanersl emgmo%hmmﬂgglunnmfs IRsmokesimy qui@@gs Womosenne

Ty
\ﬁt? c?loﬂs Er nﬁ)nn@fatlﬁﬂsmcfﬂﬂahﬁ@ e igebtidles are also being

al n al gae have been denonstrated to produce
coepaetintd uea ipobsitie torass of peyghtittgommicsden 9 bPEstas rigker serious skin

hgg/éu S%snesﬁ§ EP%S%% ?@gﬁ Eg gf%é?] Fegclge'\#ﬁggt %gdws rﬁ%\?&s& Ithg;sPlch virulence

t herotdilor Bb.ORA)gimBaEAY) £fdd protédienrgsiaatislectiot ei n and
can act as agoni st or antagonist in AHL bi oassays

(Tepletski et al., 2000). O:her nethods enpl oyed to

S LY

au& gere ﬁ%@é% Isgrfqgc ?rte%/tat It}geﬂméﬂglétﬁs ft(l%?no%&ﬁfé l%&hgﬁmevglg as a means

cabplcysgolling shedzagiaith onCeftaitiSiigae Abvelbe¢re damensirated to produce
nunber of potential problens and Ilmtat fﬁ'ﬂﬁ f
asg@lﬁpﬁtté’@ imhebitors oft ReMl-dpmoseriney 13cHmes v 8} such as furanones

Xl@llaﬁ)&@f&]t %9'9%6433}&@?' ke HARGANERAAS. t”ﬂle‘é\@‘éyﬁﬁ{)unds displace the

Ci hes vin caci ous treatnents
aem sigaal rpolecile évnaits ectEnspoeimacbiah £4ps agaist leaentagonist in

ef f ect I t ect t t
anﬁ%lﬁ’?‘l%gaygrﬁﬁg%é%i %fgglbgfﬂggwiﬁtﬁ' °4 }\Rﬁ% ﬁxlggqygfi Jdp ggduce HSL
| nt.6 %b&@@oﬂqﬂﬁﬂuﬁg Y @%ﬁ)ﬁfﬂém & eﬁﬁ@%d@f:er inactivation enzymes (AiiA’s)

ant| - Pseudononas ant i bodies. A limtation in the
apphat cabiyke the defratinteert ofdd$lss. such as vacci nes and

anti-PcrV anti bodies, as described in US patent

6, 309,651, is that these approaches restrict

t hegR! 468 nlifiber of potential problems and limitations associated with the theraples
currently under development. It is a8 yet unproven as to whether vaccines will be
efficacious treatments. Ps. aeruginosa produces an extensive mucoid capsule that
effectively protects against opsonisation by host antibodies, as revealed by patients
with persistent infections having high serum titres of anti-Pseudomonas antibodies. A
limitation in the applicability of treatments such as vaccines and anti-PcrV antibodies,

as described in US patent 6,309,651, is that these approaches restrict themselves to
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WD 2004/ 014423 PCT/ GB2003/ 003529 6 Pseudonnonas
i nfection, and woul d not be efficaci ous agai nst other

whamter4423 The use of auto-inducer mm cs ar ePdT/GBR@A/003529

by the concentrations of nost that are required to
effectively conpete agai nst Ls for the receptor

bi nding site, and the possibrlity of side effects. It
is well known that HSLs rel eased by Pseudo7nonas and

OpREHoMBRG SR Sn, NAM Syl M HENR! cffifacitivs egiinafdteattactenia. The use
human physi ol ogy. These incl ude inhihition of

hobawerinicesingaise aseslinised by Hed-anpenipliony glemss thafgre required to

01/.74801 descri bes | . . i.nhi Di:t.:1:
A5Gk S50 LA e P L, B iy o
sgas etrt@y Bfis wElFmawhlth4arHBIoyeRasadrlyy Prodophagesd ofier bacteria
acting as a general inmmuno-suppressant. _There

t IS A, ...
dhanges numbeieplofiscat iebiects 19r RSP YEIAIEN nEh%Sﬁénq}gie fphibition of
conpeti L Lyg LA | 40 B1/74801 describes that HISL
d &ﬁ-ﬁ?%ﬁ\f% s}é‘%&ﬁ d‘%%ntgh&;]npg%c?g%/tzggﬁ?! m{)rvud%e /syst err§i SCpl’h?ss . _ °
wal dsdeble g6 nibit lympingdgti pratifeeticarmhdpdon-maghktd thessgeretion of
i n imuno-conprom sed patients. The use of

alNFbo. di 1oenastes 286 THRSEIPNABES, 9 AT s SENEHY ATMUBprpppressant.
strategy in vie PAR [ Setitive HSL
oD s Wl o SR AR D et Bt
agfiisGhdc@sulll doval-rdebiatipabhibg @atsit’s imnubs system. This would be
aeruginosa is clearly nultifactoral is underjéfgg.b% Th
t Beneralhy wedenigpilerang paticplarky fedn FHEVBPSORREPAY BYGEY- "1 U
ﬁﬁﬁ Catngigmtigg c hsﬁﬁ%%ﬁr 3350GhaE e W ldrt b StRRGhehl Yidw of the
y of the extra-ceflular virulence factors required
f egmairksisie abilitywilsthaceridmdesd ethersatol develap aesisharice & drdipiotics.
by cell-to-cell signalling systens involving
honoserine | actone-based signal nol ecul es and specific
t ﬁ%ﬁf&%gﬁiﬂ@@@ésiﬁ&ft}) /b Aleirtfa RS Ble&ilV snultB@SA is underlined by the
regul atory systens allow Ps. aeruginosa to adapt to a _
vilarge enmbéosfwiiulenca fadensradd izt brdad epdctrgengdi digeases associated with

dependent. manner, and.to overcaone host d e . . .
B oty 27t GRS OB SR ey e
t Bey ARF ML QEmBT00H Gld @htBfled ¥y Eell-an6d! figeldigssyisens involving
prom sing therapeutic apﬁr oach to reducing illness and

A

d datrioserogeu $astbrigybaped  sigay gmq}gglégs b sp@p@%q ttEReEintional activator

h . | i . .
R o e A N P

cel kolopdig@ll &dllgrahdiiyndepeaysitemanndm andder overcetadiyost defence
t he nol ecul ar basis of host- pat_ho%en i]gt%r@acti onsd i td . ¢
i gnerbenismbl dntedercpgs, withwash el deudlling anhihs asepgited production o

S n c N roh sl 08¢ ShhOMH tPRAuciRY illness and death
n&iﬁgeﬁfégga?gﬁgﬁ %rgh?%x\%gﬁ%ﬁgeen? CP]!t)IgH% n hurransgc_an. be

r ehdedayeHs. defudiheac d&he infportamy ofissetaspmotdhes peahipllighted by the
concerned is intrinsically associated.with..one.. or f o .

f egrpwing number of bacterial pathogens found to utilise similar céll-to-cell signalling

systems.

In order to study the molecular basis of host-pathogen interactions, it is desirable to
have available a suitable model system (non-human) in which the stimuli and
mechanisms relating to pathogenicity in humans can be replicated. In the case of
many diseases the pathogen concerned is intrinsically associated with one, or a few

closely related species or groups, e.g. HIV. Other organisms can cause disease in a
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closely related species or groups, e.g. HV. O her
organi sns can cause di sease in a WO 2004/ 014423

WEMDAEBAAD3/ 003529 7 wi de range of host, cr osBCTIGBRI18/003529

speci es, genus, and even kingdom barriers. Ps.

aerugi nosa is one such pathoggn, bei ng able to infect

a variety of both plant, insect and aninal species. 5

In recent years it has been denonstrated that Ps.

aewil AASA of tHod, Q:?os&ilﬂ?tthélrs cAdY, Gehls, MaUSRn diiSQRIE bhftiers. - Ps.
humans and mice are al'so able to kill the nemat ode i
woearigiGagt womeuck pathepeg i g (abkmtoeinfegt a vanigygef bofiy plant, insect
et %‘é ]1999b Tan et al., 2000). More inportantly,

t PPARESERTE ty of Ps. aeruginosa to C. el egans is
regul ated by the sane cell density-dependant quorum
sensi ng systens that control pathogenesis in 10
humans. The recent conpletion_of the sequencing of the
gehoieeantoratsgt hapaeen deapangiraied tha iy eeruginggmsiEappihet are able to
t hj el-at | b noideal s for t f t

o L SR bR Bl {1E B0 B e Bapatode worm
pr CheinnBalaldéoelbgore (Tanar adgue39a, Tan ke A 99¢DdRb ! et., 2000). More
al,, 1999), and the ease with which C. el egans.can be

gr BORPTIEAUY: e RHISFRIERY §f THade UEHAGE £ G (LeRingds 5?%@5?&“ by the

B W At OB S5y 05108 o SR i

di himeamesnt Tire cleegrit Stusnplgtionh o thePsequemaingyiofidba gendings @f both Ps.

L0955 o NS B BrSER he o2k of bcteri
deggtdsbendchtisti® Phe Actihhis@Rlof icS 0leglis fidtehidl dlsdivéhomologues
that also infects mce and 20 plants. By varying the

gr owtdmasiBattiyostil ol 99N eattshibe epseayits whsdylesfegans can be grown in

appli.cation to C | egans _can .result in.eithe St .

o e R T OGP e Rhci R e b ghael i S @By and hos
daygfenchh e hafinskikuki 461 PRSRN2E00)] s dependant only on

the Rhl quorum sensing system Moreover, the use of

cell-free nmediumin which Ps. aeruginosa have been

aPR! 9. fkggfggf{e%ﬁvmechg@g Ay \%ch‘g g@t gg%@%@g R fates killing of C.

equa ive as s’ e
di blegsishate heoe ydeniified. oXhm ez ki, 1999ty E3OOL! lrel Mahwjan-Miklos et al.,

killing mechanismis reliant on  bot nd Rhl, )
sy $9Ehlesibertas wee &f M@}C@ﬂ}sma&faﬁfmmﬂ?é% At o gpfects mice and
Pﬁp?PQQ%Myin }tlehgrgﬁchdnglit%ﬁ keéflmeyba@tefigf‘éﬁb}se_q%nt agg&i/cation to C.

tration’ o ost by t bacteria, thi's as
pr elegaescant lesultvdstithes ést kilhegréydide hoodelor fskow kidlieg {Within 3 to 4

in_ani s.. Athird killijng. mechani sm . has be :
doSER bahe Syt iy Tmehansi s g8 gty o e el uopun sensing
ae LG NONForebvedl the 30e BAQLI-FRe KAQNEN it RBACIPAS. R8I hosa have been
grown in brain-heart infusion nmediumresults in
appropriately grown, or heat killed extracts are equally effective as death is effected
by diffusible pyocyanin toxin. In contrast the slow killing mechanism is reliant on
both Las and Rhl systems and results in significant infection of the nematode gut. As
death is probably a result of infiltration of the host by the bacteria, this assay provides
the most useful nematode model for infection in animals. A third killing mechanism

has been described by Darby et al., (1999). Here the use of Ps. aeruginosa strain

PAO1 (a known human pathogen) grown in brain-heart infusion medium results in
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WD 2004/ 014423 PCT/ GB2003/ 003529 8 rapid paralysis
and death of C. elegans. As with the slow killing

waele®enifesl earlier, paralysis is both Las andP@nGB2003/003529

system dependant. There is a need to devel op effective
means of nodul ating the concgntrations of HSLs 5 and

ot her bacterial cell signalling nolecules involved in

pat hogeni city by methods that do not have adverse

Ska?) g&fa@%fssandadégth%feauak &8 YAS withehe wrsedilRyg described earlier,
pathogenrc bacteria in the foreseeable future.

Spambysig ioboth Aas amd/Bhl system-deperdantpr esent i nventi on

provi des for nmethods for controlling the virul ence of
human, ani mal and pl ant pat hogeni c bacteria by

r g9kt h Rfed 1EdR¥lop 2 feetiVelihnadns & MeRhul atalgitonsonetntrations of HSLs
bacterial cell signalling nolecules. \Wereas other

{ nadiorhen bactarial eebotipnadlinimelpeaies RYAV L T Pa PSRRI P ethods
gr.o of . pat hogens, .. peci fi 0 i
Dt B WS WG il shSeRERE! HerRRRUb kel yaded by pathogenic
aggdsiessRIhbdsteeire futitell ence in general. According to

a first aspect of the present invention, there is

provi ded an antibody to a |actone or |actone-derived
sig@gnal nol l eted by bacteria. 20 Anti bodies

a &%?Wgoﬁggtllﬁveeﬁg?ésent i nvention can be pol ycl onal

anti bodi es or nonocl onal antibodies. Pol ycl onal

S T —
r acﬁq(mﬁ %@\ﬁ?anp.t)%ho%eﬂ%arcterﬁ|T)§/§qul§tmg‘3th_€ Bxtra-8€1BflarQfoncentrations of
nonkey) en e d

ntigen is’injected into the ani mal.
| fhabtefisised! yiganlliagj mulamtles. melyhineasa gthieniteabmends gy eashisied to a

with the antigen. The ant.i bodi es can ,then he rifi .
: bW@?uWqu}]éo%g?P Phe Pubi dPﬁ@O%CBS’aﬂ{ itaewesl?lcagypecgs 8 bacterial

deg ﬁén@@q?éfgf Eﬁﬁﬁn\}%ﬁﬁ&*{\hd&m%a@f&ﬁlal sinilbmedh @energlan be

produced ﬁl ybri donmas. These can be forned by
fusing nyeloma cells and B-I|ynphocyte cells which

Pt (it et St 3R B b 53 BoRRR an agiibody to s
Mihsibgd & hashatigiied hahlmelcaié sbitetsd by b2@F5).) . 30

Techni ques for produci ng nonocl onal and pol ycl onal
anti bodi es which bind to a particular protein are now

bS5, BRSH g1 Py RRLR R SAS POl niotics r
monoclonal antibodies. Polyclonal antibodies can be raised by stimulating their
production in a suitable animal host (e.g. a mouse, rat, guinea pig, rabbit, sheep, chicken,
goat or monkey) when the antigen is injected into the animal. If necessary an adjuvant
may be administered together with the antigen. The antibodies can then be purified by
virtue of their binding to antigen or as described further below. Monoclonal antibodies
can be produced from hybridomas. These can be formed by fusing myeloma cells and
B-lymphocyte cells which produce the desired antibody in order to form an immortal
cell line. This is the well known Kohler & Milstein technique (Nature 256 52-55
(1975)).

Techniques for producing monoclonal and polyclonal antibodies which bind to a

particular protein are now well developed in the art. They are discussed in standard
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9 i munol ogy textbooks, for exanple in Roitt et al,
| mmunol ogy second edition (1989), Churchill

wao ewitngeedne, London. In addition to whol e ant P@DGB2®3/003529

the present invention includes derivatives thereof

which 5 are capable of bindigng to antigen. Thus the
present invention includes antibody fragnments and
synthetic constructs. Exanples of antibody fragnents
aﬂﬁnﬁﬁdﬂb@ﬁtekﬂaook@ st éxaipte ArRoitier eh Huymbolagabdcord edition (1989),
in Tibtech 12 372-379 (Septenber 1994). Anti body

f Chgrebitlsivingstragidondest exanpl e, Fab, F(ab')2 and Fv
fragnents (see Roitt et al [supra]). Fv fragnments can

be nodified to produce a synthetic construct known as

a 1 Addsticiploavisdtaamibbuict shé-piesamb inventice. indthies derivativeghergof which
pepti de Ilnkg coval ent |

e TGS oLt o e LA, s
p%ﬁgﬁx@ﬂts J?l\gesg&{h@ﬁc c‘bﬂﬁfu%fsorﬁxﬁhﬁ@s SK taftistsatyt @a@ﬁdﬁ@ ald synthetic

cha ant Ies or scAbs. O her syntheticC constr
i rohstlets CBR giegt ibgePougllese chrie Eliimﬂheltzl 67%:6'6% |(§@%§em‘$5 1994).

%%b&ﬂ%@?gr}é% g)aﬂlggl tgg@@%)p%q ﬁrp(%n e%lgl ;P%%ts (see Roitt et al

us[él?ﬁa{])’ erf tsi @Rade ModiBied kd pisREbces @?xﬁhéhcf(tdﬁg&mt known as a
mmc e structure of a CDR | oop _and which

i solgledehaimTy gwﬁV) motecalet i Rhis includescmarmisle liofen ‘Wé(?]i@&ﬂy joining Vg

c ona‘p ugglﬁaﬁg cg 'ggr(ft%ﬁgt% tg ma%lﬁlgg gwa‘;ﬁibi &g ]?xesefnpfnventlon

dehdr¥@td MeSextdiRs epfingé eham ﬁlhibﬁdll‘ehsr sabpe of t he
present 20 invention. An exanple of a humani sed

anti body is an anti body havi ng human framework

Lﬁbgrp qutgé{g ggns?rﬂétrs %Bﬁlﬁg a?bﬁb :pgpstf 91 Offfece SYAL gﬁﬁﬂeﬁc peptides

O 1 nc nmpri sing

C%ﬂip%@lhg)hnhg@klﬁddlﬁgldetemmntc h Ppptixiei Idﬁnettch maytﬂl@clwl wsed. These
wth sone desirable ropert]éln addltlonto ant i gen h
b.rn@llrzwées resr vasallrprenfemmatinpally: Jestrgiedp 818aRiC) Hpg P& mimic the

|
gfﬁo e ¢ Vl‘é %[dlﬁﬁ)(ﬁp an%luxgll'ﬁcﬁl% e éﬁﬂ@@rﬁﬁ@e‘ﬂ&cu@é side chains. Synthetic

or a ar maceutical |y active
ag@nttructsn al3o dmclutlea @ﬁnmt mo&mtl]es badhes; ifal expgplgl humanised (or

nol ecul e_ant | bqdi es, i.S referable onj ugat
g SRS oot el ELEH P, FOLLUFEHE e preen
dilﬁ‘lt’%ﬁl%ﬂt QF Ek$h er@ 8 ChlMmiscAr Hiidbdplis ahN@UBAR having human

single conj ugate speci es can be al so used. Bacteri al
SOfrmgmmk regbrese bibterodent ﬂnyg@mma@le regmgs t Syntkatig| qongtgyicts also include

sti te an inmmune r S

di e :tnﬁ?/s gamprising a ¢ V%Etg)h? ﬁléeép e\{y er}]lgChs Ifoglc?se {He ﬁglecule with
hi @ineadebirtild YropBity MOMid@Fon tb bAMReA I’tiilhdihﬁgj YFdrlebﬁrﬁplbe}Sa moiety may be
Sel ection of antibodies specific for the cell

si grishel i (ng. \WOdeteable 1kl SpRbT AERD BoSTesRsaL £y Tadioactive label) or a

pharmaceutically active agent.

In order to generate anti-bacterial signal molecule antibodies, it is preferable to
conjugate the target molecule, or a suitable derivative, to two different carrier
molecules (proteins), though a single conjugated species can be also used. Bacterial
signal molecules, in general, are too small to stimulate an immune response in-vivo, Or
to be used directly as a source of antigen for the selection of high affinity antibodies

from antibody libraries. Selection of antibodies specific for the cell signalling
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10 nol ecule (hereafter referred to as "antigen') is
carried out in the preferred enbodinent using a

wo epentgeye (library) of first menbers of specPdT/6B2003/003529

bi nding pairs (sbp), for exanple a library of

ant i bodi es di spl ayed on the rface of filamentous

bact eri ophage. Any other systemthat allows for the

sel ection of specific receptors 5 froma |ibrary of

I RORRURN $hdrSaffdrSfefaR@ it6ald eahdgent)hes neatiwiduofint tee preferred
present invention. In alternative enbodi nents si nﬂ% .
nehbedifnent psiog f4 repettoine ditvary) 196 el wemberstfomes 103% pg pairs
of .antji body secretin yhr.4 I '

¢ Rl SRAREE T TP L 4PbAET ¢RPhied bR, SRR amentous

FeictédhRse. PASeSothér ys@angraahllovd fstthatelectidnhef peeitipl receptors
of a Ilibrary of antibody hinding

i ) | %i tes djs Iaeyed on, .
pfragea phwaty ef @seriprs|is plso arplxrabledont Eé‘?ﬁﬂﬁ@ﬁt(’g the present invention.
COMpILI SiF | geN.: ) i € i
I AR SERLT e R LRSS W o
n@hnsl af abosglystdretihchyteidomandll dmestgnerdtal {rémefenined impunised
hereafter as "conjugate-1') is siao:Fmbi %ﬁ’:‘%ﬁﬁﬂ’ﬁogt 0 g le of
s Wiithes) 2ntigen FRRTEERIBOFPT b PHIPRSCSH 2 o0 {ifien @5 example of a

hy bt Lfith i l1eekest.
B e Rl S S G e e

m | k powder. Suitable conjugate nol ecul es can

Lx{:%gggaéq? g‘%@“ﬁﬂg%ﬁgﬁ% a%‘%ﬂ;C%%nggﬁgﬁgﬂﬁ‘lﬂ?q%ﬁ%%%p midtecule, which can

L, i or BRY nB@ral RY s9gth@RW dnipuh&or material (referred to
@g%rxﬁénm(é/% g; n%n- |roarp‘t g?l%s sucﬁlﬁbas bi otin. The
ohkseaftes oy faonjugatesl) tih emmebidised entoot sifablec spljdugippart such as an
my) ecul e i s that it be_ impbjlisable, in )
f OFTIHRRTARS aff BﬂcrloétrF Hge a% t}éen%céﬁtefj osue%E:t | ciljt\i\@%{ﬁ&‘%th a non
| PG Bfaﬁ%ﬁ%gsa@ent&uhlﬁ By afied ik fpotvdér. nRaBlesconfugate molecules can
specific binding pairs (sbp's) ('the library') is
apptlide buare mhblinkad ) proteans svehpubRtiee SRR (BIA), Keyhole
for._sufficient ti Of S: 5y | i -
cipig eSS G phgSRe TTFERE Rl (FGRINFHn (Ova), or non
ConbteERt RicAr & bRumYedhbyor?d mittitiwenh thaseleagon Riiabe conjugate
that remain bound are eluted, for exan‘gl Wih tri-. . 1
ettAglEaHe ne that ibhsemmobilisable 1t sgyevay prft Soralpgppigation 1s large
sol uti,o I es] | pH  Recovered phage
paeppl{[@? @seﬁg}té‘ﬁ?'%ﬁeﬁ%ggé%d into a suitable host
organism e.g. E. coli bacteria, and cultured to

ARG RN N A
LhED inERSHSS E§1ig'_ﬁ§at5 hgdeHcubiied fol RuFTdedt0iBe el @t members

for phage-anti bodi és (' phage') recognising the antigen
c angagyidegicamugeieécohud. Chagd vat rgroghising the eeijjugnit e Zgmoved by

stringent washing. Phage that remain bound are eluted, for example with tri-

ethylamine or other suitable reagent, into a buffer solution to restore neutral pH.
Recovered phage particles are then infected into a suitable host organism, e.g. E. coli
bacteria, and cultured to amplify numbers of each selected member and so generate a
second ‘enriched’ library. The process is then repeated using the enriched library to
select for phage-antibodies (‘phage’) recognising the antigen conjugated to a second

carrier protein (conjugate-2).
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WO 2004/ 014423 PCT/ GB2003/ 003529 11 Additional rounds
are perforned as required, the selection process being

w@bdoened23 o favour selection of those sbp nmenper/€B2003/003529

recognising the free formof the antigen. Phage are

sel ect ed agai nst antigen conipgates as descri bed
previously, using initially “conjugate-l, and

alternating with conjugate-2 (where avail able) for

S AR 1 RIMBS RANED brePpdrRitmed a@%k?ﬁreﬂhﬂ@ese&’_fcﬁo@ Ipuscesk baing altered to
incubating with a solution of free_ antigen, or )
afivioge eledigru ghtlease tsbp smenbers geepgnisinge flisc frgp | farm of the antigen.

ileties, e.09, bi.otin. for [.Cl.e ' . NP
B e e e e
aRbhjgese 110 afld Bk @igewith Icofjuighte-2 (winks hvaknblel doy exghtsabsequent
Those phage eluted wth free antjgen are infect gfﬁ .
i mownde. Bownd phag aref dpted iyl ml‘aaémgo‘ﬁlt%ﬁdsql%tl%iﬂg f gtigen, or
and.those.r i.ni.n i ilis - .
D PR OAPE ERoBP BT E PLBEr syfyint me
althr @pthbabéesvithhigérmdfinioy anhegatsl foay dfehebutiged teglissociate
with ow pH. | ndividual (nmonocl onal@fHl G%Eage cl ones fromf d
edtmn thsuinemelrilisel enjuste- afeoss hagn elyiqdopth dieg;gphgen are infecte

bi. ndi L3 | 2 i i ound to the
VARREE So R RIE Rt ifon 4 £, FROTR AREIRE PRflie el
Wiitinabilibed aanyigsik i didcatdedt haltamiativelgpbwidiasg poeferably, all antibodies
requirenents, includia uch tefhni ues as SPR

( SRR 0 JOPHERISTORERG gﬁgé’?' Wity (E[P%A (Enzyme Linked

| mmuno- Sor bant Assay). Selection criteria will include

the ability to bind preferential ll)al to the free

sdhdibldaaF Gnonosfonhephage tlgees fromtdaeh peunslesfosslestion are screened for
copjugated. derivatives. 20 In the preferr :

c AR gTeTERE P Tom “#h Rt PRSGTES N Vel of methods tha
gensr e eenilihPm0 Bosd HithCordaR siantih bel vrtp agadiigs@l ayquirements,
library (McCafferty et al., Nature 348: 552-554

190dndiag duetsteders gudsise SPR(Swaollagroary Resonpigs) aré ELISA (Enzyme
ant.i bodi es coul d be ,us f . 1.0 St eni 1 :
Rt Gttt AR Hepu PR RAL L BRI, p bty to bind
I eRgRAnSally fo thefredlisaghiesfolt disbayntifen ianhe poekgncoaf donjugated
be used to determ ne the presence and concentration
ofdeHSpvasn patients and so predict the patient's

infection status. In other enbodinments a |ibrary can

be constructed froman animal pre-inmunised with one
orInnthe eyreferntd gatbedinudnt af Ml ireotian, suiibedi¢se wilabei generated from a

nmol ecul e. A furthe al.terngtive, is the neration,of

hysH YeckprRar gtibogly phassrdcara b %Fcﬁfﬁﬁﬁﬁss@qﬁl& R s52-554,

degay QE? RRRYEbehNn W bablier7) !t Vhizahe Sntibodiés could be used for

preferable that steps be taken'to reduce o
administering to patients in addition to use as diagnostic or dialysis reagents. In a
diagnostic assay the antibody could be used to determine the presence and
concentration of HSLs in patients and so predict the patient’s infection status. In
other embodiments a library can be constructed from an animal pre-immunised with
one or more conjugates of a HSL and a suitable carrier molecule. A further
alternative is the generation of hybridoma cell lines from an animal immunised as
described above. In the latter two cases it is preferable that steps be taken to reduce

the immunogenicity of resulting antibodies, for example by creating host animal-

human chimaeric antibodies, or “humanisation” by CDR grafting onto a suitable
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the i munogenicity of resulting antibodies, for
exanpl e by creating host aninmal- human chi nmaeric

wa@piokbodees, or "humani sation" by CDR grafti ngPp@NG82@3/003529

suitabl e WO 2004/ 014423 PCT/ GB2003/ 003529 12 anti body
framework scaffold. Qther nmejhods applicable will

include the identification of potential T-cell

epitopes within the antibody, and the subsequent

I afRGy GlarhdVSR Qeddfolby SOerdinfetitdded applicaginesills include the
(de-i mruni sation). In a further _enbodi ment the
andanbifiggtionanf peteatig)i Freel «@itepesi Withindde C%W?P%ta“tde@F oiygsequent

T rd%;ln fOff etﬁgsggﬂ % @) A ﬁgee %:gédamn 1% ués g%%%ﬁgelé)((::'l?pﬂ further

i T&nﬁbﬂﬂﬂi&int @ dnsibodycapetetdngiicared td ﬁ&h}d& mpnsllam hegioss feom different
desirabl e where the antibodies are to. be

sed .
t Iéasegs & thugan e gloRelin Kge FaA i 65 LARd PRAUGH@s a whole antibody
ar}{uﬁlg&gg TaYiRa @ chnoﬂﬁﬂlc hr BRLY %Bﬁ'ﬂ)@&hes The dedifable where the
I €S may be unan or humani se or for dialysis

| #tivghiesire o bppeldclatramntcathy be from ot her speci es.
Anti body fragnents or derivatives, such as Fab,
F(ab').sup.2 (also witten as F(ab')2), Fv, or scFv,

bcﬁe ng cf{Bdn Sﬂhegén%bﬁ@}a'nﬁ‘aya% 'rﬁ&ﬂicﬁﬁlal (3 Cp‘é&‘]&’}clonal The
suc escrl ed by Huston et al. Rev. | nmunol .
1Chnt1li@;ﬁes’2ﬂﬂy bt $98)n or dhumnne(hmr|fblodiab’518(/d1&¢$1)>stlcf applications may

ﬁ}?g;p S! n l S dlggﬁbogﬁy az%g:qge%?y %re%lnafraﬁ%sijgg (ﬁ? #a%o #?ab ).sup.2

t ‘{aﬁﬂtv@rﬁ%' @sSF(aﬁf}%g' PQer schva&fﬁ“}/rEeSuééﬂd as may smgle cham antibodies
i mmunogl obul i n=1i’Ke nol ecul es, "pepti dom nefics

noseAtpuiches desaridbeil by dastobet @Ileﬂngn%@’ tigmpHne. clq H@5 -217, 1993),

no"égl'?agﬂ aﬁﬁ‘%‘i%% é‘ﬁ%f %%kg%géles lng \f%ﬁ{x aﬂgbc%ré or antibody-like

bi ¢iebi1 Oddhaif ehdtrg@h Biradihd % NGcdpdrecu |IﬁS addflorAf the antiudies, antlbody
preparation of a suitable antibody, it may bhe jsol ated

orfrqgmqnm gad pimpHeogebulwaiksr Aoleaigsni REFELOBBIRTSH| §f non-peptide
ﬁ‘ér%%{l; c§ %ar{ kﬁﬁﬁ%ﬁ%ﬁﬁé%g}%@ gl% th%%h\)étg d?‘%% %’&%&sﬁﬁ rPre%'entmg or

Fﬁﬁb@ﬂaﬁrﬁg}ﬁu’c&ﬁﬂr nfdries dy ifHiBi@8Y the Wendiap af toll- sgnztlhing molecu]es

techni ques include peptide or protein affinity

columms, HPLC or RP-HPLC, purification on Protein A
Soui{@h1e CRABS ARt ABY be3sdted BEPErified b of

AT SRR QST 05 L2BRled bR by nc

aceoermd] ttghmqusst emtapdly avetldide $for amdmales ay ddschibed in Antibodies: A

specificity u cedures geper avai

P bRl SE 5 SERCER $oBYE Rl aborstory Prss
| 2gbees. %&i@?ﬁlly@t@ﬁ@'t@c eE’@nc@uJboPaﬁﬁléldi%r&@ E&ffin&y columns,
or a peéptide thiol actone 0 nol ecu

HPLC or RP-HPLC, purification on Protein A or Protein G columns, or combinations

of these techniques. Recombinant antibodies can be prepared according to standard
methods, and assayed for specificity using procedures generally available, including

ELISA, ABC, dot-blot assays etc.

The lactone signal molecule may be a homoserine molecule, or a peptide thiolactone

molecule.

The homoserine lactone molecule can have a general formula selected from the group



The honoserine | actone nol ecul e can have a genera

formul a selected fromthe group WO 2004/ 014423
WEMABAAD3/ 003529 13 consisting of: O N CH2pET/GB2003/003529

(CH3) Formulal OO O\(CH) Fornmula Il N~(CHnNn OO

2 OON " /(CH)n \(CH) Formgla Il O OCH where n =0

to 12. 5 Conpounds of general fornmula | can be

descri bed as acyl - honoserine | actone nol ecul es.

Comestgsoof general fornmula Il can be described as

3- oxQ- honoserine | actones. Conpounds of genera

forngla Il can be described as 3-hydroxy- honoserine

| ac e 1 r Ktheq\honDserlne | act one nol ecul es

foR g Swp?gfﬁula | dFEJN-but anol y- L- Foomokek i ne

| ac e (BHL) where n = 0, N-dodecanoyl -L-honoserine

| actone (dDHL) where n = 8 and

n-t etradecanoyl - L- honoserine | actone (tDHL) where n =

10 QPreferred honDserine | act one nol ecul es for

enel al fornula 2re N-(-3 15
oxg Al e\r\r ﬁ)| actone (OHHL)pR&ien = 2
N

decanoyl) L- honoseri ne Ia one (OQdDHL)
mhere n = referred honoserine | actone nol ecul es
for general fornula 11 are
N- (- g hydr oxybut anoyl ) - L- honpserine | actone (HBHL)
wher¢ n = O 20 In %eneral the bacterial HSLs can be

fugy %tqaﬂﬁp cl asses: i) Fas@michH n
O OH

wheren=0to 12.

Compounds of general formula I can be described as acyl-homoserine lactone
molecules. Compounds of general formula II can be described as 3-oxo-homoserine
lactones. Compounds of general formula III can be described as 3-hydroxy-

homoserine lactones.

Preferred homoserine lactone molecules for general formula I are N-butanoly-L-
homoserine lactone (BHL) where n = 0, N-dodecanoyl-L-homoserine lactone (dDHL)
where n = 8 and n-tetradecanoyl-L-homoserine lactone (tDHL) where n = 10.
Preferred homoserine lactone molecules for general formula II are N-(-3-
oxohexanoyl)-L-homoserine lactone (OHHL) where n = 2 and N-(-3-oxododecanoyl)-
I-homoserine lactone (OdDHL) where n = 8. Preferred homoserine lactone
molecules for general formula III are N-(-3-hydroxybutanoyl)-L-homoserine lactone

(HBHL) where n = 0.

In general the bacterial HSLs can be further subdivided into two classes: i) long chain
molecules (10-12 carbons) and ii) short chain molecules (4-8 carbons). In

Pseudomonas sp these different size classes bind to different R molecules and cause
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nol ecul es (10-12 carbons) and ii) short chain
nol ecul es (4-8 carbons). In Pseudononas sp these

walpdofiereant si ze cl asses bind to different R noP€raGBes®3/003529

and cause WD 2004/ 014423 PCT/ GB2003/ 003529 14

different genes to be switchgd on. Long chain

nol ecul es bind to the R honol ogue gene product known

as LAS and short chain nolecules to the RHL protein
harRk&f ¢enesto HB @wﬂ@lﬁﬁdl ¢ie ItdnigehaiatmslecudarbifdicethaR homologue

general formula (1V) as follows
wieereeprdics kaayn asdAS aadisHor bR ml@fuf 5o ta@e%mem
g Ve, @Qd t hroughout this specification, the am no
PEO%&sTdues are desi gnated 10 by the usual | UPAC
single letter nonenclature. The si ngl e letter

desi gnations_nay be  correl ataiﬂ@ tl {]S 3 l<’Ijsz| cal
tﬁbe@eptmtbwlﬂwe@%aﬁlﬁmg%ﬁr TRV e Wes as
follows: A=Ala GCAy M=Met S=Ser C=Cys H=Hi s N=Asn
T=Thr 15 D=Asp 130 P=Pro V=Val E=F u K=Lys Q=G n
WETrp F= Phe L= L R=Arg Y=Tyr Preferred peptide

t hi ol act one ules may have the follow ng
structure IO S1 S C\ YSTCDFIM YINCDFLL 30
OO0 S rvN F YSTCYFI M

[X], CXXXX

where X is any amino acid and n =1 to 10.

In the above, and throughout this specification, the amino acid residues are designated
by the usual TUPAC single letter nomenclature. The single letter designations may be

correlated with the classical three letter designations of amino acid residues as follows:
A=Ala G=Gly M=Met S=Ser
C=Cys H=His N=Asn T=Thr
D=Asp I=Ile P=Pro V=Val
E=Glu K=Lys Q=Gln W=Tmp
F=Phe L=leu R=Arg Y=Tyr
Preferred peptide thiolactone molecules may have the following structures:
O
Vi /
S <S
YSTCDFIM YINCDFLL
O
Va /
<S <S

GVNACSSI F YSTCYFIM
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WD 2004/ 014423 PCT/ GB2003/ 003529 15 A grow ng numnber
of bacterial species are being found to comunicate

wheimeen2xel ls 5 using a variety of small si gp@l/GB2003/003529

nol ecul es. Gram negative bacteria predom nantly use

N-acyl honoserine |actones (Jable 1). The latter are a
group of conpounds that share a common honoseri ne

| actone ring structure and vary in the |length and

structure of a side chain (Figure la). There are

three classes within the group, the acyl-honoserine

| act ones, the 3-oxo-honoserine | actones and the

3- hydr oxy- honoserine | actones. A 10 single species

can produce and respond to nenbers of nore than one
clAagmwiihrumbert dbectdaali spedesirg heing folmskigl commaynigate between cells

furanosyl. borate diester, for anpl e, .. Aut ol nducer -.2
oS Ao rieRoRA el sispestRe. SRR W precominantly use
( V- 941 BorBlerid¥BRfond (@MB1IO Y athe/RitéNtEe 8 rg?éﬁpﬂﬂ%oﬁﬂg‘éﬁnds that share
organi snms such as Vibrio harveyi and Bacillus 1

arit donzooshpmostuine lagiapestngdsimicgrmindyarg é fhe, lepgth and staegture of a

is.derived.fromi sane . S- enosyl,met.hi oni S .
. SicreptcFinke Tt FreBE R e GRRS ST ' g o8 Pl fgmoserine
( Fh@sKeR, 1he)3-otd-hdBodehiar Yitkorlek kBl Yhd Balydiky-Bohfbsérine lactones. A
uni versal bacterial signal nolecule, being produced

arsinglesnsgies sauplogucerradirespoadty membere o€ Borsthan g elass.
variety of species. 20 HO, OH Auto Inducer-2 (Al-2)
oB', OHO'l "~~"CH3 HO O 30 Al-2 can be described

asThé, 13ctehdeiv@dysi ghahBiolycle3mdy boadtendsyd doeite dibster, for example,
| act one-deri ved S|§nal nol ecul e can al so be

dedytoldpees-200r ALS. Hidrpdrloya E;%Algsreggmemgﬁ%o%g%@. Many

i o] r t Pr q- -2 . Whi . .
5 R I I S, 8 AL oy g it
1hyuhBein phddue casectiel desad mdledilgsAI2? 4that is derived from the same S-
di hydr oxy-4- net hyl -furap- 3-one. _Pro-Al-2 can be
dehdepapy Bethioning PHNPIESGFEE fagtonst, TSR0 By fhgreceptor LuxP

PQEi dutkL by At 2dthoAgRNeREAP Pk ACH Gs A0S efsdl Bab@Fial ﬁénal molecule,
Pro-"Al -2 Teactive WD 2004/ 014423 PCT/ GB2003/ 003529 16

hapirgproQided and ercogris¢d/msanddydedes virilaodeauid e widheariety of species.
strai ght chain or branched, saturated

HO OH
/,,' /

Auto Inducer-2 (AI-2) O/B\o

HO® -nll()H3

W O
HO

AI-2 can be described as 2,3-dihydroxy-4-methyl-3,4-borate diester.

A lactone-derived signal molecule can also be a derivative of 4,5-dihydroxy-2,3-
pentanedione (DPD) which cyclizes naturally to form Pro-Al-2, which reacts
naturally with boric acid to form AI-2 (Figure 1b). Pro-Al-2 can be described as 2,4-
dihydroxy-4-methyl-furan-3-one. Pro-AI-2 can be derivatised as shown in Figure 1b

at the 4-methyl position to add a heptanoic acid moeity to form a Pro-Al-2 reactive



or unsaturated Cl-Cl0 carboxylic acid noieties, such
as net hanoi c, ethanoic, propanoic, pentanoic,

wheooanoi4ey hept anoi c, octanoi c, nonanoi ¢ or deReErGBe003/003529
acid. HO Pro AlI-2 OH 10 OCH3 HO Pro Al-2 reactive
hapten 20 OH O O OH 30 C?ﬁ@}positive bacteria such
as Staphyl ococcus aureus use short peptides (Figure
lc) (Mayville et al., 1999). The cells use the
”H%}@&P | ©fhe Bedy RSN P hls6 BicRId¥ JThetGtrhipht cade 8t bragdted, saturated
density, such that in conditions of |low cell density .
t be woncemed «8i-6n ofrbosylignaFidnicieiisse speh as methanoic; ethanoic,

SRR e SRR B Rih SrandiE FRA 8 of ffbapieatia

concentration reaches a threshold level it 35 induces
the transcription of genes involved in viruyl ence and
the onset of a disease state in tkOhost he

t hj ol,act one derivatised peptide signat, ecul es used
b;hy|r #g'hylococcus spp. have additional b\o i ca
functions. They not only provide the cteria with 40
i nformati on about their | ocal populatidﬁ ngsity, but
they al so serve to suppress virulence in othér S.
aureus belonging to different sub-groups (Lyon et.

al., 2000). This bi-functionality is split between
the different structural elenents of the peptide,

with the thiolactone Cterm nus inhibiti virul ence
in other sub-groups. The un WO 2G8@/ 014
Pq£6gﬁ%g%§&9%%éé% 17 nodified N-terrpnis acts as the
si'gnal 'to up-re uPate virul ence geng exgregsjon in the
sub-group that synthesised it, but OrRlydn conjunction

with the Gtermnus, which is also regut . The
presence of a truncated peptide conprising t
C-termnal 5 am no O

OH

Gram-positive bacteria such as Staphylococcus aureus use short peptides (Figure 1¢)
(Mayville et al., 1999). The cells use the molecules as a means of determining the
local cell density, such that in conditions of low cell density the concentration of
signal molecule is correspondingly low. In high cell densities the local signal
molecule concentration is high. When this concentration reaches a threshold level it

induces the transcription of genes involved in virulence and the onset of a disease

state in the host.

The thiolactone derivatised peptide signal molecules used by Staphylococcus spp.
have additional biological functions. They not only provide the bacteria with
information about their local population density, but they also serve to suppress
virulence in other S. aureus belonging to different sub-groups (Lyon et. al., 2000).
This bi-functionality is split between the different structural elements of the peptide,

with the thiolactone C-terminus inhibiting virulence in other sub-groups. The un-
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acids with thiolactone |inkage suppresses not only the
ot her three sub-groups, but also 5 the strain that

w@emdocae it. Thus it follows that an anti bodyPeTiaB2003/003529

recogni ses the N- term nus of the signal peptide, and
effectively displays the Ctgrmnus by leaving it

exposed, wll effectively suppress virulence in all S
aureus strains. Antibodies of the present invention

MR diRanetheniectsals $8dsi g it 8p-réuil RO virdlbgeadiens @Rpreskion in the
by the thiolactone noleCule as described above or a .
stuhygtoup dhatelyetiresisedt ihdyus only Mogongyngtipn &vithyihe (Greerminus, which is

eptide.s nc t t hi et - Al :
aBo AT Bbeadise st §rmratIRAEIE cObie o AR 8 amino
ah& d$ @A $hiolabtond EnkigeuppresseAhst dnigtheastieerabicasulegdrdupgrbut also
E. coli clones designated as XL1-Blue G3H5,

GBeosteinyithst pegiged fhellursdh @lwxﬁéaﬂo@bﬁm&@ﬁ‘éﬂsth%efggéﬁmses the N-
VB . . . .
s R AR LG I S by tomon i

a@@ﬁﬁs@cﬂ,ﬁﬁlﬂmﬁﬁbﬁmﬂy stpdirss drapacd achlbS dichiyBirdibi 6 Antibodies of the
G3B12 deposited as NCIMB- 41168, G3&2 deposited as d by th
NEFasERtA nyention mas HEsTefaiso be tiatied A2RBiVED 4901 tppe Prefrgted by the
Siyl.5f iy §d | ERRY ieRinfenB BRI, £ le
> ufjtaOdnl OA%%‘L‘L’B%‘%&&?‘Z&%S?}%B? R
anmgy spkitié Bequende cankd thyolsuqm moient ed with 12.5 tg/ m

20 tetracycline, and/or 1% gl ucose, under standard
conditions of 37Cin air. Bacterial signalling

Rk %%Hhﬁs Ar&rdebRBodiRERVE 8 iveBNE, hOT A@BbEER a8 scAbs, in
whi ch t ey

are searched. It seens to be a ubiquitous
s yattieniar appbi thatbire obmireddrom Fpedli elonesTdasignaigidrps XL1-Blue G3H5,

b AEEs RIS, naho lon g e Sat Tk NPys, Aberdeen,

aftﬁf har® MRS 1008 AR @)s SRThEBhdapeseTcagdiddeet): following

smal | peptides. Many gram negative and gram positive

oragemssionsugbety: G8HYidspositer ap Dlggnvm—éhtﬁ785%&1md“ggosﬂed as NCIMB-
t SN M |

AN BES 480 RAESreq s AR A1B8 Sha Ahels kicfisifa WS NeénvB-41170.

ni'ng organi ¢ nol e

( AHeOdtREMIC BTay De WhliieAled i kg dppropsiets peviiachaivesuch as LB media
derived from S- Adenosyl net hi oni ne, Previ ous wor

. ki
t hsuppleinented hHeish dORBEMr 2erigliTD eniona SRPHEMERiEHh apith 12.5pg/ml
mol ecul es w th es that are [ o 0
oo Sl e B SRR PR P S
bl ocki ng the various receptor systens. The
di sadvant ages of these nethods are principally th

] . t .
" SRicsTah BangEne BwleSa S HEpeRng SiSEHETACNEYDA) GBS (o Which they
PCT/ GB200 0 L G "y ' .

. 84 G, L€ 1o 'S8y species. The
Si aé%éi?argrhoﬁ%{égtu?%%%smﬁ% F}U%}(ﬁér & g%‘ls Wi ?@fﬁgon’pet e for P '
bi mghin n@iffetencaddict ihan allsgmm hegdtiee i @ransi-gaplbactaga use homoserine
nol ecul es e.g.. honoserine | actones are . -

lactone-based molecules, and gram positive (gram +ve) bacteria use (modified) small

peptides. Many gram negative and gram positive organisms such as Vibrio harveyi
and Bascillus anthracis (Jones, M.B. and Blaser, M.J.) also use a small boron-
containing organic molecule AI-2 (AutoInducer-2) which, like homoserine lactones,
is derived from S-Adenosylmethionine. Previous work in this field has concentrated
on mimicking signal molecules with ones that are recognised but that do not function,
i.e. no pathogenic switching, or on blocking the various receptor systems. The

disadvantages of these methods are principally that resistance can be developed to the
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virul ence factors in their own right, and can directly
cause i nmuno-suppression of the host (i.e. patient).

wab®4esgence of the present invention is to taP@QEGBRIVE/003529

actual signal 5 nolecule, and this can be applied to

all bacterial cell-to-cell sﬁgnalling systens (gram
negati ve and gram positive). This approach has a key

and i nportant advantage over all previous efforts in

t Benfid of Bldok hdthet Kal'bagtarmelenild lis soll thee cydi wil témpete for
they are being attacked, they will sinply detect that
t hindintgh dy addisiond S@vmbam@aleslwaﬁmgrmle%e%g homaserans lééones are

pressure.for resj. ' . . £1h
DS GRRHLE LB TPLELTT By, iy CHE AL 0 0 Arscotpposion o e
phRastNeeSptiesdl Thereasts bDheqoeseni Bivergicans dntirbade agual signal
efined in the first aspect 8f t he ]}]Tgve%gi.on. .15 596%;18( am
conpeile iaphEinesn brannliep st 8 dagenal el Aok SRRBtRE PRI (8
;h?gzﬁfvte.agﬁ lgg%?gﬁgi@&e). L’Pﬁis afprBaBN as VK XhiperihMedvantage over

ve i ng t wth a carrier(s), diluent (s) or
extli ot sifortuiiere fidlé i et doo Bactermwill Therecognise that they are
pharmaceuti cal comnmposition e, adapted fo .
D i P Gy LD ARG Pt (58 GRS Tpgge vill not be any
e@g{ggt:i\%&xssg oPflstadpbdicl udi ng buccal or sublingual),

al,

rec nasal, topical (including buccal, sublingua
or transdermal ), vaginal or parenteral (including
subcut aneous, intranusc intravg

) | ar, . .
i MAGCREERHEP) 21 STPRE ShE g{)ﬁlﬁ S RENC) ngl 9?’?3’919’510&‘1%‘? epafed ided a
%}éﬂ?ia&fﬁﬁm doBe¥ion Borthpr@siad bin @htitfugr avedxyined o the first aspect of
exanp

e by adm xing the active ingredient with the
cahe irefts)n. or exci pi ent (s) under sterile conditions.
25 Pharmaceuti cal conpositions adapted for ora
adm ni stration may be presented as discrete units

SUSthaSnpefbhEmapbe brphel by aa$ nptwddmewarin greaartibiegharmacy, for
as solutions, syrups or suspensjons%%%n a%aﬁouz or ivient(s)
n orx-appleclesu R X g the actyie ipgredigntyyigh 2 § (g ‘?“;5 s) O excipien (s
as | si L Suitabl e excipients for tablets or

h al}]’gi%&i?{?{@%%ﬁ&ﬂlgg&

i'ne capsul es include |actose, maize starch
or derivatives thereof, stearic acid or salts

Lt AT DR A122, T CER00 B02528 0 S Ao
F O ufX 3IPLEMERIBY 3 BraPiinSluding buccal or sublingual), rectal, nasal, topical
(including buccal, sublingual or transdermal), vaginal or parenteral (including
subcutaneous, intramuscular, intravenous or intradermal) route. Such compositions may
be prepared by any method known in the art of pharmacy, for example by admixing the

active ingredient with the carrier(s) or excipient(s) under sterile conditions.

Pharmaceutical compositions adapted for oral administration may be presented as
discrete units such as capsules or tablets; as powders or granules; as solutions, syrups or
suspensions (in aqueous or non-aqueous liquids; or as edible foams or whips; or as

emulsions)

Suitable excipients for tablets or hard gelatine capsules include lactose, maize starch or

derivatives thereof, stearic acid or salts thereof.
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waxes, fats, sem -solid, or liquid polyols etc. 5 For
the preparation of solutions and syrups, excipients

wabioghi143ey be used include for exanple water, PEDGBR003/003529

and sugars. For the preparation of suspensions oils
(e.g. vegetable oils) may bg used to provide
oil-in-water or water in oil “suspensions.

Phar maceuti cal conpositions adapted for transder nal
adm ni stration may be presented 10 as discrete

patches intended to remain in intimte contact th 1
t Buitabls ateipirings fof usetveth sofieelsiizneaprdes BCPDI06 fERPIH ArgeEyle oils,

of ti For. e e,..t jve ingredient may be
d@PWVgEEH“Ppéﬁﬁigghggpéﬂﬁg§%%%ntophoresis as generally
descri bed in Pharmaceutical Research, 3 (6), page 318

(1986). 15 Pharmaceutical conpositions adapted for .
t Gpi halprepartion of selptiens q@gysy@@s,feép],pmngt @%Clggaaydbe used include for

OL Nt MBNLS, CT ; GRS rthé PrdfaRfion REERP&hsions oils (e.g.
sSF%W%%ﬁﬁ#mbé§$§§,m§§§9, ép?gis, g% osol s or %ils. g
FQegetdbieasils) pag beisddhe peyalemil-intwater oexater inadil suspEsions.
for exanple nmouth and skin, the conpositions are
preferably applied as a topical ointnment or cream

l&)tngp% i IRt iERMnsddiifl adhink@ratiirRdibeHresented
Vn\gpgggg]‘cée{{&p oye \?\;tltgﬁsagéqa?ﬁer a 2n(§ paraffinic or a SJ qir
Vak eliscreies pitthes iniendeatietot remiein iMtimateneanitage Wjth thp eepidermis of the
active ingredient may he. fornul ated in r.eam wW.t.
e Y adrdongsd oo g gy EOCHEERY i fiRE Talleditnt may be
Phaf,mege bt x;}a@dﬁp ii&ﬂt@ﬂh%re@iqadﬂt efaly de@Pive@lin Pharmaceutical
agl?ﬁflnl st ?g{nl ?).Jr? 0 tﬁ}z eye i ncl ude‘@‘gye ydr ops wherein
t [Resath, 3€6), pagecdiB€i86).s di ssol ved or suspended in a

suitable carrier, especially an aqueous sol vent.
Phar maceuti cal conpositions adapted for topical 25

AT ph R LR @&nﬂxﬁsiﬂ#ﬂ? al@pdfor Redicsdladindienges may be formulated as

pastilles and nouth washes. Pharnaceuti cal 1
C GHPTSS] ersnsa SEPERsENS.dPtians cROAVACESAIHI B PR IFD §CTaiprays, acrosols

S50 B ALy SHRTLAR SIS EETBpue Ry o ot ki

conmpositions a
adpi Rofpbatibmn atsh pregirably hpplial ms er tépcah oistolend or notamle When

a coarse powder having a partjcle size for ex l.e i .

t Hermulrige ipoan Ginswent. Hicc PGHE tnetediT Snayg e ATQEAGMR citber a
the fRaner - Whaphlich i Haded kiv8ly, thY adtARiisbr¥Rnt may b
200 13 BB b 3" S sy, Y adBR iRt may be
t Wermlsall pasasageanf won & odrb-avater ciofmt base powde ivajgefintoll base.
close up to_the nose. Suitable.c 0osi.tians erej

t Hhagpdepgal icgmaoalﬁl%iaé?l’t?%?of ORI POTP RO é@hae e duflude eye

SP Uheds RRSkivERRSdiehtNG! d16i81ved UL CSpetiedid a suitable carrier,
saﬁgﬁ ong g} the]gcfﬁgglfngredient. 5 Pﬁ%rnaceutica
e

pasillyi ensagudapt edvinsr  Rimimacsticalt compesytiana hdagier ofpr topical

! n%nﬂgi(setrefltiorr]lem the mouth include lozenges, pastilles and mouth washes.

Pharmaceutical compositions adapted for rectal administration may be presented as

suppositories Or enemas.

Pharmaceutical compositions adapted for nasal administration wherein the carrier is a
solid include a coarse powder having a particle size for example in the range 20 to 500

microns which is administered in the manner in which snuff is taken, i.e. by rapid



particle dusts or msts which may be generated by
means of various types of netered dose pressurised

wW@e000904483 nebul i zers or insufflators. Phar macktx/GB2003/003529
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conposi tions adapted for vaginal adm nistration may be
presented as 10 pessaries, bpgnpons, creams, gels,
pastes, foanms or spray fornulations. Pharnmaceutica
conpositions adapted for parenteral adm nistration

| NahAgRn RSB e ARGh] pARAeFEIIE @ USntainer dfl the oy &¢ bieldriose up to the
sol ution which may contaln anti-oxidants, buffers,

bawser Swtsbletcompasitiens wiesen e Garrier dhy BAUieHer FERIHAAINGT a nasal
substanti al | y. i sot oni ' ent
P aRa: Pl GbBneRE altesle 410 SRuPhEA G e B dient
sterile suspensions which may include suspending

agents and thi ckening agents., Excipients

/ ! i.ch. may be .

u fsHtigahj comPaBiienss afapadofrs A TR inhalatioh include fine
al .coh ' VEIREAR & Wiibs tyb& of metered
exs Ki%e.ausf‘ﬁgll %ﬁgskns;ggfgb?ﬁgﬁéﬁé;g?@%gedp@gsent ed In * yfp Of mette
unddse gesariosd daudsbls; shbakizetomtindufigaters. f or  exanpl e
seal ed anpoul es and vials, and may be stored in a
freeze-dried (lyophilized) 20 condition requiring only
t lebidi Kbk b Mbith @amidi®Btion May be presented as
e@rf%ﬂgée&g?agrc {ngéﬁﬁ? nj egt)i ons, Qe}glmmdi at ell y pri ory top
usigessdet, eappomanaeuss, pelpeesten foass| anspren foramtations.
suspensi ons nmay be prepared fromsterile powders,
granul es and tablets. The pharmaceutical conpositions

a‘fﬁgée%ﬁ@al %ﬁg&ﬁt‘i’dn@ QIRIENo? parSRllekHD hilhisRgti &OBIIude aqueous and
25 stabilising agents, wetting agents, enulsifiers,
sveet-amers, sealeoumiesiion, sgudur aritieh may toontajns @pktoxiderts, buffers,

of the present inventiopon t hens . QM i N

C HAHBPRPBrd SOl MBS P Eby A At b BGRE) HERnlcvith the
bufibed 8f the dntded r&g8 et Sardraqaedus @xd dambgueolhayrileByspensions which
al so contain therapeutically active agents in addition

t omepénckuissusprodingfagerie ajst BRREINE jAAcENt FEHPICRS DESBEY be used
?L(Pté Rliej?c%ﬁé R G ﬁn%glélteWa@?ﬁ%;hggvﬁ?]%lts,yﬁgﬂg@ §rg:?{rl]eéetable oils, for

on can vary ween epen
upeimige theseagRsitibnginapbelpresdntedia itelted; multiedaeeontainers, for
and condition WO 2004/014423 PCT/ GB2003/.003529 21 (df hilized
t hexample seaRdaamRaylaseand raals aid mayche stApd4n griveezedgpd (yophilized)
W fH ! i \di iR YR t ater for
ol B A OO Oy ud
f omjecdbey, | manydiarelgi piioe.toThee. 5Eptesperaneaysplinjeditonopelutions and

ISP TR PR E o i S e G

i mpl i es otherw se.
The pharmaceutical compositions may contain preserving agents, solubilising agents,
stabilising agents, wetting agents, emulsifiers, sweeteners, colourants, odourants, salts
(substances of the present invention may themselves be provided in the form of a
pharmaceutically acceptable salt), buffers, coating agents or antioxidants. They may

also contain therapeutically active agents in addition to the substance of the present

invention.

Dosages of the pharmaceutical compositions of the present invention can vary between

wide limits, depending upon the disease or disorder to be treated, the age and condition
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According to a third aspect of the invention, there is
provided a nethod for the treatnent of bacteri al

w0 ndogoi44e of a subject, the method conpri si ngPCT/GB2003/003529

adm nistration of 10 an anti body of the first aspect

of the invention to the Suijf Exanpl es of bacteria
found to cause di sease stateS are shown in Table 1.

Met hods of this aspect of the invention therefore

e)gf mqn&l?ldﬁéﬂ%rbg adaed, i gad HBWSl&;fn " dliheely dferliheappropriate
strain of bacteria as shown in Table 1 in a’subject.

| iosagps ®fteraset! enbodi ment of the 15 invention, there

is provided a nethod of treatnent of an i nfection of
Pseudonponas aeruginosa in a subject. Therapeutic

SUhsh ABRHsifAbnd Hﬁypcfeefcﬁ‘ﬂlhlaltd@/ﬁﬁthlﬁﬁhnn&yfdﬂevet@ﬁﬂry metHeme. The
treatnent of a hufman or non-human ani nal .

t rpewemmpphna;onmmﬂdmlweau@ﬁed 28 D PRIPSFaIupLlY FOe‘@HBﬂS agfwell as to

an con L] dy will usually
@ng{}%iﬂqn G° Q?%B %I?ar 13&1@%@1@%1?% maceut i cal

conposition which WI|| normal | y |ncI ude a

pharmaceutical ly accept able carrier.

p hsgoostieg to @alhlfdcm%sﬁ)t ;hgnmmﬂ;loge thege éﬁyr%yuqlqdamnéethod for the
f i n
gi:ﬁn}ﬂueéﬁ%?%ﬂ(g&ﬁ]e? #%thor} oLz gﬁf{%& etﬂe @%gﬂ;ﬂgcg rngl?/l% adrmn stratlo of

UnintanlBe@OEf thefirgt asetd ofgbmﬁwahthqn toehqnubjdctied in a
seal ed container and may be provided as part of a
kit. Such a kit of parts would normally (although not

i nc’?a%g) S M%acﬂeﬁ? !fc?ﬁiﬁ t#) Ralse ste'a&ns?atgsoﬁre WE&wn bd TABY 1. Vl%ethods of

ura sal un| t dosage 30 fornms.
ZQﬁﬁ/a@ﬁ%ﬂ&&hPﬁVémﬂ@ﬁ)ﬁﬂﬁmd tozz nﬁﬂmdrrétrh@d@nmf an fygfection by a

nienon 5an e SpRLL LY Shol, O LML G ARG ot o
rmi?ltve bn2 k{g:rebﬂ?rS%H@d aPAtReY 80 SrefmeRt @Ntaf infeaddn 8 Bseudomonas

i ncl udi ng The invention can al so be used as a
pragrhyihasting subjeetat nent for the prevention of di sease
onset in individuals at risk of or fromexposure 5 to
pat hogeni ¢ bacteria. The invention also has the

pofﬁé?&ﬁcﬁﬁc §ubstahd®s of B pRésematentibe mafl Ovsodeq teatdaminenodf a human
the immune systemthat results from many infectjons,

anet pap-fofmanpapimile ulhgr tresens rpaYPe RTOB]éXIPCéﬁt‘%" AR et rﬁ@“t of an
from cancer.. . cystl c fibrosis, AIDS and ot her

i OSSP Pr¥si ve conditions. Furthernore, as the

nmet hods of the invention are direct ed parti cularly at

bacterial cell signalling nolecule ot prim .
at Theantthgdp X6l asy gh 3 stefl e{)]léarwgcqutlgaé Cﬁ%}pOSltlon
se| which IV\yl anrﬁa%EHﬁﬁu@z?bﬁa@ﬂa%ﬁpﬁﬁrta%Eép@z{ble carrier. This pharmaceutical
composition may be in any suitable form, (depending upon the desired method of

administering it to a patient).

It may be provided in unit dosage form, will generally be provided in a sealed container
and may be provided as part of a kit. Such a kit of parts would normally (although not
necessarily) include instructions for use. It may include a plurality of said unit dosage

forms.
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popul ati ons to devel op resistance to the treatnents
descri bed. The anti body may be adm ni stered to

W0 ndogot4e patients in order to nodul ate and redIG82003/003529

bacterial infection. This can include inhal ation of

the anti body in an aerosol by cystic fibrosis

patients to increase |ife expéctancy. |In yet another

enbodi ment the antibody is adnministered to

| R QISR I GRS Bt enti ERNbSapplic@k6lShort 6r l0ng i@@s @acute or chronic
i mmuno- conpetence. 20 In yet "another enbodi ment

c dihjesgdisese,oind & kffsitiynaigaingy mest o wllebactasial prthesefenpk plants,
pr ot ei ns. can. be, adm ni ed to in

AP SnF BRI < (M PEPtoD, ol ML Pad] g5 o prophylactic
agahtsht fd2encSh8h@ition b9 di¥ehse @bet i Bﬁl&ﬂ]dudl}gatlrmktolﬁ er from exposure
generation of neutralising antibodies. 25 In_yet
am@m@ogm baliterisnt Theénventiphelsy has thesprfeniial 4¢, 1imit or prevent the

a Wg?reg\g? éﬁw h% i nstys 2 tl? ﬁﬁ ﬁglg)trﬁﬁrgé 9§ rand is of

eXafRuRr bbhcehhﬁltb lp@@aﬁsr, SERANgG Ifrolfﬂ @mbat cfstia |fﬂb$osm‘ A]DS and other
patients. In yet another enbodi nent the antib

o
US@mUQQ SHPPTFSRneRIeifsngr baEReTe: 25iheane eﬂ%efﬁ\?e@vemm are

| G S h
SRR LS B ) S0P R SRt 0 gy o o
P@Eé@ﬂo&'ﬂsaﬁaﬁe&vesz&dm \mﬁtbean@tshlecmentu@shumenxeﬂed on bacterial

alternative nmethods, can be applied to the renoval of
bawepeltigns tedeyeleR Fasisiangs 1 the HEatMsPisdapade fir om t he

bl ood of a patient with a view to nodulating the

pat hogeni city and virul ence of infecting

M KHeoamnibgdpimas be THisnisred tveirdedtédepatienis ith oslehde modulate and

pgteél;g?h}aét%gﬁ%?%%sgg | eaglLajilp ug? gﬁ'xgﬁi‘u%l @Eﬁur 6L‘J'body in an aerosol

ﬁgﬁéy@@é h&%kﬂé Qéhtmh%x@hsenﬁ@eppe@faac@an be appl i ed
as nol e u arly inprinted polynmers (MPs). This

class of receptor have already been shown to be able

b| bl nd eglsé I ﬁ%ﬁhfl%‘gt 9_533 ‘%"(ngr tGSe %{ﬁté?@d gg 018}muno dsuppressed

Str?a‘h@ht@'% 606 Wﬁ&’@@se@ﬁmﬂinorcbﬁ%ten&mst romet al.
Rachkov et al., 2000). In a further alternative

dlaIyS|s can be achleved by the non 10 specific

r ﬁ[m)}be anOtfnfraélJnB t %Jl?édwﬁadg Sg%Ha 1R S6KEaSs td' Sfunogenic

tren I's. In yet
ar}ﬁbféﬁfs edaibeéilamﬁnhlsteml tcecmhmdnalsray pmmeetscmt atdet |to, s@rmulate an
enzymatic activity, and  be able rt the

;f% conv p ¢
Si FHAMS; ﬁ?@pmﬂee@gﬂl@t the signalye ]:llel esplting 4n gge genera ion o
s 1§HQ antibodies.

In yet another embodiment the antibody is used as an immuno-diagnostic reagent to
detect the presence of, and/or pathogenic status of potential pathogens, for example in

the bloodstream or pleural fluids of patients.

In yet another embodiment the antibody is used as an immuno-capture reagent to
selectively remove bacterial cell signalling molecules from patient’s blood in a form

of dialysis.
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15 by the target organism or no longer results in
pat hogenic switching. In yet another enbodi nent the

w@niothoody3s i s used in one or nore of the above PCT/GB2003/003529

applications in conbination, or in conbination with
ot her therapies, for exanmpleyzantibiotics, to provide
addi tive and enhanced therapeutic regines, disease
nonitoring 20 and treatnent nanagenent. The

anhiRedhemef embeditictlaRainhtiaf methedpres det applivéno ithe removal of
coul'd be adm nistered to treat bacterial_ infection, .
orbagisual eatl-celh pevliing mralecuisgum dng Bloadhpisd PARET; i a view to
risk,of. i i .. . ¥ i s, is can
i PSafln P Bl o S4PER% MIFEE LAk AR, T
alenehered Withahirmaturoinevdptdrs antioldoales drsed| onamatarobrgicepsors that
or antibiotics or other anti-mcrobjal tre

{ LS. .
Adrindhiosiaicaigrsth mstecatiesi AligEaEiNely %En“é@f?lﬁeféaﬁ]‘%‘?s%wphed such
W atst}nﬁg&%rl)f H]?érﬁﬂ%f?éolgﬁﬂé%sa@h@é\i t1igs UBSs 6f reeifb:t Bdve already been
ower 0oseS o

courses or therapeutics, so decreasing
t hotvh & behble és bstlapesficallysb nyal mableawtar ovei ghy biratiokagules such as

conpl i ance. 30_According .to.a fourth a .of the )
e (B ety 2000 2B Pl R ) 92 SR o - 1996
t ' S PRpb). ' ii6d BialysiQaR MRAMBELAS@By the non-
P%%Q%E%?GOSSQ)Q Hfzilf%??:éé%t?qﬁ‘ghfdo ayfsi ftah as Cect ofy e non

t hepetifiveahboa of i emealli molpewy weightthelegiles Fpmahe patient’s blood as
anti body .. as.defined in the first aspect in the
prléﬁéfg‘ﬁyfi@iysbsf a nedi cament for the treatnent of

bacterial infection. 5 According to a sixth aspect of

the invention, there is provided a nethod of screening.

a Inpeepancthérembsidimerd dhd fesemphapn §o Yot Wi qugymgpc activity, and
anti-bhacterial ..spegifi i ndi : :
co ?qkf% fonCé)na( Bt gcgfli il %gl glgélgc%ll% (} gg‘#]gﬁ%‘ attsllg glr? gﬁ diPfecognised
Moh e |8 gétQraani S drindrlond esulteingpachogsningwittieng.

conjugate so forned to identify a specific binding 10

nol ecul e that specifically binds to the conjugate from

t hf gg:p Qlllcﬁfléroﬁm%?iﬁﬁﬁ{: itﬁé %ntil%d di.anS Hoin_GGHé &% moKCBf the above
nethods “are t herefore a neans for |§%nt|fy|ng a
s pgsilithttonki indédrgbinmices Wrent duatbinaian Wish usledt terapies, for example

anti-bacterial agent, for exanple in the treatnent of . .
2 WGP P Dreof ARBEYS B EXHBLRSBUR P Ht g oeese monitoring
Mol et B RihaBRhEROdy or a fragment thereof, for

The antibodies (or equivalent) of the present invention could be administered to treat
bacterial infection, or used as a preventative measure for those at high risk of
infection. In the case where infection already exists, the antibodies may be
administered alone or in combination with anti-bacterial antibodies or antibiotics or
other anti-microbial treatments. Administration of anti-HSL antibodies in conjunction
with other therapies may allow the use of shorter courses or lower doses of
therapeutics, so decreasing the risk of resistance arising and improving patient

compliance.

According to a fourth aspect of the invention there is provided an antibody as defined

in the first aspect for use in medicine.
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exanpl e a nonocl onal anti body, or a polyclona
anti body. Suitably the carrier nolecule is a protein

wa@sgoodesaed bed above. The popul ation of specifiRBCDGB08HO3529

nol ecul es may be a phage display |ibrary. 20 Specific
bi ndi ng nol ecul es identifiedyby a method of the
present invention nay be wused in nedicine or a nethod
of treatnment as descri bed above. The specific binding
nol ecul es may further be used in the preparation of a

medi canent for the treatment of . a bacteri| tbod
i Afzmrdlme o aXiftsaspacinedt the dyenken S & BRYdR t‘%"o“%?s@énoﬁ‘” ody

%f %1?? gﬁlﬂgﬁ ARl g%)%]cts lnqgé'&q dp{ﬁ%éaﬁSH o8 alife FEHRQN forfthe treatment of

SPEC nol ecul es 1n order to
Igﬁﬁ&kﬂﬁﬁajﬁﬂeCIflc bi ndi ng nDIecuIe t hat

‘specifically binds to said bacterial |actone signal

nol ecul e. Accordi ng to a seventh aspect of the

\égcprgm%t o als ﬁs fe§t &hYi n@?ﬁhd’i‘l Rk %r&ﬁded@m%ﬂ]@abﬂﬁd}éemng a

eria ection of a subject, the nethod
Cpﬂjﬁﬂ:htﬁjnn@fl ﬁ)@blﬁbl bindimfz anoldvalkss ef0|ra4m |aatithanietiel gpesific binding
nol ecule in a s&ggl e .from sai

bEolesiles the methe p}éﬂgg CoRgf 1{} agegeflg(gtﬁne s&gal B418eule to

DORFD RIB Rty BT COAELE0 SRR 55 MRy @ speeific bindine

aiﬁdlecbm: tlfat ispemﬁqméky. binds ke i wonjnpite dudne the) pogelatien f gpecific
eC|f|c |ng nol ecul e that specifically binds to
E‘ 3§HQGC Yecul e, and administering said specific
b| nding nolecule so identified to a patient in need
thereof. 5 Such nmethods permt the identification

of
s{Sech friethdis gt thgrefelesceans 1ot idsatibingaapasiic bgs molecule that

rEMEPhI e v e RRF Aot R8E R, BB dPliment o bactrial

ofinfebird, Tﬁ@'spéb@fac birﬁﬁigemoléeﬁle b§ anpiibady bt aifthgnteaatiereof, for
senmen, urine, faeces, cg( skin, or. mucous
b &%

s esampleon InomskpRk gnidho # l?ﬁVC]é’@a]ofﬂnWe Spisgly the carrier
'(I)'flg(félgca i Ig\??gﬁatg?oqelg 2 oge%&@éd % elihém alPbR DTS 32 é)emflc binding

I nf ec

DQﬁ@&hﬂ@thyb@ipl@dgediﬂpl@sluﬁa@r or gan. Sanples may al so
be taken from wounds or sites of injury or infection
or potential infection. Sanples of fluid fromthe

ma%&garlg rbilté(ﬂﬁ% %%gécecﬂgssldgﬁtlffelaeo}sﬁ I O theNBedent @fkhi@Smay be

Preferred features for the second
anded itbsedicantor aspeibbd obtreatnent asvdasetibngd dbome.ad e gpecifiebinding

15f|rt as utat|S|nutan
a3 A2EREhoL Y B0 P S BRE B e s o
|Qp&ggk@guﬁyﬁmﬂot limted to related applications in
pl ant and ani mal hosts, will be apparent to those
Such methods therefore extend to uses of a bacterial lactone signal molecule to screen
a population of specific binding molecules in order to identify a specific binding

molecule that specifically binds to said bacterial lactone signal molecule.

According to a seventh aspect of the invention, there is provided a method of
treatment of a bacterial infection of a subject, the method comprising isolation of a
bacterial lactone signal molecule in a sample from said subject and using said

bacterial lactone signal molecule to screen a population of specific binding molecules
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skilled in the art after review of the specification
and clains of the invention. 20 It will be apparent to

w0 bawg@14ap3 ordi nary skill in the art that the PCT/GB2003/003529

conpositions and nethods di scl osed herein may have
application across a w de rapge of organisns in

i nhi biting, nodul ating, treating or diagnosing disease

or conditions resulting from infection. The )

C gPAshiit-Bdtsera pariidisidding indlérmlproadenify iarspesific bindimgemolecule
described with 25 reference to Psegdﬁnnn s.aeru%ino & bindin
blatispeqificallyttinds torhe Bigny ERURERS. Fpd SHFieryg IR S g

S Shdtberfsd AEnHida b0, ARBI, hb GBleBCL S Mor el 7 Lo ot her

invention w now be further described
by reference to the non-limting exanple and figures

detail ed bel ow.. 30 Descriptiop of. Figures : :
2@:‘@1@}11 meihesis Rg@ﬁt @Z@g@}%‘@ggﬁ @P S%lﬁfalﬁpéng_ n‘rvoivl)esctu%es directed against
VQfxé &??ctilﬂg%@t%ﬁﬁl orPREORS WRER sigMallthglieleCtd ard ifquirl ih itingsample.
mol ecul es™and regul atory el ements of the quorum )
s élt=i sagpby siag tpe tof bl oade galivat @swnggrebgwplaalrﬂwgeteéqs, semen, urine,

SR 8 kS R SR BCpd Mgg of it .o

. @ﬁif&%ﬂoﬂ%@&@% exdReh1é, B1d0acp] Alrha. aTisdueGuRples tnidhlbeaniiopsy of

L) in conpetition with dDHL-BSA as determ ned by
compétfecied r ipatenbally mbecd tSaue Trengan.3SamBlRg mey also be'taken from

conpar,i son, of .the kineti.c : j 7 AHL :

o iy oF B g st Fiek i g tRan GOl SREORS of luid from the
dehgssBriBscditertiinf e stobladls opthe Resoinanary alssibegsed.

Bl Acore 2000 instrunment. The associ ation constants

(ka), dissociation constants (kd) and affinity

C A for the
PRI R et ey o

f r i aspoctomaims mhahflisi ng to various HSLs. Enclosed in
brackets () bel ow each new clone is the designation

of the clone fromwhich it was derived. The degree of

‘ S [ Y] i i@@fing but not
OHEFSASTERL Y g v st

apiniteditd eclatBdtzpplicipas & phet baddnimgl thests ewilHBe gippgrent to those
co ng]ieici igl:tgaar\gﬁﬁt% Ag%g%_of Ihce;: s%ggljfilélgt?otnean%sclaq%g of m&g\%nﬁgn.

cof

It will be apparent to those of ordinary skill in the art that the compositions and
methods disclosed herein may have application across a wide range of organisms in
inhibiting, modulating, treating or diagnosing disease or conditions resulting from
infection. The compositions and methods of the present invention are described with
reference to Pseudomonas aeruginosa, but it is within the competence of one of

ordinary skill in the art to apply the objects herein to other species.

The invention will now be further described by reference to the non-limiting example

and figures detailed below.

Description of Figures
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Table 5 shows the effects of anti-HSL scAbs in
reduci ng the expression of the virulence factor

web@svases by Ps. aerugi nosa. Data represent theCT/aBR@®3/003529

of clearance zone to colony area, expressed as a

per cent age conpared to the egf control (100%. 25
Figure 1(a) shows the chem cal structures of the three
representative classes of honoserine | actone

bagtier @kts Ckious ibaaatisli finonpes ubigs theThelb eigiallihg mélacules and
the substitution at position C3, and vary, within.each £
ctegulatayy eldmeentepiyths QypPTUEh sengi\g) sYSierel at:’f?&?hﬁ‘t‘-‘( @*Wr fofj3 jmee o
n=0 to n=10). In addition, there nay be a cis-bond
pPE2BE™ Wi thin the acyl chain. Figure 1(b) shows the
structures of i) pro Al-2, the inmedi ate precursor of

NI A S TP R DO
A (SN 8D AL 428 B RO Rty ¢ OHEL) i
p%l%b&ﬁio%i WARHDENIB BRI 6 Gulcafinds B9l cbyipédtiBtialbitlon EI8 As

aureus Goup I, ii) S. aureus Goup I, iii) S
aureus Goup Il and iv) S. aureus Goup IV. Figure 2

il trates the genetic al.tan : r [Hindi
dg'ﬁgfet§ S&'B}Yér?d &:@pa%sog . Sﬁ'x%éfﬂ%%&hcg %ngvlv(gslélﬂgh y isa:%%'s binding to
mecRABiIREY GDISE-HSA @bnjuyde GO ngrtsitaies: byl Sutfaee Plageoe Resonance
(l'asl and rhll) honol ogues synthesise increasjn

quaingi 2 i Bl\core 3900 apstatmezé| | The gasaciating CopBieBisyftal dissociation
(HSL t hrQu . ar C rd: ensi ng), and
2)°°P%%ms @%ﬁ@ﬁ?ﬁ@%@&ﬁ%@ééﬁ%h@g%ﬁﬁfof signal ling

nol ecul es to a cognate R protein honol ogue (encoded

by lasR and rhl R) which in turn Ltch serj es
ofTable ‘béhqwscﬂﬂi‘ﬁ?%l@‘éﬂgéh? sspetigies (ai5056) B dpes dpgved from
co-ordi ngt.e a densi dependent. henot ypi i .
(tinm s e I Aot er g p AP RRR B aPtleh iy clone st
PrdeBGhRfS offihd REorRi BLMMVAREC &Mvad @BAVE®Rr TeNde@ssay increased

usin plasm d pSB 1075. A reduction in |ight out pu%
i sensitivicatd vetigsh aftievs depeseyailthoFiriag gona & giyen in brackets ()

bacterial..ce]l ;signalling. -Ei : ' -
oV iiE o Bley dZHEP g0 S S @HE B fhe SR RCAARRRG] S8 DAL
siT@lcBnjughtaiaf d@sinhibedibesormpetinion [BII8A. onto an inert

colum 'matrix to renove HSL from sol ution by
i mmuno-affinity capture. Colum el uates were applied

t , I 420 i o fischeri .
TR0, LA P RO L st of e

el yatlese dadter dthsied by rRanudrhginesth Seaei espresshi thekaitd afielegfance zone
the bacterial cultures to fluoresce a ur ed
RLG CORMFECIGIEASSSSAE CRUSONUFE BPRESdR T RES Kool Cose).

Figure 1(a) shows the chemical structures of the three representative classes of
homoserine lactone bacterial cell signalling molecules. These differ in the
substitution at position C3, and vary within each class by the length of the acyl side-
chain (typically n=0 to n=10). In addition, there may be a cis-bond present within the
acyl chain. Figure 1(b) shows the structures of i) pro Al-2, the immediate precursor of
AI-2, ii) the boron-containing active Al-2 molecule and iii) the reactive pro-Al-2

hapten used to make conjugates; and Figure 1 (c) shows examples of thiolactone
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VZV is specific for a viral protein, anti-Paraquat and
anti-Atrazine are specific for herbicides with

wordoeou42y wei ghts simlar to HSL nol ecul es, aPdI/GBe003/003529

Resin control 25 contained no i mobilised scAb. Data
represents the nmeans of thre27replicate sanples from

two separate assays. Standard errors are indicated.

Figure 5 shows the inhibitory effects of specific and

: %&Eﬂi@e\’ﬁgﬁaﬁﬂ HoctRAuSePHY Pw&ﬁhzﬁnco&mt_sfah%us Group 1, ii) S. aureus
d -mediated stinulation of an E. coli surrogate of
P<Groae Hyigi) o sarefd o9 B 8BS, grsgusdsopp d¥ur ed by

bi ol um nescence output. Data is given for the HSL

specific scAb G3H5 (), a non-specific control scAb (V)
(shegkf2 GGt pat g@ﬂﬁ@i&gM@i&DM/ Qib%dR3or cell density dependent
PCT/ GB2003/ 003529 28 bacterial surface protein), ngl

i sentieg. afberseB signaliingpmedipnismagansistsi oft V9 eRIPRVERT: 3{1 e I gene

ns_ of .three repl] ; . . enl | . onalli
TR PEU5R ST TR A AR g o s
spR6leddles amIblish r elrey@dpht Sgrogtie- Gbaien @onihodémmg)5 and 2) the
the tDHL- nedi ated stinulation of, an E, coli surrolgaz%\é

ofcopeeniTABAR GleRERHN] SEDE Of SENGHIDE MSloRuAS p ot cpgitic R protein

bi.0l S : ' ' - ;
SR ARCRIRERak) B aRESAD YRR (LRl P seres of
t hertioule! gatest (opaton), MiewAp bactyia( speoididivatbor dgnsity dependent
pat hogenj ¢ bacterial_ surface protein), and in the
a@@ﬁ@épléfswé@%eg'("\V)ﬂ.enﬁ'ats‘é(alﬁ%lgﬁ)cs represent the neans

of three replicate sanples fromreplicate assays. 10
Figure 7 shows the inhibitory effects of specific and

| rFighe VA Allus{Aes -t eeintipals ofi thel eelumiascenantpdrtedigese @ssay using
t he BBL-nedi ated stinulation of an E. soqli étﬁ%roc%at?lbl .

( JNnwgd pSER06%) Agrdyssion Ar Heky; vbRH 1RNAicalysplcp suctesstul blocking
(s - LR F ponsi ve) as measured by

bi%}ﬁ%‘%eﬁg@(:eﬁe]nsc I but after (a) 60 min and (b) 150

mn. Data is presented for 15 G3H5, G3B12 and G3H3

anti bodj es, a non-specifjc control i body.. (specific . .

T OPIZH® e AOEPRAEPeH Bp DRSS THGHBC T Saielcyant single-
t &8P 3RS irRRbHIBOY ohidBah bt 8blun@Nhidirix BRté@move HSL from
pol nts represent the neans of three replicate sanples

f r smiutiompby deremosdEniyys captareri §ohentg chigtpasverpeppliedyto an E. coli

kil l t d ' t kLt . .
i S e AR e RSB AR e Pt i e
| nf18&td @Rtebired) fibhe tRAGkREq@nt RERTRIRR of SRl dactemdscultures to
aerugi nosa strain PA14 and (b) Ps. aer U&I nosa strain

PAD1oreste casr meBustos RESHpScibh 2 A03 arg HSL-specific, anti-
an{/kVplespstpieg%csf%rAQ VYf?lTi)il'Otg}lil’lpgliltﬂgaltaauﬁ%d anti-Atrazine are specific for
herbicides with molecular weights similar to HSL molecules, and the Resin control
contained no immobilised scAb. Data represents the means of three replicate samples

from two separate assays. Standard errors are indicated.

Figure 5 shows the inhibitory effects of specific and irrelevant single-chain antibodies
on the dDHL-mediated stimulation of an E. coli surrogate of Ps. aeruginosa (JM109-
pSE1075) as measured by bioluminescence output. Data is given for the HSL-
specific scAb G3H5 (®), a non-specific control scAb (V) (specific for a pathogenic
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25 control, or BSA-peptide conjugate in the presence
or absence of free peptide "~YSTGGAGSGG or free

wo hiosloaaedne peptide Agr-Dl (see Figure |c). BxemnpBeo03/003529

30 The exanpl es described herein relate to Vibrio
fisheri and Pseudononas aerugi nosa. These are given
only as an exanple, the scoé of the invention not
being limted to the exanple but including al
5tk lin S Lidersg seRbeCy| asatd baints represent the
piiasul erfa%g\ﬁg)t D e S oabeas Pog™
nﬁ&hﬁ&ﬁﬂhyeﬂg@UMasmnpmpﬁQSSﬁ@ﬁmﬁﬂmgéﬁes invol ved in
virul ence or pathogenicity, and also including other
si gnal nol ecul e-i nduced phenotypi c changes to

bﬁgfxﬁré lowaht Shititésedsctbott spadificlahdieievanosingle-chain antibodies
bi um nescence. 5 A derivative of a HSL

smnﬂiae@ifﬂeme@a@esh s@mlﬁwnonﬁra@msmﬁéw QB3 qeumsipesa (TM109-
on .acyl_chali | n )
tgﬁd‘]@? gd“?aﬁ“rlgﬁ A %1 %§S°§aﬁedblg - D fgdefgf gm?ng for three HSL

1 eCIH&Is%AW&}mmg@m (W) and(h:eBm([BMyﬂ the imaddhnt anti- V scAb
rpoup, to the carrier grotel ns _ Bovi ne Serum Al b

( &3 spagific Key i phi@OLIMHD actegipd ﬁg@mrﬁte iy g.DcP {nothﬁ r‘%ﬁ‘iﬁ’g% of scAb
L- dDHL - KLH.
SR RS S B e A e BEIGi ons

of 2 mM KH2ZPO4 at pH 8.5, all at 4C. To this, 1.05 ni

dry di nmet hyl f or mam de (DVF) was added droe wi_ se whi |
sFigurd hghowe themnmbitgrya@fﬁectso(ff spe¢ifig apd drrelevant (non- spe01f1c) single-

NSO Byt Sl R e o sashuedanatos

CBSB4GE) A'FRL 8é ﬁz@&dJRHﬂ) Ryadém 4<Bortidhair Hﬁhtrespnnmm))as umt@sured by
was stirred well and allowed to agﬁyg Qor 24Ip ted for
Thislooinesrgace QuDst FHeefd) H0 Wik ap PRI dP4fal*n Fseﬁ? ©

N@H#gﬁs RIS G3ﬁ q\nﬁf%ﬂlé’sg %trLo%ns E&ﬁ@'c%ﬂﬁgl 4Nfibody (specific for a

mass spec roscop erm linker' refers
t padbyertheatedhl grop pmcsteni) t ondainl tw asercshefemtibeyt(RBS buffer

hapt t t f
Cc gp}ysg rD%t%P@%%tg gregrgéq?ttﬂg[meelaﬁ% %E &%%:8 r{rmigc a?% Banaﬁg‘l from dephc ate

away f romthe surface of the carrier. In alternatlve
objegts of the invention, other carrier nolecules such
as magnetic beads or biotin, and other |inkers and

@iguitg &t shows she albwgnﬁmenmmdbasmymw}cmdtratmgethc whility of G3H5 and

4 ugat ?@H&Eé%rg{%g%@%qgggéggﬁn%ﬁ }g){/(aﬁ { eeggéte%l pathogen
'1% RS a§ﬁ[§9§)3§9tr£19 bAA4LAY g&[gHL aé’mgﬁwmﬁr@ﬁ PAOL.

bi"o- panni ng each round conjugat e was
i mobi lised onto a solid support and i ncubat ed

Figure 9 shows competition ELISA data for anti-peptide scAb YST-1 binding to BSA
control, or BSA-peptide conjugate in the presence or absence of free peptide

“YSTGGAGSGG’ or free thiolactone peptide Agr-D1 (see Figure 1c).

Example 1

The examples described herein relate to Vibrio fisheri and Pseudomonas aeruginosa.
These are given only as an example, the scope of the invention not being limited to

the example but including all bacterial cell-to-cell signalling molecules that directly or
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with the library of phage-antibodies for sufficient
time for phage-antibodies recognising the conjugate

wa o00biond23 Unbound phage were renoved by stri ngk@it/GB2003/003529

washi ng with PBS (Phosphate Buffered Saline) and

PBS- Tween, and the remai ni ngygd0 bound phage el uted by

i ncubation at low pH (round 1). Eluted phage were then
infected into E. coli bacteria and anplified by _
npidiRegy el @kplegsibm 08 gepssaiavolsed in viruenad 04 pothagadrity, and
PCT/GBZOOS/OOSSZS 30 the art. The resulti a Iibfied1 1
| alspangludinscaiherchigan crelpdcisosh BRI FRfhendo bactErial cell
fql |, ow L order to reduce the
na%%g%QR%P&g oﬂgg%gg@gg#gﬁcﬁkgt recogni sed the

carrier protein, the imobilised conjugate (dDHL-BSA

or dDHL-, KLH) was alterpate i th c [ nds. o

00 St 5 SR b e (RS G G et
cl CRIN R SpaGhT inatiig it Hes®6 id

PR LA 108G e s Qoo roum (e
plragae dit Thisdiasscodjugated, viewmmsarRoxytig agid gravmede thenggrier proteins

| ow _pH. |ndjyidual a | ones. fro ound 3.

s dreetreteriy v (EORAE ShBRRL L o i to produce
f e ebhhd &yHt ok bHN B @172 36 PoBShhs KiDitlws eiysoiged &51.67 ml
and to the carrier proteins alone. Those cl ones able

t Gy fbmandetitadeaj3iral 652 biM KHiHD eattpdl 1 ndl 41G19€) tTeethis, 1.05 ml
carrier protein were further assayed to identify those
whivs dirhéthglifoigantde (OMR) ges exdded Hbpbeise mibilpistisinghy Terhgilligrams
presence of free dDHL-COOH in [ The _antihod

v afiagyaied NdiydrorysreEimids Fieh 8@@%%@@05 B SRR g0 w ary
bind to free dDHL- re sub-cloned jnto I e .
DVES 3P 258 GO sl A 1 caifmisradelaoR af 436) (i Sreaction
si ngl e-chai n. ant i bpdy .f S I &k N heyni
AT & e Ut e ) TR SR A 2 AR Sl Soniugted
f 1 @¥eRhiewReteh dﬁ‘al%éd’dlke%fainsﬁm& a lkappatet, onst @njugdtomtonfirmed by
froma human anti body. Quantification of the binding

of MgdIRIAIOF mesalspedirdse@y. HSLs was det er mi ned by

conpetitive inhibition ELI SA. Sanples containing a

constant concentration of each selected scAb (wth

I ePRERtm ' Bikler NeCdrOGy 81N dhemidil getidplus&Br) allomesteachment of the hapten

i ncubated with a range of concentrations i)f ‘f&ﬁ?e )
d DigntigmdHo (b (praforablYDireBRPQasaICe FarFigh mplgcule f @ﬁb fhegfapten is

to,an ELI C ' .DHL- BSA. After 1 h
in@ﬁ@gﬁdoaﬁéy% omeﬁg%%o%aé@%g}s 1ed of f and any scAb

remai ni ng bound to the inmobilised conjugate detected
w th enzyne-| abel | ed anti-human kappa anti.bod The ..
S eh}sql'.{emﬁtltvy onct§ OABhe @yempgeﬁwawe IHES %q\{:g 2§ magnetic beads
(rj:?l‘éf)fo.\’iht gn%fhtér ﬁhﬁ@rﬁ aﬁ%njl&ﬁw s@iboibdthn b¥@saployed. The two

rmne om the concentration of free antigen that
conjugated forms of dDHL were then used to screen an antibody phage display

library. Briefly, the library was screened for a total of 3 rounds of bio-panning. In
each round a dDHL-conjugate was immobilised onto a solid support and incubated
with the library of phage-antibodies for sufficient time for phage-antibodies
recognising the conjugate to bind. Unbound phage were removed by stringent
washing with PBS (Phosphate Buffered Saline) and PBS-Tween, and the remaining
bound phage eluted by incubation at low pH (round 1). Eluted phage were then

infected into E. coli bacteria and amplified by methods familiar to those practised in
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25 reduced the binding of scAb (w thout free antigen)
to dDHL- BSA by 50% (1 C50) (Table 2). The bi ndi ng

wheoweni4ss f or anti-HSL scabs binding to dDHL- BSA/G&2003/003529

determ ned using a Bl Acore 2000 (Bl Acore, Sweden). A
CVb chip was activated with 2 MEDC [1- 30

3-(3-di net hyl - am nopropyl )carbodiimde-HC1] | 0.05 M
NHS ( N-hydroxy succini m de), and dDHL- BSA or BSA al one

caupled The khaisd 'aﬁlphﬂed@led‘r’;/ NE-cagiehal eloned wakl tBerbused for the
4.5 respectively. A'series 10 concentrati

SElowb o0 T TbOTIY) Therbu0a ks 36 PEPPEESGERGpsged that
31 wer.e assayed |j I S -
LA e, b S ud e o
n@m%%&&fa&g Wik ﬁca&gﬁfe@mﬁidstolf eﬁeBil%ﬁ /ol Ok) bias selection in
i netics were deternmned usjn eval yat

S BIvOUR o CloRek ERgESTITABI ST Ts Tt b(’thF‘f‘yhgi RIS EREH was
(B},}Eﬁs%t%lcltoo p%{lﬁgeli%l\{%'%a%é%ﬂtﬁﬂ&gﬂ BhrdSaRnasd M 3 rather than low

-sepharose beads in
cehu fIHdNi@alap}ﬁlgx cluns¢ frdinneuhdd weamstreepad by ﬂEg,I&A Each clone was

SDLULL o0 0Bty U0 L1S COLUMY AEEHE B o e
I%ou%ﬂ plio-{aﬁs Ql?)ﬂ e%ﬁ%t él%sojblgdk&nﬂ ‘Boﬂxr&nl]ligé{eﬁ it flﬂla@ﬂ‘é to bind

ound) and that bound and T ater el uted
Weftﬁerdeﬁraempm@xdm whie Thethabadsayed oF idénsify cthpss whops fddpding to

fo\%gg]lﬁgég %gglfl%@ ‘Si’? ﬁ]éehgrersegnzg %I‘Pif ee éfD,«@? meh sBlution. The
CaphiRidy gf' NiablRGeAbASIAG RBHbke ph ,dfrdoﬂbl%sffbﬁxﬁhﬁf bind to free dDHL-

response surrogate) and JMLO9 containing the plasmd
pSBAOH vere suhassnﬁsln@@s soldolesHprssaent VRetaTdBEMP éé’@@ ﬁ%Produced as

? gé zt@g%ls gj?]—lf;]@t %&f%o i z%agﬁﬁgén%g@&rgﬁ&%% '&1 s lﬂ%@?%?geavy and

I §3ROAY Bomhids | &H@d Bﬂ@lﬂéxiﬁﬂ-@éptﬁk kR afud SB@@@@Q constant domain
responsive to s ort chai n HSLs% and_the_l ux

prfmmta@umaggqn@hodm{)gwttﬁyg@@rh@ thgi bipdipg 85 é(ﬂgle}g sgp do free HSLs
?%svcgt&e%wgg(dg ées%l ontrlg e M?)?Dltl;nll‘ BE gﬁﬂ@hg Ushaidd B&onstant

enes rom Phot or habdus
| UEhBRHEERS of RHEEIctBE AP (Wiplt feapet gy DutitrognuipdrindrdDHL-BSA)

these cells are induced to emt 20 lig e

t ovarRengtatednyEh ot renger ol eenoeBIHIonRSs }}e‘-‘t Hindeiel {{gr dDHL-
t nEPBr tafédtvhﬁq dDHL-BSA. After 1 h

cocrﬁ’cl:]g‘%tfht 211 (lﬁnol nﬁ gﬂ:ﬁ—@%h&%@g %E? T om cl ones .

s eheagon f urbmuhdecAb brar yasked eofsepd eey ¢ Asicngining bound to the

PMQ?}?%&&{&%&O lg?tpétﬁqti i h%x?@%%et %b?lgsélh v]% Qluman 'i{alﬁ% antibody.

The sensitivity of scAb for free dDHL—COOH and cross reactivity with other HSLs

(tDHL and OHHL) was determined from the concentration of free antigen that
reduced the binding of scAb (without free antigen) to dDHL-BSA by 50% (ICs0)

(Table 2).

The binding kinetics for anti-HSL scabs binding to dDHL-BSA was determined using
a BIAcore 2000 (BIAcore, Sweden). A CM5 chip was activated with 0.2 M EDC [1-
3-(3-dimethyl-aminopropyl)carbodiimide-HCI] / 0.05 M NHS (N-hydroxy-
succinimide), and dDHL-BSA or BSA alone coupled to the chip in 10 nM Na-acetate
at pH 3.5 or 4.5 respectively. A series of 10 concentrations of scAb (100 to 1000 nM)
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25 purification (I MAC), scAb was not eluted fromthe
ni ckel - sepharose colum. A series of additional scAbs

wowdh/ospexi ficities to irrel evant anti gens werBCHGB2003/003529

expressed and inmobilised onto nickel -sepharose
colums to act as controls. 4 ve hundred mcrolitres
of 10 nM OHHL was applied to each colum and i ncubated
for 1 hour at 4C. Columms were centrifuged at 40 g

f %rel Asshy@Neh tdiBliEdto vint HBSUBkIf&Ohd eclied. raknyf 30 pdernkitres/min.
OHHL was eluted with 250 mcrolitres 1 M

0 iBleginaI safipbes ther ehiphwaswergep@aigd piith 0a I\rlslh@ifb 1&2 Joiys NaOH.

Rt ytrode ittt Ml 30 PSSP ST Takse

32 Sanpl es of HSL solution prior to and after passage
through the inmmobilised scAb I u e applied to
EThGoﬁbﬂlt}’I\/IP@?‘lhﬁSMdZL (éﬁ}c%rt%sbléadtot%gmag %’Fﬁ?‘éé‘ssessed by
maasu%j[lgl W CRbG%o e eg%'éu%rse bERRNPRILRIS ¢ 6 Qlhistidine tag, and

re-carri 5 using a columm to which
n@a@@r@m m@hcbe@m}mmhrdughenb cclwmuint lAmeré)IéHBA boupé Y the scAb and
colums including scAb with, specifi

e S b BB OB oGt o HaRiglgp of SHEL in the
‘;n.%r ullaﬁxl 1t1‘r y O(#u%[h nedi HBRGRY t3d RiabBodrRtaged diied woredetermined.

he culture was inoculated into 100 m
LB tetracycline mediumand grown at 37C until an OD

600 nm O. chi ey dr ed I .

t ndeability ,oi tl'\n,gagcAixa %érai th%ﬁs&qdﬁ tgtrgoqllg]atg t]?ei }eglgc}qﬁe 8f bacteria to

965 Ml kua?'d%féﬁn‘?{ee RESAY. PRk@ainANNI18N REtaliny deuplsmid pSB401
sol ution add L solutions were 10 nM OHHL

( p@eirid fished rrespohse suridghie) endvdVdPO sasiaiing e qlghids pSB406 and
n| 4|8_ﬁs rsgﬁqucggtgrgg g%el“rl'rirgm%r Pl msﬁl%%a’tﬁ)or ’Ithtéeré‘ploﬁw plasmids

over
C Qb ekhe q%sm%g,pd)ﬁsb&@gm &61‘3@611%5 znms@smem abﬂv(pSB POZ, essponsive

were incubated at 370C for 2 h wi.th shaki

| unilorsdwie BSLehar tdRAGSBAOQIETROEsIVe B i*@évcrl]’%m AL, and the hoxt
| um nopeter. for [ f th
L BHBBEFnhlfuRob s opdh S fooif igin o e

Wal%xCDﬁBES sefk \bdidh E(mel-lliimmemtammb Isteudtlunai @B@é nicem Photorhabdus
Olﬁor ter bi oassa%wover a perio

mingseexss n Unden @Bmxyigte gfﬁyvgx Cé’[“fhé]ioﬁs ngseegeég%ﬁ g}ld}lgled to emit
asy | f ifecinensiey bEL§ig emitted
e
Psidigiopiopaaisnalen igs coosentiatioploAd®Lof the | uxR of Vibrio
fischeri. Single colonies of JML09-pSB1075 were
inoculated into 10 mM LB broth with antibiotic and
' ”§&B§1%%9Ab9‘ﬁ%&rﬂbl%és SlectOfom O librang etk eipeesetd tisg published

of overnight culture were inoculated into
protocols (Strachan et al., 1998). During immobilised metal affinity chromatography

purification (IMAC), scAb was not eluted from the nickel-sepharose column. A
series of additional scAbs with specificities to irrelevant antigens were also expressed
and immobilised onto nickel-sepharose columns to act as controls. Five hundred

microlitres of 10 nM OHHL was applied to each column and incubated for 1 hour at

40C. Columns were centrifuged at 40 g for 15 s and the flow through collected. Any
bound OHHL was eluted with 250 microlitres 1 M NaCl. The original flow through
was re-applied and incubated as before, the flow through collected and bound HSL
eluted with 1 M NaCl.
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10 M fresh nmedium and incubated at 37C wi th shaki ng
to OD 600 nmO0.2. HSL 25 was added to the cultures

W@ okH1@OH at 20 nMfinal conc'n or tDHL at 5BCTUB2003/003529

final conc'n) and one hundred microlitres of culture

was added to triplicate wellgyof a black 96 well

pl ate. LB nedium was added t0 negative controls.

Either 50 mcrolitres PBS or 50 microlitres scAb at 2
ng/ M was added to each well and the plate incubated
further for three hours shaking at 37C, after which

t |Smp®@ O i§nGgbieD dTiado OA &P EaasEEcaBroNg A0 BIERilised scAb

the ef f al e
CEPulEoRE SRl 18 Fioeqh INRgY pSE N Lk, SRUPE e emited
Ofmaafirkd W2 @ Odifdatdeler. P(&'ﬁp@ﬁ@%é@ﬁmzﬁperﬁﬁeﬂﬂsbwere carrled out
anti bodies to cross react wth st rqg) tural ly di ff@ren

hase arcofann ovligh ng ,s%lahad [ e 1sedcl rﬂﬂldtﬂ&refa af ggnag golumns
el 'crﬂlcﬁﬁé gc};lp tB%Q&?ﬂéﬁr Qip _ai_lﬁ n@ﬁﬁﬁ’g@hg‘ OééllsSWEfe%@Jvﬁ shaking at

a-ce |I|tyofthesc

r B98C§oLACH & Lﬁlmécﬁ%ﬁ eBREMidOetSling N@hdmiiBlite VR the culture was
assessed in a simlar way to that descri bed above. The

bii T B TES DO® nil 4P EduRE yclisy Siedior sed gfowc ad 3704 nmlran OD 600
JMLO9 with the r eagrt er plasmd pSB406, .incl udi n%m
r WinR0 2exasorsbisved.e ﬁhum@g@ Fraqrg}ltresppféh% plélﬁgp Was |28 deto replicate

BHL
11% (5% gg)%y\gelrﬁf’a ié%l a};l'glgféf 6?&6" %rF {@t{)\ﬁggolﬁkﬂl‘éﬁf ggﬁ lution added.
Cqme%lﬁﬂbmmeré&m) el | @HH]LV(@b&&mze valtrotie moRi-QBvatedpaseed through a

was added to negative control cul t ur.es) %@g 00 I .
c utigkgh-sephaense coBmen (issinceanirole PT dheoflowhilr a’%ma passing 10 nM
El cfgﬁgi RRr Igl) AR oRaink Qgtﬂ%{b&ﬁlsép scAb RBRsWaBed MJVe. Plates were

and p ates 1 ncub as described earlier.

géﬂ!i RIBRL $702f forl YA %ﬁcﬁﬁﬁlﬁg\/\/@ﬁ& mraiﬁeﬂ:eaéd &fad6eking Bn Anthos
150 mn (Figure 7). 15 arrpl e To assess the
atMUCYj! lmfnr@meterlfﬂl s Sdiperetld afford protection to
ani mal s agai nst pathogeni c Ps. aeruginosa, a
"slowkilling' assay using the nematode C. el egans was

enpleoy§iflty bhithe a8A88Y tb Sre@@gebactutial Nesponddsi toglanfy-dhlam HSLs was
worns foll owi ng establi shmsnt of 20 a Ps. aerugi nosa

i rAseassgdowith an -idpeible lymingscenps repgg?rﬁpﬁé@éo 2defpod of 3.0 h
.P Alil'sf' o goﬂf S ql\/ﬂ{@b}&%&@? LBt Qde i 08 gé@%nt;alﬁfn 8s described for

i ncu overnig On day 2, 1% of the
OVRVI TIPS B40MI, tihie eliff@sndenbeing aha‘:tdplasmld BSI075f ingkides he lasR of

wo}’%%g@vlqufﬁggggzg%még% Qc'\él " Zlbfxgingft {/Iégzg&)%ggeerh §fngYe colonies of
CUNTHIS p¥B P APRL 8o QiCd §i6 166RL LB 1bth @IS BAtiibE and incubated

overnight at 37°C. Two hundred microlitres of overnight culture were inoculated into

10 ml fresh medium and incubated at 37°C with shaking to OD 600 nm 0.2. HSL
was added to the cultures (dDHL-COOH at 20 nM final conc’n or tDHL at 50 nM
final conc’n) and one hundred microlitres of culture was added to triplicate wells of a
black 96 well plate. LB medium was added to negative controls. Either 50

microlitres PBS or 50 microlitres scAb at 2 mg/ml was added to each well and the

plate incubated further for three hours shaking at 37°C, after which time
luminescence was measured at 30 min intervals and the effect of scAb on cell

signalling determined (Figures 5 and 6). The data demonstrates the ability of anti-
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pept one agar plates (nematode growth nedi a), together
wth 50 | scAb at 120 nM and pl ates i ncubat ed

w@@snigks at 37C. On day 3 (pm) an additi onal PEGDGBR003/003529

scAb (120 nM was spotted onto the plates and

i ncubati on conti nued over ni ggg On day 4 (am the
plates were transferred to roomtenperature (-20C and
a further 50 | scAb 30 added. On day 5 (am, 50 | scAb

Wagspadatods REEBEE readnditB Gtractusdly difféRhiBoa@deethe lactone signal

directly onto the bacterial |lawn (time = 0 h).

Suppleertes; taad yo aethice oo sEmifates halyesponee Yir A040 LB surrogate o
PCT/ GB2 Ollglﬁg£529 34 made at time = 26, 50 and 76 h.
THERUREEFS 8 dead wor ms were determined at

intervals over the followng 3 days (Figure 8a). Wrns

wer e consi dered dead when non-notile and not )

r éEponilitse of dhe sadhs by reduce rhaciriak respemses S0 pgertcdain HSLs was
pl ates either BBS or I.r n i £

anasﬁ%Feécfg{ &d" %‘é’fQi Y tgﬁ{l%‘tg&ee%ﬁyv\ég r Iéboﬁlg'ég,r}(ez?%\?\ﬁnéﬂrrrlgsc&géeempomr
Or RnPOsdd. ECeli stgdin IM109RGiEh tie sponadplasaily pSBd0Glisduding the

o Sy, S, S TSR0 B SPERY 8 1
PEGHL P 08 s PH e plbiiml By fenction o

S| Qivaldt VBB faMm hediued weé edded o negativhicenteolamjthes), and 100 pl
The assay was carried out as described above with the
f otultowe adfedtelitplicateiveatls of thecssayi s HitherXbik AR AIHBGAM or 50

et QRN T N I I N -
af fu%ﬁ?&%%hce’%&ér@ FakE R 81 H0RG Addisbingh (il Dl ates were

transterred to roomtenperature and i ncubated
overnight. Wwrns and scAb were applied on day 4 (tine

= h), d only two suppl enmentary scAb additions
nagéaépleta‘g 30 and 60 h (Figure 8b). 20 Exanple 3 Ps.

aerugi nosa produces several extracellular products
that, after colonisation, can cause extensive tissue

dafagesesaribe obilitieefe nteFisd: aesbs tpsaféydeprojestion gp animals against

maxi jum . virul ence of P UG j

B R P e ot oy 2P SRR ML ERARE G cleaans vas
coginpRlye@f This@sdagsd hdsed up terkiiapsif ig wasesafdd owiigeestablishment of
detection of el astase production can therefore be
us@dsarerasinpssdntestion inghe ppigatagitity for virul ence of

the bacterial population. Four mcrolitres Ps.

aerugi nosa strain PA14 at 10 sup 5 CFU per nm (Il ow QD)

or P¥Queruginosa strain PA14 was infected into 5 ml LB broth on day 1 and incubated

overnight at 379C. On day 2, 1% of the ovemight culture was inoculated into 5 ml
fresh LB with 100 pl scAb at 100 nM broth and incubated at 37°C to OD 600 nm of
0.4. Ten microlitres bacterial culture was spotted onto the centre of NG enriched
peptone agar plates (nematode growth media), together with 50 pl scAb at 120 nM
and plates incubated overnight at 37°C. On day 3 (pm) an additional 50 pl scAb (120
nM) was spotted onto the plates and incubation continued overnight. On day 4 (am)
the plates were transferred to room temperature (~20°C) and a further 50 pl scAb

added. On day 5 (am), 50 ul scAb was added as before, and 20-5- adult worms added

directly onto the bacterial lawn (time = 0 h). Supplementary additions of scAb were
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30 sup 8 CFU per m (high OD) were inocul ated onto
agar plates containing 1%elastin, 0.5%1lab Iento

w@ond®e144231 % pept one, 0. 5% sodi um chl ori de and BCB&B2003/003529

agar, and WD 2004/ 014423 PCT/ GB2003/ 003529 35
i ncubated at 37C for 5 days. iiomﬁh to | ow OD
di scour ages pat hogeni c sw tc%n ng, whereas growth to
hi gh OD encour ages pathogenic switching. Fifty

MyGiaelat tifdes= 0k, 56 GAR 76300 TAMhuMBssagdRdd tworikev@t akbesmined at
together with the bacteria, and addjtiona

ajikivelatoiventhe dbllowimg Sadays (BizurreSarad¥omes parercqngidgred gead when
t hr oughout fhe assay. 5.Th | t he bacteri al
CBPB‘H?Oé’ge Ct%ﬁ"esp%%f‘{%‘iﬁ’r%a‘%c gb%,c?ag’g‘%gg Iecéi “(indicative

of lysis of elastin by el astase) were neasured daily,
and the elastolytic activity of the colonies

determned as a ratio of the clear zone area to
b &or senteal ;&@p%mheérP&S om@tbplﬁqlevagg gfcété &WQ&F%QT ﬁ% Pnrelated target

trial f Qrsd; [ﬁﬁﬁ | EXLol Blalieopes be used
a§n§g“’“¥§‘r“'§%‘8§ 1(\% cor?ﬁ%f% a +ﬂe 5). SE)ilarrpl e 41In
order to isolate anti-HSL anti bodi es with higher

affinity for antigen, and to.direct 15 specifigcit

te‘wﬁmgg BESAY | VAT B30 Fasiied, Ayt usHEs!'S- 4EFUSHIASG Sﬁﬁ]ﬁ}#‘g(#]i ﬁ%arby et al.,
I | “ ' MASroduction), but it

35008 U et 3 us A0 202 TGP R En e Mot production), but

v alldcadolteblej thbugickess effgtive teampPA ¥4, dor $gw Rdiiing énfreficn udies as in

ol i gonucl eotide primer, LINKER- REV conprising the

| 48% e3MBl§ses of the 45 base-pair flexible |inker

region (5 -GGECGGAGGTGECTCTGECGGTAGIGE-3") and a 3'

primer glll-FOR (5 20 GAATTTTCTGTATGAGG 3'), specific

f GFhet hsay veagecariiedout @stdeptribedi #boyeritly ity follgyigg medifications.

of the corre i ze (-380 b el ectrophores '

Toh s Gab, Frebghii dere Ahiob iR FpEGiRa BT 45 seab
W.‘r’\%as sﬁbﬁﬁgﬁeﬁt@ HORL flhing ahBefieMbbf.€ AFeFBR seb@idvRldition, the
l'ibrary fromwhich the original clone was isolated was

pripas edre Tinesfoinal  rqoep tampsrrtareodndviaecilaiece oFERiZ)- Worms and

chai n genes s anpljfied i\ng th ' ' - L
55 AR T RECe i She i Fye RipelFhorl sy aadivons
| eqd&s at$290aRE 60 haPiburd §19. 3' prinmer LI NKER FOR

encoding the first 30 bases of the linker region (5'-

AGAGCCACCTCCGCCTGAACCGCCTCCACG- 3" ) . Product of the

CoLrect e?;,' ze (-400 bp) was purified as above. The

r 2%@?’?8‘ e of VH genes was then conmbined with the

nmonocl onal VL gene by |inking PCR using the

conpl ementary 15 bases of N
Ps. aeruginosa produces several extracellular products that, after colonisation, can
cause extensive tissue damage. One of these, elastase, is essential for maximum
virulence of Ps. aeruginosa during acute infection. The production of elastase is under
the control of the lasI/R quorum-sensing cascade. The detection of elastase production

can therefore be used as an indicator of the capacity for virulence of the bacterial

population.

Four microlitres Ps. aeruginosa strain PA14 at 10 sup 5 CFU per ml (low OD) or 10
sup 8 CFU per ml (high OD) were inoculated onto agar plates containing 1% elastin,
0.5% lab lemco powder, 1% peptone, 0.5% sodium chloride and 1.5% agar, and



10

15

20

25

30

30 the centre of the linker region that was common to
both primary PCR products. The new library was

waopkiof44exl by addition of the prinmers AHL- REV BETGB2003/003529

gll1-FOR to the 1linking PCR reaction after 4 cycles,

and a further 25 cycles pergggned. The anmplified WO

2004/ 014423 PCT/ GB2003/ 0035 36 DNA was di gested

with the restriction enzynmes Ncol and Notl, and

| {{RabRet kM7 CBror Si diys.aGrywi tgeswedDatidtoptaged pathlogenic switching,

phagem d vector. Ligated and re-purified DNA .

f wheilehy gravethsp dvighe @1 arePUEZEE @P@ng%\iswﬁ%ﬂg-c\éﬁv?ﬁié rgjgrolitres of

el egtraporation a ' 3 i i iti

KR IAREIE 00 A BAIEE, Bheet BNENL 1poRky s cdcons

PhsgIR aBSnshE TR @mealurapplaidedt 240h irtermais dirobg®utbataedy.

wi th dDHL- BSA conjugate, and allowed to bind. Unbound

phage were poured off, and weak / non-specific binders

Eg‘ﬁg\é%q?e%/r Jthé :bQétgn' SPnicd L8R ShMitFodRBRE A8 ZBRR: (indicative of
jugate specrfic phage were then eluted with | ow pH

1Qysig bfeélbytinaby estasy) westmedsirsd dlail Thasbthaeslestolyiie eetadty of the

into fresh | og-phage TGl cells, rescyed, an -

PO GAUCETHRA 2 SreFo0] BiR g ZUn AGAJF PLEpBd ol s A,

(Re ; (alS ' , Bt ke xptBhld sed be used as a

T e g e B e P oA and

dRegativecomweli (Tgblede t hi rd round of panning, the bound

phage fromthe shuffled library were eluted from

duplicate pans with either free dDHL or with BHL 15

( RuLyofl homoserine | actone). After 3 rounds of

panni rig, nonocl onal phage-anti bodi es were screened for

desired binding characteristics. Individual phage

cl.ones fromround wer cr e =] I, SA: ;
ciTBREere TRASRHA BdhonS FAM el afiyfor g, nd to direct
e%?ébiﬁ’éityt by SR aRRuIBSAISIN Gatfhdth, Caffthitg ataerafod way peniormed on
carrier ‘proteins alone. Those c|ones ab|e é blnq

b ol necaHy Ly aFleszemin Dtibie 1oistes iemdhe ek 12 daeeapl clone, and the
pr.ot.ei.n re.furt -, ' i fysot : .
o AT F SO SRS RIS P Uk, L Dpghuthat: prmer
PITESIER RHV EoaprisiaDile 1oyt 30Slasdsofshé 46 ibese-paihBexible linker region

e A G e B ET R B fom: -
i ft&gﬂ@%«%&ggmgw B/ RR Y ik YBindAddat paéEin gene glIl.
produce g9

as sol ubl e sirgle-chain antibody fragments
( sRAb)ct afotlprdcsieny sizbe~930 ibabvershdestyophpresed ghta thapgirose gel,

E%}égiéqgllt i ieggﬁgpgl 5 %ﬁ\%/agl, Eﬁ%ﬁggﬁl\h%%ggt%ini@ﬂleaentire human
QAR fibaAf B RhichftBe original clone was isolated was prepared. The whole
repertoire of variable heavy chain genes was amplified using the 5’ primer AH1-REV
(5-AAATACCTATTGCCTACGGC-3") specific for the pelB leader sequence, and
the 3’ primer LINKER-FOR encoding the first 30 bases of the linker region (5’-
AGAGCCACCTCCGCCTGAACCGCCTCCACC-3’). Product of the correct size

(~400 bp) was purified as above. The repertoire of VH genes was then combined

with the monoclonal VL gene by linking PCR using the complementary 15 bases of
the centre of the linker region that was common to both primary PCR products. The
new library was amplified by addition of the primers AHI-REV and glII-FOR to the
linking PCR reaction after 4 cycles, and a further 25 cycles performed. The amplified
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bi ndi ng of soluble scAb to free HSLs was deternined by
conpetitive inhibition ELISA Sanples containing a

w@orghane3 concentrati on of each sel ected scAb ¥@u/GB2®G6/003529

respect to 1 microgramper m dDHL- TG were incubated

with a range of concentratiqs of free HSL for 1 h,

then applied to an ELISA plate coated with tDHL- TG

After 1 h incubation, unbound scAb was washed off and
AN A5 AR di gERddniviE tMOr& 00400 lehd PRePETHICRRD 0BID 086 2igated into a
37 bound to the imuobilised conj u%a e detected vvlftta

e sinyiteely| digrstadeandapiirifiod nhageTRApIF50 aﬁ{lg%ﬁheﬁl jgygurified DNA was
censitivi £ . _ .

P e bl dReR LR O Peps Y KBSt R RAd okt im the
otofveagomiizgaer. t hat reduced the binding of scAb

(without free antigen) to dDHL-TG by 50% (1 C50) (Table

?). 5 Exanple 5 Two conventional peptides, YST-1

ﬁlﬁ’%ﬁ?ﬁ%@%x{ SfEs&eX%%@& phBEeE BYbBéBASI &Rl applied to
together w a third version, YST-3, wth

b';imtﬂﬁnyﬂubed Icmet‘tec( Avithe ADEHESBS A Coajugsteofandj abloiae | tat hiagh) Unbound
of the penulti Ctermnal |ysine si ' :

( varsicrbeaons Sk gL PR | APbrERin B s araared by mliple wash
Y§t-|e-:g§ RitMB ST Aha PBS. Wasnjdkhio spe Wiy fiege Shde thinedisted with low pH
denot es residues connected by the thiolactone rin

( seethPagineeand ndutraisade BhesySTerg infaeied amip depsh deog sG] cells,

and YST-2 to bpyvine thyro bul i n O). eV -

Reshit s GoPed Setfy o o RS R IERIT RE ekl fpyne).  For the
canaQdiildhas, thbSn{ElisdatofRRYeVisaRtnananbargasi GDHL-BSA and
chem stry. A hunman naive antibody |ibrary was panne
f @ngganz.r Bumialg theydhires rouafl o maarinEgthe | hewBHiPhAs% 01@5‘%? phuffled
a T-2 caopj ugat es [ rel. e :
bursLery. SRR RRER Ry S SRR er, op with BHL
unbeyRghahseenyRconepur ed away and weakly 20 bound
phagé renoved by extensive washing with PBST foll owed
by PBS. Bound phage were eluted with triethyl am ne

an |4 hen i L ot . i :
T Cﬁft%g?uFé@d%ﬁ)@%@ﬂ%lﬁghrggﬂ%ﬁ%ag %&g%hé &grlr)glgliegi ed@ ks)éeeneﬁoﬂo!r desired
r asadihg hwiatlerikidsp eindividge , phagh etonpsirfrdn edurghd were screened by

" iy e ofachvoles o B R Ll £ B e B i of the aprL-
VaS oA Al RIL1E B(ngl?gpfé&gﬂﬁq tb he ik potsianlsgal Ehoddtides able to bind

roun age were eluted with a solution of
YSoti3 coftjugstes [uageatde ridi bigd teghett pratipi p{qtqim\mr@dfurther assayed to

Bgi?it I gﬁ}\é\%régwl%ggg)gr{cg]?ﬁj Poy cosn'jurgeaPet (:ao\llllldj lbé] in%%{e%q)y the presence of free
dDHL or HSL in solution. The antibody variable region genes from those phage
clones found to bind to free BHL/dDHL were sub-cloned into a soluble expression
vector (pIMS 147), and produced as soluble single-chain antibody fragments (scAb)
comprising the variable heavy and light chain domains joined by a flexible peptide
linker, and a kappa constant doméin from a human antibody. Quantification of the
binding of soluble scAb to free HSLs was determined by competitive inhibition
ELISA. Samples containing a constant concentration of each selected scAb (with
respect to 1 microgram per ml dDHL-TG) were incubated with a range of
concentrations of free HSL for 1 h, then applied to an ELISA plate coated with tDHL-

TG. After 1 h incubation, unbound scAb was washed off and any scAb remaining
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i mobi lised with a magnet. After further wash steps,
t he bound phage were added directly to TGL Cells and

w@bdogmed23 o i nfect as before. 30 Fol | ow ng fouPCT/GBRES/003529

of selection, nonoclonal phage-antibodies were
screened by ELISA for bindi to YST-1 and YST-2

conj ugates, and to BSA and carrier proteins al one.
The scFv genes of those clones that bound only to both

Ebrg?lg 88 i{RoBA0A th # debtddB0 %%ﬁﬁellﬁ&nﬁﬂﬁman kappa

ned 1nto the -147 scAb sol ubl e expressio
Vv enmb}:rdya Aichetsemanig ity @f@dAbﬁm BeeHSEopd o(pss- rgqugmdéylﬂgother HSLs
These, cel l s Xpresse a X @gt
R
N's&K@¥w§lﬁcfdt ot xn@gwfmdmamlby 50BUICEj)eTatde Ap was

then further assayed for binding to free

(non-conj ugated) peptide 5 and to the

thi ol act gne-peptide autoi nducer Agr-Dl, in conpetition
wifxammesdbi | i sed peptide conjugates by ELI SA. Signa

reduction in the presence of peptide conpared to

bijdi ng gveﬁagl?q[ﬂ@ LS siﬁng (dakescd fyaﬂgpsgg@tz YSTASGGASS

( Eﬁ&é’ §}ﬁ1t19931se&- QoEtRaptith Hthird versiay, YIST-gevief bibenylation” (» denotes
anti bodi es against the Al-2 target, both the free Al -2

neitecuife bigtieylatianon JQﬁgaﬁled peevlimaiee Fagimingl. lysine; gside” chain

ngfyf%(r%l%(f?%gg g %%\?t %C?%ﬂe zg%kj)ﬁhgﬁhfé’lr fzggmné%?q) was also

I @@fthtQ8ed0 fwhpfeo* Abn(ﬁeslﬁsﬂﬁegwrﬁedtéd)by thé thiolbctone riag i(sbe Figure

In"vitro, pro-Al-2 wll alsorectvvl ric acid.to
ylléDd Sos PLSAHL 23S oo e (I 80Ot Lo palane pyoelobutin

pr Obiggt ! @{alan"i‘ig%nﬂﬂhf ood, ét\ﬁ‘% -g%dn@éth}q%ﬁﬁ@%dp\yﬁ efrbodiimide

e syntheS| t he” met hyl "group

| JEDEDIb3aedvdyioaal dommlgeﬂtorechgrmmy acyl chain, with a

term nal reactive group e.g. carboxylic aci d. Any
structure that includes a term nal reactive group

SuAtlﬁﬁ’ll)a% hatve %ﬁ%&}ahlb&?ﬁl\%&aﬁdﬁed qbr 28urCfRSEs laghikbth@lternating
to acarrier, and that wll result in the core

prmﬂdblﬁsedDY»‘éf »!: dnélYng 2 dorjplaigeessentivdly asflesanibed araviqusly. After
can b | i.nker,. . The
L3rE B Ee RSt B bR RS STy vy
C%Juhﬁ [Fha8s réeSweli Beekiemtilehwashat wah PBssﬂlmfmr@wadfby PBS. Bound
i nvention 25 A library of potential receptors (

arphage mo@yluteldbmdr ricdindpniag end aputpiagd)hensintegd) ihisiog phase E.
o ATER LS SO0 LA EREDGE St b e
| nixeR bhiig&tlar cohcenidddat golydthdes: gntdl lpodigistion ready for the next
round of selection. Following washing of phage bound to YST-1/2-conjugates in
rounds 3 and 4, phage were eluted with a solution of YST-3. Those phage binding to
the biotinylated peptide were captured by streptavidin coated paramagnetic beads and

immobilised with a magnet. After further wash steps, the bound phage were added

directly to TG1 Cells and allowed to infect as before.

Following four rounds of selection, monoclonal phage-antibodies were screened by
ELISA for binding to YST-1 and YST-2 conjugates, and to BSA and TG carrier

proteins alone. The scFv genes of those clones that bound only to both conjugates
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(' phage') are allowed to bind, and those not
recogni sing conjugate are renoved by washing. Bound

wphbageia@anh be eluted with high or | ow pH e.g. PCT/GB2003/003529

triethylamne, or by 30 conpetitive binding wth free
Al -2 or by conpetitive Dbi nd@ﬁgg with e.g. biotinylated
Al -2 foll owed by renoval magnet.i ¢ streptavidin
beads. During all stages of bio- panning except

Xl EMD-AbheRl iHtd B pIISL Bf7escRIh0sHIEb1P Expresss@Mtectar adstinsformed
that the correct V\B 2004/ 014423 PCT/ GB2003/ 003529 gg extracted

simod aole Xafl B{luezze]ls Thgsatcallhware @pirsed, pRd §uBIESG

b relnfect i.nto host b t h
aﬁrﬁp} the @actsg; &R}aﬁlglccga[:s%ﬁ% &ﬁﬁedhléglg}c%g éf}m t\e/ chromatography.
PPAAHEd BnK aaditénoghé@nsbsayedrfof bidinkab ftda:e(nnmcbnjngatn@ peptide
Subsequent rounds of selection are_carried qut

as
dandtd thedhipiaciangaptidsn et dRsst Adal, 1 ERBr A, Vi frgmobilised

B T

i pelibwidiato ComBEat alvrk) indichienelatceAbbis mssguyeug filgr YST-epitope
bi nders to Al-2. It is robable that at |east three

r camenonge all peptidesiGauigiDI be needed, al though Al-2

bi ndi ng cl ones may be isolated after only one 10

round, or it may be necessary to perform nore than
tIE)@glpwands Pol ycl onal phage- ELI SA can be perforned
after each round by nmethods well known to those

famliar wth the art to determ ne how many rounds

ang Ec?qu;b ;@He&em% Baho RhAGRs AN taRREI 1R5Eh SHROfEE AD® molecule

produce scrib |n earlier exanples, and assayed
f @nd akiondigatgd faneae heqiiredh& is 00§ Qggmct@ed)g@gsﬂplg fto isolate AI-2 in a

sel ection and to the_respectiye un a

cAVES O E TR Gy Ai‘&uﬁst ﬁHPS%'\{)é' gtg‘f‘ 9(6%3 6'09%61%%%163 of pro-Al-2

actﬁ?ﬁfbeqr@ﬁ‘)') Wthi Horicavai |1abisfy, delIAQ-IQJ Wil dlﬂﬁﬁebd:t\bﬁtfcbmm to yield
e'identified as those binding to all avajlable

c awjivg A0 €s howevdrexhpne@eh guitable fo5 caniagating anbintibgdy selection. A

Cg{ﬁnlvgtg\f X Ipﬁoy—ﬂef gals‘t()éeﬂse n géglsgor a?fe@? é% xxg&tyl EIQ)up is replaced by a
POskePLe. bhatylt dfid, eAdt h afrmdhal peactiAb-gowp tl. bmrbax}élcnayd Any
yi e nore than one species, it wl| ti eqﬁeralf "
dentmyoe ﬁlablrlchﬁlﬁs AR %@W%é&ﬂ?l sgiablp gfa? anJuga 10n Or
t he oL ec t T

by° rggssg nngg{c% a%n fHE ' Fﬁtewﬂl s GRUE Rfe g)% AT ARty being

ndlng 0 conjugate In the presence
Ofdiﬁlﬂg_@dme@r Af t-hB cafidr bafatpcanAensetliat 4 bkernThe rediciigg pro-Al-2 is

wi th increasing _concentrations of r.o-, Al
i nefinggateddo gfef@ahlﬁéwp dif, %péel?tﬁﬁmrﬁ ?Sd{? rgll? n e segtlon ‘summary of
'\fgk?% ?lhvvoul d therefore be expected to be able to
e response of Al-2 responsive bacteria by

binding to extracellular Al-2 and rendering it

ungvl?llarlagrb loF ptO?ential receptors (e.g. an antibody library displayed on phage) is
applied to an immobilised conjugate in the presence of boric acid (preferably > 10
uM, pH 6.0-8.0) in order to yield immobilised Al-2 conjugate. Phage-antibodies
(‘phage”) are allowed to bind, and those not recognising conjugate are removed by
washing. Bound phage can be eluted with high or low pH e.g. triethylamine, or by
competitive binding with free AI-2 or by competitive binding with e.g. biotinylated
AI-2 followed by removal with magnetic streptavidin beads. During all stages of bio-

panning except extreme pH elution, borate should be present to ensure that the correct
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cells. Asuitable in vivo nodel can be found in
bi ol um nescent Vibrio harveyi, a bacterium 30 that

whe@konmidnesces in response to Al-2. Strains of PA/GB2003/003529

harveyi that are LuxS- are unable to synthesise DPD
(a precursor of pro-Al-2), so cannot produce Al-2.
They are however able to respond by (increased |ight
output) in response to WD 2004/ 014423

P(ehiciRe 80 1003 3¢intahed € KRgenphigk whauddd éd rd\lnfé’ctedeuitchhmst bacteria
in the formof pro-Al-2 together with borate

b 6. atod) complifiad Mgg@@{mg Feliseundsr phigs-prESIE PRsfugMgagnditions and
LB‘)%%?-]C zsr+t§1\e/: Inehxt 10 hd T%SF@EHE oéf Rorabe at Ocﬁ@nécp out as

uxP- I ng the natural
AlietribéE FePtrotnd daesexvept ntmmptefenab}ynychda i ighoteliseds pamugate is
Potential anti-Al-2 antibodies 5 ('receptors’) could
t h¢refted.e be identified as those fulfilling the
binding criteria outlined earlier, and al so being
able to either deplete Al -2 fromwt V. harvei
C WV gt sfficiest fouads dﬁsdemomdmvb)beem@uwtbtdd dindividirils@iamgclonal)
when added to LuxS-

GNPy l&,{éﬁgqudefah@@gprs é(pl lA(i’e?m ]g ds Wbaﬂg Itpaé &H]éaastttgree rounds of
1851?0%93% f ﬁﬁ ER1-S ibirfithd-b1ShesHAd ey isblated st snly one

1 Frank et al. her Pat ent
D@@mlent i1 nV@ b)e:mezsm t@marformooc.uewham@m noyngst Polyclonal phage-

tllﬁggq%g R%%o\é\g? FHoF 748 8 ber %o%(s) Léﬂ' %(N?l' t‘i)yth((?sfe familiar

ner et al.

Qfgﬂ{ tl@efaﬁr@q‘a@t%n%%e\'ﬂdvlf | Ay ?&un@!s are l@%ﬁrd&l c bia@lonkK phage-
881-888 Stintzi et al., 1998 FEMS crobiol Lett.

166tiRYes B4 pratlecsd nasr d@pmqu in eagdigr gxampples, quqdopssayed for

16 629 B
L5hd9) iy "SB3080 ol iy RRRARRN 1 e e o
M&)@u t6d Qir@brs. 24h{rd) or 36GtH3 LBnjdPatisnzety i afed, a@BGGnally if

acteriol. 182 (22): 6401-6411 Ganbello
| gvolls. Bo9vapossas dpneswill bp3dpiuificdgosbessapiing to all availble

conjugates in the presence of borate, but not to carrier molecules alone and preferably

not to conjugate in the absence of borate.

As it is possible that the reaction of pro-Al-2 with borate may yield more than one
species, it will be preferable to demonstrate that antibodies recognise in particular the
correct AI-2 structure. This could be determined by assaying for binding to conjugate
in the presence of free pro-AI-2 and borate. A reduction in binding with increasing
concentrations of free pro-Al-2 is indicative of competitive inhibition. Such
antibodies would therefore be expected to be able to modulate the response of Al-2
responsive bacteria by binding to extracellular AI-2 and rendering it unavailable to

cells.

A suitable in vivo model can be found in bioluminescent Vibrio harveyi, a bacterium

that bioluminesces in response to AI-2. Strains of V. harveyi that are LuxS- are
unable to synthesise DPD (a precursor of pro-Al-2), and so cannot produce Al-2.

They are however able to respond by (increased light output) in response to
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D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated Stazes)

In respect of all designated States to which such action is possible and to the extent that it is legally
permissible under the law of the dessgnated State, itis requested that a sample of the deposited biological
material be made avaifable only by the issue thereof to an independent expert, in accordance with the
relevant patent legisiation, e.g. EPC Rule 28(4), UK Patent Rules 1995, Schedule 2, Paragraph 3, Australian
Regulation 3.25(3) and generally similar provisions mutatis mutandis for any other designated State.

E. SEPARATEFURNISHING OF INDICATIONS (leave blankifnotapplicable)

The indications listed below will be submitted to the International Bureau later {specify the general nature of the indications e.g., "Accession
Number of Deposit")

Forreceiving Office use only For International Bureauuse only

E This shaﬁle:r:ieived with the intemnational application D This sheet was received by the International Bureau on:
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Authorized officer Authorized officer

Form PCT/RO/134 (July 1992)



Aut hori zed officer Authorized officer Form PCTI ROL134
(July 1992) WO 2004/ 014423 PCT/ GB2003/ 003529 49

WEMAREST3 TREATY ON THE | NTERNATI ONAL  RECOGNI ACTINBEN3/003529

THE DEPCSI T OF M CROORGANI Sl\/§ FOR THE PURPCSES OF
PATENT PROCEDURE Hapt ogen L{'d Pol worth Buil di ng

| NTERNATI ONAL  FGRW\ Rt @R e % Bivirhe RS FonkN THE CASE OF
AN ORI G NAL DBROSNrioNAlyamE eerosirssiadR@rcaNEans t o Rul e
7.1 by t he AB25 PRIHERFERRETAFONAINTBEPEBIUFARY AUTHORI TY

Hapt fTed at the bottonmmof this page NAVE AND ADDRESS
Polwgi%? f}ﬁ | TOR | . | DENTI FI CATI ONnrGERNAHEOMLEREXDIRGANI SM
Foredtfit 1 TT cati on reference given _by the AcceSS| on nunber
Aber@kN €N by t he DEPOSI TOR | NTERNA S1OTAR
AB2AIHHORI TY:  Escherichia coli Nagt Arldﬁ’pﬂ;n@( ARl AuTHORITY
SCI ENTI FI C DESCRI PTI ON AND/ OR PREROSED baax AMNGvhe
DESI GNATI ON  The mi croorgani smidentified under |
above was acconpanled by: a scientific description a

proposed—taxonontc—destgrat+o (Mark with a cross
wher e ap@{iﬁééﬁbﬂ%‘)ﬁsq 1. RECEI PT AND ACCEPTANCE Thi's

POSIT!

RIGINAL DEPOSIT

L 'txbé%tﬂﬂf&’nlﬂ&'@ﬁﬂﬁﬂéﬁbb G’A §M"““ hority—accepts—the
m croorgani smidenti under | above, which was

received by it on 18 March 2003 (date of the or| g| nal
ldenftionsioreyes STy MRECEI PT OF REQUESTCFTRGONY
PP 00r gani sm i denti fi ed unde‘F‘TﬁRN%tB%WD\‘R%O§ITF%YC%W%TYby

EschdicBia bdit er nati onal Depositaryyedt hoprity on (date of
G3Hehe original deposit) and a request to convert the

original deposit to a deposit under the Budapest

1. S TIFI CRIPTION XN'D%R"H’(OPO‘SED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

D a scientific description

a proposed taxonomic designation

(Mark with a cross where applicable)

318 RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I above, which was received by it on
18 March 2003 (date of the original deposit)!

1V, RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International Depositary Authority on

on (date of receipt of request for conversion)

(date of the original deposit) and a request to convert the original deposit to a deposit under the Budapest Treaty was received by it

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Ltd., Signature(s) of person(s) having the power to represent the
International Depositary Authority or of authorised
ofﬁcial(s)/ ,‘QX

Address:23 St Machar Drive, p S L ) A (/[/\m

Aberdeen, Date: 27 March 2003
AB24 3RY,
Scotland.

i

Form BP/4 (sole page)

Where Rule 6/4(d) applies, such date is the date on which the status of International Depositary Authority was acquired.
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on (date of receipt of request for conversion) V.
| NTERNATI ONAL DEPGCSI TARY AUTHORI TY Nane: NCI MB Ltd.,

w®r@aataee(s) of person(s) having the power toPCT/GB2003/003529

represent the International Depositary Authority or
of authorised official(s): Address:23 St Machar
Drive, | ~~/ Aberdeen, Date:“27 March 2003 AB24 3RY,
Scotland. Were Rule 6/4(d) applies, such date is the
daf epdl which the status of International Depositary
y was acquired. Form BP/ 4 (sole page) WO
2004/ 014423 PCT/ GB2003/ 003529 50 CLAIMS 1. An
antibody to a | actone or a | actone-derived signal
nol ecul e secreted by 5 bacteria. 2. An anti body as
c| ai megh, i Ricbd) ﬁ 1. 1aétBp Mot GhiabRgelaBsiaN§ighdlOMBlecule secreted by
nol ecule I's a onoseri ne nol ecul e or a peptide
t bdcadract one nol ecule. 10 3. An antibody as clainmed in
claim2, in which the honoserine |actone nol ecule has
a general fornula selected fromthe group consisting
0. O AR ah'ﬁboc(ﬂﬂ%lﬁln(e@"’lﬁ)clalﬁ Fah lﬁlh@h the J&ttbhe signal molecule is a
N, , ~(CH2 Fornula Il ©0O , ~(CH2) n \
( BMBYscFoe nuﬂ@;uld ar a pepEp thiolactone molecule

3. An antibody as claimed in claim 2, in which the homoserine lactone molecule

has a general formula selected from the group consisting of:

O
CH
O&NW/\/( " (ory
@)

Formula I

0
N CH,)n
0\5/ \”/\ﬂ/< 2 \(CHS) Formula II
O O

N (CH_)n
Q ° \(CH3) Formula III
O OH

wheren=01to 12..

4. An antibody as claimed in claim 3, in which the homoserine lactone molecule
of general formula I is N-butanoly-L-homoserine lactone (BHL) where n = 0, N-
dodecanoyl-L-homoserine lactone (dDHL) where n = 8 and n-tetradecanoyl-L-

homoserine lactone (tDHL) where n = 10.
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15 where n = 0 to 12.. 4. An antibody as clained in
claim3, in which the honoserine | actone nol ecul e of

w@emenad423 ormula | is N butanol y-L-honoseri ne PEGBR@®3/003529

(BHL) where n = 0, N dodecanoyl -L-honoserine | actone
(dDHL) where n = 8 and n-tetgladecanoyl -L- 20
honoserine | actone (tDHL) where n = 10. WO 2004/ 014423
PCT/ GB2003/ 003529 51 5. An antibody as clained in
claim3, in which the honoserine |actone nol ecule of
general formula Il is N (-3-oxohexanoyl)-L-honoserine
| actone (OBBL) where n = 5 2 and
N-( - 3- Qxododecanoyl.) - L-hoposer i J
ere %n__anggo .asﬁfﬁa@r‘?bil & gs Hgﬁ'gicﬁg[%gﬁﬁmé%;?%%gtm}enmdecu}e

WBE SdhetdI eorhiIEPE S NE3-bRGHeRBCOYIPL ¢k oserigf lagiene (@ITHL) where n =
formula Il is N (-3-hydroxybutanoyl)-L-honoserine

| 2end Ae(-BHapeilgdecaitpyhd -homoggringdactoneAR Al hwksre a5 8-
claimed in claim2 in which the peptide thiolactone

has a general formula (1V) as follows: O S [Xln

CEXXX \ahemabddy & diiyhedin tlairm6| & windh theshodseridedlactodémolecule
8. An antibody as clainmed in clai

7, in which th
pepeenseal fernBilaBl B (o ksendutimeyD L doreasene laepasETREL)
Ol Hete =05 35

7. An antibody as claimed in claim 2 in which the peptide thiolactone has a

general formula (IV) as follows:

)

o

[X], CXXXX

where X is any amino acid and n =1 to 10.

8. An antibody as claimed in claim 7, in which the peptide thiolactone molecule
is:
O
/
<3
YSTCDFIM
or

a

GVNACSSLF
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GVNACSSLF WO 2004/ 014423 PCT/ GB2003/ 003529 52 or 5 ~O
S YINCDFLL 10 or O S YSTCYFI M 15 9. An anti body

wa@googhaiserd in claiml, in which the | act one- deCT/GBR003/003529

signal nolecule is a furanosyl borate diester. 10. An
anti body as clained in claing, in which the furanosyl
borate diester is 20 Auto ITitlucer-2 (Al-2), HO /OH
O'BOO 30 HO111 " O .~1 CH3 HO ""U. ~ 35 WO

2004/ 014423 PCT/ GB2003/ 003529 53 11. An anti body as
claimed in claim1, in which the |actone-derived
signal nolecule is Pro-Al-2 or a Cl1-Cl10 saturated or
unsat urated carboxylic acid derivative thereof 5 HO
OH OCH3 15 12. An antibody as clained in any one of
chginmse 1 to 11 which is a polyclonal

/O

S

<

YINCDFLL

d

YSTCYFIM

or

9. An antibody as claimed in claim 1, in which the lactone-derived signal

molecule is a furanosyl borate diester.

10.  An antibody as claimed in claim 9, in which the furanosyl borate diester is

Auto Inducer-2 (Al-2),

HOmw, ‘-HICHS

HO™
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anti body 13. An antibody as clained in any one of
clains 1 to 11 which is a nonoclonal antibody. 20 14.

wa@\eooasnid4body as clained in any one of clains 1P€DGB1003/003529

which is a single chain antibody (scAb) 15. An
anti body as clained in any o of clainms 1 to 11 which
is an antibody 25 fragnent. . An anti body as
claimed in claim15, in which the antibody fragnent is
a $1n9l &y &hfod Va%r bl@fi’ﬁ&i bf 2eERN, {rﬁ‘%\ﬁl‘{éh tR0 1defoneferived signal
anti’body as cl ar in claim15, in which the antibody
f r egieenle is é’r@cﬁdl-?ngﬂ 2 Clﬁmnraatmafadagrmmturaml catboxylic acid derivative
phﬂ{na eutical conposition conprising an anti body as
in any one of clainms 1 to 17. 35 19. A nethod
for the treatment of bacterial infection of a subject,
the method conprising a nlstr ion of an anti body
as defined in any one of al 1to 17. WO
2004/ 014423 PCT/GBZOOB/OOBS 9 54 A kit of parts
conprising an antibody as any of clainms 1
to 17 provided in unit dosade %%ﬁﬁ] 5 21. An anti body
as defined in any one of clains™1®0 17 for use in
medi ci ne. 22. The use of an antibody as defined in any
one of clainms 1 to 17 for use in the preparation of a
medi canent for the treatnment of bacterial infection.
10123. Anmsfiibody af chenhetii mgy angopulamhs dnodfl whiehiif iacpolyclonal

bi ndi_ng nol ecul es for an anti- bacterial specific
bi ARB9YY ol ecul e, the net hod conpri sing conjugating a
bacterial |actone or |actone-derived signal nolecule

to a carrier nolecule and using the conjugate so
fodBed Aa dntibndy hy claimsqeni dnycorei efdil@igisnibtoetl whidhhata monoclonal
specifically binds to the conjugate fromthe
poﬁﬂW Yon of speci fic binding nolecules. 15 24. A
nmethod as clainmed in claim?23, in which the specific
bi ndi ng nol ecule is an
14.  An antibody as claimed in any one of claims 1 to 11 which is a single chain

antibody (scAb)

15.  An antibody as claimed in any one of claims 1 to 11 which is an antibody

fragment.

16.  An antibody as claimed in claim 15, in which the antibody fragment is a single

chain variable fragment (scFv).

17.  An antibody as claimed in claim 15, in which the antibody fragment is a single

domain fragment.

18. A pharmaceutical composition comprising an antibody as defined in any one

of claims 1 to 17.

19. A method for the treatment of bacterial infection of a subject, the method

comprising administration of an antibody as defined in any one of claims 1 to 17.
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anti body or a fragnent thereof. 25. A nethod as
clainmed in claim24, in which the antibody is a

woretweolgenl 20 anti body. 26. A nethod as cl ai PEHGBR003/003529

claim?24, in which the antibody is a polyclona
anti body. 25 27. A nethod as alained i n any one of
claims 23 to 26, in which the“carrier molecule is a
protein. 28. A nethod as clained in any one of clains
23 to 27, in which the bacterial |actone signa
nol ecul e is a honoserine nol ecule or a peptide
t h2®! acAdde offphes gb@prisidd alAnA0GH/ i1 defRiRd in any of claims 1 to 17
PCT/ GB2003/ 003529 55 29. A nethod as clained in any
onroyidedindimfdosageddmy7 i n which the | actone derived
signal nolecule is a furanosyl borate diester, such as
Al -2, or Pro-Al-2 or a d-Co saturated or
unzht ur At edtilbaiyexiyfinal iacny odeof danisvietotINdiorude, in3negiicine.
A nethod as clainmed in any one of clainms 23 to 29, in
whi ch the popul ation of specific binding nolecules is
a phagerii 88! @Yanl dbibady as Slined if BEE bhé 6f Blafifd NGo 17 for use in the
nol ecul e identified by a nethod of any one of clains
23prepara3th dior medieament dethe irpdmenQofdacteNpkinfpstionf a
speci fic binding nolecule identified by a nmethod
according to any one of clains 23 to 30 in the
prepar apipehed oﬂsd?&ﬂirfgazfggﬁuleftmh df Rpedifi€BindBRt molkcles for an anti-
bacterial infection. 15 . The use of a Dbacterial, .
| abactarial gpedific bdingdmplepulg, Siegngthoduiorpasag: @nitgating agbacterial
po ation . bin egu -
P aBHo oS a R, S G i) ALARE 8 using the
S pesijidatadd forbed dsidentiBad shebidictigndiag nlokabnhasspgoidically binds to
nol ecul e. 34. A nethod of treatnent of a bacterial
i nthecpniygatefirom bgpprelation plespaatinSmdingmelsayes-si ng
isolation of a bacterial |actone or |actone-derived
signal nolecule in a sanple fromsaid subject and
us2eg sAimethat teclhiaiedliactaom@3singmiakh fel specifie biralisemekaule is an
a ‘f)%gal atign of sgeci i ¢ binding nolecules for an
anf1O95¥ PE R TABMENERT P bi nding nolecule to identify
a specific binding nolecule that specifically binds to
t he si gnal
25. A method as claimed in claim 24, in which the antibody is a monoclonal

antibody.

26. A method as claimed in claim 24, in which the antibody is a polyclonal

antibody.

217. A method as claimed in any one of claims 23 to 26, in which the carrier

molecule is a protein.

28. A method as claimed in any one of claims 23 to 27, in which the bacterial

lactone signal molecule is a homoserine molecule or a peptide thiolactone molecule.



nol ecul e, and adm ni stering said specific binding
nol ecul e so identified to a patient 25 in need

WO beamoofs23 35. A nethod as claimed i n cl ai m 34, PEYGRR003/003529
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the sanple is of blood, saliva, tissue,
cerebro-spinal fluid, tears, gﬁnen, urine, faeces,
pus, skin, or nucous secretidns. 30

29. A method as claimed in any one of claims 23 to 27, in which the lactone
derived signal molecule is a furanosyl borate diester, such as AI-2, or Pro-Al-2 or a

C;1-Cio saturated or unsaturated carboxylic acid derivative thereof.

30. A method as claimed in any one of claims 23 to 29, in which the population of

specific binding molecules is a phage display library.

31. A specific binding molecule identified by a method of any one of claims 23 to

30 for use in medicine.

32.  The use of a specific binding molecule identified by a method according to
any one of claims 23 to 30 in the preparation of a medicament for the treatment of a

bacterial infection.

33.  The use of a bacterial lactone or lactone-derived signal molecule to screen a
population of specific binding molecules in order to identify a specific binding

molecule that specifically binds to said bacterial lactone signal molecule.

34. A method of treatment of a bacterial infection of a subject, the method
comprising isolation of a bacterial lactone or lactone-derived signal molecule in a
sample from said subject and using said bacterial lactone signal molecule to screen a
population of specific binding molecules for an anti-bacterial specific binding
molecule to identify a specific binding molecule that specifically binds to the signal
molecule, and administering said specific binding molecule so identified to a patient

in need thereof.

35. A method as claimed in claim 34, in which the sample is of blood, saliva,
tissue, cerebro-spinal fluid, tears, semen, urine, faeces, pus, skin, or mucous

secretions.



