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bacterial infections in patients. The invention

provides for the application of therapies based upon,

in the preferred enbodi nent, i nmunogl obulin or

i mrunogl obul i n-1i ke receptor nol ecul es that have

af f

sig

bacterial cell to cell coBAGTERIAoNn. By binding to

such nol ecul es, the receptors can be used to nodul ate

the extra-cellular concentrations of nol ecul es

|p%gmMﬁqhbﬂ“ggﬁbﬁonnent-sensing of bacteria, for

exanpl e Pseudononas aerugi nosa, and/or ot her

pat hogeni ¢ bacteria, and in so doing can reduce or

i The bpreseht afivdnooh ofeiaidsi € raiblodsi mrl entmlligndint hegeating bacterial
§00|ated resi stance of  biofi] c%eriﬁéto )
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|ents nder goi ng treat ment hospital s t é%y 'S

dmldculehalsapl heak adifinjty ned spevifaatyi fom. acgLbompserini| la¢tyng eignalling

suc fecti.on,can be as a result .of t pr.i mar —

 olkebles BroISR &R e BropSisPe A Hieriflor{ fo Rell Gpmimunication. By

| BT RURIRH 88S1Edest FRATOBNbIs QI b¥BSsed @6 ndsdufate the extra-cellular

consequence of injury resulting in serious skin

deenegotratinme of moldsulepsnvolted ip gavisonmantsensigg eftbagteaa, for example

E,Igeeﬂue 8%%‘2\% Eg ret hn%?ﬁgénéﬁ&s ?&1&:} %taﬁltogérh t ogntgnh,fs and in so doing can

Opjucé WRiistibie bﬂﬁllhﬂﬂﬁﬂlaﬁén hmdﬁa/ﬁlﬁlen&'élearham& Qfsde:Eﬁtai F@Btance of

never infects unconprom sed tissues, yet there is

hRiodlp bapigrip fosaiebackeatal pgenfSannot i nfect, if the tissue

def ences are conprom sed in sone manner. Although

accounting for a relatively

Background of the invention

One of the major causes of mortality and morbidity amongst patients undergoing
treatment in hospitals today is due to hospital acquired infection. Susceptibility to
such infection can be as a result of the primary illness for which the patient was
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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any way limt the scope or 2xtent of the present

i nvention.Ps. aeruginosa is an opportunistic pathogen

that causes urinary tract infections, respiratory

system infections, dermatitis, soft tissue infections,
teraem a and a va ] nf ect.i ons

o5 e iRy W s pREisle BRSBTS g aections,

aRpMDS Ptd Mhfeckbies, AemAtTI¥Y ROft PR @FS&Fbns, bacteraemia and a

Respiratory infections caused by Ps. aerugi nosa occur

alMaRly obgystersioviafaptipps, ipadiopladlia vicin obseyspbwins,sad in cancer

- Y,

o SPEATS SRUES R e Al s b QR RO ERODARIER caused by P
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heart failure. Bacteraemc eunDnl a commonly occurs
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relating to AIDS, neutropenia, diabetes mel litus, and
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Ialg%ncﬁts (ggtlglélilg haem ?uto%g glﬁqg%rh%{sl meg}aalﬁnp %%%%HQ}; relatmg to AIDS,
ghaitdpesial diBetod eledlitds NindSseverd dubRC Mdst PReiddmoRke badwaexma is
for its natural resistant to many antibiotics due t

t H@l%’@?‘ﬂ%ﬁ@fﬁﬂlﬁai%ﬂ“éd]“ﬁ"é% hemeswherg ihgecpuris fppiabput 25 percent of al
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ogen. Also, its tendency to
oI oni se surfaces in a biofilmform makes the cells
ervious to therapeuti.c concgntratlons

a Fkha \Cppm y(ssﬁqtﬂn q qngn%aturz %st%&o IBaIH’ogtetlblotICS due to the
PRagRaKility WRlibS aff¥Ren! By iRt offer ’mglggl%}le BP9 dnldMis, therefore, a

formation is thought to play a key role in protecting
b aettisnliady fdangarous and dreaded pathogen. Also, its tendency to colonise surfaces

in a biofilm form makes the cells impervious to therapeutic concentrations of
antibiotics (Shih and Huang, 2002) and to host phagocytic cells (Wozniak et al.,
2003). Biofilm formation is thought to play a key role in protecting bacteria from
host defences. Studies have revealed that Ps. aeruginosa isolated from wounds are
able to produce an exopolysaccharide capsule within a few hours of infection, a
property that is likely to contribute significantly to successful colonisation (Harrisson-
Baestra et. al., 2003). Since its natural habitat is the soil, living in association with the
bacilli, actinomycetes and moulds, it has developed resistance to a variety of their
naturally occurring antibiotics. Moreover, Pseudomonas spp. maintain antibiotic
resistance plasmids, both Resistance factors (R-factors) and Resistance Transfer
Factors (RTFs), and are able to transfer these genes by means of the bacterial
processes of transduction and conjugation. Only a few antibiotics are effective against

Pseudomonas, including fluoroquinolone, gentamicin and imipenem, and even these
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infection, a property that 3s likely to contribute
significantly to successful col onisation (Harrisson-
Baestra et. al., 2003). Since its natural habitat is

the soil, living in association with the bacilli,

act i.nonycetes and noul ds, it has. devel oped .resistance. .
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PSIcBS] YOS S GKfgE source and node of

fand mode of

Ps. aeruginosa is primarily a nosocomial pathogen. According to the CDC, the
overall incidence of Ps. aeruginosa infections in US hospitals averages about 0.4
percent (4 per 1000 discharges), and the bacterium is the fourth most commonly
isolated nosocomial pathogen accounting for 10.1% of all hospital-acquired
infections. Globally it is responsible for 16% of nosocomial pneumonia cases, 12%
of acquired urinary tract ihfections, 8% of surgical wound infections and 10% of
bloodstream infections. Immuno-compromised patients such as neutropenic cancer
and bone marrow transplant patients are susceptiblé to opportunistic Ps. aeruginosa
infection, leading to 30% of reported deaths. It is 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



transm ssion of the pathogen are often uncl ear because
of its ubiquitous presence in the environnent. Anongst
WO poensiose care patients in whominfection i s BUBEB2H06/M01843
on clinical grounds, as many as 50% have no
identifiable source for infection. Currently 1,400
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in intensive care units (ICU s), making it the No. 1
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however remai.n _high ccount i 09
¢ SN P o R o A LRORAOG TARE ciibeto &
f pilewdle, M3 add RhIRI (VEmRS) (LA fiwganOB®5) fespdvditeliyt Lasl directs the
produces a diverse bhattery of virul ence determ nants

i Rethedisngf drogerlaleetISEAEASAARs Falle, 198P KBFATHE B Brekidd) whereas
15 SATBKR s b, o WAL, IRALARE 140651 ot s ang e
abysterdO£8,thdlighs tnexistét adlierarchP 9hpre thy doysystem ¢xBrts frans&riptional
OOy K2R, S v 006 BOL e U 30808 PohGpions
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are regul ated at the
expression of the genes encoding for the virulence determinants elastase, LasA
20 protease, alkaline protease and exotoxin A (Gambello & Iglewski, 1991, Toder et al.,
1991, Gambello et al., 1993, Pearson et al., 1994) as well as lasl. Elastase is able to
cleave collagen, IgG and IgA antibodies, complement, and facilitates bacterial
adhesion onto lung mucosa. In combination with alkaline protease it also causes
inactivation of gamma Interferon (INF) and Tumour Necrosis Factor (TNF). Lasl
25  directs the synthesis of 3-0x0-C12-HSL which together with LasR, binds to the lasI
promoter and creates a positive feedback system. The RhIR transcriptional activator,
along with its cognate AHL (C4-HSL), regulates the expression of rhlAB
(rhamnolipid), lasB, aprA, RpoS, cyanide, pyocyanin and the lectins PA-I and PA-II
(Ochsner et al., 1994, Brint & Ohman, 1995, Latifi et al., 1995, Pearson et al., 1995,
30 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 rhlR (Latifi et al.,
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las and rhl (vsm) systens vhich conprise of the LuxRI
honol ogues LasRl (Ganbello & Iglewski, 1991) and RhIR
(VsnRlI') (Latifi et al., 1995) respectively. Lasl

di rects the synthesis of 3-oxo-Cl2- HSL (Passador et

hooe PR s 187 T caeppR i tioB g gupred k8] Sgotation
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Pesci | bot.h
E8lmEand preara s RRCR P RIRERSER e RybgT e bR Ehzonment
dedrelefihah@Bd Scell-to-cell communication via quorum sensing and associated

production of virulence factors.

A number of different approaches are being actively pursued to develop therapeutics
for the treatment or prevention of Ps. aeruginosa infection. Some are intended to be
broad ranging while others are directed at specific types of Pseudomonas infection.
Those that follow traditional routes include the development of vaccines such as that
described in US patent 6,309,651, and a new antibiotic drug (SLIT) that is hoped will
be effective against gram-negative bacteria in general but is designed primarily to act
against Ps. aeruginosa and is administered by aerosol inhalation. A further
observation under investigation is that the antibiotic erythromycin administered at
sub-optimal growth inhibitory concentrations simultaneously suppresses the
production of Ps. aeruginosa haemagglutinins, haemolysin, proteases and acyl-

homoserine lactones, and may be applicable for the treatment of persistent Ps.
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all patients' lungs are infeected by the age of three
years (Burns et al., 2001). The immne systens of CF
patients are unable to clear the bacteria, resulting
in the onset of chronic disease with the associ at ed
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et al .. 000) . . Anongst, ot her effects, the production
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factors. nunber o erent approaches are bel
adhat wetalysp uhs degradaiceofe Ablp.s tdndr thp sequesterihgrof tAHL by antibodies

tr eyention of Ps. aerugi nosa infection )
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Those that follow traditional routes 1nclude the

d évggeo grenm-sisingcegwated senphnses suttnes biogitmifpaation apg virulence

pat ent gﬁO@Eg%) and a new antibiotic drug (SLIT)

t hAAE4 A 616 I be effective agai nst gram negative

bacteria in general but is designed primarily to act
There are a number of potential problems and limitations associated with the therapies
currently under development. It is as yet unproven as to whether vaccines will be
efficacious treatments. Ps. aeruginosa produces an extensive mucoid capsule during
biofilm growth that effectively protects against opsonisation by host antibodies, as
revealed by patients with persistent infections having high serum titres of anti-
Pseudomonas antibodies. This also provides the bacteria with significant protection
against antibiotics and other anti-microbial chemicals. It has been demonstrated that
clinical isolates of Ps. aeruginosa are resistant to elevated concentrations of
antibiotics when growing as a biofilm, and that quorum-sensing defective mutants
produce either less well developed or negligible polysaccharide and are killed by
much lower antibiotic concentrations (Shih and Huang, 2002). The use of auto-
inducer mimics are limited by the concentrations of most that are required to
effectively compete against AHLs for the receptor binding site, and the possibility of

side effects. It is well known that AHLs released by Pseudomonas and other bacteria
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sub-optimal growth inhibitdky concentrations

si mul t aneously suppresses the production of Ps.
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acyl honoseri ne | actones, and nay be applicable for the
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I
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i badbiofilmtphenotypeynes (AnA' s) that catal yse the
degradation of AHLs and the sequestering of AHL by
anti bodi es (WD 2004/ 014423). There has al so been an

| MTRHAEHE DathdgERIRASCTPs. i0bkQirdskh i97E18hEw miultefhcteAIMPEhfleindd by the
natural AHLS for receptor binding on the bacteria, but

t tharge gwmhert oft virwgnse fegiiers @nd shenleroady spasjumaafedisaasespssnsdated with

S B8] APIL R AR R, (480 Ay fr e

gl akiofl dndtdi SBMirasisnCandl 1@ fovimidiioh v bidfimaparecontrolled by cell-to-

currently under developnent. It is as yet unproven as
t &%ﬁé&lﬁimg\/ st dnNAlYInG hemosstinealactis-basedapighslt molecules and

gépcl:cﬁgé YOG R oRAIC ALkFRRorA ProfthE€ NSTH G e MG Rlatbr§ 2RISR allow Ps.

aeruginosa to adapt to a virulent form in a co-ordinated cell density dependent

manner, and to overcome host defence mechanisms.

There is a need to develop effective means of modulating the concentrations of HSLs
and other bacterial cell signalling molecules involved in pathogenicity by methods
that do not have adverse side effects, and are unlikely to be evaded by pathogenic
bacteria in the foreseeable future. A composition or compound capable of preventing
biofilm formation in bacteria, particularly of Pseudomonas aeruginosa, that did not
attack the bacterial cell directly and so is unlikely to lead to resistant strains would be
of considerable benefit to the treatment of disease states such as CF and the
prevention of wound infection. In particular, this would increase the effectiveness of
many existing anti-microbial treatments and could make many of those that are no
longer considered viable to be effective once again. The present invention provides

for such compositions.
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agpldesles AHBY fe%ovtaheéblhﬂﬁl@pbxoﬂe@a&ﬂiidﬂg & Ia@ton@lél@nbétﬁ cell signal
possibility of side effects. It is well known that

Anpotecples oths estabshmeat abhishitiss and) bigfierliksgrowh %m&@ &e anhibited,
T

R PR Bl S LR R0 RUBIAP Y P LR el BEggmens and

I to M3 Bdft2eahérhaMifn®. 1 WEBOR odes badtdrisddl Imahtmklﬂtsacadﬂectly on the

also able to inhibit | hocyt e ollfe
dewhtorcaysh death, thfeprsssat UrRBHOTDfrEeRyS eXtrapfpll Hfslﬁ %@gg Sifdecules in

MBifP RRAES blﬁﬁln@%ﬂrﬁgoﬁs AR s8&DR"i@dnuch less likely that sthralns resistant

I mmuno- suppressant. There Is a danger therefdre that
t hetha pheeap)yi wﬂkﬁm&rgg the use of conpetitive AHL mi mcs
may result in down-regulation of the patient's imune
system This would be generally undesirable, and
PAEbraigatb! a¥fiSOaspBet! TIRNVERTTRA, EEFSRbroAtEE®R nfetho6F preventing
use of antlblotlcs can, at best, be viewed as a
s hp inthikigpgnbinfvmt f@gyatiqm by ewoptlation of bagierieatshid methpd comprising
of, th u e
i Lhes%dé%ln rg &S Ittl E)ﬂeo %128109 5 %e%rgﬂ)%ﬁy Q{g %p]ﬁl&%ﬁé 3k q&ﬁ‘f@ne -derived
r gighhliBoleult sccadied by’rbwtcﬁ'huj al chemicals affor ded by
bi of i | m phenotype. That the pathogenesis of Ps.
aeruginosa is clearly multifactoral is underlined by
U hge 18R @&g?%olégulevfnﬁy e %%rﬁc%@ﬁﬁ’é fhoRdediel &€ PEFRAE thiolactone
spectrun1o | Seases associ at ed

molecule. The homoserine lactone molecule may have a general formula selected

from the group consisting of:



this bacterium Many of the extra-cellular virul ence
factors required for tissue invasion and
waele@semosat i on, and the formation of biofil s, P@r/6B2005/001843
controlled by cell-tocell signalling systens involving
honoseri ne | act one-based signal nol ecul es and specific
transcriptional activator proteins. These regul atory
systens allow Ps. aeruginosa to adapt to a virul ent
formjin a co-ordinated cell density dependent manner,
and [fo overcone host defence nechanisns. There is a
nee ef«gq@h e neans of nodul ating the
HSLS antdQM per bacterial cel
| ecul es i nvol ved in pat hogesyrguliayl by
met hods that do not have adverse side , d are
unlikely to be evaded by pathogenic bacteria in the
foreseeabl e future. A conposition or conpound capable
of mpeventing biofilmformation in bacteria,
partff cul arly of Pseudonobnas aerugi nosa, that did not

agi eLF8IHQBIN directly and[sg Js Uplikely
toyl e
be

to [fesidtant strai(fdlavoul d be af cansidedabl e
Yt to@he tgeatnent of disease states such as CF
and the prevention of wound infection. In particular,
this would increase the effectiveness of many existing
antionicrobial treatments and coul d make nany of those
thatjjare no | onger considered viable to be effective
' Presenin i nvention provides for such
ry 6f th mHpvention TheRLERE
8 for method$ for redu i ng nunber s |of
t he pat hogeni c bacteria by regulating the
extra-cel lul ar concentrations of bacterial cel
signal ling nol ecul es. By renoval (binding or
degemaat Dom)2.0f | act one-derived cell signal nol ecul es,
t he establishment of biofilnms and biofilmlike growth
. could be inhibited, thereby increasing the
5 SYBE aRimdiklind Ya@bneP RIIQARNDf L &ndfl | folth@hOPIAy be N-butanoyl-L-
nmedi canents and to host defence nechani sns. V%ereas
oh¢rapsepae dastangi (BEIL) twheza e}, dV-dedecatiaybEthomasering kactone (dDHL)

where n = 8 or n-tetradecanoyl-L-homoserine lactone (tDHL) where n = 10.

The homoserine lactone molecule of general formula II may be N-(-3-oxohexanoyl)-
10  L-homoserine lactone (OHHL) where n = 2 or N-(-3-oxododecanoyl)-L-homoserine
lactone (OdDHL) where n = 8.

The homoserine lactone molecule of general formula III may be N-(-3-
hydroxybutanoyl)-L-homoserine lactone (HBHL) where n = 0.
15

The peptide thiolactone may have a general formula (IV) as follows:




cell to cause death, the present invention targets
extra-cellular signalling nolecules in order to reduce

wembitimosd or mati on. As such it is nmuch | ess | iket/gBRiwan01843
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strains resistant to the therapy will energe.
According to a first aspect of the invention, there is
provi ded a nmet hod of preventing or inhibiting biofilm
formati on by a popul ation of bacteria, said nethod

conprising the adm nistration to the popul ati on of an
anEﬁggy zﬂ“F%&?Sﬁggﬂfgfﬁbﬁbne-derived si gna

nol ecul e secreted by bacteria. The | actone signal

nol ecul e nay be a honoserine nolecule or a peptide

t Ahigatdy ttmpeptide dualactond meldeuleuraybene | act one nol ecul e
may have a general fornula selected fromthe group
consisting of:Formula I (Cdg) Formula I'l (CH3) Fornula
1l where n =0 to 12.. TWe honoserine | actone
nol ecul e of general f@nmula | may be

i V-but anoyl - Lhonoseri/mne | actone (BHL) where n = 0,
- dodecanoyl - L- honpbser\ne lactone (dDHL) where n = 8 or
n-tetradecanoyl - L- mpe lactone (tDHL) where n =
10. The honoserine lactone nol ecul e of general formula
Il may be //-(-3-oxohexanoyl)- L-honoserine |actone
(BHHL) where n = 2 or o)

N- (- 3- oxododecanoyl ) - L- hogoseri ne | act one (CdDHL)
where n = 8. The honogerife | actone nol ecul e of

general fornula 111 y be N (Shydroxybutanoyl) -

L- honoseri ne | actone {\HBHL) where n = 0. The peptide

t hi ol act one may ral formula (1V) as
foll ows: where X @ygﬁ?%ﬁo acid and n = 1 to 10.

Sui tably, the peptide thiolactone nolecule my be

or
/O
<S ‘
YINCDFLL
or
y O
<S
YSTCYFIM

The lactone-derived signal molecule may also be a furanosyl borate diester. The

furanosyl borate diester may be Auto Inducer-2 (AI-2),



YSTCDFI M GVNACSSLF or YI NCDFLL YSTCYFI M The
| act one-derived signal nolecule may al so be a

wo evanowgd borate di ester. The furanosyl boratBCTGB2106/001843
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may be Auto | nducer-2 (Al-2), The | actone-derived
signal nol ecule may al so be Pro-Al-2 or a Cl1-Cl10
saturated or unsaturated carboxylic acid derivative
t hereof A growi ng nunber of bacterial species are
bei ng found to comuni cate between cells using a
variety of small signal nolecules. G amnegative
bacteria predom nantly U#QGN- kMl honoserine | actones.
The latter are a group of cofpounds that share a
conmon honoserine | actone pﬁ%ggstructure and vary in
the.-length and structure a;side chain. There are
three classes within tHOg mQHe acyl - honoseri ne
| act ones, the 3-oxo- honoserine. | actones and the
3- hydr oxy- honoseri ne |, g&t0 -~ A single species can
produce and respond to frenbers of nore than one cl ass.
Pseudononas aerugi nhosa uses several, and particularly
i V-butyryl - honoserine | actone (BHL), 3-
o be davieeadroived hipmok solatelel may alse be@RIDHAL-2 amdh €6Cyp saturated or
Lf - hexanqyl - honpserine. |l actone (HHL). The cells use
t HBSWWQ@%?@QX% 35‘4@%‘?“6‘? &Gﬁﬁoér m Z]i ng the local cell
density, such that in conditions of |ow cell density
t he concentration of sigﬁgl ule is
correspondingly low. In high densities the | ocal
si gnal nol ecul e concentrati/on \ hgh. When this

y evel it induces the
transcription of genes invoHDegéin virul ence and the
onset of a disease state in th ﬂ@st. Many

A growing ﬁumber of bacterial species are being found to communicate between cells
using a variety of small signal molecules. Gram-negative bacteria predominantly use
N-acyl homoserine lactones. The latter are a group of compounds that share a
common homoserine lactone ring structure and vary in the length and structure of a
side chain. There are three classes within the group, the acyl-homoserine lactones, the
3-oxo-homoserine lactones and the 3-hydroxy-homoserine lactones. A single species
can produce and respond to members of more than one class. Pseudomonas
aeruginosa uses several, and particularly N-butyryl-homoserine lactone (BHL), 3-
oxo-dodecanoyl-homoserine lactone (OdDHL) and to N-hexanoyl-homoserine lactone
(HHL).

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. Many

pathogenic bacteria including Ps. aeruginosa are able to grow as a biofilm. In such



pat hogeni ¢ bacteria including Ps. aeruginosa are able
to grow as a biofilm In suchconditions, the cells are

we@magesi n an exopol ysaccharide matri x. Thi s BOL/GB2005/001843
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provi des a physical barrien2agai nst anti-mcrobia

agents and resistance to phagocytosis, but results in

a high local cell density which |leads to

guor unm sensi ng i nduced switch of opportunistic

b at ho en'c h e, Vi tile. .
DS, 19 sPUD TR G50 AP IRMER PR IIBLL gt provices

Cph&ﬁca&ﬂﬁnﬁ?&ﬂ £paidt aﬂfilrﬁlcfdblztﬂeigeﬁtts zirhiere@fs&ﬁne@ct@ pHagécytosis, but
vari ety of environnent al nRounds but also to
n#fsPiDm ébr&belﬁt:%laaell&@ngwawh tleadsfto gHeRIE-sengingdndepedvitch of

té’h tdﬁ%tl@%ﬁ@t\éﬁ? Ha gﬁﬁcgeq{c%lexotgﬁg bacteria wll

0 nove toward as nutrients and
away fromstimuli that represent unfavourable

Cg@}dl t Onglbgctegéiseg% Y kg)%g;%tp g}t@enzc?tgggrjahe(ﬁz;y tﬁe cells are able not
Cﬁﬁﬁoioa&été& tﬁééji’é%@ﬁ& BIOaC\%hletj" Sf”é‘rwdo%ﬂqeﬂ&w SHp ﬁnd‘sught also to

(see anples, Fig his be couf
benamitgni dancenttatiom ghadicetst abl ihsi;mrmti &n cadjlesy ebwipmeing  bEhaviour
di sease conditions, . as. e.bacteria uld tend to nove
¢ BeERRGei0 st RETeria it Bia P HaE uRur R sftmbfi ic Py RtHEnts and
0faw§¥ Goa] stiiRhieiat Rpresditiunfivoutabld @aditiods.] RGE AW &SoWa that some
| ocal cell densities and the earlier establishnment of

prbé«tte@zt,uv@lumngflm rAerigiease 3dibil A poNidi Ve shamotastierespgpse to cell-

e%%gg%l}ﬁgg éc%'ie Séu?ll? ggn A:T—ﬁdste(%yé ?x mslglg %\?{)Cﬂi{iﬁsg b?ﬂgioﬂr could be
paighifpani ia t%é’dﬂﬂﬂiﬁp@ent‘ﬁﬂd dendlopaetites dtsfaastehﬁnmtleﬁsa rak the bacteria

i nvention can therefore be applied t blockln
c et e ite mevejeas 6@%8’(‘9%?‘?%“&%3%‘@8}‘“0%‘? ‘:-maitlons of signal

EcufRECTER WOl Had R fcHa€S: iPAGPcbR! dehbigBd!a kxhntﬂe earlier

nD ecul es are being discovered in every organi sm
wiestablishimeyt af eretectnehbigfiling ircemses o thgelaalukivglsi ofoestra-cellular
yst em icable to ev eci.es nmal . N
c¥ e ionf2Ble pcknfiafiShay i sRRREYER! tANggTolm the dime to swiching
bag b §aitd g€ phEHBRHRY | TIR: AbbaRe vb AkSstedilt 8fih@sn caNtherefore be
gram positive (gram +ve) bacteria use (nodified) snall
applied to blocking the chemotactic response of bacteria to their own and other

species’ signal molecules.

Bacterial signalling molecules are being discovered in every organism for which they
are searched. It seems to be a ubiquitous system, applicable to every species. The
main differences are that all gram negative (gram —ve) bacteria use homoserine
lactone-based molecules, and gram positive (gram +ve) bacteria use (modified) small
peptides. 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
(Suga and Smith, 2003), or on blocking the various receptor systems. The
disadvantages of these methods are principally that resistance can be developed to the
mimic or block and the “real” signal molecule is still present and will compete for
binding. Furthermore, signal molecule mimics must first enter the bacteria to contact

and bind the cell’s receptors. In addition, some bacterial signalling molecules e.g.



peptides. Previous work in this field has concentrated
on m m cking signal nolecules with ones that are

wOo ewsgnioged but that do not function, i.e. no PCT/GB2005/001843
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pat hogeni ¢ swi tching (Sugaland Smith, 2003), or on

bl ocki ng the various receptor systens. The

di sadvant ages of these nethods are principally that

resi stance can be devel oped to the mmc or block and

t Q%é—h%ﬁl%%erin%' ﬂ&gheMee&lH{l c'esfag‘tHsl iln. MEESS gﬂ? aW'dléan directly
conpetée tor bindihg. Furthernore, signal mol'&Cul’e

ntause smmuabd-stippressicnsdfethe thoet (acpaicnd. tThecgrvdeac invantibon provides
bind the cell's receptors. In addition, sone bacteri al

sfojamgtdsgsipgiaahedies algaigel ihe Reivakugah mqleutcondae gt-cellular
VESHIORRES: FARLOlRn! fe (AT fiseWD ’lfh?]sg Q}%pr &rdng2q gl r§r§tf lidportant
sfthe oS ?l.e. gnt .

cause | mmuno- Suppressi on o pat |
Thdvaptags ener alhpentduerffortow thedidldin that Hedsactesiangill not recognise

anti hQodi es that target the_ actual signal | ecul e i
¢ st 728 e ptap ke ooy o HERPT et Bhfat eV iy plone. There
| L8iIRhét be Ny ScRBNOFERuRADT ResiBic&Mhd MBAOHABE the present invention
advant age oOver all previous efforts in the field in

t hrgtfurthes dduattegeions w thit they progisgrmsanstip ithibihbipfitm dormation and
bei ng, att acked h wll.si.mply detect.that that they. .

o P SRR e et Yonti or SUTRRm S EGnid) BBk 88 o Mbiotics,
f edr wigeH &hedary redifiandat B&Qﬁniﬁ% akEfouRgdstRaNtoricaMent i on

are further advantageous in that they provide a neans

to inhibit biofilmformtion and as such increase the

S S8 PASRRESoF pE S SEAH. L oS00 B pE0E UGN ncivoay.
badwematigelg, therandbsdygmabdle L moaeclonal lantibddy. nEhdraetibodfy may be a

the jnventiop, the antibody. be a p clon

aﬁmg%&§9l.n %&PB@%&%&WW %\ﬁe@?ﬁ?mw- ﬁJ&g aa%bffdy fragment may be
in 3RGBRYI4eAD) o RO ATR Y rA3fheRt. S TRE 2Rt b

gﬁ&?@iﬁlﬁ"’b%dy (ScAb) N6 & Birgheo body ?%%E’gnént. fhapody may be

ahuinhw aytitfody gnthetantibgdbmay be i hymenisedimibady corstyct.

(scAb) or a single domain fragnent. The anti body may

be human anti body or the anti body may be a humani sed

an tdysty prefiifedrdatodirhént€ 6f thaiifvenfigh,ahé astitdakadhdyEse single-chain
of the invention, the antibodies may be single-chain

anArtitodifisdscAbse Abeh) as SHA, @3B 3@ C2aplor GEiEdepasiipdps NCIMB-
G AR 89188 NERBBr1 169, NCIMB-41170, respectively. The antibody

G3B12 is also referred to as Hap 2 and antibody G3G?2 is also referred to as Hap 5.

Antibodies according to the present invention can, as discussed above, be polyclonal
antibodies or 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)).



41167, NCl MB-41168, NCHvI B-41169, NCI MB-41170,
respectively. The antibody G3B12 is also referred to

w@goostaplo® and anti body G3& is al so referred tBCEHEBRHAP/001843
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5. Antibodi es according tol#he present invention can,
as di scussed above, be pol yclonal antibodies or
nmonocl onal anti bodi es. Pol ycl onal anti bodi es can be
rai sed by stinulating their production in a suitable
ani mal host (e.g. a nouse, rat, guinea pig, rabbit,
sheep, chicken, goat or nonkey) when the antigen is

| Meetmideds i (o @rédm@mgnm(’fﬂd)clodai an@ CeSipAdnAl amtiBEdiel 3MchMBid to a
be adm ni stered together with the antigen. The

aR¥Tipan proteim arc pen wedl dayelopeetn By aft r They @16 disrepsed in standard
bi Iﬂﬁjlh éfte?ﬂ)tob or2dx afh ledlg\‘ci&;lft e?glé erggin%(hglo Crg?% 8%%“ (1989),

noc ant ies c e produ
TﬁbaﬁhﬁﬁnvhgmbmiMBdmby fusing nyel oma cells and
B-1 ynphocyte cells which produce the desired anti body
in order to forman imortal cell line. This is the

Wl had g 5\3@@_@0 ﬁ?l% lrsd @E&nf ﬁl@%‘gf-oﬂlfﬁcl&dg@tdg @atl%?sGthergof which

52-55 ques Tor producing nnnoc ona
petey cdpablal ofa bindngdice antigenc h This)dhet preaemamvémwnamcludes antibody
protein ar devel ed nt

[ 1 t.. The
aiegnets 4 PV ehalt Sous iRy AT, O ARk fragfents and synthetic

e¥emiRL&s | dte RRVdnt b§tDBbgalll HNUN AYMre LN LS I(Qéptember 1994).
(1989), Churchill L|V|ngstone London. In addition t

wHeLibodsrfragseaisdscludh donmempler Fabn FéahDi and Fvdragthests (see R01tt et al

SRELE) FERobNERS iy YA BBRL, SR o o

f siagleBhbin lanchw)rmbletule ThRShéludds S pdpliderhes cdbalently joining Vy
anti body fragnments and synthetic constructs are given
by DS ugeaipnseyhigh comiriie, iR Stabiliy ol B mqlessfs SHisaresent invention

1 I Fab,
F s A cRRpS (s RaR 6o s 2Tl - Ry
fragnents can be nodified to produce a synthetlc
truct known as a ain nol ec
OIS ES oSG AR RO ReBUSent 4 G atTGR peptides
aednbéksxﬁge anheRA biiisd dGaRliAdnRUT Pephide bhifeBiésARhy hlsY bRfused. These

t he nol ecul €. The present invention
molecules are usually conformatlonally restricted organic rings which mimic the

structure of a CDR loop and which include antigen-interactive side chains. Synthetic
constructs also include chimaeric molecules. Thus, for example, humanised (or
primatised) antibodies or derivatives thereof are within the scope of the present
invention. An example of a humanised antibody is an antibody having human
framework regions, but rodent hypervariable regions. Synthetic constructs also include
molecules comprising a covalently linked moiety which provides the molecule with
some desirable property in addition to antigen binding. For example the moiety may be
a label (e.g. a detectable label, such as a fluorescent or radioactive 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



therefore al so extends to single chain antibodies or
scAbs. Ot her synthetic constructs include CDR

w@apsites: These are synthetic peptides conpriBiTIGB2005/001843
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antigen bindi ng determ nantt§. Peptide mnetics may

al so be used. These nol ecul es are usually

conformationally restricted organic rings which mmc

the structure of a CDR | oop and whi ch include

apt i ~lnteractive,side chains.,: het.ic _constructs .
b TR’ B e RS tRIE s B SRR Fivivo, or
hiwnusadlifeony B h R8s of hntadehi fbotheasleotiod6f hightaffyes antibodies
thereof are wthin the scope of the present invention. _
Afomy aniihaslyofibrgrips nieleatin fhtanbbeies spegifiarfor yhelycell signalling

A dRglpu aft&aqgféﬁreg g?% o%ﬂti%&u} i o&?ﬁ%d out in the preferred
hypervar i e regrons. nthetlc constFucts &l so
i embodimenphgng laeepeosipy (lifHray) af dosainemberng dfi spkeific binding pairs

ety which provjdes the nolecule with sone desiraple
EE%BL- Py examplach HPoRY ob aawecrdg%glsplﬁman ﬂFfoF“rg‘%FSn‘ifl @amentous
t ' | -
B&: éﬂggﬁgé’ef. l”g%‘x Rithéd sl)@tgfnl thﬁ@al@owsa_f(ﬁiQBi@ g«gg(%o%o(%fasgﬁ&ﬁc receptors

t :
such escen radi oacti ve

pframmalienatyi efaleteptarstis sleo appdictble ifor the dwathdds of éreepraseat invention.
anti-bacterial signal .nolecule antihodies, it is
SPLALREE SBouB o P IGRectHe) Jotsctandye plected from
SPhrdeRbf SntfbRaY ‘J&trétﬁ'% hylbPidbia celil 1ihey @era€d frdrBlan animal immunised
nol ecul es (proteins), though a single confugated
speibiaaanggen ¢anjedasy Feydbe pwresesof 4l gshepakbillupmtion hegxample of a

[ n l . re 3 | i ool ) '

 DoBEDS ko8l 6ol APEbRM e LD Yo,
of antigen for the selection of high affinity

anti bodies fromantibody |ibraries. Selection of

aft FOREESCUPALINTG @ ARfteen KaURled fo & syiaRls FHECHBPIEHFqhich can
(her ror ] [ R B ' '
: Eg agn?ét%ﬁ, a é’gf’g‘%g‘g?ﬁ,ﬁ%@%ﬂ Bp%yrﬁl%w)cohﬁ)oﬁﬁ'& "ot ﬁ‘%t)éi’i‘ét (x')efbrred to

err using a repertoire rary
oherkaftet asnenhjegaedf) speondbhitisddl ondp rgsyablessolidbgupport gpch as an

exanpl e Library of antibodi es displayed.on.th .
EPRBoge o) Divtortin Bl g B oG R ARTo HlsRey st non-
t Bgdcifed BIMEng AEent BEChSA| BfediRilk Bdwade GulithBle cBAARALE Mfolecules can
froma library of receptors is also applicable for the

minchisigsbwfare pet lppiteskiatprotaing sughoss, bovine serum albumin (BSA), Keyhole
Limpet Haemocyanin (KLH), Bovine Thyroglobulin (TG), Ovalbumin (Ova), or non-

proteins such as biotin. The only restriction on the selection of the conjugate
molecule is that it be immobilisable in some way and for immunisation is large

enough to elicit an immune response.

A library of first members of specific binding pairs (sbp’s) (‘the library’) is applied to
the immobilised conjugate and incubated for sufficient time for sbp members
recognising conjugate-1 to bind. Phage not recognising the conjugate are removed 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



In alternative enbodi ments signal nol ecul e-specific
cl ones can be selected froma panel of antibody

waemsetiosny hybridoma cell |ines generated fronP@NGB2005/001843
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ani mal i mmuni sed with an anéi gen conjugate. For the
pur poses of a general illustration the exanple of a
library of antibody binding sites displayed on phage
particles will be used. A conjugate conprising an

ant| b e carrier | ecul e, whjch

c e 98- SieBreBne e Bieedetetife s e fpriugatl € secona
syﬁhblelgfog‘eupgﬁﬁﬂlgg@ »r material (referred to hereafter

as 'conjugate-1") |S|mmb|I|sed onto a suitable solid

support such as an 'inmunotube' or mcrotitre plate,

a u f I t cif.i

g {‘(t{&ﬁ%l IE_)%R%% gr% L@ﬁ%ffor%&g rap rgp‘ﬁ.h%ﬁkme sivéulje%tlgr? %rc?ciegsb%)éelhg altered to

cﬁarvjougaélectrml et s sbprmembérudecoglmsﬁngatl& fred foimriof able antigen.
proteins such as baovine serum al bum n (BSA),

Kgpm age selpped apRiBHORPERN FOTYYEaiDs, asslssqrHhed IRGieks b Bisingrinitially
( E@J @y‘i‘l mﬁkrﬁﬁiﬁ) witf rcg@ﬁgatP r2°¢vﬁ‘leﬂ? a?aﬁ‘l%ﬁle??orbéagﬁ ls{ibsequent

restrict on t lon O e’ conj ugate
noduadul Boursl phage art dbeted royoincubasiap| eith n sxdutionvafy framdntigen, or

forlrmumsatlonlsl r ough ta elicit an i
B SEM SRR i s SR upf sElPCEarietes €.gpBitp: BF Solicent time
bf&%ﬁ%ﬁﬂﬂ)é’@ wiRgfor affidiBerfdrith Boohd fokd ARRY hift eh Qo dissociate
the i rmobi |l i sed conjugate "and i ncubated for sufficient

t fnomn fherimshgpikissdizonpigaiec GHviss iphggecdnfedguitte free taptigannare infected

9%, 29 AP BBl AP HBELE BT TR g o e

f ahmeyaREd meigérh dischrdbdy | Anemetiwly,obieless prdfedably, all antibodies
reagent, into a buffer solution to restore neutral pH
R@&W@Gom%@‘érfb?’é/rttqf‘éwééeﬁré“thﬁ%‘ﬁp%f ected into a

suitabl e host organism e.g. E. coli bacteria, and

cultured to anplify nunbers of each sel ected nenber

aibetli gidug ginematlenal ) phagenconesrfroms leech rdundradirsylectidreare screened for

PGk GRS A DR o s
E ?xglrl] ?ﬂ&;ﬂgtﬁgl'_i‘azrct@rthé’&atvﬁﬂ Jr@infryS&SI0 N tkeAbnkt] @peRdiff VnNrequirements,
including such techniques as SPR (Surface Plasmon Resonance) and ELISA (Enzyme
Linked Immuno-Sorbant Assay). Selection criteria will include the ability to bind
preferentially to the free soluble form of the antigen in the presence of conjugated

derivatives.

In the preferred embodiment of the invention, antibodies will be generated from a
naive human antibody phage display library (McCafferty et al.,, 1990; and as
described in WO 92/01047). Thus the antibodies can be used for administering to
patients without eliciting an immune response. In other embodiments a library can be
constructed from an animal pre-immunised with one or more conjugates of an AHL
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”



Addi tional rounds are perforned as required, the
sel ection process being altered to favour sel ection of

wao hwse198p nmenbers recogni sing the free form ofCT/682005/001843
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anti gen. Phage are sel ected7agai nst antigen conj ugates
as described previously, using initially conjugate-1,
and alternating with conjugate-2 (where avail able) for
each subsequent round. Bound phage are el uted by
[ 0 e a
c o UOR, Bl nfy SoutebT oo PRkl hafiBly, Ukt hethods
blapphaablef will snlcflﬁdec itkeen tideniti freatfomr ofs hmtmmabﬁk&ll\/\fepltbpes w1thm the

er affinity for the bo ormof the antigen to .
ety aged estibtsiber aand Ogéﬁese&rﬁ by e-dirppisd anyspasgesis (de-
eluﬁtn%gls%(;rh fTheenaikt 88BodhRni tHeCmtiBOdy eﬁrpbézen%i%e'red to include
cel for anplification and re-sel ection hose

r emtzmt ncgguhnslfndn diferérs classesloif hizgenl 1ranmng§nbtd1rs(dwdgd etc.) and
Alternatively pref er.abl

ARG s Ry PRlE Rk ot &1 R, Siculer these
| apprehdhed brel dRRSKIE Whdte) thd ARG IEdsUE B b %H%?é%ﬁbehﬁéﬁ]@ The use
of selection are screened for desired binding

cbirsaereory deic isotyphi antibadicpanie beoprgtagale vahere rinea-pasgl/aerosol

g‘é‘gﬁfcqlﬁ%ﬁ ?sﬁénv\fgalg%:d {CQP% g]%})ie ift'thd &e&tgfgﬁt ot\'\h{ ae urggriéalr}cgr' ifﬁ%’tions of

e ar on’ réquirenen
S dgdtictfiiebeis patRatsas SPR (Surface PI asnon Resonance) and
ELI SA (Enzyne Li nked I nmmuno- Sor bant Assay). Sel ection
criteria wll include the ability to bind

Piref ?ﬁee Fds@ht %VE& 3r)Ghd aﬁﬁb&;gJ !a%brebef %dHlefon£1h8r ?8&%&%. The
in the resence 0 conJ ugat I vati ves. e

p gt twrdi esdmayrbo Himemn br bémuiieed. nAembodyrfra@mmlthmddeeiszaﬁWelsl such as
b erated. from a. na ant i hod hage di spl ay .

| PP D A Ep o e At ab Eager Skt BeRe preedt Ty sinele-
\ﬁ@uﬂz/a@lﬂ@&ﬁés (sERYP stdheasdiist R l%s}ﬁ%nté@ alS&f. R&¥. Immunol. 10:

adnm nistering to patients w thout eliciting an inmune

r 49p3hdel 9980 dompdn artiiodits t8APY. forlexpmaleya single idemain antibody, or
C%Hf%c{dgfcl k%%{nél%%q%qalgq&ﬁ?&n—g{nﬁlr{g%gﬁt&%q Y¥l Hdl?l x tgrantlbodles,
ugates or an

nore C
antibody fragments and immunoglobulin-like molecules, peptidomimetics or non-

peptide mimetics can be designed to mimic the binding activity of antibodies and

inhibit or prevent biofilm formation by bacteria.

After the preparation of a suitable antibody, it may be isolated or purified by one of
several techniques commonly available (for example, as described in Antibodies: A
Laboratory Manual, Harlow and Lane, eds. Cold Spring Harbor Laboratory Press
(1988)). Generally suitable techniques include peptide or protein affinity columns,
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, dot-blot assays etc.

The bacteria may be a gram negative bacteria species or a gram positive bacteria

species. The bacteria can be selected from the group consisting of Actinobacillus



and a suitable carrier nolecule. A further alternative
is the generation of hybridoma cell l|ines from an

wapiosal1086hmuni sed as descri bed above. I n the |etT/6B2005001843
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cases it is preferable thati8steps be taken to reduce

the i munogenicity of resulting antibodies, for

exanpl e by creating host ani mal - human chi nmaeri c

anti bodi es, or hunanisation by CDR grafting onto a
ui table anti

R L M A R A R S
PCuRPYloBhictdr Cl.,| PhbORSHaYt §.N CricdatieRARY hoiiklst (Bikenella

subsequent removal of these e. g. by site-directed

maeraedanss iFsanadssilaniudresid dhgemaphilas tdyeneier Hesmpdilne ntlﬂuenzae
t a [

PR R AP SR e AR Bl Bl o

( Corfmbdcth spgtEntdrobade s dBsbdrielia aolhRledsiallh Iph@ldyoniae Proteus
nolecule in animal cells. In particul ar, these
aPibr ogbranellay enteraditis. o Splaoppils dyrhie Saialis Jaressare Shigella sp.,

b?erl&fh%i tej;l?grgtpagfﬁtcb,call’lz% nzc-lr h ?e%'f?se 9{ z&?ﬁ& efééyanr]hgé%e Neisseria

i sotype anti i es nay
[ nfenmgnﬂi%ﬁlMc&adeDdathhsc szlllomellasspe,rﬂacwgmﬁsfmgllzs Bacteroides

| th t t of f ect
P o plel sy 4f Pdsier b SRR RS Agpponas sp. Plesiomonas

| MeALdiaR, WhBHANtALBRIY, MBYGLRE TRRORIAMRIBCRS,  Vibrio  vulnificus,
polyclonal The anti bodi es may be hunan “or humani sed.

Aﬁt:nnbwaycterr agre filayobacrerdyri st \Rseudosmephs ageriigingsa, Burkholderia

neipigle, ol Baldo bl B ok, Tliuobhnial Rygrolrfppomonas

asnaltophild, DESlaphyiddesdan @;relaﬂ Hdcitus Rey., |omwwn@ium 1Qpp.. and

195-217, 1993), domain ant i bodi es (d ) for exanple

aS§WWQﬁ§$Gbﬂ%ﬁn anti body, or antibody-Ilike single

domai n anti gen-bi nding receptors. In addition to

anti bodi es, antibody fragnents and i nmunogl obulin-1ike

nifhe endtlesls qf elit iadmevt uﬁtliedﬂvemion mmefmlnlhehearrhp'ﬂ'ﬂei ths administration
igned to mmc¢ the binding activit

be desi gn
aft ﬁlbelaq%%n%n}}hq bRt By Bff a Bdastam a@flhf%ﬁf Brhas pPgnigilin or a
gﬂﬁiéglg‘s’ déf‘l{'ﬁfvet h?(aﬁixﬁf@é,gghrgplcﬁfma §Mgllagl34hgrﬁlé:o ot tetracycline,

't may be 1so0 urifre
fluoroquinolone, gentamicin, imipenem, and/or carbenicillin, or combinations thereof

According to a second aspect of the invention, there is provided a method for the
prevention or inhibition of the formation of a biofilm by a population of bacteria in a
subject, the method comprising administration of an antibody as defined above in

relation to a method of the first aspect of the invention..

Such methods may further comprise the administration of an antibiotic. The
administration of the antibiotic may be at the same time as the administration of the
antibody, or it may be prior to, or after said administration of said antibody. The
methods of this aspect of the invention are equally applicable to human or veterinary

medicine.



several techniques commonly avail able (for exanple, as
described in Antibodies: A Laboratory Mnual, Harl ow
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(1988)). Cenerally suitabl @techniques include peptide
or protein affinity colums, HPLC or RP-HPLC,
purification on Protein A or Protein G colums, or
conbi nati ons of these techni ques. Reconbi nant

apt i bhadi es .can b re ed according to standar :
B RAERE 168G oBp B TRE I yRET B Be M bty iiamesse of an
gemibody| 3 adfedafiove innfeldtidnn@ el PBihod®torDhet fid6 3Lt of the
etc. The bacteria may be a gram negative bacteria =
sPRenan iy thg psensmtionsiftd medisamentrion thepprevension thdnhibition of the
b ] : |e - t he..group consisting of
A§??§%@§Sf?ﬁ8§§8?&ﬁgﬁ@gg?éﬁgg%FFgﬁs, Aci net obact er
baumanni i, Bordetella pertussis, Brucella sp.,

Ca | obacter sp., Capnocytophaga sp., Cardiobacterium
hég&quwlgg G b sPECt b theoidsiiion Hhgrie ds Bravided taibeleppsts somprising

LU Vi ! El ’
}_I—%Fi coggkt aQéSr py e@ﬁ"@ﬁg@?@ hﬁshﬂga@,e &ﬁg%yl%gr%? Iﬁést aspect of the
pmeentophindaan fAtibiotiufel depamaiel subseqhant @ dimolaedes adynistration for
Ent er obacter sp..,..Escherichia coli, Kl ebsiella | .
ol e OTPF@;‘)&@ %tgt.?‘?_f%‘Pf‘r’i‘BHéﬁf |aab1§%ﬁ%ﬁy diRqpglation of bacteria.
SghifmBRE bR Kitd WAl conelih idtrudti oM EGR8E BN SmeRbé B€tht Bredtht invention.
Yersinia enterocolitica, Yersinia pestis, NeissSeria

gonorrhoeae, Neisseria neningitidis, Mraxella

ST o LT BB SRS SRR Ao nern o

Swititody Wéna Mhdiskse or'i@EBND esvedignaPhitidcAmPdadfeted by bacteria for use
shiaEIIO|des, Vi brio cholerae, Vibrio

pHr EfaRieHERHONCRrs inhition of \the Apmaation, ofag ibaefilab Ryt @ population of
SPacterfa @vobacterium sp., Pseudonpbnas aer ugi nosa,
BUT khol der i a cepaci a, Burkhol deri a pseudonal | ei,
Xant hononas mal tophilia, Stenotrophononas mnal tophil a,
Baci I | Clostridium

Mol SRS P ctianpithTing RBSHYIGAMGRIhTEEY involve the
ggd?hﬁﬁ%agtefn a({fr%rt]ibﬁﬁi%ﬁtdeﬁ’dﬁﬂéﬁ%efréiﬁ,t ed op@ERAIlySEth Bharmaceutically
active substances, such as antibiotics, as pharmaceutical compositions. Such
compositions may be prepared by any method known in the art of pharmacy, for
example by admixing the active ingredient with a carrier(s), diluent (s) or excipient(s)

under sterile conditions.

The antibody may be supplied as part of a sterile, pharmaceutical composition which
will normally include a pharmaceutically acceptable carrier. This pharmaceutical
composition may be in any suitable form, (depending upon the desired method of

administering it to a patient).

The pharmaceutical composition may be adapted for administration by any appropriate
route, for example by the oral (including buccal or sublingual), rectal, nasal, topical
(including buccal, sublingual or transdermal), vaginal or parenteral (including

subcutaneous, intramuscular, intravenous or intradermal) route. Such compositions may



of an antibiotic. The antibiotic may be a b-lactam
antibiotic, such as a penicillin or a penicillin
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tetracycline, fluoroquinol @he, gentam cin, impenem
and/ or carbenicillin, or conbinations thereof
According to a second aspect of the invention, there
is provided a nethod for the prevention or inhibition

0 ' of I Qf i ulation qf -
o6 PASEATIR) 8y oL TR RaBORY, B il by samiin e
aderiveiisgredientavithathe adiried(s) iobextypias(syl efden edriRRonditibns.

relation to a nethod of the first aspect of the

i nvention.. Such nmethods may further conprise the

a m&&g@&i CmPdsitfhs ae[litab@?] Ot Q)ralTﬁﬁniﬂﬂ{H\tmnﬁHﬁt b Br&Ented as
the antibiotic y be at the sane tine as the
adiscmiesinitasudimsahpuls oandbldig ey powders br grayulee aprolotiortspsyrups or

or after said adm nistration ?f@aid antcgbodiy. The =
RGNS (1R AQUEOUS G BPN-BAUOHS IARGE T 35nedible Tagmsiof ywhips; or as
apRulstab) € to human or veterinary medicine. Enbodi nents

in accordance with this aspect of the invention al so
extend to the use of an anti body as defined above in

r hon to th thods, of, t fiLrst. as t.of the .

| SORIP Sttty For RSPl shliEed Sohbef BRRGR 1 Sopp e saron o
pdevelfivésomeRbf, i stdatibiatidost safts tHeeeof OrSuRABIO BxEpiedts ToPlitd With soft
by a popul ation of bacteria According to a third

agplaiie eapsylereinclude der examplenegestaple gilsovpkpsdfass, jspmi-glid, or liquid
g . . ' ned Lo

P BpiyPis SRS e reBaBEH SRNORe I NS Wijch may be used

I mchnieifonexantplawatet) tpobjolst dnd shigars.s Epathatpeepaiitios @4 yespensions oils

or sinmultaneous adm nistration for the preventjon or

i ﬁ%g'ki’i"’g‘?t%}ﬁe 8‘?511’?1"@ d’lsﬁ"fétf’ipé V1 OIIEH‘b‘iV%tFﬁ Y AsRF ip oil suspensions.

popul ati on of bacteria. Suitably, such kits wll

contain instructions for use in a nethod of the

p Phgrarrcevtisgleromipesitions adapteidrfgr transderirgd adiingssration mafy tehpgesented
invention, there is provided. as defined hereip an. .

aft FB PO b oot Ruimplss Foplagt Sif e “epidermis of the
Medcgietlt o 8 pralbRdperibar @imed  For exanifpld, thd Bive ingredient may be
prevention or inhibition of the formation of a brofilm
byleliveprsiplipit the paggh by iontophoresis as generally described in Pharmaceutical

Research, 3 (6), page 318 (1986).

Pharmaceutical compositions adapted for topical administration may be formulated as
ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays, aerosols
or oils. For infections of the eye or other external tissues, for example mouth and skin,
the compositions are preferably applied as a topical ointment or cream. When
formulated in an ointment, the active ingredient may be employed with either a
paraffinic or a water-miscible ointment base. Alternatively, the active ingredient may be
formulated in a cream with an oil-in-water cream base or a water-in-oil base.
Pharmaceutical compositions adapted for topical administration to the eye include eye
drops wherein the active ingredient is dissolved or suspended in a suitable carrier,
especially an aqueous solvent. Pharmaceutical compositions adapted for topical

administration in the mouth include lozenges, pastilles and mouth washes.



bacteria. Methods and uses in accordance with the
present invention may involve the fornul ation of

waaooshodses descri bed herein, and optionally oP¢EGB2005/001843
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phar maceutical ly active suBstances, such as

anti biotics, as pharmaceutical conpositions. Such
conpositions nmay be prepared by any nethod known in

the art of pharnacy, for exanple by adm xing the

active ingredient with a carrier(s), diluent (s) or

exci pient(s) under sterile conditions. The anti body
mitjarhecautiogll c@npaRioparfatiappdd forsteetal ladmirphiatiomarayt be presented as
conposition which will normally include a

p FAHPREIEEIGE PEEICMAS-accept abl e carrier. This

pharmaceutical conposition may be in any suitable

form (dependi ng upon the desired nethod of
a@hamias¢wsicalngpnipositionsa agpgteidefnt hasall hdmipirtwatiere ehiesegmthe carrier is a

co siti.on nay be adapt.ed for. adm ni strati.on an

S SREBHAE B P Bt RLRa mopti By Tiater s anoit i ¥ ol g0 o S0
buficdhs YhichUR! ddhgHilered in€HE FhannBRSAMhidhORiugRls taken, i.e. by rapid
(i ncludi ng buccal, sublingual or transdermal), vagi nal

oinhgletiem thepugh the nesaliplissige Sigprucenaneif thap beldclose up to the

5 RO bR B HE SO o s

PERafBENs nabA dré@s piflude MpneasdorsiiRglutibes ¢alid active ingredient.
ingredient with the carrier(s) or excipient(s) under
sterile conditions. Pharmaceutical conpositions

aganhedefib esﬁé%s@gdﬁg gddgg&a%p Ndff¥s ogrl?ﬁ?ﬂﬂaﬁ%o\f}\‘gnclude fine

di screte units psul es or tablet as powders

opagickndisssyr mistssetich imapde geyerated byrmeans pé rvariousstypésnof metered

aqueous ofr. on-aqueo&@. i g)uidS' or as edi ble foans or
PIFPIeSPISEs & SingRizes o sl o pi ent s for

tabl ets or hard gel ati ne capsul es include | actose,

mai ze starch or derivatives thereof, stearic acid or

s Ehamnachiaticeb commsitiond ladapisce fosi vagingl fdspinisgatiay iy hefpresented as

OB B R R BERES RAGRARLE 115
Pharmaceutical compositions adapted for parenteral administration include aqueous and
non-aqueous sterile injection solution which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation substantially isotonic with the
blood of the intended recipient; and aqueous and non-aqueous sterile suspensions which
may include suspending agents and thickening agents. Excipients which may be used
for injectable solutions include water, alcohols, polyols, glycerine and vegetable oils, for
example. The compositions may be presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liquid carried, for example water for
injections, immediately prior to use. Extemporaneous injection solutions and

suspensions may be prepared from sterile powders, granules and tablets.

The pharmaceutical compositions may contain preserving agents, solubilising agents,

stabilising agents, wetting agents, emulsifiers, sweeteners, colourants, odourants, salts



pol yols etc. For the preparation of solutions and
syrups, excipients which nmay be used include for
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of suspensions oils (e.g. vegetable oils) may be used
to provide oil-in-water or water in oil suspensions.
Phar maceuti cal conpositions adapted for transdernal
adm ni stration nay be presented as discrete patches

i nt i ntimate cont

o RS ' b P o TREY uSeRREREL Rt gy thy form of a

tpﬁﬁmab_éifmﬂlsam%ﬁablé halpehffve, tdhﬁﬁg%&ﬂé of@¥tid¥§dants. They may
delivered fromt atch by iontophoresis as generally

dalse rqoplain thqraphmcﬁléx @mec@enqseeg eaaldmn t8 tb@)subqg@ge of flge present
(%R%gg Phar maceuti cal conpositions adapted for

topica ? adm nistration may be fornul ated as oi ntnents,
creams, suspensions, |lotions, powders, solutions,

pastes, gels, sp rays aerosols or oils. For |nfect|ons
oithe ﬁetﬂaﬁées r sqiwtlensk PR AresensigyeiontoauldRe pgmigistered to treat

5‘{ nﬂfe%lﬁbﬁ] of € cpquaogE S T s V@MHB% at high risk of
applie n en

as a oplca oi nt t or cream
fmfmticmt edni theanasei wlhﬂeninfedtiw alr¢ddye existyy ¢l entiborhgs may be

\7,3{115 %ﬁ dﬂﬁq%tq?| lﬁlt rn%lgg é&’lah]; tg %é%a\} é'lpg;boqlﬁseor antibiotics or

agtHey Anti HRICRViA NheatRdntPe ARhiMistatiod of Rush ehEBsld fhcHjunction
oil-in-water cream base or a water-in-oil base.

Pmmmutth@aplewmo@llpmﬁ@ a@ltamfedlomr qoupseg adr lower doses of
rgrn s [ at |oo tost het |ngr udle %%( dr ops %A‘ eior‘1/. tient
%Pc?t‘ 1% Ongraatin Lol VB ST AifeAted™PRVee P2
subﬁ@p&ﬁecarrler espeC|aIIy an aqueous solvent
Phar maceuti cal conpositions adapted for topical
admnistration in the rmut h i nclude | ozenges,

DITAAL F 1 DR ER FL00 Tl GRS i

Suppo ﬁietd»selaﬁsorahsoedte nabe triPited, e eget andadondidop of theiindisidual to be
adat d for_ nasal . niistration wherein the carrie

" ehted 51 and mEMisiAn o dlétf%glwmgmﬁéwrﬁaﬂ%{e fesagssdp be used.
size for exanple in the range 20 to 500 m crons which
is admnistered in the manner in which snuff is taken,
i Sech lgpmpagitidns may be formulated for human or for veterinary medicine. The

present application should be interpreted as applying equally to humans as well as to
non-human animals, unless the context clearly implies otherwise. The treatment may
be prophylactic or may be in respect of an existing condition. The treatment may also be

used to enhance the effectiveness of existing treatments.

The composition may be provided in unit dosage form, and can 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.

The methods of the invention can be applied to short or long-term, acute or chronic
illness/disease caused by bacteria. In a preferred embodiment, the methods and uses

of the invention may be directed against an infection caused by the pathogen



i nhal ati on through the nasal passage from a contai ner
of the powder held close up to the nose. Suitable

W@ 2Wpsiosi ons wherein the carrier is a |iquid, P€DGB2005/001843
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adm ni stration as a nasal gpray or as nasal drops,

i ncl ude aqueous or oil solutions of the active

i ngredi ent. Pharmaceutical conpositions adapted for
adm ni stration by i nhal ation include fine particle

dysts, or msts | Yy b nerated by nmeans of .

B gop g aa g ot B s SEndTRRAST R Bh i siffering from
neydici faeb&s. O FultRsiidré, alsahé meditsk @ Qldkd 6fthe invention are directed
conposi ti ons adapt ed for vagi nal adm ni stration may be
ppe@éwl@éﬂ aabagelszslaaeilleesgnadlmgpmnbﬁcul@aa e@wlsnotqmlrsanlpaimﬂ@sbactenal

atiaon e

o SR ekt Al OF b Yol B SRRE R o et poputations
| ttﬁdiawde)p&asiﬁ@m ta it trammansésusbat. eril e injection

sol ution which may contain anti-oxidants, buffers,
bacterioetats and sol utes which render the fornulation

S *ﬁ]é ta"i’lHB{)(ﬂj ' 5 ta@rmn‘?stt\ﬁdeg ho tinfaec{%ho}gﬂieﬂ{s 1{nh81id|ep 1% |iH‘ft?d?nlate and
reci pi ent;” and aqueous and non-aqueous sterile .
s nequem baanerinl \Mfeatvmtzwredumhgl tiefitmSpemdiong Egecdnsinelnde inhalation

# B PEER th desoro! PHEHT AL P oniBF S sseg 5pestancy or

@gjh Sicafich eg&iaR! e oils, for exanple. The
ositions may be presented in unit-dose or

nultl-dose contai ners, for exanple seal ed anpoul es and
ored in a freeze-dried . .
%B‘h‘ﬂ"t é&j‘}{’é’g’ﬁ’a‘?r{‘ C8W“F%‘%P‘F F‘HE“&H?“&“@ Folegylfs; foJmmgnogenic
tbﬁn@h@ lch €d hdiHinikt&rad rtb Sigldividualse ¥ patliéntyah drdérOto stimulate an
injections, immediately prior to use. Extenporaneous
| HRBWRE §RSPaRC AZRDSG thefactenss yiaalling makespleniesyiing i the generation
PH&ﬁ&ﬁgbkﬁn (%ﬂ%rs granul es and tablets. The
Rar raceu conpositions may contain preserving
agents sol ubi li sing agents, stabilising agents,

wetting agents, enmulsifiers et ener ran
oa«bdﬁhﬁ%%tgersepb%fb@aws9%&%%%@“@%8 ﬁ?‘é rﬂppi ﬁcyé?nthf‘o gemoval of
mBXctEIlf'aﬁr@%ﬁl ééﬁss@rﬁllmgoiﬂoﬁ%glek Frdnh 8hd Bfo@docff # patient with a view to

phar maceuti cal acceptable salt), buffers, coating
agahicmgobidimi dmmﬂns amohgsy mégctlagsuncromraamsms thus reducing

gdgrgflgeut | f%la%%%g E*? é@(ﬁ Igae% %a\llen in%(rjgaisé& %Qsctelgtﬂglpgl to bactericidal
agents and to host defence mechanisms. This can be achieved with other natural
receptors (such as antibodies or fragments thereof) or molecules based on natural
molecules that bind to said lactone signal molecules. Alternatively non-natural
receptors can be applied such as molecularly imprinted polymers (MIPs). This class
of receptor have already been shown to be able to bind specifically to small molecular
weight bio-molecules such as drugs (Hart et al., 2000) and steroids (Whitcombe et
al.,1995; Ramstrom et al., 1996; Rachkov et al., 2000).

In yet another embodiment the receptor may have catalytic or enzymatic activity, and
be able to convert the lactone cell signalling molecule into a form that is no longer

recognised by the target organism.
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present invention could be adm nistered to treat
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for those at high risk of 2afection. In the case where
i nfection already exists, the antibodies may be

adm ni stered alone or in conbination with
anti-bacterial antibodies or antibiotics or other
anti-mcrobial treatnents. Adm nistration of such

anti bodies in conjunction with other therapies nmay

alAlcogrdingerousgetp hspRbOsf BE iINRUISEINEE i PMTdedAnamtiBOdy as defined
t herapeutics, so decreasing the risk of resistance

ahp@;mf@r Hpecini PR PSIRE 9G DREn Ene: the Shametastisaresimusespdagieria to cell-
| ?%Ptﬁ@?é gﬁl?(gg%bﬁdé Caéu&olﬁ@%g%kt 38 3 rﬁaﬂoaéaéﬁlnﬁ%ﬁd}’fgep E%@Smmg the

I Ng upon | sease or
t chahaastictlegpoagss aibdctennd dellesigreflling@olenaliey;ithidimethiod cbfiprising

treated and a sician wl| ultimtely
HheeiieR ﬂ%a‘ijﬁ‘ﬂ} 8t Eo%wgbcg-scqr@rgglgﬁb@nbggg [ defined herein to

C@ﬂﬁ%bﬁlh%}?oﬂmteﬁ% formul ated for human or for
veterinary nedicine. The present application should be

|nterpreted as applylng equally to humans as well as

| Dol s PR sSand AP E S hsksifenh RgPerss op s Ryaioe pee as for the

oElrmypebemumngms of an existing condition. The
treatment may al so be used to enhance the

ef fectiveness of existing treatnments. The conposition

n@fhfg' lﬂéc?sv 'fgfﬁgres Mhn nalcfval?tggng@f Ih% se%p(?n\%?xﬂog 18cl(l];dg1§ but not

prOV| ' "a seale con er an provi

péintitedfto aelited apiBications ikidnimdl hoats Wllll\btu hpbaﬁmt & tHoge skilled in the
althou h. not_ pecessari | I ncl ude instructions for
§’é aftF’ir Mg ‘PfﬁE‘F w&lfﬁaﬁ?‘%%‘}ﬂ ‘iqi‘lylsd’ff theinyentigns  dosage

forms. The nethods of the invention can be applied to

short or long-term acute or chronic illness/disease

cdiuwdt bbyapparenietd ghos¢ of arginadyeskikdn ehdadi tirenthe ¢dmepositions and

n%%e'&?o%% d?src]:ijosgg Rerein may have application across a wide range of organisms in
inhibiting biofilm formation, and modulating or treating 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

Figure 1 shows the effect on the development of biofilm growth of Ps. aeruginosa
PA14 of different concentrations of the anti-AHL single-chain antibody fragment
(scAb) Hap-2 (@) compared to controls in which there were either no antibody ((J) or

no bacterial cells (O) present.



of the invention may be directed against an infection
caused by the pat hogenPseudonbnas aerugi nosa which is
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cystic fibrosis. Furthernorg, as the methods and uses
of the invention are directed particularly at

bacterial cell signalling nolecules, and not primarily
at the bacterial cells thenselves, there will be no

SEVGRLS B GRSH TR A, L SAB TSP ke O

aph ibidilm fobpathn AGHonsSdéoptReEed 1 donfreis twith hiatdriarinty () and PBS
order to nodul ate and reduce bacterial infection by

r a0e{ley bi of i I m formation. This can include

i nhal ati on of the antibody in an aerosol by cystic

fibrosis patients to increase |ife expectancy or

t FgucaB shyws b ciatel cvnrdedomheridisibition of diofdmobinEap-2 ( M ) compared

enbodi nent ¢onj ugates of cell signgllin | ecules to

i anoncs b bt dthede dans ol i AP deras (D) controfs

i ndividuals or patients in order to stinulate an

i mmune response agai nst the |lactone signalling

mbligicell € sheswsl ttheygmbrernéng genmptilei dly. ofernginosaaltpwindg different
anti bo iFs. Iqhget anot her enboghggntla%ternqtive ine lact
mePHGAL LR Heha JBPUEEST SRl M S peERY diqnigserine lactone
ceHfagel | signalling nolecules fromthe blood of a

patient with a view to reducing biofilmformation

anongst infecting mcro-organi sns, thus reducing

Vi X [ . b Lerphpa to have i ncreased

S'EB&A Ef: rSAUR bP Indi AP A BbRS. o oot to hoss

def saicehumaahantibedy phdgde displanlibaryawhs sregiedagdinatchajugates of the
natural receptors (such a nti bodi es or fragnents )

t REYdOMoseRinaJpcteRy AP 2 Gapdgrenis omoSFR JRBR); hoBriefly, 2
bigBvdtRe St EDHACHEREing! £2&bok Pl g&uge&i-m@leh@ 'g?athé Y1 chain was
non- nat ural receptors can be applied such as

nmebwjogted |tp thepramite droteing nBowing Nbdain. Albumsinc (BS4) afnd Bovine

< FESRiefbutiny g WG REMe R RaE Pk Pt SsSt o des sorcencd
SYpdhnas) dhathgbedchiabijugite alternatdR00) thadtroBh@, Withose phage binding

(Wi tconbe et .
to conjugate being isolated, amplified, and used for the subsequent round. After the

first round, all binding phage were recovered and amplified. During the second and
third rounds, bound phage were eluted from the immobilised conjugate by incubation
with a solution of free soluble native dDHIL.. Monoclonal phage antibodies from
round three were screened initially for binding to both AHL conjugates, and to carrier

- protein alone. Those clones binding only to the conjugated antigen were further
screened for the ability to bind to free dDHL by competitive binding ELISA. A clone
designated Hap 2 was isolated that could be inhibited in binding to dDHL-conjugate
in the presence of free dDHL or free BHL (N-butyl-homoserine lactone).

Determining biofilm production

The formation of biofilms by Pseudomonas aeruginosa was measured by assessing
the ability of growing cells to adhere to the surface of polypropylene 96-well
microtitre plates according the methods described by Conway et al., 2002. Ps



al .,1995; Ranstromet al., 1996; Rachkov et al.
2000). In yet another enbodi nent the receptor nay have
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convert the | actone cell skgnalling nolecule into a
formthat is no |onger recognised by the target
organi sm According to a fifth aspect of the invention,
there is provided an antibody as defined herein for

%i?ru Hhokd L}r %g‘gt Hqs éH?%lYa‘%&f n?cQS ‘i‘nr] é)%(f 1ga|1(1:bea§ed overnight at

resp nses ] SI gna

Sgﬁd;C USifg fgﬁ{)ﬁﬁg ﬁh@%a%erh @Rdéﬁ!a&#d“%a% mto a 96 well tissue

preventing t CtIC responses cter

cetlturs i pla! bom@mmgl a00! gBwell HEB n’eidﬂﬂdalﬁ?cbﬂﬁéulﬁteﬂg ot/ehﬁxght in a
step of administering a conposition conprising an

ahtinpbigd eisvicbafrieneet BiEXRi Wht assaf d miopndlahédiamollLB) prevents the
bact er.i a. g’.r g[{gr red features for the second and
sﬁHE@hﬂ%ﬂflg cts of the invention are as for the

first aspect mutatis nutandis. Other objects, features

and advantages of the present invention, including but
ndhe lplatd wesl cendrifugedned, S8 pph dot 1G mEn,i andzhé segermagant g§p1rated off

L]
OBl o, S B s wi
' rl]ﬁf Fﬁ/bv@ﬁ bﬁAIB/hW rhfﬁﬁoﬁBRﬁﬁ e tcﬁltﬁx@? %reol(rjlc%a d“zg'@ﬁoc for 2 h.

e art that the conpositions an

diThe hagiagn hek eémovalyanaye vaplp Iwasﬁéd OifeeOHOs #ith 200 §&/well dHO
range of organisns in inhibiting biofilmformation,
ang rempale| atyi reppaoing plakiony @iindedre bamgrielsml toi avgid dxsmrbing any

infection. The conppsition d nethods of th resent

| il B har deuedopi AR R PURTIR aver Steagd Al ken of 125

a I/Wg)/N9s luP?‘r( of br ht%l Woldtithdvi& l&pme%ﬁfbﬁeat Q(f)orﬂ Uém ature for
dinary s ty e art to apply the objects here

t @5 otihe Exs¢ss Gtairs wa§|’ theniremevdd mnwadhlidg thewldve tHonsutgheyr thh dH»O.

descri bed by reference to the non-limting exanple and

f e cestall giokit Is@dh. dlidwis apeeaspiemfitomexsentiif g]m l@gng produced, was

recovered with 200 pl /well 95% ethanol. The absorbance of 125 pl ethanol/crystal

violet was measured at 590 nm.

Inhibition of biofilms
Biofilm assays were carried out as described above. When pelleted bacteria were
resuspended in brain/heart infusion broth, a further addition was made of 100 ul/well

Hap 2 single-chain antibody fragment (scAb) in PBS or PBS alone.

i) Titration of biofilm inhibition.

A dilution series of Hap-2 anti-AHL scAb was set up in duplicate wells to determine
the effect of antibody concentration on the establishment of biofilm by Ps. aeruginosa
PA14. Incubation was continued as described above for 2 h, and the effect of Hap 2
addition on biofilm formation determined by the amount of crystal violet stain fixed at
various scAb concentrations. Control experiments were conducted in which either
scAb was replaced by PBS, or bacteria were also omitted to assess how much stain

was passively adsorbed onto the plates. The results clearly demonstrate that the



Figure 1 shows the effect on the devel opnent of
biofil mgromh of Ps. aerugi nosa PA14 of different
w@onsenisat i ons of the anti-AHL singl e-chai n artT/6820p5/001843

fragnent (scAb) Hap-2 () cempared to controls in which

there were either no antibody (D) or no bacterial

cells (O present.Figure 2 shows effects of Hap-2 scAb

(), tetracycline (T), Hap-2 + tetracycline (O on

bi of.il mformati on,at 6 hours c ared to contrpols with .

s o AR (SRbafarSend SReRLrR) SkpERG T3H OHgbtaDiotilms

t (FIRure Ol S fcBhcdnBi@tid o Dot hPD s@Ab bk afuffidRlYioHRRuee bidfllm by
conpared to no antibody ( ), antibody alone ( ) and

nappreximetdly80%®. ) controls. Figure 4 shows the novenent

of notile Ps. aeruginosa towards different

concentrations of the quorum sensing signal nolecule

5 hgxanoThe bffear o€ ntitddy a8 @hacydtne) . Exanpl e 1;
Ceneration of anti-AHL anti bodies. A naive human

ahhs peHhyotmisacyglingisdporne mhibihhiefilp fasmsgn amengs Pseudomons
conj | - i :

(oo Syt by A oA SEL ARl AP el aboye, however
ofncditloni tivaé dioki adtusesciarthe ypydsegprecafpbiafilnt fvehikings ofas tekended to 6

acyl chaip.was copjugated tq the carrier proteins :
o P UATAOERIHOR B85 Bt Py o g tpated with a

10 (RS s&5sWBE eddROMMReC hAMrsilef- sef &t @RI BRdYddd BS®! ¥cAb and
was screened (panned) agai nst each conjugate

aletraeyrdine] Jhé sgsulthindeateghatdshiletiothsaAtnarsl tphaayeling ardieffgetive at

0] i ng isol ated, lified, and d f :
BB A50E S S R DT SpuRfnk R roviaes n
bhddiii Ve ffdta gl oweoa et aYRy @iguaed).anpl i fied. During the

second and third rounds, bound phage were eluted from
the i nmmobilised conjugate by incubation with a

tigF : . ti dDHL. M I | ph
15 Zﬂ ot AP GRS :N\é?e screenegoicniotn?al onage

f @he béffedt o oAb aidbitidhil toc bijfilpaf@matiandoted taerwey assessed by

performing the assay over a 4 hour period and taking sample readings at several time
points. The anti-AHL scAb Hap-2 at 70 nM concentration was compared with
cultures in which scAb was not present, and the effects scAb and PBS alone on crystal
20  violet adsorption included as controls (Figure 3). The results suggest that the bacterial
cells adhere very quickly to surfaces when grown in rich media, and that Hap-2

progressively diminishes the rapidly established biofilm with time.

Example 2: Establishing a link between guorum sensing and chemotaxis.

25  An assay was carried out to determine whether or not Ps. aeruginosa is able not only

to respond to the presence of AHL cell-signalling molecules by altering it’s
phenotype, but is also able to actively seek out fellow bacteria by directional detection

of AHL molecules and movement towards the source.

30  Four wells were cut into LB agar plates near the edge of the plates, and 90° from each
other radially using a core-borer. One hundred microlitres of HHL (hexanoyl

homoserine lactone) at various concentrations was applied to each of three of the
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conjugated antigen were further screened for the
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ELI SA. A clone designated RBBp 2 was isol ated that

could be inhibited in binding to dDHL-conjugate in the
presence of free dDHL or free BHL (i V-butyl-honoserine
| actone). Determining biofilmproduction The formation

Olighl M S B B UIDIBTIRSL UOLAGRT “PRTTIRUATRYor 0 1%

assessing t rom n

t hecslunf et @ferrﬂ QHltYleIItOnydfaPlse a%tgm‘blsh Pmlarvmsi spbeecpin&i &® centre
accordl ng the net hods descri bed by Conwa al

e Pladehe pQIdiSAY flom each Oﬁ)mwwa%s anchhe aé%Selacwh@fEG oyernight at
n‘l6 (%-CE broth and i ncubated overni ght at 370C. The
£ 8 w ng day, the bacteria were inoculated to 1% into
a 96-well tissue culture plate containing 100 m/well
LB broth, and incubated overnight in a humdified
ehvadditiretet the ceBRd GpotTHesre the bcteaianvare appliadetdi therplateBp number

prevent.s the formatiaon.of

8&05??1359‘3?6 c{b %L{ﬁ VPBﬂ%lsf %Pta&ﬁ:s Oﬁn Elgﬁ:gnt{eh “rige developed from
S HpEld 18 Miat AP hﬁg&fa%d adfdss thakigags\Gfice befdte §dﬁthdg ahdigdwing in a
the pelleted cells. Cells were then resuspended
i Prssile mangerh Thoplapas wese maf%%mfprf@larqqualrﬁqaéiaaﬁ pichithat each well

-rl;euﬁf U il @ EA%@{% ?’7'9& ﬂ‘ﬂgbeﬁ% B cc;ll-&:ﬁes lg'mg in each

was r eane Ts washe ree
wiiddra Owas /ovahtedcf ITh@ tasulltersbw thiay Hserraeirng’zmgsa does exhibit a

pl anktonjc cells are bein voi d disturbin
afRFTRARACH FRSPOTSE t‘h’z’ﬂ Péf‘é%‘}ed’% éﬁﬁﬁﬁg? o @éFﬁ%SW‘mn““gqowafds
(ﬁieqleUT)elr}kﬁ%r% &h@hzﬂ%’ tl}fé’ccﬁl@é’ﬁtffdn‘aﬂ aﬁ hédzt% At W/ hndl#erefore to
sol ution crystal violet fol y i ncubation at

r derstiergth of ttelposcdntratidis gradient @(glgsé)st ain was then

renmoved by washing the plate thoroughly with dH O The
crystal violet stain, which is a nmeasure of the extent
ORefdrendesOf i | m produced, was recovered wth 200 m

/ wel T 95% et hanol . The absorbance of 125 ni

et hanol /crystal violet was neasured at 590 nm
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addi ti on was made of 100 ni2wel| Hap 2 singl e-chain
anti body fragment (scAb) in PBS or PBS al one. i
Titration of biofilminhibition. A dilution series of
Hap-2 anti-AHL scAb was set up in duplicate wells to

det.ef i pe f e f gg@y oncentration on the
estagﬁl'é’lt SH%E?I\%{I. Igllf%?llﬁ)]f)lmf‘géi) S. %@r ugi nosa PA14.
| Rasshddriednl. W93 Soitnce D60 1427-dé3®r i bed above for 2 h,

and the effect of Hap 2 addition on bhiofilmfornmation
aBewson st L34 Prec DNBlrcadotr YA et (ol Fr2W ai n 11 xed

2wiigdd Qus rBEMNCAN Rl RIS AN (26 9%@9&5?‘9”:);
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iii) Biofilminhibition tinme-course. The effect of
scAb addition to biofilmformati on over time was
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and taking sanpl e readi ngs3at several tine points. The
anti-AHL scAb Hap-2 at 70 nM concentrati on was

conpared with cultures in which scAb was not present,

and the effects scAb and PBS al one on crystal violet

a ion included as controls (Figure 3). The
r%@ésuggest that the bacterial cells adhere very

qui ckl Y heetisdr bfapesenshgnorginbibitirignbiotih foration Byd gopalation of
ng-z,%r o%[ essively dimnishes the rapidly established .
bPeTFinSaick Hethpdompnsipg the admipisiralipn qhﬁ@oaulmwof an antibody
b y was

o5 P REDng P14 Dr ZRE AP BRI pOIRER Stteled (YRR T osa

is abl e not only to respond to the presence of AHL

Il -signal uIe alterj it's phenotype, ,
bot |sAafné?8‘°§b‘?% ?‘8“ 5@@15%%53%@;%@% Rl ehpigeule is a
byiofhobéfieisadulsst @ﬁé'gufae tr%la&blhe ARIRGH! es and nmovenment
towards the source. Four wells were cut into LB agar
pl at es near the edge of the pl ates, and 90 from each
ogher ad|
m

e of 15 Pistogas Sif R dn SR 2 s e, RifteGh jaoggne molceute

Vahd @Faaeeam@@mw aélbd@étﬁfrm&h@ﬁx@h?edndis@mg&lﬁh of three of
t hewe PBS was added to t ourth as a control.

Twenty mcrolitres of a 1% i nocul um of an overni ght
cultgre of Ps. aeruginosa PAl4 was spotted into the
centfle of the plates, equi-distant fromeach of the
wel I(@Bi )mr\ubat ed overnight at 37C. In
addi tipn t o[t he Centr al spEHyhere the bac T e
j he plate, a nunber of colo
observed at various distances fromthe Te ese
devel oped fromnotile cells that had m grat ed across
the agar surface before settling and growing in a
sessDl e manner. The plates were nmarked into four equal
guad ant?\l such th? each wel |

O W \(CHS) Formula IT
@) @)
0]
N (CH,)n ~
Q (CH3) Formula III
O OH
wheren=0to 12..
4, A method as claimed in claim 3, in which the homoserine lactone molecule of

general formula I is N-butanoyl-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.



was equi-di stant from each adjacent quadrant. The
nunbers of colonies lying in each quadrant was
wEzwstiedso The results show that Ps. aerugi nosap@neB2005/001843
exhibit a chenotactic respdhse to the presence of HHL
t he nunber of cells swimmng towards the HHL being
proportional to the concentration applied to the well,
and therefore to the strength of the concentration
gradi ent (Figure 4). References 6, 309,651 WO 01/ 26650
WO 01/ 74801 WD 92/ 01047 GB2003/ 003529 Shi h and Huang,
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Wozni ak et al., 2003 Proc. Natl. Acad. Sci. USA 100
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10 1994 Ppogethdatab claffébin cBaitn 2 1SAhicR tHe feblide #dae@he has a general

formula (IV) as follows:

O

s

[X], CXXXX

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

15 8. A method as claimed in claim 7, in which the peptide thiolactone molecule is:

4
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GVNACSSLF

25

or

35



Wnson et al., 1995 Proc. Natl. Acad. Sci. USA. 92
(20): 9427-9431 Pesci et al., 1997 J . Bacterid. 179

W@ 10511184R7- 3132 Toder et al., 1991 Mdl. M cr oBiDGB2®5/001843
(8): 2003-2010 Ganbello et3al., 1993 Infect. Imun. 6
1 (4): 1180-1184 Ochsner et al., 1994 J . Bacteriol.
176, 2044-2054 Pearson et al., 1995 Proc. Natl. Acad.
Sci. USA 92 (5) 1490-1494 Latifi et al., 1996 Ml.
Mogrobiol 2 1 (6): 1137-1 146 Wnzer et al., 2000 J .
Bacteriol. 182 (22): 6401-6411 Pesci et al, 1999 Proc.
Nat|. Acad. Sci. USA 96:,011229-1 1234 Burns et al,
2001 J . Infect. Di 3: 444-452 Singh et al, 2000
Nat ure 407: 762-764 t al, 2000 M crobiol ogy 146:
2481- 2493 Wi et al ,<8200 M crobes and I nfection 6:
34-37 Manefield et \al., 11999 Mcrobiol. UK 145:

5 283-291 Tepl et skYINGDELL, 2000 Mol. Plant M crobe.
Interact., 13: 637-648 Suga and Smth, 2003 Current
Qpinion in Chem cal Biology 7: 586-591 Kohler and
Mokstein, 1975 Nature 256y 495-497 Roitt et al.,
| mmunol ogy second editi (1989), Churchill
Li vi ngstone, London.S gall et al., 1994 Ti bTech 12:
372-379 McCafferty £t al|., 1990 Nature 348: 552-554
Huston et al., 1993\Int.| Rev. Immunol., 10: 195-217

10 Anti bodies: A La rl.?.@;r Manual , Harl ow and Lane, eds.
Col d Spring Har bgs a cmatory Press (1988)

9. A method as claimed in claim 1, in which the lactone-derived signal molecule

is a furanosyl borate diester.

15
10. A method as claimed in claim 9, in which the furanosyl borate diester is Auto
Inducer-2 (AI-2),
HO OH
/," /
o’B\o
25
HO““' -II|CH3
W O
HO
30
11. A method as claimed in claim 1, in which the lactone-derived signal molecule

is Pro-AI-2 or a C,;-C; saturated or unsaturated carboxylic acid derivative thereof
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5678-5685CLAIMS 1. A nethod of preventing or
inhibiting biofilmformation by a popul ati on of
bacteria, said nmethod conprising the admnistration to
t he popul ation of an antibody to a | actone or

| act one-derived signal nolecule secreted by bacteri a.

2. Anethod as clained in claim1, in which the
| 48t oné BiRthedias slimedimeanysons o shaEeli eel lmin whighehe antibody is a

Pﬁgﬁ?ﬂﬁaﬁ@#3§ﬁftone nmol ecule. 3. A nethod as cl ai med

alm whi ch the honoserine | actone nol ecul e
has a general formul a sel ect ed fromthe group

t I For
ﬁ@fésﬁ’lg @Ofi&SfEﬂmng fn ynfétﬂ (f |f3.1r}eal %ﬁ%na?ﬁmsbodywa

| hoakiehaltanBbligoser i ne | actone rml ecul e of general
formula I 1s N butanoyl -L-honoserine |actone (BHL)

where n = 0, Ndodecanoyl - L-honoserine Iactone (dDHL)

re = nd n-te radecano | - Lhonoser.i ne ne . .
(B8 Nmelhod s <lime SRt £ 0B e 201 6 Rnipody is a
[ lm\g)féJ&)Bmtdhﬁb §gf,) ne | actone nol ecul e of general
fornula Il 3- oxohexanoyl ) - L- honoseri ne | actone

(OHHL) vvhere n = 2 and

(153 0%1‘?18%‘88%? e d%%ctmﬁ%g%?r}g 8'f EBHL gltt(?n Tg 1(1%%?}1&@3%8@ is an

h@nﬂsﬁylfr@meactone nol ecul e of

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

chain antibody (scAb).

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

domain fragment.

18. A method as claimed in claim 16, in which the single-chain antibodies (scAbs)
are G3HS, G3B12, G3G2 and/or G3H3 deposited as NCIMB-41167, NCIMB-41168,
NCIMB-41169, NCIMB-41170, respectively.

19. A method as claimed in any one of claims 1 to 18, in which the bacteria is/
selected from the group consisting of Actinobacillus actinomycetemcomitans,
Acinetobacter baumannii, Bordetella pertussis, Brucella sp., Campylobacter sp.,
Capnocytophaga sp., Cardiobacterium hominis, Eikenella corrodens, Francisella
tularensis, Haemophilus ducreyi, Haemophilus influenzae, Helicobacter pylori,
Kingella kingae, Legionella pneﬁmophila, Pasteurella multocida, Citrobacter sp.,
Enterobacter sp., Escherichia coli, Klebsiella pneumoniae, Proteus sp., Salmonella

enteriditis, Salmonella typhi, Serratia marcescens, Shigella sp., Yersinia



general formula Il is
- (- 3-hydroxybut anoyl ) - L- honoseri ne | actone (HBHL)

wakmse1ms= 0. 7. A nethod as clainmed i n cl ai mBCT/GB2005/001843
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whi ch the peptide thiolactéhe has a general fornula
(I1'V) as follows: where Xis any amno acid and n = 1
to 10. 8. A nmethod as clained in claim7, in which the
pepti de thiol actone nol ecul e is: YSTCDFI M GVNACSSLFor

D R T S

f Manodil damrﬂlaézsdl ¥sHenellalGp., ABHﬁtai‘wdiesa?r@zlad ﬁ@dcﬂefbldes sp.,
clalmée? %hlchthefuranos yl borate diester is Auto
Faeisilasse usgbactgriumSive SREH 1AL Mirs redomane) ap-mPlesiomonas

' th‘ﬁéWd'-iBest hq/z$ﬁ&t %9['6% | MGG51 %ﬁ&hd@%oﬁﬁz‘éh? ' §zbrzo vulnificus,

Pro- Al - - 0 saturated unsat’ur at
cér:wgboﬁ’mtcr as«pl dFdefoba/caenzune gphe Weafdb’monAs rmz_trhgdoas Burkholderia

f, cl 1.t
c g PP est Gefngnlincantiagonss maligbiga Siggorrophomonas
Chailopkild, N SEPhye8c@l Chiabils %a%@lu}]-’spbn VYL e e spp.. and

antibody is a nonoclonal antibody. 14. A nmethod as
cPuerteercems @y one of clainms 1 to 11, in which the
antibody is a single chain antibody (scAb) 15. A

nmet hod as clainmed in any one of clains 1 to 11, in

wpd.ch thaethod aboidimddsinany afd ofQaynsfIr @AY G which the method further

comprises the administration of an antibiotic.

21. A method for the prevention or inhibition of the formation of a biofilm by a
population of bacteria in a subject, the method comprising administration of an

antibody as defined in any one of claims 1 to 18.

22. A method as claimed in claim 21, in which the method further comprises the

administration of an antibiotic

23.  AKit of parts comprising an antibody as defined in any of claims 1 to 18 and an
antibiotic for separate, subsequent or simultaneous administration for the prevention or

inhibition of the formation of a biofilm by a population of bacteria.

24.  The use of an antibody as defined in any one of claims 1 to- 18 in the
preparation of a medicament for the prevention or inhibition of the formation of a

biofilm by a population of bacteria
25.  An antibody to a lactone or lactone-derived signal molecule secreted by
bacteria for use in the prevention or inhibition of the formation of a biofilm by a

population of bacteria.

26. An antibody for use as claimed in claim 25, in which the lactone signal



16. A nmethod as clained in claim15, in which the

anti body fragnent is a single chain antibody (scAb).
wd.ZeosAlmet hod as clainmed in claim15, in whi chr@dieB2005/001843

anti body fragnment is a singbe domain fragnent. 18. A

method as clained in claim16, in which the

si ngl e-chain anti bodi es (scAbs) are G3H5, G3B12, &B&X

and/ or G3H3 deposited as NCI MB-41167, NCI MB-41168,

Mggﬁe}réggﬁon anrmEé rﬁl%glf o g?)érﬁc&f thi g‘%gme nﬁ°1A 'ecfﬁh?ge

bact eria is/ selected fromthe group consisting of
A t| nobaci | | us acti nomycetentonitans, Aci netobacter
dmanAn antiBedyEaraise 43 skimed i1 ¢lainp2fcial Whiclsghe homoserine lactone

Gﬁmw t terium
R o S s A T R T e
5 Haenophil us ducreyi, Haenophilus influenzae,

Hel i cobacter pylori, Kingella kingae, Legionella

pneuynjophi | a, Pasteurella multocida, G trobacter sp.,
Ent globagy er . fAhgrichia coli, Kliebsiella
pr@unoni ae, SP. ,\S@jm)nel la enteriditis,
Sal\monel | a Hyphi, Serratia mafcescens, S g sp- .
Yersini aent¥rocolitica, Yersinia pestig—Nelsseria

Mor axel | a

gonorrhoeae, Neisseria neningitidis,
catarrhalis, Veillonel
Bact@roi des sp.,

Spi rf|l'l um m nus,

shj I S br(GHg
pa¥ ahagnol yfji cu Vi br
sp.\—F| avobgct ergyum sp

Bur khol deri a cepaci a,

Xant hononas mal tophilia,

| ococcus aureus,

Prevotella sp.,
Aer onbnas sp.

la sp.,

Pl esi ononas
erae, Vibrio

i o Vi@m)ficus, Adi el
, Pseudononas aer ugi nosa,
Bur khol deri a pseudonal | ei
St enot r ophononas nal t oph

Baci | | us spp.,

Bacteroides fragilis,
Fusobacteri um sp

=

ila,

Clostridium

St ap%y

spp. 4 and Streptococcus spp. 20. A method as clained
in a ong_of Ialq@Fp o 19, in which the nethod
fu@the (CH3) Formula I

O OH

wheren=0to 12..

10 28.  An antibody for use as claimed in claim 27, in which the homoserine lactone
molecule of general formula I is N-butanoyl-L-homoserine lactone (BHL) where n =
0, N-dodecanoyl-L-homoserine lactone (d(DHL) where n = 8 and n-tetradecanoyl-L-
homoserine lactone (tDHL) where n = 10.

15 29.

molecule of general formula II is N-(-3-oxohexanoyl)-L-homoserine lactone (OHHL)

An antibody for use as claimed in claim 27, in which the homoserine lactone

where n = 2 and N-(-3-oxododecanoyl)-L-homoserine lactone (OdDHL) where n = 8.



conprises the adm nistration of an antibiotic. 21. A
nmet hod for the prevention or inhibition of the

wo oosatiosn of a biofil mby a popul ati on of baceer/Ga2008/001843
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a subject, the nmethod conpnBési ng adm nistrati on of an

anti body as defined in any one of clains 1 to 18. 22.

A nmethod as clainmed in claim?21, in which the nethod

further conprises the adm nistration of an antibiotic

230 A d

: ﬁ}oan iﬂn% a[R{bOBﬁE&SUSfQ’%g?!f”glﬁ&d"g‘aﬁg%ﬁ?% g\tg]?ﬁgﬁ?h ﬁ(gmgs%gne lactone

s mtﬂecmﬂee of saehsat) demul o rIis isTii-¢- M@dﬂﬁyb’lﬁﬁﬂd}ﬂﬁLﬂ@iﬂc@ﬂme lactone
?ﬁﬁm reventjon or inhibition of the formation of a

b “@?“h“ Sbul ation of bacteria. 24. The use of an

anti body as deflned in any one of clains 1 to 18 in

the preparation of a nedicanent for the prevention or

i 3hi bi tAroamtﬂiiody lier dsorasedtiaioed of cluirni 26f inl whiol the peptide thiolactone
pggulatlo a& % ﬁg.,An anti body to a | actone or

I ?%ﬁgm K@ OndYecul e secreted by bacteria

for use in the preventlon or inhibition of the

formati on of a biofpp mby a popul ati on of bacteri a.
26. An anti body use as clained in claim25, in

whi ch the | si gnal nol ecul e i s a honoserine
nmol ecul e a peptide thiolactone nolecule. 27. An
anti body uselas clained in claim26, in which the

honoseri ne\| act one nol ecul e has a general fornmnula

sel ect ed[ Xl @)k group consisting of: Fornula | (CH3)
Formula Il (CH3) Formula Il where n =0 to 12.. 28.
An anti body for use as claimed in claim27, in which
t vehehoRUS aiyi amginbacidaing n = 1 to 10.

32.  An antibody for use as claimed in claim 31, in which the peptide thiolactone

4

YSTCDFIM

4

GVNACSSLF

molecule is:

or

or

S

<

YINCDFLL
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nol ecul e of general formula | is

/ V- but anoyl - L- honoserine | actone (BHL) where n = 0,

WO gimdec@smoyl - L- honoseri ne | actone (dDHL) wher eP@I/6B3005/001843
and n-tetradecanoyl - Lhonoséfine | actone (tDHL) where n
= 10. 29. An antibody for use as clainmed in claim 27,

i n which the honpserine | actone nol ecul e of genera
formula Il is iV-(-3-o0oxohexanoyl)-L-honoserine |actone
(OHHL) where n = 2 and

i V- (- 3-oxododecanoyl )-L-honoserine | actone (OdDHL)
where n = 8.30. An anti body for use as clained in
claim27, in which the honoserine | actone nol ecul e of
general formula Il is

- b 3- hydr oxybut anoyl ) - L-

noserine | actone (HBHL)

where n = 0. 31. An anti/pody for use as clained in

claim26 in which the

pti de thiolactone has a

general fornula (I%% as|follows: [X]n CXXXX where X is

any am no acid and
use as claimed i

= to 10. 32. An antibody for
in which the peptide

m
t hi ol act one nol e %jli:QYFéM YSTCDFI M GVNACSSLF or

YI NCOFLLYSTCYFI M 33. An anti body for use as clained in
claim 26, in which the | actone-derived signal nolecule

is a furanosyl borate diester. 34. An anti body for use
ag3cl aigeghtivodg! fof M33s cldimbliif t1diRe 26, UnaRaRy! thbqa@lbﬁe derived
diester is Auto Inducer-2 (Al-2), 35. "An anti body f
usignalgneleenleso furanebiberte dicster.whi ch t he

| act one-deri ved

34.

An antibody for use as claimed in claim 33, in which the furanosyl borate

diester is Auto Inducer-2 (AI-2),

35.

HO OH
/”' /
oo
HQOm 1 CH
W O

HO

An antibody for use as claimed in claim 26, in which the lactone-derived

signal molecule is Pro-Al-2 or a C;-Cyo saturated or unsaturated carboxylic acid

derivative thereof




signal nolecule is Pro-Al-2 or a Cl1-Cl10 saturated or
unsaturated carboxylic acid derivative thereof36. An

wa@otoshodgo f or use as clained in any one of cl aP@EGBE05001843
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35 which is a polyclonal as$ibody 37. An antibody for

use as clained in any one of clains 26 to 35 which is

a nonocl onal anti body. 38. An antibody for use as

claimed in any one of clainms 26 to 35 which is a

single chain antibody (scAb) 39. An antibody for use

as clainmed in any one of clains 26 to 35 which is an

anti body fragnent. 40. An antibody for use as clained

in claim39, in which the antibody fragnment is a

single chain antibody (scAb). 41. An antibody for use

asgcl ai t Y R
1305 SrErIRag B Tt clalptl ) Wi M B2 13T i is &
agobhbmmﬁmnbndplajn140 i n which the single-chain

anti bodi es (scAbs) are G3H5, G3Bl12, G3&X2 and/or G3H3
deposited as NC MB- 41167, NCI MB-41168, NC MB-41169,

NG} VB- A%lzrﬁlbow%&eﬁ&é X@lcbéimé’c?’m AnyRhbod c?;gnﬁ'z% [P95 Ivhich is a
any one of clains 42, in which the bacteria is

s @loaeeledaliantbedyhe group consi sting of Actinobacillus

acti nonycet entom tans, Aci netobacter baumanni i

Bordetella pertussis, Brucella sp., Canpyl obacter sp.
Capnocwnapkisgdy o use 4¢16inJdas by oD NG 26 toBiskeHieh Ista single
corrodens, Francisella tularensis, Haenophil us
delaiepntibadydsaddi | us i nfl uenzae, Helicobacter pylori,

Ki ngel | a ki ngae, Legionella pneunophila, Pasteurella

mul toci da, Citrobacter sp., Enterobacter sp.,

E32her iAmharaibody ifor Weedsstlainted pnynomy el clalhoOREUs 35pwhich is an

Sal ell aenteriditis, Salnonella typhi, Serratia
mét éﬁ@nwghlgella sp., Yersinia

40.  An antibody for use as claimed in claim 39, in which the antibody fragment is

a single chain antibody (scAb).

41.  An antibody for use as claimed in claim 39, in which the antibody fragment is

a single domain fragment.

42. An antibody for use as claimed in claim 40, in which the single-chain
antibodies (scAbs) are G3HS5, G3B12, G3G2 and/or G3H3 deposited as NCIMB-
41167, NCIMB-41168, NCIMB-41169, NCIMB-41170, respectively.

43, A method as claimed in any one of claims 25 to 42, in which the bacteria is
selected from the group consisting of Actinobacillus actinomycetemcomitans,
Acinetobacter baumannii, Bordetella pertussis, Brucella sp., Campylobacter sp.,
Capnocytophaga sp., Cardiobacterium hominis, Eikenella corrodens, Francisella
tularensis, Haemophilus ducreyi, Haemophilus influenzae, Helicobacter pylori,
Kingella kingae, Legionella pneumophila, Pasteurella multocida, Citrobacter sp.,

Enterobacter sp., Escherichia coli, Klebsiella pneumoniae, Proteus sp., Salmonella



enterocolitica, Yersinia pestis, Neisseria
gonorrhoeae, Neisseria neningitidis, Mraxella

w@2tantiosd i s, Veillonella sp., Bacteroides frapit/GB82005/001843
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15

Bact eroi des sp., Prevotell &sp., Fusobacterium sp.,
Spirillum m nus, Aerononas sp., Plesiononas

shi gel l oi des, Vibrio cholerae, Vibrio

par ahaenol yticus, Vibrio vulnificus, Acinetobacter

voka ter um.s donDnas aer ug
Sler T SRR T R T crs S eel sp.,  Yersinia
Xenveheolinas Weksifiphpésis, NigeAkr @phsRsYas, "WditseRBI hningitidis,
St aphyl ococcus aureus, Bacillus spp., Costridium

spMoraveliag carardiplisc oéelienedlgp sp44Bagigraidasi foagjlis, o Bacteroides  sp.,
| ?’%v%%a § | %E&ngtegﬁ[nhxlg] tS? rgﬂt% n?% neltr??]zégc%:s[]gé.,e %le omonas

bacteri a use I n or preve

Cc Wepalldddsj ¢ iksporherrad kxab;tz@r | purbikuetrilyicsis, g NWblioN Qvulnificus,
mol ecul es. 45. A method of inhibiting or preventi ng _
t AERIRBAGERPH c Flavepemieden ofp-hasewdarionas aeruginosa, Burkholderia

CedacR %kﬁdlﬁ&zﬁ?k%lnﬁﬁel UG HTHOARY n‘fcﬁ[gpmlﬁl I:Sgen'bngphomonas

step of adm nistefing a conpositlon conpr
amuitbpdia, t StepHybecpome crurbiget daeilbisr i sppd si’@maddzum spp.. and

} ecul e secreted by bacteria to a population of said
nggfpe’f’?%cus SPP-

44.  An antibody to a lactone or lactone-derived signal molecule secreted by
bacteria for use in inhibiting or preventing the chemotactic responses of bacteria to

cell-signalling molecules.

45. A method of inhibiting or preventing the chemotactic responses of bacteria to
cell-signalling molecules, the method comprising the step of administering a
composition comprising an antibody to a lactone or lactone-derived signal molecule

secreted by bacteria to a population of said bacteria.



