1 METHODS FOR INDUCING AUTOLYSIS IN INFECTIOUS BACTERIA
Field of the invention 5 The present invention relates to methods for
controlling and treating bacterial infections in patients. The invention
provides for the application of therapies based upon, in the preferred
embodiment, immunoglobulin or immunoglobulin-like receptor molecules
that have affinity and specificity for acyl homoserine lactone signalling
molecules involved in the processes. of bacterial cell to cell
communication. By 10 binding to such molecules, the receptors
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in environment-sensing and virulence in Pseudomonas aeruginosa, and
in so doing can induce a process of rapid cell death (autolysis) within
bakiekdatdbpinxeBtien1s 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. Suscenptibility t .
5 R AT, IR AP HER 1P PSR e, S GECpiRe Decterial
patifattivas idQaitkmitte Thefimention supidee Som thereppiivativnegfiibempirsdensed

a consequence of injury .resulting.i ' d S
R g e

Psaotimmion dutabave initylridispeeificiih £osfaghl bppoimeHacHnhSiRRling

of Hiimans. ThaRBGISIIWE AMQSLAYEHIRIES!S WNCRMMPRIERHHsHIRS. By
yet there is hardly any tissue that it cannot infect, if the tissue %@é}lefence

10 arcinskABronsEIRISBHRS: HhsiRSF PRIt ERT ReaeS TG 812 ﬁi%?y*wﬁ“laf
smahesphene spasiascilaoseniariauairenintmissmanehealthvimibise in
used hereafter as a representative example of an infectio j death
and’ Scfggg"i"?%aéﬂﬁ@g%apsﬁ i tlﬁesgcg(%n ofaléipé?}lltc of tﬁéoﬁéjse%stgﬁ%ﬁ%%%n?a
30 (Estohesis)ginitsa becterialypgretatistic pathogen that causes urinary tract
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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
20  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 tissnes, yet there is hardly any tissue that it cannot infect, if the tissue
25  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.

30 Ps. aeruginosa is an opportunistic pathogen that causes urinary tract infections,
respiratory system inféctions, dermatitis, soft tissue infections, bacteraemia and a

variety of systemic infections, particularly in victims of severe burns, and in cancer



aeruginosa occur almost exclusively in individuals with a compromised
lower respiratory tract or a compromised systemic defence mechanism.
Primary pneumonia occurs in patients with chronic lung disease and
congestive heart failure. Bacteraemic 5 pneumonia commonly occurs in
neutropenic cancer patients undergoigg chemotherapy. Lower respiratory
tract colonisation of cystic fibrosis patients by mucoid strains of Ps.
aeruginosa is common and difficult, if not impossible, to treat. It causes
bacteraemia primarily in immuno-compromised patients. Predisposing
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20  occuming 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 fluoroguinolone, gentamicin and imipenem, and even these

25 antibiotics are not effective against all strains, Combinations of gentamicin and
carbenicillin are reportedly effective in patients with acute Ps. aeruginosa infections.
The futility of treating Pseudomonas infections with antibiotics is most dramatically
illustrated in cystic fibrosis patients, virtually all of whom eventually become infected
with 4 strain that is so resistant it cannot be treated. Because of antibiotic resistance,

30  susceptibility testing of clinical isolates is mandatory.



plants and animals. It is found throughout the world, wherever these

habitats occur, so it is quite a "cosmopolitan” bacterium. It is sometimes
present as part of the normal flora of humans, although the prevalence of
colonisation of healthy 5 individuals outside the hospital is relatively low
(estimates range from 0 to 24 percerd depending on the anatomical

locale). In hospitals it is known to colonise food, sinks, taps, mops,
respiratory equipment and surgical instruments. Although colonisation

usually precedes infections by Ps. aeruginosa, the exact source and mode
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20 of acquired urinary tract infections, 8% of surgical wound infections and 10% of
bloodstream infections. Immuno-compromised patients such as neutropenic cancer

and bone marrow transplant patients are susceptible 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

25  burns cases Ps. aeruginosa infections have declined in recent years due to improved

treatment and dietary changes. Mortality rates however remain high, accounting for

60% all deaths due to secondary infection of burns patients.

One reason for the versatility of Ps. aeruginosa is that it produces a diverse battery of

30  virulence determinants including elastase, LasA protease, alkaline protease,
' rhamnolipids, type IV pilus-mediated twitching motility, pyoverdin (Williams et al.,
1996, Stinizi et al., 1998, Glessner et al., 1999), pyocyanin (Brint & Ohman, 1995,



Reimmann et at, 1997) and the cytotoxic lectins PA-l and PA-H (Winzer et
at, 2000). It is now known that many of these virulence determinants are
regulated at the genetic level in a cell density-dependent manner through
guorum sensing. Ps. aeruginosa possesses two well characterised
guorum sensing systems, namely the las 5 and rhl (vsm) systems which
comprise of the LuxRIl homologues L4SRI (Gambello & Iglewski, 1991)
and RhIRI (VsmRl) (Latifi et at, 1995) respectively. Lasl directs the
synthesis of 3-oxo0-C12-HSL (Passador et al., 1993, Pearson et al., 1994)
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promoter and creates a positive feedback system. The RhiR transcriptional activator,

20  along with its cognate AHIL (C4-HSL), regulates the expression of rhiAB

(rhamnolipid), lasB, aprd, 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., 1993,

Winson et al, 1995, Latifi et al., 1996, Winzer et al., 2000). These exist in a

hierarchical manner where by the LasR/3-0x0-C12-HSL regulates rhlR (Latifi et al,,

25 1996, Pesci et al., 1997) and consequently both systems are required for the regulation

of all the above virulence determinants.

More recently another class of signal molecule involved in the quorum sensing
systems of Ps. aeruginosa have been identified. These are a group of related
30 molecules based on 4-hydoxy-2-alkylquinolines (HAQ’s), many of which show anti-
bacterial activity. First identified in 1959, and later characterised (Pesci ef al, 1999),
2-heptyl-3-hydroxy-4-quinoline was designated PQS (Pseudomonas quinolone signal)



2-heptyl-3-hydroxy-4-quinoline was designated PQS (Pseudornonas
guinolone signal) 5 for its role in quorum sensing. Later research has
revealed the structures of a series of HAQ's that are synthesised and
secreted by Ps. aeruginosa, some of which are also implicated in

cell-to-cell communication systems. @ne of these, 2-heptyl-4-
hydoxyquinoline (HHQ) is thought to be secreted by cells during growth
phase, taken 5 up by adjacent cells and converted into PQS at late
growth/early stationary phase, and subsequently released as a signal
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20 virulence factor elastase and also induces the expression of rhll, which in turn
encodes the C4-HSL synthase (McKnight et al., 2000}, Furthermore, the bioactivity
of PQS is dependant on the presence of RhIR (Pesci et al., 1999), and it therefore seen

as an important component of the hierarchical regulation of quorum sensing.

25 One of the most serious clinical conditions induced by Ps. aeruginosa is the
destructive chronic lung infection of cystic fibrosis (CF) sufferers. Almost all
patients’ lungs are infected by the age of three years (Bums et al, 2001). The
immune systems of CF patients are unable to clear the bacteria, resulting in the onset
of chronic disease with the associated extensive tissue damage and airway blockage

30  from which the majority of patients eventually succumb. The establishment and
persistence of Ps. aeruginosa lung infection has long been associated with the

development of a biofilm phenotype, in addition to induction of other quorum-sensing



persistence of Ps. aeruginosa lung infection has long been associated

with the development of a biofilm phenotype, in addition to induction of

other quorum-sensing 6 regulated virulence factors (Singh et at, 2000).
Quorum sensing signals are readily detected in CF lung of infected mice
(Wu et at, 2000). Amongst other effegts, the production of the well
characterised AHL signalling molecules by Ps. aeruginosa in the lung can
directly affect host immune responses by modulating the isotype ratio of 5
the antibody response and cytoldne levels (Wu et al., 2004). A recent
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reduced autolysis) thus confirming the involvement of PQS in the
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survival of the few (D'Argenio et at, 2002). 25 A number fferent
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where the majority but not all cells died, resulted from excessive rather than regulated
production of PQS, and could mimic an extreme response to adverse conditions. In
such situations, it would benefit the bacteria to reduce its numbers significantly in

order to permit survival of the few (D’ Argenio et al., 2002).

A number of different approaches are being actively pursued to develop therapentics
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 acrosol inbalation. A further

observation under investigation is that the antibiotic erythromycin administered at



30 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 7 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.
aeruginosa infection. Cream formulations containing amphipathic peptides
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agonist or antagonist in AHL bioassays (Tepletski et al., 2000). Other

methods employed to reduce AHL 15 concentration include the
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the degradation of AHLs.and the sequestering of AHL by antibodies (WO
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aeruginosa produces an extensive mucoid capsule that effectively
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of histamine release as described in WO 01/26650. WO 01/74801
There are a munber 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 that
effectively protects against opsonisation by host antibodies, as revealed by patients
with persistent infections having high serum titres of anti-Pseudomenas antibodies,
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 Psendomonas and
other bacteria have a number of direct effects on human physiology. These include
iphibition of histamine release as described in WO 01/26650. WO 01/74801
describes that AHLs are also able to inhibit lymphocyte proliferation and down-
regulate the secretion of TNF-o. by monocytes and macrophages, so acting as a
general immuno-suppressant. There is a danger therefore that therapies involving the

use of competitive AHL mimics may result in down-regulation of the patient’s



describes that AHLs are also able to inhibit lymphocyte proliferation and

down 30 regulate the secretion of TNF-a by monocytes and macrophages,

S0 acting as a general immuno-suppressant. There is a danger therefore

that therapies involving the use of competitive AHL mimics may result in
down-regulation of the patient's 8 immune system. This would be

generally undesirable, and particularly so in immuno- compromised

patients. The use of antibiotics can, at best, be viewed as a short-term
strategy in view of the remarkable ability of this bacterium (and others) to
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Interference with such signalling systems in order & in

10js ahﬁr@mmn@ laptongpensad 4pprEAth sizveld gevryllere sodsgedifistHuensmintional
by BsiAesHGRsR:. Thelads ) sgauﬁigm%wqﬂyedz}%gﬁw to adapt to a

modulating the concentrations of HSLS 20 and other bacterial cell

sugﬁ’é‘iﬂ’r‘?@‘r’?ﬁ%éﬁl%‘?rﬂfé%’&%ﬂéﬂ?&&@h RABPIAPPH SIABRES: BRdtA @ YsEome host
ham&dve&aecﬁkdﬁﬁﬂeclﬁeﬁ@f’ea@ouﬁ&lﬁab’ tepbRtevad edfy-patheletieria, and
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such as CF. The present |nvent|on provides for such compositions.
therapeutic approach to reducing illness and death caused by Ps. aeruginosa.

There is a need to develop effective means of modulating the concentrations of HSLs
20  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 killing
bacteria, particularly Pseudomonas aeruginosa, that did not attack the bacterial cell
directly and so is unlikely to lead to resistant strains would be of considerable benefit
‘25 to the treatment of disease states such as CF. The present invention provides for such

compositions.
Summary of the invention
30  'The present invention provides for methods for reducing numbers of the pathogenic

bacterium Pseudomonas aeruginosa by regulating the extra-cellular concentrations of

bacterial cell signalling molecules. By selective removal (binding or degradation) of



Summary of the invention 30 The present invention provides for methods
for reducing numbers of the pathogenic bacterium Pseudomonas
aeruginosa by regulating the extra-cellular concentrations of bacterial cell
signalling molecules. By selective removal (binding or degradation) of 9
lactone-derived cell signal molecules, an imbalance in the ratios of AHL to
PQS signal molecules is produced which stimulates rapid cell death (or
autolysis) of Ps. aeruginosa. Alternatively, PQS may be administered
alone or in conjunction with anti-AHL receptors. Whereas other

baciericidaldrieadnentsigel dirsictiiey) eieehiad Gause Japh &KL o POS

present jnvention targets extra-cellular signalling molecules in order to
i B R R Chto Yo S0 SR Righ PRl ESpAeabr o Buolytpef 7o
indgesiginpotiapsbamdtactyrBQSethay rbadmidistardhaibit mush desmidtly with
thatysiraing 'Reisiant. RSI0SmBYMILSmEroE. 40 According g a frst
aspect of the pﬁe@en't invention F%hereéi%%grgg/alpd%e J%nrcﬁ}e ﬁggf{é%"ﬁ u%fllnﬁg“3 cell to

SautSRSRdsrtLJbp IRt BVEREAT fregeitivatimetdilar stgteRigwdlecules in order
comprisiag mmmmm@mwﬁt@gm{)m%&a%xsﬁae@,'ﬁf&%%%ce a

lactone-derjved signal molecule secreted by gram-negative bacteria so as

to CSRNERS P S e I e ASFHGb S AEN o R g gaigs rosistant

mokechtetierepyirndlbarcsignal (QS) signal molecule 15 in the environment

of the population of the gram-negative bacteria. The gram-negative

bacteria may be Actinobacillus actinomycetemcomitans, Acinetobacter
10paunsspmsiin B irdefisiiassestt ofithBpuselinispenGam theebiaoperifed a method of

CapaRaloniaga st RIORE'SH LHIIDIS. BNRIRIS AR IR ompricing

Francisella 20 tularensis, Haemophilus ducreyi, Haemophilus influenza€,

HelRBHEEEHISH & K RBEIR Kl wilishielmaplaeionfophitatopedrsiisllsignal

mumm&%mwm-@%@i@%” ﬁé@c_}dﬁs\sﬁi_ : S'@J ﬂ;@@iﬁqu?ibdﬁﬁ&sih_ il ratio

pneymoniae, Proteus s almqgne nteriditis, Salmonella typhi,

e et GRS R moeliio SHsMaEORER (v sniEsaualseote
15Neissthdamyinomhoesahdmipshtiamoéitia gitidis)c2ativiobaxietia. catarrhalis,

Veillonella sp., Bacteroides fragilis, Bacteroides sp., Prevotella sp.,

Fusobacterium sp., Spirillum minus, Aeromonas sp., Plesiomonas

shidefoi dEEDVRETE EholseiaiayiBrry p Ahdetimelarilss Visrtioominefaeymitans,

Acinetobacter baumannii, Bordetella pertussis, Brucella sp., Campylobacter sp.,

Capnocytophaga sp., Cardiobacterium hominis, Eikenella corrodens, Francisella
20 tularensis, Haemophilus ducreyi, Haemophilus influenzae, Helicobacter pylori,
Kingella kingae, Legionella pneumophila, Pasteurella nudtocida, Citrobacter sp.,
Enterobacter sp., Escherichia coli, Klebsieila pneumoniae, Proteus sp., Salmonella
enteriditis, Salmonella typhi, Serratia marcescens, Shigella sp., Yersinia
enterocolitica, Yersinia pestis, Neisseria gonorrhoeae, Neisseria meningitidis,
25 Moraxella catarrhalis, Veillonella sp., Bacteroides fragilis, Bacteroides sp.,
Prevotella sp., Fusobacterium sp., Spirillum minus, Aeromonas sp., Plesiomonas
shigelloides, Vibrio cholerae, Vibrio parahaemolyticus, Vibrio vulnificus,
Acinetobacter sp., Flavobacterium sp., Pseudomonas aeruginosa, Burkholderia
cepacia, Burkholderia pseudomallei, Xanthomonas maltophilia, or Stenotrophomonas
30 maltophila. In a preferred embodiment, the gram-negative bacteria is Psendomonas

aeruginosa.



Acinetobacter sp., Flavobacterium sp., Pseudomonas aeruginosa,
Burkholderia cepacia, Burkholderia pseudomallei, Xanthomonas

~maltophilia, or Stenotrophomonas 30 maltophila. In a preferred

embodiment, the gram-negative bacteria is Pseudomonas aeruginosa. 10
Suitably, the homoserine lactone (HL).signal molecule may be a
homoserine lactone molecule with a formula selected from the group
consisting of 0 OJT N(CH2)n (CHs) Formula (I) O O O~ N(CH2)n ,vr
(CHI Formula (1) O O O 0N (CHZ)n (CHs) Formula (lll) where n may be
from O to 12. The homoserine lactone molecule of general formula (1) may
N RO LR RS (7] TR R Y Bigh romoserine lacone
n-teteldadenigl 4 frombsetinteddctont tBHip sohgsdng of10. The
homoserine lactone molecule of general formula (II) may be N-(-3-
oxododecanoyl)-L-homoserine lactone (OdDHL) where n = 8 or
N-(-3-gxohexanoyl)- 15 L-homoserine lactone (OHHL) where n = 2. The
ho [ W@t&m&g}_ﬁeneral formulapgkil) py be N-(-3-
hydrpxybutangyl)-L-homoserine é{ctone (HBHL) where n = 0. 20 The
lactone signapmolecule may be any acyl-homoserine signal molecule, and
is preferably OdDHL and/or BBL. . 11 The quinolone signal (QS) signal
molecyle may be a molecule of general formula (l) RI

N (CH
0\5’ W *"eHy Formula (IT)

o &/NW(CHQ“ ~ (CH, Formula (1)
O OH

where n may be from 0 to 12.

The homoserine lactone molecule of general formula (I) may be N-butanoyl-L-

10  homoserine lactone (BHL) where n = 0, N-dodecanoyl-L-homoserine lactone (dDHL)

15

20

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-
oxododecanoyl)-L-homoserine lactone (OdDHL) where n = 8 or N-(~3-oxohexanoyl)-

L-homoserine lactone (OHHL) where n = 2.

The homoserine lactone molecule of general formula () may be N-(-3-

hydroxybutanoyl)}-L-homoserine lactone (FIBHL) where n = 0.

The lactone signal molecule may be any acyl-homoserine signal molecule, and is
preferably OdDHL and/or BHL. .
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R2 N R3 5where n may be 1to 7, Ri maybe =0, or -H, R2 may be -OH,
or -H, and R3 may be -H, or alternatively, the nitrogen atom (N) may be
unsubsituted, in which 10 case the aromatic ring is further unsaturated.
Suitably, the quinolone signal molecule of general formula (IV) may be 0
OH 2-acyl-3-hydroxy-4-quinolone Nyj(XZg H 15 Preferably, the QS
molecule is Pseudomonas quinolone signal (PQS) or 2-heptyl-3-
hydroxy-4-quinolone O OH aN H 20 2-heptyl-3-hydroxy-4-quinolone 12
In one embodiment of the invention, the gram negative bacteria may
Pséhelgirinriase atgnryifaSh daehtredstdoiisachsriarsideralene asoredl fragnula
be I-homoserine lactone (AHL) signal molecule of formula (1) to
Pseudomonas quinolone signal 5 (PQS) molecule. A growing number of
bacterial species are being found to communicate between cells

wherenmaybe 1 to 7,

R may be =0, or ~H,

R, may be —OH, or -H, and

R; may be —H, or alternatively, the nitrogen atom (N) may be unsubsituted, in which

case the aromatic ring is further unsaturated.

Suitably, the quinolone signal molecule of general formula (IV) may be

O

OH
] 2-acyl-3-hydroxy-4-quinolone

r-Z

Preferably, the QS molecule is Pseudomonas quinolone signal (PQS) or 2-heptyl-3-
hydroxy-4-quinolone

2-heptyl-3-hydroxy-4-quinolone



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 10 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 N-butyryl-homoserine lactone
(BBL), 3-oxo-dodecanoyl-homoserine 15 lactone (OdDHL) and the
Pseudomon inolong signal 2-heptyl-3-hydroxy-4-. quinolone (ROS).
g e ST B B Y S O W ORG Eifomonas
deritygivach tndt the qehdindnerofeital saiialenuilsciiies cony dpitratigrbofnoserine
sionrsneleswe)ii sl caeRapdinalylan. 1 horpealldansiiies iigineakignal
signal molecule concentration is high. When this concentration reaches a
5 thr&ERSelieinduces the transcription of genes involved in virulence

and the onset of a disease state in the host. Bacterial signalliig molecules
are peing discovered in every organism for, whjch they 25 are seajched. It
ol B BT Mot g B e AIER S EOE Y SEBGI T iR el
diffesenre saiet v baiil sgmeheghtbrdetgrénamved datictebiariude redoasenmdy use
'acw%%égﬁo%go@gk%ckﬂﬁné‘gd HAMPRPE 59?5[1 PP RBSISHRY Kot share a
(modifi )smaﬁ peptides. Ps. aeruginosa s a exgmple ot gram

10 ne gamvadsakesrmsoRntdateResHAD sEighEr mdevue in Ak lepsthpabstgpture of a
Preyipusmerkrip thisdialdhascanceniaie R MiRRIGKING HRaline lactones, the

molecules with ones that are recognised but that do not function, i.e. no .
patRsTOMCERAtERMG BREH 1S Do R e RN e L8PSy Srstngle species
Thedispthtuatages ofsfrere inaiwsiearef prneipabnthabretisianaasaaldmonas
be developed to the.mimic or block and the 'real-signal molecule is.still .
el SRR oA ST GRS T8 Bl (e BACUBE oiEoserine
15molecioless €XJLEEY)- o deeriredderomes auwintotensigifactoteptyinehdmxy-4-
5 riq@ﬁlagge@@lgj‘rectly cause immuno-suppression of the host (i.e.
patient). The présent invention provides for methods which use antibodies
that target the actual

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
20  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 virnlence and the onset of a disease state in the host.

Bacterial signalling molecules are being discovered in every organism for which they
25  are searched. It secems 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. Ps. aeruginosa is an example of a gram negative bacteria which uses two
signal molecules AHL and PQS.
30
Previous work in this field has concentrated on mimicking signal molecules with ones

that are recognised but that do not function, ie. no patﬁogenic switching, or on
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signal molecule rather than the cell itself. This approach has a key and
important advantage over all previous efforts in the field in that the
bacteria will not recognise 10 that they are being attacked, they will simply
detect that that they are alone. There will not be any selective pressure
for resistance. The aspects of presenginvention are further advantageous
in that they are able to bring about bacterial killing by inducing an
endogenous system of programmed cell death. A bactericidal treatment
that does not directly target bacterial cells represents a significant

depirekiag e astintsgrorspiak dvsieshs Thntiistisentagssrafinthesetiaethods are
DreF&ﬁﬁiﬁM?rth&%aﬁé‘e ReNVERALREREIGR RinRoRAQIQRARIHBAdiRSsignal
Polyclonal antibodies can be raised by stimulating their production in a X
suifBBIECENiASaPHb LY §nd RBLSERES Jom BiPHiRe rabbrdSHeRp SERffRaRterial
20 geailingankey)whegnatidmntigenis injeches iriaihearimatosf in their own
neqessan AN AdUYANL may.be administered fogpiher wilh the antgen.
Th&' @htiBodies can ther D& purlﬁed sb\?pwr U2 ot their bin ﬁié}%oeél tigen or
as described further below. Monoclonal antibodies can be produced from

hybi Snt iGSRi6A PG 4L e Shby 6S e CAVRIO M lis: g target the actual

B-lymphocyte cells which produce the desired antibocig in order to form an

imriigRal Psleatssathamihan e SRR IIRABWT KRS HRIF Ra90 st it ke Hmg deportant
(Nlaci&llf%?a'l%@ 5t€§:5§11 @;9‘7;]6% Mﬂb_ Sy ' wﬁgrdpf&pma@iﬂﬂ; m@ﬁﬁﬁwﬂﬂln?@%cognisc
polycional antinodies wnic | 0 ¢ artcular protein are now we

it St AT SO RGP s L U S Pt R e There
texthidbisst, o mexashpidvinpRestire tfat résranoel iy sepensd dditasan( i989kion are
Churehill. Livi | itior le_antibedi o
Criehl bUASIO0G OB S AU ARG BURPGR S ncuciog

binéneptezenage nysitninsogramaradisoikerhindfueisimdtomptment that does

fraQﬁteai&&ﬁd aygh %H&&?J’l‘%%@eﬁés%ﬂ@'%s Qéxﬁﬂgmd&iﬂﬁ%eﬁ%@%sﬁng
synthetic constructs are given by Dougall et al in Tibtech 12 372-379

(SEPRIGHETE994). 5 Antibody fragments include, for example, Fab,
F(ab)2 and Fv fragments (see Roitt et al [supra]). Fv fragments can be

oIR8 B SORAC) B o
monoclonal antibodies. Polyclonal antibodies can be raised by stimulating their
production in a suitable animal host (e.g. a mouse, rat, guinea pig, rabbit, sheep, chicken,
goat or monkey) when the antigen is injected into the animal. If necessary an adjuvant
may be administered together with the antigen. The antibodies can then be purified by
virtue of their binding to antigen or as described further below. Monoclonal antibodies
can be produced from hybridomas. These can be formed by fusing myeloma cells and
B-lymphocyte cells which produce the desired antibody in order to form an immortal
cell line. This is the well known Kohler & Milstein technique (Nature 256 52-55

(1975)).

Techniques for producing monoclonal and polyclonal antibodies which bind to a
particular protein are now well developed in the art. They are discussed in standard
imrnunology textbooks, for example in Roitt et al, Immunology second edition (1989),
Churchill Livingstone, London. '



and VL regions which contribute to the stability of the molecule. The

present invention therefore also extends to single chain antibodies or

scAbs. 10 Other synthetic constructs include CDR peptides. These are
synthetic peptides comprising antigen binding determinants. Peptide
mimetics may also be used. These lecules are usually conformation

ally restricted organic rings which mimic the structure of a CDR loop and
which include antigen-interactive side chains. Synthetic 15 constructs also
include chimaeric molecules. Thus, for example, humanised (or
prirffratidtidymiivbolie antbetbely dibvpssine teadmiem Withiddh@efeapethtienf which

preseny. inyention..An example of a humanised antibody is.an antibody .
havgllr%g[ﬁ1 r%}l%n 6?r;brlﬁl§vl\} r%’re%i%’n%’, brz‘!“rlgd%ei%t %}?ﬁegrglé?%eﬁ%?e@%fﬁ%s antibody

Syragtiento st uonhelio ¢nn¢tm@s.mam%®_o‘efmpﬁbwg dragmaientyd synthetic
linkeshmaiatywhighRreyidss.ha melacule i 20150mp 4988 nber 1994),

property in addition to antigen binding. For example the moiety may be a

Slalo Y L EHTBEHRS 850 FOS GRS OF R 0an st P4 e (BascRs et o
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molgeies. ingeneral @, Qc%%é‘ﬂnt&béﬁf&“g;?ts%@&!mm“”e response

in-vivo, or to be used directly as a source of antigen for the selection of
10high affinity antibodies from antibody libraries. Selection of antibodies

SD@fﬂ&f%ﬁhﬁﬂWEcéiﬁﬁaé@Qxéﬁ&BOlﬁﬁ{'%e%&%’&?‘ftefﬁé‘s@ré?éj WQfetic peptides
oal

“antigen’) is carried qut in the preferred em ment using a repertoire

(iR rR s binding deferarieapihaf g iida Linetiss, w5v alsiisigsgd.  These
librasyleduasntibrdiesslisplayesnithelsu Hactcrlfilgmaniotged Swhich mimic the
bacterigphage. ther system,that,aljows.for the selectian of . specifi .
e O L R R B (R Sypthetc
15theqorstuds irmlentinrudn chiorssityaonbbdimaiitsssifprakxample, humanised (or

m%ﬂﬁ@@g%&ﬁ&@@%@%&&é@é@%@%@ WaRE! @AY the present

secreting hybridoma cel| lines generated from an animal immunised 5 with

an H§gEfFcorfiystemmsT e plvprraisdraniRadyrds itgspaliknitnbaving human
examaplewekia regions, but rodent hypervariable regions. Synthetic constructs also include

molecules comprising a covalently linked moiety which provides the molecule with
20  some desirable property in addition fo 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
25 _cdnjugate the target molecule, or a suitable derivative, to two different carrder
molecules (proteins), though a single conjugated species can be also used. Bacterial
signal molecules, in general, are too small to stimulate an immune response in-vivo, or
to be used directly as a source of antigen for the selection of high affinity antibodies
from antibody libraries. Selection of antibodies specific for the cell signalling
30  molecular .(hereaftcr referred to as ‘antigen’) is camried out in the preferred
embodiment using a repertoire (library) of first members of specific binding pairs

{(sbp), for example a library of antibodies displayed on the surface of filamentous



library of antibody binding sites displayed on phage particles will be used.

A conjugate comprising an antigen coupled to a suitable carrier molecule,
which can be a protein, a peptide or any natural or synthetic compound or
material (referred to 10 hereafter as "conjugate-1') is immobilised onto a
suitable solid support such as an ‘imqg.motube‘ or microtitre plate, and the
uncoated surface blocked with a non- specific blocking agent such as

dried milk powder. Suitable conjugate molecules can include, but are not
limited to proteins such as bovine serum albumin (BSA), Keyhole Limpet
Hadwanseyephizgtk LAy BthwineyTthyr dgpo biltins T the velliation rof Gy fiormceptors
15 j Qtin, .esirichi selection of the. .
con o S bR Fnverion
imnitrfikemative vambedianaiigherrmatesnlsmpseific depesnean belislasiedffrom a
firstompmpensiRl SPREHE NIRRT BIRS (HheHI3R, S apRlietiidnunised
520 the immohilised conjugate and incubated for sufficient time for sbp
meibR & TEeEHToRIgEh GGa e PHEPSNGH OPh S b EIN g frample of 2
conjitgatecftatiboiguaning siteindiepthyeashiptlafthage bk B maiegound

are eluted, for example with tri- ethylamine or other suitable reagent, into

a buffer solution to restore neutral pH. Recovered phage particles are
theipfebtedd onpssingbie invigen aplsitoa gnEbiok 26 actdataleamich can
Cultpeere Al he R RE 0k S SRR R AR SR JERAIRiE Ared 1o

second enriched’ library. The process is then repeated using the enric

10iprdfFasiscte ceraiugatigh st imuanbdiesh ag) 4 seiigrinlidhaeprigepch as an
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are perfar as required, the selecti rocess being altered to fayour
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using initi j -1, I i ] jugate-2 (wher )
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15incumealistty With acsohigidn offre eoatitigeatrigionrmig dre cesigodeneaf ttheneaitivgate

soluhige-seiecialia MolRtiesmera AN N Qb SREIe NHiMe: fRhakRisation is large
members with_higher affinity for the bound form of the antigen to
disSEEHR 8 ﬁ‘iﬁ’rﬁ MERHGBIESE Eonjugate. Those phage eluted with free

antigen are infected

oES

A library of first members of specific binding pairs (sbp’s) (‘the library’) is applied to
20  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 tii-
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
25  bacteria, and cultured to amplify numbers of each selected member and so generate a
second ‘enriched’ Library. The process is then repeated using the enriched library to
select for phage-antibodies (‘phage’) recognising the antigen conjugated to a second

carrier protein (conjugate-2).

30  Additional rounds are performed as required, the selection process being altered to
favour selection of those sbp members recognising the free form of the antigen.

Phage are selected against antigen conjugates as described previously, using initially



into E. coli cells for amplification and re-selection, and those remaining
bound to the immobilised antigen discarded. Alternatively, but less
preferably, all antibodies binding to conjugate may be eluted e.g. with low
pH. 10 Individual (monoclonal) phage clones from each round of selection
are screened for desired binding chﬁgacteristics. This can be performed
by a variety of methods that will be familiar to those with ordinary skill in
the art, depending.on requirements, including such techniques as SPR
(Surface Plasmon Resonance) and ELISA (Enzyme Linked
ImoupeSed and Absmetigekdttioonfuiasa Willhiere| ada it pilityatd bindequent
15 preferegtially tg the free sol form of. the antigen jn the presence.of
oo L B R R SR ko, o
an#bBetasovirpuegdn sraal sdhaie aclnetphle mnaiies angidvdymp Fagefficptayime
libragy M CleRfiRiy ikthi N B For it BoftnadBrk? 89&%”&%63 to dissociate
described in WO 92/01047). Thus the antibodies can be used for .

3 ad s thfi g e biliteh EoniRgsut diermpbageisiieh ibsfemaatisnatifefnfected

emipes g estscalilRYNGAITIDRI 60 REH weirthiinm, andnbRalprempbRisado the
with one gr more conjygates of an AHL angd a suitable carrier molecule, A
for RPN ST R CH GPFRiof QBT IRBCTROI o oo
imromdise doasujegeaithedy dbelee@b. gnwith lattgriiwo 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

10 hUmrEriderl diramp D) graden glertd rosu regliaamdoeldsefeetine sy lkcreened for
scaffelrbaihang el ARRicabig Wil ieludeciat e ficalion &f meihods that

potential T-cell epitopes within the antibody, and the subsequent removal

of &% %@Mﬁ&tﬁ?&&@%@rmﬁﬂm tofe arhrAiERFRdiRgYn (Fpguirements,

furtheluemp esineohih@aniiE@ry Ganhe rRagageshianooluié EoIsAafnzyme

regions fram differgnt classes qf human immunoglohulin. (109G, IgA.gtc.) . .

e SRS SRR, o R MG oY o bina
15 pamieitesnifadbetaghrdauheciule fervirablhovtrtigethindheilpodiowar worpegated

usegdthetapeutically. The use of secretory IgA isotype antibodies may be

preferable where infra-nasal/aerosol application is envisaged for example

in the treatment of Ps. aeruginosa infections of cystic fibrosis patients.

In the preferred embodiment of the invention, antibodies will be generated from a
naive human antibody phage display library (McCafferty et al., Nature 348: 552-554,
20  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.
25  In the latter two cases it is preferable that steps be taken to reduce the immunogenicity
of resulting antibodies, for example by creating host animal-human chimaeric
antibodies, or “humanisation” by CDR grafting onto a suitable antibody framework
scaffold. Other methods applicable will include the identification of potential T-cell
epitopes within the antibody, and the subsequent removal of these e.g. by site-directed
30 mutagenesis (de-immunisation). In a further embodiment the antibody can be
engineered to include constant rtegions from different classes of human

immunoglobulin (IgG, IgA, etc.) and produced as a whole antibody molecule in



5 For the present invention, the antibody may be monoclonal or
polyclonal. The antibodies may be human or humanised. Antibody

fragments or derivatives, such as Fab, F(ab’).sup.2 (also written as

F(ab")2), Fv, or scFv, may be used, as may single- chain antibodies (scAb)
such as described by Huston et al. (Inf. Rev. Immunol. 10: 10 195-217,
1993), domain antibodies (dAbs), for example a single domain antibody,
or antibody-like single domain antigen-binding receptors. In addition to
antibodies, antibody fragments and immunoglobulin-like molecules,
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G3B12, G3G2 andfor G3H3. The clones have been deposited at NCIMB, Aberdeen,
UK on 18 March 2003 under the terms of The Budapest Treaty under the following
accession mumbers: G3HS5 deposited as NCIMB-41167, G3B12 deposited as NCIMB-
41168, G3G2 deposited as NCIMB-41169 and G3H3 deposited as NCIMB-41170.
The straing may be cultivated in an appropriate growth media such as LB media
supplemented with 100ug/ml ampicillin, optionally supplemented with 12.5ug/mi

tetracycline, and/or 1% glucose, under standard conditions of 37°C in air.

Antibody G3B12 is referred to herein as Hap 2 and antibody G3G2 is referred to

herein as Hap 5

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



5 ELISA, dot-blot assays etc. The methods of the present invention
provide a means by which a massive crash in the bacterial population can
be induced without actually targeting the bacteria directly, i.e. by targeting
extra-cellular signalling molecules. Such an approach is 10 without
precedent. The invention provides fo an approach to bacterial infection
which does not lead to the development of resistance from the bacteria.
According to a second aspect of the invention, there is provided a method
for the treatment of an infection of gram-negative bacteria in a subject,
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pharmacy, for example by admixing the 30 active ingredient with the
carrier(s) or excipient(s) under sterile conditions. 19 Pharmaceutical

conmesitinnstadameshiDrg: afnipisiteHOsHAYL 8sPFRReMath afethod for the
S BT, R S S MR B i B B g 0 gpethod
as edipe fogrmdntnistmpen oo He ajetsidrm) mitodaibteadxcipientd faone-derived
tablgls fRALE, AeLalnG S AUHGS IRGHAR IACIOTE sRES SR Yabatance in the
ratio of homoserine lactone (HL) signal molecule to quinolene signal {QS) signal
molecule in the environment of the gram-negative bacteria. The treatment may be

prophylactic or may be in respect of an existing condition.

In such methods, the antibody may be formulated as a pharmaceutical composition
according to techniques known in the field of medicine for example by admixing the

active ingredient with a carrier(s), diluent (8) or excipient(s) under sterile conditions.

The pharmaceutical composition may be adapted for administration by any appropiiate
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
be prepared by any method known in the art of pharmmacy, for example by admixing the

active ingredient with the carrier(s) or excipient(s) under sterile conditions.
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derivatives thereof, stearic acid or salts thereof. Suitable excipients for use
with soft gelatine capsules include for example vegetable oils, waxes,

fats, semi-solid, or liquid polyols etc. 10 For the preparation of solutions

and syrups, excipients which may be used include for example water,

polyols and sugars. For the preparatiqg of suspensions oils (e.g.

vegetable oils) may be used to provid€ oil-in-water or water in oil

suspensions. 15 Pharmaceutical compositions adapted for transdermal
administration may be presented as discrete patches intended to remain
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adagifgkigisfopical 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

exatnjtiblnetipiansd Biiabidhecompesitionsamue bl aRRliethas Astarch or
toplgal o] .tmetgt or cream. When 25 formulated.in an ointment, the active
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cremﬂmt@n oil-in-water cream base or a water-in-oil base.

Pharmaceutical compositions adapted for topical administration to the eye

Oinclude eye drops wherein the active ingredient is dissolved or suspended
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enemas. Pharmaceutical compositions adapted for nasal administration
wherein the carrier is a 5 solid include a coarse powder having a particle
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theaRpREIHMHEN iRRHHCIS {8458RalCiLWRRIE contact with the epidermis of the

recipient for a prolonged period of time. For example, the active ingredient may be

delivered from the patch by jontophoresis 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 exampie 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 adminisiration to the eye include eye
drops wherein the active ingredient is dissolved or suspended in a suitable carrier,
especially an agueous solvent. Pharmaceutical compositions adapted for topical

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



inhalation through the nasal passage from a container of the powder held
close up to the nose. Suitable compositions wherein the carrier is a liquid,

for administration as a nasal spray or as nasal drops, include agueous or

oil solutions of the active ingredient. 10 Pharmaceutical compositions

adapted for administration by inhalattgp include fine particle dusts or

mists which may be generated by means of various types of metered

dose pressurised aerosols, nebulizers or insufflators. 15 Pharmaceutical
compositions adapted for vaginal administration may be presented as
peddarBacaRing orRmReEHRNS Meried et Rardministtion forsatiRnted as
Phaspasestical,campasitions adapted for parenteral administration

include aqueous and non-aqueous sterile injection solution which may
contain anti-oxidants, buffers, 20 bacteriostats and solutes which render
thePloumutatitensbiistatially isatenidovithdileabiomtefite wiesnede carer is a
srecipient. an ueous and non-agueous sterile ons hich
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unit-dose or mulfi-dose containers, for 25 example sealed ampoules an
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injections, immediately prior to use. Extemporaneous injection solutions
and suspensions may be prepared from sterile powders, granules and
tabﬁ[&t&nﬂﬁéﬁﬁmb hanmedturicatiapmp beitimhsiniaidanteyniphekaonngclude fine
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pharmaceutically acceptable salt), buffers, coating agents or antioxidants.
may also contain therapeutically active agents in addition to the
B%t%‘&f’é SR FrreBetton et DY ST AR b ggpsented as
corppnsiiienaapihs araseidRy patianfoansar yphstfieanlaide, limits,
depending upon the disease or disorder to be treated, the age and
condition of the individual to be treated, etc. and a physician will
ultifferpactatisalianampgsisiasridepted for parenteral administration include aqueous and

non-aqueous sterile injection solution which may contain anti-oxidants, buffers,

10

20 bacteriostats and solutes which render the formulation substantially isotonic with the
blood of the intended recipient; and aqueous and non-agueous sterile suspensions which
may include suspending agents and thickening agents. Excipients which may be used
for injectable solutions inclade water, alcohols, polyols, glycerine and vegetable oils, for
example. The compositions may be presented in unif-dose or muiti-dose containers, for

25 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.

30  The pharmaceutical compositions may contain preserving agents, solubilising agents,
stabilising agents, wetting agents, emulsifiers, sweeteners, colourants, odourants, salts

(substances of the present invention may themselves be provided in the form of a



dosages to be used. 10 Such compositions may be formulated for human
or for veterinary medicine. The present application should be interpreted
as applying equally to humans as well as to animals, unless the context
clearly implies otherwise. According to a third aspect of the present
invention, there is provided an antibagly to a 15 lactone or lactone-derived
signal molecule secreted by gram-negative bacteria for use in causing
autolysis of gram-negative bacteria. According to a fourth aspect of the
invention, there is provided the use of an antibody to a lactone or
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gram-negative in a subject, in which the antibody causes autolysis of the
grafhifiy%tive bacteria which infect said subject. The treatment may be
prophylactic or may be in respect of an existing condition. 25 The

antiody will.usually be s ied as part of a sterile, pharmaceutical
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to a patient), as described above. 30 ay be provi unit dosa
forflosgRsJeMeNRE-be provided in a sealed container and may be
provided as part of a kit. Such a kit of parts would normally (although not
22 necessarily) include instructions for use. It may include a plurality of
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patients suffering from cystic fibrosis. Furthermore, as the methods of the
invention are directed particularly at bacterial cell signalling molecules,
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selective pressure exerted on bacterial populations to develop resistanceé
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According to a fourth aspect of the invention, there is provided the use of an antibody
to a lactone or lactone-derived signal molecule secreted by gram-negative bacteria in
20  the preparation of a medicament for the treatment of an infection of gram-negative in
a subject, in which the antibody causes autolysis of the gram-negative bacteria which
infect said subject. The treatment may' be prophylactic or may be in respect of an

existing condition.

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

desired method of administering it to a patient), as described above,

30 It may be provided in unit dosage form, will generally be provided in a sealed container

and may be provided as part of a kit. Such a kit of parts would normally (although not
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reduce bacterial infection by bacterial killing, and to reduce the
pathogenicity of survivors. This can include inhalation of the antibody in
an aerosol by cystic fibrosis patients to increase life expectancy. 15 In yet
another embodiment conjugates of cell signalling molecules to
immunogenic proteins can be adminjstered to individuals or patients in
order to stimulate an immune response against the lactone signalling
molecule resulting in the generation of neutralising antibodies. 20 In yet
another embodiment alternative methods can be applied to the removal of
baatesiadaeidfl) dethsignalingimolecules famihadided efirafiatiehtandting dosage
vie\fv to modulatlng the pathogenicity and virulence of infecting
micro-organisms, and reducing bacterial loads by inducing programmed
cell death. This can be achieved 25 with other natural receptors or

molgeLigsiRASeH 8l W%M%elaﬁpﬁ@tmﬂ&ﬁ SRR IARIRRC,SI08) chronic

molecules, Alternatively non-natural receptors can be applied such as
géﬂﬁﬁé&ﬂt‘?ﬂ@ JJSePHRENIARS MY TEEMStbrAG R of particular

alr%dwgmhlmtmmq&&mwmmmthgé?mﬁgﬂ@deﬁwaﬁemods of
weight bio- molecules such as rt et n ster
IO A (SR EATUTL fupacigogs ool REleR B R spod no

23 priyatlgnothe berrbad reibntthesebesplorensiilizeoceiatyive pressure exerted
% b H%r?aqt%é' &1%% ?&%%ﬁob?rg&%& Eg‘%hgglc-‘g el signalling

e into that Is no ger recognise e target organism,

10Wh|ch then perceives an excess of PQS signal molecule relative to AHL

15

20

25

30

(lacgpeygisns/ mﬁ»}esw@&mﬁd&a@a anqthesempadineny hranibadiiste and

used 'in one or more of the above appllcatlons In comblnatlon orin
corfBtRcRiBRARHAL GieriRe piRctrgirbIlinge 28 iBistitca Jls duihagenicity of
additivevaend gnhanaaddnesapedticoreainheaatichie aime aérdhslBgsmilibrosis

0o_ . . .
patients to increase life expectancy.

In yet another embodiment conjugates of cell signalling molecules to immunogenic
proteins can be administered to individuals or patients in order to stimulate an
immune response against the lactone signalling molecule resulting in the generation

of neutralising antibodies.

In yet another embodiment alternative methods can be applied to the removal of
bacterial cell-cell signalling molecules from the blood of a patient with a view to
modulating the pathogenicity and virulence of infecting micro-organisms, and
reducing bacterial loads by inducing programmed cell death. This can be achieved
with other natural receptors 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 stercids (Whitcombe et al.,1995; Ramstrom et al., 1996;
Rachkov et al., 2000).



The antibodies (or equivalent) of the present invention could be

administered to treat bacterial infection, or used as a preventative

measure for those at high risk of infection. In the case where infection
already exists, the antibodies may be administered alone or in

combination with anti-bacterial antibadies or antibiotics or 15 other
anti-microbial treatments. Administration of anti-AHL antibodies in
conjunction with other therapies may allow the use of shorter courses or
lower doses_of therapeutics, so decreasing the risk of resistance arising
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an antibody to a lactone or lactone-derived signal molecule secreted by
Pseudomonas aeruginosa bacteria so as to cause an imbalance in the
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population of the Pseudomonas aerugjnosa bacteria. 30 In one preferred
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of anatiieetian. of Pseudomonas aeruginosa bacteria in a subject, said 24
method comprising administration to the subject of an antibody to a
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10

of therapeutics, so decreasing the risk of resistance arising and improving patient

compliance.

20  Preferred features for the second and subsequent aspects of the invention are as for the

first aspect mutatis mutandis.

In one preferred embodiment, there is provided a method of causing autolysis of a
population of Pseudomonas aeruginosa bacteria, said method comprising
25  administration to the population of an antibody to a lactone or lactone-derived signal
molecule secreted by Pseudomonas aeruginosa bacteria so as to cause an imbalance
in the ratio of acyl-homoserine lactone (AHL) signal molecule to Pseudomonas
quinolone signal (PQS) signal molecule in the environment of the population of the
Pseudomonas aeruginosa bacteria.
30
In one preferred embodiment of the invention, there is provided a method for the

- treatment of an infection of Pseudomonas aeruginosa bacteria in a subject, said



Other objects, features and advantages of the present invention, including
but not limited to related applications in plant and animal hosts, will be
apparent to those skilled in the art after review of the specification and
claims of the invention. 15 It will be apparent to those of ordinary skill in

the art that the compositions and meghods disclosed herein may have
application across a wide range of organisms in inhibiting, modulating,
treating or diagnosing disease or conditions resulting from infection. The
compositions and methods of the present invention are described with 20
refenethod tecoRpeistignadnsgmetingirtostiebathiast within theibodgpetenteiohe or
on j kill i t ' intoo les
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antibodies Hap2 and Hap 5 binding to dDHL-BSA in the presence of free

S IDHfeUHEIY ISTRITERITERI225 Figure 2 shows the dramatic

reduction of viable animal-passaged Ps. aeruginosa PAOL1 in the

presence of single-chain antib Hap2 on ice ov minutes. The
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to a PBS control. Figure 4 shows bacterial loads of viable P. aeruginosa
10witt#hHBR Droodstream from 10 tail bleeds taken at 24 h post infection
during survival studies. Viability of 24 h post infection is significantly
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15 '
It will be apparent to those of ordinary skill in the art that the compositions and
methods disclosed herein may have application across a wide range of organisms in
inhibiting, modulating, treating or diagnosing disease or conditions resulting from
infection. The compositions and methods of the present invention are described with
20  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.

25
Description of Figures

Figure 1 shows a competition ELISA of the anti-AHL single-chain antibodies Hap?2
and Hap 5 binding to dDHL-BSA in the presence of free dDHL and BHL
30  respectively.



15 Figure 5 shows the survival times of mice in the pulmonary infection
model. N=6 per group. *P<0.01 and +P<0.05 longer for indicated group -
than for PBS negative control. 20 Figure 6 shows bacterial loads from tail
bleeds taken at 24 h post-infection from survival studies and bacteriology
studies combined. N=12 per group, *3<0.01 and +P<0.05 lower for
indicated group than for PBS negative control. Dashed line represents
detection limit of viable count assay within blood. 25 Figure 7 shows
bacterial loads from lung airways (BAL fluid) at 12h post-infection N=6 per
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15 conjugated antigen were further screened for the ability to bind to free
dDFguor freleows the survival times of mice in the pulmonary infection mode}, N=6 per

15

group. *P<0.01 and +P<0.05 longer for indicated group than for PBS negative

control.

20 Figure 6 shows bacterial loads from tail bleeds taken at 24 h post-infection from
survival studies and bacteriology studies combined. N=12 per group, *P<0.01 and
+P<0.05 lower for indicated group than for PBS negative control. Dashed line

represents detection limit of viable count assay within blood.

25  Figure 7 shows bacterial loads from lung airways (BAL fluid) at 12h post-infection
N=6 per group. *P<0.01 and +P<0.05 lower for indicated group than for negative
PBS control. Dashed line represents detection Hmit of viable count assay within lung

airways.

30  Figure 8 shows Bacterial loads in hung tissue at 24 h post-infection. N=6 per group,
*P<0.01 lower for indicated group than for PBS negative control. Dashed line

represents detection limit of viable count assay within lung tissue.,



BHL by competitive binding ELISA. Two clones, designated Hap 2 and
Hap 5, were isolated that could be inhibited in binding to dDHL-conjugate
in the presence of free dDBL (Hap 2) and free BHL (Hap 5) (Figure 1). 20
Example 2: Pseudomonas aeruginosa viability assay Ps. aeruginosa
clinical isolate PAO1 was passaged ixfemale BALBIc mice (Charles
River, approximately 30 days old) by intra-peritoneally injecting 50
microlitres of overnight PAO1 broth culture containing approximately 5 x
108 CFU as determined by serial plate dilutions. After 24 hours a blood
sample was collected from the retro 25 orbital plexus and the PAO1 isolate
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20  Example 2: Pseudomonas aeruginosa viability assay

Ps. aeruginosa clinical isoiatc PAOL was passaged in female BALB/c mice (Charles
River, approximately 30 days old) by intra-peritoneally injecting 50 microlitres of
overnight PAQ1 broth culture containing approximately 5 X 10® CFU as determined by
serial plate dilutions. After 24 hours a blood Wéample was ‘collected from the retro-
25  orbital plexus and the PAQ1 isolate was recovered from the blood culture. Isolates
were confirmed as being P. aeruginosa by Gram staining, colony morphology and
pyocyanin production. Aliquots of bacteria were stored at ~70°C and when required,
were thawed rapidly, harvested by centrifugation and resuspended in 50 microlitres of
sterile phosphate-buffered saline (PBS) or sterile PBS containing Hap2 antibody at a
30  concentration of 37.5 pM. Aliquots of bacteria were placed on ice and serial dilutions

in PBS were plated out on blood agar base plates at various time-points (0, 20, 40



orbital plexus and the PAOL1 isolate was recovered from the blood culture.
Isolates were confirmed as being P. aeruginosa by Gram staining, colony
morphology and pyocyanin production. Aliquots of bacteria were stored at
-70C and when required, 20 were thawed rapidly, harvested by
centrifugation and resuspended in stgrile phosphate-buffered saline
(PBS). Serial dilutions of bacteria in PBS were plated out on blood agar
base plates for viable cell enumeration. Plates were incubated overnight
at 37C and colonies were counted to determine viable bacterial numbers.

25 PEEe fiRrise oA AP SR EXaIdeAT, Sutii SPlaneh %8s fomed t

WeRRIREAERIONS i Rafiechek aneavaake Poadulkiesgle BALB/c mice
(approx. 4 weeks old) per treatment group were lightly anaesthetized

using 2.5 % (v/v) halothane. An infectious dose of 1.0 x 107 CFU PAO1
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etermination of bacteraemia using viable
cellwere confirmed as being P. aeruginosa by Gram staining, colony morphology and

pyocyanin production. Aliquots of bacteria were stored at ~70°C and when required,
20 were thawed rapidly, harvested by centrifugation and resuspended in sterile
phosphate-buffered saline (PBS). Serial dilutions of bacteria in PBS were plated out
on blood agar base plates for viable cell enumeration. Plates were incubated overnight

at 37°C and colonies were counted to determine viable bacterial numbers,

25 For the first pulmonary infection experiment, survival and bacteraemia were
monitored over a period of one week. Six adult female BALB/c mice (approx. 4
weeks old) per treatment group were lightly anacsthetized using 2.5 % viv)
halothane. An infectious dose of 1.0 x 10" CFU PAO1 resuspended in sterile PBS or
PBS containing antibodies was administered into the nares in a total volume of 50 pl.

30  The infectious dose was confirmed by plating out serial dilutions on blood agar base
plates for viable cell enumeration. Five treatment grbups were monitored; the first

group were infected with PAOI suspended in PBS alone; the second group were



enumeration on BAB plates (Figure 4). Treatment with either Hap2, Hap 2

mixed with HapS or gentamycin significantly reduced the levels of viable

P. aeruginosa within the bloodstream at 24 h. 20 In order to determine

experimental endpoints, symptoms (weights, condition, behaviour) were

monitored frequently for 168 h post igéection, and mice were culled prior

to reaching, or upon reaching, a moribund state. The post-infection times

at which each animal was actively culled were recorded and used as a

measure of "survival'. Animals that survived the 7 days of the infectious
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timanssriiss by fimpdyinisoringarioeb el & B Fikteriology in

blood (Figure 6), bronchoalveolar lavage

At 24 h, a small volume of blood was removed from the tail vein of each mouse using

15 a1 ml insulin syringe (12.7 mm) for determination of bacteraemia using viable cell
| enumeration on BAB plates (Figure 4). Treatment with either Hap2, Hap 2 mixed
with Hap5 or gentamycin significantly reduced the levels of viable P. aeruginosa
within the bloodstream at 24 h. |

20 In order to determine experimental endpoints, symptoms (weights, condition,
behaviour) were monitored frequently for 168 h post infection, and mice were culled
prior to reaching, or upon reaching, a moribund state. The post-infection times at
which each animal was actively culled were recorded and used as a measure of
“survival”. Animals that survived the 7 days of the infectious process were assigned

25 an arbitrary survival time of 168 h for statistical analysis (Figure 5, Table 1). All
infected mice lost weight during the first 3 days post—infecﬁon, but animals that
survived the bacterial challenge then recovered and their weight returned to baseline
by 1 week post infection. This trend was not affected by treatment with any of the
antibodies or gentamycin. Survival times of the mice were significantly increased by

30  treatment of the mice with Hap 5, Hap 2/Hap5 or gentamycin. One mouse from the
Hap 2 and Hap2/5 treatment groups survived infection.
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(BAL) fluid (Figure 7), and lung tissue (Figure 8). Data from blood analysis
were combined with that from the survival experiment (Example 2) in
order to increase 15 statistical validity. In this case viability of P.
aeruginosa in the bloodstream was significantly reduced by treatment
with Hap 2, Hap 5, or gentamycin. Bagterial loads in BAL fluid and blood
were determined by viable cell enumeration using serial dilutions on BAB
plates as before. Viability of P. aeruginosa in the lung 20 airways (BAL
fluid) 12 h postinfection is significantly reduced by treatment of mice with
Hdpablddp 5, or gentamycin. Bacterial loads in lung tissue were
determined by removing, weighing and homogenizing the lungs in 5 ml
sterile PBS using an electric tissue homogenizer, then 25 plating out

séngédihdiend on BAB plates for viablegelvemumerdiion. Similar trends in
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Five treatment groups of 6 mice were infected as described above, and given identical

regimes of PBS, PBS plus antibodies or gentamycin, Two time-points (12 h and 24 h)
were selected for analysis of bacteriology in blood (Figure 6), bronchoalveolar lavage
(BAL) fluid (Figure 7), and lung tissue (Figure 8). Data from blood analysis were
combined with that from the survival experiment (Example 2) in order to increase
statistical validity. In this case viability of P. aeruginosa in the bloodstream was

significantly reduced by treatment with Hap 2, Hap 5, or gentamycin.

Bacterial loads in BAL fluid and blood were determined by viable cell enumeration
using serial dilutions on BAB plates as before. Viability of P. aeruginosa in the lung
airways (BAL fluid) 12 h postinfection is significantly reduced by treatment of mice
with Hap 2, Hap 5, or gentamycin.

Bacterial loads in lung tissue were determined by removing, weighing and
homogenizing the lungs in 5 ml sterile PBS using an electric tissue homogenizer, then
plating out serial dilutions on BAB plates for viable cell enumeration. Similar trends
in the reduction of bacterial load were observed in the lung tissue examined 24 h
postinfection (Figure 8), although only the Hap5 and gentamycin groups achieved

statistically significant reductions in bacterial loads.



Brint and, Ohman 1995 J. Bacteriol. 177 (24): 7155-7163 20 Reimmann et
al., 1997 Mol. Microbiol. 24 (2): 309-319 Winzer et at, 2000 J. Bacteriol.
182 (22): 6401-6411 Gambello and Iglewski 1991 J. Bacteriol. 173 (9):
3000-3009 Latifi et at, 1995 Mol. Microbiol 17 (2): 333-343 Passador et
al., 1993 Science 260: 1127-1130 25;pearson et at, 1994 Proc. Natl.
Acad. Sci. USA. 91(1): 197-201 Winson et al., 1995 Proc. Natl. Acad. Sci.
USA. 92 (20): 9427-9431 Pesci et al., 1997 J. Bacteriol. 179 (10):
3127-3132 Toder et al., 1991 Mot. Microbiol. 5 (8): 2003-2010 Gambello
et at, 1993 Infect. Immun. 61 (4): 1180-1184 30 Ochsner et al., 1994 J.

Bacter| 7 44- 4 S t Proc, Natl, el
92 ?(%%5%5%‘31 4 SL%%%Eetraﬁ.ﬁ,R%g S .ch‘lﬂ%%gb%ﬁ%gﬁgé?sﬁ%%%{égg‘fﬁ £l
Winteadandattreo0f SheamarsticbEdR Smyiva0aseys 1weesenatysed 1wdny Mann-
Proguiatl, B0@dsSai SARE: 142223 Resiekelial s 2I044Ar9% value of
Natl. Acad. Sci. USA 101 (5): 1339-1344 Diggle et at., 2003 Molecular
S MicrBR Rty Fsertdgred s At acRivSERHIERSt. 2004 FEMS Microbiol. Letters
230: 27-34 McKnight et al., 2000 J. Bacteriol. 182: 2702-2708 Burns et
aI.,}%Oél J. Infeig:t Dis. 183: 444-452 Singh et al., 2000 Nature 407:
76 TSR IEB 2000 Microbiology 146: 2481-2493 10 Wu et at., 2004
Microbes and Infection 6: 34-37 D'Argenio et at., 2002 Journal of
Bagtegi .0481-6489 Guina et at., 2003 Proc. Natl. Acad.
sﬁ?&g%btl%?@%%?m Manefield et al., 1999 Microbiol. UK 145:
1028#$.38%.6%pletski et aC2dB0 MBL. Plant Microbe. InterfEkesakb37-648
15 KehderrandMistainedR75 Nature 256: 495-497

WO 01/26650 April 2001 University of Nottingham
WO 01/74801 October 2001 University of Nottingham
WO 92/01047 - October 2001 Bonnert et al.

15 Other References
Williams et al., 1996 Microbiol-UK. 142: 881-888
Stintzi et al., 1998 FEMS Microbiol Lett. 166 (2): 341-345
Glessner et al., 1999 1, Bacteriol. 181 (5): 1623-1629
Brint and, Ohman 1995 J. Bacteriol. 177 (24): 7155-7163
20  Reimmann et al., 1997 Mol. Microbiol. 24 (2): 309-319
Winzer et al., 2000 J. Bacteriol. 182 (22): 6401-6411
Gambello and Iglewski 1991 J. Bacteriol. 173 (9): 3000-3009
Latifi et al,, 1995 Mol. Microbiol 17 (2): 333-343
Passador et al., 1993 Science 260: 1127-1130
25  Pearson et al., 1994 Proc. Natl. Acad. Sci. USA. 91 (1): 197-201
Winson et al., 1995 Proc, Natl. Acad. Sci. USA. 92 (20): 9427-9431
Pesci et al., 1997 1. Bacteriol. 179 (10): 3127-3132
Toder et al., 1991 Mol.. Microbiol. 5 (8): 2003-2010
Gambello et al., 1993 Infect. Immun. 61 (4): 1180-1184
30  Ochsneretal., 1994 J, Bacteriol. 176, 2044-2054
Pearson et al., 1995 Proc. Natl. Acad. Sci. USA 92 (5) 1490-1494
Latifi et al., 1996 Mol. Microbiol 21 (6): 1137-1146



10

15

20

Roitt et at, Immunology second edition (1989), Churchill Livingstone,
London. Dougall et al., 1994 TibTech 12: 372-379 McCafferty et al., 1990
Nature 348: 552-554 Huston et al., 1993 Int. Rev. Immunol., 10: 195-217
20 32 Applicant's or agent's file P38S~SwOfivCB
IntemationalapplicationNo. referenggnumber INDICATIONS RELATING
TO ADEPOSITED MICROORGANISM (PCT Rule 13bis) A.
Theindicationsmadebelow relate
tothemiaoorganismreferredtointhedescription onpage 17 line 21 It.

| DBt @AT) QN0 FDERaBITLBY (B dopdstid
argidensifipdepanadditanalehretNagrajgeppsitagyinstimtion NCIMB Ltd

Address of depositary institution (including postal code and country) 23 St

MEREFE B iibe RBARee N2t A48k Feicks i Biddiadiddit
AcsasHonbiumier M IMATEMEeRBDIGHY R 41)168-63 ADDITIONAL

INDICATIONS (leave blankifnotapplicaue) [his information is continued
o DA A OREEP R O BRBNATE D UTAIES FOR WHICH
INRIEATRHD 2 514 BIBOABHE @lok iR¥didlrbd@notforalldesignatedSmtes)

In ﬁ%%iseé:tt ag]fva%&{lﬂejsiﬁ]@gﬁg%@%@ 3%@ such action is possible and to

the extent s legally “permissible under the law of the designated
Stateght dsale GRS HNAtMRE &7 5263pI6%f the deposited biological material be

magg vailabim e g Ssie shereabto an independent expert, in

accordance with the relevant patent legislation, e.g. EPC Rule 28(4), UK
Pa%%?%l@@%%?@é%ﬂiﬂ@ﬁ?ﬁga% ‘btj’;]& Australian Regulation
3.25(8)cemd genermip Simital pf@dsiatsory lais(Mtanslissiroany other

INDHEE O S AN AT bl 1 2L 22 eted below il
beMuhsfidibet 1. 18N Micatibd aUBUEa1244t8P spe4t5'th: ge,nul
NagEIRoRNG U SBRHGASE PraACKRRHAR. Interact., 13, 637-648

Kohler and Milstein, 1975 Nature 256: 495-497

Roitt et al, Immunology second edition (1989), Churchill Livingstone, London.

Dougall et al., 1994 TibTech 12: 372-379

McCafferty et al., 1990 Nature 348: 552-554

Huston et al., 1993 Int. Rev. Immunol., 10: 195-217



Number of Deposit) Forreceiving Officeuseonly
ForInternationalBureauuseonly This
sheetwasreceivedwiththeinternationalapplication El This
sheetwasreceivedby the International Bureauon: Autiwrizedofficer -
Authorizedofficer Form PCTFRO/13# (July 1992) 33 BUDAPEST
TREATY ON THE INTERNATIONAL RECOGNITION OF THE DEPOSIT
OF MICROORGANISMS FOR THE PURPOSES OF PATENT
PROCEDURE Haptogen Ltd INTERNATIONAL FORM Polworth Building

F@@@@%WE@EIPT i st E OEWMC@WP@#NNE DEPOSIT
ADBérdeeniss

DEPOSITARY AUTHORITY identified at the bottom of this page NAME
AND ADDRESS OFDEPOSITOR L IDENTIFICATION OF THE
MICROORGANSRFHdER LI R P AT e B R PR TS ion
number given by the DEPOSITORcINEERNATIONAL DEPOSITARY
AUTHORITY: Escherichi coli NCIMB 41167 XLI -Blue G3H5 IL

COLENTIELC r\ECf"DIDTIf\I\I I\I\InlﬁD DDﬁDﬁCEh 'I'I\Vﬁl\lﬁl\lll("

TN TTH TS S NTT 1 TNTNLOITOIT TITVITT

D ésmﬁw hf‘ﬁwemlranmlt&%ndl?rﬁa 'ﬁ?grr’hmfﬁw ‘?%élu SoRar | above was

d %wm:-mnr(]:A arml\n?ﬁ!g Cross \I\IhPI’F\ annllra%ﬁgﬁpﬁﬁsﬁgﬁglﬁi 73?\1‘8““““" X1

R PRITCE i G kational Depositary Authorlty accepts the
icroorganism identified under | above, which was received by it on 18

Matehs 2003 40ate:0hineayenal Aepass)’

23 St Machar Drive
Aberdeen

AB24 3RY
Scotland

Date of deposit AccessionNurober
18 March 2003 ’ ) NCIMB 41167

C ADDITYONAL INDICATYONS (leave blank if not applicable} This informationiscontinued on an additional sheet D

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE(if the indications are not for all designated Siates)

in respect of all designated States ta which such action is possible and to the extent that it is legally
permissible under the law of the designated State, it is requested that a sample of the deposited biological
material be made available only by the issue thereof to an independent expert, in accordance with the
relevant patent tegislation, e.g. EPC Rule 25(4), UK Patent Rules 1995, Schedule 2, Paragraph 3, Austratian
Regulation 3.25(3} and generally similar provisions mutatis miutandis for any other designated State.

E. SEPARATE FURNISHING OF INDICA ' YYONS {leqve blank ifnot applicable)

The indications listed below will be submitted to the international Bureau later {specify the genernl nanire of the indicarions e.g.,, "Aocession
Number of Deposi™)

- Forreceiving Officeuseonty For Intzrnational Bureauusconly
i 5] This sheetwasreceived with the international application D This sheetwas received by the International Bureau on:

Authorizedofficer . Authorized officer

P Yicem

Form PCTRO/M34 (Tuly 1992)



IV. RECEIPT OF REQUEST FOR CONVERSION The microorganism
identified under | above was received by this International Depositary
Authority on (date of the original deposit) and a request to convert the
original deposit to a deposit under the Budapest Treaty was received by it
on (date of receipt of request for cof¥ersion) V. INTERNATIONAL
DEPOSITARY AUTHORITY Name: NCIMB Ltd., Signature(s) of person(s)
having the power to kgRisserLhe -/ hlesnatieartaenqsitary Authority or of
authorised officiaéshakirgD. plruipEPAtY FIsIORSRMEEHar Drive,
Aberdeen, Date: 27 NEt¢H 2 0%?fm&?anﬁuwmre Rule 6/4(d)
z{apa@emlaa such date is the date on which the status of International
{PolvPepBeidry Authority was acquired. Form m BB 638% paRdvé) 34 Applicant's
F"“‘é‘iﬂéﬁ’ent s file Intemationalapplication NEEGERETINEBROLADRY AN ORIGINAL DEPOSIT
Abe¥EE78WOINCB INDICATIONS RELATINGIE EASENOSITER sormorrry
MICROORGANISM (PCT Rule 13bis) Adeditet matirdationstnesge below
relatetothemicroorganismreferredtointihedescription onpage 17 ,tine 21
and line 22 B. IDENTIFYCATIONOFDEPOSIT Fur herdeposits

amldent|5eg%§{3§/g)qm§gpal sheet Nameofdeposnarymstlmtlon NCIMB Ltd
L Md@ﬁ’&?‘%@i@“ﬁ%‘é’?@é@?ﬁ%ﬁﬁ“%Y Scotland Dateordeposn

ACcessionNumper

Identification reference given by the Accession number given by the

DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Escherichi coli NCIMB 41167

XLl —Blue G3HS

1L SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

. {The microorganism identified vader [ above was accompanied by:
: D a scientific description

a proposed taxonomic desigaation
(Mark with a cross where applicable)

I,  RECEIPT AND ACCEPTANCE

This Intemanona} Depositary Authority accepts the microorganism identified under I above, which was received by iton
18 March 2003 (date of the original deposif)f

IV.  RECEIPT OF REQUEST FOR CONVERSION

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

(date of the original deposit) and a requést to convert the original deposit to a deposit under the Budapest Treaty was reccwed byit”
on (date of receipt of request for conversion)

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB L., Signature(s) of person(s) having the power to represent the
International Depositary Authority or of authorised
ofﬁclal(s)

Address:23 St Machat Drive, "’ """'{-*"* 2’“ !\f A

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

Where Rule 6/4(d) applies, such date is the date on which the staitus of International Depositary Autherity was acquired.

Form BP/4 (sole page}



1 B March 2003 NCIMB 41168 C. ADDITIONAL INDICATIONS (leave
blank line applicable) This information is continued on anadditional sheet
Il DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (lithe
cationrarenotforalldesigmiedStates) In respect of all designated States to
which such action is possible and to*he extent that it Is legally
permissible under the law of the designated State, it is requested that a
sample of the deposited biological material be made available only by the
issue thereof to an independent expert, in.accordance with the relevant

pEIBARIgRTANBh, .9 PERGWRulecBs(4)| TR PAENTRURs 1995, Schedule

2, Paragraph 3, Australian Regulation 3.25(3) and generally similar
provisions mutatis mutandis for any other designated State. E.

SEPARATEFU T |f otapplicable)
The indications%gf%tﬁ\ll% %e%ﬁg#%%% ﬁﬁg{}lterna ional Bureau

later (apecifythe geneminarureoftii€\drldieg, Acoesslan Number of
Deposit") ForrecelvingOfficeuseonly For International Bureau use only

S R S Y N T e R R R A 13
hisshiaetwasreceivedbythefntemational Buaddmei2 Authorizedofficer

= >

N RERH AHGesebEebRF 1 P C 1TROTL34 (IOl 1902 0okl A hareobat s [%] |

')I_LT\/ f'\l\l JHE IMNMNTERMATIOMAL- REFCOCNITION - O T r\EDnCIT

TN TT T TIN T L I\TYAAT TOUOUINNALC N\ L U OUONTT IO OT LI ) iy = g |

WS?(SB&&“/&“&%M@“#QR TILE PURPOSES OF PATENT
ROCEDURE Haptogen Ltd Polworth Building INTERNATIONAL FORM

Q

DresterhitbREGEIRT Nk M-CAGHE @fAN ORIGINAL DEPOSIT

¥58¥reéd pursuant to Rate 7.1 by the AB25 2ZD
mTIONAL DEPOSITARY AUTHORITY identified at the bottom of
i$99%5% NAME AND ADDRESS OF DEPOSITOR 1. IDENTIFICATION
THE MICROORGANISM ldentification reference given by the

SO0 Z2> N0

CeEsEt number given by the AccessionNurmber
18 March 2003 NCIMB 41168

C. ADDITEONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet D

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifthe indications are not for all designated Stases)

In respect of all designated States 1o which suich action is possible and to the extent that it is legally
permissible under the law of the designated State, it is requested that a sample of the deposited biclogical
material be made avaliable only by the issue thereof to an independent expert, in accordance with the
relevant patent legisiation, e.g. EPC Rule 28(4), UK Patent Rules 1985, Schedule 2, Paragraph 3, Austrafian
Regulation 3.25(3} and generally similar provisions mulatis mutandis for any other designated State,

E. SEPARATEFURNISHING OF INDICATIONS {leave blank gfuotapphcab!e)

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

Forrecelving Officeuseonly ForInternational Burcau useonly
B/Thas sheetwasreceived withtheinternational application D This sheat wasreceived by the International Bureay on:

A.uﬂxorizsdofﬁccr Authorized officer

P Trea,

Form PCT/RO/134 (July 1992)



DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Escherichia coil NCIMB 41168 G3B12 II. SCIENTIFIC DESCRIPTION
AND/OR PROPOSED TAXONOMIC DESIGNATION The microorganism
identified under | above was accompanied by., a scientific description a
proposed taxonomic designation ( rk with a cross where applicable) HI.
RECEIPT AND ACCEPTANCE This International Depositary Authority
accepts the microorganismyicteniifieohumstentmboveruhich was received

by it on 18 MarcReSq e TR AR R O PRGN MRE CEIPT OF

REQUEST FOR CONVERSION The microorganism identified under |
Haplanladyas received by this Internationa, RenasigyAdtherity on (date of
P"“’tﬁ‘@"%‘l&‘?ﬁ'&l deposit) and a request to ¢onvert the original deposit to a
Fors ﬁ{g&osn under the Budapest Treaty was RECEREH B Sh HaieoFretetpt o
Agggfzmuest for conversion) V. INTERNA DAL DER@SIFARIYY AUTHORITY
| AUTHORITY Name: NCIMB Ltd., SigrjaltiP8fe) 0 HereBi(Sy réving the
power to represent the International Qepositary Authority or of authorised
official(s): Address:23 St Machar Drive, Aberdeen, Date: 27 March 2003
ABZ4 3RY N&mlamgbﬁyhere Rule 6/4(d) applles such date IS the date on

BP}ﬁEIZmo 8A€age§§ghgpp |cants or agents file P38578WOINCB
IntemationalapplicationNo. referencenumber | ICATIONS RELATING

T@%{b“éﬁtﬁgﬁé’ﬁMCROORGAle et R A BB AR Y AUTHORITY:

Escherichia coli NCIMB 41168
G3Biz

i SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
D a scientific description
2 proposed taxonomic designation

{Mazk with 2 cross whers applicable)

. RECEIPT AND ACCEPTANCE

This futernational Depositary Authority’ awep!s the microorganism identified under I above, which was received by iton
18 March 2003 (date of the original deposit)’

V.  RECEIFT OF REQUEST FOR CQN"V'BRSION

'The microorgamism identificd undet [ sbove was received by this International Depositary Authority on
{date of the original deposit) and 2 request to convert the original deposit to 2 deposit under the Budapest Treaty was received by &t
on {date of receipt of request for conversion)

V. INTERNATIONAL DBPOSITARY AUTHORITY

Name: NCIMB Lid., Signature(s) of person(s) having the power to represent the
International Depositary Authority or of authorised

offtcial(s): O/
u*‘\.,.—(xd
Address:23 St Macher Drive, LA L/ ——1\

Aberdeen, Date: 27 March 2603
ABZ4 3RY,
Scotland.

Where Rule 6/4(d} applics, such date is the date on which the status of International Depos:tary Authority was acquired.

t

Form BP/4 (sole page)



A. Theindications madebelowrelatetothemicroorganismreferredto lathe
description onpage 17 ,line 22 B. IDENTIILCATIONOFDEPOSIr
Furtherdepositsareidentifiedonan additional shect
Nameofdepositaryinsdtution NCIMB Ltd Address of depositary institution
(including postal code and county) #3 St Machar Drive Aberdeen AB24
3RY Scotland Dateofdeposit Accession Number 18 March 2003 NCIMB
41169 C. ADDITIONAL INDICATIONS(leave blankiinotapplicable) This
infarmation is continuedonanadditionalsheet D_D. DESIGNATED
SEBIES BRI HCHIRIIEARIBNS ARERTABEhS
indieationsarenotforaUdesignatedSYates) In respect of all designated
States to which such action is possible and to the extent that it is legally

permissible und g{ mg g gisgs ?}g Hﬁé {ed that a
sample of the deposﬂ@ bio oglcalg?ﬁgaﬂtena (gkaval able only by the

issue thereof to an independent eXgertleliizatcordance with the relevant
patent Ieglslatlon e. g EPC Rule 28(4) UK Patent Rules 1995 Schedule

V= hala gl Ino thmaitt oAl +o thn o ol D
I IIIUIbGlIUIID II LCU UCIUVV VVIII T DUUIIIILLCU I.U uirc IIII.CIIIGLIUIIQ.I IJUI\,uu

d@iﬂé”a‘é{ﬁe%ﬁghﬁeofthe ththmtimueg, Accersio,i Number of
ep05|t") ForreceivingOfficeuseonly Forlnternational Bureauuseonly

D
Thisshee twasrecenedviththel ntemdafienalapplication

Tbh %ﬁ;@&wﬁ?’ecelvedbythelntemattonal Bureauon: Authorizedofficer
Alisareadofficer Form PC1IRO/134 (July 1992) 37 BUDAPEST
TREAT¢ ON THE INTERNATIONAL RECOGNITION OF THE DEPOSIT
OFE MICROORGANISMS FOR THE PURPOSES OF PATENT

PREFCEPYRE Haptogen.Ltd INTERNATISRALEEORM
18 March 2003 NCIMB 41189

C. ADDITIONAL INDICATEONS {leave blank ifnot applizable)  Thisinformationiscontinued onanadditionatsheet ||

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE{if the indications are not for all designated Seates}

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

E. SEPARATEFURNISHING OF INDICA TIONS fleave blank ifnorapplicable}

The indications listed below will be submitted to the International Bureas later {specify the genernl nature of the indications e.p,, "Accessiont
Number of Deposit™)

I 3 Forreceiving Office useonly For Intamational Bursan use only
i 5 ‘Fhis sheet wasreceived with the intemational application D Thissheet wastecetved by the Intermational Bureau on:

Authorized officer Authorized officer

P Tvzen

Form PUT/RO/N34 (July 1992)



Polworth Building Fdresterhill RECEIPT IN THE CASE OF AN ORIGINAL
DEPOSIT Aberdeen issued pursuant to Rule 7.1 by the AB25 2ZD
INTERNATIONAL DEPOSITARY AUTHORITY identified at the bottom of
this page NAME AND ADDRESS ©F DEPOSITOR I. IDENTIFICATION
OF THE MICROORGANISM ldentification reference given by the
Accession number given-by,ihe DEPRRHRRMNGERNATIONAL
DEPOSITARY AtdbhEI@RIN ¥ rEsciredcnarcsRMHIBMI 169 03G2 [4
SCIENTIFIC DESCRIFFISRRERE SR EROPOSED TAXONOMIC
HaptoblERIGNATION The microorganismiidentified under IR%[bove was
polwoaBEampanied by. a scientific descriplidh & Proposed raxonomic

Fdreiltdtééignation (Mark with a cross where HARPEE] PRIGENDDEPOSIT
Aber

itoalliez
ABZS%‘%)CEPTANCE This International DepEaFNTAL AR T e ey
microorganism identified under | abojeqevihich: trdstrectheeeby it on I8

March 2003 (date of the original depgsit)' V. RECEIPT OF REQUEST
FOR CONVERSION The microorgariism identified under | above was
L‘—ﬂ?Céi‘v‘@d‘t}T‘X‘rﬁiWary Authority on (date of the original

deposit) &a&gﬁeﬁhest to convert the original deposit to a depaosit under

L tHeERUUeYESt FrEd WaSTYELERed by it on (date of receipt of request for

——conversion) ViINTERNATIONALC DEPOSITARY AUTHORITY Name:
1denti@VBditdej-Sigmature(s) of person(gyda q@ { 10 repiesent the
PEFYRtEfhational Depositary Authority or 0 Ea%g;%lorgieé official(s)-. Address:23

Eseiatibtachiar Drive, Aberdeen, Date: 2 iidagahi2003
G3G2

I SCIENTIFIC DESCRIPTION AND/OR PROFPOSED TAXONOMIC DESIGNATION

The mictoorgatisn identified under I above was accompanied by:
D' a scientific desceiption’

a proposed taxonomic desigration

(viark with a cross where applicable}

I RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorgauism identified onder 1 sbove, which was received by iton
18 March 2003 {date of the original deposit)’

IV.  RECEIPT OF REQUEST FOR CONVERSION

| The microorganism identified under [ above was received by this International Depqsitm'y Authority on . )
| {date of the original deposit) and a request to convert the original deposit to 2 deposit under the Budapest Treaty was received byit
on {date of receipt of request for conversion)

V. INTERNATIONAL DEPOSITARY AUTHORITY

. Name: NCIMB Lid., Sigiamrds) of person(s) having the power fo represent the
’ International Depositery Autherity or of authorised
official{s): .
) " ot ‘ il M d

Address:23 St Machar Diive, el /DQ 1"”“”""
Aberdeen, Date: 27 March 20063 .
4B24 3RY,
Scotland.

' Where Rule 6/4¢d) applics, such date is the date on which the status of International Depositary Authority was scquired.

Form BP/4 (sole page}



AB243RY, Scotland. Where Rule 6/4(d) applies, such date is the date on
which the status of International Depositary Authority was acquired. Form
BP/4 (sole page) 38 ApplicanPs or agenes fife lu=nation] aplicationNo.
tefeteocenumber P38578WOINCB | DICATIONS RELATING TO A
DEPOSPI'ED MICROORGANISM @CT Rule 13bis) A.
Theindicationsmadebelow relatetothemicroorganismrefeaedto
inthedescription onpage 17 line 22 B. IDENTIFICATIONOFDEPOSIT
= f agent's 2 i i ddi'rinlnmchpaipf o
fehepositaryinsKATEGITRBIAB Ltd Addrest of depositary institution
(including postal rode and country) 23 St Machar Drive Aberdeen A824
3RY Scotland Dateofdeposit AccessionNumber 18 March 2003 NCIMB
41170 C ADDITIQhALINDIGATIRNG s PiapkiinaERalicagie) This
informationiscontinuedonanadditionalsheet D. DESIG TATES
FORWIHCH INDICATIONS ARE ARt
h4cmionsarenorforaldesignoredswes) In respect of all designated States

tq whichisuch-aclicn &SI G ARG, exieDbanat 1T 15 Tegatty

pErntes thexdesi -iS requested that a
spenpievofthadepesiadbiological material Re.Made AVAARIE QRNDY; ‘D-

EE[R1sTI(To) M oN=10N i&g%)ggdcni expertinmaccordance-with-the—relevant
pptent legislation, e.g. Rule 28(4), UK Patent Rules 1995, Schedule
p

2} Paragraph 3, Australian Regulation 325(3) and generally similar
rOVISTOh St L trfdir Foredry eter designated State. E.

\ RINISHINGOFINDICATIONS(leaveblardcifnotappfrcable)
Thesmdiations listed below wiU be submitted to the international Bureau

S [i H mon H
I8P liB&4rytiregnrero(rmnaeofrheu~auionseg" "Accnsion Number of
Jeposit”)
ate: of depbsit Accession Nurober
18 March 2003 NCIMB 41170

C. ADDITIONAL INDECATIONS (leave blank ifnot applicable) Thisinformationis continued on an additionalsheet | ]

b. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE {if the indicovions are not for all designated States)

tn respect of all designated States to which such action is possible and to the extent that it Is legalty
permissible under the law of the designated State, it is requested that a sample of the deposited biclogical
material bo made avallable only by the issue thereof to an independent expert, in accordance with the
teievant patent legisiation, e.g. EPC Rule 28(4), UK Patent Rules 1995, Schedule 2, Paragraph 3, Australian
Reguiation 3.25(3) and generally similar provisions mutatis mutandls for any other designatad State,

E. SEPARATE FURNISHING OF INDICATIONS (leave blank ifnot applicable)

The indications listed below wilt be submitted to the Interaational Burean intor ify the indicati " k
K o Dot {specify the general ratiwe of the indications £.2., “Accession

3 Forreceiving Office useonly For Intemational Bureau useonly
Thissheet wasreceived with the intermational application [] This sheet was received by the International Bureau on:
Authorized nﬁicerp) Authorized officer

Form PCT/RO/134 (Taly 1992)




FormceivingOffice useonly ForlntematonalBureauuseonly
7Thissheetwasreceivedwith theinternational application [J This sheetwas
receivedbythelntemational Bureauon: Authorized officer Authorized officer
P1 Cfeefn Form PCf/RO/134 (July 1992) 39 BUDAPEST TREATY ON
THE INTERNATIONAL RECOGNITfON OF THE DEPOSIT OF
MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE
Haptogen Ltd PolworttoBrsitatieg: ARTdnR ANHONALORORM Foresterhill
RECEIPT IN THECASEIOED ErSiT &berdeen Issued
pursuant to Rule 7.1 by the AB25 27D INTERNATIONAL DEPOSITARY
HﬂP&&@ffHé)RlTY identified at the bottom pf this,p E,AND ADDRESS
r‘;@ﬁ [ﬁﬁlﬁ‘&%ITOR 1. IDENTIFICATION OF THE MICROORGANISM

Abe}@gﬂtlflcation reference given by the AccESS E ﬁﬁmh&feﬁ BYfEL DEPOSTT

ABDBEROSITOR INTERNATIONAL DEPO ST RATIEMRIE XY AUTHORITY

Fseherichia coli NCIMB 41 170 G3113
AND/OR PROPOSED TAXONOMIC [
identified under.| above was accompa

'ﬂ‘i“g’f,"lEN‘l*’l‘T‘i‘fB“ﬁE“S@RIPTION
DESIGNATION The microorganism
hied by. El a scientific description a]

a proposediisxaaoBiigdesignation (Mark with a cross where applicable)

R o Y el el U 2 1

SAPDJ:DTA NOE-Thic

ntarratl

L T IDERNTETCA Tioﬁbﬂ‘{fxﬁmb&
accepts the mlcroorganlsm

] nonnelfary Allfhnrlf\l

Fatakel
rrll\J II nerrmaatruTrTaad IJbPU\J

entified under | above, which was recelved

Identx cation reference given by the
DEPOSITOR:

Escherichia coli

iton IS March 2003 (date of the ori

glnal denpos@
cession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:

NCIMB 41170

G3H3

I SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganismm identified under I above was accompanied by:
D a scientific description
a proposed taxonomic designation

{Mark with a cross where applicable)

{19 RECE[PT AND ACCBPTANCB

This Internatienal Depositary Authority accepts the microorganism identified under X above, which was received by it oa
18 March 2003 (dats of the original deposit)!

IV.  RECEIPT.OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International Depositary Authority on
(date of the original deposit) and a reqirest to convert the original deposit to a deposit under the Budapest Treaty was received by it
on. (date of receipt of request for conversion)

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Ltd., Signature(s) of person(s) having the power to represent the

International Depositary Authority or of authorised

e rtnce WM,_,_

Date: 27 March 2003

Address:23 St Machar Drive,
Aberdeen,
AB24 3RY,
Scotland.

Where Rule 6/4(d) applies, such date is the date on which the status of Intemational Depositary Authority was acquired.

Form BPF/4 {sole page)



IV. RECEIPT. OF REQUEST FOR CONVERSION The microorganism
identified under | above was received by this International Depositary
Authority on (date of the original deposit) and a request to convert the
original deposit to a deposit under the Budapest Treaty was received by it
on. (date of receipt of request for conversion) V. INTERNATIONAL
DEPOSITARY AUTHORITY Name: NGB Ltd., Signature(s) of person(s)
having the power to represent the International Depositary Authority or
ofagthansesl official(s)://,," Address:23 St Machu Drive, Aberdeen, Date:
27 March 2003 AB24 3RY, Scotland. Where Rule 6/4(d) applies, such
date is the date on which the status of International Depositary Authority
wasl acquiredinForm BPhddsdlepage) AQ0IGHANS bopulanovited grethoegative

of causing %Ri%?%%iﬁo%f&BBBE&@Q&%%E%%H‘l%g?t’ii%’ﬁoﬁﬁ‘gﬁ%ﬂ%’f%ﬁigntibody to a

method comprising administration to the population of an antibody to a 5

Jactistont fadtemacdiived sigramabiade gerdhyRByigragatve fatigaa so as to

bactgria sg astieAUSenahimbalangeniibedatioRihrmessrigedactabReule to
(HL) signal molecule to quinolone si}gnal QS) signal molecule in the

envifORR JEMRE (SOPURASh BP R G A SBSfvISAL ehile ey pription of the
methaehaselaimbsetiaralaim 1, in which the homoserine lactone (HL) signal
molecule is a homoserine lactone molecule with a formula selected from

the group consisting of: O H O N(CH2)n (CH3) Formula (I) ~/Y Il O O
2, A method as claimed in claim 1, in which the homoserine lactone {HL) signal

molecule is a homoserine lactone molecule with a formula selected from the group

consisting of:

O
O\D/ NW(CHz)” \(CHS} Formula (I}
O

0
N (CH,)n
ob/ W 2 \(CHS) Formula (1I)
o O

Formula (IiI)

15

wheren=01to 12.

3. A method as claimed in claim 2, in which the homoserine lactone molecule of
20 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.



10

5

20

IN(CHZ)n O (CH3) Formula (Il) © O OWN(CHz)n CH Formula (lll) (31

O OH 15 where n =0to 12. 3. A method as claimed in claim 2, in which

the homoserine lactone molecule of 20 general formula (1) is
N-butanoyl-L-homoserine lactone (BHL) where n =0, N-
dodecanoyl-L-homoserine lactone (dDH where n = 8 and

n-tetradecanoyl-L- homoserine lactone (t HL) where n =10. 41 4. A

method as claimed in claim 2, in which the homoserine lactone molecule

of general formula (I1) is N-(-3-oxododecanoyl)-L-homoserine laetone

(GdDH L)“&Wh@i@drﬁ&@aﬁnbﬁréiﬁaiﬁmhéxano&h)eb “herhosexadnationae molecule of

method as cl n claim 2, in. whi .
h%é%n\% aﬁé?o mo e%ufg % Bg%?nera ?(;m? %IO ﬁ?)mne lactone %%HEHL} where
N3 hyaiokyberahoydptyhembsensetacioneit BN Wwheherar=-02.10 6.

A method as claimed in claim 2, in which the lactone signal molecule is
OdDlI IL and/or BHL. 7. A method as claimed in any preceding claim, in
which thé gustisidne Jijnald (@ SksigRaimelectithishamoletud afgenarabeule of

foﬁ@%@i@@mﬁ?& 'ﬁﬁﬂgh Pb%ydéoxybutdnoyl) L-homoserine lactone (HBHL) where

n=74,

6. A method as claimed in claim 2, in which the lactone signal molecule is
OdDHL and/or BHL.

7. A method as claimed in any preceding claim, in which the quinolone signal

(Q8) signal molecule is a molecule of general formula (IV):

Ry
R,

Xin
R,
wherenis | to 7,
Ryis =0, or -H,
Ry is ~OH, or —H, and

Rj is —H, or alternatively, the nitrogen atom (N) is unsubsituted.

o 8. A method as claimed in claim 7, in which the quinolone signal molecuie of

general formula (TV) is



R3wherenis1.to 7, R1lis =0, or-H, 20 R2 is -OH, or -H, and R3 is -H,
or alternatively, the nitrogen atom (N) is unsubsituted. 8. A method as
claimed in claim 7, in which the quinolone signal molecule of general
formula (IV) is 25 42 0 OH 2-acyl-3-hydroxy-4-quinolone N (XZn/\1 H 9.
A method as claimed in claim 8, in which the 2-acyl-3-hydroxy-4-quinolone
is 2-heptyl-3-hydroxy-4-quinolone 5O GH \NN | H 10. A method as
claimed in any one of claims 1 to 9, in which the gram negative 10
bacteria is Pggudomonas aeruginosa and the ratio of bacterial signal
molecules is - oserine lactone (AHL) signal molecule of formula

)t qumolone signal (P (%S) | molecule.
met one of claims 1 %,Yféqm T%ﬂ%‘éng Oﬁ}?odles
are %drm antibodies, or fragments thereof.
E
H
9. A method as claimed in claim §, in which the 2-acyl-3-hydroxy-4-quinolone is

2-heptyl-3-hydroxy-4-quinoione

5
O
OH
N
H
10, A method as claimed in any one of claims 1 to 9, in which the gram negative

10 bacteria is Pseudomonas aeruginosa and the ratio of bacterial signal molecules is
acyl-homoserine lactone (AHL) signal molecule of formula (I) to Pseudomonas

quinolone signal (PQS) signal molecule.

1. A method as claimed in any one of claims 1 to 10, in which the antibodics are

I5  monoclonal or polyclonal antibodies, or fragments thereof.

12. A method as claimed in claim 11 in which the antibody fragments are single

chain antibody fragments (scAbs).

20 13, A method as claimed in claim 12, 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.



12. A method as claimed in claim 11 in which the antibody fragments are
single chain antibody fragments (scAbs). 20 13. A method as claimed in
claim 12, in which the single-chain antibodies (scAbs) are G3H5, G3B12,
G3G2 and/or G3H3 deposited as NCIMB-41167, NCIMB-41168,
NCIMB-41169, NCIMB-41170, respectively. 43 14. The use of antibody to

a lactone or lactone-derived signal molggule secreted by gram-negative
bacteria in the preparation of a medicament for the treatment of an

niepgon ohram Beaiveacteria e oslugagae'qul@gﬂ e RO, seoreed
causes autolysis of t r in-negative bacteria w ich inte tsal

5 15 RHRSTRR e Y PR WAL s AiEATR e
S|gh%ﬁe%@ve@lﬁléfi§fal}%ﬁ‘i6§e‘?ﬁ%efﬁ’ctﬁhé riehsstle it i ForbRuii dedi teguses
fromuthy gsauphcgnsistigiofs e @hizknif@id 3)ifFerbpeda (1) O O rN
5(CHz)n O~ (CH3) Formula (Il) O O O ON~ (CH2)n ~(CH3) Formula (111)

10 @OH ‘ﬂhﬁr@d@ FAtedld- &QIJIGMAMSO@!}%(’E@WQ%EQJ@'I%%% '&W&ngnai
the hOan%elilsnSJ {%%gggeermngqac%lﬂlg 10 qgr\%llt@%n}gr m%)[j selected from the grou
N- butanony homoserine lactone &? lewhere n=0 group
dod®B5HEYE Pihomoserine lactone (dDHL) where n = 8 and
n-tetradecanoyl-L- homoserine lactone (tDHL) where n = 10. 20 17. A use

as clai ne edi |n claim 15, in WhICh the homoserine lactone molecule of

0 W (CH,) Formula (I)

8]
N (CH. N
Ob/ W ? \(CHs) Formula (1)
0] Q

O .
O&NW(CHQW \(CHS) Formula (HI)
O OH

wheren =0 1to 12.

10

15 16. A use as claimed in claim 15, in which the homoserine lactone molecule of
general formula (1) is N-butanoyl-L-homoserine lactone (BHL) where n = 0, N-
dodecanoyl-L-homoserine lactone (dDHL) where n = 8§ and n-tefradecanoyl-L-
homaoserine lactone (tDHL)Y where n = 10.

20 17. A use as claimed in claim 15, in which the homoserine lactone molecule of

general formula (1) is N-(-3-oxododecanoyl)-L-homoserine lactone (OdDHL) where
n = § or N-(-3-oxohexanoyl)-L.-homoserine lactone (OHHL) where n = 2.

25



general formula (I1) is N-(-3-oxododecanoyl)-L-homoserine lactone
(OdDHL) where n = 8 or N-(-3-oxohexanoyl)-L-homoserine lactone
(OHHL) where n = 2. 25 44 18. A use as claimed in claim 15, in which the
homoserine lactone molecule of general formula (lIl) is
N-(-3-hydroxybutanoyl)-L-homoserine lactone (HBHL) where n=0.5 19. A
use as claimed in claim 15, in which thg Jactone signal molecule is OdDHL
and/or BHL. 20. A use as claimed in any one of claims 14 to 19, in which

the W'n0|ﬁn&§'9§]@ﬂa1(1%§)u§|ggﬂ£ m9l%?%1k§1%{@%|&ﬁ%%rmegﬁ&%%| molecule of
formula (IV): 10 R R2 N (XZnA | R3 where nis 1to 7, is=0,0r-H, 1

R2 e Hoppuip (L PR3 %hpqdrsrﬁrt%?ﬂ%éwh%@mwg‘éﬁt%hﬁwgwhm

unsgikgituted. 21. A use as claimed in claim 20, in which the quinolone

signal molecule of general formula (1V) is 20 0 OH
2-acyl-3-hydroxy-4-quinolone N1 (XZn | H
5 19, A use as claimed in claim 15, in which the lactone signal molecule is OdDHL

and/or BHL.

20. A use as claimed in any one of claims 14 to 19, in which the quinolone signal

(Q8) signal molecule 1s a molecule of general formula (IV):

10

wherenis 1 to7,
R;is =0, or-H,
15 Ryis~OH, or ~H, and

Rj is —-H, or altematively, the mitrogen atom (IN) is unsubsituted.

21. A use as claimed in claim 20, in which the guinolone signal molecule of

general formula (IV} 1s

20
0]
OH
1 2-acyl-3-hydroxy-4-quinolone
Xn
H
22. A use as clammed in claim 21, in which the 2-acyl-3-hydroxy-4-quinolone is 2-

heptyl-3-hydroxy-4-quinolone
25



22. A use as claimed in claim 21, in which the
2-acyl-3-hydroxy-4-quinoloneis 2 heptyl-3-hydroxy-4-quinolone 2545 O
OH aN | H 23. A use as claimed in any one of claims 14 to 22, in which
the gram negative 5 bacteria is Pseudomonas aeruginosa and the ratio of
bacterial signal molecules is acyl-homoserine lactone (AHL) signal
molecule of formula (I) to Pseudomonag; quinolone signal (PQS) signal
molecule. 24. A use as claimed in any one of claims 14 to 23, in which the
antibodies arg 10 monoclonal or polyclonal antibodies, or fragments
thereof. 25. Ajuse laimed in claim 24 in which the antibody fragments
singleehainyantibody fragments (scAbs). 15 26. A use as claimed in
whi&:h the bodies (scAbs) are G3H5, G3B12,

~etf iVIB-41167, NCIMB-41168,
NCIMB-41169, NCIMB-41170, respectively. 20 46 0 O N(CHz)n ~'(CH3)
Formula (T) ’C{) 0 rNlIz, O -y(CHz)n (CH3) Formula (Il) O O

23. A use as claimed in any one of claims 14 to 22, in which the gram negative
5 bacteria is Pseudomonas aeruginosa and the ratio of bacterial signal molecules is
acyl-homoserine lactone (AHL) signal molecule of formula (I} to Pseudomonas

quinclone signal (PQS) signal molecule.

24, A wvse as claimed in any one of claims 14 to 23, in which the antibodies are

16 monoclonal or polyclonal antibodies, or fragments thereof.

25. A use as claimed in claim 24 in which the antibody fragments are single chain

antibody fragments (scAbs).

15 26. A use as claimed in claim 25, in which the single-chain antibodies (scAbs) are
G3H5, G3B12, G3G2 and/or G3H3 deposited as NCIMB-41167, NCIMB-41168,
NCIMB-41169, NCIMB-41170, respectively.

20



0 O I(CHz)n ~(CH3 | Formula (Il) 0 OH wheren=0to 12. 529. A use
as claimed in claim 28, in which the homoserine lactone molecule of
general formula (1) is N-butanoyl-L-homoserine lactone (BHL) where n =
0, N- dodecanoyl-L-homoserine lactone (dDHL) where n = 8 and
na-tetradecanoyl-L- homoserine lactone (tDHL) where n =10. 10 30. A use
as claimed in claim 28, in which the homoserine lactone molecule of
general formula (Il) is N-(-3-oxododecanoyl)-L-homoserine lactone
(OdDHY.) where n = 8 or N-(-3-oxohexanoyl)-L-homoserine lactone

(OHH Whgre n=2. 1. Ause as claimed in claim 28, in which the
homwsetijne Fag@e/mo uie-gfrgeneral formuld PPyl

N-(-3 roxygutanoyl)-L-homoserine lactone (HBHL) where n=0. 32. A
use as claimed in claim 28, in which the lactone signal molecule is OdDHL
20 and/or BHL. 47 33. A use as claimed in any one of claims 27 to 32, in
which $he quinolone signal (QS) signal molecule is a molecule of general
form IVN.R ~ IN:H;)X)Q R35wherenis1to 7, R,is=0, or-H, R2
is -OH, of --H,Jand R3 is -H, ofditernatively, the Hitrown(Blom (N) is
unsubsituted. ©

O N
N CH
Oé/ W( " “N(eHy) Formula (ITI)
O OH

where n = 0 t0 12,

10

15

20

29, A use as claimed in claim 28, in which the homoserine lactone molecule of
general formula (I) 1s N-butanoyl-L-homoserine lactone {BHL) where n = 0, N-
dodecanovl-L-homoserine lactone (dDHL) where n = & and n-tetradecanoyl-L-

homoserine lactone (tDHL) where n = 10,

30. A use as claimed in claim 28, in which the homoserine lactone molecule of
general formula (I} is N-(-3-oxododecanoyl)-L-homoserine lactone (OdDHL) where
n = § or N-(-3-oxohexanoyl)-L-homoserine lactone (OHHL) where n =2.

31. A use as claimed in claim 28, in which the homoserine lactone molecule of
general formula (I} 1s N-(-3-hydroxybutanoyl)-L-homoserine lactone (HBHL) where
n=90.

32, A use as claimed in claim 28, in which the lactone signal molecule is OdDHL

and/or BHL.



10 34. A use as claimed in claim 33, in which the quinolone signal
molecule of general formula (1V) is 0 OH 2-acyl-3-hydroxy-4-quinolone N
(X~ H 15 35. A use as claimed in claim 34, in which the
2-acyl-3-hydroxy-4-quinolone is 2- heptyl-3-hydroxy-4-quinolone O OH N
H 20 48 36. A use as claimed in any one of claims 27 to 35, in which the
gram negative bacteria is Pseudomon§§ aeruginosa and the ratio of
bacterial signal molecules is acyl-homoserine lactone (AHL) signal

molegule af formuila, () 4o B%‘ay%gm@man%mql@@@ SHONRIAPES) SINRHe signal

molecule. 5 37. A use as claimed in any one of claims 27 to 36, in which
the &MipbRigaisc ol AT EF poRFERAHImFodIEs, or fragments
thereof. 38. A use as claimed in claim 37 in which the antibody fragments
are single ch%i]n 10 antibody fragments (scAbs). 39. A use as claimed in
claim 38 in which the single-chain antibodies (scAbs) are G3H5, G3B12,

wherenis 1 to 7,
R; 15 =0, or -H,
R; is ~OH, or --H, and

R; is ~H, or alternatively, the nitrogen atom (N) is unsubsituted.

10
34. A use as claimed in claim 33, in which the quinolone signal molecule of
general formula (IV) is
O
OH
! 2-acyl-3-hvdroxy-4-quinolone
X)n '
H
13

35. A use as claimed in claim 34, in which the 2-acyl-3-hydroxy-4-quinolone is 2-

heptyl-3-hydroxy-4-quinolone

O

20



40. The use of an antibody to a lactone or lactone-derived signal molecule
secreted by gram-negative bacteria in the preparation of a medicament for
the treatment of an infection of gram-negative in a subject, in which the
antibody causes autolysis of the gram-negative bacteria which infect said
subject. 20

10

5

20

48

36. A use as claimed in any one of claims 27 to 33, in which the gram negative
bacteria is Pseudomonas aeruginosa and the ratio of bacterial signal molecules is
acyl-homoserine lactone (AHL) signal molecule of formula (1) to Pseudomonas

quinolone signal (PQS) signal molecule.

37. A use as claimed in any one of claims 27 to 36, in which the antibodies are

monoclonal or polyclonal antibodies, or fragments thereof.

38.  Auseas claimed in claim 37 in which the antibody fragments are single chain

antibody fragments (scAbs).

39, A use as claimed in claim 38, 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.

40. The use of an antibody to a lactone or lactone-derived signal molecule
secreted by gram-negative bacteria in the preparation of a medicament for the
treatment of an infection of gram-negative in a subject, in which the antibody causes

autolysis of the gram-negative bacteria which infect said subject.



