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the invention 5 The present invention relates to nethods for
controlling and treating bacterial infections in patients. The

i nvention provides for the application of therapies based upon, in
the preferred enbodi nent, innunoglobuHin or i mmunogl obulin-Iike
receptor nol ecul es that have affinity*and specificity for acyl
honoserine | actone signalling nolecules involved in the processes of
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mol ecul es, the {gGeRNAE BORRIRRCIAS duirdr YN IR IRrELF 16U BA IR ar
concentrati ons of norecures VOTVET T 1T envIiTon [-SENnSIng_ a

virul ence in Pseudononas aerugi nosa, and in so doing can induce a
process of rapi (autolysis) within bacterial popul ations.
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any way |imt (‘Iluqoq 3 Qﬁtﬁm%ct«é&]% uiddond he present invention. 30 Ps.
aerugi nosa is an b g %t ogen that causes urinary tract
infections, respiratory systeminfections, dermatitis, soft tissue

i nfection bagt riety of systemcmfectlons
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3 Ps. aeruginosa can usually be isolated fromsoil and water, as well
as the surfaces of plants and aninmals. It is found throughout the
worl d, wherever these habitats occur, so it is quite a "cosnopolitan”
bacterium It is sonmetinmes present as part of the nornmal flora of
humans, al t hough the preval ence of col gnisation of healthy 5

i ndi vi dual s outside the hospital is re?atively | ow (estimates range
fromO to 24 percent depending on the anatom cal locale). In
hospitals it is knomm to colonise food, sinks, taps, nops,
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i nfections havBedesterinmds inntoriewselot ity @atugl desistant td npny weithidtice atergo the
and dietar 15@ [ [ ng
for 60% al %/5 d ?Iﬁ&%&lt?l’v%aﬁﬁl-se%%rn @Ff@n%\gﬁl%ﬁéo g‘?ﬁsg]gafsl en e?&n}e fe
reason for t hepavf@wlﬁf|dmg350us)ﬁndlteadafépaﬂglmsélspstStthlaiemmtoppbnhacsxfaaes
diverse battery of V. I i nc e e LasA
pr ot ease, al kal i né”%?%t fggds{erﬁ%ﬁatgrﬁgtcgisn]d@% Nléus E’ bg%{&s éog‘zp%ﬁg%fls &
twi tchi ng not |ﬂlniubwﬂcsmsewrlta|nntu(a1/\h1ibﬂiahmh6eqoﬂahwng meocw@pn mithitheebacgli, |
1998, d essner,g} ;&9@51 PYOLY

Rei ramann et azfc 01@9 an uﬂe tcyt ggggpéﬂ%%ﬁ%stgé@ﬂegn%%x 1 y
(W nzer et2Q] OCC%OQ)anhbiﬁthSSMvmwné‘md?matasmnyn@fnt@hes@mq uristice
det ermi nants ) 1Sl @GR REGstRlce Haﬁ,rmnﬁ&b&) &ﬁw@szstaﬂceafrsﬁkér Factors (RTFs),
densi ty- dependent nanner through quorum sensi ng. . aerugl nos
possesses two anél precaiy dettensigre dhestaennn b metany 0§yfb@ émtenaiamce,%sqsh@f

las 5 and rhl o f X2 p@gﬁ

LasRl ( Ganbel |%¥‘§L&8‘i§ﬁ%‘§r§°ﬁf@§% @QBI %T‘Q #t%%ﬂky Lat i ,
1995) respect i Rsspdpmopass vncaidmcﬂt@rqqﬁ@ol@%wn@smxwdsmw@ommdmn these
(Passador & alnitiotd3e JPEfEMe %fra:ﬁ’ét -al chr%z%@g AORLEASn IR Ioerﬁ%rﬁﬁ gnd
the synthesis of C4-HSL (Wnson e ., 1995). The las and

systens are t m&ckgmcﬂ%arémgﬁeqlhefﬁecw@ma}a@ms mp@tqﬁveaprygmg.gagn’?@qﬁmns
exerts transcriptmamglor @aﬁg%mmﬁmﬁ infBAibRs @Yéﬁ'a&,ﬁzﬁsﬁcs% 1];|1u£t -dramatiaslly

Pesci et al., 1997). The transcriptional activator nctions |n
conj uncti on V\nlilHSt@l“eé)Ué)G)@E‘ZﬁWS ?@emgmnwlléaﬂ h%W@mF@@W&ﬁmef—‘ frgected

genes encodi NGy Pk stdiPindd i 4b RRERnIABLARG Ha%‘ét%d ehaAhASE apkiAG resistance,
prot ease, al kaline protease and exotoxin A (Ganbello & Iglewsl &

1991, Todel0 etsusgeptibiligdetingpfipljaicilgsolatesds mandapas, Pear son et al .
1994) as well as lasl. Elastase is able to 15 cl eave col | agen, IgG
and |1 gA anti bodi es, conplenent, and facilitates bacterial adhesion

:‘




5 for its role in quorumsensing. Later research has reveal ed the
structures of a series of HAQ s that are synthesised and secreted by
Ps. aerugi nosa, sone of which are also inplicated in cell-to-cell
comuni cati on systens. One of these, 2-heptyl-4- hydoxyqui noline
(HHQ is thought to be secreted by cells during growh phase, taken 5
up by adjacent cells and converted into PQS at |ate growh/early
stationary phase, and subsequently rel eased as a signal nol ecul e

t hroughout stationary phase (DOziel et al., 2004). This coincides
with the produgd | ; V. is I gl eace
factors such a%t' B%%’%*ﬁ?%‘ %%%iyet%ggc{%ésﬁeﬁ D§%g?ng ‘g%&a%tﬁ%%ég%% of
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regul ati on of quorum sehsing. 25 One of the nobst serious clinical
condi tions induced by Ps. aeruginosa is the destructive chronic |ung
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lungs are infected By the ‘age of three years (Burns at al., 2007).
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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,
' rhammolipids, type IV pilus-mediated twitching motility, pyoverdin (Williams et al,,
1996, Stintzi et al., 1998, Glessner et al., 1999), pyocyanin (Brint & Chman, 1995,



of high cell density (D Argenio a at, 2002). Detailed analysis of a
nunber of these 10 strains revealed that all contained nutations that
resulted in the over production of the PQS quorum sensing signal. The
subsequent introduction of a second nutation that reduced | evels of
secreted PQS, restored the wild type phenotype (i.e. prevented or
greatly reduced autolysis), thus confi#nmng the involvenent of PQS in
the observed cell death. (China et al., 2003) report that the ‘
production of PQS by Ps. aeruginosa 15 can al so be induced by growh
in nagnesiun}linitiggenediunl Toget her wi th expression of other
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30 molecules based on 4-hydoxy-2-alkylguinolines (HAQ’s), many of which show anti-
bacterial activity. First identified in 1959, and later characterised (Pesci ez al, 1999),
2-heptyl-3-hydroxy-4-quinoline was designated PQS (Psenudomonas quinolone signal)



effectively protects agai nst opsoni sation by host antibodies, as
reveal ed by patients with persistent infections having high serum
titres of anti-Pseudononas anti bodi es. The use of auto-inducer mmcs
are limted by the concentrations of nost that are 25 required to
effectively conpete against AHLs for the receptor binding site, and
the possibility of side effects. It is well known that AHLs rel eased
by Pseudononas and ot her bacteria have a nunber of direct effects on
human physi ol ogy. These include inhibition of histam ne rel ease as
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of Killing bacfbie thd@d-HEE Wikdsy QISHER 1NN 3D0HE TUHRIASR, tht Bﬁsbct@lm?
not attack the bacterial cell directly and so.is unlik to lead to

ely.
fesistant st aPRQNS dFRmuBt oF e BRsTerr Hbe s afals 199), ppd it fgrefore seen

treatment of disSRamBorthmbddRPposdaEst tReshibmchitdl Qe%laﬁ_ﬁ@ﬂﬁqubﬁ&iﬁd@hdi@?
provi des for such conpositions. Sunmary of the invention

25 One of the most serious clinical conditions induced by Ps. geruginosa is the
destructive chronic Jung infection of cystic fibrosis (CF) sufferers. Almoét all
patients’ lungs are infected by the age of three years (Burns et gl, 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



30 The present invention provides for nethods for reduci ng nunbers of
t he pat hogeni ¢ bacteri um Pseudont onas aerugi nosa by regul ating the
extra-cel lul ar concentrations of bacterial cell signalling nolecules.
By sel ective renoval (binding or degradation) of 9 |actone-derived
cell signal nolecules, an inbalance in.the ratios of AHL to PQS
signal nol ecules is produced which stihulates rapid cell death (or
autol ysis) of Ps. aeruginosa. Alternatively, PQ nmay be adm nistered
alone or in conjunction with anti-AHL receptors. \Wereas ot her

bacterici dal tﬁﬁﬁétmcﬁgkac%@& ¥ N Zb@ c(gdo ) sen % ?s Q@?éa@l}( 0

the present invention targets extra-cell ecu
order to m ni cde@ﬁfeémﬁf‘dmmﬁtmfeﬁmet(wusﬂ&daEWOhl Hmongspothertcifigets, the
densities, [
such 1t 15 Mt SaaF e Reff SherRRifed Mb 3k Aoty BT BBl n
wll energe. Ie lﬂegeﬁrdﬁhwgﬂx @ffeat fosirigumuag pﬁémnswfbytm@iubn%@nisotywmmobn
there is provi a popul ati on of
gran}negatﬁget@ﬁ%?@?gﬁkgggf d&ﬁﬂagnggﬁg?ﬁ%¥%gﬁggﬁlnistration to the
popul ati on of an antibody to a | actone or | actone-derived signal
nol ecul e secr y i L A
i nbal ance in t‘%gbgcreg‘i ftg&)ag? Elg%gf{ssec\r[?e‘lﬁeg Jggtﬂ%eng§( a?’Pgu}aga %ﬁrﬂ%@ II%’(T:h tﬁ PA? ¢
qui nol one si grid¢ntifiegsytrainsthatl undesivenst ghtolysis (Progeinmed nell deatirender oénditivas
popul ation of ¢ jg&g? v, i T
may be Actlnoba@ﬁﬁlug}act E%fﬁ’%%f%%@&%?%%ﬂga cme?‘%‘%ﬁf Iﬁﬁggﬁkq&%@
baunumi i , 1Borsteine rqvaalgbuhmaélw@mn@‘rm@t&qna th@presul@é n{ﬂw Gmwémcﬂsp of the
Capnocytophag r ri
Francisell a 2%@9%@%5?@8 @iﬂa I%@%ﬁ%%ﬁc@@n % (@aﬁﬁ&ﬁ%ﬂ%m
i nfl uenzae, Hetdusobiayeleof pcyllr@?d PQS(urwg@td the mﬂﬂgtaee pmeegm@bl prevented or
pnewnophila, P C bk

! h@éatﬂg c&ﬁr&ﬂ%ﬁ%&% lihg@con % P verint o §fnqgé‘ﬁﬁs%fve?l a

sp., Escheric a pneuno r ot eus none
enteriditis, &aﬁnﬂeﬁbl Kfémnwml, 2068} yeperi thanthe @e@é@m of Bﬁﬁ &g |Ps.aaemyginosa
Yersini a epy erQealict h& tmaud@f B) BAPSS thaBesNEl BSRE ﬁ@zﬂ&

Nei sseri a neningi t% dglxg 55 NE%\;E\}L ella caa aer?- Ve| I oneﬂllL a s with
Bact er oi des f reagfersian of st éﬁ%ﬁ“@é%ongepgcﬂeﬂPPQSémqsﬁ in jpw mmgmexxd@qaream

sp., Spirillun f&;{l}ﬂ% tdbﬁﬁr@ﬁ%ﬁn%es%Qonmgén@%dH@Q@&nﬁQ' Q%Js&"ﬁ%é in host
Vi brio chol erae bri o parahaenw yticus, Vibrio vul nificus,

Aci net obact er 188§ SIVIORTERE CA0E PRI AT, vipulengel Savinen &oud raggst iss bacteria in
Bur khol deri a cgpagi e R mab&egyg@mpmd&mwmebﬁec%@&}, m@@%géuo et al.,

maltophllla or. Stéenotrophonmonas 30 maltophila. In a preferred

embodi nent20 t Hiehegt Baviiqyay bwaotllcelky died, Fféulﬁéé{i’&b‘ﬁ‘ﬁ?ﬁé%’c%ﬂﬂ@%%@atcd 10

Sui tably, t he POARESH biNEOY amk ARd bRk o8icdfidhe FR)REIHRIIRY BRdiRons. In
honoseri ne | actone nmol ecule with a fornula selected fromthe group

consi sting of :such sifyslipes, § Werld Benefit hanbacterp tporeduce s dupmberp sigrifigantly in

| act one nol ecu:ger@d &ﬁ]ﬂ%ﬁivaf&frﬂ&’sfeﬂ(]ﬁ aRY o2, Mot anoyl - L10
honoseri ne | act one ](DBBL) Wnere n = I\Edodecanoyl L- hornoseri ne

| act one (dDBL) where ri = 8 or n- tetradecanoyl L- honoseri ne | actone

(tDBL) whege na guhBer of d]ﬂ’&crfﬂ@ﬁ?%ﬁés% bl RGPS !18 afkilo ?%’i&@ip@ﬁhcs
formula (11) may be N-(-3- oxododecanoyl)-L- hormserl ne | actone

(CdDHL) wher e fﬁf the dregfmet qr_pIRVSRIPRSK AR diprsgirote infeclomypamis Fpinfeadediig de
(OBT-1L) wher eprBadradging while others are directed at specific types of Psendomonas 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 drag (SLIT) that is hoped will

W

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



The honoserine | actone nol ecul e of general formula (111) may be

N- (- 3- hydroxybutanoyl)-L-honoserine | actone (HEEL) where n = 0. 11
The qui nol one signal (QS) signal nolecule my be a nol ecul e of
general formula (IV) S where n may be 1 to 7, RI may be =0, or -H,
R2 may be -OH, or -H, and R3 may pe -H, or alternatively, the
nitrogen atom (N) may be unsubsituted, in which 10 case the aromatic
ring is further unsaturated. Suitably, the quinolone signal nolecule
of general fornula (1V) may be Preferably, the QS nolecule is

Pseudononas quubepang @Rl ifhiRid)y oncdnt@iBhy LsidmltdheisBX Youfpbsésnohone
2- heptyl-3-hycir xq\l/‘ci4- uinolone 12 In on.e.en‘godl ment of the
i nvention, t hepri‘,fﬁlé nné?gaptgi G EHRC PCRRERNANES e GRS RIRiFHeY ARS £°¥nd

the ratio of b@_ﬁio@erninallacﬁ&ﬁﬁaéndnﬁhﬁwla@fmdaw fof tRe ybaRO O Ofckdient Ps.
| actone (ML) signal mplecule of forpmula (I 2 .t o Pseudononas qui nol one
: ruginosa tnfection. Cream formulations containing amphipathic peptides are also
si gnal aerugino ti C formulati hipathic peptid i
5  being examined as a possible means of preventing infection of burns or other serious
skin wounds. US patent 6,309,651 also teaches that antibodies against the PcrV

virulence protein of Ps. aeruginosa may afford protection against infection.

There is also some interest in the modulation of homoserine lactone levels as a means

10 of controlling pathogenicity. Certain algae have been demonstrated to produce
competitive inhibitors of acyl-homoserine lactones such as furanones (Manefield,
1999), as have some terresfrial plants. These compounds displace the AHL signal
molecule from its receptor protein and can act as agonist or antagonist in AHL
bioassays (Tepletski et al, 2000). Other methods employed to reduce AHL

15  concentration include the development of auto-inducer inactivation enzymes (AiiA’s)
that catalyse the degradation of AHLs and the sequestering of AHL by antibodies
(WO 2004/014423).

There are a number of potential problems and limitations associated with the therapies
20  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-Psendomonas antibodies.
The use of auto-inducer mimics are limited by the concentrations of most that are
25 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
inhibition of histamine release as described in WO 01/26650. WO 01/74801
describes that AHI s are also able to inhibit lymphocyte proliferation and down-
30 regulate the secretion of TNF-oi by monocyies and macrophages, so acting as a
peneral 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



5 (PQS) nol ecule. A growi ng nunber of bacterial species are being
found to communi cate between cells using a variety of small signa

nol ecul es. Gram negati ve bacteria predom nantly use N-acyl honoserine
| actones. The latter are a group of conpounds that share a 10 conmopn
honoserine | actone ring structure and vary in the length and
structure of a side chain. There are tBree classes within the group,

t he acyl -honoserine | actones, the 3-oxo-honoserine |actones and the
3-hyciroxy-honDserine Iactones A single'species can produce and

respond to ne ne cl Pseudononas a i nosa
uses N-butyryl- %o‘%g Srtclﬂ‘il'le 'ﬂd %eﬁgi_a? §-°d é’é‘ﬁﬁlﬁlﬁ S e
15 | actone ( Od@imprc)nnaﬂdcpaubrm Pﬁmunte) nf)mhxoqw ¢20) A rpestShegriabed as a short-term

2 et ot o DRI B R YR ERSEP e 5 bl oo e

condi tions of fesivtameltd antiblodést y t he concentrati on of signal nol ecul e
is 20 correipondi ngly low In high cell densities the |ocal signal

nol ecul e concentration is high. Wen this concentration reaches a

t hr eshol d | eveThat thei pachugmszi ofePy namgibiafil clealoinugeReRal inwalkNiaed by the
vi rul ence and el of .a di sease e the h Bacterial .
signal li ng nol %rcﬁ% 3}05 VBWFTRS %ﬁé&‘éé’of“%mﬁw g&@?ﬁqsé“Fﬁ"fﬂB‘F‘?M?‘ch
they 25 are setiischettriubt dpeywftibe betracellbif] wirhions ﬁytﬁfseﬁqmﬁﬁpﬁoir aillee

to every specnes The n.di.fference et .am negat i v
(gram -ve) bacteid anggla FEHGEOR FgEoNR i]f‘gh%cﬂg@é‘(ﬁﬁ ‘??éte‘%‘éﬂ’d'o %m
positive (& anhom&ndaalattma—tasmmd EQﬂl s‘ig:ﬂn)ncwﬁa]le& aﬁ@ﬂbetuﬁﬁﬁtrﬂ@&nphonal
aerugi nosa is an_ex n@%e of a gf;l ria which us

signal ol ecul BEVRRGPRISHpARESS BB A FRIIESS (S0t OF &
systens. The dvigdew a:mag a&mfdﬁd@sﬂl raleﬁshpdsmad@t fhiRE, | apatd yvetdogde host

resi stance canghe dev ed the mmg.or block and the 'real!

si gnal nol ecul F15° 8 g‘]af’jo ef‘[ﬁeyaanraa%flfeﬁé%ﬁ?%{“ge tF%PO%lilaﬁfBP ﬁ@gacfeﬁ‘a" and
addi tion, somaspbaﬁt@lryltalred&cagbmtehiahgxmmtsecnﬂeesomtgms a&rysie-ésmﬁaefuhih&ts
Iactonesa % nth a ectly
cause mun%ﬁo ésr%%g]?%n sfl%f]t%(%tﬁﬁ % ﬁ’m 16 ftcm\mavﬁélt g’h"tai a&fﬁtgg ?lgtgréfr nce

[ nven]tl on pr ?)vwdlessuﬂmcelhmighdlisg wlmtmm irs erdantto bodhlc?satﬁdihms lsaag&bmﬁh%
actual signa r r n itse | S, approac as
a key and |rrp015{?§§etCEIH %%O%%Q%ée%l&% ‘ﬁ'r% anr éi?/?t%ﬁaélseélfbﬁc#;ts Tk ‘F\e field
in that the bacteria will not recognise 10 that they are bei ng
attacked, they.

wi |l not be an?ﬂgééeis a |v8)é5%e seﬁegé%%eéggﬁ%%%g%gg Ehf‘ﬁ?’cggmm Oet{) SLs
present i n%ntMmtbﬁréJaﬂmﬁﬁ lselt sigolng mgleoulss nvolvddain naﬁegemte tylinethbds
bring about b i .
or ogramed cel | asatt R e B (AL o8 1 uRRH7 RS BO U BY B Blenic
directly tar gebacwaetnetheafme@@hbls fytatgr o enmposition| qrhofnpoundt cagahbaef killing
from existing agﬁgjﬁlg?%gem : %g??g%gin%a? Yot A%t gtt:gcﬁ%heoﬁa%%%gf cell

I nventi on can e p0|
directly and so is unlikely to lead to resistant strains would be of considerable benefit

‘25 to the treatmoent of disease states such as CF. The present invention provides for such

compaositions.
Summary of the invention
30  The present invention provides for metheds 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



nonocl onal anti bodi es. -Pol ycl onal anti bodi es can be rai sed by
stinmulating their production in a suitable animl host (e.g. a nouse,
rat, guinea pig, rabbit, sheep, chicken, 20 goat or nonkey) when the
antigen is injected into the animal. |If necessary an adjuvant may be
adm ni stered together with the antigen. The anti bodies can then be
purified by virtue of their binding to%antigen or as described
further bel ow. Mnocl onal anti bodies can be produced from hybri donas.
These can be formed by fusing nyeloma cells and B-1ynphocyte cells

whi ch produce the desired . antibody in order to forman imortal 25
cell line. Thi is‘@“"i%?*? é’eﬁéﬁ’f“?ﬁg\ﬁaﬁ%@ﬁ?@? %%W?t%ithe fasien AT AEE- ONBRS T e
256 52-55 (1975p)al mbéectind fyesivtadrwitctoshnaildg; APAQen aom (@nRgoReky st pnal
ant i bodi es whi gehmbiglg tAg a ga tiPﬁzgl ar ge;o ein are now wel | devel oped
in the art. Th&y *&FE2ditSEIEREY i i TEn P EaEersthAlaTG 195 & congociRsp kit
for exanpl e i naifeABL retptais, Whereanctha@gyceREQN ettt 8 alrd G Sh the cell to
Churchill Livi %?t?enﬁf bLondon. a\éﬁ% In addition to whol e antibodies,
the present”invent i on PREFETE S VERHOP jess elarribilusienalipg molpaosdapadsr o
of binding to Gntinem envirosnchivenable &S &istain HMEFIphRAR0 RELHEE S.da8 thdyeey
fragments and synt het%c c.glpsﬁr ucés.bg%ggl ges of antjbody fragnents
and synt hetic CONSY Ftcleiar & groRss- 1 2% Toueh Jess Likply thet prainsiesistant
372- 379 ( Sept ewtykr thd894¥ill emedypt | body fragnents include, for exanple,

Fab, F(ab')2 and By fragnents (see Roitt et al [supra]). Fv fragnents
can be nodified to produce a synthetic construct known as a single

chai n Fv ($@Fvicavoliectsl 2firs psct iof GleUgtegntcin @ Bbn, dgerd i id&0Y ple@idli oy
joining VII anéja VI rtéal?i.ogs vvhichh cofntri bute to the stability of the
mol ecul e. The PrEB&AOYHR ¥R ROSHIaE et B HR-Bosfies basieriariaid Teshod Gagpgising
chai n anti bodi sbuinistrasiomisthe peulkibedt sytibelyit6 a LRRSHE bHBESnd-MEhIG PR
pepti des. Thes BLS ri sing antjgen binding

synthetic peptides co i _ o
det er mi nant s. ep§| dsee\éﬁ%fcgﬁgtgfa@g“%ﬁ Vegqa%tﬁn% ‘ifstﬁﬂig"selﬂég’g’%?ee‘&ﬁll‘f‘e@“&r e
usual 'y conf or ofebinoseain¢ jactoas(HLl) siged nolgas ke qiihdlgR SRS igaCmbReule -
structure a, GR.Loop 2 whi ch i nclude antigen-interactive side
chai ns. Syg% heti'c I‘gﬂ%‘%ﬂﬁg{]&ﬁlﬁl’gi’ B OF%EWGE“%%?WW’E&'NDI ecul es.
Thus, for exanple, humanised (or prinmatised) antibodies or
derivatives t eof . ar i thin t.he scope of .the .present inventiqgn. An
exanpl e of a mr%arﬁr %@—35%?\%%? B%aﬁtyen?smﬁﬁ g‘ﬁtgﬁ%’?“ﬂ & A ITHERC OB E o k
regi ons, but rédembatrgpémpamnibBerdetelli porsussiSyBhleeild €p.C Qambyldtekfr ab$0

orovi dos he el Ho6PERi Rl Pimre” SPisli St Hadrerest o

antigen bi #ti nglerares, Scemmihéus Wecrapi eagmopiylub einfluchaleg|Hefieobgcter pylori,

detectable |l a u Sr@a.: . O, radi pactive. lghel) or a
phar maceut i calg%zg%%t ?J\%e(‘éaé%ﬁ‘{’%e#?%g%%ggéd 5 ey g frtiagida %El{”@ﬁfr ap-
si gnal nol ecul &uanbdcteo dp-e Eschienichics cqbiy Eleabsielt pnaumoibe, FrOleisgRt, Salriidhella

target nol ecul g,,.9§:.a I e i ive, to two different carrier
nol ecul es (pr ot (taelrnsn)s’, %‘ﬁ%’%ﬁl‘a ?l;g%}r%%anj ’l’fﬁ’gfzsecﬁm'spg%?ezié ¢En %Iérséﬂ"éo
used. Bact eri adntespogiide, nBirewal pestis, i Neigerier abnoridoeaet deissertd | mdntngitidis,
stinmul ate a0 ixpuoser ngE | Ay r be.used directly gs a
source of antigen far %'t%%g sel eﬂ(;:]etd?gé%ﬁdofsghi Eg?%mar]p |Snij?a ’ghtﬁ‘ﬁﬁ%‘f‘g%’ *Pom
ant i body | i br affeexellaSwl, elbtsplaatentn sapt, | Spordives mipeciéromofaarspt, Wlest@hdnas
signalling 30 gaulsar viher r rred t,o as .antigen' ) is,
carried out inﬁ?ﬁe pref eéb?L gd%&%’ Vb Phrdrfeiyucll) i vulnificus,
Acinetobacter sp., Flavebacterium sp., Pseudomonas aeruginosa, Burkholderia

cepacia, Burkholderia pseudomallei, Xanthomonas maltopkilia, or Stenotrophomonas
30 maltophila. In a preferred embodiment, the gram-negative bacteria is Psendomonas

asruginosa.



enbodi ment using a repertoire (library) of first nenbers of specific
bi nding pairs (sbp), for exanple a library of antibodies displayed on
the surface of filamentous 15 bacteriophage, -Any other systemthat
allows for the selection of specific receptors froma library of
receptors is also applicable for the nmethods of the present
invention. In alternative enbodlnentslglgnal nol ecul e-specific cl ones
can be selected froma panel of antibody secreting hybridoma cel
| i nes generated froman animal imunised 5 with an anti gen conjugate.
For the purposes of a general illustration the exanple of a library
of antibody binding sites displayed on phage particles will be used.
A. conjugate c&m‘rpbﬁysﬁm gomsserit boen EM) mped nic@ec&le&hﬁytt&tﬂ Iridedrink &dctone
nol ecul e, which o2an. Qmﬁ(ﬁmﬁteﬁ 83 pepti de or an atural or
synt heti c conpodnd of | foapyla peleciedizon %g?gpfymﬁ fter as
‘conjugate-1'") is imobilised onto a suitable solid support such as
an chrinunotube'yor mcrotitre plate, and the uncoated surface

bl ocked with a npnspecific bIocking agent such as dried m |k powder.
Sui t abl e conj ugat EHgan., ng! ude, but Fumeulag) linited to
proteins such as_kovi fte serun1a|b n?n (BSA), Keyhol e Li npet

Haenocyani n (KLH), Bovine Thyrogl obulin (T)), Ovalbumn (Ova), or

non- 15 proteins such as biotin. The only restriction on the

sel ection of theyconjugate nolecule is that it be imobilisable in
sonme way and for |nnun|sat|on |s | arge enough to elicit an immune

response: Alipra N of specif ng pairs
(sbp's) ('the I\ hyaryl) appqus ?o 20 the ﬁ%ﬁ%@?@&ged conj ugat e

and incubated for sufP|C|ent time for sbp nenbers recognising
conjugate-1 to bind. Phage not recognising the conjugate are renoved
by stringent wasBhi ng. Phage that remain bound are eluted, for exanple
with triethylam He gy other (gij.tabl e reagent, into a buffer solution
to restore neuty alypHy Retovered ivgge parti cl@Em@zehen infect ed
into a suitable st argaoHsm e.g. E. coli 25 bacteria, and cul tured
to anplify nunbers of each sel ected nenber and so generate a second
"“enriched library. The process is then repeated using the enriched
library to sel @gdre h ey phRge0a®2.bodi es (' phage') recognising the
antigen conjugated to a second carrier protein (conjugate-2). 30

Addi tional rounds are perfornmed as required, the selection process
being altered T hav®ufneSRteRd MORcEé of h@&Rras FOmRITIR eyl RCHDRaBEN -

the free f m of the e are selecte ai nst antigen

conj ugat es s W&OEW%ZWEOBEM&%& n 5 ?{&"ﬁl“%ﬂqyghﬁgmi@nﬁ PRy
and al t er nat i nghett & B 800 R{ttiGEE@Andd1-{ Wasiosriaw RicloabtPHL) @herea&ho.
subsequent round. Bound phage are eluted by incubating with a
solution of free antigen, or antigen conjugated to small sol uble

sel ﬁcL ablhe rmic'fﬁtei Ehsmoﬁ:nge taétoﬁei rinoléc?re %ﬂf@dn@}aeniorﬁl&IﬁE(ﬂ)OEnagbBe nEmieer s
Wi t i gher affi e boun or ant i o, di ssoci at e
5 from the | mgEXeLEATLRRGRTES et DT 5 MG Fiobemost-
antigen ar 5 i nf-dchedrihdibaone. (OEBI) waekhs=F.or anplificati on and
re-selection, and those remaining bound to the i mobilised antigen

di scarded. Alternatively, but less preferably, all antibodies binding
t o conjugate n‘ﬁ;e themedetitaedlaﬁmga odléchlel ofv gehierall Goiniith VI@uahay be N-(-3-
(rmonocl onal ) f.rom eac el ecti.on are screened
for desired bﬁﬁ%ﬁﬁﬁg%ﬂﬁggéﬂgwyﬁ?V% mkﬁﬁﬁgﬂﬁg% e’bepforned by a

vari ety of nethods that will be famliar to those with ordlnary ski |
in the art, an ir nent incl such t i gues as
SPR ( Sur f ace sﬁ%t '%Rgérbaié‘ﬂ%&ﬂ% i“§'Aa° Eﬁ m?ﬁ ﬁ‘ m"?ccu ¢, and is

| t rununo- Sorbapb&ﬁ&gm@@ﬂﬁﬂ&ﬁd&ﬁmmmn criteria mnll include the ability
to bind 15 preferentially to the free soluble formof the antigen in

—4




20 1990; and as described in WD 92/01047). Thus the anti bodi es can be
used for admnistering to patients without eliciting an i nmune
response. In other enbodinents a library can be constructed from an
ani mal pre-inmuni sed with one or nore conjugates of an AHL and a
suitable carrier nolecule. A further ﬁ#ternative is the generation of
hybridoma cell lines froman animal i ni sed as descri bed above. 25
In the latter two cases it is preferable that steps be taken to
reduce the i mmunogenicity of resulting antibodies, for exanple by
creating host i ; k j i J . qggﬁ' td, 0N, by
CDR grafting 5ﬁ?éﬁgk§ﬁ?t 1gagﬂgg%%§§ﬁ%%%2g%%§iascé?.%I : %%%é?ﬂaﬂa
met hods appli d&@ e will include the identification of potential

T-cell epitopes within the antibody, and the subsequent renoval of
these e.g. by site-directed 30 nutagenesis (de-imrunisation). In a
further enbodi ment tke anti body can be engi neered to include constant °
regions fromdifferendt clg@sses of 'human i mmunogl obulin (1gG |gA,
etc.) and prody wfol e anti body molecule in 17 aninmal cells.
In particul ar b§a6§L§ desirabl e where the anti bodi es are
to be used thera ! use of secretory IgA isotype

anti bodi es may be pregferable where intra-nasall aerosol application is
envi saged for exanpleBin the treatnent of Ps. aerugi nosa infections
of cystic fibrosis patients. 5 For the present invention, the

anti body may beheregngey nldb 7or pol ycl onal . The anti bodi es may be human
or humani sed. i f ments or derivatives, such as Fab,
F(ab').sup.2 ggﬁ%%qﬁg¥%€£?gas F(ab')2), Fv, or scFv, may be used, as
may si ngl e- chdfamayver-bdeedl, @8 Ab) such as described by Huston et al.
(1. Rev. | Mgl ool olfictifdt) o HA9Rk acslo® oA inbaslisn, (ARS)
for exanple a sindgle domaln antibody, or antibody-1ike single domain
ant i gen- bi ¥di r@sqtg%ﬁwﬁcslngllwuﬁ%imﬁaﬁﬁﬂﬁ% anti bodi es, anti body
fragments and i nmunogl obul i n-1i ke nol ecul es, peptidom netics or
non-peptide m nmetics can be designed to mmc the binding activity of
ant i bodi es anduitadlndke qyinolanp pignal groliqevie pE gegerat fopmga (&) maagat h) by

nodul ating the extra-cellular ratio of 15 bacterial signal nol ecul es,
suitably the ratio of ABL and PQS signal nolecules. In certain '
preferred embodi ment§ of the invention, the antibodies are scAbs, in
particul ar scAbs gOlgbt ai ned fromE. coil clones designated as
fl-Blue 03115, B 0302 and/ or 03113.2-dye3ah@BLs4-hameloheen

deposi ted at Aberldee (X%§%4¢;on 18 March 2003 under the terns
of The Budapest Yfeaty umnmder e | | owm ng accessi on nunbers: 03115
deposited as NCI | V13- 1167, 03B 12 deposited as NCIM 3- 41168, 0302
deposited as NUMB-41169 and 03113 deposited as NCTMB3-41170. The
strains mays be cultivated in an appropriate growh nmedia such as LB

medi a suppl enmented, wi th _100p. g/ nil rcillin,. tional u e ed
W th 12 Skt enteblh (eGPt b frbiors g le SHRUERsTPERRER
condi tions of BidfexyA-qinolond\nt i body G3B12 is referred to herein as Hap
2 and antibody 0302 is referred to herein as Hap 5 30 After the _
preparation of a suitable antibody, it nmay be isolated or purified by
one of several techni{gjues commonly avail able (for exanple, as
described in Antibodiles: Laborat ory Manual, Harlow and Lane, eds.
Col d Spring Hard yatory Press 18 (1988)). Generally suitable

t echni ques i ncl peptil de or protein affinity colums, HPLC or

RP- HPLC, purifi O -ONM~Protei A-gr~Protein G colums, or

conmbi nati ons of thesel techni ques. Reconbi nant anti bodi es can be
prepared according tdistandard nethods, and assayed for specificity
usi ng proc&dures generally available, including 5 ELISA, dot-Dbl ot
assays etc. Thehemyllegsraaf-dtcdugopmesent i nvention provide a nmeans by




the bacterial population can be induced w thout actually targeting
the bacteria directly, i.e. by targeting extra-cellular signalling
nol ecul es. Such an approach is 10 wi thout precedent. The invention
provi des for an approach to bacterial infection which does not |ead
to the devel opnment of resistance fromthe bacteria. According to a
second aspect of the invention, there ¥% provided a nethod for the
treatnment of an infection of gram negative bacteria in a subject,
said nethod 15 conprising adm nistration to the subject of an

anti body to a | actone or |actone-derived signal nolecul e secreted by
gram negati ve bacteria so as to cause an inbalance in the ratio of
honoseri ne | acirome e(Idedlmsiltgﬁaﬂle mpdntionl| the gxaxrqnﬂgmecbaaeﬁd gap Psdud@hyonas

si gnal m)leculelnthe n atlv bact.eri a.. The
treatment may cBzéugpm(‘)sphy % nefnh%c%“ﬂlte r%%ﬁcé‘l B gﬁ agylhopopgine
condition. 20 llactomj(:fkiﬂn)eiigtmﬂsnomchb afnforalel Y)nwy Pletddr a3 eih 6ionea sighal
phar rraceutlézaqu&gS(rBl ef:‘gl on according to techniqgues known in the field

of nedicine f ‘by admi xing the active ingredient with a
carrier(s), diluent (s) or excipient(s) under sterile conditions.

The phar maceut j cal ) be ad r adm ms ration
any appr opri at% Vﬁ?%%qofoe %ﬁ‘bﬁépeﬁﬁfs 3@85 ?““?‘%%ﬁ”&%‘i“ﬂfd%’ﬁ%%?&’?“‘g%
sublingual ), retigd vaisgfkmall @piabmbieéulmlmﬁlmn@gdmweeﬂitana%wﬂbmﬁm user
transderrnal),,,vaqgi.nal nay ente i ncl udi n cut ane

i ntranuscul ar i ﬁﬁr%ﬁ&?g BNt r@ﬁe]%%ﬁ‘e ﬁW@Bg“pﬁ’gf ghatha
may. be prepar emtninyonahvynminlammdnam@ smnirhmcaﬁéryﬁlf thp enitieedyl strbaiire of 2
exanpl e by adm.xi ng. t 30act di ent wi carrje 0
oxcl i ent {5y oy der Bttt S HUEH GEbollh b therpageine ek Bhos e
conposi tions atapd- mmlndsminedacaineamm %yﬁbxpﬁmmmeaqwnes eAtsagdleapecies
di screte unlts such as cgpsuleg or_t

owder s, or anul es;
as sol utions, & uSeicE, e EHoRd; e e ersaaﬁé%?f% t%}n A%h dﬁif‘Ue%{ﬁ%“%mom
l'iquids; or asaeeahzdtﬁse ufes Almitwyl-holriopaine dactoas (Mﬁ.l], §4ommﬂ¢de&‘aﬂo§(]3h:hmserine

exci pients,for ha I at.i ne capsuj es in 0S €
i 76 ot ar bh arbBE FORED. 8% fhel Bils el ARICE 0B Jabs PRy

Sui t abl e exci pyemtlenefBRS)se with sof t gel ati ne capsul es include for
exanpl e vegetable oils, waxes, fats, sem -solid, or liquid polyols
etc. For the preparation of solutions and syrups, excipients which
may be used i riBhargls iortheaneleqplee anvaimems op ddtsrolimngthd lwalgall ensitn rsucthhbat
preparation of, suspensio | S.+( eget

provide oil-in- wlaét§er o% %tléel'*r’ (,Se}]i gF%%u%%e%%c%r@h&iffnﬁénmgéﬁgl ca
conposi ti o¥s awastpeddingly lew. alnddighnicH | demsitivs iedogahsipuh motegulh eonoeresion d
as discrete paf: i i t

epiderm s of t gbmwpﬁjgsrr%? fi Sé&gﬁg e?)r%ge hgfedriig%dﬁmgg{&%mﬁé&lph&p&
exanpl e, the agﬁmwevqlv@rxe@mémema%ﬂhbensdteiflam@dstme@mhthestpatch by

i ont ophoresis as generally described in Pharmaceutical Research, 3
(6), page 318 (1986). 20 Pharnmaceutical conpositions adapted for
topi cal adni niBaateaial Senaiting misdectlos rglbeing disenyetsil it ensmt Wganisoefenwhich they
suspensi ongs ig S, . ‘e,
aerosol s or m%g Qilg Edf)fr% e?%si gr%qowdﬂlﬁﬂﬁsg)g or’%g?]ﬁgtﬁé 2‘3(%‘2%13%{3&35 The
ti ssues, for exaipliticrrengs hreaibdt glkignem mhgative pam +Ved hecteriaeuygr kdmaserirey

oPDLL o0 35, 8 B BLAIEIL B £EF BB, c] OLIHL el
peptides. Ps. aeruginosa is an cxample 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 paﬂiogenic switching, or on



paraffinic or a water-m scible ointnment base. Alternatively, the
active ingredient may be fornmulated in a creamwith an oil-in-water
cream base or a water-in-oil base. Pharnmaceutical conpositions
adapted for topical admnistration to the eye include eye drops
wherein the active ingredient is dlssq]ved or suspended in a suitable
carrier, 30 especially an aqueous sol vént. Pharnaceuti cal
conp05|t|ons adapted for topical admnistration in the Muth i ncl ude
| ozenges, pastilles and nouth washes. 20 Pharnaceutical conpositions

adapted for regbnga@igi Riisty RbifR HB¥mPeTRY %&ﬁ‘d?:taﬂgge@%fsd’lﬁg%éth%'
or enemas. Pharmaceutical conpositions adapted for nasal

admi ni st rat i orPHIRERS et peistangs sande dpvelopedtoghe mimic g bloekeand theoreals aignal

powder having @olBéid {sCdil Mk ndl il QXATRE Gorl HinkiBe rm@&&u&o sbiffe $Acrial
m crons which is administered in the manner i n which snuff is taken,

i .e. by rapid SERdingmakeulen g AsH- h%@smééqctq@a%%géulﬁmﬁc@rwﬁb@r AwR
of the powder Mgk Cﬁn@&a@ﬁﬁr&é@ ctaﬁlsehﬁﬁ'mﬁlpﬁlﬁpre@ﬂnt(ﬁ'ﬁ‘le%o&?fgjﬁaﬁieﬁﬂ)Ons :
wherein the carrier is a liquid, for admnistration as a nasal spray
or as nasal drops, include aqueous or 0|I solutions of the active

i ngredi ent. 10rrféﬁﬁés%qﬂékﬁ&?dm\9&gﬁﬁ§déﬂoﬁ£‘§m€ﬂﬁ&taﬂgbc;d%& t}é@'ﬂa}gﬁf ﬁ& b&hd1ON

by inhalation include fine particle dusts or msts

gener at ed by nighismefecwia rateas shapyihe selloftsele t B aprawsie hﬁr fek%?quléﬂlomm
aerosol s, nebuldv&RiR RE;r INetidils2t0kST tﬂéﬁaﬁ% mf:fﬁ%bc@@%a WiATBORES draS

adapt ed for vagi nal” adm ni'stration m presented as pessari es,

t ampons, ct®anBat B ¥ bping aliacked, wlﬁ rSH%H:lY dytegt shaniahthey e, alone. There

Phar maceut i cal wHia{p 08 kily RSB RREGE RikisfARdee g raﬁJect@ et ih AntiO are
i ncl ude aqueous and non-aqueols sterile injectio | ution which may

contai n anti - oSFEI e wantageus &) Bat they asaakieto hsg»ga@@ltawr@bhutnéévmﬂ%wg
render the form%na&&eaals%w@&a%f\fxto@lahﬁhea%al 8ahe Niphdlerdchfr Rl afar BHG

i ntended recipient; and aqueous and non-aqueous sterile suspensions
whi ch nay i nc|%éhr§%f§'p@ﬁ&ﬂ REcteEib fEll BAGSHI ¢ 1eienifeapt dsprnse fpRceHstingt s
whi ch may be ugedcdiess. i nj ectabl e sol utions include water, alcohols,
pol yols, glycerine and vegetable oils, for exanple. The conpositions
may be presented in unit-dose or nulti-dose containers, for 25

exanpl e seal edagdfeaiet @scadtly \th ahs praadifl HRKLDE cﬁﬁQfeeﬁbl dibn@l antibodies or
freeze-dried (léFB ilized) condltlon requiring aonly e addition of

the sterile |igoRosdy ?‘?“@B °F o OBLRAD | B eérca’Fcﬂe ’iaﬁfdeél’lsBﬁ'Elaung their
i edi atel y prpr@dUCﬁ@l M%@mta&%taﬁmoaﬂ(eglh&ndlﬁd! 84! dufBa S8/ rktibit O Eepdticken,

suspenS|on ma d fromsteri|e powders ul es and
tabl ets. h%@a &FW%E@J?FEQF aﬁ%ﬁ%b“ﬁlﬁtﬁiﬁ?‘%ﬁ’?a"&%ﬁt TRCSTaRs 8y A L
agelnt Sf sol ubi inbEbd@inagaats fog&he@bh&ltl&?d dnGgeng ehk Sntzﬁdlﬁﬁi daf €heB G€ pﬁﬁﬁed byf
emul sifiers, sweet ers ol ourants ts_(subst £S 9
the present in(8H§ dﬁe"htélﬂ}dc“ﬁ%%ﬁ%'@e{w%asﬁlés F”%}%’Hféﬁ%qﬂwt ﬁé) T’“g?‘ﬁa %dles21
phar mapgut i cal day ba@fcﬂmeallﬁoﬁl ts,ahao)mas buhdse eam, beCiBﬁﬁdldjlw fRgRhRloa cells and
anti oxi dants. ey .may also.c apeutjcal ]y actiye agents in
Sadi 11 on 1ot He T EIRIGTn R G e et b8 AP st orde? 10 2ok B S
25  cell line. This is the well known Kohler & Milstein technique (Nature 256 52-35
(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

30  imrounology textbooks, for example in Roitt et al, Imnuinology second edition (1989),
" Churchill Livingstone, London. '



5 Dosages of the pharnaceutical conpositions of the present invention
can vary between wide limts, depending upon the disease or disorder
to be treated, the age and condition of the individual to be treated,
etc. and a physician will ultimtely determ ne appropri ate dosages to
be used. 10 Such conpositions may be fornulated for human or for
veterinary nedicine. The present appli%%lion shoul d be interpreted as
applying equally to humans as well as to animals, unless the context
clearly inplies otherw se. According to a third aspect of the

present inventy - s re is praovided an. antibody,to a.l15 | actone.o
| act one- derive %@;ﬁgé\n&? “%81%"8@10 e%g’écrpéets%namﬁf/nhﬁ? él}réf‘%uﬁﬁsg%f‘???‘«g%ﬁg%?‘jgﬂhé&
for use in caumérgpabiet of pindisg of agigam riBgatthes erelme eehtivn #ACGdS tintigody0

a fourth aspec e.invention, the i rovide he use of .
antibody to a %afgl{egttrslreg n%rsy‘ftgegf’ SREIYEy | ﬁ?@?ﬁ?ﬁ@“ﬁ%‘ge g é‘&&e‘yfgtget’ﬁy
gram negat i ve dastvetsi e igiveR byt Deugali epad dh i Tobreddl 121 3MRATL WepRMbEOLI%NE

treatment of ap_ilnfection of.qramnegative.jn.a subject, In ich the
ant i body ca%se}gn%bﬁgﬁﬁa chts hﬁﬁi“g%ﬁﬁ@?\ g@‘h# ﬁ@éz Blécgitpde%gg’q}\t)ﬁ FS%V\E?‘HFE&
sai d subject. [Fyea]).r Fafm@Endntnay bbengdifiep y pradice & hthedycob@rubtkoo&aRe Gt

o £ L O e A bt Lt b oty G, 2

i ncl ude a pharaEclutdieaivwiychaonabitalol tee Edility of the ABIcERS CThelpedera borgtion
Thi s pharmaceutical conposition . be.in an uitable form
(dependi ng upot%le'% remggg%l?t?’édétt?’r%q EEX'BF“%Q&‘?}?W%‘E Fing it to a patient),

as descri b& above. 22 necessarily) include instructions for use. It

may i nclude a ural .ty of said.uni age. .for The met hods of, .t he
i nvention can ‘gié’efa%’l‘hu%‘a cf’gs?@%%r’?&%dlt” &gﬁg&lpg?% n’g‘éfff’ear‘(‘)rs nP@udes
i I I ness/ di seas®mpdsisgentigyn bihding déthrafyants. PRauide ainais magaligbo 0sd, g

fibrosi o Fur tAOPASF o de ke RRPRBRLTST e arb B arEtiveis do
particul arly atmubaetefmi @R depland wiith lidciude anipgenindrarsiyve sdclchaik. Synthetic
primarily t terial. cel hensel ves, there will -be no .

sel ective ?)ées%ﬁ?hgf@tgxgﬁ glﬁlug% Chianc?%%r it ec%%spullg] f’ ot(r?])_ “f %mpd%%%sed (or
resi stance to prhestisadpantimdies aleduratibedthetf Teewiiit i thodyopraof fhe present
pact er i al i nt oot Tan® by SheRBRL 3 % htpRlser ol 3 o HBadi e B i
pat hogeni ci t y fmesiorikiegionss butFindest I@amamblb webdons.n Bpitletic omsiodets 4@ include
antibody in a by.. j L DEOSI i.ants increase .Lif.
xpect ancy, 19°PEns torBhfl ook HRh TR ARl g RBRGue
si gnal | i ngZ4o| sewagldesirable pioperiyrio gédifian tp rwsigen Pindivg rfdy exaupid the sbietyada te
i ndi vi dual s or R S, | e 0 i i Jne.r.e

agai nst the | aac? %nfe?eré]%'gang%r'%bge %%)F}égu%egrlégéﬁ%fe ?&r}ai io%llil e%‘%n%?%??’gr?
of neutralisi rgpamprcibiodivestive2gent.n yet anot her enbodi nent al ternative
met hods can be applied to the renoval of bacterial cell-cell
signalling nol ecules fromthe blood of a patient with a viewto

modul at i ng t helPperd¢rolgesringiatey aninehotpiial Lgigml molculendntibediesg it is preferable to
M Cro- or gagy Sn®,,-ahd | i alt.aad JNAUGL NG ammed
cell death. Thi gjugan t&iqggﬁ?%sig%%_g&vm@tsﬁlkagt%hg?rgﬁté eﬂggﬁk'rgg%fe%tg%; S or
mol ecul es bas eolapnlasprgteins), Wertugl alsiagle tchringatidnpedies canibd alsaosedn Sastegalal
mol ecules. Altg Livsl gt : C. l,ed. such as
ol coul ariy. | b EnEas Lk BAeaE K B ot BB B bBin AR St A o
al ready been sR&nsedoitsethn esoueelsf miizepbeitis sokrtign ofdighnadfinityraskiboditsar
(Wt conbe_ et A 580" xR Suion B gl spy e M 20l Gpausia
2000) . 2330 molecular (hereafter referred to as -"anﬁgen’) 'is carried out in the 'préférred

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



In yet anot her enbodi ment the receptor nmay have catalytic or
enzymatic activity, and be able to convert the |actone cell
signalling nolecule into a formthat is no | onger recogni sed by the
target organi sm which then perceives an excess of PQS signal

nol ecule relative to AHL (|l actone) signal nolecules. 5 In yet another
enbodi nent the antibody is used In oneldor nore of the above
applications in conbination, or in conbination with other therapies,
for exanple antibiotics, to provide additive and enhanced therapeutic

regines and tr i a n 0,.The ant.i hodjes _.(or. equival ent

of the present Gi@%e\gfgﬁgggﬁﬂggﬁﬁ%r %’éteadﬂrﬁltnaﬁg Sé?%g}%t %e?etcp(&h?f st?gfé cefe’lcgffqogs

i nfection, or. frema lhsraorepont iatlisy eppiiehkfoetht arethbosahairedohtghventiok
of infection. . i Lnfection already exists, the

ant i bodi es nayhgael{ea tﬁ%ﬁ?%%@%ﬁa%%‘ r?gm(girequﬁs%%%i Plaleial ‘iei?md from a
anti - bact eri al paml dfhbuatitiody sarretiagbytinidoni ¢l lmes geberatel @vmantahian et
treat nents. : Adgi.ni i on.of, anli:AHL anti-bodi es.in _conjuncti o i th
ot her t her api e@%%ﬁ%%%ﬂ éte'ugélj% PUIROSF % P gg%e’l@ lﬁsuﬁqonlt%eﬂ/ﬁé(?mafgspgg
of therapeuti cBhrayoef gdibodwpisindigg titeedisplakd of pliags patidaoell dt heidng and

i nproving patient conpliance. 20 Preferred features for the second
and subsequent aspects of the invention are as for the first aspect
=t ads nut andi sA donjugaecepueliag ke dntegel octipledng a stitvbleeairiar pbbBlE xthich can
met hod of causj ol ysis, of _a | at | of Pseudononas r.ugi.nosa
bacteria, sai dbgf]rgf)%%& - EFRBIeST R ggggaoﬁﬁrﬁﬁ%ﬁcrcg?%% toﬁnia%«g e Pon
of an anti Bodyherenllar bsatbungaiot’) inttroobdised onte ecsuitbide sdlidnpgetdveh as an

ted by P i ent.gi bact er.i t .
Thbalance | n t ALPPARERTAR AERE: I0RE oo Hietucludh o Borp SR R s noo-
nmol ecul e to Pssgdifinblealsng agenoducnes died malk poPQE) Ssitahiealonjupdtemoleenlescanhe

envi ronnent of. QR t he Pseudanonas aer ugi no terja.
50 58 et hog B BARML Al BRePlo drllEnl Soh SRR S B A B A A B S,
to a | act one olinmtHmecywin (K&d)sBagnel Thyokebuline(T6d,00wltechidhiOva), or non-
Pseudononas< ae i L eria . se an [lhbhal an in th
rati o of ag% _gfg%%rgg%?l}]%?ﬁ%cg{nbngﬁe%’xﬂ?)&%?%ﬁgl o ees'c?[lgf?téont Btcﬁlge(ffgbuﬁgtﬁas
qui nol one si gneblefPe) thet gkl immibdiseile in pemd &aprud foniventnisefiont iselafge

Pseudononas aeglabinQsacPact.ef uch enbodi nents, the
acyl - honoseri ne Igctongp?‘%&l dnglmégﬁa es'rml ecul e may be OdDHL and/ or

BBL. The anti bodi es may be scAbs 03115, 03B12, G302 and/or G3
iy

H3
031312 i f i ; i ‘ glgg IE d
E o0 herei Inslgea%rlfl?l_g%y %@Q%Bﬁ}ér rsgﬁj%%{ﬁg ,%m?@g gfrggedsﬁgﬁg ﬂg van ‘2gea§)£§§dtt%he
present i n¢@nt thenimmabelisediicarjusate apdtindubai¢d ot sufficient ireel feppitni cwmiberss
. I 1 o _ o : U .
In plant an ?&b&@]ksxr@ﬁ:@ﬁﬁf)&t% #d bil€ %Q@ﬁoﬁfgg?ég?sﬁrg}.g?@%nﬂ% s al%%ﬁl&rerd}?)? 15

art after review of “speci fication an I nvent1 on.

It will be appdregent W@Sltﬂlfﬁa_s@h@ﬁﬂ &ﬁﬁiqmly baid| #rciqiaut@daefoa!elcammtwiﬂm&ﬁ
conposi tions andyiFaihl Qe Sl SEtBREL. NG Gl a“%%ﬁepéc\dﬁﬁ&%' ik RBrAGHPSS
a wide range of organisms In inhibiting, nodulating, treating or

di agnosi ng di sBeoscred phagn diarticlemase thes infacied gntp g enifablefhoet drgaisuT he. E. coli

conposi tions apgRlNALRL HNGpREERERL:s bPYRREIQRAEEHE LT JoRRRel b
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



20 reference to Pseudononas aerugi nosa, but it is within the
conpetence of one of ordinary skill in the art to apply the objects
herein to other species. The invention wll now be further described
by reference to the non-limting exanple and figures detail ed bel ow
25 Description of Figures Figure 1 shows a conpetition ELISA of the
anti-AHL single-chain antibodi es Hap2!&nd Hap 5 binding to dDHL- BSA
in the presence of free dML and ML 30respectively. 25 Figure 2
shows the dramatic reduction of viable ani mal - passaged Ps. aerugi nosa
PAO1 in the pr of .si.ngle-chain _antipady Hap?2 Lce over 40
ninutes. The rcegﬁg%ig%’na%dsahtf’%atfnﬁew%r %’gerg%}?"B(lJ(."%erF&gm’ég%) lf:ﬁr.eacg‘ sﬁﬁsﬁﬂ?e@t 3

shows that theosuk vBowld gkgnan chedny inpatatiag edthPs solatni i free Satigdn; ar n

PA14 in the pr ce .of nocl.onal..si ngl e- chain ant].bodi.es 2, 0r
Hap5 conpar ed aﬁ%&e& D%Egg%% g %lﬁl? S(%fbéﬁegeglﬁﬁg RS h&& i%‘F’F“?;tlfc'rl Sﬁ%“%?me

vi abl e P. aer ugr sopssemtietshiith hipier bifinitg &dr migalrouhd Gormld¥ theinkigddl te @itksodisiken
at 24 h po infecti.on I i surviyal studies. . Viahility of 24 h
post i nf ectsjlt oné] hES i”é’ﬁ}“gﬁ’éﬁlﬂ%‘%}‘g?‘%dﬁgﬁa ph@eﬁ‘f@g} Wﬁﬁ?‘f’%f‘n R &efpdepied
Hap2 ant ngd%fnﬂd&bblﬁmglsolfhﬂﬁn5 | paﬁtaﬁ]?mahd rmgﬂe@{ongﬁﬂtﬂad’syﬁdm’t iniﬁgflﬁ:f uﬁngg; the
group. *P<O0. and., +P<0. 0. wer, for,.l ndLc rou n r .
negati ve cont rl{)ﬂll?ogﬁé%%gﬁnhle’i" r?cé)sc?rgeﬁﬂ' e SlFPaTY gﬁ’ 2’(’:? ?eé;ﬁ Hg?f?ﬁhﬁy’o?lf)ﬁ'%ﬁﬁs
count assay Wi Hiluling tbkagogatelbayfieglutes efp, shtbWsy pie survival times of
mce in the pulnonary infection nodel. N=6 per group. *P<0.01 and

+P<0. 05 |l onger for indicated group than for PBS negative control. 20
Fi gure 6 sHowdndizidta (mahocional)l phice @lontsafrdm bhdhadsnd aleelrctivn a?ddscheened for

R e L W

group than forwilBS famijat ko thosowith otdinaRaddibth theret, dgphdine bl seqdiérAditd, on

l[imt of viabl. unt S Wi t hi | qod.., 25 FlL.gure 7. s terial
| oads 11 om | oriSbh iR Reiet bok BWARSTSRon RERT e dd R Bt
group. *P4). O0lipked IEx@o@orbaciwessay)orSeicniitincaitedh wilbinplutidithe abidity to bind

negative R ed. || repr nts.detection limgt of

vi abl e couﬁ’? ?3%%{‘7%&“? %Zlnl %%cgéogﬁevé%g %§% Pgeﬁlrlgctée BIERE” %f[a% & r‘glata":"f1
| oads in |ung derissives.at 24 h post-infection. N=6 per group, *P<0.01
| ower for indicated group than for PBS negative control. Dashed |ine
represents detection Iimt of viable count assay within lung tissue.
26 Exanpl e 1: Icghepaferod eobodiment-dfEhs ingentiphoghitibedies willnkei geperhtaddirom a

anti body phag j i . i | kot he
acyl - nomosor | A e byl bl B3R AR REICERNAN oL AORNE 352554,
Briefly, a6 déPPvad ssedeséritgr WAcIVUOHD. aTloarthoxyibodien gm bt usdvefand
of the acyl chgi, {gm- ] d rier; €] oVi pe um
Al bum n (BSA) an XB{%?}g(r:lg@ y?%tgl 0 uu|£ rﬁb%f](lﬁlﬁ%) Lﬁsllﬂ%ﬁé\e#e&%lgﬁbmﬂi o
cheni stry. Themhotinsothyn lbrdgy eanybagaustwelediore dn @piznahp)immgysissdswitheenstor
conjugate alt : r y e p I gl

conj ugat e bei %&?tgﬁjg%afé%,dgﬁp% fl[ng?fl fgg%b%ag%eé oérsc(a{ehr(}él su hgje%%%ﬂﬁﬁvetﬂ
round. After tthegeneration 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-iminunisation). In a further embodiment the antibody can be
engineered io include constant regions from different classes of "human

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



10 first round, all binding phage were recovered and anplifi ed.
During the second and third rounds, bound phage were eluted fromthe
i mobi | i sed conjugate by incubation with a solution of free sol uble
native dDHL or BBL (Butyl-honoserine | actone). Mnocl onal phage

anti bodies fromround three were screened initially for binding to
both ABL conjugates, and to carrier protein alone. Those cl ones

bi nding only to the 15 conjugated antigen were further screened for
the ability to bind to free dDHL or free BBL by conpetitive binding
ELBA. Two cl ongina; dagi qgg&ﬁ&xﬁaﬂesa %@a&cﬂ@&édesm&whae htaRbdalgbie to
could be inhibited in binding to dDI"3L-conjugate in the presence of
free dDI - 1L (H¥pusey therapeutieadlyBHThg Mag of pecrgtpiguied isptype omiihasiny| Bay be
Pseudononas a i i ahil i _ : NG | i.pi-cal

a0l at e PAOL vEgoRO e e Al hpplRton & UMAIT L8 BN in e
appr oxi mat el y ‘Betwepalef Il eprudiyosi ifecionsaf pysgn S0y Patigntict i ng 50
mcrolitress of overnight PAO1 broth culture containing approximtely
5 x 108 CPU as_determ ned by serial plate dilutions. After 24 hours a
bl ood sanpl e vi&s the prepent tivvenien ihe Betibodt mey bBesmendsianal oppaxcienahndibehe

PAOL i sol ate %ﬁb&ﬁ%qagrb%%&ﬁaﬁf& hi}Bar¥e® O fn @ity WaBmertS 8 @hi€&ivAS 56ch as
n ) ertj I nosa by G am staihing, colony norphol ogy
P 6%0

confirmed as bei ‘
and pyocyani n Fabobak?d i wriften @5 StabPa e ror sckivemay be syeddasapay- spogl-

and when requi gt ;B st vusquéhaﬂid&cyibedﬂqm%@gt DY aReRLy. ihHgail of

and resuspended in 50 mCIE%ItI’ES of steril e phosphat e-buffered

saline (PBY) o¥51&r1998) Pesain ontiteries (brafez carmnlpagipgiadopaigantibody, or
concentration &Ebgﬂ%a%gwglﬁldbﬂf’ﬂta%a',gén—lﬁ%{oeféc@ptéﬁ@r O PlaEes « BndrcRicand

serial dilutions I S were plated out off bl ood agar base plates at
various tine- putihedy fragmept, anpimmmogiobilinddy  meleepless poptidemineden ax aan-
overni ght at 3;75?&&”1911&&&9%?%5 e Shef R BEAR he bﬂﬁh%rmiﬂ% ¥ @lb&ies and

bacterial nunbers at each tine-point (Fiqure 2). A second assay was
devel oped usi nigdyee bacteripdicelblysis (rapidi ceh deatiy d1vamedutating therratrarellylag satiosof

been previ PSJSWexcia_ﬁﬁ%?% Cnditufs CRitatly Be Fio 6EAENIRd POSBAAA ni¥ieRuigs, OWN :
overnight at 37Cin LB. Serial 10-fold dilutions to were made in L

broth, and 50 AL of dilution was added to 50 AL of PBS, antibody Hap2
(37.5 AM or anpt ideRlYpkRRed (ehdodiMents SRR BSve RIS the) aatdbabied aRNscia®s, fmor

various tinme periods and then i medi ately plated on brain_heart

i nfusi on agar PIHATEE sHhs has aterbiadns S8y fhicgh tloas dsveialadptse PHOED.

col oni es were ghe, countadof OBHSATh: NbRE SaveFieiidpodied 2aENEIWB EARErdeen,

Pseudononas aer.ugi nosa pul npnary i nfecti ?rﬁ!lm)d | . _Ps. aer%ﬁl n%z)a_

clinical i4dl ats PAGMasE 2B0% wndse theitsio @ ©Drsepes drscRndprchia falieging
accession numbers: G3HS deposited as NCIMB-41167, G3B12 deposited as NCIMB-
41168, G3G2 deposited as NCIMB-41169 and G3H3 deposited as NCIMB-41170.
The strains may be cultivated in an appropriate growth media such as I.B media
supplemented with 100pg/ml ampicillin, optionally supplemented with 12.5ug/ml

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

Antibody G3B12 is refemred to herein as Hap 2 and antibody G3G2 is referred to
herein as Hap 5

30  After the preparation of a suitable antibody, it may be isolated or purified by one of
several techniques dommmﬂy available (for example, as described in Awibodies: A

Laboratory Manual, Harlow and Lane, eds. Cold Spring Harbor Laboratory Press



Ri ver, approximtely 4 weeks old) by intraperitoneally injecting 50
m aolitres of 15 overni ght PAOl broth cul ture containi nkapproxi mately
5 x 108 CPU as determ ned by serial plate dilutions. After 24 hours_a
bl ood sanple Was collected fromthe retroorbital plexus and the PAOl

i solate was recovered fromthe blood culture. Isolates were confirned
as being P. aeruginosa by G am stainind, col ony norphol ogy and
pyocyani n production. Aliquots of bacteria were stored at -70C and
when required, 20 were thawed rapidly, harvested by centrifugation

and resuspended,id, sterile ph hat e- buf fered saline (PBS). Serial
di [ utions of bﬂ%ﬁ’gh e G R B ireBie Pﬁﬁ%ﬁﬁ%sﬁg%éeﬁ%%m&
pl ates for vi aHPEC ceRP-HRNANPirHEichtm. onPlr@tif . MPidteih X HNRAR orQuRbinkigk
at 37C and col otnt%lestv\Fr.e cogﬁnte to g}e#e%m ne vi abl e bacteri al
nunbers. 25 Fof T'HE ‘Fipdiesy eﬁ%&ﬁ??t eES G b pr@Rterarrording fo\papdsrd
and bact er aeni memedsaninRiyed R sPaceiciti ufiey prodedafes QRRrAME QN ailaBleXindRtink
femal e BALB/cC %&éa%&ox. 4 weeks ol d) per treatnent group were

| i ght |y ana®st WoPEPHRYSS% o6 (v/v) hal ot hane. An infectious dose
of 1.0 x 101 CPU PAO1l resuspended in sterile PBS or PBS containing
anti bodi es was..adm pistered into the nares in a total volune of 50
AL 30 The i nf B FHOYE G5 mECHCBIFHPHEAvIy 2 AS HoWHich 2 ausweg cresh in

dilutions on bihedgcagarpdpaktoplcat @8 hailced valb@ Ssdkdly CtssRipathe Obactekih Ve
treat nent grou

) re nitored; the first group were infected with
PAOL sus pended‘%feﬁ HB& LY Hresting ﬁé%@@ﬂﬁﬂs’ﬁ?a@g’tﬂ I&?EIP%’ICSQSSWCIFHFE&P@'&a%‘Ph
PAOL ni xed1ov t R®it8ol8 pReddeaPTRe kdvemtiBD; prévides tfbi il adR6RN 19 hedtad ivkdiin
PAO1 m xed V\'ithh‘llp‘r: AM H'%) 5in PBﬁi@the fourth were infected with
PAOL mi xed wi t KUPRHEC Aetiicadiip the deyelopmientof registapeefmn fig fadketiagng ¢ he
final group was infected with PAO1 m xed with PBS and given a course
of subcutaneous inj.ections of O. 5 gentanycin (first injection 2
h post-inf ecti%ﬁcofdr‘u‘égntovﬁ faﬁc’%‘{ﬁ?ﬁéfgﬁf‘a’é‘ OBl STET i preyd El&iPthrfo%H‘e
day_s%). d_For t hetrgutoanp é’of QQIJa?IﬂecEQn 3cﬂ’f Qﬂﬁ?xﬁé&ﬁbﬁﬂ)a&e@ 11'1d5a @«del{ﬁpsaﬁl method
ant i bodi es re mxe th the inpfectiou ose .i medi at e riqr. t
i ntranas allgll\ﬁf%oélfplngﬁg f‘ﬁ” ISt ip Hﬁéﬁ@?ﬁ?@“ﬁf‘ dy & ”pllac':&’?ﬁ‘ir%g‘ﬁ“gmﬁ’
group 4, 10 plsipatimekide svereedityeedn-widativeXActplia @f as 37 cduseAM itHBflarde @& the 20

pl| of 15 AM Hap..5. .10 At .2 ost .jnf.ectio i ce wer ive -

i nt ravenous bo%ts]? Oggio%%%n%er ﬂf’%ge &3{*1)[ %{FW; ﬁﬁPe&}rHFitB@&‘ln@g’“%ﬁ‘gm? r@gl Fignal
injecting a tomakculointe eb@rgimennodfotha gtasi-tegutiierbactlia. 24hd) treafn@iiitay be
vol ume of bl oo renmoved fromthe tail vein.of each nouse using 15
aln insuli ngrgél%?aﬁtéceormgeimrr%s@faf)g?’neé’é%"ﬁ{“ﬁ ¥ on of bacteraerrtia

usi ng vi ab®® cell enuneration on BAB plates (Figure 4). Treatnment

w th either Hap2 A—lgg i.xed with Hap5.or genta in significantl
reduced the Ie@eﬁug 0 th\%/?ké\b eaI'IH?%(s ert ?%8’%“\%6? Af %ﬁﬁga%ﬁug%a&§ ?If:’%%ffﬁoﬁt
24 h. 20 I n orteerding idetimiqies énexpiartherieid of medicdpoion txxmpds/bypddatising the
(wei ghts, condj ti (L Our.). . Soopitored frequently.for .168 h
post infecti on%lc;lg%%grr?‘l& gﬂé%yvlvteh raec%l?ﬁ,r\ﬁégﬂ%ep I %)iort%m?%nat@ﬂ%gef St%f}e fﬁﬂ'&%wns'
reaching, a noribund state. The post-infection tinmes at which each
ani mal was,act4 WY % . re.recor a usgd.a a_ _neasure of,
"survival" .ZSZIAn?Hr{?:I% S g\%ﬁtuthggﬁr v?ovséugg%hag%%g%fg{)%g f%rf néS%rfi% érig'tai%ﬁ%pmpnate
process were axviegfoedx@éplahy dhebiralr @ncindpgrucoahbs ubliegualj, rd68, tmsdl otopical
statistical an i .gur e, & a Al infected mce.lQst .
wei ght during (ki il ofg‘f}lg“%%ﬁs B %na%gedé’i"?a@n,"aﬁ‘ﬂ bE poltplefy | (Fluding
survi ved t he badbewaneals, iphhiserdgeintrivenous eciovakmt)ande. t Sveh compmbitituts may
returned to bagel. 1 Rf Fon. Thi rend .not
af fected by t?lzgaér%%&;ﬁd%a%w@%%d g’%t 1%&5%;(:&){)@1 I eaé:)h'g?r %‘?ﬁ@abm% . ng the
Survi val t 3resactifre inpredient cdthwercerisi(gior ficipient(s) yndensgerdasmditibng. 30
treatment of the mce with Hap 5, Hap 2/ Hap5 or gentanycin. One nouse -
fromthe Hap 2 and Hap2/5 treatnent groups survived infection.




29 Table 1 Treatnent Survival tinmes (h) PBS 24 27.5 27.5 27.5 27.5 30
Hap 2 27.5 27.5 30 37 37 S Hap 5 27.5 32.5

19

Pharmaceutical compositions adapted for oral administration may be presented as
discrete units such as capsules or tablets; as powders or granules; as solutions, Syrups or

suspensions (in aqueous or non-aqueous liquids; or as edible foams or whips; or as

emulsions)
5
Suitable excipients for tablets or hard pelatine capsules include lactose, maize starch or
derivatives thereof, stearic acid or salts thercof. Suitable excipients for use with soft
gelatine capsules include for example vegetable oils, waxes, fats, semi-solid, or lignid
polyols etc.
10

For the preparation of solutions and syrups, excipients which may be used include for
example water, polyols and sugars. For the preparation of suspensions oils (e.g.

vegetable oils) may be used to provide oil-in-water or water in oil suspensions.

15  Pharmaceutical compositions adapted for transdermal admimistration may be presented
as discrete patches intended to remain in intimate 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 iontophoresis as generally described in Pharmaceutical
Research, 3 (6), page 318 (1986).

20
Fharmaceutical compositions adapted for topical administration may be formulated as
ointments, creams, suspensions, lotions, i)owdem, solutions, pastes, gels, sprays, aerosols
or oils. For infections of the eye or other external tissues, for example mouth and skin,
the compositions are preferably applied as a topical ointment or cream. When

25 formulated in an ointment, the active ingredient may be employed with either a
paraifinic 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.
Pharmacentical compositions adapted for topical administration to the eye include eye
drops wherein the active ingredient is dissolved or suspended in a suitable carrier,

30  especially an aqueous solvent. Pharmaceutical compositions adapted for topical

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



32.5 37 37 57-1- Hap 2/5 24 32.5 37 37 37 S+ Gentaraycin SSSSSS
5 Table 1. Shows the survival tines of mce in the pul nonary

I nfection nodel. Nr-6 per group, *P<0.01 and +P<0.05 | onger for

i ndi cated group than for PBS negative control, S= survived infection.
Exanpl e 4: Effect of antibody on bact%bial | oad 10 Fi ve treatnent
groups of 6 mce were infected as descti bed above, and given

I dentical reginmes of PBS, PBS plus antibodies or gentanycin. Two
time-points (12 h and 2410 were selected for analysis of bacteriol ogy
i n blood (F gurtBableuidf AREREMoKE abafeal B 361 GBI ! B feicd)
and lung tissue (Figure 8). Data from bl ood anal ysi s were conbi.ne
with that frorUPPREEIFH 05 epeiPaSexperi ment (Exanple 2) in order to

i ncrease

Pharmaceutical compositions adapted for nasal administration wherein the carrier is a

5  solid include a coarse powder having a particle size for example in the range 20 to 500
microns which is administered in the manner in which snuff is taken, ie. by rapid
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 aqueous or oil solutions of the active ingredient.

i0

Pharmaceutical compositions adapted for administration by inhalation 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

pessaries, tampons, creawms, gels, pastes, foams or spray formulations.

Pharmaceutical compositions adapted for parenteral administration include aqueous and
non-agqueous stetile injection solution which may contain anti-oxidants, buffers,
20  bacteriostats and solutes which render the forroulation substantially isotonic with the
blood of the intended recipient; and aqueous and non-aqueous sterile suspensions which
may include suspending agents and thickening agents. Excipients which may be used
for injectable solutions include water, alcohols, polyols; glycerine and vegetable oils, for
example. The compositions may be presented in unit~dose or multi-dose containers, for
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 pharmacentical 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



15statistical validity. In this case viability of P. aentginosa in

t he bl oodstream was significantly reduced by treatnent with Hap 2,
Hap 5, or gentanycin. Bacterial |oads in BAL fluid and bl ood were
determ ned by viable cell enuneration using serial dilutions on BAB
pl ates as before. Viability of P. aeruginosa in the lung 20 airways
(13AL fluid) 12 h postinfection is significantly reduced by treatnent
of mce with Hap 2, Hap 5, or gentanycin. Bacterial |oads in |ung

ti ssue were determ ned by renovi ng, wei ghi ng and honogeni zi ng t he

lungs in 5 Ml gHaeRdchRicBBS:cbSPR a0, BlRs ll’:&a%ngia H%:Qﬂg@&ﬁ%fﬁhey ffgn

25 plating out serial di'lutions on BAD plates Tor viable ce

enunerat i on. SHSA foaRIn therprtcally eetive peanticini additien [ fetsubsteate plothel prasens
observed in thgvidig ti ssue exam ned 24 h postinfection (Figure 8),
al t hough only the Hap5 and gentanycin groups achieved statistically
significant reductions in bacterial |oads. 30 Geonetric neans of al

results were Ccpbsgdsat & pRitha@hfcallodRbayRe offhe Ribsdit Inbengmn th ﬁ\t}ﬁ%&%eg
| nn-

error of the nean,(SE%%. Survival assays were anal ysed using n-
Wi t ney U t est ¥ide fiits, Seprading apog thgelissass 9a figerder tobe Wead ibieage'and gondiion
and a P val ue @fmdin@viaR W teRBs b8ohed phlsfldnShill GRtkdab e @ik i
Ref erences cited U.S. Patent %%%unentspl% 6,369,65f%€§%%§?£%§@%§P§ﬁk
et al, Ot her P¥tastiopsatdents WO 01/ 26650Apri| 2001Uni versity of

Not t i ngham WO 01/ 74801Cct ober 2001Uni versity of Notti ngham WO

92/ 01047Cct ober 2001Bonnert et al. 15 Qher References
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, thete is provided an antibody 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 Jactone 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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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 immunogcﬂic
proteins can be administered to individuals or patients in order to stimulate an
ifnmune response against the lactone signalling molecule resulting in the generation
of neuiralising antibodies.

20

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
25  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;
30  Rachkov et al., 2000).
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molecule relative to AHL (lactone) signal molecules.

5
In yet another embodiment the antibody is used "in one or more of the above
applications in combination, or in combination with other therapies, for example
antibiotics, to provide additive and enhanced therapeutic regimes and freatment
management.

10

The antibodies (or equivalent) of the present invention could be administered to treat
bacterial infection, or used as a preventative measure for those at high risk of
infection. In the case where infection already exists, the antibodies may be
administered alone or in combination with anti-bacterial antibodies or antibiotics or
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 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 Psendomonas
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
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Other objects, features and advantages of the present invention, including but not
lirnited to related applications in plant and animal hosts, will be apparent to those
skilled in the att 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
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-ATIL single-chain antibodies Hap2
and Hap 5 binding to dDHI-BSA in the presence of free dDHL and BHL
30 respectively.
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Figure 2 shows the dramatic reduction of viable animal-passaged Ps. aeruginosa
PAOL in the presence of single-chain antibody Hap2 on ice over 40 minutes. The
reduction is in the order of 1.5 log CEU/m. '

Figure 3 shows that the survival of non animal-passaged Ps. aeruginosa strain PA14
in the presence of monoclonal single-chain antibodies Hap2 or Hap3 compared to a
PBS control,

Figure 4 shows bacterial loads of viable P. aeruginosa within the bloodstream from
tail bleeds taken at 24 h post infection during survival studies. Viability of 24 h post
infection is significantly reduced by treatment of mice with Hap2 antibody, Hap2 and
Hap5 antibody mix or gentamycin, N=6 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.

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,

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.

Figure 7 shows bacterial loads from lung atrways (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 limit of viable count assay within lung

airways. -

Figure 8 shows Bacterial loads in lung 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.
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Example 1: Generation of anti-AHT, antibodies.
A naive human antibody phage display library was screened against conjugates of the
acyl-homoserine lactone dDHL (dodecanoyl homoserine lactone). Briefly, a
5  derivative of dDHL, including a carboxyl group at the end of the acyl chain was
conjugated to the carrer proteins Bovine Serum Albumin (BSA) and Bovine
Thyroglobulin (TG) vsing well known cheroistry. The antibody library was screened
(panned) against each conjugate alternately for three rounds, with those phage binding
to conjugate being isolated, amplified, and used for the subsequent round. After the
10  first round, all binding phage were recovered and amplified. During the second and
third rounds, bound phage were eluted from the iromobilised conjugate by incubation
with a solution of free soluble native dDHL or BHL (Butyl-homoserine lactone).
" Monoclonal phage antibodies from round three were screened initially for binding to
both AHL conjugates, and to carrier protein alone. Those clones binding only to the
15  conjugated antigen were further screened for the ability to bind to free dDHL or free
RBHL by competitive binding ELISA. Two clones, designated Hap 2 and Hap 5, were
isolated that could be inhibited in binding to dDHI-conjugate in the presence of free

dDHL (Hap 2) and free BHL (Hap 5) (Figure 1).

20  Example 2: Pseudomonas aeruginoesa viability assay

Ps. aeruginosa clinical isolate PAOL was passaged in female BALB/c mice (Charles
River, approximately 30 days old) by intra-peritoneally injecting 50 microlitres of
overnight PAO1 broth culture containing approximately 5 x 10® CFU as determined by
serial plate dilutions. After 24 hours a blood Héamplc was ‘collected from the retro-
25  orbital plexus and the PAOQ1 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 stexile PBS containing Hap2 antibody at a
30  concentration of 37.5 uM. 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
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plated on brain heart infusion agar plates and incubated overnight at 37°C. Numbers
10 of colonies were then counted for each plate (Figure 3).

Examnle 3: Psendomonas aernginosa pulmonary infection model.

Ps. aeruginosa clinical isolate PAOL was passagéd in female BALB/c mice (Charles
River, approximately 4 weeks old) by intraperitoneally injecting 50 microlitres of
15 overnight PAO1 broth culture containing approximately 5 x 10® CFU a5 determined by
serial plate dilutions. After 24 hours:'@é_’sééﬁig@as collected from the retro-
orbital plexus and the PAO1 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,
20 were thawed rapidly, harvested by centxiﬁlga!ibn 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 anaesthetized wsing 2.5 % (v/v)
halothane. An infectious dose of 1.0 x 107 CFU PAQ1 resuspended in sterile PBS or
PBS containing antibodies was administered into the nares in a total volume of 50 ul.

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

group were infected with PAQI 'suspended in PBS alone; the second group were
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day for 3 days). For the groups 2 and 3, 37.5 uM Hap 2 or 15 pM Hap 5 antibodies
were mixed with the infectious dose immediately prior to intranasal infection (e.g. 10
pl bacteria plus 40 pl antibody). For group 4, 10 pl bacteria were mixed with 20 ul of
37.5 uM Hap 2 and 20 pl of 15 M Hap 5.
10 A
At 2 h post infection mice were given an intravenous boost of PBS or PBS containing

antibodies bj directly injecting a total volume 50 gl into a tail vein.

At 24 h, a small volume of blood was removed from the tail vein of each mouse using
15 a1 ml insulin sycnge (12.7 ram) 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 b, '

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). Al
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 35, Hap 2/Hap5 or gentamycin. One mouse from the
Hap 2 and Hap2/5 treatment groups survived infection.
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5 Table 1. 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, S= survived infection.

Example 4: Effect of anfibody on bacterial load

10  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 b 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

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.

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 Iung

20  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

25  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 Hap$ and gentamycin groups achieved
statistically significant reductions in bacterial loads.
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Geometric means of all results were calculated and are displayed along with +1

standard error of the mean (SEM). Survival assays were analysed using Mann-

Whitney U tests; all other data were analysed with Student’s ¢ test, and a P value of
5  <0.05 was considered statistically significant.
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PURPOSES OF PATENT PROCEDURE Haptogen Ltd Polworth Buil ding
Fotesterhill Aberdeen AB25 22D NAME AND ADDRESS

Applicant's or agent's fle

Totermal N
reference number P38578WO/NCR mermationalapplication Ne.

INDICATIONS RELATING TO A DEPOSITED MECROORGANISM

(PCT Rule 13bis)

A, Theindications madebelow relateto the miccoorganismreferred 1oin the description
onpage 17 line 21 and line 22

B. IDENTIFICATION OFDEPOSIT Purther deposits ancideatified on an additional shest
Nameof depositaryinstitution NCIMB Lig

Address of depositary institution (including posial code and country}
23 St Machar Drive

Aberdeen

AB24 3RY

Scotiand

Dateofdzposii AccessionNumber
18 March 2003 NCIMB 41168

C. ADDITYONAL INDICAFIONS (feave blank {f nofapp!icabl.c} Thisinformationis continued on anadditional sheee D

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indicarlons are not for all desipnated States)

In respect of all designated States to which stich action is possible and to the extent that it is legally
permissible under the law of the designated State, it fs requasted that a sample of the depasited biological
material be made avallable only by the issue thereof to an independent expert, in accordance with the
relevant patent legistatlon, .g. EPC Rule 28(4), UK Patent Rules 1995, Schedule 2, Paragraph 3, Australian
Regulation 3.25(3) and generatly similar provisions mitilatis mutandis for any other designated State,

E. SEPARATE FURNISHING OF INDICATIONS (leaveblankifnotapplieable)

The indications listed below will be submitted to the [ntemational Bureau Tater fsi:wﬁﬂwgawﬂmmq"!he indicagions e.8,, “Aecessian
WNember of Deposit)

Forreceiving Officeuseonty ForIntzrnational Bureav useonly
B"ﬂﬁs sheetwasreceived with theinternational appiication D Thissheet wasreceivedbythe Intemational Bureau on:

Authorizedofficer Authorized officse
Ap——
) Trea,

Forn PCT/RO/134 (July 1992)




| NTERNATI ONAL FORM RECEI PT I N THE CASE OF AN ORI G NAL DEPCSIT. issued
pursuant to Rule 7.1 by the | NTERNATI ONAL DEPCSI TARY AUTHORI TY
identified at the bottom of this page LI DENTI FI CATI ON OF THE
M CROORGANI SM I denti fication reference given by theAccessi on nunber
gi ven by the DEPOSI TOR: | NTERNATI ONAL $EPCSI TARY AUTHORI TY:
Escherichia col t NCl MB 41169 0302 | LSCl ENTI FI C DESCRI PTI ON AND/ OR
PROPCSE] ) TAXONOM C DESI (J\f\'};]l I dentified under |
above was acconpani ed byst G@%ﬁ%ﬁ%ﬁﬁ%ﬁ&mﬁs rxi a proposed
taxononic desi gnati on (Mar KOWHIEH"P&O@FBE%‘*TWF%@&B‘HQ icable) II1.

N ' yal Depositary Authority
gwmh%mygganl smidentifi ed urdETEmAEWGOMml ch was
recei ved |pyedekniton 18 March 2003(dat e ofl idagwPhiril 8ak o GRAEItA e
RECEI PT ORAbEEST FOR CONVERSI ON The 1fi igf-0m m&lmnbdeent i fied under
1 above waS2§¥®eived by this Internaticnﬁmh};I‘;%ﬁ‘g_“@]{;t‘f’m0f A%t WQW on
he original deposit) and a regquest to conver? t he original
deposit tpo a dep03|t under t he Budapest Treaty was received by it
on(date ol 3rsion) V. | NTERNATI ONAL
DEPGSI TARY AUTHCRI T\émdamm&ié:l IVB Lt d" Si gnat ure(s) of person(s) haV| ng
t he power
aut hori sed”

Identification reference piven by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Escherichia coli - NCIMB 41168

G3B12

. SCIENTIFIC DESCRIPTION ANEYOR PRdPOSED TAXONOMIC DESIGNATION

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

{Mark with a cross where applicable)

W. RECERPT AND ACCEPTANCE

This Intermational Depositary Authority aocep!s the microorgenism identified under I above, which was recetved by iton
18 March 2003 (date of the original deposit)!

Iv.  RECEIPT GF REQUEST FOR CONVERSION

‘The microorganism identified under I above was received by this Intemational Depositary Authority on
(date of the original deposit} and 2 request to convert the oripinal deposit to a deposit under the Budapest Treaty was received by it
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 A.uihon'ty or of authorised

offictal(s): 4/
...*\..._b
Address:23 St Machar Drive, Lhend ‘-/ U—L

Aberdeen, Date: 27 harch 2603
AB24 3RY,
Scotland.

Where Rule 6/4(d) applies, suck date is the date on which the status ofIntematmnnl Depositary Authorily was acquired.
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C..-V-RdtC. -.2.- Address:21 St Machu A ive, Aberdeen, Date: 27 March
2003 AB24 3RY, Scotl and. Where Rule 6/4(d) applies, such date
Is the date on whichthe status of nternationa epost ary Authority was
acquitForm BP/ 4 (sole page) 38 Applicant's or agent's file

ref ereneenunber P38578W)/ NCB | nt er natjsonal appl i cari onNo.

| NDI CATI ONS RELATI NG TO &DEPCSI TED M CROORGANI SM (PCT Rul e 13bis) A
TO i ndi cati ons rnadebel ow re.lateto the m croorgani snrefened to in
t hedescri ption onpagel7line22 B. |DEN TEFI CA Tl ONOFDEPCSI T

Fur t her daposi bt eisdend | 11 R 0GRcAd0T fr-oialxERest T

INDICATIONS RELATENG TO A DEPOSITED MICROORGANESM

(PCT Rule 13bis)

A. Theindications made below relatsio the microorganismreferred to inthe description
onpage 7 Jline 22

B. IDENTIFICATIONOFDEFOSIT Furtherdepositsere identified onan additional sheet

Nameofdepositary institution NCIMB Lid

Addrass of depositary instiiution (including postal code and country)

23 St Machar Drive
Aberdesn

ABR24 BRY
Scotland

Dateofdeposit Accession Number
18 March 2003 NCIMB 41189

C. ADDITIONAL INDICATIONS {loave blank if not applicable) Thisinformationis continued on an additional sheet [:I

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE(If the indications are wot for all designated States)

In respect of all dasignated States to which such action Is possible and o 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 ba made available only by the Issue thereo! fo an indapendent expart, In accordance with the
relevant patent legislation, e.g. EPC Rule 28(4), UK Patent Rules 1995, Schedule 2, Paragraph 2, Australian
Regulation 3.25(3) and generally sknilar provisions mutatis mutandis for any other designated State.

E. SEPARATEFURNISHING OF INDICA TIONS {leave blarkifnorapplicable}

The indications listed below will be submitted to the International Bureau later {specify the gencral natire of the indicatiorts e.g,, "Accexsion
Nunber of Deposir)

] A Forreceiving Officeuseonly ForIntzmational Bureanusconly
i i This sheet wasreceived with the intemational application D Thisshestwas received by the International Bureau ons

Authorizedofficer

Authorizedofficer

PITvea.
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Nanmeof deposi taryi nstinnion NUMB Ltd Address of depositary institution
(i ncluding porat code and cowy) 23 St Machar Drive Aberdeen AB24 3RY
Scot| and Date of deposit 18 March 2003 Ane. si mNi nt her NCNB 41170 C
ADDI TI ONAL | NDI CATTONS( | ear eb/ ar Jcansti caN ) Thi s inrounationis

condnued on an additional sheer |A DESIGNATED STATES
FORVERCRI NDI CATI ONS ARE

MADENF t hei ndi car i muar enar Sy AT EREREASERE AR b espect of al |

desi gnated Sl ates to whi chommhﬂm’o‘smsonvmmm&wmre and to the extent

that it he | aw of the designated State, .

it Isr [h dl;hat a sanple of the cl&amxﬂd\mrmh.ogl cal material be
nildy

nmade aval o.ré’ﬁeﬂ

nybythelssuethere ‘G%%%}“ﬁ?j I
the rel evant patent |4 ﬁ%ﬁgﬁ%ﬁgﬁ%& ?&%5%(4
UK Pat en ABBsJiws 1995, Schedule 2, Parg ABONAABBWEMWW@YI ation

3.25(3) hnd general |y sinilar provisi qré™HErE" S s{¥ Wi s for any
ot her debkignated State. E. SEP

ARATEFURNI SECI NGOFI NDI CAXI.ONS( ! eavehi gnki f not appl i cabl e) The

indications |isted below.w:lJ be submtted to the International
Bureau | ater (SDaC|01 rt;ar@x&Henanl mr e of she budcaticns e g

' Accessi of NM@?ﬁC@fONBé%%qROC)RGAM%r m PCT/ 120/ 134 (July 1992) For

| nt er nat i jprat—Bumatinseonty E-This—sheen/as Tecel Vved by
t hel nt enefid-eRaibn. eBekgvatym: Aut hori zed offsigaymber giveaby the.

DEPQSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Escherichia coli . NCIMB 41169
G3G2

. SCIENTIFIC DESCRIFTION ANDIOR PROPOSED TAXONOMIC DESIGNATION

The microorganismt ideatified under [ above was accompanied by:
D a scientific description’

a propesed taxonenve designation

(Mark with 2 cross where applicable)

[I.  RECEIPT AND ACCEPTANCE

This International Depositary Authonty accepts the microorgenism identified under 1 above, which was received by iton
18 March 2003 (date of the vriginal deposit)!

IV.  RECEIPTOF REQUEST FOR CONVERS,ION

[ The microorganism identified under [ abave was received by this International Depositry Authority on
-} (date of the original deposit) and a Tequest to convert the original depositlo a deposit under the Budapest Treaty was reccived by it
on {date of receipt of request for conversion)

V. INTERNATIONAL DEPOSITARY AUTHORITY

. |Name: NCIMB Lid,, : Sigﬁature(s) of person(s) having the pover to represent the

International Depositary Authority or of authorised
official(s):
Address:23 8t Machar Drive, ehe R ’\Yz---—
Aberdeen, ’ Date: 27 March 2003
AB24 3RY,
Scotland.

' Where Rule 6/4(d) applies, such date is the date on w! hich the starus of International Depositary Autherily was scquired.
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39 BUDAPEST TREATY ON TELE | NTERNATI ONAL ' RECOGNI TI ON OF THE DEPCSI T
OF M CROCRGANI SM5 FOR THE PURPCSES OF PATENT PROCEDURE Hap togen Ltd
Polworth Building Pores terhill Aberdeen AB25 210 NAME AND ADDRESS OF
DEPGSI TOR | NTERNATI ONAL FORM RECEI PT I N TEE CASE OF AN ORI G NAL
DEPCOSI T | ssued pursuant to Rule 7.1 b3 the | NTERNATI ONAL DEPGCSI TARY
AUTHORITY identified at the bottomof this page |.|DENTIFI CATION OF
THE M CROORGANI SM | dentification reference given by theAccession
nunber given t he DEPOSI TOR: | NTERNATI ONAL DEPOSI TARY AUTHORI TY:

Escheri chi a ¢@PfRELRB*%1170p033%3NCe Interoation application Ve,

INDICATIONS RELATING TO A DEPOSITED MICROORGANISM

(PCT Rule 13bis)

A. Theindications made below relatetothe microorgznismreferredtoin thedescription
onpage 17 Jine

B. IDENTIFICATICNOFDEPQSIT Furtherdeposits are identified onan adclitionalsheet [

Nameofdepositary institution NCWIRB Ltd

Address of depositary institstion finchding postel code and comtry}
23 8t Machar Drive

Aberdeen

AR24 3RY

Scotland

Date of deposit Accession Number
18 March 2003 NCIMB 41170

C. ADDITIONAL INDECAEIONS flzave blank if not applicable) Thisinformationis condnued onan addiional sheer D

P. DESIGNATED STATESFOR WEHICH INDICATIONS ARE MADE(if the indicarions are not for all designated Stetes)

in respect of afl designated States to which such action is possible and 1o the extent that itis legally
permissible under the law of the designated State, it Is requested that a sample of the deposited biological
material bb made avallable only by the Issue thersof to an Indspendent expert, in accordance with the
relevant patent legistation, e.g. EPC Aule 25(4), UK Patent Rules 1085, Schedule 2, Paragraph 3, Australian
Regulation 3.25(3) and gensrally skmilar provisions mutatis mutandis for any other designated State.

LI BEPARATE FURNISBING OF INDICATIONS (leave Hlankifnot applicable)

The indications listed below will be submilted to the International Burcas laor {specify the penerol naure of the budizatiors p.g,, "Accession
Number of Deposir®)

] Forreceiving Office useanty Fornrcrnational Burcau tsseonly
i é This sheet was received with the international application D This shest was received by the International Bureau on:

Authorized officer Authorizedofficer

) Trean

Foren PCT/RO/134 (uly 1992)




| LSCI ENTI FI C DESCRI PTI ON ANDY OR PROPOSED TAXONOM C DESI GNATI ON The
m croorgani smidentified under | above was acconpani ed by: a
scientific description Ix la proposed taxonom c designation (Mar k
with a cross where applicable) I1l. RECEI PT AND ACCEPTANCE Thi s

I nternational Depositary Authority ac®epts the m croorgani sm
identified under | above, which was received by it on 18 March

2003(date ol di e ori gi nal dgm@gstr)mmln &%Eﬁ;%ﬁl{r AREQUEST FOR
CONVERSI ON The mi cr oor gaaz-eamrizcheortret LOrA@rtooR: was received by

this International Deposi té?V‘ﬁGﬁ’?‘FSFﬁSPS’/PW("B%Eé”ﬁ di e ori gi nal
deposit) Rag@enr€qUesST To convert the original deposit to a deposit
under t he|rRwteymeddingTr eaty was recei ved | YTERNATIQMNEEORYM recei pt  of
request fidpretadiiiVer si on) V. | NTERNATI O %mkngM%gg&yD%@
NCI MB Lt diAbSighat ure(s) of person(s) hawis @ toByWIby theO I €Pr esent
the I nt er #5e3 BRal Deposi tary Authority |dfx %at‘iﬁﬁﬁ YPTHORITAI ( s) :
Address: 23 St Machar Drive, Aberdeen, Dat'e: 27 March 2003 AB24 3RY,
Scot | and. applies such ate is the atejon which the status of
Internati! 2 / astacqui red. Form BP14 (sole
page) 40 Clal ms 1. gﬁ@ umlsro met hod of causing autol y5|s of a
popul at i oy of AR A T SRR Al s Sa-tethet—conrpr-sing

adm ni strdtion to the DODUFatI on of an antibodyto a .| actone or
Iactone-degdn yr C na bmal ecul e secreted by gram negatl ve bacteria po
as to caudgma ““m'w f”ﬁ‘ £&€™n the ratio m&w&ggﬁ’ﬁgﬁ&qgm@g&g HL)
si gnal nol ecul e to qui nol one signal (OS) signal nolecule in

envi ronneng‘kgﬁ”“’t“ffé” popul ati on of the gréMefiéfati ve bacteri a. 2 A
met hod as |claimed in claim 1, in which the honoserine Intone (HL)
signal noliecule is._a homserine lactone nolecule with a formla

sel ected fiffomSPRETESPETRT EOHEPER FRBPSEH TAXONOMIC DESIGNATION

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

(Mark with 2 cross where applicable)

0. RECEIPT AND ACCEPTANCE

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

IV.  RECEIPT.OF REQUEST FOR CONVERSION

The microorganism identified under 1 above was received by this International Depositary Authority on
{date of the original deposit) and a reqitest ko convert the originai deposit to a deposit under the Budapest Treaty was received by it
oxn. (date of receipt of request for convcrs:on)

V. INTERNATIONAL DEPOS ITARY AUTHORITY

Name: NCIMB L., ) Signalure(s) of person(s) hiaving the power to represcot the
Inf;erp:iﬁonal Depositary Authority or of authoriserd
official(s):

Trence Do

Address:23 St Machar Drive, M‘ﬂ-f}i’—— A/D—\"L

Aberdeen, Date; 27 derch 2003
AB24 3RY, ’
Scotland.

Where Rule 6/4(d} applies, such date is the date on which the status of Intemational Depositary Autherity was acquired.
Form BP/4 (sole page)



N 1,-y(CH2)n (CH Fornmula (1) 0O where n = 0 to 12, 3. A nethod
as claimed in claim2, in which the honoserine | actone nol ecul e of
general fornmula (I) is N butanoyl-Lhonoserine |actone (BHL) where n =
0, N-dodecanoyl -L-honoserine | actone (dDHL) where n = B and
n-tetradecanoyl - L- honoserine | actone @oDHL) where n = 10. 4. A method
as cl ai me@iine claim 2, in which the honoserine | actone nol ecul e of
general formula (I1) is N-(-3-oxododecanoyl)-L-honoserine |actone
(CdDHL) whefein vie@etoqd ofgauingdutelpio bfe Raviaylo) srain-npativeisearia, i led@itcompesing 4okl )
e = g A T At e e
hormseri ne > ) moleneg signa

N (- 3- hydroiy%@@fﬁogﬁe)'gﬁ%vbo%?ter|er‘Fép u%%’%?fg%%mﬂgﬁ&ﬁg%ﬁere n=0. 6. A
met hod asz.Ch akuea ek dahedth @dinm, 2.whibhiheWbthoSdanelidd6ne (ALt RoIS N oA AGMEE 1S
OdDHL and/ omotdgiil with aformifla saedieh tith tidgro@lcankiay@d: | N any one of clainms 1 to 8,
in which the quinolone signal (QS) signal nolecule is a nol ecul e of
general fornmula (IV): o where nis 1to 7, RLis =0, or -H 41 R2 is

-OH, or-H and o% ,Nj]/\/(CHz)ﬂ\(CH 5 Formula ()

O

O
N (CH.)n
's) 7’ W 2 \(CHS) Formula (II)
(o] 0

o)

Q 7 NW(CHZ)H \(CHB) Formula (II[)
O OH

where n =010 12,

3. Amethod as claimed in claim 2, in which the homoserine lactone molecule of general formula (1) is A-butanoyl-L-
homoserine lactone (BHL) where n = 0, N-dodecanoyl-L-homoserine Izetene (dDHL) where n = 8 and rretrade-
canoyi-L-homoserine lactone (tDHL) where n = 10,

4. Amethod as claimed in claim 2, in which the homoserine lactone molecute of general formula {I1) is N-{-3-oxodo-
decanoyl)-L-homoserine lactene (OdDHL) where n = 8 or N-(-3-oxohexanoy)-L-homoserine laclone (OHHL) where

n=2,

5. Amethod as claimed in claim 2, in which the homoserine tactone molecute of general formula (1) is A (-3-hydroxyb-
anoyl)-L-homoserine lactone (HBHL) where n=0.

6. Amethod as claimed in claim 2, in which the tactone signal malecule is OdDHL. and/or BHL.

7. Amethod as claimed in any one of claims 1 to 8, in which the quinslene signal (QS) signal molecule is a molecule
of general formula (IV):

wherenis1to 7,
A, is =0, or-H,



R3is -H or alternatively, the nitrogen atom (N) is unsubsituted. B.
A method as clainmed in claim7, in which the qul nol one signal

nol ecul e of general formula (1V) is 9. Anethod as clained in
claim3, in which the 2-acyl-3-hydroxy-4-quinol one Is

2- hept y1- 3- hydr oxy- 4- qui nol one 10. A @g¢thod as clained in any one of
clains 1 to 9p,iuwhhchd t he gram negative bacteria is Pseudononas
aer ugi nosa and;it Heor iterbati@ly, G nilrgaten [Nk usibgiia@l  nol ecul es i s

acyl -honoserine | actone (AHL) signal nolecule of formula (1) to
Pseudononfs A e & caed RaHaD Widpihsjuindqngsiead! mekstiestagtes! formua (V)i et hod as
claimed In any one of clains Ito 10, In which the antibodies are
nonocl onal or pol yclonal) anti bodi es, or fragnents thereof. 12. A
nmet hod as clainmed In clgi in which the anti body fragnents are
single chain anti fn" rents (scAbs). 13. é mgt hod as clained in
claim12, in whic ¢ sifigl e-chai n anti bddfic¥s - ¥epREg Pl S,
G3B12, G3&2 and/ o™g3tB,,eepasi(fdl-as. NCIMVB- 41167, NCI MB- 41168,

NCI MB- 41169, NCI I\/B-4117§, respectively.

9. Amethod as claimed in cleim 8, in which the 2-acyl-3-hydroxy-4-quinclone is 2-heptyl-3-hydroxy-4-quinclone

)
OH

I
H

10. Amethod as claimed in any one of clalms 1 to 9, in which the gram negative bacteria is Pseudomanas aemuginosa
and tha ratio of bacterial signal molecules is acyl-homoserine lactone (AHL) signal melecule of formula (1) to Pser-
domonas quinolone signal (PGS) signal molecule.

11. A method as claimed in any one of clalms 1 te 10, In which the antibodies are monoclonal o polyclonal antibodies,
or fragments thereof.

12. Amethod as claimed In claim 11 in which the antibody fragments are single chaln antibody fragments (scAbs).

13. A method as claimed in claim 12, in which the single-chain anlibodies (scAbs) are G3HS, G3B12, G3G2 andfor
G3H3 deposited as NCIMB-41167, NCIMB-41168, NCIMB-41169, NCIMB-41170, respectively.



